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INTRODUCTION

This work was begun in 1971 in response to an invitation from the
Editor of the Annual Reports on NMR spectroscopy to prepare a brief
review on “NMR Spectroscopy of Organic-metal Carbonyl Complexes”.
The most recent review in the field available at that time, Applications of
Nuclear Magnetic Resonance to the Study of Organometallic Com-
pounds by M. L. Maddox, S. L. Stafford and H. D. Kaesz [4dvan. in
Organometallic Chem., 1966, 3, 1} had already covered the literature up
to 1964 and therefore we decided to begin our literature survey from
the year 1965 onward. By the time we completed the literature search,
we had collected material from over 2300 references. Even after deciding
to include only Transition-Metal Carbonyl compounds in which the
additional ligands formed direct metal-carbon bonds, the number of
references was cut down to about 1100 and the number of compounds
involved was in the region of 3000. In view of this “staggering” (to us)
collection of data we decided to abandon the attempt of preparing a
“brief” critical review of NMR properties of organic-metal carbonyl
complexes. Instead, we sought and obtained the Editor’s approval to
publish a compilation of the collected information in the form of tables
which in addition to presenting NMR spectroscopic data for each
compound, would provide a rather useful comprehensive index of the
organo-metal carbonyl compounds prepared during the seven year
period 1965—1971: the period of explosive expansion in the field.

The Tables are numbered I-XIII according to the transition metal
atom (or periodic group of atoms) and are subdivided, corresponding to
the ligands, into monohapto, dihapto, trihapto, etc. A further division is
according to the number of carbonyl groups attached to the metal
(monocarbonyl, dicarbonyl, etc.), or arranged in order of increasing
number of carbonyl groups. Compounds containing two or more
carbon-bonded ligands of differing hapto order are sub-grouped as
“Mixed Ligands” and arranged in order of increasing hapto number
(i.e. h'/H*, K/ K5, B3[R4, etc.).

In cases of possible ambiguity, the position at which a ligand is
attached to a metal, or a substituent to a ligand, is indicated by an
arrow. NMR chemical shifts for '"H and 'C are relative to Me,Si,
downfield shifts having positive values and upfield shifts negative values.

NMR chemical shifts for °F are relative to CFCl, at 56-4 MHz,
unless otherwise indicated. In many cases authors failed to mention if
shifts relative to the standard were upfield or downfield. Consequently,
the F data are reported as given in the original papers without con-
version to the currently accepted convention.
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Hopefully, this volume will prove sufficiently useful to induce the
necessary daring required in undertaking the mission of updating this
coilection of NMR data.
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TABLE 1

Titanium, vanadium, niobium, and tantalum complexes

Formula

(1) PENTAHAPTO LIGANDS

C(HN,0,V
C, H,,NbO
C,;H,,0Ta
C,.H,, TiO,
C3,H,0,P,V

C.‘IHSUOZPZV

[C,H.N,0,V]*

C.HO,PV

C.H,:NbO,P,

No.

thh AW N

Compound

(h%-C,H)V(NO),(CO)
(h*-C,H,),Nb(HXCO)
(h-C H,),Ta(H)(CO)

[£%-C(CH,),|,Ti(CO),

(h%-C H,)VIP(CHCHY),C H!" |-
(CO),

(h*-C H)V{PI(CH});CH}},-
(CO),

[(B-CH)V(CN),(CO), 1>~

(h5-C HOV{[P(C,H!),CHICH|
(CH)),PY(CO),

(h*-C(H,. CH)NB[P(C H)); ],
(CO),

Solvent
(CD,),CO H
Cc.,D,CD, H
— H
— H
CDq H

H'
HII
HIII
C.D, H
HI
HVI
DMS H
CDCl, H
Hl
HI!
CS, H
H
H”

4 (ppm)

5-69
—6-39
-—-6-80

1-69

4-50t
2-50
1-20
7-33

4.80t
~1.60
1-.00
0-81)*
4.-59s
3.98s

~13
~2

4-25m
1-95s
7-18m

Coupling
constant

(Hz)

Refer-
Remarks ences

Isolated as the disodium salt 3
100 MHz 5

— 933
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TABLE 1—cont.
Coupling

constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
CH,;0,P,Ta 10 (h*-CH)TalP(C H,);1,(CO), CS, H 4.53 — — 936
[CeHNO, V]~ 11 [(h5-CH,)V(CNXCO),1- DMS H 4-90s — Isolated as the sodium salt 3
C, H,,AsO,V 12 (h3-CH,)VIAS(C H),)(CO), CeDq H 4.62s — — 3

H' 7-32 —
C4H,0,PV 13 (h*-CH,V(PH;XCO), CD, H 4.28d Joul-5 — 3
’ H' 3.69d Jpu 324 *6
(3-19)* *932
CH,O,PV 14 (H5-CHYVIP(CH'(CH?))I(CO), CiD, H 4.73s — — 3

H' 1.94 —_

H” 0-90 —_
C,HiuOPV 1S (hS-CH)VIPUCH}),CH?,I(CO), CD, H 4-63d Jpu1-0 — 3
H' 1-40 — 4

H” 0-85 —
C,H,OPV 16 (W-CH)VICH!CH?)),CH!]-  CD, H 4.60d Jpy ! — 4
(CO), H' 1:90 — 3

H” 1-00 —_

H'" 7-30 —
C,H,,0,PV 17 (h3-CH)VIP(CH)(CO), C.D, H 4.50d Jpul — 3
H' 7-30 — *4

(6-97)*
C,,H, 0P,V 18 (B*-CHOVIPCH)NCO), C.H, H 4-13d Jpul — 3
H' 6-74

ONVIGOW 'V ANV SIVD ‘W ‘LIOWMOIH ‘M 'd



C5H,5,0,SbV

C,H,,0,PTa
C,H OV

C,H,0.V

C;,HyAsO,V,

C,,H,DO,V

CyH,0,V

19

20
21

22

24

25

(h-C H)VISb(CH.),[(CO),

CsDs

(H5-CH)TalP(CH.);(CO), CS,

(h5-C,HV(CO),

(h5-C4H,.COCH?)V(CO),

(h*-C(H,),V,[As(CH),(CO),

(h-C(H,D)V(CO),

(h*-C{H,)V(CO),

Cs,
C.Ds

CeDs

(CD,),CO

CeHq

H 4.-62s —
H’ 7-28
H 5-15 —
H 5.08 —
H 4-30s —
H 5-57 —
517 —_
H' 2-30
H 4-71s —
4-12s —_
H' 7-19
H,H, 370 —
H_,H_ ~468b —
H_, 6-48t —
H_, 2-57b —
H, H, 283t —
H_,H_, 365b —
H_, 5-45t —
H_, 2:17-1-47 —
comp

— 3
— 936
T 32° 7
— 4
3
933
T 32° 7
— 3
C,H,D = H\ 8
1
3 2 D
4
s 6
*Stereochemistry not known
CH, = H
! 8
3 2 H
4
s 6

SAXTTdNOD TANORUVD TVLIINW-DINVOYO NO VIvVA YNN



TABLE 1—cont.

Formula No. Compound Solvent 4(ppm)
(CD;)),CO H_,H 367t
H ,H_, 462
H_, 6-42t
H_, 2.75-2.37
2-18-2-1
C,H,DOV 26  (h-C,H,,D)V(CO), (CDY,CO  H_, 2-39b
H_,H_, 452
H' 1-74
H” 2.60s
C,;H,,0,V 27 (h-C,H,,)V(CO), c,D, H_, 1-97s
H_qu_( 3-69s
H’ 1-43s
H” 2-15
(CD,),CO H,, 2-42s
H,H_, 452
H’ 1-74s
H” 2-61s

Coupling
constant Refer-
(Hz) Remarks ences
C,H,,D = 8
CHYj

CH;

*Stereochemistry not known
Can = 8

ONVIAONW 'V ANV SIVD ‘W "LLOWMDIH ‘M d



C.H,, DOV

CNHISOAV

CJZHMOdeZ

C,H,NbO,
CH,NbO,
C,H,0,Ta

CyH,0,Ta

C ISH IOOSVZ

28

29

30

31
32
33

34

35

(h*-C,H,,D)V(CO),

(B*-CH)V(CO),

(h-C H)V(CO),I(CO)* 15-C H,)-
VP(CH}){(CO)I

(#5-C H)NB(CO),
(h-C H,.CH)NKCO),

(h*-C,H)Ta(CO),
(h5-C H,.CH}Ta(CO),

{(h>-CH)IV(CO),1(CO)*

(CD),CO H_,
H_,
"
(CD,,CO H_,
H_,
H
C.D, H
HI
cs, H
cs, H
Hl
Cs, H
Cs, H
H/
C,D, H
H

2-48b
6-11b
1-73s

2-54s
6-22b
1-73s

4-62d
4.02s
7-15

5-50bd

5-44m
2-05bd

5-62s

552t
537t
2-12s

4.57s
4-59s

Jpn2

CH\ D =

CH, CH;
*Stereochemistry not known

CiHis= H 8

CH; CHj

CH; CH;
*Bridging CO
4
3
— 933
—- 933
— 933
. 933
*Bridging CO 4
3

H » 8
CH; CH;

SAX3ITdIWOD TANOSYVD TVLIINW-DINVOUO NO V1IvVd YAN



TABLE 1—cont.
Coupling
constant Refer
Formula No. Compound Solvent o(ppm) (Hz) Remarks ences
(2) HEXAHAPTO LIGANDS
IC,,H,,0,V]- 36 {Ih"-1,3,5—C6H,(CH§),IV(CO),}‘ CD;NO, H 6-82 — Isolated as the tetra-n-butyl 9
H' 2-25 ammonium salt
C,,H,,IOV 37 [#%-1,3,5-CH,(CH3);V(IXCO), CDCl, H 6-76 — — 9
H’ 2.27 —_
C,,H,;0,V 38 [A8-1,3,5-C¢(H,(CH}),|V(H"XCO); C,D,CD, H 4.43 — — 9
H’ 1-55 —
H" —-58 —
(3) HEPTAHAPTO LIGANDS
C,,H,0,V 39 (h"-C,H,)V(CO), C,D,CD, H 4.22bd JOW—-H) ~2.0 T 30° 10
H 4.7s T -79°
(4) MIXED LIGANDS
C,H;,OPV 40 (B*-CH)V(h-CHC=CC.H)- CS, H 5-00d Jenl — 934
[P(C¢H,),1(CO) H' 7-15m —
C,H;NbO 41 (B-CHINBCH;C=CCH}),- C§, H 5.-70 — — 12
(CO) H’ 720 — 937

ONVIAOW 'V ANV SIVD ‘W "LLOWMDIH ‘M d



C4,H,,NbO

CHy NbO

CsHyNbO

C,,H,,0Ta

CSGHZSOJV

C,,H\NbO,

C12H,(NbO,

C40H30Nb202

42

43

44

45

46

49

(W5-C;H,.CH})Nb(h*-C H’C=
CCH",(CO)

(15-C HNB[A*-C (C(H1), |-
(C,H,C=CCH,XCO)

(H5-C HNb|1,4-h>-C(CH,)-
(h-C(H,C=CCH)XCO)

(h-CH)Ta(h*C HiC=CC,H})
(CO)

(#5-C Hy)V[7*-C,O(CH1),|(CO),

(#°-C H,)NK(C H!C=CCH})-
(CO),

(h3-C,H,)Nb(h'-C,HIXCO),

[(h*-C,H,)Nb(CO)|,(PhC=CPh),*

cs,

cs,

Cs,

H’
H”

H'

H'

H'

H'

H'

5.50t
5-75t
1-5s
7-18m

5-1s
7-2m

5-15s
7-10

5-65s
7-10m

4-40s
7-10m

4.80s

2-90

5-00
5-05

235
583

C{CH,), =
tetraphenylcyclobutadiene

C(CHy), =
tetraphenylbutadiene

C,O(C,Hy), =
tetraphenylcyclopentadienone

Hexamethyldisiloxane reference

*Bridging PhC=CPh ligands

933

938

937

936

934

15
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TABLE 11

Chromium complexes

Coupling
constant Refer-
Formula No. Compound Solvent &(ppm) (Hz) Remarks ences
(1) MONOHAPTO LIGANDS
(a) Tetracarbonyl derivatives
C,:H,,CrNO,P 1 Cr[C(CH;)NH"CH;IIP(C(H,);,]- CHCl, H 240 — — 947
(Co), H' 2-69 Jyy~5
C¢H, H 2-09 —
H’ 1-68 —
C,;H,,CrO,P 2 Cr[C(CH,;)OCH;]IP(C,H),(CO), C¢D, H 2-60 — — 1019
H' 3.77 —
C,,H;;,CrOP 3  Crl[C(CH;)OCH}][P(n-C H,),)- C,Dq H 2-61 — — 1019
(CO), H' 3.76 —
C,H;,CrO,P 4 Cr[C(CH)OCH;)IP(C(H, ));,l- C(Dg H 2-84 — — 1019
(Co), H' 4.07 —
C,,H,,CrO,P 5  CrlC(CH;)OCH;IIP(C,H ), C,D, H 2-21 — — 1019
CH;CO), H’ 5-45 —
C,H,,CrO,P 6 CriIC(CHYOCHIIP(CH, )= CDy H 7-15 — — 1019
(CO), H’ 3.81 —
C,H,,CrO,P 7 CriC(CH,)OCH;I[P(C,HY),]- CeDg H 2-46s — — 945
(CO), H' 3.70s —_— 17

H 7-34m

ONVIQOW 'V dNV SIVD ‘W ‘LLOWMOIH ‘M d



C,H,CrN,O,

8

Cr(CH;N,),(CO),

(b) Pentacarbonyl derivatives

CzH,CrO;
C,H,CrNO;

CH,CrNO,

9
10

11

Cr(C=CCH,XCO),
CrlC(CH,) === NH;(CO);

CrlC(CH,) == NH'CHY(CO),

(CD,),CO

CH,CI,
CDC,

C,D,
(CD,),CO

(CD,),CO

cDClL,

CeD,

(CD,),CO

CHCl,

H'

H'

H'
H"

H’
H"

H’
H”

H'
H”

7-07s
3.52s

1-57
2-717
810
1-87
6-8
276
10-60
2-84s
10-25t
2-55
823
310
1-89

1-67
2-50
10-20
3-40
2:69m
8-35m
3-20m

CH;_N\C ~N—CH;
T
— — 19
— Carbene complex 20
— — 21
—_— Carbene complex 20
Jyp»~0-3 cis-isomer, viz.: 22
Juu- S 23
e COLTS M 947
H,C” CH,

SHXITINOD TANOZEVD TVLAN-DINVOUO NO VIVA YAN



TABLE II—cont.

Coupling
constant Refer-
Formula No. Compound Solvent &(ppm) (Hz) Remarks ences
C¢Hq H 2-05 — 23
H” 1-80 —
CHCl, H 2.81 JyK~0-85 trans-isomer 23
H' ~8-8 Juy-4-9 947
H" 3-65 —
C.H, H 2-15 —
H" 2-80 —
C,H,CrNO, 12 Cr{C(CH,) =« NH'CHjCH;"]- CDCl, H 2-67 — Carbene complex 20
(CO), H' 8-68 —
H” 3.43 —
H" 1.37 —
CDy H 2-10 —
H’ 82 —
H" 2-20 —
H'" 0-47 —
(CD,),CO H 263 —
H' 10-37 —
H” 3.57 —
H" 1.27 —
C,oH;;CrNO; 13 Cr{C(CH,) «: NH'CH"(CH}"),]- CDCl, H 2-77 — Carbene complex 20
(CO), H' 8-67 —
H” 4.0 —
H" 1-37 —

01

ONVIAQON 'V ANV SIVD ‘W ‘LIOWMJIH ‘M d



CD, H 2-56 —

H’' 8-25 —_
H” 3-18 —
H" 0-60 —_—

(CD,,CO H 2-80 —
H' 10-50 —_
H” 4-19 —_
Hln 147 —_—

C;H,;CrNO, 14  CrIC(CH;) == NH'C(CH?),l- CDCJ, H 2:90 — Carbene complex
(CO), H' 9-10 —

H” 1-50 —

CiD, H 253 —
H' 8:90 —
H 0-83 —

(CD,),CO H 2.97 —
H’ 10-70 —_—
H” 1-57 —_

CHCl, H 2-79d Junl- 15 cis-isomer
H” 1-40s

C;H,;CrNO, 15  Crl[C(CH;)=2= NH'C,H/,(CO), CDCl, H 2.77 — Carbene complex
H’ 8-67 —
H" 3.77* — *Methine proton of cyclohexyl
group
H” 1-58% — TMethylene protons of cyclohexyl
group

C,D, H 217 —
H” 2.99* —
H” 1-10t —_

SAXITANOD TANOHUVD TVLINW-DINVOYO NO V.LVA YNN
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TABLE I1I—con:.

Coupling
constant Refer-
Formula No. Compound Solvent &(ppm) (Hz) Remarks ences
(CD,;),CO H 2-75 — *Methine proton of cyclohexyl
H' 10-58 —_ group
H" 4.0* —_ tMethylene protons of cyclohexyl
H” 1-75t —_ group
C,H,CrNO, 16 Cr[C(CH;) =22 N(CH;),)(CO), CHCl, H 2-69m Jyn0-85* TCHj trans to CCH;, 23
H’ 3-87q: Jyn-0-3t §CH; cisto CCH, 22
3-30m§
CH, H 2:20 to CCH,
H' 3.22*
2-08%
C,;H,;CrNO, 17 Cr[C(CH,) ==+ N(CH;CH?),)(C0O),CDCl, H 278 _— Carbene complex, viz.: 20
H'ys 3.70 —
H'rans 4.23 — (CO)Cry___. _CH,CHrans)
H'% 125 — Hert NN CH. CHA
Hians 142 — € CHL(e)
CD, H 2:33 —_
is 2-70 —
H'irans 3-70 _
Hs 0-49 —_
H'%ans 0.88 —_
(CD;),CO H 2-83 —
Hitis 4.78 —
HINIHS 4 30 —
H';s 1-27 —_

H"lraﬂS

1-47

Cl

ONVIAOW 'V ANV SIVD ‘W 'LLOWMDIH ‘M d



C,H,,CINO,

C,,H,CrNO;

C,H,,CINO,

CyoH;CINO,

C,,H,CrNO;

C,H,CINO,

18

19

20

21

22

23

CrlC(CH,) == NH'CH"CH{"}-
(CO),

CrlC(CH,)N=CH'CH?|(CO),

CrlC(CH,)N=C(CH,)CH;l-
(CO),

CrlC(CH,)N=C(CH.),(CO),

CrlC(CH,) =22 NH'C H|(CO),

CrlC(CH,) =+ NH'-p-C,HCH;"]-
(CO),

cDCl,

C¢D,

(CD,),CO

(CD,),CO

(CD,),CO

(CD,),CO

cocl,

CeDsg

(CD,),CO

coCl,

H"
H'"

H”
H'"

H'

H”
H'"

H’
H”

H'

H'

H'
H"

H”

H'

H”

H"
H'"

2-47 —
4.10 —
7-30 —
2.07 —
3.37 —
7-16 —
2-10 —
10-43 —
4.83 —
7-33 —

2.68d J25
7-63q J25
7.51m —

2.66s,2 565 —
7-55m —

2-84s —
7-60s —

2:70 —
10-43 —
733 —
218 —
6-46 —
2:65 —
12:96 —
7.24 —

267 —
9.97 —
7-18 —
2.44 —

Carbene complex

Carbene complex

Carbene complex

Carbene complex

Carbene complex

Carbene complex

20

24

24

24

20

20

SAXATANOD TANOEYVD TVIIW-DINVOYO NO VIvd YN
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TABLE Il—cont.

Coupling
constant
Formula No. Compound Solvent 4 (ppm) (Hz)
CD, H 2-15 —
H" 6-31 —
H'" 1.92 —_
(CD;),CO H 2-67 —
H' 12-01 _
H” 7-20 —
H'" 2-13 —_
C,H,F,CrNO, 24 Cr[C(CH;) ::: NH'-p-C(HCF,]- CDCl, H 279 —
(CO), H' 10-53 —
H” 7-68 —
(CD),CO H 267 —
H’ 1213 —
H” 7-60 —
CHCI, H 2-53d Jun-0-9
C,,H,CICTNO, 25 Cr[C(CH,)=== NH'-p-CH'Cll- CDCl, H 2-68 —
(CO);s H' 10-37 —
H” 7-28 —
(CD,),CO H 2-67 —
H' 12.09 —_
H" 7-40 —
C,,H,CIN,0, 26 CrlC(CH,) ==z NH'-p-C H} (CD,),CO H 2.57 —
NH")(CO); H' 11-83 —
H” 6-73 —
H'" 4.80 —

Refer-

Remarks ences
Carbene complex 20
cis-isomer 22
Carbene complex 20
Carbene complex 20

14!

ONVIAOW 'V ANV SIVD ‘W “LLOWMDIH ‘M 'd



C,,H,,CrNO,

C,;H,Cr0,S
C,,H,CINO,

C,;H,CtNO,

C1,HBrCrNO,

C,,HCICINO,

C,,HCICINO,

CH,,CrN,0,

27

28

29

30

31

32

33

34

CrlC(CH,) == NH'-p-C H'
OCH!"[(CO),

Cr[C(CH,) =22 SCH.)(CO),
CrlC(NH)CH,(CO),

CrIC(NH{)p-C¢H,CH4)(CO),

Cr{C(NHJ)p-C(H,Bri(CO),
Cr[C(NH)m-CH CI(CO),

CrlC(NH})p-C¢H CINCO),

cDCl,

CDs

(CD,),CO

CHCI,

C¢Dg

(CD,),CO

(CD,),CO

(CDy),COo

(CD,),CO

(CD,),CO

CriC(NH)p-CH,N(CH"),(CO), (CD,),CO

H
H'
H”
H'"

H”
H"

H'
H”
H'

H'

H'

H'

H'
H"

H’

H'

H'

H'
H”"

2-65
10-40
7-03
3.83
2.23
6-30
2:24
2-63
11.98
7.09
3-80
2-62d
3-83s

292
6.90,6-55

7-28
10-37

6-62

9-34

1-79

7.49,7-07
1020

717
10-23

7-40,7-07
10-10

7-48,6-68
9-67
2.97

Carbene complex

cis-isomer

Carbene complex

Carbene complex

Carbene complex

Carbene complex

Carbene complex

Carbene complex

Carbene complex

20

22

21

25

25

25

25

25

25

SAXATdANOD TANOHUVD TVLINW-JINVOIO NO Vivd YAN
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TABLE II—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H,CrNO, 35 Cr[C(NHpm-CH,OCH}(CO); (CD,;,,CO H 713,670 — Carbene complex 25
H' 10-0 —
H” 3-68 —
C,;H,CrNO, 36 Crl[C(NHy)p-CH,OCH;(CO), (CD,),CO H 7-35,692 — Carbene complex 25
H’ 9.97 _
H" 3.75 —
C,;H,CrN,0O, 37  Cr[C(NH,)a-C,HNN|(CO);, (CD,,CO H —72* Hz — Carbene complex 26
—
1
CH,
*Relative to N-methylpyrrole
C,,H;CrNO, 38 Cr[C(NH,)a-C,H,0)(CO), (CDy),CO H —112*Hz — Carbene complex 26
C,H,0=
HO=_ )
(0]
*Relative to free furan
C,,H,CrNO,S 39 Cr[C(NH,)a-C,H,S)CO), (CD,;),CO H —63 Hz* — Carbene complex 26

CHS= ﬂ
S

*Relative to free thiophene

91
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C,H,CrNO, 40

C,H,.CrFeNO, 4l

C,H,,CrFeNO, 42

C,H,CrNO, 43

Crl C(N=CHCH})C H%)(CO),

Cr{CIN(CH,),|Fc}(CO),

CrlC(NC,H,Fc)CO),

Cr{CINHCH(CH!)C(H,IC,H,}-

(CO),

(CD,),CO H

cDCl,

cocl,

CD,0D

cDcl,

H'
H”
H

H'
H”

7-34q

2-27d

7-56
—36 Hz*
—22 Hz*
—5 Hz*

-32 Hz*
—-32 Hz*
—2 Hz*

4.45
1-62
4.28
1-34

~ N

[= 0=

Carbene complex

Fc = ferrocene moiety

H = proton a-carbene substituent
H’ = proton B-carbene substituent
H” = protons of unsubstituted ring
*Relative to ferrocene

*Relative to ferrocene
(See above)

cis-isomer; exists in two atrop-
isomeric forms owing to barrier
to free rotation about carbene—
naphthyl bond:

(CO)Crs

(CO)Cry__ H
\C\;N

27

26

26

29
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TABLE Il—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
CD,0D H 5-92 — trans-isomer, which also exhibits 29
H' 1-95 — atropisomerism:
cDcl, H 5-80 — Ho_ _.CH,
H' 1.72 i (C0)5Cl'\\- ’
SE==NTTvCH,
H\C_,.Cﬁﬂ5
(CO)Cren___
C;N/ “YCH,
C,HLIN,O, 44  CrlC(NH,CHNI(CO), (CD),CO H —70° — Structure: 30
H' 0 —
H” 25 — (CO),Cr=T

100 MHz

31
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C;H,,CINO,

C,sH,5CrN,Oq

C,H,CrNO,

C,H,,CrNO,

C,,H,CrO,

C,,H{CrO,

45 CriC(OCH,CH,)CHNNCO),

46  CrlC(O"N*Me,)C,H,NICO),

47  CriC(NH,)CH,0)(CO),

48  CrlC(NC,H,)C H,0lCO),

49  CrlC(OCH,)C H,0(CO),

50  CriC(OCH,CH,)C H,0)CO),

(CD),CO H

(CD,),CO

(CD,),CO

(CD,),CO

(CD,),CO

(CD,),CO

H’
H”

—159*
—15
—55

—75¢*
+26
+26

—112*
=31
-29

—18*
—18
—22

78
-37
—67

~78%
-37
—66

Structure analogous to that above 30
(R = OCH,CHjy)
100 MHz

Structure analogous to that above 30
(R =0~"N*Me,)
100 MHz

Structure: 31

. 30
(CO),Cr==27

R = NH,
100 MHz
The chemical shifts for free furan
(in Hz) relative to TMS are:
H —641, H' —641, and H” —753

Structure analogous to that above 31

100 Mz (R=N©)

Structure analogous to that above 31
(R =0CH,)
100 MHz

Structure analogous to that above 31
(R = OCH,CHj;)
100 MHz

*Compound Nos. 44—58, chemical shifts in Hz relative to the corresponding signal of the free heterocycle (viz., N-methylpyrrolidine, furan, or thiophen).
The chemical shifts for the free N-methyl pyrrolidine (in Hz) relative to TMS are: H —616, H' — 616, H" —616
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TABLE Il-—cont.

Coupling
constant Refer-
Formula No Compound Solvent 6 (ppm) (Hz) Remarks ences
C,H,;CrNO, 51 CriC(O"N*Me,)C,H,0(CO), (CD,),CO H —29* — Structure analogous to that above 30
H' +4 — (R =0"N*Me,)
H" +13 — 100 MHz
C,H,CrO, 52  CrlC(OPh)C,H,0)(CO), (CDy),CO H —97* — Structure analogous to that above 31
H’ —50 — (R =OPh)
H” —83 — 100 MHz
C,;H,CrO, 53  Cr[C(OCOCH,)C,H;0(CO), (CDy),CO H —90* — Structure analogous to that above 31
H' —50 — (R =0COCH,)
H” —87 — 100 MHz
C,H,CINOS 54  CrlC(NH,)C,H,SKCO), (CD,),CO H —63* — Structure: 30
H' -14 — R
H” -50 — (CONCr=TC_ ¢  n
‘\ L R = NH,
H H'
100 MHz
The chemical shifts for free thio-
phen (in Hz) relative to TMS are:
H —-708, H' —708, H” —738
C,H;,CINO S 55 CrlC(O~N*Me)C,H,SKCO), (CD,),CO H —66* — Structure analogous to that above 30
H' +3 — (R=0"N*‘Me,)
H" +5 — 100 MHz
C,,H,CrOS 56 Cr[C(OCH,CH,)CH,Si(CO); (CD),CO H —129* — Structure analogous to that above 30
H' -29 — (R = OCH,CH,)
H” —65 — 100 MHz

0T
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C,;H,CrOS

C,HCrO,S

C,H,CrO,

C,H,CrO,

57

58

59

60

CrIC(SCH,CH,)C,H,0)(CO),

CrlC(SPh)C H,0)(CO),

Cr{C(OC'H})C"H,[(C"0),

Cr[C(CH)OCH;(CO),

(CD,),CO

(CD,),CO

CHCI,

cDCl,

(CD,),CO

H
H’
H”

H
H'
H"

13e
IJCI
IJCN
lJClu

H
H'

TIZIITIT

—128* —
—63 -
—87 —

+8* —
—29 _
—17 _

362-3 —
672 —
49-1 —

217-6 —

2236 —

3-01 —
4.31 —

2.97 —
4.81 —

317
439 —
3-00
4-89
3-03s
4-68s

—_—— — —

Structure analogous to that above 31

(R =SCH,CH,)
100 MHz

Structure analogous to that above 31

(R =SPh)
100 MHz

cis-isomer
trans-isomer

cis-isomer, viz.:
(CO)Cry___CH,
M
}

o<

CH,

trans-isomer, viz.:
(CO),Cr~\\C/CH_‘

A
/

CH/”
cis—isomer
trans-isomer

trans-isomer

32
966
T —40°
966
T —40° 17
T —40°
966
T —40°
T +40°
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TABLE Il—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CD,0D :, 2(3)2 — } cis-isomer T —40° 066
::, 2:; _ } trans-isomer T —40°
CeH,Cl :, §§; _ } cis-isomer T — 40°
) 966
H 2:51 — . °
H' 417 _ } trans-isomer T —40
C.HF H 2.31 — ; "
cis-isomer T —40°
H' 3.30 — 966
H 2-56 — .
H 4.23 _ } trans-isomer T —40°
CD, H 2-33 — — 1019
H’ 3712 33
C,;H,,CrO, 61 CriC(OCH,;,)CH'=CH“CH"'=  CD, H 3-95s — *in acetone-d, 34
C(OCHIV)CHY(CO), H' 7-21d* J14 Carbene complex
H” 7-58dd J 1
H" 4.96bd J95
v 2-92s —
HY 1-70s —
C;H,CrO, 62 Cr[(C(OCH,)CH:I(CO), CH, H 3.78 — — 1019
C.D, H’ 6-95 — 33
35
36

37

[44
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C llHlocrOG

C,.H,CrF,0,

C,.H,CrF,0,

C,H,CrF,0,

C,;H,BrCrO,

C,,H,CICrO,

C,,;H,CICIO,

64

65

66

67

68

69

CrlC(OCH,)p-C HCH,KCO),

Cr[C(OCH,)o-C(H,CF,(CO),
Cr|C(OCH,)m-C (H,CF,I(CO),

CrlC(OCH,)p-CH/CF,|(CO),

CrlC(OCH,)p-C¢H;Brl(CO);,

Cr[C(OCH,)m-C HC1)(CO),

[CrlC(OCH,)p-CH.CII(CO),

(CD,),CO

(CD,),CO

(CD,),CO

(Cny),Co

(CD,),CO

(CD,),CO

(CD,),CO

(CD,),CO

ITEIT IX XTI ONTET o&mom

IInT T IIIT

Tz

4.22
5-12

4.24
7-41,7-06
5-07
7-74,17-41

4.25
5-15

4.29
5-16

4.31
8.09,7-46
519
8-00,7-72

4.27
7-83,7-20
512
7-83,7-64

4.29
5-15

428
7-67,7-27

cis-isomer T —-26-5°
trans-isomer

cis-isomer T -37°
trans-isomer

cis-isomer T +4°
trans-isomer

cis-isomer T —-26°

trans-isomer

cis-isomer T-=-21°

trans-isomer

cis-isomer T-29°

trans-isomer

cis-isomer
T -27°
trans-isomer
T —27°
cis-isomer, viz.:
T —50°
Me
o~
)
i
PASN
(CO)Cr C(H,Cl

38

38

38

38

38

38

38

38
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TABLE 1I—cont.

Formula No.
C,;H,CrFO, 70
C . H,,CrO, 71
C,,H,,CrO, 72
C,H,;CrNO, 73
C,H,,CrFeOQ, 74
C,H,CrFeQ, 175

Refer-
Compound Solvent 4 (ppm) Remarks ences
H 512 trans-isomer, viz.:
H’ 7-67 T —-50° Me\o
A
A
(CO)Cr™ ™SCH,CI
Cr[C(OCH,)p-C,H,FICO), (CD;),CO H 4.28 cis-isomer (see above) T — 35-5° 38
H 5-12 trans-isomer
Cr{C(OCH,)0-C{H,OCH,)(CO), (CD,),CO H 4-17 cis-isomer (see above) T —15° 38
H 5-05 trans-isomer
Cr{C(OCH,m-C,H,OCH,](CO), (CD,,CO H 4.24 cis-isomer (see above) T —28° 38
H 5-09 trans-isomer
CrlC(OCH,)m-CH,N(CH;),l- (CDy),CO  H 4.25 cis-isomer (see above) T —32° 38
(CO), H 5-08 trans-isomer
Cr{C(OCH,)FcCO), CDCl, H —84 Hz* Fc = ferrocene moiety 26
H' —63 Hz* H = proton a- to Carbene
Substituent
H" —9 Hz* H' = proton - to Carbene
Substituent
H” = protons of unsubstituted ring
*Relative to ferrocene
Cr[C(OEt)Fc(CO), CDCl, H —83 Hz* *Relative to ferrocene 26
H’ —60 Hz* (see above)
H” —6 Hz*

14
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C,H,CrO,

C,H,CrO,

C,,H,,CrO,

C,,H,,CrOSi
C1aH;,CrO

C,,H,,CrNO,

C,,H,.CrNO,

C,.H,,CrNO,
C,,H,CrO,
C,,H,Cr0 S

76

77

79
80

81

82

83
84

CrIC(OCH,CH})CH4(CO),

Cr|C(OCH,CH;)CH}1(CO),

CriC(OCH,CH})CH(CH}"),-
CH,VI(CO),

CrlC(OEYCH,Si(CH,),)(CO),
CrlC(OCH,CH;)C H%1(CO),

CrlC(OCH,CH;)N(CH"),(CO),

CrlC(OCH,CH})N(CHCH?), -
(CO);

CrlC(OEtC, HNICO),
CrlC(OEt)C,H,0l(CO),
Crl C(OEt)C,H,S)CO),

cDCl,

CeH,

cDCl,

ccl,
CDCl,

C,D,

CDCl,

CeHs

(CD,),CO

(CD,),CO
(CD,),CO

H'
H”

H'
H"

H’
H"
H'

H'
H”

H'
H”

H'
H”

H'

H”

=

4.90q —
1-64t —
2-90s —
4.-52q —
125t —
2-61s —

4-90q —
1-62t —
312t —
1-41m —
0-92t —

—358 Hz —

5-09q —
1-75t —
7-52m —_
4.32q —
0-93t —
2.15s,2-88s —
4.62q —
1-42t —
3-06s,3-57s —

4.51q —
3.-71q, —
2-90q
1-04t,0-93t,—
0-75t
—159*Hz —
—78*Hz —

—129*Hz —

Carbene complex

Carbene complex

Carbene complex

Carbene complex

Carbene complex

Carbene complex

Carbene complex

*Relative to free N-methyl pyrrole
*Relative to free furan

*Relative to free thiophen

39

40

39

41
39

42

43

26
26
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TABLE II—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,CrLINO, 86 CriC(OLIO(C,HY),INICH,- (CD),CO H 2-55q — Carbene complex 43
CH2),|(CO), H’' 1-00t —
H” 3.4q
1-1t
C,H,,CrOSi 87 Cr{C[OSi(CH,),]CH}(CO), C.H, H 10.0 — Carbene complex 44
H’ 2-52 —
C,H,,CrNO, 88 Cr{CIC(OCH,)=CHINH"- C H, H 3.15 — — 45
CH/"}(CO), H' 4.35,3.90 J3-5 *Methine proton
H” 9.20
H'" 4.17* —
C,H,,CtNO, 89 Cr{CIC(OCH,)=CH;INH"- c,D, H 3-15 — 46
CH{'1HCO); H' 4.35,3.90 J3.5
H” 9-50
H'" 417,2.0- —
0-58
C,H,CINO, 90 Cri{CIC(OCH,),CH;INH"CH!"I}- C,D, H 2-88 — — 46
(CO), H’' 1-07 —
H” 0-13 —
H" 4-40,1.92— —
0-58
C,H,,CrNO, 91 CrlC(OCHXCH)CNCH/]-  C(D, H 3.20 — — 46
(CO), H' 1-77 —
H" 3-16,2-16- —

058

9t
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CcHCINO,
C,H,CrNOSn

(C,H,CrO-

C,,H,.CINO,

[C\H,,CrOSil-
[C1,H,CrO,]-

CZoi_lll)(:rc).‘

C,:H,,CrNO

92
93

94

95

96

97

98

Cr(C=NHXCO),
Cr(C=NSn(CH;)3 I(C0)¢

[Cr(COCH,)(CO);]-

CrlC(COCH,NH'C H’, (CO),

{CrlCOCH,Si(CH,),(CO),)-
[CH(COCH,XCO),]-

CrlC;(CH;),(CO),

Cr(C,,H,,NOXCO),

(CH,),CO
C¢H,

CH,CI

CeH,

CsDs

(CD,),CO

CH,CI,

cDCl,

H’
H”

H'
H”

4.-59
0-11

232

1.93

9.50

4.05*

1.93

9.20

4-05,2.08-
0-58

—275Hz

7-26

8:32m
7-74m

J¢
J¢

°Sn-H) = 60
Sn-H) = 57

Isolated as tetramethyl-ammonium
salt

*Methine proton

Isolated as the tetramethyl-
ammonium salt

Isolated as the tetramethyl-
ammonium salt

Ph Ph
Cg(Csﬂs)z = ;;

t

CH,
OCH;
CiH,NO = —
===2N—CgH,,

(a carbene complex)

1017
1017

33

45

46

41

33

48

45
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TABLE 1l—cont.

Coupling
constant
Formula No. Compound Solvent 4 (ppm) (Hz)
CioHCINO, 100 Cr(C;H,N,XCO), (CD,,CO H 7.24s —
H’ 3-87s —
— H 6-88 —
H' 3.87 —
(2) DIHAPTO DERIVATIVES
C,H,,CrO,P 101 Cr—PPh,(CO), cpcl, H 3.08 Sy 5-0*
H /‘ \ H’ 3.64 Jirn9-0
)§‘_@ H 5-63 Jug13-5
H C,D, H 2.86dd  Jyp0
H' 3-25dd Juyr9-0
H” 5-06 hept.  Jyy- 13-0
CysHWCrOP - 102 Cr—PPh,(CO), CDCl, H 1-84 Juu 62
/‘ \ H' 4.58 Jn-10
CH,CH&CHLQ H” 5-56
(3) TRIHAPTO DERIVATIVES
C,.H,,BCrN,0, 103  (h-C,H,)Cr[B(P2),I(CO), C,D, H 43,16  —

Refer-
Remarks ences
H H 49
CHN, =
S CH;_N\CQN_CH; 18
)
*Incorrect assignment 50
(see below)
Jpu =Jpy = 5.0t 51
Jpyr~2
tConfirmed by *'P decoupling
— 52
TMS external 53

@)
‘e

8¢

ONVIAOW 'V ANV SIVD ‘W "LLOWMIJIH ‘M 'd



(4) TETRAHAPTO DERIVATIVES

C;H,,CrO,

CH,CrO,

C,H,CrO,
C,,H,CrO,

C¢HsCrO,

C,,H,Cr0,

C,H,CICr0,

C1sH1;CrO,

104

105

106
107

108

109

110

111

(h*-C(CH,),)CrCO),

(#*-C H)CHCO),

(h*-C,H,)Cr(CO),
(H*-C4H)CHCO),

[1,2,4,5-h*-C(CH,),]CHCO),

(h*-C;Hg)Cr(CO),

(h*-C,H,CDHCr(CO),

(h*-C ,H,,0,)Cr(CO),

cDey,

CDCl,

CDCl,

cDCl,

H_,H,
H., H_,
H..H,

1-85 —_

1-58s —_

3.88s —
4.35s, —

6.92m
(ratio 1:2)

1-74s —
0-90s —

3-67 —
4.47 —
1-34

3.77 —

4.22 —

4.37 —
3.62 —

3.97 —
4.30 —
4.42 —
4.49 —

C(CH};), = tetramethylcyclo-

butadiene

C,H, = cyclobutadiene

C4H, = benzocyclobutadiene

CH,
Cﬁ(CH.‘)G =
CH;

54

55

55
55

56
57
1028

58

58

58
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TABLE II—cont.

Formula No. Compound

C,H,,CrO, 112 (#*-C,H,,)Cr(CO),

(5) PENTAHAPTO DERIVATIVES
C,HyCrNO,P 113 (h%-C,H)Cr(NOXPPh,XCO)

CH,CINO, 114 (K-CH,)CHNOXCO),

C,H,CtNO, 115  (h5-C,H,COCH,)Cr(NOXCO),
CyHyAuCrOP 116 (1*-C H)CrlAuP(CH,),(CO),
C,H,CrGeO;, 117  (h%-C,H,)CrlGe(CH}),I(CO),

CyH,,CrGeO; 118 (h-CH,)CrlGe(C,H),)(CO),

C HCrO, 119 (h-C,H,)Cr(H'XCO),

Solvent
— H
HI
CDCl, H
C,D, H
CDCl, H
(CD;)CO H
(CDy),CO H
H
— H
cDCl, H
CDCl, H
Hl
CDCl, H
HI
THF H'

4-70d
4.39

5-06s
5-23s

5-38
5-08

5-70,5-15
4.79

4.75
0-69

4-90
7-49b

—5.46

Coupling
constant
(Hz)

Refer-

Remarks ences
Structure: 962

CHCO),

— 59
946

— 59
— 60
T 35° 61
T 32° 7
T 32° 7
— 62
— 63
64

60 and 100 MHz 65
— 67

0€
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C,eH,,CrO,Pb 120
CH,CrO,Si 121

C,H,CrOSn 122

CyHpCrO,Sn 123

[C,,H,,CrO,]- 124

C,H,Cr0, 125

C,H,,CrOP 126

[C,6H,CrO;PI* 127

Hexane

CF,CO,H
(h*-C H,)Cr[Pb(CH}),[(CO),  THF
(h5-C H,)Cr(SiH.XCO), Et,0

(h-C HCr{Sn(CH}),)(CO),  CDCI,

(W5-C,H,)Cr[Sn(C H,),[(CO),  CDCI,

{[h*-C ;H,.CH'(C4H%),]ICHCO),}~ (CD,),CO

[h%-CH(=C(CH}),)ICHCO),  (CD,),CO

[h3-C,H,P(C,H}),]CHCO), CHCI,

{[h*-C ;H,P(CH}),]Cr(H"XCO),}* CF,CO,H

H'
H

H'
H'

H'

H’

H’

H’
H”

H'

H’

H’
H”

4.78 —
—5.46

4.78 —
—5.46 -

5-05 —
7-5m —

4-89s —
4-12s —

4.75 —
0-52 JOSn-H') =
46-0
J('9Sn-H') =
48-1

4-84 —
7-43m —

4.73t —
4.451 —
5-30s —
7-49bs —

5-72t,4- 77t —
7-68 comp. —
7-37 comp. —

4.92m, J~2.5
4.65m

~7.85 —_
542,520 J2'5

~7-85

—5-09

Isolated as the TI* salt

66

66
67
65
68

63
64

65

69

69

66

66
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TABLE Il—cont.

43

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,Cro, 128 (k-C,,H,)CHCO), — H 41 _ CH, = O O 70
H
C.H,CINO, 129 (A-C H,N)CHCO), (CD),CO H 6-40t — CHN= W W 71
oo Pat
H lr H
H
C,H,CrNO, 130 (A5-C,H,N)Cr(CO), (CD,),CO H 6-50t — CHN= H H 71
H’ 5-12t* {
H" 3.485 /
H T H
CHy
C,H,,CiNO, 131 (h%-C,,H,,N)CHCO), (CD,,CO H 5.40 — C,,H, N = H H 71
H’ 2-08s — T
H" 7.65m — CH Ilq cH
C.H", 1
CH,CINO, 132 (h-CH,N)CHCO),* cD, H 1-48 — CH,N = —
CH;— /
H H

Other signals at 6 5-46,4-78,
3.12,2-34in theratio 1:2:1:2
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C,H,CrO;Se 133 (#*-C,H,Se)Cr(CO), CDCl, H 59 — C,H,Se = Selenophene 73

C,H,CrO,Se 134  (h*-C.H,Se)Cr(CO), CDCl, H 5.4 — CH,Se = H H 74
H’' 2-31 —
/ \
CHj” ~Se¢” “CHj
C,H,CrO,S 135 (h%-C,H,S)Cr(CO), CDCY, H 5-37 J28.1209 CHS= H H 74
H' 561 J2.8,22,12 B
(CD),CO H 593 — H S H
H' 593 —
C,H,D,CrO,S 136 (h%-CH,D,S)Cr(CO), CDCl, H 5-59 — CHDS= H H 74
P&t
D7 87 ™D
CH,CrO,S 137 (h%-C,HS)Cr(CO), CDCl, H 5-36 — CHS = H H 74
H’ 5.53 — /z—g\
H” 5.22 — .,
HIII 228 —_— CH‘ S H
(CD),CO H 5.76 —
H' 5-76 —
H” 5.76 —
Hlll 230 —

SHXdTdNOD TANOGEVD TVLIAW-DINVOIO NO VLIVJ AN

*The only appreciable change in the chemical shifts compared to the uncomplexed ligand is at the -position (NV-methylpyrrole 6 -H = 5-95)
+A bonding interaction between the metal and the nitrogen lone pair of electrons is indicated, in addition to the interaction with the diene system
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TABLE II—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,CrO,S 138 (h-C,HS)Cr(CO), CDC]|, H 5-40 — CHS= H' CHY 14
H' 5-56 —
H” 512 — I\
HIII 227 . H s H”
(CD,),CO H 5.92 —
H' 5.76 —
H” 5-76 _
H'" 2-32 —
C;H,D,CrO,S 139 (#-C;H,D,S)Cr(CO), CDCl, H 5-53 — C,H,D,S = D H 14
/ \
CH;” s D
CH.DCrO,S 140 (A°-C,H,DS)Cr(CO), CDCl, H 5-40 — CH,DS= H' CH, 74
H’ 5-56
/\
H S” D
(6) HEXAHAPTO LIGANDS
(a@) Dicarbonyl derivatives
CH.CL,CrO,Si 141  (A5-C¢H,)Cr(SiCL,XH'XCO), CH,CN H 6-00 — — 402
H’ —10-53 — — 401
C,H,,As,CrO, 142  [h*-C HAs(C,H;)CHjAs- (CD,;),CO H 5-0s — A non-fluxional 7-arene complex, 709
(C H"),ICr(CO), H' 34 — the second arsenic atom being

H” 7-4

coordinated to the metal 144

143
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C,H,,CrN,0, 143

C,H,CrNO, 144

CH,,CrOP 145
C.,sH,,AsCrO, 146
CH,,CrO,N 147
C,H,,CrO,N 148

[h%-1,3.5-C¢H,(CH,),)(CHyN, )+
Cr(CO),

[h*-1,4-C{H,(CO,CH,),ICHNC—
CH=CH,XCO),

(h5-C ,gH,,)CT(PPh,XCO),
(h*-C,sH )Cr(AsPh,XCO),
(h*-C ,sH,)Cr{quinolineXCO),
(h*-C ¢ H ,XCr(pyridineX CO),

() Tricarbonyl derivatives

C,H,CrO, 149

(h*-CH,)Cr(CO),

C.D, H
(CD,,CO H
cDCl, H
CDCl, H
cal, H
(CH,,CO H
CH,Cl, BCH
IJCO

467
4.27

5-4-6.0

5-37
5-303*

5-23
5-63
93.7
23-8

CHN, = "
NA/

4

o-bonded acrylonitrile

Compared to free and 7-bonded
acrylonitrile

(0 5.0-6-0and 0-8-1-0 respec-
tively)

C,sH,, = Triphenylene
C,gH,, = Triphenylene
C,gH,, = Triphenylene
CgH,; = Triphenylene

T 30° 100 MHz
J(PC-H)=173 + 1}

710

75

16
76
76
76

711
712

32

*The upfield shift relative to benzene (& 7-347) is attributed to the magnetic anisotropy of the chromium tricarbonyl moiety and the ring-metal bond. Reduction
of the m-electron density in the complex. which would produce a downfield shift of ~ —2 ppm, is compensated for by reduction in the ring current, thus

producing an upfield shift of 1-7 to 2-7 ppm.

tIncrease in Jop relative to benzene (Joy 159-2) is attributed to the effect of withdrawal of m-electrons from the ring in the complex (~0-35 electron from

each carbon p,orbital).
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TABLE Il—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,CrO, 150 (h%-C(H,.CH;)Cr(CO), Ccql, Horho 5-08 — — 16
Heta 5.32 —
Hpara 5.08 —
(CHJ)ZCO Hortho 5-49 -—
Hmeta 5-69 —
Hpara 5-49 —
CCl, H’ 2-18 — — 713
CDCl, Hortho 5.140* — T 30° 100 MHz 712
H pera 5-386* — Jortho 62, 645 Jmera1-0: Jpara 0-0
H para 5-102*
H’ 2-183* — *To higher field than corresponding
values for the uncomplexed arene
C,H,,CrO, 151 [A%1,2-C H(CH;),IC(CO), CDCl, H_,H,, 5212* Ji462 T30° 100 MH:z 712
H_,H_, 5272* J, 564 *To higher field than corresponding 1009
H’ 2-163* — values for the uncomplexed arene
C,,H,,Cr0O, 152 [A*1,3-CH,(CH}),ICKHCO), CDCl,; H, 5-013 Jy41:2 T 30° 100 MHz 712
H  H_, 4983 J560 4 values, particularly for the 1009
H_, 5-431 Jy50-5 aromatic protons, are greater 963
H’ 2-193 — for the uncomplexed arene
C,H,,CrO, 153 [4%1,4-C;H (CH;),]Cr(CO), CDCY, H 5.231 Jy 361 T 30° 100 MHz 712
Jy61-0 Ring Jucy 172, Methyl Jiicy
H' 2:123 — 127-5 6 and Jyygreater, Jcy

less, for the uncomplexed arene

9t
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CDCl, H 5-26 — T 33° 147

H’ 2-19 — Free ligand 6 6-94 and 2-25

CCl, H 5-16 — — 16
H’' 2-14 —

(CH),CO H 5-56 —

C,,H,,CrO, 154 [A%-1,2,3-CH,(CH}),IC(CO), CDCl, H_,H_ 5115 Jis62 T30° 100MHz 712

H_, 5-256 — Aromatic and, to a lesser extent. 1009
H ,,H', 2219 — the methyl signals are to higher
H', 2-131 — field than corresponding signal

for free arene. Partial three-point
bonding of the M(CO), moiety
to the ring has been postulated
to occur most strongly at the
positions bearing methyl groups.
Degree of upfield shift is

Cr >W>Mo

C,H,CrO, 155 [Ah%-1,2,4-C,H,(CH;}ICKCO), CDCJ, H_; 5-136 J;:05 T 30° 100 MHz 712
H_, 5-069 Jis6:2 4 and J values are greater for 1009
H_, 5-358 — the uncomplexed arene
H', 2:214 —
H', 2:214 —
H', 2:274 —

C,,H,,CrO, 156  [A%-1,3,5-CH,(CH;),ICr(CO), CH,Cl, BCH, 210 — 22.62 MHz 148
BCH 92-4 — 1009
BC—CH, 1115 —
BCoO 2355 —

CDCl, H 4.884 — T30° 100MH:z 712

H' 2:194 —_— Ring Jicy 172. Methyl Jicp 129

Corresponding & values greater
and Ji:cy are less for the
uncomplexed arene
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TABLE II—cont.

8¢

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H,,CrO, 157 [h*-1,2,3,5-C(H,(CH}),ICHCO), CDCl, H 4.987 — T 30° 100MHz 712
H', All signals to higher field than
- } 2.229 — mighe
H', corresponding signal for free
H', 2.070 — arene, the shift being greatest for
H’, 2-117 — the aromatic protons
C,;H,,CrO, 158  [A*1,2,4,5-CH,(CH)),ICr(CO); CH)(CL, BCH, 186 — 22-62 MH, 148
BCH 99-0 —
3C-CH, 1076 —
BCcOo 2355 —
CDCl, H 5.254 — T30° 100 MHz 712
H' 2-110 — o greater for the free arene
C,H,,CrO, 159 (k%1,2,3.4,5-C;H(CH}),ICH(CO), CDCl, H 5116 — T 30° 100 MHz 712
H ,H', 2174 — 4 compared to 6 free arene 1009
Hj,H', 2140 —
H!, 2:249 —
C,H,,CrO, 160  [#5-C4(CH,)JCr(CO), CDCl, H 2-220 — T30° 100MHz 712
1028
C,H,,CrO; 161  [h*-CH{CH;CHHICHCO), CDCl, H 5-28m — — 714
H' 2-34q J1
H” 122t J1
CcCl, H 5-17m — — 143
H’ 2:42q —

H” 1-22t
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C,,H,CrO,

CISHlkcrOJ

C3H . CrO;

CI7H22(:r03

C,,H,,Cr0,

162

163

164

165

166

[h%-C(H,CH(CH),|CK(CO), ccl,

cal,
[#5-1,4-C H,(CH(CH}),),Cr(CO), CCl,

[h5-C H,C(CF¥%),|CHCO), ccl,

cal,

{K5-1,3-C4H,IC(CHJ),],)CHCO), —

{h*-1,4-CH,|C(CH}),],}JCKCO), CCl,

(CD,),CO

5-12s
1.21d

5-18s*

5-10m
1-20d

5:23m
1-32s
5.45d,

J6-5

5-24t,5-12t

5-63s
5.15d
5-01t
5.51d
1-37s

5-23s
1-30s

T 30° *Multipiet at T —15°

T +50° to —15°

T +30° to —55°

The aromatic protons remain as
sharp singlets over the temper-
ature range shown. The variable
temperature NMR spectra of
other tricarbonyl (arene)
chromium compounds are
therefore explained in terms of
varying conformer populations
arising from thermodynamic
rather than kinetic restriction of
rotation

715

716
715

143

716

963

717
715

963
718
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TABLE Il—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,H,,rO, 167 {A%1,3,5-CH,[C(CH),1,}- — H 5-72s — — 963
Cr(CO), H’ 1-32s —
C,H,CrDO, 168 (h*-C,H.CD=CH?)Cr(CO), CDCl, H 5-41m — — 719
H' 567,541 —
C,H,CrO, 169  (A%-CH,CH'=CH%)CrHCO), CDCJ, H,H" 5:-77s, -— The aromatic protons of the com- 714
5-40m plex are shifted ~1-9 ppm
H’ 6-32q upfield relative to styrene and
H' by ~0-4 ppm
C,,;H,,CrO, 170  (A-C(H{CH=CH'CH!')Cr(CO), — H ~6-1d Jun13 Aromatic protons of complexed 720
cis H’ ~6-7d ring (C¢H'%) and a-olefinic
H” 5.23s — proton (H) shifted to high field
H'" 7-28s — with respect to the free ligand
{6 7-21 (aromatic H) and 6-59
(olefinic H)}
C,,H,,CrO, 171 (B-CH{CH=CH'C,H!")Cr(CO), — H 6-64d Juny-15 High field shift of H” and H 720
trans H’ 7-00d relative to free ligand (6 7-37 and
H” ~5-45m — 7-02 respectively) is attributed
H'" ~17-35 — to a diminution of the ring
current effect on complexation
C,,H,,CrO, 172 (h*p-C(H,CICH=CHC H,C)) — H 5-56s -— — 720
Cr(CO), trans H’ 7-33,7-24 —

oy
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C,;H,CrO,

C,,H,,CrO,

c,H,,CrO,

Cy;H,,CrO;

C;H,,CrO,

173

174

175

176

177

[45-CH!CH=C(C,H?),ICHCO), —

{h-CH,[CH'(CH}))CH"'=- ccql,
CH}V)}Cr(CO),

{h*-C H,|CH'(CHY)CH"" = ccl,
CH!YCHY}Cr(CO),

{h*-CH,ICH(CH;)CH,CO,H]}- CDCl,
Cr(C0O),

{h*-C H,[CH(CHCH"(CH!Y)- CDCJ,
OH|}Cr(CO),

H”

H"
HII
H”'
H!IY

H'

H”
HNI
HYv

6-48s

5-35,5-14
5-10

7-30

5-10

3-10 comp.

1-32d
5-80-4.70
comp.

5:13s
3-12-2-78
comp.
1-31d
5-54-5-27
comp. m.
1-71d
1-34

5-40bs
2-62 oct.
1-28d
4-03 oct.
1-32d
5-40s
2-53 quint.
1-37d
3-84 quint,
1-31d

J69

J3-4

Jun~3-17
Jynr6-4
Sy 7

Erythro-pL-isomer
T 30-35°
Jyy~6-3
JyH-6-9
Jypiv6-2,6-0

Threo-DL-isomer

720

721

721

749

721
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TABLE Il-—cont.

Formula No. Compound

C\H,CrO, 178 {h*-C H,ICH(CH’})CH""(CHLY)-

C,H,,Cro, 179 {#%-C H/CH'(CH})CH"(CH}Y-

C,H,CrOS 180 {h%C(H,C(CH;),CH5050,-

Coupling
constant Refer-
Solvent & (ppm) (Hz) Remarks ences
H 5-39 —
OCOCHY}Cr(CO), H' 2-770ct.  Jygyed-1,4:3
H" 1-36d Jypu-7-0 Erythro-pL-isomer 721
H" 5-09 oct. JHmHlv6-4, 6-3
H"Y 1.27d —
HY 2:12s — J
H 5-36s —
H’ 2-71 quint. Jy.py.6-8,6-4
H” 1.35d Jun-1-3 Threo-DL-isomer
H™ 4-97 quint. Jyyv6-4,6-1
HIV 1-28d -—
HY 2-08s —
CDCl, H 5-33s — Erythro-pL-isomer 721
CHY)OCOCHY! }Cr(CO), H 2.96-2-54 —
comp. m.
H” 1.38d J713
H" 5-3-4.7 —
comp. m.
H'Y 1-85-1.4 —
comp. m.
HY 1-00t J7-0
HV! 2-11s —
CDCl, H 5-68-5-10m— — 722
CH/"]}Cr(CO), H' 1-41s —
H” 4.12s —
H" 2-99s —

(44
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C,H,,CrOS

C,:H,,CrO¢S

C,H,,CrOS

C,:H,CrOS

181

182

183

184

{h%-C H,(CH'(CH)CH'(CH}Y)-
0S0,CH, [}Cr(CO),

{h5-C,H,|ICH(CH}))CH"'(CH, - —
CcHY)0S0,CHY! }CKHCO),

[A°-1,3-CH (CH;XC(CHY%), CDCl,
CH,’0S0,CHY)ICr(CO),

[(h*-1,4-C(H(CHXC(CHY,-  CDC,
CH}'0S0,CHIV)ICKCO),

HII
HIII
H!'Y

HVI

H!
HII
HIII
HIV

H’
H”
H"

5-35s —
2-80o0ct.  Jyw3-8
1-38d Jyn1-2 Erythro-pL-isomer 721
4.86 oct. JHmHIV 6-7
1-41d —
2-89s —
5-33s —
273 Jyy16-6,6-4
1-35d Juy6-9 Threo-DL-isomer
4-74 Jyrpv6-4,6:3
1-43 —
2-91s —
5-38s — Erythro-pL-isomer 721
3:15-2-70b Jyy-yy6-8
comp.
1-41d s

4-73 sext.  Jywpvl 5,33
1-78 oct.  Jywvyv7-5,6-7
1-14¢t
2-98s

5-34s — — 722
2:26s —
1-48s —
413 —
3-02s —

~5.74d, J1 — 722
5-25d
2-36s —
1-49s —
4.22s —
312 —

SAXATdNOD TANOGYVD TVLINW-DINVOIO NO VIVA AN
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TABLE I1l—con:.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,HBrCrO, 185  (h%-C4H Br)Cr(CO), CDCJ, H 5-23 — 73
C,(H,BrCrO; 186 [#*-C(H,-1(Br)-4(CH;)ICr(CO); CDCI, H_, 5-60 -— T33°J+J' =6T7Ja+Jp=36) 147
H_, 5-20 — Free ligand 8 7-28, 6-95 and 2-24
H' 2-09 respectively
C,H,CICrO, 187 [A*-C(H,-1(C])-4(CH})ICr(CO); CDCl, H_, 5-57 — T33°(J+J =68.Ja+Jg= 147
3-6)
H_, 528 — Freeligand 6 7-13,7-0 and 2-26
H’ 2-09 respectively
CoH,CrFO, 188  [hS-CH, 1(F)-4(CH)ICH(CO); CDCl, H 5-38 — T33°(J+J =68,Ja+Jg= 147
3.9)
H' 2.06 Free ligand 6 6-77,7-1,2-28
C,H,CrlO, 189 (W5-CH,ICr(CO), CDCl, H 5.58,5-21 — — 73
C,oH,CrO, 190 [h*-C,H,-1(OH)-4(CH}ICKCO), CDCI, H_, 5-20 — T33°(J+J'=7-0,Ja+Jp= 147
4.3)
H_, 5-53 — Free ligand 4 6-63, 6-87 and 2-19
H' 2-06 — respectively
CoH,CrNO, 191 [A%1,2-CH(NH;)CH3ICr(CO); CDCl, H 5-48,4-.96 — — 723
H' 3-59 —
H" 2-11 —
C(H,CrNO, 192 [A%-1,3-CqH(NH;CH’ICr(CO); CDCl, H 559 -— — 723
4.80 —
H' 3-58 —
H” 2:26 —

124
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C,H,CrNO,

C,,H,,CrNO,

C,H,,CINO,

C,,H,,CINO,

C,H,,CINO,

193 [hS-C¢H,-1(NHH-4(CHJICHCO), CDCI,

194  [h5-C¢H,.N(CH,),ICH(CO), ccl,

(CH,),CO

195  {h*-CH,-1[N(CH,),-4(CH)}-  CCl,
Cr(CO),

Acetone

CDCl,

196  [A5-1,2-C,H(NH)CH"(CH!"),- CDCl,
Cr(CO),

197 {A%1,2-C H,IN(CH})),l-
[CH"(CH}"),}Cr(CO), _

Hortho
H meta
H para
Hortho
Hpmera
H para

4-87

5.48
2-04
3.43

472
546
466

5-03
5-78
5-10

4.75
5-37
2:09

5-09
5-72

483
5-50
2:06
2-82

5-6,4-85
3-67
2-72
1-30t

5.7-4.9
2:10
3.20
1-26t

T33°( +J' =70,Ja+Jp = 147
4-1)

Free ligand 6 638, 6-83,2-18 and
3-29 respectively

— 16
16

Free ligand:

CCl;:H_,654:H ,69,H' 221

Acetone: H_,6-68: H_, 7-01

T 33° 147

Free ligand 8 6-53,6-91,2-21

and 2-78 respectively
—_ 724
— 724
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TABLE Il—cont.

9

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,eHCrO, 198  (h*-C4H,.OCH;)Cr(CO), CCl, Horeho 5-06 — — 16
Hpeta 5-41 —
Hpara 4.80 —
(CH;)ZCO Hortho 5-45 —_—
Hmeta 5-85 —
Hpam 5-14
CDCl, Hortho 5-14 Jiz=Js6=72 —
Hmeta 5.58 JSya=Jas =57
Hpara 4.90 Jya=Jss=10
C,H,,CrO, 199  [A%1,2-C;H(OCH})CH%ICr{CO), CDCl, H 5-68,5-57, — — 723
5-46
508,598 —
4.83,4-73 —
H’ 3.-70 —
H" 2.27 —
C,H,,CrO, 200 [A*-1,3-C(H (OCH;)CH’IC(CO), CDCl, H 5-60-4-81 — — 723
H' 3.76 —
H" -2-18 —
C,,H,,CrO, 201  [hS-C(H,-I(OCH,)-4(CH}I- CCl, H_, 5-30 — — 16
Cr(CO), H_, 5-08 —
H' 2-09 —
(CHy),CO H_, 5.74 —

H_, 5-47 —
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C13H|4cr04

C lJHNCrOJ

CNHMC\'O]

C,sH,,CrO,S

CDCl,

202 [A5-C4H,- 1(OCH})-2ICH"- CDCY,
(CH;"),]ICr(CO),

203  {A*-C,H,-1{OCH})-4|CH"- CDCJ,
(CHy"),1}CKCO),

204 {h*-C(H,-1{OCH})-4[C(CH?),l}- CDCI,
Cr(CO),

205  [#%1,4-CH(OCHXC(CH?Y), CDCl,
CH/"0S0,CHM)ICr(CO),

5-18
5-45
2-06
3-67
5748
3.-77s
318

1-30—1-18 J0py.6-7

5-11
5-59
3717
2-54
1.27
5-11
5-52
373
2-54
1-23

5-08
5-76
3-78
1-29
5-04
5-68
3.73
1.28

Jys 73

Jyy 12

5-67d,5-06d J7-5

3.75s
1-36s
4.08s
3.01s

T 33° 147
Free ligand 6 6-67, 6-96, 2-23
and 3-65 respectively

— 724
T —46° 725
T52°
T —46° 725
T 520
— 722
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TABLE Il—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,,CrO; 206  [h*-1,2-C,H(OCH;),ICr(CO), CDCl, H_,H_, 536 Jia=Js6=69 — 711
H,H, 513 Jos 53
H’ 3-81 —
C, H,CrO, 207 [A*-1,3-C4H,(OCH,),ICH(CO);  CDCl H_, 5.22 J,41-8 — 711
H,H_, 488
H_, 5-62
C, H,,CrO, 208  [h%-1,4-C,H (OCH}),ICr(CO), CDCl, H 5.32 — — 711
H' 3-67
C,HpCrO, 209  [A5-C(H,-1,4(Bu)-2,5(OCH,),l- (CD,),CO na. — T + 30° to —55° 718
Cr(CO), CCL,F, T + 30° to —75°
C,,H,Cr0, 210 [A%123-CH,(OCH)),ICH{CO), CDCl, H,H, 485 Jos=Jss10  — 711
H_, 5-50
C,,H,CrO, 211  [%-1,2,4-C(H,(OCH}),ICKHCO), CDCl H_, 5.32 Jy, 24 — 711
H_, 4.75 Jo o2
H_, 5.55
C,,H,,CrO, 212 [A%-1,3,5-C(H;(OCH)),ICHCO);, CDCY, H 5.00 — — 711
H' 3.81 —
C,(H,CrO;S 213 (h*-C4H,.SCH,)XCr(CO); CCl, H 5.25 — — 16
(CH),CO H 437
CyH,CrO;S 214  (h5-CH,-1(SCH,)-4(CH})I- Ccl, H_, 513 — — 16
Cr(CO), H_, 5-36 —
H’ 2-16 —

14
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C IGHlscrOG

C,oH FeCr0,

C,H,,FeCrO,

CISHlocr03

C,H,,CrO,

C;H,,CrO,

215

216

217

218

219

220

[h5-CH,(C,H,,0,)ICr(CO),

[#5-C (H(CH}Fc)ICHCO),

[45-C H(Fc)ICH(CO),

{15-CH(CH)ICHCO),

{h%-C(H,-1(CH})-4(C,HY)ICr-
(CO),

[45-C H,- 1(CH?)-4(4-CH]-
CH’)ICr(CO),

(CH,),CO

cDCl,

C¢Ds

ccl,

cal,

cDCl,

cDcl,

CDCl

H’
H”
H'"

HI
H‘

H*

Hf

H'

H'
H”

H'
H”

5-61 —
5.79 —
5.45 —
5.26 —
2-13 —
2.42 —

5-28m, —_
4-52m

1-90m —
3.27s,3-33s —
1-16d J55

5-15m —
3-49s —
4-12m —

5-33m —
4-44t,4-27t —
4-04s

5-48m —
7-42m —

5-47m —
2-38s.2.20s —
7-33m —

5-73,5-27 —
737,715 —
2:37,2:18 —

T 33°
Free ligand 6 7-07,7-0, 2-25
and 2-33 respectively

C.H,0,= CO,CH,
Hl H,

o5 Mocy

Hexamethyldisiloxane as reference
Fc¢ = Ferrocene moiety
*Ferrocenyl protons

Hexamethyldisiloxane as reference

Fc = Ferrocene moiety

*Substituted cyclopentadienyl! ring

TUnsubstituted cyclopentadienyl
ring

147

726

727

727

728

728

728

SAXATANOD TANOTIVD TVLINW-DINVOIO NO VIVA YAN

6y



TABLE II—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,CrFO, 221 |A%-C¢H(m-C,H F)ICH(CO);, C¢H, F —0-66 — Relative to C;H,F 729
DMSO F ~0-50 — Free ligand: C(H: +0-05
Acetone F ~0-72 — DMSO —0-25
C,H,CrFO, 222 |#5-CH,(p-C¢H,F)ICH(CO), C¢H, F —0-55 — Relative to C;H,F 729
DMSO F —0-44 — Free ligand: C(Hg: +2-97
DMSO: +2-50
C,;H,FCrO, 223 [m%-C¢H,-1(F)4(CH)ICr(CO), CDCl, H 5-78m — — 728
H' 7-27m —
CHF,.CrO, 224 [h*C.H,-1(F)}2(2-CH,F)l- CDCl, H 5-53,4.82m— — 728
Cr(CO), H' 7-32m
C,HgF,CrO, 225 [h*-C4H,-1(F)4(4-C(HF)}- CDCl, H 5-60 — — 728
Cr(CO), H’ 7-23 —
C,H,,CrO; 226 {h-CH,{CH'(OCH4CH;"),1}- CDCl HH' 5-43m — — 714
Cr(CO), H” 3-65q J17
H" 1-23t J1
C,sH,4,CrO; 227 {h*14-C(H(CH)ICH(OCH%- CDCl, H 567,518 — T 33° 147
CH;"),1ICK(CO), H' 2-17 —_
H” 3.65 —
H" 1.23
C,H,CrO, 228 (h*-C,H,CH'=0)Cr(CO), CDCl, H 2-83m — — 714
H’ 4.75 —

0s
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C,H,CrO,

C,,H,Cro,

C,.H,,Cr0,

C,,H,,CrO,

CIZHlocr04

C|3H”Cf04

C,;H,,CrO,

229

230

231

232

233

234

235

[h*-C¢H,-1(CH”O)-4(CH)))-
Ccr(CO),

(k5-C¢H,COCH,)CHCO),

{hS-C¢H,-1(COCH})-2(CH})I-
Cr(CO),

[#5-C¢H - 1{(COCH})-3(CH})I-
Cr(CO),

[h*-C¢H,-1(COCH;)-4(CH})]-
Cr(CO),

cDCl,

ccl,

(CH;),CO

CcDC,
cpay,

CDCI,

CCl,

(CH,),CO

[A5-1,2-C,H (CH;CH{)COCH}")- —

Cr(Co),

[h%-1,3-CH(CH,CH)COCH]- —

CHCO),

H,
H,,

H ’
H ”
Horiho
Hpmeta
H para
Horno

H pmeta
H para

H
H'
H
H'

H”
H™
H
H'
H”

6-01
5-21

2-33

9-46

5:91

5-19

541

6-35

568

6-01
~5-4 comp.

2.39,2-45

~ 5.5 comp.

2.28s,2-41s —

~5-5 comp.
2-30,2-39
5.08
6-03
2-29
5.55
6-39

5-6
2:22,3.0
1-25¢t
2-46s

2:50q
1-31t
2-42s

T33°(J+J =6-8,Jo+Jg=
3.2)

Free ligand 6 7-69, 7-26,2-38
and 9-89 respectively

147

16
730

731

731

731

16

964

964
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TABLE Il—cont.

(43

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,Cro, 236 {A*-1,2-CH,[CH(CH)),}- — H 3.29 sept. — — 964
COCH’}Cr(CO), H' 1-.22,1-25d J6-6
H” 2-46s —
C,H,,CrO, 237  {h%1,3-C(H,ICH(CH)),)- — H 2.70 sept. — — 964
COCH}%)}Cr(CO), H’ 4.30bd J6-6
H" 2-45s —
C,sH,,Cro, 238 {h%-1,3-C(H,IC(CH,),JICOCH,}- — n.a. — Signals at 8 6-17s, 6-01d, 5-75d, 964
Cr(CO), 512t
C,;H,,Cro, 239  (h%-C,H,,0)CH(CO), CDCy, H 1-26* — CiH, 0= 967
1-36t — ~CH;
(o)
C.H, H 0-93* —_ *Exo-isomer 965
1-18% — tEndo-isomer
C,;H,,CrO, 240  (h*-C,H,,0)Cr(CO), — n.a. — CoH,e0 = : [0}
Signals at 6 5-5-5- 1m, 3-45d,
3.2-2:6m
C,,HCrO, 241  [h%-C H,-1(OH)-2(COCH})}- — H 11-58 — Aromatic protons gave signals at 732
Cr(CO), H' 2-55 — 65-08,5-20 (1H), 5-73,5-85,
5-96 (2H), 4-80, 4-90 (1H)
C,,H,,CrO, 242 [A*-CH,;-1(CO,H)-2,3(CH})),l- CCl, H 6-5-5-0 — — 733
Cr(CO), H' 2-57,2.24 —

ONVIAGONW 'V ANV SIVD ‘W ‘LLOWMOIH ‘M 'd



C,,H,Cro, 243 [h*-C¢H ~1(CO,H)-3(OCH))}-
Cr(CO),

C,H,CrO, 244 (h*-CH,CO,CH})Cr(CO),

C.H,CrO, 245 [h“-CH1(CO,CH;)}2(CH%)I-
CHCO),

CpH,CrO, 246 [h*-C(H,1(CO,CH})}3(CHY)-
CHCO),

(CD,),CO

ccl,

(CH,),CO

cal,

(CD,),CO

cDCl,

cal,

H

H (]
Hortho
Hpmeta
H para
Hortho
H meta

Hpara
HI

H

H'
H”

5.97,5-86, —
5-72,5-62
3.85

602 —
5-20 —
5.42 —
6-26 —
5-65 —
591

3.88 —
6-17,6-07, —

561,551, —
5-41

5-17,5-07, —

4.97

3.88 —
252 —
5-48 —
5-93 —
6-35 —
387 —
2:52 —
6-16,6:05 —
5.50,5-05

5-82,5-32, —
5-24

3-88 —
225 —

723

16
730
717

723
734

717

713

734
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Cr(CO),

TABLE Il—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(CD),CO H_,H, 612 — — 717
H_, H, 580 —
H’ 3.88 —
H” 228 —
CDCl, H 5-82m, — — 713
5-28m
H' 239 —
C,,H,,CrO, 247  [K-CH1(CO,CH}}4(CH®)- CDCl, H_, 6-18 — T 33¢ 147
Cr(CO), H_, 5-16 — Free ligand 8 7-86, 7-15, 2-34 713
H' 3.87 — and 3-81 respectively
H" 2:26 —
(CD,),CO H_, 6-28—6-40 Jorino 6-62 — 717
H_, 5-47-5-58 Jimewa 1-50
H' 3.87 Jpara 0-08
H” 2-30 —
CCl, H_, 5-04 — — 16
H_, 6-09 —
H” 2:26 —
C,;H,,CrO, 248  [h-C(H,;-1(CO,CH;})}-2,5(CH%),]- CCl, H 599,540 — — 733
Cr(CO), 5-10 —
H' 390 —
H” 2.46,2:20 —
C,H,CICrO, 249 [A%-CH,-1(CO,CH))-3(C)I- (CD,),CO H,, 6-33 — — 717

123
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C,,H,CICrO,

C,,H,CrNO;

C,:H,,CrO,

C,,H,,CrO;

CISHlocro7

C,;H,,CrO,

C,,H,,CrGeO,

250

251

252

253

254

255

256

[#5-C H,-1(CO,CH})-4(CD)]- (CD,),CO
CrCO),

[#5-C¢H,-1(CO,CH;-4(NH})]-  (CD,),CO
CrCO),

[45-C(H,-1(CO,CH})} 2(0CH%)}- (CD,),CO
Cr(CO),

[#5-CH,-1(CO,CH})-4OCH?)]- (CD,),CO
Cr(CO),

[A-1,3-CH,(CO,CHJ),ICKCO), (CD,),CO

[45-1,4-C,H,(CO,CH.),ICr(CO), (CD,),CO

[45-C ;H,Ge(CH}),]ICHCO), cal,

H_ H_
H—6
H’

} 6-02
3.93

6-41-6-52
5-83-5-95
3.87

6-33-6-45
5-15-5.27
3.80
4.7

557
6-05
518
6-33
3.85
3.80

6-38-6-50
5-47-5.60

383
3-83

6-85
6-57
5.75
6-57
3-93

628

3.90
55-5-1m
0-42s

Jortho 7-31
Imeta 2-05
Jpara 0-01

717

717

717

717

717

717

715
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TABLE 1l—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,,CrOP 257  {h*1,2-C,H(CHHIP(2- CD(l, H 5-64-8 — — 149
CH/.CH),1ICr(CO), H' 2-81,2:29, —
. 2:22 —
H” 7-4-6-8 —
C,,H,CrO,Si 258  [h*-C¢H,Si(CH}),ICr(CO), CCli, H 5-23 — — 143
H' 0-30s — — 715
C,;H,CrO,8i 259 {h5-C(H,-1[Si(CH3),;|-4(CH))}-  CDCl, H_, 5.41 — T 33°
Cr(CO), H_, 4.99 — Free ligand 6 7-34, 7-07, 2-29 147
H’ 2-19 — and 0-23 respectively
H” 0-28 —
C,H,,CINO,Si 260 {k5-CH,-1[Si(CHY),)-4[N- CDCl, H, 5-58 — T 33°
(CH),}CKCO), H,, 4-81 — Free ligand 6 7-29,6-61, 2-84 147
H’ 2-89 — and 0-21 respectively
H” 0-26 —
C,H,,CrO,Si, 261 [A%1,4-CH(SHCH),),ICHCO), CCl, H 5:19s — — 715
H' 0-29s —
C,H,,CrO,Sn 262 [Kh*-C;H,CH}Sn(CH),ICH(CO); CDCl, H 5-13bm — p-Dioxane as internal reference 143
H' 2.03 JOSn-H") =
54.5
J(9Sp-H') =
56-8
|; & 0-13 J(*VSn-H) =51-6
J(*®Sn-H) = 53-6 145

9¢
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C;H,CrO;Sn

C,;H,,CrO,Sn,

C,H,Cro,Sn

CpH 1 (Cr,0,8n

C,oHyCrO,

263

264

265

266

267

[45-C {H,Sn(CH}),|Cr(CO),

[#5-1,4-C¢H(Sn(CH}),),]-
Cr(CO),

{h*-CH,ISn(CH}),C H1}-

Cr(CO),

[(A*-C¢H,),Sn(CH}),lICH(CO);1,

(h*-C,H,)CK(CO),

cal,

cDCl,

ccl,

cal,

cDCl,

CeD,

H”

H'

5-2-5-0bs
0-32s

5-28m
0-40s

5-14m
0-40s

5:24m
0-65

7-39m

5-33m
0-45

J(°Sn-H) = 55.4—

JUSnHY) =
53-0

J(CSn-H') =
55-4

J(I”SH-H') =
52-9

J(9Sn-H') =
553

J(VSnHY) =
53-8

J(Sn-H') =
56-1

JOVSn-H') =
555

J(Sn-HY) =
58-1

Jl.Z ="5.6 82
Jy3=J45697
J;.4 845

715

145
143

143
145

143
145

143
145

735
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TABLE II—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
H_, 1-082 Joa=J, 3-17
H_, 2:170 Jos=718890 J, s=Jy~J6 <05
Jig —14.05  J 4+ d =+ T6= 127
cql, H_,exo 177 Jya=J35=0-73J,,=05]
H_, endo ~2-9 Jor=ds,==1.0TJ,4=J; 3=
0-92
CH,(Cl, 3CH, 24-8 — 22-62 MHz 148
BCH 576,990 — The average coordination shift
1019 — relative to free cycloheptatriene
is considerably greater than that
B3COo 232.7 — for arenes, implying stronger
metal-triene bonding than
metal-arene bonding
C, H,,CrO, 268 (h*-C,H,.CH;)CHCO), — H 1-97 — 1-Methylcyclohepta-1,3,5-triene 736
chromium tricarbonyl
C,,H,,CrO, 269  11,2,3,4,5,6-h%-7-C.;H(CH,)|- CS, 7-CH,,  0-1d — — 955
Cr(CO), H_;enty ~3-0 - —
CD, 7-CH,,, 0-36d —
C,H,,CrO, 270 [1,2,3,4,5,6-h%-7-ex0-C;H,(CH,- — H 0-95dd — — 955
CH=CH)ICr(CO),
C,;H,,CrO, 271 (1,2,3,4,5,6-h%-C,H,))Cr(CO); — H_,H_ ~3* — C,oH,o = endo-7-propargyl-1,3,5- 737
H_,,H_ ; ~4.8* — cycloheptatriene 955

H_, H_, ~59* — *Estimated from published spectra

86
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C,H,Cro,
C,H,,CrO,
C,,H,CINO,
C,¢H,,CrO,
CH,,CrO,

C2HyCro,

272

273

274

275

276

2711

[1,2,3,4,5,6-h%-7-ex0-C,H,-
(CH{CO,CH,CH,)ICr(CO),

(1,2,3,4,5,6-h"T-endo-C,H,-
(CH}CO,CH,CH,)ICKCO),

[1.2,3,4,5,6-h%-7-ex0-C,H,-
(CN)ICKCO),

[1,2,3,4,5,6-h-7-ex0-C.H,-
(C(H2ICHCO),

[1.2,3.4,5,6-h%-7-endo-C,H,-
(CH))ICr(CO),

(#5-C,; H,,0)Cr(CO),

Cs,

Ccs,

CDCl,

CDCl,

CH,
=CH

H_,,H_
H_,, H_;
H_,H_,
H_,

CH,
=CH
H-vendo
Hl

H ~Texo

H'

H_, endo

H-7endo
Hl

H—'lexo
’

H_;endo
H— Texo

OH
CH,

~2.0*
~2:6
~2.0%

~3.7*
~4.8*
~5.9*
~3-0*
~1.0*
~1.7%
3.7
1-18d
2.0m
2-7d

35t

~3.8

6-9m
2-43t
7-3s
2-9m
1-85d
4.68s
8-5s

“Axial” H_, shielded by triene
system and gives signal at higher
field than that for exo-isomer

Signals from H_, and H_ are
also to higher field than those of
exo-isomer

CoH,o = exo-T-propargyl-1,3,5-
cycloheptatriene

“Axial” CH, of propargyl group is
shielded by triene system and
gives a signal to higher field than
that for endo-isomer (above)

Structure:
L C(CHy),
7 2’ 2
, 1 4
6 5 OH
5 4 5
C(CH)),

Other signals at 7-43s, 6-24bd,
5-0m, 3-4m,inratio2:1:2:2

955

955

955

955

955

738
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TABLE II—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,H,,CrO, 278  11,2,3,4,5,6-h%-1-C,H,(OCH})]- CDCl, H_, 5-2m —_ C,H,(OCH,) = I-methoxy-1,3,5- 739
Cr(CO), H,H, 57t — cycloheptatriene
H_, 4-05m —
H_ 3-3m —
H_;endo 2-8m —
H_;ex0 2-1m —
H' 3-6s —
C,H,,CrO, 279 (1,2,34,5,6-h%-2-C.H,.OCH;j)» CDCl, H_, 4.7m — 2-C,H,OCH; = 2-methoxy-1,3,5- 740
Cr(CO), H,H_, 6:15m — cycloheptatriene
H’ 3.38s —
C,H,,CrO, 280 [1,2,3.4,5,6-h%-3-C,H,(OCH;}]- CDCl, H 0o ~17 — — 955
Cr(CO), H_venda ~2-8 —_
C,H,,CrO, 281  (1,2,34,5,6-h%7-C,H,(OCH})|- CDCl, H ,H, 33m —
Cr(C H_,H_ 47 —
"CO), H-z H s 6-0:: _ C,H,(OCH,;) = endo-T-methoxy- 739
H::”o“’ 3.3m _ 1,3,5-cycloheptatriene 955
H' 3.33s —
H_,engp ~3-8 - } Exo-i
i 5.95 _ xo-isomer 955
C,;H,,CrO; 282 (1,2,3,4,5,6-h%-7,7-C,H(OCH}),}- (CD,),CO H_,H_ 3-88dt Ji29:1 1,7-C,H{OCH,), = 7,7-di- 740
Cr(CO), H,H, 52m — methoxy-1,3,5-cycloheptatriene
H_g' H_4 6-Om —
H' 2:728,3-3s —

09
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C;H,,CrO,

C,;H,,CrO,

Cl7ﬂllcr04

C,,H,CrO;

283

284

285

286

[1,2,3,4,5,6-h%-2-C,H(OCH}-
CHY)ICr(CO),

11,2,3,4,5,6-k5-7-C,H,(OCHJ-
CH?)ICr(CO),

[1,2,3,4,5,6-h%-C,H-2(OCH})-
1(CH)ICHCO),

(1,2,3,4,5,6-"1-C,H,(CO,CH.)I-
Cr(CO),

cDCy,

cDCl,

cDCl,

cDCl,

cDCl,

H_. H_ 382
H_, 5.05
H,H, 58
H' 2-75% 3311

H_,H_; 39-2.6m
H_,H_, 622

H_, 4.77m
H_;endo 3-9-2-6m
H_ex0 1-7m

H' 3.9-2.6m
H” 127t

H_,H; 335m
H.,H 478m
H;,H, 605m
H’ 3-51q
H" 1-22t

H .H, 42m
H_y H_4 6-07m

H_, 4-9m
H_;endo 3-78m
H' 3-48s
H” 7-2m,
6-82m
H_p H_J’ 6-2m
H,

H_, 50
H_o H_;0n40 3-65
H ;00 1.45

*Exo-OCH,
tEndo-OCH,

C,H, = disubstituted-1,3,4-
cycloheptatriene

C,H, = substituted-1,3,5-
cycloheptatriene

955

739

739

740

741
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TABLE 1I-—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
CLH,CrO, 287 [1,2,3,4,56-h-3-C,;H,(CO;- CDCl, H,H, 41-27m — — 741
CH;)]CY(CO);, H_;endo
H_, 5-65d —
H_, 7-1d —
H_, 4.97t —
H .o 1-8bd —
H' 3-98s —
C,H,,CrO, 288 [12,34,56-k-1-C,H{(CO, cDCl, H ,H, 375bm — C,H, = substituted-1,3,5- 741
CH3)ICr(CO), H ,,H_; 5-05bd — cycloheptatriene
H_,H_, 60m —
H_w\'o 1-58bs -
H’ 3-49s —
C,;H,CrNO, 289 [1,2,3,4,5,6-h*-C,H-T(CN)- — H_,,H_, 6-35m — C,H, = disubstituted-1.3,5- 740
HCO,CH})ICHCO), H_, cycloheptatriene
H, 5-14m —
H_ 3.7t —
H_;endo 5-02d -
! 3.92s —
C,H,Cr0, 290 [1,2,34,5,6-h5-C;H HOCH)- (CD,,CO H_, H_, 634 — C,H, = disubstituted-1,3.5- 740
(CO,CH%)ICKHCO), H_, cycloheptatriene
H_, 5.55 —
H_ 4-45t Js.1 8
H_;endo 5-02d -
H' 2-92s —
H” 3-88 —

29
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CsH3CrO, 291 {1,2,3,4,5,6-h%-7,7-C,H(OCH,)- CS, H 3.33 — C,H, = disubstituted-1,3,5- 740

|CH(CO,Et),)}Cr(CO), cycloheptatriene
C,eH 1 ,Cr,08, 292 (1,2,3,4,5,6-h%-7-ex0-C,H,S),- CDCl, H_;engo 3837 — — 955
[CHCO),],

C,,H,CrO, 293 (1,2,3,4,5,6-h%-CzH )Cr(CO), CDCl, H_,H_, 462 — CgH, = cyclooctatetraene 911
H,H,, 518 — T —40° 1020
H_;H, 626 —
H_,H_, 492 —

[C,\H,CrO;1* 294  [(A%-C4H,)Cr(CO),* SO, H ,H_, 437 Jn=Je,8 155
H_,H_, 653 Jy3=3:67'5
H ,H, 662 Ji4a=J,510-0
H_, 5-68 J1 sendo=Jr.8¢ndo

85
H_sendo 3-40 Jl‘sexo =Jv.sexo
10-0

H_, —1.05 Jsendo.sexo’

C,;H,,CrO; 295  (h*-C,,H,)Cr(CO), C¢D, H,H, 274 — Structure: 9%
H, H. 344 —
H,H, 435 —
H,,H,; 329 —
HH_, 519 —
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TABLE Il—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H,,CrO, 296  (h5-C,H,)Cr(CO), CD, H,H_, 571 Jy3=J456-73 Complex obtained from (4,3,1,0'¢) 742
H,H_, 449 J34=6-18 deca-2,4-diene 1034
H_,,H, 1.803m J,,=J;,0-69 Homoaromatic structure (I)
H,, favoured over the cyclohepta-
Hoami —0-82 Jy51-09 triene structure (II). Syn and
Hsyn —2-43 Jsyn, ami 3-4 anti bridge protons shifted
J("PC-Hgyn) = upfield by resultant diamagnetic
164 ring current
Cr(CO
dnco) r(CO),
| 1}
CnHm = H,, le
C,H,CrO, 297 (#*-C,,H,)Cr(CO), CD, H_,H_, 6201 Jy3=J,57-05 H, - 721
2
H9
H3
HS
H,

H, H;

9
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H,H, 4329 J3.4731 743

H_,,H_, 6768 J18=J5108:16 744
H,H_, 6416 J5,69-22

H_, —1.769 Ji,12 —8-90

H_,, —1-138 Cr complexed to half ring A

Jou=Jr5=037J,5=1-18
J7.9=‘,8.10=0'24;J1'|o= 1-56
-’2'||=J_¢,‘“=0'91
Ji12=J1012=1-08
Jo2=J5,1,<0-4
o =J1on<0-31Jy =Ty~ 0
15,7212.1020'49
CyH,,Cr,O, 298 (1,23.4,5,6-h%:7,89,10,11,12-k% CDCl, H 6-25-5.7 — CuHu— HHgH H
C,H,)ICHCO),],

53-5.05 — 100MHz
49547 —
45543 —
H' 3.7-3.2 —
C,,H,CrO, 299  (h"-C,H,Cr(CO), cpcy, H, 3.48s — Structure: 746

4

3
5
(CO)Cr- @‘ 2
1

7
H ,H, 6388s —
H_,H_, 578m —
H_ H_ 525 —

SAXATANOD TANOEYVD TVLINW-DINVOYO NO VIvVd JNN
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TABLE II—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,;H,,CrO, 300 (h*-C,H,,)Cr(CO), — H_, — C,H,; = 1-methylindane 153
H_, 5-43m — trans-tricarbonylchromium
H_, 5-25m — complex, viz.:
H_, — 7 Me
6
(CO),Cr--z
4 3
100 MHz
H_, 5.49d — cis-tricarbonylchromium complex,
H_ 5-04t — viz.:
H_, 5-39t — ; Me
H_, 5-20d — 6 1
(CO)BCr@:Bz
3 3a73
4
100 MHz

The aromatic protons of the cis-
complex show alternating 8-
values due to the complex having
a preferred conformation in
which the metal-CO bonds are
directed over positions C; 4, C,
and C,

This property was used to assign
the cis-structure to other com-
plexes showing this effect (see
below):

99
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C,H CrO; 301  (A°-C,,H,)Cr(CO), — H_, 5.43d* — C,H,= CH, 747

;
H_, 5.0t — 6 \ 153
H, 5360 — 2

H_, 512 — N

4

CH 124,117 — !
3 CH, é
C,H,,CrO, 302 (h%-C,;H,,0,)Cr(CO), — H_, 6-12s* — C,;H,;0= , Me 747 »
H_, 6-08d* — CH,CO g
H, 5.12d — S =
! (¢}

4
Me z
*Deshielded by superimposed ',:.?
metal-carbonyl bond and g
ortho-acetyl group zZ
(e}
C,¢H,,CrO, 303 (h5-C,;H,,0)Cr(CO), — H_, 5-38d* — C,H,,0= Me 747 B
7 m
H_ 5-73dt — 6 N
H_, 5.88st — -
CHCO” Y Y >
Me z
S
*Deshielded by metal—carbonyl <
bond l(-)
tDeshielded by ortho-acetyl group 2
o
C,H,,CrO, 304 (h%-C,H,)Cr(CO), — H* 5-44m, — C,,H,, = l-isopropylindane 153 &
5-26m trans-tricarbonylchromium ?f,
complex. «»
100 MHz

* Aromatic protons

*Protons lying under superimposed metal—carbonyl bonds are deshielded relative to adjacent uneclipsed protons, suggesting that the preferred conformation
is that in which the metal-CO bonds are directed over C,,,C,, and C, in order to minimize nonbonded interactions with the cis-methyl group at C, 2}



TABLE Il-—cont.
Coupling
constant Refer-
Formula No. Compound Solvent d (ppm) (Hz) Remarks ences
H_, 5.61d cis-complex, viz:
H_, 4.95t , P
H_, 5-34t 6
H_, 5-11d (CO),Crz
100 MHz 4 3
C,,H,,CrO, 305 (K%-C,H,,0)CHCO), — H* 5-59d, — C,oH 1,0 = I-hydroxymethylindane 153
5-44d trans-tricarbonylchromium
5-27m (in complex
ratio *Aromatic protons
1:1:2) cis-complex, viz:
H_, 5-92d — CH,OH
H_, 5-03t — 6
H_, 5-48t — (CO),Cr2
H_, 5-21d — N
100 MHz
C,H,,CrNO, 306 (h*-C,;H,,N)Cr(CO), — H* 5-61d, - C,,H,;N = l-cyanomethylindane 153
5.46d trans-tricarbonylchromium
5-32m (in complex
ratio * Aromatic protons
1:1:2) cis-complex, viz.:
H_, 5.73d — ;  GHCN
H_, S5-11t — 6
H_, 5531 — (CO)Crams 2
H_, 5.28d -— P 3

100 MHz

89
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C,,H,CINO,

C,H,,CrO,

C1H,CrO;

C,;H,,Cr0,

307

308

309

310

(5-C,H,N)YCH(CO),

(h*-C,;H,0,)Cr(CO),

(#*-C H,;0,)CH(CO);

(#5-CH,,0)Cr(CO),

cpcl,

cDCl,

cDCl,

H*

H,H’
HII
HIII
HIV

H,H' }
Hl/
Hl!l

H

H"
H'"
OH

5-58d,
5-45d
5-32m (in
ratio
1:1:2)
5-71d
5-16t
5-38t
5.25d

} 3-0-3-6m

3-80s
~5-50

3-03-3-6m

3-76s
~5-45

3-20q

2-85q
~ 4-60m
~ 5.40m

2:32

J6,17

J1

3,17

C,,HgN = l-cyanoindane 153
trans-tricarbonylchromium
complex

* Aromatic protons

cis-complex, viz.:

CN
7
6 1
(CO)Cr 2
5
3 3
100MHz
CIIH1202 =
yv H H
40 and 100 MHz
C,H,0, =
1 122 748
{ “co,cHY
Y H W
40 and 100 MHz
C,H,,0 = H H 748

H" H i‘l’
40 and 100 MHz

SAXITTdNOD TANOIIVD TVLINW-DINVOEO NO V.IVdA YNN
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TABLE 1I—cont.

Formula No. Compound Solvent 4 (ppm)
C,.H,,CrO, 311 (A*-C4H,0)Cr(CO), CDCl, H 2-82q
H' 3.05q
H” ~4.80m
H" ~5.40m
OH 1-93
C,H,,CrO, 312 (h*-C,,H,,0,)CCO), CDCl, H 3.21q
H' 2-90q
H” ~5.30m
H" 2.09s
)¢ L ~5.30m
C,H,,CrO, 313 (#5-C,,H,,0,)Cr(CO), CDCl, H 2-86q
H' 3-20q
H” ~5.30m
H'" 2-05s
HY  ~5.30m
C,sH,,CrO, 314 (h5-C;H,;0,)Cr(CO), — H_, 5-50d
H_, 520
H_, 5-36
H_, 5-36

Coupling
constant Refer-
(Hz) Remarks ences
J6-5,14.8 C,H,,0 = 748
J6:5,14-8
Hl” H i{'
40 and 100 MHz
J6,17 C,H,;0,= 748
J2,17
b HIV
40 and 100 MHz
J6-75,16 C,H,,0,= 748
J72,16
- HIV H H'
40 and 100 MHz
— C,;H0,= ) OCOCH, 153
-
_ 37 CH,
OCOCH,

100 MHz

0L
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C3H 1, CrO,

C,H,Cro8

Cl6ﬂllcr05

315

316

317

(h*-C,,H,,0)CHCO),

(#5-C ,H,,0,8)Cr(CO),

(h*-C,3H,,0,)Cr(CO),

cDcl,

CH,*
CH,t

H‘

-5 — C,H,,O = 3-methylindane-1-one 749
3

-38 *cis- to coordinated Cr(CO), group
¥ trans- to coordinated Cr(CO),
group
5-95d,5-45d, — C,,H,,0,S = l-ethylsulphonyl- 153
5-30m (in indane. trans-tricarbonyl-
ratio chromium complex
1:2:1). * Aromatic protons
6-21d — cis-complex, viz:
497t — 7 S?ZEt
5-56t — 6
4 3
— Structures: 750
Cr(CO),
OCOCH,
H
OCOCH,
ccoy, H
Cr(CO),
H

SIXFTdNOD TANOTUVD TVLIIW-DINVOUO NO VIvA dWN
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TABLE 1l—cont.

Formula

No.

Compound

CyH,sBrCrOS 318

CISHllcroﬁ

319

(#-C,,H, BrO,S)CHCO),

(#5-C,H,,0,S)Cr(CO),

Coupling
constant Refer-
Solvent 4 (ppm) (Hz) Remarks ences
_— nm. —_ Structures: 751
Cr(CO),
Bz
H
@bOBZ
H
Cr(CO),
Cr(C0),
H
OBz
(Bz = p-SO,C,H,Br)
— nm. —_— Structures: 750
Cr(CO),

H

0S0O,Me

L
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Cp:H, CrO;

C,;H,CrO,

320

321

(h*-CyoH, )Cr(CO);

(h*-C, Hg)Cr(CO),

cDCl,

cDCl,

H

H”

5-40m
5-18s
7-28m

6-09
5-48
7-53

7.37

J,;105J,,02
J235:5
Jss8:55J5,1:25
15‘30'3
J57 60

@;bosozm
H

CrCO),
Cr(CO),
H
OSO,Me
C,oH,, = triptycene H 752
Y
0 Cr(CO),
H"
b O
Structure: 753
8 ] 754
7 2 c 70
s ; r(CO),
s 4
T 33°

Values of J and 6 decreased in
complexed ring relative to
uncomplexed ring and free
ligand

SAXATdNOD TANOHEVD TVIAW-JINVOIO NO VLIVA AN
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TABLE II—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H,CrF,0, 322 (h*-C,H/F,)CK(CO), CCl, H,H_; 692 J,358 Structure: 754
H_,H_; 626 Js50-2
H_,H_, 552 Je.5-8
J566-6
g5, 1:07 T 33°
Values of 6 and J of complexed
ring decreased relative to free
ligand
754
C,H,,CrO, 323 (W5-C,,H,,)Cr(CO), CDCl, H,H_,; 542 Jy36-2 Structure: 5
H ,H, 779 J5503
H_ H_, 750 Js.,6-2
5688
Js, 13
CH, 258 T 33°
C,;H,,CrO, 324 (h5-C,H,,)C(CO), CDCl, H,H_, 711 Jy35:5 754
H.,H, 618 J550:2
H,H_, 552 J6.1 55
Js6 71
Jsa 11

2-54

vL
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C,H,;,CrO, 325 (h*-Cy;H,))Cr(CO), CDCl, H_,H_, 610 J, 403 Structure: 754
H H, 754 Js50-3 g 1 H
H_ H_, 738 Je,69 7 2 CH,
J;68:3 6 rCO),
Joq 13 v Y CH,
CH, 225 T 33°
C,H,CrO, 326 (#-C,H,)Cr(CO), CDCi, H,H, 733 J,,02 Structure: 154
H H, 607 Jis0-2 S 1, cm
. . 3
H H_, 545 Js, 57 coycr
7,469 .
J5. 10 5 7 3~CH,
CH, 2:30 T 33°
C,H,CrO, 327 (h%-C,H,)CrCO), ccl, H H, 783 J, 503 Structure: 754
H_,H_, 744 Js, 62
Js6817
Jyq 115
CH, 265
CH; 2.97 T 33°
C,H,CrO, 328 (h*-C,H,)Cr(CO), ccl, H,H, 625 Js50:2 Structure: 754
H H_, 548 Jor 57
70
1-
510 (CO),Cr
CH, 2-48
CH; 2.33 T 330

SIXHTdWNOD TANOSYVD TVLIAN-DINVOYO NO VIvVd AN
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TABLE Il—cont.

9L

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,,CrO, 329  (h5-C, H,)Cr(CO), CDCl, H,H_; 706 — Structure: 754
A -
3 CH,_; 8 1 ,
o T Y
CHj”6 R
CH,
CH; 2-31 — T 33°
CH CtN,0, 330 (h*-C HN,)Cr(CO), CDCJ, H,H, 678 J,359 Structure: 754
H ,H, 648 Js 502
H_,H_, 551 Js.25-9
J566-9
10 (CONCr
CH; 2-80 T 33°
C,H,,CrO, 331 (h%-C,,H,,0,)Cr(CO), CcDCl, H,H_; 650 Jy358 Structure: 754
H, ,H , 641 J5302 OCH,
H H_, 547 Jsq.5-8 8 1
J5s6°8 CO),Cr— 2
-’5.1 1-0 ¢ )3 6 3
5 4
OCH,
CH, 3.92 T 33°
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CysH,,CrO,

C,,H,CrO0,

C,:HCrO,

332

333 (A5-C,H,,0,)Cr(CO),

334

(75-C,H,,0,)Cr(CO),

(#*-C,H,)Cr(CO),

cDCl,

cocy,

CsDs

H . H_, 667

H,H, 601

H H_, 540

CH, 3.92

H,H_, 804

H,H, 726

H  H_, 554

CH, 4.0

H_,H, 568
(5-03m)*

H,H, 492
(4-57Tm)*

H,H, 730
(6-65m)*

H H_, 707
(6-65m)*

H_,H_, 749
(7-15bs)*

J:402
J550:2
Ji156
J566-5
Is.1 1-0

Jp36-1
J550-2
J5,16-1
Js61-4
Js.1-15

Structure: 754
8 1

) OCH,
(CO),Cr
Y 7 OCH,
T 33°

Structure: 754

CO,CH,
8 1

7
(CO)Cr— 6

5

2
3

50

CO,CH,
T 33°

Structure: 753
8 9

1
. 5 755
(CO),
6 3
4

5 10

T 33°

SAXTTIANOD TANOHYVD TVLIW-DINVOIYO NO VIVA IAN
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TABLE II—cont.

8L

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CiHCr0O; 335 (A%C1H,)Cr(CO), CDCL H_, 6-01 — Structure: 753
H,H, 552 — 3 728
H_, 6-62 —
H_, 831 —
H_ ,H_, 7-68 —
H_,
H_, 7-62 -—
H_, 7-31 -— T 33°
C,H,,Cr0, 336 (h%-CH,,)Cr(CO), CDCl, H_,H,, 553 — Structure: 728
H_, 6-58 —
H_, 83 —
H_H_,, 767 —
CH, 2.67 —
C,6H,CrO, 337  (h5-C,;H,Cr(CO), (CD,),CO H_, 5-97m — 746
H_, 5-32m — 70
H_, 5-32m —
H_, 5-75m —
H-H, 735m — CH,
H_, 3-87s — Cr complexed with ring A
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C,H,,CrO, 338 (A5-C,H,,)Cr(CO), — H, 7-35 — Structure: 962

H, 6-88 —
H, 6-71 —
Hy 5-65 —
CpH,,Cr,0, 339 (H8,h%-C,H,,)ICHCO),], — H 677 — Structure: 962
H' 5.74 H
H H’
Cr(CO), Cr(CO),
C,H,CrO, 340 (K5-C,H,)Cr(CO), cDcl, H,H, 628 — Structure: 753
H,H, 554 —
H ~7-13 —_
T 33°
C,H,;,CrO, 341 (B*-C;H,)Cr(CO), Diglyme H_, 6-01 — Structure: 753
H,H_, 557 —
H_, 6-37 —
H, 8:17 —
H_H_, 793 —
H_,
H,H_, 752 —

SHXATdNOD TANOHHVD TVIZN-DINVOIO NO VIVA ¥YAN
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TABLE II—cont.

Formula

No. Compound

Solvent

6 (ppm)

Refer-
ences

C,H,,CrO,

C,H,,Cr0,

CI9HIOC'03

342 (h%-CyyH,)Cr(CO),

343 (#5-C,H,,)Cr(CO),

344 (h5-C ¢H,)CH(CO),

Diglyme

cpCl,

cDCl,

U
-

==

-3

REEIEIEEEZE IR EERRmETEE
@ & v = moz My w oaw
- t ZE
QO

-12

-2
— K_jo

o _4

=R 8-

e
o omm

-

=
&

6-20
5-75
7-07
9-07
8.22
7-72

8-43
7-37
6-20
5-62
6-78
8-60
8-07
7-72
7-22
8-67
8-02

5-62
6-02
7-50
7-79
7-91

Structure:

T 110°

753

753

753

08
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C,H,CrOo, 345

C,H,(B,CrN,0, 346

C,H,CrNO, 347

C,H,,CrNO, 348

(-C,;H,,0)Cr(CO),

[h%-B,N,(CH,),ICKCO),

(h*-C¢H,.NC H,)Cr(CO),

(h*-C¢H,.NC H,CrCO),

CDCl,

CDCl,

(CD,),CO

(CD,),CO

H,H, 535
H_, 5-7dt

H_, 6-28dd

H_ ¢ 8-2m

Ho. H, } 7-55m

H,

H_,, H_,, 7-09-6.5q

N-CH, 2-89
B-CH, 071

H ~5.9,53
H' 7-07t
H" 6-20t
H 5-8m
H’ 5-718s
H” 2-31s

Structure:

Hexamethylborazolechromium
tricarbonyl. 100 MHz

NCH, =

NCH, =

H'
H'

H ”
HY

CHY

—~=

«—N
—

CHY,

738

756

71

SHXATdWOD TANOHIYVD TVLIW-DINVOUO NO V.Ivd dNN
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TAB LE Il—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,CtNO, 349  (h"-C4H,N)Cr(CO), (CD,),CO H_, 10-48m J,22:6 Structure: 746
J;,20 .
H, 7.48t J,333 s A
H_, 6-44m J3709 (C0)3Cr—©i>2
H_, 6-44m  J, 67 6 > Ii“
Jus0-9 "
J,20-7
H_ 527 J5 566
J5,0-7
H_, 5.55¢ Jo,69
H_, 6-55m —
C,H,CrNO, 350 (#5-C,,H,N)Cr(CO), (CD,),CO H_, 6-85d J, 267 Structure: 746
H, 5-20t Jy36-2 7 8 12
H_, 5.70t J347-0 6 Q s
H_, 6-20d — CrCO),
H_s H-6}~7.30m — s 4
H_, N
H, 7.92m }lI
NH 9.80m _—
C,H,CINO, 351 (#5-C,HN)CH{CO), (CD,),CO H_, 7-6Tm — 46
H_, 5-49m —
H_g 5-49m
H_, 6-47Tm —
H_¢ 7-6Tm —
H_; 7-67Tm CR complexed with ring A
H, §-37m 100 MHz
H_, 7-6Tm
H 9-06m

!
~N

4]
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C,H,CINO, 352  (#5-C,;H,N)Cr(CO),

C,H,,CtNO, 353 (h*-C,,H,N)CH(CO),

C,HyuCrN,- 354
0,Zn

(#5-C 4 M,,N Zn)Cr(CO),

C,HCr,N,O¢ 355
Zn

(h°,h°-C ., H,;N,Zn)[Cr(CO),],

(CD,),CO

(CD,),CO

H_
H

-9

| |
o

[
R T B - J)

|
-

o=l=-1 - Bl v~ -l si== e ofunll=

t
€

I
o=
®
7
3
[
-J
3

H*
HY
Hf

7-08m
5-82m
5-82m
6-50m
7-83m
7-83m
8-95m
7-83m
8.95m

5-77m
6-17
8-65s
8-10m

6-67,5-79
8-89
8-19,7-75

6-56,5-80
8-91
8-17,7-74

746
Cr complexed with ring A
100 MHz
Structure: 746
8 7

CHy;N,Zn = a B,y,6-tetraphenyl- 757
porphinzinc

*Complexed phenyl ring

tporphin protons

FUncomplexed phenyl rings

C,H,sN,Zn =a,f3,y,0-tetraphenyl- 757
porphinzinc

*Complexed phenyl rings

+Porphin protons

FUncomplexed phenyl rings
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TABLE Il—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H(CrO, 356 (h*-C4H0)Cr(CO), (CD,;,CO H,, 7-70d J,12-4 Structure: 746
H_, 6-87d J;,1-0 4 3
H_, 6-52q Ju56:2 5 A
H, 530t Jog1-1 (COyCr— p 2
15.66‘2 7 1
H 5-68t J;,08
J5,7-0
H_, 6-47q
: 746
C,sH,CrO, 357 (h5-C,,H,0)Cr(CO), (CD,),CO H_, 6-97dd J .62 Structure:
Jis 10 7 8 1 2
H, 5-47t J,36-3
J1.40-6 6 3
H_, 5-95t J,46-8 5 4 ~Cr(CO),
H_, 6-52d — O
H_; H_g
~7-62 —
o, 7-6
H_, 813 —
C,H,,CrO, 358 (h%-C,H,,0)Cr(CO), (CDy),CO H_, 6-48d — Structure: 746
H_, 6-03t — 6 5 4
H_, 5-50t — 7 3
H_, 7-07d — 8 )
e pek 7% 9 Y erco),
H,H, 810m — ;
H,H_, 7-65m —
H_, 8-10m —

123
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C,H,,CrOP 359  (h5-C,,H,,P)Cr(CO), Dioxane  H 6-00d Jpy 45 C,H,P = Ph 758

P
C,HCrOS 360 (h-CHS)ICr(CO), (CD),CO H, 7-72d J,,56 Structure: 746
H_, 7.27d Jy,~0:5 \
H,, 6-56d Jos66 ; 3
705 (c0)3Cr@z
Jio 1-1 6 S
H_, 5.54t J 64 7
H_, 5.72t Jo, 11
‘16.76'8
H_, 6-68d —
C,H,,Cr0,S 361 (K-C,H,S)Cr(CO), — H, 7-171d — CoH\S= | 4 CH, 523
H, 6-87d — a d
H_, 6-55m — 2] e
H_, 4.72m — STNEAG
H_, 3-58q — ¢, CHa
5-CH,  2.60s — :
7-CH, 2-20s —
8-CH, 0-37d —
C, H,CrO,S 362 (K*-C,H,S)Cr(CO), (CD,),CO H_, 6-91dd Ji,63 Structure: 746
J, 10
H, 5.451 J,,63
12.40‘9
H_, 5-90t J, .65
H_, 6-68d —
H_, 7-95m —
H_,H_, 7-62m —
H_; 8-30m —

SAXHATdNOD TANOEEVD TVIAW-DINVOYO NO VIVd dAN

¢8



TABLE Il-—cont.

Coupling
constant
Formula No. Compound Solvent d (ppm) (Hz)
C,H,,CrO,S 363 (M5-C,(H,,S)Cr(CO), — n.a
(7) MIXED LIGANDS
C H,CINO;, 364 (h-C,H,)CrIC(OCH;)CH?I- (CD,),CO H 5.04s —
(NOXCO) H' 4.61s —
H" 7-20m —
C,;H,CrNO, 365 (h*-CH,=CHCN)(#*-C(CH,),- (CD,,CO H 0-8-1.0 —
-Cr(CO),
C,;H,;,CrNO, 366 (h%-C;;H,,)Cr(CNC,HXCO), — — —
(8) MISCELLANEQUS DERIVATIVES
[C,H,,B,Cr0,],7367 [(7-(3)-1,2-C,H,;B,)Cr(CO),]*~ CH,CN R 25.4d* —
14-7d* —
(ratio 1:2)

Refer-
Remarks ences
Structure: 746
gud
G CrHCO),

Signalsat 4 1-75m, 2-32m, 3-12m,

3-38m, 4-10m, in ratio
3:3:1:1:2

100 MHz compared to free and
6-bonded acrylonitrile (8 5-0—
6-0 and 5-4-6-0 respectively)

C,4H,, = Triphenylene

C,H,,B, =(3)-1,2-dicarbollide ion

Isolated as the tetraethyl
ammonium salt

*Relative to BF,O(Et),

60

75

76

77

98
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C,H,B,0, 368

[C,HCr,0,,]~ 369

[C,,HCrO,,W1~ 370
[C,,HCrMo0,,]-371
CH,CINO, 372
CH,CINO, 373

C,H,CINO, 374

C.,H,,CrOSe 375

Cr(B,Hg)(CO),

{[Cr(co)5]z(H)*}_

{ICr(CO),W(CO),I(H)*}-
{{Cr(CO),Mo(CO)J(H)*}~
Cr(NC-CH=CH,XCO);
Cr[NH=C(CH}OCH}I(CO),

Cr(NH=CH'.C H"XCO),

CrlSe(C¢H,)CH'(CH)OCH;"]-
(CO)s

CH,CN

THF/NaBH,
THF

THF/NaBH,
THF/NaBH,
(CD,),CO
CeDy

CsDg

(CD,),CO

cDCl,

H
g

H

H"

—7-3b*
23-0bt
61-3bt

—19-17
—19.47%

—15-43
—15-31
6.2-5.5

5-38s
1-68s*
2-38s
6-47s
0-70s
2-75s

10-62bd
8-62d
7-64m

7-63m
5-20q
1-60d
3.55s

*Bridging hydrogen between boron 78
and chromium
tRelative to external B(OMe),

*Hydrogen bridge 915
TAs the tetraethyl ammonium
salt 1027
*Hydrogen bridge 915
*Hydrogen bridge 915
— 75
— 79
*CH, synto H
*CH, antito H 19
60 and 100 MHz 80
— 80
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TABLE 111
Molybdenum complexes
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(1) MONOHAPTO LIGANDS
CyH;:BMoN,O, 1 [H,B(3,5(CH;),Pz),IMo(CO),- CDClL, n.a. — Signals at 8 6-12s, 5-85s, 5-58s, 81
(CH,XC,HN,) 2.62s,2-43s,2-40s, 1-95s,
1-87, 1-71 and 0-3b, in ratio
1:1:1:3:3:3:3:2:1:6:1
HzB(3,5-(CH3)2- CH3 CH,
Pz), = CH,N, =
H,B{NTN),
3,5-dimethylpyrazole
C,,HMoN,O, 2 [HB(Pz),Mo(CO),(CH,CH}) — H 3.62 — H—B(Pz), = 53
H’ 1-40
H-B-{N—N);
CyHyMoO,P 3 MolC(CH,)OCH/I[P(CHY,-  C(Ds H 2-50s — — 945
(CO), H' 4-10s —
H” 7-34m —_
[CgH;Mo00O,]~ 4 [Mo(CO),(C=CCH,)I- CH,C, H 1.74 — Isolated as the bis (tripheny! 19
phosphine) iminium salt
[C\,H,;- 5 [Mo(CO){(COCH,)I- CH,CIl, H 224 — Isolated as quaternary methyl 33
MoNOQ]~ H' 328 — ammonium salt [N(CH}),]*
IC),H,;- 6 [Mo(CO),(COC:H,)I- CH,CI, H 7-36 — Isolated as quaternary methyl 33
MoNO,I- H' 3.04 ammonium salt [N(CH}),]*

88
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C,H,MoNO.Si
C,H,MoNO,Sn

7
8

MolC=NSi(CH,),|(CO),
Mo[C=NSn(CH,),|(CO),

(2) DIHAPTO LIGANDS

[C,H,Cl-
MoO,,1-

IC,,H,CIMoN,-
0,1

C;H,;)MoO,P,

C,.H,sMoO,P

C,:H,,MoO,P

9 [(#*-CH,0,)Mo(CO)(CHI-

10

11

12

13

[(h2-C ,H,NH'O,),Mo(CO),(C)]-

oc o
OC—~I\I/IO\
P
CH
| 7 ¢,
=

(CO),Mo—PPh,

H
cH;”

(CO),Mo-PPh,

CHY
H/

C=C'f
H'

c=C
|

H'

CeH,
CeH,

THF

THF

cDCl,

cDCl,

cDCl,

H'
H"

HI
H"

—0-01
0-12

4.22*

4-10*
8-90s

3-3-3.05
6-25-5-45
7-3,17-26,
7-19
7-0-6-7

4.38
5-64
1.92

4-96
5.92
1-97

J(SnH) 60
JCSnH) 57

JS

g5

Jupr13-4
TS -9

Ji110-5
Ju6-3

C,H,0; = Maleic anhydride
Isolated as lithium salt

C H,NHO, = Maleimide
Isolated as lithium salt
*Centre of AB quartet

Bridgehead protons
Olefinic protons
Pheny! protons

1017
1017

1021

1021

83

52

52
1016
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TABLE IIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CoH,,MoO,P 14 (CO),Mo-PPh, CDCl, H 3.48 Jun14-5 — 50
H 5-98 Jyn®s
M oLe H” 3.91 J2'5
I//
H I
HI
(3) TRIHAPTO LIGANDS -
C,H,,BrMoN,0, 15 (#-CH,CH'CH,)Mo(CO),- C.H,CN Hgyn 3-45d Jyu 60 | 84
(CHCN),(Br) Homi 1-30d JHH’g -0 “ ‘_g_x - Hsy,,
H' 4.3Tm — C7 \C\H
H” 1-92s — anti
CDCl, Hgm 3-36d Jyn6-3 External TMS reference
Hgnii 1-18d Ty 9-0
H" 2-14s —
CH, Hyy, 3-57d Jiy6-1
Ham{ 136d JHH90
‘ H” 1-18 —
C:H,.- 16 (#*-CH,CH'CH"Ph)Mo(CO),- CH,CN Hj;n 3-68d Jan©0 — 84
BrMoN,0, (CH,CN),(Br) H grui 1-62d Jun9-0
H' 5-1m —
H” 3.06d Jaa95 —
C,H,,CIMoN,0, 17 (#-CH,CH'CH,)Mo(CO),- C.H.CN Hgyn 3-59d Juu6-0 84
(CHCN)(CD) H i 1-01d Juu9-0
H' 4-77 —
H" 1-92s —

06
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CieHyr 18
CIMoN,0,

C,H,IMoN,0, 19

C,oH,;MoN,0,S 20

C,H,Br,Mo, 21
N,0,

C,H,Cl,Mo, 22
N,0,

(#-CH,C(CH)CH,)Mo(CO),-
(CsHN),(CD)

(h*-CH,CH'CH,)Mo(CO),-
(CHECN)(D

(h*-CH,CH' CH,)Mo(CO),-
(CH%CN),(SCN)

[(h*-CH,CHCH,)Mo(CO),-
(CHICN)Brl,

[(#*-CH,CHCH,)Mo(CO),-
(CH,CN)CII,

cDCl,

cay,

C¢H,CN

CeHg

CH,NO,

CDCl,

CeH,

H syn
Hansi
HU

H syn
Hanii

H syn
H anti
HII

Hsyn
Hami
HI/

H svn
Hami

Hisyn
Hani

Hsyn
Hani

Hyn
H anti

Hs_vn
H gnii

3-33d
1-20d
2-14s

3-24*
1.33*
2.05

3.59d
1-45d
4.56m
1-92s

3.45d
1-45d
4-16m
1-05s

3.05d
0-28d
1-83s
3.64d
1-55d
2-14s
3.96d
1-53

1-18s

3.60d
1-39d
1-92s
3.61

1-58d
2-14s

External TMS reference

*Reviewer’s assignment

External TMS reference

External TMS reference

External TMS reference

85

84

84

84

84
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TABLE I1I-—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
CyH3M0,0,, 23 [(#’-CH,CHCH,M0o(CO),- Acetone Hsyn 3-61d Jun 67 (CH,),CO reference 84
(n‘C4H9OH)]zCzO4 Hanti 1-23d Jun9-0 C,0,= Oi‘c?o
[
C
7GRN
[C,HeBr;Mo, 24 {{(A-CH,CH'CH,)Mo(CO),l,-  Acetone ¢ - 3-53 Jun:6-7 Acetone as reference
o,l- (Br);}~ Hami 0-89 Jupr9-2
H 3-90m
IC,,H, Br,- 25 {{(®*-CH,CH'CH’CH.")Mo- (CD,),CO  Hgyn ~3.6m . Isolated as the quaternary ethyl 86
Mo,0,J~ (CO),),(Br),}~ H',H” ammonium salt
Hami 0-7d JHHrg-2
H" 2.08d -
[CyoH 1 Cly 26  {[(#-CH,CH'CH)Mo(CO),l,,  Acetone  Hsn 3.42d Jun:6-9 84 -
Mo,0,I- - H g 0-89d iy 10-0
H' 3-68m —
IC,,H,,Cl;- 27  {l{h*-CH,C(CH};)CH,)Mo- (CD;),CO  Hg 2-97s — Isolated as the quaternary ethyl 86
Mo,0,1- (CO),1(Ch,}~ Hami 0-75s — ammonium salt
H' 2-09s —
[C,,H,,Cl;- 28 {l(#*-CH,C(CH})CH,)Mo- (CD,),SO  Hgyy 2-75* — Isolated as the quaternary ethyl 85
Mo,0,]~ (CO),IACD,}~ Hani 0-8* — ammonium salt
H’ 1-9 — [N(CH4CHY™), I
H” 3.2 — *Reviewer’s assignment
H'" 1-17 —_

6
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[C,H,;M0,0,)~ 29 {{(#*-CH,C(CH)CH,)Mo(CO),},- CH,Cl, Hgy, 2-64* — Isolated as the quaternary ethyl 85

(OH),}~ Homi 0-48* — ammonium salt
H’ 1-87 — [N(CH4CH{"), It
H” 3-27 — *Reviewer's assignment
H" 1-38 —
[C)sH3M0,0,1- 30 {[(#*-CH,C(CH};)CH,)Mo(CO),]l,- (CD,),SO  Hgn 2-61* — Isolated as the quaternary ethyl 85
(OCH?%),}~ H,nii 0-33* — ammonium salt
H' 171 — [N(CH."CH),I*
H” 4.82,3-68 — *Reviewer’s assignment
H" 316 —
Hv 1-14 —
(C,H,M0,0,1= 31 {[(F*-CH,C(CH)CH,)M0o(CO),l,- (CD,),SO  Hgyn 2-6* — Isolated as the quaternary ethyl 85
(OED} H i 0-25* — ammonium salt
H’ 1-80 — IN(CH3CH"), I*
H” 3-18 — *Reviewer's assignment
H" 1-16
1C3oH, sMo,- 32 {[(»*-CH,C(CH})CH,)Mo- Hn 2-99* — Isolated as the quaternary ethyl 85
0,S,I- (COYLSCH%} Hoansi 0-8* — ammonium salt
H 2.28 IN(CH}"CHIY),|*
H” 7-7-82m, — *Reviewer's assignment
6-9-7-8m
H" 3.48 —
H'Y 136 —
C;,H,;BMoN;0O, 33 (#-CH,—~CH-CH,Mo[B(C,H,- — — — Complex spectrum, showing the 1022
N,),{(CO), presence of the [B(C,H,N,),1
ligand
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TABLE II1l—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,sH,,BBr1- 34 (h-CH,CBrCH,)Mo(CO),- CDCl, n.a. — Signals at 6 5-76s, 3-81s,2-52s, 81
MoN,0O, (C,oH, (BN,) 2-12,1.95s,inratio 1:1:3:3:1.
Noninert gas configuration {16
electrons)
CIOHMBNA = Me N : Me
BH 3—41\1—12\1)2
1
C,H,,BMoN,O, 35 (#*-CH,CH'CH}Mo(CO),- CDCl, H 3-7d* J70 *More probably Hg.nand Hsn 81
(C,Hi16BNY) H’ 4-3-3-Tm — +More probably H 4 and H"mui 87
H” 1-59% J95 C o H BN, = 4 -
H_, 8-15d J2-1,0-5 s R
H_, 622t 722 . Q)
a\mlEt\
H_; 7-43d J2:3,0.5 P B4N-—N),
ﬂ(/zmlE‘ ] 2
B
Et(equat) 0-84b —
CH,CH, (axial) ‘Implies “hydridic” character and
CH,CH, (axial)-2-4% suggests that the pseudoaxial
methylene hydrogens are intrud-
ing into an empty metal orbital
C,sH,;BMoN,O, 36 (#*-CH,CH’'CH)Mo(CO),- CDCl, Hyy, 3-51d* J1715 "B NMR chemical shift +33-2t 81
(CoH;sBNY Hani 1-40d* J10-5 ppm relative to external tri- 87

H’ 4-04m* — methylborate (J 90)

¥6
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" 5-67s
C_;CH; 2-50s

C_CH, 2.0Ts

C,H,,BMoN,0, 37 (#*-CH,CHCH,Mo(CO),- cDcl, H 4.27m
(C1H,BNY)

CyH,BMoN,0, 38 (#-CH,C(CH,)CH)Mo(CO),  CDCl, n.a.
(C,;H,,BN,)

C,oH,(BN, as above (A) T60°
(limiting high temperature spec-
trum). Temperature dependent
spectrum is consistent with rota-
tion or pseudorotation of the
nt-allyl group

*Reviewer’s assignment

Signals at 6 5-90s,3-51d (J 7),
2-83q(J7-3),1-93dJ2-7),
1-23t(J 7-3) in ratio
2:2:8:2:12

B NMR + 33t ppm relative to
external trimethylborate (J 76)

BN, =
C,H,BN, Et@lﬂt

/.

Et Et

Signals at 6 5-78s, 3-7-2-8m,
1-69s and 1-4—0-9m in ratio
2:10:3:14. "B NMR at +32-9t
ppm relative to external tri-
methylborate (J 80) C,,H,,BN,
as above (C)

81

81
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TABLE 11I—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,,BMoN,0, 39 (#-CH,CPhCH,Mo(CO), cDCl, na — Signalsat$8-2d(J2:1),7-3dd 81
(C,oHsBN,) (J23),7-15m, 6-22t (J 2-2), 4-18s,
1-69s, 0-64s,0-27t (J 7), and
—3-8q (/ 7) in ratio
2:2:5:2:2:2:5:3:2.1B
NMR + 20-Is relative to extern-
al trimethylborate
C,,H;¢BN, as above (B)
C,;H,;BMoN,0, 40 (h*-CH,CPhCH,Mo(CO),- CDCl, n.a — 1B NMR + 336t ppm relativeto 81
(CyoHsBN,) external trimethylborate
C,oH; (BN, as above (A)
C,;H,,BMON,0, 41  (#*-CH,CHCH,)Mo(CO),- CcDCl, na — Signals at & 8-28s, 7-8-7-1m, 81
(CysH,¢BNy) 6-9m, 6-53m, 6-30m, 3-0m,
2-31d (J 7), and 1-05d (J/ 10) in
ratio 2:8:2:2:2:1:2:2
CisHigBN, = @
Ph,B-C(N—N),
D
C,H,,BMoN,0, 42 (-CH,C(CH,)CH,Mo(CO),- CDCl, na — Signals at 8 8-18d (J 2), 7-53d 81

'(ClsHlsBNA) :

(J2-3),7-28m, 6-76m, 6-25t
J2-1),2-57s,1-56s,0-87s in
ratio 2:2:5:5:2:2:3:2. "B
NMR + 19-3s ppm relative to
external trimethylborate
C,;H,(BN,as above (D)

96
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C,H,;BMoN,O, 43 -

C.H,,BMoN,0, 44

[C,H Bry 45
-Mo,0,1-
[CWH, Cly - 46
© M0,0,1

C,-H,.BMoN,0, 47

(#-CH,CPhCH,)Mo(CO),
(C1HyBNY)

(#*-CH,CHCH,Mo(CO),-
» (C 30H24BN4)

{[(#*-CH,CH'CH,)Mc(CO),],-

i (Br)a}_

{(#*-CH,CH'CH,)Mo(CO),],-
(&) .

(#-CH,CHCH,)Mo(CO),-
(C;HyuoBNY

cDay,

cDCl,

(CD,),CO

(CD,),CO

cDCl,

n.a.

n.a.

Hgn 3-46d
H ansi 0-9d
H' 3.8 comp.
H” 3-61q
H" 1-49t
Hgy 3-ad
Hanii 0-8d
H' 3-Tm
H” 3-5q
H" 1-4t
n.a.

Jyu6-5
Jye9-T

J7-6

Jya65
Jup9-S

J7-4

Signals at 4 7-15m, 5-75m, 4-16d
(J11),5-03m, 2-23m,and 1-7—
0-Tminratio 5:2:2:4:4:12
1B NMR + 33-8 relative to
external trimethylborate
C,,H,,BN, as above (C)

Signals at 6 8-1-7-3m, 7-30s,
2-55s, 3-8m, 3-2bd, and 1-08d
(J 10)in ratio 10:10:2:1:2:2.
B NMR + 31-0t ppm relative
to external trimethylborate

C,,H,,BN, =
30t124D1N, Ph—@l’h

BHAN—N),
Isolated as quaternary ethyl

ammonium salt
[N(CH{CH;"),I*

Isolated as quaternary ethyl
ammonium salt
[N(CHYCH}"),}*

Methyl signals at & 2-5b, 2-06, and
1-87. n-Allyl and other signals
at 4-0m, 3-5b and 1-4b

C quoBN4 = CH,

CH,
BH,—N—N

81

81

86

86

81

H,
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TABLE I1I—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,.BMoN,O, 48 (h*-CH,CH'CH%)Mo(CO),- CDCl, H 4.2m* —_ C,oH¢BN, as above (B) 81
(CyoH (BN)C,H,N,) H' 3-38dt  J7 @ 87
H 1.57df  J9-5 CHN, = S,@y
H, 7.79d J2 \
H, 6-17t J2:2 N-—1HH
H_, 7-69d J24 *More probably H'
Et(equat) 0-34 — tMore probably Hgy,and H"syn
Et(axial) 0-9m — FMore probably Hansi and H";s
H_,, 7-98d —
H_, 6-17t J2:2
H_,, 7-06d —
NH 8-70bs —
C,,H,,BBr,- 49  (K-CH,CH'CH,)Mo(CO),- CDCl, Hyn 378 — Pz stands for 1-pyrazolyl 88
MoN,O, [HB(4-BrPz),!* H s 1-70d J90
H’ 3.78 — HB(4-BrPz); = %
HMNQN)a
C,H,,BBr;- 50 (#-CH,C(CH)CH,)Mo(CO),- CDC], Hyn 3.66 — *See below 88
MoN,0, [HB(4-BrPz),|* { Hgni 1.66 —
H' 1-78 —
C;H,,BMoN,O, 51 (#-CH,CH'CH)Mo(CO),- CbCy, Hsyn 3-66d J17 *See below 88
[HB(3,5-(CH,),Pz),* H i 1-93d J 10 HB(3,5(CH,),Pz); =
H’ 41 — CH; CH,
C;H,BMoNO, 52 (#*-CH,C(CH;)CH,)Mo(CO),- .CDCl, H gyn 4-49 — HB{N—/N),
[HB(3,5-(CHS),P2),I* Hani 1-30 - *See below 88
H' 1-25 —_

86
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CpHyuBMONO, 53 (F-CH,C(CH)CH)Mo(CO) CDCl,  Hgn 4055  — 88

[HB(3,5(CH,),Pz);* Hansi 1-54s —
131 6-9-6.5m —
[C;sH;sMON- 54 [(h-CH,CH'CH,)Mo(CO),- — Hsyn 3-58m — Isolated as the PF salt 89
0,1+ (C o H 1 oNoH H g 1.38d J85 C1oHoNg < 4
H’ 8-42s 7
H_, 8-15b 5 (73
H_, 6-33t J25 CHAN—N),
H_, 7-98d J2:9 1 2
C,.H,,Mo,- 55  [(#*-CH,CH'CH,)Mo(CO), cDCl, Hn 3.14d Jyp:6-5 External TMS 90
N,O, (NCN(CH%)CH}"CHV= Hani 1-08d Ty 9-5 *The two cyanamide monoanions
CHY)I,(N(CHY"C=N),* H' 3-8m - are in bridging positions
H" 2-95s —
H" 3.72d Jygmpv-5
HY 5-8m —
HY 5.45d JaisT
HYans 5-36d Jyans18
Hv! 3.62s —
C,,H,Mo,N,0, 56 [(#-CH,CH CH,Mo(CO),- CDCl, Hgyn 3-14d Jun 63 External TMS 90
) (NCN(CH’Z’CH”I=CH12V Y.l H i 1.08d Ju9-5 *The two cyanamide monoanions
[N(CHY CHY'=CH}'hC=N],* H' 3-8m — are in bridging positions
H” 3.76d Jgmgr5+5
H" 5-95m —
HY 5-43d Jeis8
Htlr‘zlms 5-35d Jtransl7
HY 4.40d JHVHV)6'2
HV! 655 —
HYT ~5.4d —

*The sterochemical non-rigidity of these complexes, manifested in their temperature dependent spectra, is attributed to rotation of the tridentate tris(1-pyrazolyl)
borate ligand rather than of the sr-allyl group
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TABLE I11—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,sH,;IMoN,0, 57 (#*-CH,CH’'CH,)Mo(CO),- Hgyn 3-31d Jun'6 HMDS as reference. 100 MHz 91
(C,oH N XD Hanri 1-50d Jnr® CooHN, =
o 3-5m — NO
E
NO
C,;H;sMoN,0,S 58 (h*-CH,C(CH;CH,Mo(CO),- Hisyn 3-03s — HMDS as reference (7 9-95) 91
(C,oH,N,XNCS) Hani 1-47s — 100 MHz
H 101 — C,oH;N,as above (E)
C,,H;sMoN,0,S 59 (h*-CH,C(CH}CH,)Mo(CO),- Hisyn 3-20s — HMDS as reference. 100 MHz 91
(C,HgN,)NCS) Hansi 1-55s - CpHgN, = N&
H’ 0-72s — l
/N l F
N
[C,jHgMON,- 60 [(#*-CH,CH'CH,Mo(CO),- Hp, 3.56d JHy6 HMDS as reference. 100 MHz 91
0,1+ (C,H N, XC H NI+ Hani 1-80 Jun'9 Isolated as tetrafluoroborate
H’ 3.5m — C,,H;N, as above (E)
[C, H)yMoN;- 61 [(A*-CH,C(CH})CH,)Mo(CO),- Hgyn 3-33s — HMDS as reference. 100 MHz 91
o, (CoeHNY(C HN)* Honi 1-77s — Isolated as the tetrafluoroborate
H’ 1-15s —_ C,,H;N, as above (E)
[C,H ;s MON,- 62 [(A3-CH,CH'CH)Mo(CO),- Hgyn 3-70d Jun'6 HMDS as reference. 100 MHz 91
0,]* (C ,H N XCHN)I* Hani 1-88d Juu9 Isolated as the tetrafluoroborate
H' 3.5m —_ C,H;N, as above (F)
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CH,,CIMoN,0, 63 (h*-CH,C(CH})CH,)Mo(CO),-  (CD,),SO
(C,HgNXCD)
CH, CH,
C H;MoO, 64 CH,= \—-CH, —
CH, CH,
IR
COCOCO
(4) TETRAHAPTO LIGANDS
CHMoO, 65  (h*-C,H,)Mo(CO), —
C.H,Mo0, 66 (K*-C,H)Mo(CO), —
C,H;M00, 67 (K-C(CH,),Mo(CO), —
CoH,oBr,M0,0, 68  {[A*-C(CH,),IMo(CO),},(Br),* —
CosHy(Br,M0,0, 69 {I4*-C,(p-C;H,CH;),Mo(CO),},- —
(Br),*
C,HMoO,, 70  [h*-C(CO,CH,),IMo(CO), —
C,H,sMoO, 71 [A“-C{CH,)Mo(CO), cDCl,

Hsyn 3.0 — C,HgN, = ethylene diamine 85
H anii 0-78 —
H' 0-78 —
n.a. — Signals at 6 3-35s,2:325,2-15sin 55
ratio 1:1:1
H 1-60s — CH,= . 55
H 4.06 — C,H, = cyclobutadiene 54
H 1-94 — C (CH,), = tetramethyl cyclo- 54
butadiene
H 7-24s — *Bridging Br ligands 961
H 7-16q J8 *Bridging Br ligands 961
H' 2-31s —
H 3-5s — Tetrakis (methoxy-carbonyl) 92
cyclobutadiene
H 1-90s — C.(CH), = CH; 56
H’ 1-00s (CH CH, ) CH,
| ||
CH, CH,

SAXATNdNOD TANOSEVD TVLIW-DINVOIO NO VLIvd INN
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TABLE I11—cont.

¢0l

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,HMoO, 72 (h*-C,HMo(CO), — H 5.54s — Structure: ¢ o 909

4.20s =/ N\=—
Mo(CO),
C,,H,;MoO, 73 (h*-C4H,()Mo(CO), — AR 14_945 . Structure: 909
s H_g

3 3 6
., 5955 — zy
N

C,H,;M00, 74 (h*-CgH,)M0o(CO), CCl, =CH 4.59 — CH,, = L.5cyclooctadiene 1020
CH, 243 — Free olefind 5-53 and 2-31. 93
CCl, =CH 469 — Concluded that unlike the case of
CH, 2-53 — complexed conjugated dienes the
C.H, =CH 4.15 _ double bonds are functioning
CH, 1-70 _ independently and are not
greatly changed by coordination
C,,H,;MoO, 75 (h*-C,oH,y)Mo(CO), C.D, H_, ~2.8 CoH,o = Bullvalene 94
H_, H_,~31 Jy 9
H_,H_ ~4.15
H ,H ~19
H_, ~1-75 Jer 8
H_, ~5-6 o 17,51
H_, ~5.15 J,48
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C,;HMoO,

C,;H;MoO,

C,,H,CIMoO,

C,zH,,M00;

C,oH,;M00,

76

77

78

79

80

Mo(CO),
(h*-C,H,Mo(CO),

Mo(CO),

(h*-CH,;)Mo(CO),

CcDCl,

CH,Cl,

CHC,

cDcl,

cDCl,

H, H,
H, H,
HS’ H6

4.00 —
470 —
481 —

4-48

~3
— -]
W~

58

To high field from CS, 95

C,H,; = norbornadiene

Structure:

58

58

962
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TABLE I1I—cont.

Formula No.

CHM00,

81

Compound Solvent

(h*-CH,=CH'CH"=0),Mo(CO), CDCl,

(5) PENTAHAPTO LIGANDS
(@) Mono-carbonyl derivatives

C,HysAsy- 82
CIMoO

C,H,,,MoNO 83

C,.H,J,;MoNO 84

C,;H,,CIMoOP, 85
C,;H,IMoOP, 86
C,H,,JMoOP, 87
C,H,MoNO,P 88

(h5-C,H,XMo(COXAsPh,),(Cl)  CDCl,

(B*-C H)Mo{COXD),{N= CDCl,
CIC(CH}),1,}

(h-C H Mo(COXI),IN=CC-  CDCl,
(CHj),CHY

(*-C H,)Mo(COXPE,)(C) CDCl,
(-CH,)Mo(COXPEL,) (1) CDCl,
(h*-C,H)Mo(CO)IP(n-C,H,),1,(1) CS,

(h*-CH)Mo(COXNO)P(CH3),- CS,
CoH)

4 (ppm)

Hcis 3.67
leans 224
H’ 3-67
H” 8-20
H 5-05
H 5-67s
H’ 1-42,1-13
H 5-44s
H' 1.56,1.32
H" 7-62,7-38
H 5-56s
H’ 1-55,1.29
H" 7-71,7-39
H 5-10
H 5-69
H 4-84br
H 5-12
H’ 1-784d,

1-74d
H” 7-35m

Coupling
constant
(Hz)

Jpuls
Jp: 85,82

Refer-
Remarks ences

All signals shifted upfield to free 96
ligand by 2-72 (His), 4-15
(H,,4ns) 2-72 (H’), and 1-27 (H")
ppm

T +40° 99

T —40°

— 101

Y01
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C,H,,MONO,P 89
C,,H,,CIMoOP, 90
C,;H,CIMoOP, 91
C,,H,IMoOP, 92
C,H.,CIMoOP, 93

C,,H,,CIMoOP, 94
C,.H,,CIMoOP, 95

C,,H,.CIMoOP, 96
C,H,IMo00O,P, 97
C,.H,MoOP, 98

C,.H,,MoNOP 99

C,/H,,MoN,OP 100

C,H,,MoNO,P 101

(h%-C,H,)Mo(COXPPh,CH,-
CH,Ph,PXCI)

(h5-CH,)Mo(COXPPh,CH -
CH,Ph,PXI)

(h*-C ;H)Mo(COXtriphosXC1)

(k3-C ,H )Mo(COX PF=PYCl)
(h-C (H )Mo(COXPm—Pm)Cl)

(h3-C {H,)Mo(COXPPh,),(C])
(h*-C (HIMOo(COMNP(OPh),l,(1)
(h*-C H)Mo(CO)I P(C HY), 1 ,(H)

(h*-C H,)Mo(COXPPh,)|N=

CC(CH),C HY]

(h3-C HOMo(CO)[P(C HJ),]-

[p-N,C H,CH,|

(h-CH,)Mo(COXNOXPPh,)

(h*-C {H, )Mol P(C(H,),(NOXCO) C,D,
(#5-C;H,)Mo(COXCIPCHPh,), CD,CI,

cDCl,

cDcl,

cDCl,

cbcl,
cDCl,

cDcl,
cDCl,
cDcl,

cDCl,

CD,COCD,

cDCl,

H'

H'
H”

H
H'
H

4-86

4.83,4-58
and 4-88

2:12
463

br.

5-33s

4.45s

5.02s,4-97s

4-91

475

5-43

7-40m

5-39s
1-21
7-30
5-42
7-50

5-19d

Jpy 08 — 946

— Two cyclopentadienyl signals at 102
—62° due to cis- and trans-
isomers

— — 97

— — 97

triphos = ph,P__ /CHzQHz 103
-
CH,;” >CH,PPh,

— Pf=Pf = cis-Ph,PCH=CHPPh, 103

— Pm—Pm = (CH,),PCH,CH,P- 103
(CH,;),. Other signals at 1-83s,
1-74s, 1-67s, 1-56s, 1-40s,
1-15s,and 1-02s

— — 104

JO-8 — 59
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TABLE I11—cont.

Formula No.

CH,,MoNO,P 102

C,,H,,CIMo0;- 103
P,

C,,H,,IMo0,P, 104

C,,H,,MoO,P, 105

C,H,,Cl;- 106
MoO,P,Sn

C,;H,Cl- 107
MoOSb,

C.H,IMoOSb, 108

(#-C ;H JMo(COXNCO)PPh,)

(h-C HIMo(CO) P(OCH}),|,(C1) CDCI,

(h-C HIMo(CO)P(OCH}), 1,(1)

(h*-C;H,)Mo(CO)IP(OCH;); |,-
(H")

(h5-C HIMo(CO) P(OCH:),1.-
(8nCl,)
(#5-C H )Mo(COXSbPh,)(CI)

(#%-C HMo(COXSbPh ),(1)

(b) Di-carbonyl derivatives

C0H xASIM0O, 109

C,HyAsCl- 110
MoO,

C,:H,,AsIMoO, 111

(h3-C H)Mo(CO),(AsPh,CH,)-
M

(h5-C HIMo(CO),(AsPh XC)

(h5-C {H)Mo(CO),(AsPh X1)

Coupling
constant Refer-
Solvent 4 (ppm) (Hz) Remarks ences
CDCl, H 4.79m, — 59
5-24s
H 5-32 — 105
H' 3-86,3.77, —
3-69
CDCl, H 5-25 — 105
H’ 3-87,3-78
3-68
CDCl, H 5.20 — 105
H' 3.68,3-48 —
H" —7-46t Jpy64-5
CDCl, H 5-35 — 105
H” 3.76 Jpu 12 106
CDCl, H 5-39 — 97
CDCl, H 5.25 — 97
CDCl, H 5.45 — 97
CDCJ, H 5-62 — 97
CDCl, H 5-60 — 97

901
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C,H,,AsM0O,- 112

Sn
C,HBr;Mo0O,
C,HCI,M00,
C,HI;Mo00,
C,,H,IMcO,

113
114
115
116

CH,CIHgMoO, 117

C,¢H,:MoNO,

C,zH MoNO,

IC szo'
MoNO, |+

C,H,:MoNO,

118

119

120

121

(h5-C,H)Mo(CO){AsPh,)-
[SH(CHg)gl

(h%-C,H)Mo(CO)(Br),
(h5-C,H,)Mo(CO),(C),
(h-CH,)Mo(CO),(1),
(h5-CyH,)Mo(CO)(1)

(13-C {H,)Mo(HgCI)(CO),

(5-C,H)Mo(CO){N=CIC-

(CHy,1,}

(F*-CsH))Mo(CO),IN=CC-
(CH3),CH*)

(h*-C,H)Mo(CO),[NH=C-
(CH)),C H%I*

(h3-C.H)Mo(CO),IN=C-
(CeHY),1

cpcl,

SO,
Acetone
Acetone

Acetone

cs,

Toluene

C,Dy,

cocl,

CDs

cDCl,

H”

H'
H”

H'’

4.87

6-31
6-11
6-49

6-32
5-39
7.32
7-64

5-80s

5-35s
1-07
5-12s
1-02
5-65
1-18
5-68
1-17

583

1-20
742
4.69s
0-73

7-0
4.95,4-89
7-52br

C4H, = H” H
HI"
JO-w
HIN
HII H
Hexamethyldisiloxane reference
T 25°
T —60°
T 25°

T —60°

Isolated as the chloride

107

108
108
108
109

185

98

110

99

99
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TABLE I11—cont.

Formula No. Compound Solvent
C|3H9MON]O‘ 122 (h’-C,HS)MD(CO)z(NzCJ*LNOz'P) Csz
C,;H,;MoN,0, 123  (A*-C;H,)Mo(CO),(N,C¢H) CS,
C,H,MoN,0, 124 (B-C;HIMo(CO),(N,CeH,- CS,

CH;p)
C,H;;MoN,0; 125 (#*-C;H,)Mo(CO)(N,CH,- CS,
OCH,p)
C,H,MoNO, 126 (A5-C;HMo(C'O),NO CDCl,
CD,COCD,
CS,
C,H;M00,S 127 (h5-C,H;)Mo(CO),[0S(O)CH,Ph] SO,
C,oHsMoO,P 128  (h*-C,H;)Mo(CO),[P(CH});l(H") Toluene
[C\yHyM0O,- 129 [(A3-C HIMo(CO)(PEty),1* CDCl,

P,J*

Coupling
constant Refer-
6 (ppm) (Hz) Remarks ences

H 5.76 — — 104

562 — — 104

5.66 — — 104
H 5.63 — — 104
H 5:57s — — 59
H 5-76s — 60
H 5.53 — BC +99-2d (Joyl 75) and 1°C’ — 95

345 in CH,ClI, as solvent relative
to CS,

H 3-51,3.69 J12.5 Temperature —37° 112
H 4.-60 JpH<0-3 cis-isomer 113
H’ 0-83 Jpur 94 T —38° 1023
H" —6-59 Jpy»66-6
H 4.47 Jpy 10 trans-isomer
H’ 0-85 Jpr 90 100 MHz
H” —5-89 Jpyr23-0 T -38°
H 551t J1.0 Isolated as the iodide 100

801
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CsH,IMoO,P 130

C,H3,CIMoO,P 131

C,4H,,]MoO,P 132

C,H,,IMoOP 133

(C,sH,;M00,PI- 134

C,H,;MoO,P 135

C,H,IMoO,P 136

C,sH,(BrMoO,P 137

(K-CH,)Mo(CO),PEt,X1)

(h3-C {H;)Mo(CO),[P(n-C H,);]-
(e}

(#3-CH)Mo(CO),| P(n-C H,),)-
m

(W-C H)M(COY,[P(n-C H,),)
o

cs,

cpcy,

cpa,

Cs,

THF

{(h3-C,H,)Mo(CO),|P(n-C H,), 1}~ THF

(h5'C5Hs)M°(C0)ZIP(”‘CJHo)J]'
(H')

THF

cpal,

(K-CHMo(CO),[P(C4H, ), [(D  CDCl,

(h*-C,H,)Mo(CO),| P(CH}),Ph]-
(Br)

CDCy,

cocy,

-

=

- T T X

5-26s
5-09d

5-36

5:37
5.21
522

5-42

4.83

521
—6-46

5-31
—6-60
5-15
—6-53

548

5-30s
1-96d,
1-94d
5-31
197,
1-94
4.98
1.94

Jpu2

Jpn-50-6

Jpy: 649
Jpu!-0
JpH'22-4

J9-8

Jp0-5
Jp19-0,8-7

Jpn23
Jon: 89

cis-isomer
trans-isomer

cis-isomer T 38°

cis-isomer T 38°
trans-isomer

cis-isomer T 50°

trans-isomer

cis-isomer

cis-isomer
31° 100 MHz

trans-isomer

114

114

115

115

115

114

97

116

117
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TABLE I1I—cont.

Formula No. Compound Solvent 4 (ppm)
C,H,,CIMoO,P 138  (A%-C;H)Mo(CO),[P(CH;),Phl- CDCl, H 5-32s
((sl)] H’ 1-85d,
1-83d
CcDCl, H 5-33
H' 1-85,1-81
H 4.99
H' —
C,;HIMoO,P 139 (#*-C;H,)Mo(CO),|P(CH}),Phl(I) CDCl, H 527s
H’ 2.09d, 2-05
H 5-02d
H’ 1.94d
CDCl, H 5-29
H' 2-10,2-06
H 5-03
H' 1-93
CDCl, H 4.73
H 4.62
C,;H;;M0o0,P 140 (h*-C H,)Mo(CO),[P(CH%),Phl- CDCl, H 5.22
(H) H' —6-15
H 4.98
H’ —6-06
CHCLF H 5-22
H' —6-15
H" 177

Coupling
constant
(H2)

J9-8

Jpu0-5
Jp'9-7.9-4
Jpu2:4 }

J98
J2.0
J91
Jpu0-5
Jph 89,87
Jpy2-3
Jpur 91
Jpu2-3
Jpyy65-6
Jpul-0
Jpy23-3
Jpu<0-3
Jpu 656
Jpu"9-0

Remarks

cis-isomer

cis-isomer
31° 100 MHz

trans-isomer

cis-isomer

trans-isomer

cis-isomer
100 MHz

trans-isomer
T31°

cis-isomer T 38°
trans-isomer

cis-isomer T 50°

trans-isomer

cis-isomer
100 MHz
T —-50°

Refer-
ences

116

7

116

116

117

114

114

17

0ll
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C,;H, AIMoO,P 141

C,H,CIMoO, 142
P]

[Cy;H,;0M00,- 143
P+

[C,sH,oMoO, P\~ 144

C,yHye- 145
BrMoO,P

C,H,,- 146
CIMoO,P

C,H, IMoO,P 147

(h3-C H)Mo(CO),| P(CH})Ph,]-
[AKCH?),]

[(h5-C H;)Mo(CO),{| PPh,-
(CH,),]1,PPh}(Cl)

[(h%-C {H,)Mo(CO),(PPh,CH,-
CH,Ph,P)]*

[(5-C {H;)Mo(CO),(PPh,)|-
(h*-C{H,)Mo(CO),(PPh,XBr)

(15-C ;H,)Mo(CO),(PPh,XCl)

(h*-C4H,)Mo(CO),(PPh 1)

C¢Ds

CDCl,

cDCl,

THF

cpcl,

cbcl,

cpal,
cDCl,

cDCl,
cDay,
cDCl,

THF
Cs,

H’
H”

H'
H”

=+

Iz I =

IIXI T ITXZT I T T X

4-98
—6-06
1-82
5-16
2.0
—0-31br

4-79s

4.74s

4.76

5-36
5-05

5-39

5-49s
5-56

4.-96s
5-42,516
5-43
5-13
5-36,5-06

5-01s
4-84d

Jpul-0
Jpy:23:3

Jpu-8-8

Jpu'8-0

trans-isomer

Isolated as the iodide

cis-isomer
trans-isomer T 38°

cis-isomer T 38°

100 MHz

100 MHz

cis-isomer
trans-isomer T 38°

cis-isomer*
trans-isomer*
*Reviewer’s assignment

118

115

114

114

119
97

119
97
114

115
100
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TABLE I1l—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,;,MoO,P 148  (h*-C;H)Mo(H")IP(CH,),(CO), — H 5-20 Jpu<0-3 L. 958
cis-isomer
H' —5-33 Jpy: 64 114
H 5-00 Jpu1-0 .
o' —6.14 Tory: 21-4 trans-isomer
CDCl, H 5.06s —_— 100 MHz 119
H —5.56d Jpy 480
THF H 511 —_ — 115
H' —5-49 Jpu: 516
C,cH;uMONO,P 149  (45-C;H,)Mo(CO),(NCO)- CDCl, H 5-35s — — 59
(PPh;)
C,H,,GeMoO,P150  (h*-C;H,)MO{CO),(PPh,)- CDCl, H 4.82 — — 120
[Ge(CH3),) H' 0-58 —
C1sH,sM00,PSn 151 (A5-CH;)Mo(CO),(PPh;)- cDCl, H 479 Jpu 10 — 107
[Sn(CH,),]
C,;H;sMoO,PSn 152 (#-CH,)Mo(CO),(PPh,XSnPh;) THF H 4.87 Jpul0 — 115
C,;H,;M0oO,PS 153 (h*-C,H,)Mo[P(CH)),(SO,CHY)- CDCl, H 5.35s — — 960
€0, H' 7-58m —
H" 3.-22s —_
[CyoH 4 154 {(h%-CH,)Mo(CO),[P(OCH,),]}- THF H 4.94 — _— 115
MoO,P)~
C,,H,BrMoO,P 155 (h*-C;H)Mo(CO),[P(OCH),]-  CDCl, H 5-50s,5-38dJ 1-2 — 121
(Br) H 3.74d Jpy 12

(43
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CoH,,CIMoO,P 156

C,oH, IMoOP 157

C,H,;MoO,P 158

C,H,HgBr- 159
MoO.P

cDCl,

(h-C {H,)Mo(CO),[ (OCH),|(CI) CDClI,

(F*-C;H)Mo(CO),[P(OCH;), (D)

(h3-C4H,)Mo(CO),| (OCH ), -

(H")

(h3-CsH;)Mo(CO),[P(OCH3),)-

(HgBr)

cDCl,
cDCl,

cDcl,
cpcl,
THF

cs,

cDCl,

cocl,

cDCl,

THF

cDCl,

ITX I XTI EZXT I X D I XX

H'

H'

5.55 —_
5-40 Jpy2-2
5-51 _
5.35 Jpu 2-3
4.97s —
5-53s,5-39dJ2-0
3.76d Jpyr 12
5.53 —
5-38 Jpu2-1
5-47s,5-38dJ2-0
3.-72d Jpu' 12
5.37 Jpu2-0
5-28s —

5-19d Jpy 1-8

5.38 —
—6-98 Jpir 687

5-29 Jpul
—6-19 Jpu: 26-8

5-34s _—

—6-74d Jpur 61-8
5-23s,5.05dJ 1-2
3-62d, Jpyr 12

3.-55d

—6-7 Jpy- 613
5-30 —
—6-71 Jp62-3

5-45d J1-2
3.80d Jpy: 12

cis-isomer
trans-isomer T 38°
cis-isomer
trans-isomer

100 MHz

cis-isomer
trans-isomer T 38°

cis-isomer*
trans-isomer*
*Reviewer’s assignment

cis-isomer

trans-isomer
T 50°
100 MHz

114

114

119
121

114

121

115

100

114

119

121

115

121
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TABLE Ill—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H, HeCl- 160 (h%-C,H)Mo(CO),IP(OCHJ),)- CDCl, H 5-40d J1=2 — 121
MoO,P (HgCl) H' 3.75d Jop: 12
C,oH, Hgl- 161 (h%-C,H,Mo(CO),|[P(OCH)),]- CDCI, H 5-42d J1-2 — 121
MoO,P (Hgl) H’ 3.78d Jpp 12
C,;H,;;MoO,P, 162 (h*-CH)Mo(CO),|P(OCH;),l, CDCI, H 5-10 J2 — 121
H' 3.72d Jeur12
C,,H;0MoO,P, 163  (h5-C,H)Mo(CO),[P(OCH}),l- CDCI, H 5.32q T 38° 122
IP(OXOCH?),] H', H” 3.65d J11.:3
3.63d J12-0
C,oH,,Br;- 164  (h5-C;H)Mo(CO),|P(OCH;%]- CDCI, H 5-48 Jpul-0 trans-isomer 106
MoO,PSn (SnBr,) H' 3-78 Jru'12
CoH,,Cl,- 165 (h*-C,HMo(CO),|[P(OCH)),]- CDCl, H 5.50 Jpu1-0 trans-isomer 106
MoO,PSn (SnCl,) H' 3.79 Jpy 12
CioHyal - 166  (*-CHMo(CO),IOCH),]- CDCl, H 5-49 Jpy1-0 trans-isomer 106
MoO,PSn (Snl,) H' 3-80 Jpn 12
C,sHMoO 167  (h*-C,H,)Mo(CO),[P(OCH,),l- THF H 517 JpuO0-8 — 115
PSn (SnPh,)
[C\;H;;M00,- 168 {(A%-CH)Mo(CO),[P(OCH;);1,}+ CDCl, H 5-03t Jpu0-8 Isolated as tetraphenylborate 23
P,l* H' 3.52mt Temperature 38°
C, Hy;IMoOPP 169  (A5-C ;H)Mo(CO),[P(OE); (1) Cs, H 5-28s — cis-isomer* 100
H 5-18d Jpu1-8 trans-isomer*

*Reviewer’s assignment

144!
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[CyH ;s M0O,-
Pt

C);H;eMoO,P,

C,,H,,MoOP,
C,;H,\MoO.P,
C,,H;M00O,P,

[CyH 1 :M0O,-
P,1*

1C4 H;MoO,-
P,l*

[C;,HsMo0O,-
P}t

C;,H,(MoO,P,

1C,cH,;M00O,-
P,I*

IC; HyyMoO,-
P,

C,,H,MoO,P

170

17

172

173

174

175

176

177

178

179

180

181

{(h%-C H)Mo(CO),| P(OCH,-
CHy, 1,

(h5-C H)Mo(CO),|P(OCH,-
CH}),/|P(OXOCH,CH?),]

(#5-C H)Mo(CO),| P(OC,-
H);1[P(OXOC,H )1

(h3-C H)Mo{CO),|P(OC,H,),-

Ph][P(OXOC,H,)Phi

(h-C ;Hy)Mo(CO),| (OC H,)-

Ph,J[P(O)Ph,|

{(#5-C HMO(CO),| P(OC;-
H)l ¥

{(h5-C H Mo(CO),| P(OC,-
H,),Phl,}*

{(#5-CH,)Mo(CO),{P(OC,H,)-

Ph,),}*
(h-C H,)Mo(CO),| (OCH-

(CH}),);IIP(OXOCH(CH%),), |

{(15-C H)Mo(CO),| P(OCH-
(CH),ML L

{(h*-C ;HMo(CO),| P(On-
C Hyhlo

(h3-C H)Mo(CO),| P(OCH,),-
CCH,l(H")

cDCl, H

Hl
cDCl, H

Hl’ Hl/
CDCl, H
cDCl, H
cDcl, H
CD,COCD, H
CD,COCD, H
CD,COCD, H
cDCy, H

HI. HII
cDCl, H

HI
cDCl,
cDCl, H

H)

5-05t
1-27t

5-32q
1-33t
1-26t

5-49t

5-1t

5-05t

5-62t

5-36t

5-43t

5.28q
1-32d
1-27q

5-12t
1-30d

5-07t

525
—6-60d

Jpy0-7
JHH'7'5

J0-8,0-5
J1.0
J70

Jpu <1
Jpy <1
Jpu <l
Jpy 07
Jpu0-7
Jpu0-7

J09,0-4
J6:2
J6:2,2]

Jpu0-7
Jup 65

Jpn- 580

Isolated as tetraphenylborate
T 38°

T 38°

T 38°

T 38°

T 38°

T 38°
Isolated as tetraphenylborate

T 38°
Isolated as tetraphenylborate

T 38°
Isolated as tetraphenylborate

T 38°

Isolated as tetraphenylborate
T 38°

Isolated as tetraphenylborate

100 MHz

122

122

123

123

123

123

123

123

122

122

122

119
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TABLE I1I—-cont.

P]-

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,sH,;Mo0,PSn 182  (h*-C;H;)M0o(CO),[P(OCH,);- CDC), H 5-05 Jpy 0-8 — 107
CCH,l[Sn(CH,),!
C,H,,BrMoO,P 183  (h*-C,H,)Mo(CO),[P(OCH;),- CcDCl, H 5-02 Jpu2-4 .
PhiBr H 1.74 Jon 126 trans-isomer 117
H 5-32 Jpy<0-2 cis-isomer
H' 3-66,3-58 Jpy 13-7,11-8) T 31° 100 MHz
C,;H,,CIMoO,P 184  (K*-C;H,)Mo(CO),| P(OCH}),- CDCl, H 5-09 Jpu2-3 .
PhICh) H' 3.73 Jow 126 trans-isomer 117
H 5-33 Jpy<0-2 cis-isomer
H' 368,360 Jpy 13-5,11.5) 31° 100 MHz
C,;H,;IMoO,P 185 (h*-C;H,;)Mo(CO),[P(OCH;),- CDCl, H 5-02 Jpu2-3 } r
Phi(T) H 3.76 Jop 12-1 trans-isomer 117
H 5.30 Jpu <02 } cis-isomer
H' 3-62,3-55 Jpy 13-0,11.74 31° 10 MHz
C,;H ;MoOP 186 (K*-C;H,)Mo(CO),[P(OCH;),- CHC\F H 5-04 Jpu0-9
Phi(H") H’ 3.59 Jpyr 1247 frans-isomer 117
H” —-6-10 Jpy~23-4
H 5-22 Jp <02 cis-isomer
H' 3.54,3.42 Jpy13-6,11-7 3 T —65°
H’ —6-49 Jpyr63-2 100 MHz
[C,H,MOO,- 187 {(h5-C,H)Mo(CO),[P(OPh), 1}~ THF H 4.24 — — 115
(h*-CsHMo(CO),[(OPh),I(C)) CDCl, H 5-08s —_— — 121

C,,H,,CIMoO,P 188

91l
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C,H,IMoO,P 189  (#5-C,H,)Mo(CO),[P(OPh), ()

C,;H,,MoO,P 190 (k*-C,H,Mo(CO),P(OPh)(H’)

C,yoH,F - 191  (-C,H,)Mo(CO),|P[OPh), -
MoO,P (OCOCF))
C,¢H,Cl,- 192 (45-C,H,)Mo(CO),| P(OPh),]-
MoO,PSn (SnCl,)
C,gH,;MoO,PSn 193 (h5-C ;H,)Mo(CO),|P(OC H.), -
(Sn(CH?),|

cDCl,
cDcl,

CDCl,
CDCl,
CDCl,
Acetone
THF
CS,

cDCl,
CDCl,

CDCl,

THF

ccl,

cDCl,

cDCl,

cDCl,

I I IXIZIEIT LT ZITIT TS T DT

T

H’
H"

4.96
4.96s
4.91s
5.02s
5-03
5-06s
5-05
4-96s
4.84s

—6-61d

4.87s

—6-68d

4.84

—6-72

4.54

—6-30

4-86

—6-62

4-80s

—6-63d

5-09s

5-14

4-59s

Jpu-70-8
Jpyr 72
Jp 730
Jpy1-0
Jpy 290

Jpu 113

Ty 12

Jp 1-0

741,737 —

0-24

J(Sn-H)47

cis-isomer 38°
100 MHz

100 MHz

cis-isomer
100 MHz

100 MHz

cis-isomer T 50°

trans-isomer

100 MHz

100 MHz

trans-isomer

100 MHz

f14
119

19
121
114
124
115
100

119

121

114

115

124

124

106

107
124
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TABLE IIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H;;MoOPSn 194  (h3-C HIMo(CO),IP(OPh),}- THF H 4.-64 Jpu 0-8 — 115
(SnPh,)
[CosH,0M0O,- 195 [(A5-C H)Mo(CO)(SbPh, )1~ THF H 4.86 — — 115
Sbl-
C,sH;6IM00,8b 196  (h3-C,H)Mo(CO),(SbPh,XT) CDCl, H 5-59 — — 97
CDCl, H 5-44 — cis-isomer T 38° 114
H 5-24 — trans-isomer
THF H 5-57 — — 115
CDCl; H 5-45s — cis-isomer 100
H 5-23s — trans-isomer
C,sH, MoO,Sb 197  (A*-C,H,)Mo(CO),(SbPh X H’) THF H 5-30 — — 15
H' -6-07 —
C,H,MoO,- 198 (25-C H)Mo(CO),(SbPh,)- CDCl, H 4.98 — — 107
SbSn {Sn(CH,);]
CHMoO,- 199 (A3-C;H)Mo(CO),(SbPh,)- THF H 5-10 — — 115
SbSn (SnPh,)
C,H,;M0o0,S 200 (h*-C;H)Mo(CO),[S(0),CH,Ph] SO, H 4.22s — T -37° 112
CH,F,MoO,- 201 (h5-C;H)Mo(CO),S,PF,) CDCl, 5-50 — — 125
PS,
C,H oMo, 202 [(h5-C,HOMO(CO)(TeCH),  CS, H 5-12s — — 126

O ,Te,

811
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C4H,;;BMoN,- 203 (A%-C,H,)*Mo(CO),(C, H;(BN), CDCl, H 5.34s -— Remaining signals at 8 5-70s, 81
5-64s,2-47s,2-42s, 2-13s,
2-10s,inratio1:1:3:3:3:3

2

CioH, (BN, = Me Me
BH,—(—N—N),
[C,gH;;MON,- 204  {(h’-C,H,)Mo(CO),(C,;H,,N)I* H 5-23 —_ C,oH (N, = 89
CH—(—N—N),
Isolated as the hexafluorophosphate
C,;H,,BMoN,- 205 (h’-C,H%$Mo(CO),| HB(Pz),] CDCl, H* 5-34s —_ HB(Pz), =
0,
H-B——N—N);, (bidentate)
C.H, =
C,H;;BMoN,- 206 (h*-CH)Mo(CO),|B(Pz),] CDCl, H 5-28 — B(Pz), = 53
0,
B——N—N),
C,,H,,BMoN,- 207 (h*-C,H,H)Mo(CO),IB(Pz),l CDCl, H*t 5.24s —
0, CS, Ht 5-03

*Fluxional pentohapto-C,H, ligand assuming the bis (1-pyrazolyl)borate ligand to be bidentate. Alternative possibilities are a heptahapto-C,H, ligand and a
monodentate (C,,H,,BN,) ligand, or a fluxional trihapto-C,H, ligand and bidentate (C,,H (BN, ligand if a 16-electron compound

tHydrogens equivalent due to fluxional behaviour of the C,H, ligand. Alternative formulations containing tridentate RB(Pz), and h*-C,H, ligands or a mono-
dentate RB(Pz), and planar A’-C,H, ligands are considered less likely
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TABLE II1—cont.

Formula No.

C,H;;BMON,- 208

0,

C,,H,,BrMoO,P 209

C,H,,CIMoO,P 210

C,,H,,BrMoO,P 211

C,,H,,BrMoO,P 212

(Br)

(Bn)

Coupling
constant Refer-
Compound Solvent 4 (ppm) (Hz) Remarks ences
(h%-C,H%Mo(CO),|HB(3,5- CDCl, H* 5-26 HB(3,5-(CH,),Pz), 53
(CH,),Pz),]
CH;«(}CH,
= HB— —N—N
(h%-C4H,)Mo(CO),(PPh,XBr) CD,COCD,; H 6-16br, — CH, = H 127
5-41br
H' 5-19t O@ H’
H
(h3-C4H,)Mo(CO),(PPh,XC) CD,COCD,; H 6-26br, — H 127
5-38br
H' 5-30 C@ H’
H
(h3-C,H,)Mo(CO),{ P(n-C ,H,)};l- CD,COCD; H 6-19br, — C,H, = H 127
5-54br
H’ 5.35¢ — C@ H
H
(h5-CyH,)Mo(CO),[P(OCH;),)- CD,COCD, H 5-94br, — H 127
5-74br
H’ 5.18t O@ H'
H

0zl
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C,H,,CIMoO,P 213 (h*-C,H,)Mo(CO),[P(OCH,),]-
(o))

C,H,;JJMOO,P 214  (h*-C,H,Mo(CO),[P(OCH,),I(1)

CHy,IMoO,P 215 (h5-CoH,)Mo(CO),(PPh,XT)
C,H,;IMoO,P 216  (h3-C,H,)Mo(CO),[P(CH,),Ph](I)
C,sH,IM00,Sb 217 (#3-C,H,)Mo(CO),(SbPh,X1I)
C,H,CIMoO,P 218 (#3-C,H,,)Mo(CO),(PPh XCI)
C,H,CIMoOP 219 (h5-C,H,,)Mo(CO),[P(OCH,), -

(Ch
C,H,CIMoO,P 220 (h*-C,H,,)Mo(CO),|P(OPh),})(CI)

(c) Tri-carbonyl derivatives
ICgHMoO, 1= 221  [(#5-C.HIMo(CO),l-

CD,COCD, H 6-04br,
5-78br
H' 5-26t
o-CH,Cl, H ~56
H’ 4.9
oCHCl, H 5-93
H' 4.88
o-CHCl, H 5-77,5-14
H' 4.84
o-CHCl, H 5-93,5-46
H’ 4.88
CDCl, H 4.28,4-73,
5-27
CDCl, H 4.71,4-81,
5.27
CDC), H 4.16,4 .41,
450
Acetone H 5-00s
H' 3.47q
H” 1-47tt
THF H 5.01

Jun-2-9

Jy3-0
Jyn-3-0

Juu3-0

JNH'Z
A

H
(O
H
H
Q%
H

T 31° cis-isomer

T 31° cis-isomer
T 31° cis-isomer
T 31° cis-isomer

The cyclopentadienyl protons of
the 7-tetrahydroindenyl ligand

The cyclopentadieny! protons of
the 7-tetrahydroindenyl ligand

The cyclopentadienyl protons of
the n-tetrahydroindenyl ligand

Isolated as the quaternary ethyl
ammonium salt IN(CH;CH?),]

127

117

117

117

117

134

134

134

129

115
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TABLE 1I1I—con:.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,MoO,P 222 (h*-C;H,PPh)Mo(CO), CHCI, 5-49,5-23 J2.5 — 66
C,,H AsF,,- 223 (h3-C;HIMo(CO)(AS(CGFy),) CDCl, 5-56 — F NMR chemical shifts 1241, 130
MoO, 153-1, 161 -6 ppm relative to
CCLF
C HBrMoO, 224 (h*-C;HMo(CO),Br CDCl, H 5-62s — — 131
CH.CIMoO, 225 (A5-CH,)Mo(C’'O),(C) CDCl, H 5-72s — — 131
CDCl, H 529 — — 132
CHCI, H 5-63 —_— BC + 97-9d (Joyl 75) relative to 95
CS, in benzene '*C’' —32-6
relative to CS, in CH,Cl, as
solvent
CH,MoO, 226 (h3-C;H,)Mo(CO),(D CS, H 5-33 — — 100
THF H 5.74 — — 115
C,,H,BrMoO, 227 (#*-C,H,)Mo(CO),(Br) CD,COCD, H 6-28d — C4H, = H
H’ 5-82t
O@ -~ 127
H
C,,H,CIM0oO, 228 (#*-C;H,)Mo(CO),(CI) CD,COCD, H 6-19d — H 127
Hl

5-82t —
(O

H

(44!
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C,,H,IMo0,

C,,H,,CIMo0,

C4HMo00,

C{HMo0O0,

[CHM00;-
PJ*

C,,H,,GeMoO,

C,,H,,GeMoO,

C,.H,,GeMoO,

CyH.BrHgMoO,

229

230

231

232
233

234

235

236

237

C,H.CIHgMoO, 238

(h*-C,H,)Mo(CO),(I)

(h*-C,H,;  )Mo(CO),(CI)

(F*-C;H,)Mo(CO}(H")

(h3-C H,)Mo(CO),(H)
[(#3-C (H,PPh,)Mo(CO),(H")]*

(h3-C;H)Mo(CO),|Ge(CH}),]

(h*-C H,)Mo(CO),|Ge(CH-
CH?),)

(h*-C H)Mo(CO);| Ge(C H.),|

(#*-C (H,)Mo(CO)(HgBr)

(h-C HMo(CO),(HgCl)

CD,COCD; H
HI
CDCl, H
CDCl, H'
Hexane H
H!
THF H
Hl
Toluene H
CF,CO,H H
H!
CDCl, H
HI
C¢H, H
HI
C¢H, H
Hl' HII
H
CDCl, H
Hl
CDCl, H
SO, H
CDCl, H
SO, H

6-32d
5-79t

4.14,4.47

—-5-52
5-30
—5-52
5-54
—5-59
4.6
5-91,5-69
—5-34
5-24
0-62
4-58
0-61
4.65
1-18m
5-33
5-21
7-36*
5-49
5-62
5-51
5-64

H
(O
H
The cyclopentadieny! protons of
the 7-tetrahydroindeny! ligand

40 MHz
*Midpoint of broad overlapping
multiplet

127

134

67
66

115

132
66
63
64

120

120

135
65

136

136
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TABLE IIl—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CgH;HgIMoO; 239 (h3-C;H)Mo(CO);(Hgl) CDCl, H 5.34 — — 136
SO, H 5-61 -—
[CsHgMONO,I+ 240 [(45-C,H,)Mo(CO),(NH))I* CH,NO, H 57 — Isolated as the tetraphenylborate 137
H’ 118
[CsH,MON,O,]* 241 [(A*-C ;H)Mo(CO),(N,H )|+ CHNO, H 5-91 — Isolated as the tetraphenylborate 137
H' 3.38,3.23
C,HMoNO,S 242 (h*-C,H,)Mo(CO),(NCS) CDCl, H 5-67s — — 131
C,H,F;MoO, 243 (h*-C,H,)Mo(CO),(OCOCF,) Acetone H 5-88s — 100 MHz 138
C,,HMoO,8 244 (h*-C,H)MolOS(O)CH=C= CDCl, H 6-38 Jun2 — 944
CH;XCO), H’ 504,55 Jgyls
C,H,Mo0S 245 (A5-CH,)Mo[OS(O)C(CH,)= CDCl, H 2.04 Juu18 — 944
C=CH;(CO), H' 4.95 Junl4
54
C,,H;M00,S 246 (h-C,H,MolOS(O)C(CH,)= CDCl, H 52,57 Juuls — 944
C=CH,(CO),
CyH,F,MoO,P 247  (K5-CH,Mo(CO),[P(CF,),] Cbcl, H 5-62 Jp2-2 F NMR chemical shift 1264, 130
153-3, 162-1 ppm relative to
CCLF
C,H,,MoO,Pb 248 (h*-C,H,)Mo(CO),[Pb(CH}),} CHCI, H 5-28 - — 65
H' 1-17 JCPb-H)44-5 —
C,cH,MoO;Pb 249 (A3-C H,)Mo(CO),[Pb(C H}),] CDCJ, H 526 — — 65
H' 7-38 —

174!
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C,H,MoNO,S
CgH,Mo0O Si

C,H,MoOSi

C4H,Br,0;-
MoSn

C,H,ClL,0;-
MoSn

C NHlOC]ZOJ_
MoSn

C4H1,0;Mo0Sn
C,H,,M00,Sn

C,oH,,CIMoO,-
Sn

250
251

252

253

254

255

256
257

258

(73-CsH,)Mo(CO),(SCN)
(h3-CsH)IMo(CO),(SiH3)

(5-CH,Mo(CO),|Si(CH),]

(h5-C ;H,)Mo(SnBr,XCO),
(#5-C{H)Mo(SnCLYCO),
(h5-C {H,)MolSn(C1),CH,I(CO),

(h5-C ;H;)Mo(SnI XCO),
(h%-C,H)Mo(CO),ISn(CH),]

(13-C (H,Mo(CO),|Sn(CHJ),CI)

cDCl,
(C,H,),0

cDcl,

CHC,

CDCl,

CeHs

ccl,

5-67s

5-35s
3.85s

5-30
0-07
5-20
0-06

572

5-83

5-5

5-67

541

0.48

5.24
0-43

4-52
0-50

5-37
0-98

J(VSn-H)47-0
J('Sn-H) 49-0
J(''"Sn-H) 46-3
J(*'°Sn-H) 48-3
J(""Sn-H) 46-5
J('°Sn-H) 487

J(*'’Sn-H) 45-6
J(''%Sn-H) 477

131
68

63

139

948

943

948

948

65
140
132

63

64

141

65
132
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TABLE III—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CeH,CL,M00,- 259  (h*-C;H)Mo(CO),(SnCly) CDCl, H 5-66 — — 142
Sn
C,H;)M00,Sn 260  (h>-C H)Mo(CO),[Sn(CH)),] CDCl, H 5-26 — — 132
Acetone H 5-55 — — 65
H’ 7-43m —
THF H 5-44 — — 115
C,H,M00,S 261 (M-CHIMo(SO,CH;XCO), CDClL H 5-49s — — 960
H' 3-29s —
CoH;M0O,S 262 (h*-C;H)Mo(SO,CH;CH3XCO), CDCl, H 5-75s — — 960
H’ 3l2q ‘,H'H"7-5
H" 1-25¢ —
C;H MoO,S 263 (h*-C;H)Mo(SO,CH,CH,XCO), CDCl, H 5-62s — — 960
H' 4.25s — h
H” 7-35m —
CiH,F.;MoO,- 264 (h*-CH,)Mo(CO),[SP(S)F,] CcDCl, H 571 — 9F NMR chemical shift 12-4 125
PS, ppm relative to CCL,F in
CH,Cl, (Jpp1204)
C,H,(M0O,Te 265 (h*-C;H)Mo(CO),(TeC Hy) CS, H 5-28s — 126
(d) Derivatives containing two or more transition metal atoms
Cy3H;0Mo,- 266  {(h*-CH IMo(CO)N=C- CDCl, H 4-79s — — 111
(CsH N H’ 7-22b —

N0,

9zl
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C,;H;;,HgMo,-

012P3

C,H3Mo0,0,

C,.H,Mo,0,

CHxHgMo,-
0,,P,

CasHygMo,-
0,.P,

C,,HMo,-
0,0P,

C;,H ,Mo,-
O,P,

CysHgMo,-
OyoP;

C.HMo,-
O.P,

267

268

269

270

271

272

273

274

215

(h5-C H,)Mo(CO),(P(OCH}),Hg-

{(#3-C,HMo(CO) P-
(OCH,),],}

{[hS-CS(CHJ)S]MO(CO)z}z

[(R*-CHyMO(CO), 1,

{(h*-C,H;)Mo(CO),|P(OCH}), 1},

(Hg)
{(hs‘csHs)Mo(CO)z[ P(OCHZ'
CH), I},
{(h’-C,Hs)Mo(CO)zl P(OC;-
Hy)l},
((h’—CsHs)MO(CO)zl P(OCH-
(CH),, 1},
{(h’-CsHS)Mo(CO)ﬂ P(O-
n-C H,)sl},

{(A*-C ;H)Mo(CO),| P(OC;Hy)-
Ph,l},

CcDCl,

CHCI,

C¢BrF,

cDey,

cDCl,

cDCy,

cDCl,

cDCl,

CDCl,
cDCl,

H

H"
H"

H'

H'

5.06 —
3-64,3.44

1-89s —

4.78 —
5.0

5-95
2:43,1-8-
1-7

5-40d J1.0
3-75d Jpyr 12

5-03d J1.5
1-34t J75

4.90d Jpy -7

5-07d J1-6

1-32d J6:5
5-03 —
517 Jpy 12
4-725(br) —

Hexamethyldisiloxane used as
reference

C.H, = H'"H"
977 H'" H

T 55°

38°
T 38°
T 38°

T 38°

105

187

204

121

122

123

122

122

205
123
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TABLE I11—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
CH, Mo, 276 [(A5-C,H)Mo(CO)N(A*-C ;-  CDCI, H 5.22s — — 205
o.P Mo(CO),(PPh,)] H 4.90d Jon1-9
C¢H,oM0,0, 277 [(h*-C;H,Mo(CO);), CHCI, H 5-38s — Hexamethyldisiloxane used as 206
H 5-48 — reference. 100 MHz 916
CyHgM0,0, 278 {[15-C,H (CH)IMo(CO),}, H 5.20 — 100 MHz 206
H’ 7-19 —
CyH,CLMo, 279 [(A%-C,H,Mo(CO),1,(SnCL,) cbcl, H 5.59 — — 142
OgSn
CH,HgMo0,0, 280  [(#5-C,H,)Mo(CO),](Hg) cDCl, H 5-41 — — 142
C,H,HEM0,0, 281 [(h%-C,HMo(CO),],(Hg) cDCl, H 5.28 — — 136
H 5-40 —
C,H.Mo,- 282  [(A-C.H)Mo(CO),),ISn(CH}),] CDCl, H 5.35 — — 65
O¢Sn H’ 0-85 J(''Sn-H’) 358
J(*'*Sn-H’) 37-4
C,H,Mo;- 283 [(h*-C,H)Mo(CO),},TI Acetone  H 548 - 207
0,Tl
CpHyMo, 284  [(A-Me,SiC,H )M(CO),1, H 5.18t, 508t — 100 Mhz 208
0,Si,
C,HAuMo- 285  (h*-C;H)Mo(CO),(AuPPh;) CDCJ, H 5.30 _ _ 62
0,P
C,HpAuMo- 286  (h5-C,H,)Mo(CO),|AuP(OPh),]  CDCl, H 4.91 — — 62

o,P

8Tl
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C,sHyeAs;-
CuMoO,

C,H s AuMo-
o,P

C3Hy,Mo,-
o,p,

C,,H,CoHg-
MoO,

C,;H, Mn-
MoO,Sn

C,3H,;MoO,Ti

C;;:H,Mo,-
o.P

C IﬁH IOCII-
Mo,0,Sn

287

288

289

290

291

292

293

294

(h*-C,H)Mo(CO);-
CH,

Cu(AsCH,) | As cDcl,
CH, 2

(B-C H,)Mo(CO),|AuP(CH, )] CDCI,

[(h*-C ;H;)Mo(CO),l[(h*-C  H;)-
Mo(CO)I[C H"),PCH"=
CH"P(CHY),]

(-C,H)M0(CO),HgCo(CO),  CDCl,

[(h5-C4H,)Mo(CO),l{Sn(CH),)-  CCl,
[Mn(CO),]

(h5-CH)),TiMo(CO)(h*-C,Hy)  —
[ol¢)

(h-‘-CSHs)(CO)ZMo\ /Mo~(h’-

cO
CH)(CO)P(CHY),| cocl,

[(h*-C H,)Mo(CO),1,(SnCl,) —

H, H’
H”

H'

H’

H'
H”

5-23

4.60s
7.1-72

5-44

5-35
0-80
5-67
6-44

S5-11s
4-72d
7-44

5-65

J(''*Sn-H') 36-9

100 MHz

62

62

957

136

140

209

161

943
948
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TABLE I1I—cont.

o€l

Coupling
constant Refer-

Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences

C,¢HoBr,Mo,- 295 [(h%-C,H,)Mo(CO),](SnBr,) — H 5-67 — — 948
O¢Sn

C,(Hl,Mo,- 296 [(A5-C,HMo(CO),1,(Snly) — H 5-67 — — 948
O¢Sn

C,H Mo,- 297 [(B*-CHIMo(CO),1,ISn(C,Hy),] — H 5-52 — — 948
O,Sn

CyHypMoy, 298 [(h*-C,HMo(CO),LISn(CHy),) — H 5.59 — — 948
O.Sn

CH MO,N,- 299 [(h5-C,HIMo(CO),LISn(SCN),]  — H 5.78 — _ 948
0,S,Sn

C,H,,Mo,- 300 1(#5-C,H,)Mo(CO),l,ISn(NO,),}  — H 5-61 — — 948
N,0,,5n

C,;H,Mo,- 301 {[h%-C,H,S(CH),IMo(CO);}, — H 520t — — 1033
0,Si, 4-90t —

H' 0-16 —

CyuHMo,0, 302 (K°-C,0H,)IMo(CH XCO);l, — n.a. — Complex spectrum 1024

C,H,Mo,- 303 [(45-C,HMo(CO),PPh,);- C,Cl,- H 5.05 Jpy0-8 — 107
0,P,Sn Sn(CH,), CH,CI,

C,H;,M0,0, 304 |(4*-C(H,),Mo(H})IMo(CO), — H ~4.9¢ _ _ 212

H' 18-5 —
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(6) HEXAHAPTO LIGANDS

C,H,MoO, 305

C,,H,,As,M00, 306

C,,H,(MoO,Sn 307

C,H,MoO, 308

C, H, ,MoO, 309

C,,H;MoO, 310

[h5-CH,C(CH}),Mo(CO),

[15-C,H,AS(CH7)CH]As-
(C(H),IMo(CO),

[45-C,H,Sn(CH}),IMo(CO),

(h*-1,3-(CH,),C H)Mo(CO),

[A*-1.4-(CH}),C H,IMo(CO),

(h*-1,3.5-(CH,),CH,Mo(CO),

cpcl,

cpcl,

cpcy,

cal,

CH,CI,

cpal,

CH,CI,

[
& W N =

)
LS

anconannan
Ao b
E

Q

Tz

C.C,

C-CH,
C, C,

cO

5-58m
1-28s

~35
~4
~7

5-57m
0-38s

5-46
033

115-6
96-4
115-6
92.7
98.2
92.7
215
223-1

117-1

212
94-7

223.7

— 143

100 MHz 144

J(*’Sn-H) 53-1 143

J(''*Sn-H) 55-7, 57-0 145
146

32

T 33° 147
1009

148

1009
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TABLE IIl—cont.

(43|

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,MoO, 311 (h*124.5(CH,),C,H)Mo(CO), CH,Cl, C_,.C,1188 — 148
C..C.
C-CH, 191 —
C_,C_ 1011 —
CcO 224 -4 —
C,.H,MoO,P 312 [#-C,H,2-CH}-1-P2-CH)C,- CDCl, H 5950 — — 149
H’}),IMo(CO), H' 2-8,2:35, —
2-2,2-18
H 7-3-6-8 —
C,,H,Mo0OSi 313 [h“-C(,H.—l~CH§-4-Si(CH’,’),lM0~ CDCl, H, H, 5-40 — T 33° 147
(CO), H,, H; 5-77 —
H' 2-25 -—
H” 0-23 —
C,,H MoNO, 314 [h-CH,1-CH;-4-N(CH%),l-  CDCI, H,H, 590 — T 33° 147
Mo(CO), H,H, 519 —
H' 2-11 —
H" 278 —
C,,H,,MoNO,Si 315  [-C(H,1-N(CH});-4-Si(CH?%),]- CDCl, H,H, 516 — T 33° 147
Mo(CO), H,H, 589 —
H’ 2-84 —
H” 0-23 —

[C,,H,M00,1* 316 [(A*-C,H,IMo(CO),]* H,SO, H 57 — C,H, = tropylium cation 910
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C,pHM00,

C,,HgM0O,

C,;H ,MoO,

C,4H,,Mo0,

C,H;Mo0O,

C,H,M00,

C,,H,D,M00,

C,H,(MoO,

318

319

320

321

322

323

324

(h5-C,HMo(CO),

(1,2,3.4,5.6-h%-C,H))Mo(CO),
{1,2,3.4,5.6-h%3,7,7(CH,),-

C,H,IMo(CO),

(1,2,3,4,5,6-k%-2,3,7,7-(CH,),-
C,H,IMo(CO),

(1,2.3,4,5.6-h*-CH,Mo(CO),

(*-C4H,(CH,),)Mo(CO),

(h*-C4H;D,)Mo(CO),

(h*-C4H,;)Mo(CO),

CH,CI,

ccl,

ccl,

CDCl,

cDCl,

C4Ds

CeD

CH, 28-0

CH 61.3,98-1,
103-7

CcO 220-6

H—?e.\'o 2.45d

H-7cndo 3-02

7-CHyero 030

7-CH,ngo 1-40

7-CHyero 0-23

7'CH3¢'ndo 1-37

H,H, 448

H,H, 514

H,, H, 6-23

H,H, 496

n.a.

H 0-6s

H 0-6

H' 04,02

J4.5

148

— 955

— 955

— 955

T —40° 911

Cyclooctatetraene protons give 912

a sharp signal at 80° 150

1020

C4H,(CH,), = 1,3,5.7-tetra- 151

methylcyclooctatetraene 913
Temperature dependence of NMR

spectra analysed
152
152

Olefinic signals at 5-2,4-8,4-5
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TABLE 111—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,;Mo0O;, 325  (h*-C4H,()Mo(CO), CeDs n.a. — Signals at 6 4-5 sext., 3-4m, 2-8t, 152
1-0t,0-2t (J 12-5) in ratio
2:4:2:1:1
CH,p =
=
.
C,H, MoO, 326 (h*-C,;H,,)Mo(CO), — H_, 5-52d — 100 MHz 153
H_, 5.66t —
C.H. = Me
H_, 5.35¢ — e 1 :
H_, 5.73d — 6 ,
5
.
Me
(7) HEPTAHAPTO LIGANDS
[C,oH,sFe- 327  [A-C,HFc)Mo(CO),1* H 5-43s — Isolated as the tetrafluoroborate 154
MoO,]* Fc = Ferrocene
[C,,HM0oO,]* 328  [(h7-CiH,)Mo(CO),|* SO, H_, 4.42 Ju, 1,80 Isolated as tetrafluoroborate 155
H, 613 Jam, 75 C,H, = Hb 910
H_, 6-62 JH}'H‘IO 12, 955
H_, 594 Jy,m, 10 & Ha
H_, 6-62 JunT5 4 7 1))
5 6

0

Pel
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(C,,H;DMoO,]* 329  [(h"-C4H,D)Mo(CO),*

(8) MIXED LIGANDS
(@) Mono-carbonyl derivatives

C;H;MoO,P, 330  (h%-C,H,)Mo(CO)P(OCH}),],-
(CHY)

C,H;MoNO, 331 (h*-C,H,Mo(COXNO)[C-
(OCH:)CH?)

C,H,;MONO, 332 (h*-C,H,)Mo(COXNO)C(OCH}-

CH,)CHY)

H,S0,

D,SO,

CDCl,

CD,COCD,

CD,COCD,

H, H,

6-13
4.42
3.47

—0-15

4-37
337
—0-15
425
6-43,6-0

—0-20

5-08
3-69, 3-59,
3-50
—0-27t

5.44
4-51
7-21
5-37s
4-70q
7-1lm

Ju, 1,80
JH,Hg, 8-5
JH,H, 8-5
JH“H“]IO
JH,H,b9‘0
11,90

The homotropylium structure (I) is
preferred over the corresponding
planar cyclooctatrieny! structure
largely on the basis of the large
chemical shift difference between
the inside and outside C-8

protons
Remaining signals at 4 6-49,6-05 150
150
— 105
— 60
— 60
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TABLE II1—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H;;CIMoO 333 [A*-C(CH ) M -CHIMACO)- CDCYy H 5-45s — — 158
(C) H’ 7-32b
CyH33BrMoO 334 (3-C ,H )Mo (h*-C (p-C.H|- — H 5-29s — — 961
CH’),I(Br{(CO) H’ 7-0s —
H” 2-20s —
C;H;sMoO 335 [A-C(CeHYN(h*-C;HIMo(CO)- — H 4.61s — — 159
(H") H’ 7-3-70m —
H” —6-83s —
CH, H 4.61s — — 159
H” —6-83s —
(b) Di-carbonyl derivatives
CyHyoF3sMoO,P 336  (A%-C H MOo(CF,)(P(CH,),l- CH,C}, F —11-3d — 956
(CO),
C,H;MoO,P 337 (A*-C,H,)Mo(CO),[P(n-C ,H)),]- CDClL H 515 — } o
(CH)) ' 0.02 Jop9-3 cis-isomer T 38 114
H 4-83 Jpu 13 } .
H’ 0.24 Jopy 2.4 trans-isomer
CD,CN H 4.97d Jpul-5 — 160
H' 0-13d Jpy-2:5
H" 1-5,09m —
C,;H MoO,P 338 (h°-CH,Mo(CO),IP(CH%),Ph}- CDCl H 4.71 Jpul-4
(CH)) H’ 030 Jpi2-8 trans-isomer 117
H’ 1-82 Jpu- 85

9t

ONVIGOW 'V dNV SIVD ‘W "LLOWMIIH ‘M 'd



CnHngoozP

C,;H,;MoO,P

339

340

(hLCsHS)MO(CO)ZI P(Coﬂlg)ll'

(CHy)

(h-C;H,)Mo(CO),[(OCH?), -

(CHy)

cDCl,

CD,CN

0-C(H,Cl,

cDcy,

cDCl,

CD,CN

H
H'
H"

H'
H”

H'
H"

H’

H'

H’
H”

H’
H”

H'
H"

H’

H'

H'
H”

|
|
|
|
|

—_—

5.08 Jpu<0-3

—0-18 Jpue 11-8 }
168,165 Jpy-82,80
4.70s —
0-39d Jpn 25
7-39m —
4-45d Jpul-5
0-39d Jpn'3'°
7-3m
5.03

—0-08 JPH 11-0
4.70 Jpul-4
0-58 Jpu 23
5-20s
0-00d J 10-0
3.53d J115
5-05d J1s
0-30d J3:2
3.62d J12:0
5.255,5-10dJ 12
0-33d Jeu 3-0
3.65d, J12
3.55d
5-19 —

—0-01 JpH'9:-7
504 Jpul-2
0-31 Jpw 3:2
5-12d J 15
0-22d J 30
3.55d

Jpy 10

cis-isomer
100MHz T 31°

cis-isomer

trans-isomer
T 38°

cis-isomer

trans-isomer
T 38°

cis-isomer
T 38° 100 MHz

trans-isomer

161

160

114

122

121

114

160
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LE]



TABLE I1I—cont.

Coupling
constant
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks
C,H,MoO,P 341 (h°-C;H,Mo(CO),[P(OCH}),Ph]- CDCl, H 4.84 Jpul-6
(CH;) H' 3-62 Jpy 12-5 trans-isomer

H" 0-32 Jpu~3-0
H 5-05 Jpy <0-5 cis-isomer
H’ 3-46,3-42 Jpy 13-0,11-8 } T 38°
H” —0-21 Jpur 11-6 100 MHz

CyHy;;MoOP 342 (A5-CH)Mo(CO),IP(OC HY),]l- CDCl, H 4-70s — cis-isomer

(CH) H’ 0-29d Jpy 11 100 MHz
H 4-31s - trans-isomer
H’ 0-30d Jpy'3 : )
CDCl, H 4.72 — } .
v 0.27 Jon 103 cis-isomer
H 4.53 Jpyl-2 } trans-isomer
H' 0-29 Jpir2:6 T 38°
CD,CN H 4-60d Jpyl-5 —

H' 0.27d Jpu'3-0
H” 7-3m —

C,;H,MoO,P 343 (h5-CH;)Mo(CO),(PPh,XCH;- CDCl, H 4.71d Jpyl-44 Hexamethyldisiloxane used as

CHY) H'.H" 1-47-1-69m—

internal standard

Refer-

ences

117

124

114

160

162

8¢l
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C,,H,,MoO,P

CyH,;MoO,P

C,H,;M00,
C;,H,,Mo0,P

C,,H,,M00,P

344

345

346
347

348

(#5-C;H )Mo(CO),| P(DPh), -
(CH’ = CHY)

(h3-C,H,)Mo(CO),| P(OPh),}-
(CH;C=CCH?Y)

(h*-C JHMo(CO),(CH,Ph)

(#*-C H,Mo(CO), | P(C(H?"),)-

(CH;CHY)

(h5-C{H,)Mo(CO),| P(OCH}),-
PhI(CH%Ph)

cDCl,

cDCy,

cDCl,

SO,
coay,

cpcl,

cDCl,

H”

H', H"
H

H

H'
HII,HIII
H

H'

H
H’'
H"
H
H’
H”

4-67s
4.51d
1.2-1.7

4.63s
4.49d
6-02m
4.72,4-53,
4-37
2-15d
2:07d

5-12s,
5-0ld
2.0 comp.

2-88
5-27
1-25s
7-6-7-1
4.68*
2-19*

4-69
353
278
4-90

cis-isomer*
J1.2 trans-isomer
100 MHz
*Reviewer’s assignment

— cis-isomer*

J1ti-4 trans-isomer

—_ 100 MHz

— *Reviewer’s assignment

J32

J32

J1-5 —

— T -37°

— Structure uncertain (see below)

Jpyl-4 trans-isomer. 38°

Jpu2-0 *Not consistent with data reported
by Craig and Green (ref. 164)

Jpy 16

Jpu- 119 trans-isomer

Jpu2-9

Jpu <02 cis-isomer

JpH— T 31°

Jpr— MHz

124

124

163

112
164

114

117
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TABLE 111—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,,H,;MoOP 349 (h%-CH;)Mo(CO),|P(OPh),l- CDCl, H 4-63 — cis-isomer. Methylene protons 114
(CH;Ph) H' 2.96 Jpyl0-2 nonequivalent due to lack of
2.60 Jpyl11-0 symmetry of cis-isomer
Jgem10-3
H 4.45 Jpul-3 trans-isomer
H' 2-76 JpH2:7 T 38°
CDCl, H 4.61s,4-43dJpy 1.3 100 MHz 124
H' 2-73d Jpy 2-7
DAy, H 4.45d Jpul-3 100 MHz 165
H 2-76d
C,H,MoO,P 350 (h*-C,H,)Mo(CO),(PPh,XC,H}) CDCI, H 4.84d Jpn1-33 Hexamethyldisiloxane used as 162
H' 7-29— — internal standard
7-49m
C,,H;;MoNO, 351 (h%-C,H,)Mo(CO),(COCH.) cDCl, H 5.34 — cis-isomer, viz.: 167
[C=NC(CH,),] H' 2.46 — Mo
H” 1-50 —_ O/C /COR
OC———CNR
H 519 — trans-isomer, viz.:
H' 2-57 — Mo

H” 1-52

T

RNC————CO

ori
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C,.H,,MoNO,

C,;H,:MoO,P

C,,H,,M0O,P

C,,H,;;Mo0O,P

C,,H,,M00,P

C,sH,(MoN,-
o,p

352

353

354

355

356

357

cs,

(#>-CHIMo(CO),(COCH;} s,
(CNCH,)

(h*-C ,H,Mo(CO),(PEL > cal,
(COCHY})

(#5-C H)Mo(CO),|P(n-C H,),]- CDCI,
(COCH)

CD,CN

(h*-C H)Mo(CO),|P(C,HY,)- CDCl,
(COCH))

CD,CN

(K-CHMK(CO),(COCH})} cDCl,
(PPh,C=CPh)

(h3-C H)Mo(CO),{P[N(CH,),};}- CCl,
(COCH})

H'
H"

H'
H”

H'

H'

H’

H’

H'
H”

H’
H”

H'
H”

H'

H'

cis-isomer

trans-isomer

cis-isomer

{rans-isomer

100 MHz

100 MHz

166

168

169

160

169
161

160

170

168
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TABLE I11—cont.

Coupling
constant
(Hz)

Formula No. Compound Solvent 6 (ppm)
C,,H,;MoO,P 358 (#*-CH,)Mo(CO),|P(OCH?%),l- CDCI, H 5-14d J1.0
(COCH;) H’ 253 —
CcCl, H 522 —
H' 2:50 —
CD,CN H 5.28d Jpul-5
H’ 2:47s
H” 3-62d Jpur 10
C,H,MoOpP 359  (h*-C;H,)Mo(CO),{P(OEY),]- CDCl, H 5.09 J1.0
(COCH}) H' 248
C,H,MoO,P 360 (h-CH)Mo(CO),[(OCH,),- CDCl, H 5-21d J15
CCH,COCH}) H' 2.52 —
C,;HyMoOpP 361  (h-C,H,)Mo(CO),[P(OCH"),]- CDCI, H 4.74d J1.0
(COCH}) H' 2-13 —
CDCN H 4.86d Jpu1-0
H' 2.20s —
H” 7-3m
C,,H;;MoO,P 362  (h-CH)Mo(CO),|P(n-C,H,),}- CDCl, H 5-02d J1.0
(COCHJCH,) H' 2:91q J712
C,;H,,MoO,P 363 (#-C,H)Mo(CO),|MOCH,),]- CDCl, H 5-13d J11
(COCHICHY) H' 2.94q J12
H” 0.6t J1.2
C,H,MoOP 364  (h-C,H,Mo(CO),(PPh,)- cocl, H 4.95d JLS
(COCHiCH}%) H’ 3.02q J1.0
H” 091t J17-0

Refer-

Remarks ences

100 MHz 169
— 168
—_ 160
100 MHz 169
100 MHz 169
100 MHz 169
— 160
100 MHz 169
100 MHz 169
100 MHz 169

[44!
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C,H,MoO P

C,;H ,MoO.P

C,sH,MoO, P

C,,H,;sMo0O;P

C;H;;M00,P

C,;H,;;MoOP

365

366

367

368

369

370

(h-C ;H,Mo(CO),| (OC,H,), -

(COCHCH?)

(h%-C,H,)Mo(CO),[P(OCH,),-
CCH,(COCH,CH!

(h*-C ;H,)Mo(CO),| (OPh), -
(COCH;CH?)

(hs'c5H5)M°(C0)2IP(C6H;V)J]'

(COCH;CH"=CH}")

(h’-C5H5)Mo(CO)2[P(CGH}'{I,]-
(COCH,CH"=CH""CHY")

(5-CHMo(CO),IOCHLY),-
CEt|(COCH{CH"=CH}")

cpal,

cpal,

cDCl,

cDal,

cDCl,

cDCl,

H'
H”

H'
H”

H’
H”

H'
H”
H'"

5-19d
3-00q
0-94¢

5-15d
2-91q
0-85t

4.72d
2-50g
0-72t

4-92d
3-69d
5-80
4-86,4-75
7-36

4.95
368
5-39
5-19
1-61
7-40

5-52d
3-84d
5-86
4.90,4-71
4-51d
1-07

J11 100 MHz
J14
J14

J1-0 100 MHz
J7-3
J73

J1-0 100 MHz
J7.0
J7.0

trans-isomer
100 MHz

Jhp-6-9
Sy 170, 10-8
Jygryg2-4

trans-isomer
100 MHz

Tpyy 10
Jyy-5-0
Jyypgn6-0
AT )

trans-isomer
100 MHz

Jpul-2
Jun71-5
Jynu17-0,10-0
g2 1
Jpun 5-2

169

169

169

164

164

164
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TABLE 111—cont.

Coupling
constant
Formula No. Compound Solvent 6 (ppm) (Hz)
C,0H;;MoNO, 371 (h*-C,H;)Mo(CO),(COCH;Ph)- CDCl, H 5.25 —_
[C=NC(CH?%),]| H’ 415,408 — cis-isomer
H” 1-48 —
H 5-12 —
H’ 424 — trans-isomer
H” 1-48 —
C¢Dy H 4.98 —
H’ 437,430 — cis-isomer
H” 09 —
H 4.90 —
H' 4-57 — trans-isomer
H” 09 —
CS, H 513 —
H’ 3.91 — cis-isomer
H” 1-38 —
H 4.99 —
H’ 4-07 — trans-isomer
H” 146 —
C,,;H;;MoNO, 372 (h%-C,H,)Mo(CO),(CNCH,,)- CS, H 5-20s — cis-isomer
(COCH;Ph) H’ 3.94s — } '
H 5.05s — } rans-i
H’ 4.04s . ans-isomer
C,;H;,M00;P 373  (-C;HMo(CO),IP(n-C,H;");]- CDCl, H 5.05d Jpy 11 trans-isomer

(COCHC H?) H 419

100 MHz

Refer-
ences

167

166

164

124
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C;Hy;MoO,P

Cy,H,,M00,P

C,,H,,MoO,P

C,,H,,Mo0P

C,,H,;MoO,P

C,,H;,Mo0,P

C;,H,,MoO,P

374

375

376

377

378

379

380

(#3-C H )Mo(CO)(PPh,C=CPh)-

(COCH;Ph)

(h-CH)Mo(CO),[P(C H}"), -
(COCHICH?)

(h*-C H,Mo(CO),|P(OCH}"),-
CCH!YCHY (COCH;CH?%)

(#*-C H)Mo(CO),IP(OC(H;"),]-

(COCH;CHY)

(13-C H,)Mo(CO)(PPh,)-
(COC(H,)

(h5-C ;H,)Mo(CO)(PPh,)-
(CH,OCHY)

(h5-C,H)Mo(CO),| P(OC(H,),]-

(CH;OCH,

CDCl,

cpcy,

cDel,

cDCy,

CDCl,

CDCl,

cbc,

H”
H”

H
H’
H
H'
H", H'"

H
HI
HII
HIII
HIY
HY

H
H'
H", H'"
H

H
H'
H”

H
H’
H”
H
H'
H”

7-05
2-18-0-78
comp.

5-09d
4-28s

4.98d
4.30s
7-42

5-25d
4-15s
7-29
4.33d
1-84
0-81m

4.92d
3-79s
7-36
5-09

484
474
3.38

4-78
obs.
3.31
462
4.60
3.56

Jpul-2
JPH‘ 3'6

trans-isomer
100 MHz

trans-isomer
100 MHz

trans-isomer
100 MHz

Hexamethyldisiloxane used as
internal standard

T 38°

cis-isomer

trans-isomer
T 38°

170

164

164

164

162

114

114

SAXATdWOD TANOHIEVD TVIIW-DINVOUO NO VIvd YNWN

54!



TABLE [11—cont.

Formula No. Compound
[CoH,¢- 381 [(h5-CH)Mo(CO),IP(CH!)]-
MoO,P]+ (C,HO)I*
[CHHMo0O,- 382  {(h*-CHMo(CO),[P(C(H,,);)-
PJ* IC(OCH,CH;,)CHY1}*

Coupling
constant Refer-
Solvent 6 (ppm) (Hz) Remarks ences
CDCl, H 5-83s cis-isomer. Isolated as the bromide. 171
H' 7-46m A carbene complex where
H" 4-61 comp. C,H,O = 2-oxacyclopentylidene:
sext. P
3-67 comp. — . /0 CH?
sext. C\
1-60bm CH;—CH}
CDCl, H 5-56d Jpy1-1 trans-isomer isolated as the
H' 7-45m —_ bromide
H” 523t —
4-06bt —
2:16b quin. —
CDCl, H 5-16 — cis-isomer isolated as the
H’ 7-16m — tetraphenylborate
H” 4-10bm —
3-466m —_
2-33 compt. —
CDCl, H 5-10d Jpu 1.0 trans-isomer isolated as the
H' 7-20m — tetraphenylborate
H" 4.35bt —
3-06bt —
1-46b quin. —
CD,COCD, H 5-87d Jpu0-75 Isolated as the tetrafluoroborate 172
H' 4-80 —
H” 325 —

4!
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C,H,sMoO,PS 383

IC,,H,,MoN,- 384
0o,l-

C,,H,;,MoN,0, 385

IC,,H,;MoN,- 386
O+

IC,;H,;MoN,- 387
o+

(h*-C ,H,)Mo(CO),[P(OCH,),]- CcH,
(CHSCHY)

(h5-C H)(CO)Ma " )

N_NH
(h5-CHXCO),MO cocy,

7/
c—c\
(I)H COZEt
NH-NH *
(h%-C H)(CO),Mo_ S l
c—=C

N
OH CO,Et

NH-NCH; T*

/
(h*-CH)(CO,Mq <)
c—<C
N
On COEt

H 4.95 —
H' 3-02 J 86 cis-isomer
391 J 115

H" 249 J0O-5

H 4.93 J14 trans-isomer

H' 2:79 J4-1 T 38°

H” 2-35 —

H 5-16s — Isolated as the quaternary
n-butyl ammonium salt
100 MHz

H 5-66s — 100 MHz

NH,OH 12-31,12-57 —

H 5-59s —
NH,OH 11-10,12-79

Isolated as the PF salt
100 MHz

H 5-65s —
H’ 4-59s
NH,OH 11.91,12-18 —

Isolated as the PF salt
100 MHz

114

173

173

173

173
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TABLE I1I—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
N—NCH;
C,;H,;MoN,0O, 388 (#*-C;H)(CO),Mo;_ ) H 5:63s — 100 MHz 173
c=c H 4-68s —
[N OH 10-03s —
OH CO,Et
CpH,;;M00, 389 (h*-C,H)(CO),Mo-CO_ CcDCY, H 3.03 — T -10° 174
He C]Hz H' 1-29 —
H,/C';C\Ic/cuz H” 361 —
Hll
C,H,;Mo0, 390 (h3-CH,)(CO),Mo-CO CDCl, H 3.06 — _ 174
\ ’
He CH, H 1-40 —
H'/C'—‘—‘-CQC/CH2 H” 1-46 —
CHY
C,H,MoO, 391 (h3-CH )(CO),Mo—CQ CcDCl, H 3.84 — — 174
\ ’
H_ T ?Hz H 1-19 —
cuy” OO CHy H’ ¥ -

8Pl
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C,,H,;BMoN,-
0,

C,,H,,MoN,-

0,

C,H,,MoNO,

C,pH,,M00,

CHY,
cu—NZ

~BH,
\CHV;

392 (K-C4H,)(CO),Mo_
CHEN

393 (hs'CsHs)(CO)zR{O*Q CS,

N=N
Ph”

394 (A-CH)(CO)Mo~CO_
CH}

N
»
395  (A*-CH,CH'CHXh*-C,H,)Mo-

(CO),

cpcy,

Acetone

H
H’
H”

H
H'

H syn
sy’
anti

Hapy

(CDy),CO H

5-6s — — 175
11.3s —_
3.4s —
5-15s 176
5-38s — — 177
4.00s —
2-77 — T 5° 100 MHz 178
270 - Hani
1.64 — @ ) —
102 — \ ¥ “Ham
3.61 — MO"
/\
COo Co

5-26s — T 38¢ 123
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TABLE III—-cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,;M00, 396 (h*-CH,CH'CH,X»*-CyH,)Mo- CS, H 2-244, J7,11 C,H, = H” 109
(CO), 0-85d
H' 330 — O@ "
H 5-87 )
H" 5-56 — H”
CeHy Hsyn 3.60 — T 5° 100 MHz 178
Hgypn 2-39 —
Hanmi —0-68 — O
Honi 1-15 — @ H
H'a 3.37 _ \ ‘\“- anii —
H'b 0-15 — M
7
coO

0S1
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C,C,M00O, 397  (K-CH,C(CH3)CH,Xh*-C,H.,)
Mo(CO),

C,H,MoO, 398 (A-CH,C(CH})CH,Xh-C,H,)
Mo(CO),

CoHgBrMoO, 399  (h*-CH,CBrCH,Xh*-C H )Mo-
(C0),

C,H,,BrMoO, 400 (h’-CH,CBrCH,)k*-C,H,Mo-
(CO),

CeH,

CeH,

CeH,

Hgyn
H i

Hgyn
H anti

H sen
Hanii

Hx_\'n
Hanli

2.91
1.79
1-96

3-68
—0-58
1-63

325
2-04

3-89
—0-35

T 5° 100 MHz 178
179
O oy —
Mo
/N
CO CO

Conformation I predominates when
R = H, Conformation II pre-
dominates when R = CH,

T 5° 100 MHz 178
Br
A Hspen
Hani 178
T 5° 100 MHz
T 5° 100 MHz 178
CH, =

o
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TABLE III—-cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,CIMoO, 401 (#-CH,CCICH,}(h*-C;HMo-  C¢Hq Hisyn 330 — T 5° 100 MHz 178
(Co)z Hann' 2:02
C,H,,CIMoO, 402 (K-CH,CCICHX#-C4H)Mo-  C¢H, Hsyn 4.02 — T 5° 100 MHz 178
(C 0)2 H anti -0-39 -
C,H,,M00, 403  [B-C4(CH,1(H*-CH)Mo(CO), CS, H 4.84 — C,=A 180
H' 72 —
C,H,;;M00, 404  (1,2,3-k*-C.H,Xh*-C H,Mo- CCLF,/ H 4.07s — T —107° 181
(CO), Toluene-dy, H_,,H_, 3-76t Ju .n,66 100 MHz
2:1 H_, 1-13t Ju 1,70 _
HoH_, 62m Jy.u.49 SHi= 2
H,H, 519 — 7 4
) 3
2
CCLF/CS, H 5-10s — T -110° 182
(1:2) H_,H, 427t* J6-7 *The terminal allylic protons (viz. H_,, H ;)
H_, 2-10* J6:7 normally give signals to higher field than the
H . H_, 60t — central allylic proton in m-allyl and butadiene
H, ,H, 500d — complexes. The reverse order in this complex is
CHFC), H_, 2.32 attributed to the magpenc anisotropy of thg
H 4.59 uncomplexed diene moiety, although the possi-
-2 ) bility of the complex having a o-bonded C,H, ring
H_, 6-50 . o e
H 5.40 with additional co-ordination from one of the
-4 ’ other double bonds cannot be ruled out

(4]
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C,H;Mo0,

C,;H,Mo0,

C1oH;M0O,

C,;H,,Mo0O,

C,,H,;M00,S

405

406

407

408

409

(7*-CHC HXh5-C,H,)Mo(CO), C,BrF,

(1,2,7-k*4-CH,C,H,CH,)
(5-CH JMoACO),

[1,2,7-*-3,5-CH,C¢H,(iso-
C,H,),)(h-C;H)Mo(CO),

CBrF,

cDCl,

Toluene-dg

(h*-CH,C H )(h*-C,H,)Mo(CO), CH,

(#3-2-CH,C H,SXh*-CH)Mo-
(CO),

¢,D,CD,

H 5-31s

H’ 2-82d,
1-81d

H” 7-09, 7-03,
6-88,6-31,
5-20

Hgn 2-80

Hani 1-80

n.m.

n.m.

H spn 4-14

Hanli —0-21

H 4.64s

Ha 6-67d

Hp 6-35dd

Hc 4-51d

Hp 3.51d

Hg 1.92d

J6-0
J6:2
J2
J4
J4

T —-30°

T —30° 100 MHz

a-Proton of the 1,2,a-trihapto-

benzyl group 4 6-30

T 5° 100 MHz

a-Proton of the 1,2,a-trihapto-

benzyl group 6 2-13

CH, = ©@

2-CH,C,H,S =

914

178

183

183

178

184
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TABLE II1I—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) Remarks ences
C,H,Mo00,8 410 (#-3-CH,CH,SY#-CH)Mo-  CDCD, H 4.56s — 3CH,CHS= Hg _Hp 184
(CO), Ha 6-50dd  J6 ;
Hp 6-03d J6 Hp
H¢ 4.1 — Hc
Hp 3.18d J4 $~“Ha
Hg 1-53 —_
C,H;MoNO, 411  (#5-C,;H)MolF*{C¢H}),C=N=C- CDCl, H 4.76s — — 959
(CcH),I(CO), H' 7-3m —
C,H)MoNO, 412 [B<(CHJ),CNC(CH;),I(h*- CDCl, H 4.76s — — 111
C HMo(CO), H’ 7-30br —
C,H,,Mo0,S 413 [#-CH)Mo(CO),(r-CH;= CS, H 5-15 — Hexamethyldisiloxane used as 185
S.CH%) H' 2:67,1-89 J6 reference
H” 1.88 —
C,;H;,M00,S 414  (h%C,H,Mo(CO),(1-CH,= S, H 1837 J6 H
S.CHY) H' 1-64s — CH, = 109
H” 5-62 — O@ H"
Hll' 5'96 J—
H"
415  (h-C,H,)Mo(CO),(CF,) H 5-75s — — 156

C,,H,F,Mo0,

157

12!
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(¢) Tri-carbonyl derivatives

C,H,F,MoO,

C,H,DMoO,

C,H;Mo00,

C,,H;;MoO,

C,;H,;Mo0,

C,oH,,M00,

416

417

418

419

420

421

(h*-CH,)Mo(CO)(CF,)

(#5-C {HMo(CO),(CH,D)

(h5-C,H)Mo(CO),(CH})

[15-C (CH,)]Mo(CO),(CH})

(15-CH,)Mo(CO),(CH,)

(15-C H)Mo(CO),(C,H,)

cs,
CHCI,
CH,
CH,C],
CH,CN
CH,
Cs,

Toluene
CDCl,

cal,

cs,

cs,

cDCl,
cs,

H
H
lJC
F

H'

H'

H'

H'

H”
H'"

5-59
5-55

100-9d*
—-11-9d

4.7
5.32
0-40
5-28
0-34
1-87s
-0-03
—0-43s
569
5-35
7-19

525
5-20

JeylTs

Junt 8-9*
Jun* 8-8*
Juut 9-1*

*Relative to CS,

*Calculated from Jy_p

Values taken as evidence for a
strong -donor effect from the
filled metal d-orbitals to the
methyl group.

Hexamethyldisiloxane used as
reference

CH, = H"

H
HUI
0

H'" ,
H'" H

BC + 101-1d (Joyl 75) relative
to CS, ion benzene

132
95
956

186
949

132
65

168

187

109

132
95
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TABLE I11—cont.

961

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H ;M00, 422 (B5-C;H,)Mo(CO),(iso-C,H,) Toluene H 4.8 — — 132
C,H,BrMoO, 423 (h-CH)Mo(CO),(CH:CH%  CS, H 5-13s — — 189
CH}"Br) H, H" 2:0,1.5 —
H'" 317t J1
C,,H;BrMo0O,; 424 (h*-C;H)Mo(CO),(CH;CH;- Cs, H 5-32s — — 189
CH;CH/Br) H' 1-89br, —
I-66br
H” 3-39¢ J6
C,,H,(MoO, 425 (K*-CHMo(CO)(CH)C= CDCY, H 5-52s — — 163
CCH?) H',H” 1.88 comp. — —
Cs, H,H" 1.79 Jiyyn0 — 944
C,;H,;Mo00, 426 (h*-C,H;)Mo(CH,C=CCH,)- Cs, H 20 — — 944
(CO),
C,H,;MoO, 427 (K*-C,H,)Mo(CO),|C=C(CH,), CDCl, H 5-49s — — 190
CH,]
C,H,,M00O, 428 (B-C;H)Mo(CO),(C=CC(H;) CDCl, H 5-57s — — 190
H’ 7.4-62m —
C,H,MoO, 429 (h-C,H)Mo(CO)(CHCH?)  CDC H 517s — - 166

H’ 2-88s — -
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C,H,,M00,

CeH\MoO,

C,H,,Mo0,

430

431

432

cs,

(h'-4-CHC(H."CHEXHS-C H)-
Mo(CO),

(1,2,7-k3-4-CH,C H." CHY)- cocl,
(5-C,H,)Mo(CO),

{h"-3,5-CH;CHYY[CH”(CH}"),]?} CDCl,
(#3-C,H,)Mo(CO),

H'
H”

H'
H”
H'"

H”

2H",
6H"

3_HIII’
5H"

H'

H”

2'"”’,
6-H'"'

3-H’",
S-H"

H
H"

HI'V
HWY

5-14s
2-88s
7-13s

5-17s
2:92s
2-27s
7-04

~5-3
~2:95,1.9*
~2.25
~5-3,4.5%

~6-9*

~2.45%
~22
~5.9%

~6-8*

5-15s
2.93s
2-81 hept.
1-21d
6-90d,
6-72m

- 914
— 183
T —30° 183
*Estimated from published spectra

T +60°

— 183
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TABLE Ill—conu.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,,M00, 433 {1,2,7-h%-3,5-CHiC H!Y(CH"- Toluened, H ~4.9 —\ 183
(CH{" )1, HA*-C;H)Mo(CO), H' ~3.2,1-6* —
H'I'" ~2.7* -_— T —-24°
H ~12 - *Estimated from published spectra
2HIY, ~64,45% —
6_HIV
4HY  ~6.9* — )
H ~4.9 —
H' ~2.3% _
H” ~2.7* —
H" ~1-2 — T +72°
2.HY, ~54* —
6-H'Y
HIYV  ~6-7* _—
4-H 6-7 )
C,;H,,FMoO; 434 (#*-C;H,Mo(CO);(CH,C.H,- CH,Cl, — — YF NMR chemical shift + 0-93 191
F-m) ppm relative to FC H,
CsH,,CIMo0; 435 (h*-C;H)Mo(CO),(CH;CHY- CDCl, H 5-19s — — 166
Cl-p) H' 2-84s —_ -
H” 7-11s — —
C,,H,,Mo0, 436 (h*-C;H)Mo(CO),(CH;CH,- CDCl, H 5-15s — — 166
OCH,p) H' 2-94s — —
C.H,M s (N
1sHMOoNO; 437 (K-C;H)Mo(CO),|CH; N|) cDCl, H 5.14 — — 192
= H’ 2-61

861
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C..H,,MoNO,

C,;H,(Mo0,5

C,;H,MoO;$

C, H,;Mo0O;,

C,;H;M00,

C,,H,F;MoO,

C,H(;M0oO,

C,;H,F,MoO,

438 (hs-csns)Mo(CO),(CH;@) cpci,
=N

439

440

441

442

443

444

445

(h'-2-CH}C H'SXHK*-C,HMo-  CDCl,
(C0),

(h'-3-CH}C H'SXAH-C,H)Mo-  CDCI,
(CO),

(#-CH)Mo(CO),ICH,C(O)-  CS,
OCHY)

(13-C;H)Mo(CO),ICH;C(O)-  CS,
OCH’CH}"]

(h5-CH)Mo(CO)(COn-C,F,)  CHCI,

(h%-C HMo(CO),(CH;COCH?) CDCl,

(h*-CH)MO(CO),(COCF,)  CDCl,

H

H”

H'
H”
H'"

H’
H"

5-23s
3-12s
6-90, 6-83,
6-77

5-10s

2-88s

7-1-7-0,
6-78b

5-35s
1-70s
3-48s

5-37s
1-69s
3.93q
1-18t

5-55
5-35s
2-63s
7-82m,
7-43m

5-50s

BC + 97-9d (J 175) relative to
CS, in benzene

192

184

184

129

129

95

473

193
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TABLE Ill—cont.

Coupling
constant Refer-
Formula No Compound Solvent 6 (ppm) (Hz) Remarks ences
CH%—C(CN),

C,H,MoN,0, 446 h*-C;H)Mo(CO); | C(CH)) H 5-86 — — 194
H' 1-84 —
H3—C(CN), | g 320,368 —

C,H,BrMoO, 447 (h*-C;HMo(CO),(CH;Br) CS, H 5-15s — — 195
H' 3.72s —

C,H,CIMoO; 448 (h*-CH,)Mo(CO),(CH.C)) CS, H 5-42s — — 195
H’ 4.08 —

CDCl, H 5-47 — 166
H' 418 —

C,,H,MoNO, 449 (h-C;H,)Mo(CO),(CH,CN) CDCl, H 5-50 — — 166
H' 1.42 —

H 5-46 — — 163
H' 1-40 —

C,oHgMoO; 450 (A*-C,H,)Mo(CO),(CH;CO,H) (CDCl, H 5-14s — — 196
H’ 1-75s —

C,HMoNO, 451 (h°-C,H,)Mo(CO),(CH,CONH’) Acetone H 5-38s —_— — 196
H' 1-78s —
H” 5-89bs —

CpH,;MoNO; 452 (h3-C,H,)Mo(CO),[C(CH;Ph)= (CD,),SO H 5.54s — — 166

NCH,,] H’ 5-30s — Syn-form
5-72s — Anti-form

091
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C,,H,,CI-
MoNO,

C,,H,;MoNO,

C,,H,F,MoN,-

O,

C,;H,F;MoN,-

0,

C,,H,MoNO,

C,oH,pM00,

CyoH\oM0O,S

C,;H;MoOS

453

454

455

456

457

458

459

460 (h*-C;HOMoA(CO); | C

(h5-C{H)Mo(CO),[C(CH}C,-  (CD,),SO
H,Cl-p)=NC.H,,]
(W-C,H)Mo(CO),[C(CHC,-  (CD,),SO
H,OCH,p)=NCH,,]
(h'-C,N,FX5-C,H)Mo(CO),  CHCI,
(h'-C N,F,Xh5-C,H)Mo(CO),  CHCI,

(h-CHMo(CO),(CH;NCO)  CS,

(h3-C HMo(CO){(CH;OCH’})  CS,

(h-C H,)Mo(CO),(h’-CHISCH?) CS,

H

H”
H"

5-57s
5-31s
5-74s

5-51s
5-39s
5-69s

42.0

n.m.
n.m.
107-4

5-43s
3.69s
5.29s
4-59s
3.25s
5-38
2-38
2-18

5-58s
6-42t
5-10
5-48

J31.0,31-0

Jypg2-3
Jygoyge15
Jyp2'5

Syn-form
Anti-form
Syn-form
Anti-form
C,NyF, = F
N
—_ < O N
N
F
CN,F,= F

Hexamethyldisiloxane used as
reference

BC +99-6d (Jcyy 175) relative
to CS, in CH,Cl, as solvent

166

166

197

197

198

195

185

163
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TABLE 11l—cont.

Formula No. Compound Solvent & (ppm)
C,,H,MoOS 461 (h*-C,H,) S(CH)-$=0
Mo(CO),| — . / CcDCl, H 5-58s
c Io) H' 2.05t
7\ H” 5-06
H” an H’" 543
C|2H,°M005s 462 (hs-CsHs)— //C(CHS)_S:O H' 2.40
Mo(CO), |~ ‘ H” 519
C O H" 5-55
7N
HII Hl!i
roca
//C—S=O
C,;H;;M00,8 463 (W-CHMo(CO),| C CDCl, H 5-29s
-0 H' 7-48s
4\ e H” 5-24
H H H" 5.72
(d) Derivatives containing two or more transition metal atoms
CiHM0,04- 464 [(3-C;H)Mo(CO),(COCH})],- CDCly H 4.92t
P, (Pf—Pf) H' 2-66s
C.H,Mo,0,- 465 [(h*-C,H,Mo(CO),(COCH)),- CDCl, H 5.01d
P, (Pf=Pf) H’ 2-51s

Coupling
constant Refer-
(Hz) Remarks ences

. — 163
Ju2:0
Jyrpm14-5
Junu2-0
JuH2-0 — 156
Hyoy14-0
Jyun2-0
. —_ 163
JO-5 100 MHz 210
— (Pf-Pf)=(Ph,PCH,CH,PPh,)
J15 (Pf=Pf)=(Ph,PC=CPPh,) 210
— 100 MHz

(4421
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C.HMo,0, 466 [(A5-C,H)Mo(CO),(COCH)),- CDCI, H 4-88s — — 161

P, [P(C,H?),CH,CH}(CH?),P] H' 2.69m
H" 7.38m
C,H Mo,0, 467  [(h°-C,H,)Mo(CO),(COCH,)], CDClI, H 5.08s — 100 MHz 211
P, [P(C,H2),CH{C=CCH%(C (H.),P] H 7.58,7.50 —
H” 3.37d J6
CoHy;M0,0,- 468  [(A5-C,H)Mo(CO),(COCH,)}l, CDCl, H ~4-8 — 100 MHz 5
P, {(PPh,(CH,),),PPh}
CiHM0,0,- 469  [(h-C,H)Mo(CO)(COCH/C,- CDCI, H 4-89t JO5 100 MHz 210
P, H")),(Pf—Pf) H' 4.41s
H” 7-3-7.1
comp.

| C|H;Mo(c0),(h5-C5H5)l

C-$=0
/
CoH,M0,0,S 470 (h’—C5H5)Mo(CO),(C/ T H 5.56,5:52 — — 163
b H’ ~2.0 —
Cc-0
/ \ HII, HIII ~5'3 —
H
*
CpHM0,0, 471 @6 6@
MoCH, MoCH,
(CQO), (CO),

CHCl, H 0-14 Signals at 6-28dd (J 2, 3), 5-99, 109
5-13d (J 3),4-38t(J 3),3:27b,
(J~10),1-41bn.a.

*Dimerization believed to be due to the formation of a carbon—carbon bond between unspecified positions of the two seven-membered rings rather than
to metal-metal bonds
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TABLE I1I—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(9) MISCELLANEOUS MOLYBDENUM COMPLEXES
1C,,HM0,0,5]= 472 [Mo,(CO),,(H)]~ CH,0H —12:5 — Isolated as sodium salt 199
cis-isomer Jyl13c4-3. trans-isomer
Jul3c4 3or<3.0
THF —-12-15 — Hydrogen bridging between the
two metal atoms 915
IC,,HM0O,,W]-473  [MoWH(CO),,]- THF —12.37 — Hydrogen bridging between the
two metal atoms 915
C,,;H,;BMoN,- 474 [HB(P2),IMo(CO),(H) CH,CI, ~33 — HB(Pz), = @ 53
- O}
HB—(—N=N),
CsHyBMoN,- 475 [HB(3,5-(CH;),P2),IMo(CO),(H) CH,CI, -35 — HB(3,5-(CH;),Pz) = 53
0,
CH, —CH,
HB—(—N—N),
(CH B,y 476  [B,H,,COMoCO(CO,)}*- CH,CN A metalloborane isolated as the 200
MoO,]*- [ tetrabutyl ammonium sait. !'B

NMR chemical shifts 24-70 (/
123),28-95 (J 148), 31-28sh,
36-40sh, relative to trimethyl-
borate at 32 MHz

91
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IC.H,.B, - 477 |(B,oH,,COH)Mo(CO),I- CH,CN
MoO,]-

C,H;MoN,0, 478 Mo(CO),IN(C(H,)=CH.CH= CDCl,

(C¢H, NI
Ph,P_ PPh
Vd 2
C,H,;,Mo0,P, 479 Mo(CO),( H /C=C\H )(CH;)ZCO
[C¢H, B, 480  (m-(3)-1,2-B,C,H,;)Mo(CO);-

MoO, - (CH)I-

8-52

~0-49

Jpy 47, 8

A metalloborane isolated as the 200
tetramethylammonium salt. ''B
NMR chemical shifts 16-4 (J
108),23-71(J 124),27-67
(J 128), 31-38sh, 33/35sh,
relative to trimethylborate at
32 MHz

— 201

60 and 100 MHz 202

A dicarbollyl derivative isolated as 203
the tetramethyl ammonium salt.

{(3)1,2-B,C,H,,1>~ ion:

sp? orbitals directed at vacant
3-vertex formed by removal of
f-atom 3
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TABLE I1l—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
(C,oH;;M0oOg- 481  [(m«(3)-1,2-B,C,H,,)Mo(CO);- CH —2.5to — Isolated as the tetramethyl 203
wi- W(CO),}*- -28 ammonium salt
Proposed structure:
C,H;;M00Se 482 (CO)Mo[Se(CH,)CH'(CH)-  CDCl, H 7.65m — 80
(OCH/M) H’ 5-15q —
H" 1.58d —_
H" 3.53s —

991
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TABLE 1V

Tungsten complexes

Coupling
constant
Formula No. Compound Solvent 4 (ppm) (Hz)
(1) MONOHAPTO LIGANDS
C,,H, AsO,W 1  WIC(CH,)OCH}IIAS(C{HY,l- €D, H 2.48s —
(CO), H' 3.99s —
H” 7-34m —
C,H,,0,PW 2 WI[C(CH,)OCH;][P(C¢H")]- C¢D, H 2-42s —
(CO), H’ 4.00s —
H” 7-34m —
CHCI, H 2.50 —
H' 4.05 —
IC,,H,,0.PWI- 3 {W(COCH,)IP(CH;),(CO)}~ CHLC, H 2.10s —
H' 7-34m —
H” 3.47q —
H'" 1-10t —
[CyoH,008bW]- 4 {W(COCH,)ISb(CH,)I(CO)}~ CH,Cl, H 7-34m —
H' 3.35 —
H” 0-97 —
C,H,;NOPW 5  WIC(CH)NH"CH;I[P(C(H,);]- C.H, H 211 —
(CO), H' 2-70 JreS -0

Refer-
Remarks ences

— 945

— 945

Isolated as [LI{CH;"CH50CH,- 945
CHj,),]* salt
cis-isomer, viz.

|
\P

A0
|—c
_/_ W / “CH,
cis-isomer. Isolated as the 945
[Li(CHCH]OCH,CH,),|* salt

CH, groups 947
trans to each other
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TABLE 1V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz2) Remarks ences
C,:H,,NO PW 6 WIC(CH,)NH"CH;IIP(C(H,);]- CHCI, H 2-17 — CH, groups cis to each other 947
(CO), H' 2.40 Janes-3
C(H, H 2.00 -
H’ 1-60 —
(C,H,O,W]- 7  [W(CECCH,XCO),l- CH,Cl, H 1-59 — Isolated as the bis(triphenyl- 19
phosphine) iminium salt
C,HOW 8 WI(C(CH,)=OCH:|CO), CHCl, H 2-80 — — 17
H' 4.45 —
C.H, H 231 — — 33
H' 3.83 —
CH,O0W 9  WI[C(CH,~OCH,CH%(CO), CDCl, H 2.93t Sy 0-45 60 and 100 MHz 39
H' 4.98 —
H” 1-61t
C,,H,,0,W 10  WIC(CH,CH,CH,CH")= CDCl, H 330t — 60 and 100 MHz 39
OCH}"CHIVICO), H’ ~1.40m
H” 0-93t —
| S5-11q
HY 1-65t
C,;H,O0W 11 W[C(CH,)»>~OCH;CO), C.H, H 7-04 — — 33
H' 396 —
C,H,,0,W 12 WIC(C(H,~OCH,CH3)(CO), CDCl, H 7.28m — 60 and 100 MHz 39
H’ 4.90q —

H” 1.62t —

891
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IC,H,0,WI-
[C,,H,0WI-

CH,NOW

CH,NO,W

C,HNO,W
C,H,NO,SnW

13 [W(COCH,XCO),l~

14 [W(COCHXCO),]-

15  WIC(CH,)NH"CH:I(CO),

16 W(C(CH,)NH"CH}|(CO),

17 W(C=NHXCO),
18 W(C=NSn(CH,),(CO),

(2) DIHAPTO LIGANDS

CyH,;0,PW

CyH,,0,PW

19 (CO),W—P(Ph),
Hll\
C=C
]
H
(CO);W—P(Ph),
20 CH';\CT
H” —|

CH,Cl,

CH,CI,

CHCI,

CeH,

CHCI,

(CH,),CO

CeH,

cDcl,

cDal,

H'

H'

H'

H’

H'

H'
H”

H'’
H”

2.37
330

7-38
306

2.92
3.55

2:24
2-68

5.58
0-10

5-64
375
323

5.58
467
218

Jy-0-95
Jun0-95
.’l_{'l_{”4> 9

Jun-0-9
Jyp0-45
TS|

J(*'*Sn-H) 60
J("'"Sn-H) 56

Sy 9-0
T30
Ty 140

Juu 10-0
Jury6-2

Isolated as the (CH;),N* salt 33

Isolated as the (CH;),N* salt 33

CH,; groups trans to each other 947

CH, groups cis to each other 947

— 1017

— 1017

— 52
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TABLE IV—cont.

Coupling
constant
Formula No. Compound Solvent 4 (ppm) (Hz)
(3) TRIHAPTO LIGANDS
CH,BNO,W 21 (h-CH,CHCH,)W(C,H,N,)- CDCl, n.a.
(C1H,sBN,XCO),
C,HBrO W 22  (B-CH,CH'CH,)W(CO),Br CF, Hgy, 3-84d J7
Hoani 3.13d J11
H’ 5.44m —
Hs_vn 311 J8
H ami 2-17 J9
H’ 4.98m —
C,H,JOo,W 23 (P*-CH,CH'CH)W(CO),I CF, Hyn 4-15d J7
Hoani 3-24d J11

H’ ~5-29m

Remarks

C,H,N, = pyrazole

CyoH (BN, = Et;BAN—N=),

Signals at 6 7-9d (J 2:0), 7-72d
J2-3,0-5),7-14m, 6- 20t (J
2.2),3-2mands, 1-8d (J 8-0),
~0-9m and 0-38s, in ratio
3:2:1:3:3:2:5:5

Major isomer

Benzene reference
HI
~ 2 Hsyn
Y
Hmni
Minor isomer

oc| X

oc” >co

7

Major isomer
Benzene reference

Refer-
ences

81

213

0Ll
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(4) TETRAHAPTO LIGANDS

C MH 1602W

CH,0W
CIZH1204W

C IGHIROGW

C.;H,,0,W

C,H,0,W

24

25
26

27

28

29

(h*-C(Hy),W(CO),

(h*-C ,H)W(CO),

[#*-C(CH,),IW(CO),

[#*-C{(CH,)|W(CQ),

(1,2,5,6-h*-C{H,,)W(CO),

(h*-C,Hy)W(CO),

CS,

cDCl,

Cs,

CeH,

Cs,

Hayn 3.32d
Hanii 2-32d
H' ~5:29m
CH 4.67dd
2-83bs
CH, 2-09dd
1-76dd
4.02
2-14
H 2.00s
H' 0.95s
H_,H_,
H . H. } 4.45bs
Hos Hool 5 620s
H_,H_,
H 1-83,3.86
H 4.63t
H' 3-96bs
H” 1-08s

JS
J9

J6,3

J11,3,1
J11,3,1

Minor isomer

C.Hg = 1,4-cyclohexadiene

T37°

C,H, = cyclobutadiene
C(CH,), = tetramethyl-cyclo-
butadiene

CG(CHa)sz CH CH; CH,
3

e L

CH;

CH,
C4H,, = 1,5-cyclooctadiene

T37°

C-,Hs = H” H”

H’

214

54

54

56

214

93

214
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TABLE IV—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C, H,CIOW 30 (h-C,H,CHW(CO), cDCl, H_,H_, 391 — 58
H,H_, 436 —
H ,H, 450 —
H_, 3.44 —
(5) PENTAHAPTO LIGANDS
CiH,,LNOW 31 (B5-C,H)W(I),IN=C(C(CH;),),]- CDCJ, H 5-77s — — 98
(CO) H' 1-40,1.18 —
CH,LNOW 32 (#-CH)W(I),[IN=C(CH})- CD(Cl, H 5-58,5-50, at T —40°, -20°, 0°, +20°, 40°
C(CH*%),}(CO) 5-52,5-43, resp.
4.54
H' 7-56,7-43, at T —40°, —20°,0°, +20°—
7-49,7-45
H” 1-34,1-33, at T —40°, —20°,0°, +20°, +40° 99
1-37,1.31,
1-39
C, H yNOPW 33 (A%-C H,)W(NOXPPh,XCO) C:D, H 4.79d Jpy0-6 — 59
946
C, H;CIOP,W 34 (h*-C;H)W(CIXPPh,),(CO) CDCl, H 5.02 — —_ 108
C,HBr,O,W 35  (B-CHYW(Br),(CO), (CH,)CO H 6-40 — 100 MHz 108
C,H.CL,0,W 36 (A*-C,H))W(CD),(CO), (CH,),CO H 634 —_ 100 MHz 108
C.H,1,0,W 37 (A3-CHOYW(),(CO), (CH)),CO H 6-40 —_ 100 MHz 108

Ll
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C,(H;:NO,W

C,gH;,NO,W

C,HsNO,W

C,;Hy  NO,W

CIJHIONZOZW

C,HNO,W

C,H,:0,PW

38

39

40

41

43

44

(1-C H)W{N=C[C(CH)),],}-
(CO),

(H-C H)WIN=C(CH})
C(CH%),)(CO),

(3-CH)WIN=C(C,H),|(CO),
{#5-C HW{NIC(C,H),1,{CO),
(5-C,H)W(N,C HIXCO),
(15-C,H)W(NOXCO),

(#°-CH)W[P(CH});I(H")-
(CO),

Toluene

CeD,/CD;

cDcl,

cDcl,
CHCJ,
cbcl,
cDcl,

(CD,),CO
CH,

H”

H'

H'

H’

H’
H”

H'
H”

H’
H”

5-45
112
4.98
0-97
565
1.08

5.60
7.41
120

5-98s
7-37b

4.77s
7-25b

581
727

5.66s
5-91s

4.83
115
—7-33
4.38
078
—8.32

4.23
079
-7:51

T 25° 98

T —80°

T 25°

— 99
— 111
— 111
— 215
— 59
— 60
_ 216
cis-isomer at —28° 113
100 MHz 1025
trans-isomer at ~28° 113
100 MHz 1025

SIXITINOD TANOHYVO TVLAN-DINVOYO NO V.ivd AN

€Ll



TABLE IV—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H,,0,PW 45 (b5-CH,)W[P(CH;CH?),l- CH, H 4.74 — — 216
(H"XCO), H' 1-2 —
H" 06 —
H" =111 Jyp 45
— H 4.69 Jpy <0-3 cis-isomer at —28° 113
H" —8.31 Jp64-3 100 MHz
Jwn47-5
H 4.55 Jpy0-8 trans-isomer at —28° 113
H'" -7-76 Jpyn22-4 100 MHz
Jyy~47-5
C;H,CIOPW 46 (h3-C H)W(CDHIP(C,HY),l- CHNO, H 5-66 — — 137
(COy, H’ 1.91,1.05 —
[C4H,;0,- 47  {(h*-C,H)WIP(CH;CHY),1- CHNO, H 563 — Isolated as PF salt 137
P,WI* (CO)Y H' 2.03 —
H” 11 —
C ,H3;;0,PW 48  (h-CH,)WIP(n-Bu);(H'XCO), CDCJ, H 5-50s — 100 MHz 119
H' -7-90 —
C,H,CIO,PW 49 (K-CH)W(CDIP(C(H:),(CO), (CH,;),CO H 57 — — 137
H' 75,74 —
C,H,,0,PW 50  (B-CH)WIP(CH),H(H"XCO), CDCl, H 5-25s — 100 MHz 119
H" —8.00 Jpp~ 54-0
C¢H, H 4.70 —
H' 7-0 —
H” —7-48 Jwp45

PL1
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C,H,,BrOPW 51 (#*-C;H,)W(Br)IMOCH;),-
(CO),

C,H,CIOPW 52  (h-C,H,)W(CI)[P(OCH}),|(CO),

C, H, JOPW 53  (h%-C,H)W(DIP(OCH}),|(CO),

C,H,;O0,PW 53a (h*-C,H,)W[P(OCH;);I(H")-
(CO),

C,;H,,0,PW 54  (hS-C;HWIP(OCH,),CEt}-
(H'XCO),

C,H, O,PW 55  (i5-C,H,)WIP(OCH,),(H")-
(CO),

C,eH,0AUO,PW 56  (h5-C,H)W(AuPPh,XCO),

cDCl,

cDcy,

cDCl,

cpcl,

CeHq

cDcl,

cDCl,

cDCl,

H
H”

H”

H”

H'
H”

H'

H'
H

4.33
—6.97
4.23
-7-19

5-62s
5-47d
3.73d
3-70d

5-67s
5-48d
3-75d

5-60s
5-45d
3.70d

5-40s
5-15d
3.53d
3-62d
—17-85 sext.

4.95
3.29
-7-70
5-24s
—8-28
4.81s
-8-14

538

Jpy <03 } cis-isomer at ~27°
‘IPH" 66-1 100 MHz
Jpy0-8 } trans-isomer at —27°

Jpyr 21-4 100 MHz
— 100 MHz
J20
J12-0
— 100 MHz
J2.0
J12.0
— 100 MHz
J1-2
J12

60 and 100 MHz
J1-2
Jpy- 12
Jpu- 66
Jp-46
Jwh-45
— 100 MHz
Jpn' 580
— 100 MHz
Jpur 75-4

113

113

121

121

121

121

216
1025

119

119

62
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TABLE 1V—cont.

Coupling
constant
Formula No. Compound Solvent b (ppm) (Hz)
C,H,BrO,W 57 (k5-C,H)W(BrXCO), cDCl, H 5.74s —
CH,CIO,W 58 (h3-CH,)W(CIXCO), CDCl, H 5-74s —
CHJ0,W 59 (K-C,H)W(IXCO), CDCl, H 5-70s —_
C,H,4As;- 60 (h*-C,H,)W{Cu(AsCH,)[AsC,- CDCl, H 5-20 —
CuO,W H;-2,6(CH,),1,}(CO),
C,H,,GeO,W 61 (h*-C;H,)WIGe(CH}),(CO), CDCl, H 5-33 —
H’ 0-62 —_
CH, H 53 —
H' 063 —
C H;iGeO,W 62 (B°-C;H)W(GeCH;CH)),(CO); — H 5-37 —
H’ 1-14 —
C.H, H 4-63 —
H 1-16 —_—
CyH,GeO,W 63 (A-CH)WI[Ge(C-H),I(CO), CDCl, H 5-36 —
H 745 —
C,H,0,W 64 (h*-CH)W(H'XCO), C H, H " 4.59 —
H' ~7-16 Jwi37
Hexane H 5-35 —
H’ -7-33 —
cDCl, H’ ~730 JOPW-H') 375

40 MHz

220 MHz

Remarks

64
63

120

135

120

65

216

66

67
219

9L1
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C,,H.Co-
HgO,W

C,,H,;Br-
MO, W

[CgHgNO, W]~

[C4H,N,-
oWl

65

66

67

68

(5-C ;H)W(CO),HgCo(CO),
(h*-C,H,W(CO),MgBr. THF
[(h*-CH)W(NH.XCO),}-

I(F*-CH)W(N,HXCO),]-

cDCl,

cDCl,
C.H,
CH,NO,

CH,NO,

H'

H'

H'

—7.3

5-65

4.56s

5-76
1-56
59

348
328

J(*®W-H") 36-7

J(3CO-cis H")
185

J(BCO-trans HY)
5-5

T —-70°

220

The structure deduced is that with

the hydrogen atom and the
carbon atoms of the carbony!
groups lying at the corners of

a

square. The molecule is fluxional

and undergoes rapid intra-

molecular interchange of hydride

and carbonyl positions. The
barrier to interconversion for

most hydrides is sufficiently low

(10—13 kcals) for averaged

spectra to be observed in NMR
experiments performed at room

temperature and may have led

to erroneous interpretations of

quantities of cis- and trans-
isomers of hydrides in the

literature. The barriers are higher

for methyl complexes (17-20
kca! for molybdenum deriva-
tives) and halides (>22 kcal)

40 and 60 MHz

136

THEF gives signals at 6 4-00t and 120

1-42
Isolated as the tetraphenylborate

Isolated as the tetraphenylborate

137

137
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TABLE IV—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,00;PbW 69  (h-C,H)W[Pb(CHJ),)(CO), CDCl, H 5-43 — — 65
H' 7-5m —
C,H,NO,SW 70 (h3-C,H)W(SCNXCO), CDCl, H 5-19s — — 131
C,H,O,Siw 71 (B-CH)W(SIHXCO), Et,0 H 5-50s — — 68
H’ 3.82s —
C,,H,,0,8iw 72 (h*-C,HOWISI(CH3),)(CO), H 5.44 — — 139
H’ 0-14 —
CDCl, H 5.38 — — 63
H' 0-09 —
C,H,,F,0;- 73 (B-C,H)W[Sn(CH,),CF;)(CO); CHCI, H 04 J('''Sn-H)48 60 and 100 MHz 221
SnwW J(1'*Sn-H) 50
F 47.5 J("'Sn-F) 210  CFCl, reference 221
J('¥Sn-F) 220
C,H,,0;5nW 74 (h*-C,H,)W[Sn(CH});|(CO), CHCl, H 5-47 — 60 and 100 MHz 65
H' 0-60m J('Sn-H') 46-4 146
J(1*C-H') 129
CDCl, H 5-33 — — 64
H’ 0-45 — 63
C.H,,0;SnW 75  (B*-CH)YW[Sn(C H)),(CO), CDCl, H 5-39 — — 65
H’ 7-42m —
C..H,Cl;- 76 (A*-CH)WI(Sn(CD),CH,I(CO); — H 5.52 — — 948

0O,SnW

8L1
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C4H,Br;0;-
Snw

C4H,C1,0,SnW

C4H,1,0,5nW

CisH MnOy-
SnW

CIJHIGOJW

CyH(O,PW

C26H|9BF3'
O,PW

[CH,0sPWI*

77

78

79
80

81

82

83

84

(#3-C {H)W(SnBr,XCO),
(h*-C,H,)W(SnC1,XCO),
(h*-CH,)W(SnLXCO),

(h*-C ;H,)W(CO),[Sn(CH});Mn-
(CO),l

[1-C (CH,),JW(H'XCO),

[45-C {H,P(C,H),IW(CO),

(A5-C ,H,P(C¢H,),JW(CO),(BF,)

{[15-C ;HP(C H.),IW(H")-
(COy}*

(6) HEXAHAPTO LIGANDS

C,H0,W
C lOHBO.‘W

CIIHIOOJW

85
86

87

(h5-C H )W(CO),
(h*-C,H,CH)W(CO),

[A6-1,4-CH,(CH}),|W(CO),

ccel,
cs,

CHCI,

CH,Cl/
Et,0BF,

CF,CO,H

cs,
Cs,

cDcl,

H'
H”

H’

H'

H'

5-81

5-98

5-76

541
0-82

2-20s
—6-85s

5-49
5-22
~7-85

6-00
5-73
~7-85
-7-15

5-23

5-2 comp.
2.38s
5:23s
2:31s
5-56
5-45
231

J(SnH') 37-3

J25

WH”36

100 MHz

T37°

T 37°
T 37°

T 37°

T 33°

948
943
142

948
140

214

66

66

66

214
214

214

147
1009
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TABLE 1V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent & (ppm) (Hz) Remarks ences
C,,H,0,W 88  [A%-1,3,5-C;H,(CH),JW(CO), CS, H 4.90s — T37° 214
H' 2.41s —
CH,Cl, BCH- 909 —_ Relative to TMS at 22-62 MHz. 148
B3CCH, 111-1 — Corresponding chemical shifts 1009
BCH, 209 — of free ligand are: 1276, 1386,
BCO 2126 6 — 21-4 and 181-5 resp.
C,,H,,0,W 89  [Ah%1,24,5-C4H,(CH,,IW(CO), CH,C, BCH 973 — Relative to TMS at 22-62 MHz. 148
BCCH, 1079 — Corresponding chemical shifts of
BCH, 18-9 — free ligand are: 131-6, 1344,
BCO 2137 — 19-2 and 1815 resp.
C,,H;NO,W 90 {h*C.H,I(CH)-4IN(CH%),]- CDCl, H, 568  J*T1 Jr=J+J 147
W(CO), H_; 5-16 Jt3.8 Jt=J,+Jy
H' 2:23 — T 33°
H” 2.81 —
C,;H,(O,SiW 91 [K-CH,-1(CH)-4(Si(CH%),)]- CDCl, H, 5.24 J*6-45 T 33° 147
W(CO), H_, 5-55 Jt2.5 J*, Jt (see above)
H’ 2-42 —
H” 023 —
C,H,,NOSIW 92  [K-C,H,-1(N(CH}),)-4(Si- cDcl, H, 5-10 J*1:2 T 33° 147
(CH?),)IW(CO), H, 5-66 Jt 4.0 J*, Jt (see above)
H' 2-88 —_

H" 0-23

081
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[CH,O,WI* 93 [(h*-CgH,)W(CO),]*

C,oH,0,W 94 (h5-C,Hg)W(CO),

C, HO0,W 95  (h*-C4HyW(CO),

(7) HEPTAHAPTO LIGANDS
C,H,I0,W 96  (h-C,H,)W(IXCO),

SO,

Cs,

CH,CI,

C¢H,Br

CHCI,

n.a.

ISCH

BCH,
lJCO

H
H'
H"
H'"

*H
*H'
‘H"
‘HIII

H

4.29
5-98
6-57
5-80
3-79
0-28

52-3
94.2
101-7
287
211-6

5-32s
4-37d
5-52d
6-24bs

5-3bs
4-53bd
5-5bd
6-16bs

5-37s

Jia =189
Jya=J5675
J14=J4 510
Jlazjv.a8'5
Jip J2.59-0
Jﬂ,b 115

J11
J11

CH, = Hb 155

C,H, = cycloheptatriene 214
Olefinic signals at 8 6-13dd (J 5,
2), 4-88 comp., 3-6 comp., and
CH, at~3-6. T 32° 22-62 MHz.
Corresponding chemical shifts 148
for the free ligand are: 121-3,

127-3,131-3,28-7 and 181-5

T 5°. Structure: ‘ . 222
H’ H” H
. v -
HII
H | H'
W(CO),
214

*Reviewers assignment

T 37° 214
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TABLE 1V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent d (ppm) (Hz) Remarks ences
(8) MIXED LIGANDS
(a) Monohapto/pentahapto derivatives
C,H;;NO,W 97  (B-C;H,)WI[C(C,H)=0OCH4l-  (CDy),CO H 5-54s — — 60
(NO)CO) H' 7-23m —
H” 4.36s —
C,H,,0,PW 98  (h*-C,H,)W(CH)IP(C HY),}- CDCl, H 4-73d Jpul-S — 161
(CO), H’ 0-58d Jpu2-5
H” 7-41m —
C,H,,0,PW 99  (AS-C,H,)W(CH)IP(OCHY),l- CDCl, H 5-30s 60 and 100 MHz 121
(CO), 5-14d Jpy 1-2
H 0-41d Jpu- 36
H” 3-60d Jpy 12
3-53d —
C,H,,N,O,W 100 (h’AC5H5)W—1\< (CO), — H 5-43s — 100 MHz 173
O NH” H’ 1-61s -—_
{ H” 13-63s —
C—C
/ \ 13-21s —
H"O COCH;
[C,H,N,O- 101 | (h5-CHI)W-N(CO), - H 5-18s — Isolated as the tetra-n-butyl 173
A 'O\N H' 4-19q — ammonium salt
C—C/ H" 1-33t —

0/ N\ H" 10-33s —
H" CO,CH;CH

81
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C 1 ZHIZNZOSW

[c lenNzos'
Wi+

C IJH I4N205w

[C1;HsN,O5-
Wi+

C,H;,0,PW

C3,H,AsF,-
oW

102

103

104

105

106

107

(h5-C,H5)W—r~€ (CO),
O /rq H"
C—C

/7 N\
H"O CO,CH;CH,

(F-CHIW_NH" (CO),
O/N‘HI!I
c—

/N
H"0  COCHCH;

(h’-CsHs)W—T‘{ (CO),
Opn—cHy

VAR
H"O  CO,CHCHS

(K-CH)W-NH" (CO), T'

OnN-cuyY
C—C

1m1 / \
H”O  CO,CHCHY
(h*-C H,)W(COCH.XPEL,XCO),

(15-C,H)W(COC,F,)As-
(C¢H3),)(CO),

ccl,

cpcl,

H'
H”
H'"

H'
H"
H'"

HI
Hll
Hl"
H!Y

H'
H”
H"

5-38s
4.26q
1.26t
12-40s
12-08s

5.70s
4.45q
1-41t
12.65s
10-87s
9-20s

5-75
4.53q
1.46t
10-05s
4.60s

5-73s
4.50q
1.43t
12-27s
11-79s
4.54s

517
2-42

5:20s
7-34m

Isolated as the hexafluoro-
phosphate

Isolated as the hexafluoro-
phosphate

173

173

173

173

168

193
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TABLE IV—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz2) Remarks ences
C,,H,,F,0,PW 108 (K-C;H)W(COCF,)P(CH)),- CDCl, H 5-13d Jpuds — 193
(CO), H' 7-40m —
C,H,DO,W 109 (h*-C,H,)W(CH,DXCO), C¢H, n.m. Juy t 10-0 — 186
CH,CN n.m. Jyy £ 10:0 949
Cs, n.m. Juu t 102 )
C,H,O,W 110 (B-CH)W(CH{)YCO), C.H,CH, H 4.71 — 60 and 100 MHz 65
H' 0-56 —
BCH +924 — 32
BCH, -289 —
BCO  +2392 — cis-isomer
+217-8 — trans-isomer
C,H,BrO,W 111 (h*-C,H,)W(CH,CH,CH;Br)- CS, H 5-37s — — 189
(CO); H' 3.25t J1
C,,H;;BrO,W 112 (#*-C;H,)W(CH;CH;CH;CH}- CS, H 5-35s — — 189
Br)(CO), H’ 1-84b —
1.57b —
H” 3.35¢ J6
C,H,BrO,wW 113 (h*-C H)W(CH;Br{CO), Cs, H 5.54 — — 195
H 3-86
C,H,CIO,W 114 (A3-C,H))W(CH;CIXCO), CS, H 5-53s — — 195
H' 4.15s —
C,,H,,O,W 115 (B-C,H,)W(CH,C=CCH)CO), CS, H 1.9-1.7dt — — 944

P81
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CI7H1203w

CoHyO,W

C,H,NO,W

CIOHIOOAW

C,H,,0,W

C,-H,,BrO W

C N\Hllolw

C,H,NO,W

116
117

118
119

120

121

122

123

(h-C ,H)W(CH,C=CC H,)-
(CO),
(-C ;H,)W(CO),(CH:CO,H)

(h*-C H,)W(CO),(CH;CONH")

(h3-C (H,)W(CH,;OCH’XCO),

(h*-C,H,)W(CH=CH"COC{
H;"XCO),

(h5-C ;H,)W(CH=CH"COC,-
H;"-p-BrXCO);

(K-4-CH}C H/,CH{"Xhy-
C,H,)W(CO),

(h*-C,H)W(a-CH}.C H’N)-
(CO),

Cs,

cDCl,

CDCl,

Cs,

cDCl,

cDCl,

cDCl,

cs,

H’

H'
H”

H'
H”

H'
H”
H'"

H ’

HII
e
ortho

e
Hmc'la

H’
H”
H'"

HI
Hy,
HI/
HY

5-20s
1-92s

5-25s
1.94s
4.-87bs

5-39s
4-54s
3.21s

5-63
9-53
7-53
7-88
7-41

5-75
9.58
7.47
785
7-67

5-60s
2-99s
7-07m
2-27s

5-49s
2.91s
7-39t
6-89t
8.29d

Hexamethyldisiloxane reference

Hexamethyldisiloxane reference

944

196

196

195

223

223

183

177
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TABLE 1V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C, H,NO,W 124 (h-C,H)W(y-CH;.C;HIN)- CS, H 5-33s — — 192
(CO), H’ 2-76s —
H" 6-99 —
829 —
C,,H,,0,SW 125  (h'-2-CH,C H;S)A*-C;HOW- CDCJ, H 5-29s — 2-CHZC,H,S=/ ) 184
(CO), H’ 3.18s —
H” 6-93,6-86, — S~ “CH,
6-80,6-77, 1
6-71
C,;H,,0,SW 126 (k'-3-CH}C HSXh*-C,H)W- CDCl, H 5-20s — 3-CH,C,H,S = CH, 184
(CO), H' 2-95s X
H’ ~7-1,6:95d, 7\
675 S
C,.H,,0,W 127  (W-CHO)W(h'-CHIXCQ), — H 5-38 — — 206
H’ 6-84 —
7-18 —
6-47 —
C,H,F,O,W 128 (K-CHIW(H'-CF)NCO), THF Fortho 96-7 — 56-4 and 94-1 MHz 224
Fmeta 163-5 -
Foara 1590 J19:5
C,H,F;N,- 129  (B-C;HOWIRh'-3,4-CF(CN),)- THF F_, 62-0 J,512.3 56-4 and 94-1 MHz 224
o,wW (CO), F_, 134.7 J5.626-0
F_, 78-4 J164-35

981
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C,,H,F,NO,W

C,,H,F,0,W

C,H,F,0,W

lCeHuB9'
o,WI-

130

131

132

133

(B-CH,)W(4-h'-C,F NXCO),

(H5-CH,)W(COC,F,XCO),

(h-C H)W(COC F X CO),

[(m-(3)-1,2-B,C,H,,)W(CH,)-
(CO);]_

(b) Dihapto/pentahapto derivatives

C,H,,0,SW

134

(h8-C H,)W(CH}=S.CH?)-
(CO),

(c) Trihapto/pentahapto derivatives

C,;H;;NO,W

135

(15-C,H)Wh*-C(p-C;H,-
CH{),N=C(p-CH,CH)),]-
(CO),

THF

CHCI,
C6H6
cDCl,
THF

cs,

H'

H"

98-1
104-4
5-65
98-7d
5-64s

141-8
164-0
157-4

—0-54

5-29
2:-64
2-05
2.04

4-55
2-52,2:29,
2-20,2-15
4.57
2:54,2-30,

2-51,2:20
4.68
2-29

J6-0

}T —20°

Jro
2-22,2.09

4-60 }T 10°

T 70°

*0-n bonding

56-4 and 94-1 MHz

High field from CS, 25-14 MHz

56-4 and 94-1 MHz

Isolated as the tetramethyl-
ammonium salt

Hexamethyldisiloxane reference

224

95

193
224

203

185

1026
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TABLE IV—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,,0,W 136 (h*-C,H))W(#-CH/XCQO), Cs, H 5-21s — T 37° 214
H’ 4-71s —
oCc-w-CO
(dy Tetrahapto/pentahapto derivatives
C,H,,OW 137  (B-CH)W(R-CHXH'XCO)  CiHq H 4.43d — TMS external reference 226
H' 4-8m* — 159
37Im* — CH,; = 1,4-cyclohexadiene
3-08m* —
2-68m* — *integral ratios:
2-48m* — 1:2:1:1:1:2
2.37Tm* —
H" ~7-87d —_
(9) COMPLEXES WITH TWO TUNGSTEN ATOMS
(a) Trihapto derivatives
IC 1oH ,Cly- 138 {{(h*-CH,CH'CH,)W(CO),],- (CDy),CO  Hyyy 3.22d Jaw ™7 Bridging Cl ligands 86
oWw,l- Cl),) | 1-16d Jau~8-6 Isolated as the (CH;"CH’)N* salt
H ~3.1m —_ |+ 8
H” 3-56q PN Hyn
H™" 1-44t — | St

881
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[C\,H,,Cl,- 139
OW,I-

{[(#3-CH,C(CH})CH,)W(CO),l,-
Chs}-

CH,CLLO,W, 140 (h*-CH,CH'CH,)W,(CO)(Cl),

(b) Pentahapto derivatives
C,H,W,0, 141 (#-C,H.),W(H"),[W(CO),]

CyHpALO, 142 {(A*-C;H)WIAI(CH;),I(CO);},

WZ
C,H oAl 143 {(h-C,H,)WIAI(CH}CH"),]-
O,W, (CO)),

CH,(HgOW, 144
C H;)N,O,W, 145

[(#*-CH,)W(CO);l,Hg
{(h*-C H,)W[N=C(CHJ),}-
(CO)},

CiHCLO: 146 [(#5-C,H,)W(CO),){(SnCl,)

SnWw,

CH,oBr,Og 147  [(A*-C H,)W(CO);],(SnBr,)
SnW,

C,H 01,06 148 [(h*-C,H,)W(CO),l,(Snl,)
SnW,

(CD,),CO

C¢Fe

CH,CH,

C.H,CD,

cDCl,
CHCl,

H syn
Hami

H”
H'"

H gpn

Hgnii

H
H’

H'

H'
H”

2.92s
1-18s
2-33s
3-58q
1-42q

3.47d
1-50d
3-Im

4.90
—12to—18

512
-0-17

-5-1
1-19t
0-14q

5-54

5-36s
7-37b

5-83

5-78

Bridging Cl ligands
Isolated as the (CH}"CH%),N* salt

Bridging (CH,),Al ligands

Bridging CO and Al Et, ligands,
viz:
W-CO~-Al
Al-CO—-W
40 and 60 MHz

trans-isomer

86

213

212

218

218

136
111

948
943
948

948
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TABLE 1V——cont.

Coupling
constant
Formula No. Compound Solvent 4 (ppm) (Hz)
CoH,0045nW, 149 [(h’-C,H,)W(CO),]ZISn(CzH,)ﬂ — 5-70 —
C,eH,0SnW, 150 [(h’—C,H,)W(CO)JIZISn(C,H,)Z] — 573 —
C,H(N;Oy 151 [(h-C HW(CO),),ISn(Noy),]  — H 5.70 —
SnW,
C,oH 20065, 152 [(h’-C,H,)W(CO),]Z[Sn(SCZH,)z\ — H 5-58 —
SnW,
C,sH;oN,06 153 [(h’-C,H,)W(CO),]zlSn(SCN),] — H 5-80 —
S,5nW,
C,sH;0W, 154 [(h’-C,lLl,.C6H5’)W(CO)3]2 — B 5-22s —
H' 7-19s —
Cy,H,;s0651,W, 155 {[(h’-C,H..Si(Cl-l;),]W(CO),}2 CS, H 5-30t —
5-12t —
o' 0-18 —
(10) MISCELLANEOUS DERIVATIVES
C,,H,,BN- 156 WI[HB(P2),J(HXCO), CH,Cl, H -2-5 —
o,W

Remarks

100 MHz

TMS external

@)

HB(Pz), = HB—(—N—N),

Refer-
ences

948

948
948

948

948

206

208

s3

061
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CISHZBBN6_
oW

CioHyN,OW

C,H,;,NO,PW
C30H2204P2w

C,H,NO,W

C,H,;0SeW

[C1oHO, (W, I~

157

158

159
160

161

162

163

WIHB(3,5-Me,Pz),(HXCO),

WIN(CH,),CH;CHN(CH,),)-
(CO),

WIN=CCH,)PPh,XCO),

W(P(CH,),CH'=CH'P(CH,),-

(CO),
cls

W(CH,=CHCN)*(CO);

WI[Se(C,H,)CH'(CH}))OCH;"]-

(CO);

[W,(HXCO),,l-

CH,C,

CHCI,

CDs

(CH,),CO

(CD,),CO

cpcl,

H”
H'

3-05s
2-87s

0-40

7-9
7-75
8-58

5-0-6.0

7-40m
5-12q
1-57d
3-52s

—12-52
—12-60
—12-58

Jpyl-5

Jpu-41,15

Jocy 43,35
J(BW-H) 421

HB(3,5-Me,Pz), =
Me

HB—(—N-N),

T37°

60 and 100 MHz

TMS external reference
*o-bond

Borohydride salt
Tetramethylammonium salt
Sodium Salt

Or

Me

214

79

202

75

80

915

199
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TABLE V

Manganese complexes

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(1) MONOHAPTO LIGANDS
(a) Monocarbonyl derivatives
C,H;MnO,,P, 1 Mn(CH,)P(OCH}),l(CO) — H —0-60 quint. — — 970
H' 3-55bs —
(b) Dicarbonyl derivatives
C,;HMnO,,P, 2 Mn(CH,)IP(OCH;),},(CO), — H ~0-54 quint. — — 970
H’ 3.67t —
CpHygMnO,P, 3 Mn(COCH,)P(OCH),CCH,- CH,C), H 7-22 — trans-isomer 815
CH,},(CO), H’ 4.16b —
(¢) Tricarbonyl derivatives
C,H;;MnO,P, 4  Mn(CH,)IP(CH;CH%);1,(CO), CH, H —0-50t J7 — 816
H' 1-53comp. —
H” 1-02 comp. —
THF H —0°80t J7
C,,H,;MnO,P, 5 Mn(CH,)[P(CH}),CH%],(CO), CH, H —0-72t J718 — 816
H' 1-37d J74
THF H —0-92t J7-8
H” 7-35 —

<61
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C;3Hz,MnO,P,

C;H,;4MnO,P,

CH,MnO,P,

C;3H;;MnO,P,

C;,H,;MnO, P,

C;H;;MnO, P,

6

Mn(CH,)[P(CH%),CH}1,(CO),

Mn(CH,)I(P(CH}),CHCH,),-
PCH;I(CO),

Mn(CH,)[P(CH,),CH;P-
(CH),I(COY,

Mn(CH)P(C(H,),CH;CH!P-
(CsH,),I(CO),

Mn(COCH,)IP(CH,),CH;P-
(CsH,)NCO);

Mn(COCH ) PCH),CH,CH,

P(CH,),[(CO),

CHLCI,

Cs,

CeH,
THF

CH,Cl,

cs,

CeH,

C¢H,

H
H'
H”

H'
H”
H

H’

H”
H

H'
H”

H'
H"

H'
H”

H’
H
H’
H
H’

H

—0-65¢
1-69d
7-43

—1-04t
1.62d
7-43

—0-47t
1-82d
—0-93t
7-40
—0-63t
1-92d
7-47
—1-04t
1-87d
7-31

0-38s
~2
0-007
3-27
—0-85
2.23
2-73s
4-60
2-34s

100 MHz

816

968

968

968

968
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CH, MnOP, 12 Mn(CH)IP(OCH}),](CO), CH, H —0-05t J715 — 816
H’ 3.45 J10-8
THF H —0-50t J16
CS, H ~0-60t J1-6
H' 3.-58 J10-9
CoHMnOP, 13 Mn(CH)IP(OCH),1(CO), CH, H 0-48t J8-0 — 816
THF H —0-13t J8-0
H’ 720 —
CS, H —0- 60t J8.0
H 7-04 —
C3H,, )FMnO,P, 14 Mn(h-m-CH,C,H,F)IP(C(H,),, CH,Cl, F +1.74 — Relative to C(H,F 191
CH,CH,P(CH,),|(CO),
C,sHyoMnO,P 15  Mn{CH(CH;COCH,)o-CH, —_ [N 2-46 Jpy6-8 CHCHj from an ABX system 817
PPh,)(CO), o8 2-84 Jyp20-1
ox 3.85
C,,H,,;MnO.P 16 [A-C(CO,CH;j)=CHCO,CH}l- CCl, H 6-19d J4 ® The CO of the CO,Me group 818
H’ 3-595,3.42s — vicinal to the Mn(CO), group is
Mn{P(C H%),}(CO),* trans H" 7-46m — coordinated to the metal
C,;H;,MnO,P, 17 Mn(k*-CH)P(OPh),CH;1(CO), — H 1-73t J2 — 819
H 1-73t J4 —_ 820
C,;H;;MnOP, 18  (B-CHIMn[P(OCH);CCH,- CH,Cl H 7-55,6-85 trans-isomer 815
CH,](C0), (ratio 2:3) * Separation of two outside
H' 4-16t Jpy-4-7* absorptions of the triplet

Jpp 110 + 40t

1 Calculated

¥61
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C3H;,F MnO,P,

C;H,,F:MnO,P,

C,H,,FMnO,P,

C,H,,FMnO,P,

C,H,;,F:MnOP,

C,;H,,F:MnO,S,

C;;H,,MnN,0O,P

C;,H;;MnO,P,

19

20

21

22

23

25

26

Mn(h!-CF)IP(n-Bu),],(CO);  (CH,),CO

Mn(h'-C,FXPPh,CH,CH,PPh,) (CH,),CO
(CO),

Mn(h'-m-CH,F)IP(OE1),1,(CO), CH,Cl,

Mn(h'-p-C H,FIP(OE),1,(CO), CH,Cl,

Mn(h!-C4F,)[P(OED),](CO), (CH,),CO

Mn(h'-C,F)IS(CH;)CH,CH,»  (CH,),CO
SCH,)(CO),

Mn(h!-0-C;H, - N=NCH,)- s,
(PPh,XCO),

Mn(COCH,)IP(CHCH?),),,  CH,
(CO),

THF

Jorthol9-5
Imeta<0-7
Jop 11

Jorth019~3
Jm?[a <0'7
Jpp 25

J,330-5
J, 105
Drs 11
J,.<07
Ji, 194
Jl's 45

Fortho 97-5
Fmeta 163-0
Fpara 162-6
Fortho 95-6
Frneta 164-0
Fpara 1623
F +4-89
F +11-75
Forthe —97-5
Fmeta —164-6
Fpara —162-9
F_ ,,F ¢ 1053
F_,,F_; 164-1
F_, 161-3
H 7-83dd
7-70dt
7-15-6-64m—
H 2.52
H’ 1-55 comp. —
H” 0-95 comp. —
H 2:32

(C¢Fq: 6 163)

Relative to C{HF

Relative to C(H,F

100 MHz

821

191

191

821

821

176

816
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TABLE V-—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,MnOP, 27 Mn(COCH,)[P(CH}),CH%],- CH, H 2:69 — 816
con, H' 123 - CH;CO cis to both
, ;COcis to
CH,Cl, H 1-42 — P ligands
THF H" 7-46 —
CqH, H 2-10 —
H' 1.47d J19 CH.CO )
CHCl, H 173 J719 a0
H 7.40 — 8
THF H” 7-44 _
C;;H,;MnO,P, 28 Mn(COCH,)P(CH%),CH;}l,- C¢Hg H 2-05 — CH,CO trans to one P ligand, and 816
(CO), H’ 1-92d J19 cis to the other P ligand
CH,CL, H 1-77 —
H’ 2-04d J1.8
H” 7.42 —
cs, H 1-52 —
H' 1-95d J8.0
H” 7-35 —
THF H” 7-42 —
CyHyMnOP, 29 Mn(COCH)P(C,H,),H'ILCO), CH, H 2-52d T80 816
H 6-14 CH,CO cis to both P ligands
CS, H 2:32 —
H’ 5-85d J 380

961
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C;;H;MnO P,

C,sH;MnO,,P,

C,;H,sMnO,,P,

C4H3;MnO, P,

C3H,MnO, P,

C;;,H,,MnO (P,

30  Mn(COCH,)[P(OCH});1,(CO),

31

32

33

34

35

Mn(COCH,)|P(OCH;),CCHY],-
(CO),

Mn(COCH ,)[P(OCH?),CCH’-
CH;}"],(CO);

Mn(COCH,)| P(OC¢H!),1,(CO),

Mn[P(OCH}),],ICOCH(CH)),}-
(CO),

(#'-COC ;H,)Mn[P(OCH}),-
CCH,CH,1,(CO),

CH, H
HI
CSs, H
Hl
THF H
CH, H
cs, H
THF H
CH,C), H
HI
HII
CDCl, H
Hl
H
HIII
CH, H
CS, H
HI
THF H
Hl
cal, H
Hl
CH,CI, H
Hl
H
Hl

2-82
3.47
2-30
3-63
2.35
2-78
2.35
2.38
2-48
4.27
7-84
2-43s
4-17bd
1-20q
0-81t
3.02
2.35
7-05
2.55
7-17
0-82d
1-28d
712
4.72t

732
4.25¢t

J11

J10-9

Jpu1-0
J7
J7

J17
J17

Jpu 4-6*
Jpp 70 £ 20%

Jpw 5-0*
Jpp 5 + 2%

CH,CO trans to one P ligand and
cis to the other

CH;CO cis to both P ligands

CH,CO cis to both P ligands

CH,CO cis to both P ligands

60 and 100 MHz

CH,CO trans to one P ligand

trans-isomer

¢ Separation of two outside
absorptions of the triplet

+ Calculated

} cis-isomer

816

816
822

823

816

824

815

SAXATANOD TANOEYVD TVLIANW-DINVOYO NO VIVA dAN

L6l1



TABLE V—cont.

Formula No. Compound

C,HyFMnO,P, 36  Mn(m-COC,HFXPPh,CH,CH,
PPh,XCO),

CyH,;,FMnO,P, 37 Mn(p-COC,H,FXPPh,CH,CH
PPh,XCO),

(d) Tetracarbonyl derivatives
C,,H;AsMnO, 38 Mn(CH,)IAS(C H;),)(CO),

C,H;MnO,P 39 Mn(CH,)P(CH;CH,),I(CO),

C,H,MnO,P 40 Mn(CH,)|P(CH}),C,H’(CO),

Solvent

CH,C],

CH,C,

CeH,
THF

Cs,

CsH;
THF

C.H,

F

H"

Coupling
constant Refer-
4 (ppm) (Hz) Remarks ences
+1-26 — Relative to C,H,F 191
—0-36 — Relative to C(H,F 191
-0.03 —_ cis-isomer 825
—0-33 —
7-48 —
—0-45 —
7-37 —
—0-25 J1.6 cis-isomer 825
1-4 comp. —
—0.47 J16
—0-31 J8-9 cis-isomer 825
1-16 J84
—0-53 J8.17
7.45 —

861
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C,;H MnOP 41

C,H,MnOP 42

C,H, MnOP 43

C,,H,MnN,0,P 44

CgH,,MnO,P 45

Mn(CH,)[P(CHY),H'I(CO),

Mn(CH,)[P(C H"),CH;)(CO),

Mn(CH)[P(C(H;),(CO),

Mn(CH,{P[N(CH}),],}(CO),

Mn(CH,)[P(OCH}),}(CO),

CeH,

THF

C.H,
Cs,

THF

CHCI,

C,H,

cs,

H
H’

H'
H”

H’

—0.05
5.85
—0-32
588
7-50
—0-25
1-46
—0-56
1-86
7-38
—0-50
196
7.47

—0-14
—0-59
7-33

—0-50
7-47

-0-23
2-70d

—0-03
3-18
—0-38
3-66
—0-33

J12.0 cis-isomer
J 364

J8-6 cis-isomer
J719
J8-6
J719

J84
J8-0

J16 cis-isomer
J7-6

J71-6

J11 —
J9:s

J84 cis-isomer
JI-2
J84
J11-2
J84

825

825

825
826

971

825
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,(H ,MnO,P 46 Mn(CH)P(OCHj),CCH3}(CO), CDCl, H —0-34 —_ cis-isomer 823
H' 4.23 Jpy 45
H" 0-81 —
C¢H, H 0-15 J8-6 — 825
H' 3.30 J4-5
CS, H —0-38 J8-6
H' 4.25 Ja.5
H” 717 —
THF H —0-38 J8-1
H’ 4.25 J4-5
H” 7-65 —
C,;H,MnO,P 47 Mn(CH,)[P(OCH});,CCH%- CDCl, H —0-33 — — 823
CH{"(CO), H' 4.26 Jpd-4
H" 1-20 J10
H" 0-80 J7.0
C,;H,,MnO,P 48  Mn(CHy)IP(OCH}),)(CO), C.H, H 0-22 J88 cis-isomer 825
CS, H -0-17 J8 8
H' 712 —
THF H —-0-10 J88
H' 7.25 —
C,;H;;MnOSb 49 Mn(CH,)[SK(CH}),(CO), * CH, H -0-08 — cis-isomer 825
CS, H -0-36 —
H' 7-37 —

00¢
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C,H sMnO,P

CpH,F;MnO,P 51  Mn(h'-CF,XPPhXCO),

C,.H,SBrMnO.P 52 [Mn:C:CP(C6H5)3](Br)(CO)4

C;H,MnO,P 53 Mnl[C(CH,CO,CH;)=CHjl-
[P(C4H"),I(CO),

CyHMnO,P 54  Mn[C(CH,CO,CH;CHY)=

CH}")[P(C{HIVLI(CO),

THF

50 Mn(CH,C=CH')[P(C(H"),(CO), CDCI,

(CH,),CO

cDCl,

cDCl,

H’

H'
H”

H"
H'"
H'
H”
H'"

H'Y

—0-33
7-48

0-86
0-78
202t
738

41-8m*
53.2m*

20-0m

41.6m*
53.4m*
22.0m*

4.72s
2-02s
5-84s,
4-85s
7-40m

4.74s
2-31q
1-12t
5-87s,
4.87s
7-41m

Juu3-0
Jpu1-5

- 827
cis-isomer 463
C,F,= FZ’C——ﬁZF2

F;C~c«CF
T 35°
* Relative to CF;CO,H
trans-isomer
— 828
— 827
— 827
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TABLE V—cont.

0T

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,,CIMnO,P 55 Mn|C(CH,CO,CH;C)=CH%)- CDCl, H,H” 4.90, — — 827
[P(CH:"),(CO), 4.83 —
H’ 4.05s —_—
H” 5-87s —_—
H" 7-43m —_
CH,F;MnO;, 56 Mn[CH=C(CF)CH'=0l(CO), — H 7.43q J1S 60 and 100 MHz 458
H' 9-37s —
F 64-3d J1-5
CHF,MnO;, 57 Mn[CH=C(CF,)C(CH)=Ol- — H 7-32q J1-8 60 and 100 MHz 458
(CO), H’ 2-56s —
F 64-6d J18
C,HMnO, 58 MnlC(CH=0)=CH'C- CCl, H 10-43s — —_ 829
(CH)=0)CO0), H’ 7-37s —_
H” 2-49s —
C,H,MnO 59 Mn[C(CH,OH')=CH"C- CDCl, H 5-19s — — 827
(CH}")=0)(CQ), H' 3-19 —
H” 7-35s —
H" 2-43s —
C,H,MnO, 60 Mn[C(C(CH,),0H)=CH"C-  CDCl, H 1-64s — — 827
(CHy")=0KCO), H’ 2-13s —
H" 7-13s —
H" 2-13s —_
C,,HMnO, 61 Mn|[C(CH,0OH)=C(CH,0OH)- CDCl, n.a. — Signals atd 4-3 and 2-39 827

C(CH,)=0)(CO),
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C,H,MnO;

C,H,MnO,

C,,H,;MnO,

C,H,MnO,

C,H,MnO,

C,6H,;MnO,

C,H,;MnO,

C,;HMnO,

62

63

64

65

66

Mn[C(C(H )=CH'C(CH%)=0l-
(CO),

Mn[C(CO,CH,)=CH'C-
(CH:)=01(CO),

Mn[C(CO,CH,)=C(CO,CH,)
C(CH%)=0}(CO),

Mn[C(CH=0)=CH'C-
(C;H)=0NCO0),

Mn([C(CH,OH")=CH"C-
(CH?)=0](CO),

Mn(C(C(CH,),0H")=CH"C-
(CHy")=0](CO),

Mn[C(CH,)=CH'C-
(C(H,)=01(CO),

Mn(C(CO,CH,)=CH'C-
(C,H;)=0](CO),

(CH),CO H

ca,

ca,

ccal,

cocl,

cpCl,

ca,

cal,

H'
H”
H
H'
H"
H

H"

H
H’
H”
H
H'
H”
H'"

H"”

7-38s —
6-98s —
2-28s —

3.82s —
7-17s —
2-42s —
3.88s, —
3-76s —
2-68s —

10-63s —

8-43s —
7-94m —

5-27s —
2-40 —
7-27 —
8-04—-7-53m—

1-70s —
210 —
7-27s —_
7-91-7-54m —

8-0-7-9bs, —
7-44s —
7-69s —

3-88s —
obs. —
7-60— —
7-40bs,
8 10— —
7-80bs

829

829

829

829

827

827

829

829
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TABLE V—-cont.

Coupling
constant . Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks " ences
C,HyMnO,P 70 (A-CH=CHCO,CH})Mn- ccl, H 8-50q, Jpy8 — 818
[B(CHY),I(CO), 6-16q Jpu2
trans JuH18
H' 3.57s —
H" 7-36m —
CyH, MnO,P 71 [#-C(CO,CH)=CHCO,CH;- CDCl, H 5.32d J1.5 — 818
Mn[P(CH%),(CO), H 3-69s, —
cis 3.16s —
H” 7-38m —
C,,H.-MnO, 72 [A-C(CO,CH;)=CHCO,CH}]- CCl, H 6-55s — ® The CO of the CO,Me group 818
Mn(CO),* H' 3-89s, — vicinal to the Mn(CO), group
trans 3.81s is coordinated to the metal
C,H,MnO, 73 - Mn[C(CO,H)=C(CO,H)- (CH;),CO H 10-42s — — 829
C(C H)=0)(CO), H' 7-57s —
C;;H;MnO, 74  Mn{C(CO,CH,;)=C(CO,CH,)- CCl, H 3.90s, — — 829
C(CH))=0l(CO), 3:67s —
H’ 7.51s —
C,H,, AsFMnO, 75 Mn(k'-m-CH,C{H,FXAsPh,}>  CH,Cl, F +1.53 — Relative to C;H,F 191
(CO),
C,H, FMnO,P 76 Mn(h'-m-CH,C,H,FXPPh,(CO), CH,CI, F +1-65 — Relative to C,H,F 191
C,HMnO,P 77 Mn(h-0-CH,CH,C;H,PPh,)-  CDCl, H 295, — — 227
1-35 —

(CO),

P0¢
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C,H,MnO,P

CHpoMnO,P

C,H,MnO,P

C,sH ,AsFMnO,
C,sH yAsFMnO,
C,,H; FMnO,P
C,,H;FMnO,P
C,¢H,FMnO,P
C,sH,,FMnO,P
C,;H,;FMnO,P
C,;H,;FMnO,P
C,sH,,FMnO,P
C,H,,FMnO,P
CH,;,FMnO,P
C,sH,,FMnO,P

79

80

81

83
84
85
86
87
88

89

91
92

Mn(k!-0-CH(CH})C{H,PPh,>  CDCl,
(CO),

Mn{#'-0-Cl(CH,)COCH, - cDCl,
CHP(C(H;),HCO),

(R-CHMn[P(OCH}),CCH,- CH,Cl,
CH,l(CO),

Mn(h!-m-CH,F)AsPh,XCO),  CH,CI,

Mn(k'-p-C,H,FXAsPh,XCO),  CH,C),

Mn(h'-m-C H,F)[P(n-Bu),(CO), CH,CI,

Mn(h'-p-C H,F)[P(n-Bu),|(CO), CH,C,
Mn(hl-m-C H,FXPPh,XCO),  CH,Cl,
Mn(h!-p-C,H,FXPPh,XCO), CH,Cl,

Mn(h'-m-C H,F)IP(OCH,),|(CO), CH,Cl,
Mn(k'-p-C H,F)[P(OCH,),|(CO), CH,CI,
Mn(h'-m-C H,F)|P(OEL),)(CO),
Mn(h!-p-C H,F)|MOEL), (CO),

CH,Cl,
CH,CI,
Mn(h'-m-C H,F)[P(OPh),(CO), CH,Cl,

Mn(kt-p-CH,F)IMOPh),I(CO), CH,Cl,

H 3-40q
H' 1.77d
H 2-08s,
1-90s
H’ ~7.4m
H 7-58,
6-98
H’ 4.13
F +2-02
F +9-08
F +2-63
F +9-97
F +2-08
F +9.26
F +2-49
F +9-48
F +2-86
F +9.78
F +2:32
F +9-20

cis—trans mixture

* Separation between 3rd and 4th
lines (and T separation between
1st and 3rd lines) of quartet

Relative to C(HF
Relative to C(H,F
Relative to C{H F
Relative to C,H,F
Relative to C;H,F
Relative to C¢H,F
Relative to C,H,F
Relative to C{HF
Relative to C(HF
Relative to C;HF
Relative to CH F
Relative to C;HF

227

830

815

191
191
191
191
191
191
191
191
191
191
191
191
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CoeH sASF;- 93 Mn(1-h'-CF XAsPh,(CO), (CH;),CO F_,F, 990 J,4 €07, Free ligand (C,F¢) 6 163 821
MnO, Jy59-6,
Jre 85
F_, F_;162.4 Ji,194,J,,34
F_, 160-2 J,329-4
C,;H,FMnNO, 94 Mn(1-A'-CF)INC,HXCO), (CH,;),CO F_,,F_,106-5 Jy4<0:7, (CFq6163) 821
Jy510:2,/,47-6
F_;,F_;162-9 J,,3 296,
J3.419-2,7,,3-7
F_, 160-2
C,H;;AsMnO; 95 Mn(COCH ) As(CH),CO), CH, H 2.50 — cis-isomer 825
THF H 2-40 —
H' 7-45 —
CS, H 2-36 —
H’ 7-33 —
C¢H, H 262 — trans-isomer
THF H 2.59 —
H' 7-45 —
CSs, H 2-50 —
H 7-33 —
— H 2-47 — cis-isomer 820
H 2-67 — trans-isomer
ICH,IMnO,)- 96  [Mn(COCH,NIXCO),]- (CD,;),CO H 2-19s, — Mixture of cis and trans-isomers 831

2:19s

90T
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C,,H,MnNO,

C,;H,;MnNO;

Cy,H,MnNO;

C,,H,MnNO,

C,,H,;MnO,P

C,H,MnO,P

CyH,,MnO,P

97

98

99

100

101

102

103

Mn(COCH ,XNH,CH, XCO),

Mn(COCH,)INH(CH,)C H,, I
(CO),

Mn(COCH,)XNH,CH,XCO),

Mn(COCH,XNC H,XCO),

Mn(COCH,)[P(CH;CH%),)(CO),

DMS-d,
THF

CeHe
THF

CeHg
THF
CeH,
THF

CeH,
THF

CeH,

THF

Mn(COCH )[P(CH}),CH4I(CO), CH,

Mn(COCH,)[P(CH}),H"CO),

THF

\ =

T NI O&DDn T I o&m&m X - X

XTI

=

H"

H'
H”

2-57s,
2-13s

2.87

2.70
262

2:67
2:63
2-70
2-55

273
265

263
1-48 comp.
0-70 comp.

250

2.47
1-38
2:40
7.45

2.55
6-35
245
7.42
6-33

Isolated as Lithium salt

— 1015
cis-isomer 825
cis-isomer 825
cis-isomer 825
cis-isomer 825
cis-isomer 825
cis-isomer 825
cis-isomer 825
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TABLE V——cont.

Coupling
constant
Formula No. Compound Solvent 4 (ppm) (Hz)
C,H,MnO,P 104 Mn(COCH,)P(C,H),CH3I(CO), CH, H 2-40 —
H" 1.78 J8-4
THF H 2-28 —
H' 7-47 —
H” 2-13 J8-8
CS, H 2-25 —
H' 7-35 —
H" 2.02 J86
C,H,gMnO,P 105 Mn(COCH;)[P(C,H),)(CO), C¢H¢ H 2-42 —
THF H 2-28 —
H' 7-43 —
CS, H 2-22 —
H' 7-33 —
(CD,),CO H 2.32 —
C.Hg H 2-68 — N
THF H 2-57 —
H’' 7-43 —
CS, H 2-49 —
H' 733 —
(CD,;),CO H 2-63 — J
CDCl, H 2-70s, —
2-37s —
THF 55Mn 1970 —

Refer-
Remarks ences
cis-isomer 825
825
826
832
cis-isomer

trans-isomer
cis- and trans-isomer 831
Relative to aqueous KMnO,: 833

14-858 MHz

80¢
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CH, ,MnO,P 106 Mn(COCH,)[P(OCH}),[(CO),

C,H,MnOP 107 Mn(COCH,)IP(OCH}),CCH)-
(CO),

C,,H,MnO,7 108 Mn(COCH,)P(OCH;),CCH}-
CH}')CO),

C,,H,MnO,P 109 Mn(COCH,)P(OCH1),}(CO),

CeH,q

Cs,
CeHs

cs,

cDCl,

CHq

THF

cDCl,

CeHe
THF

Cs,

H

H'

H'

H’

H'
H”

H'
H”

H'
H”

H'
H"
H"

H'

H'

2.57
3.24
2:45
2.45
3.70
2.62
3-10
2-47
3-60

2-42s
4-15

2-53s

1-20
—0-81

2-58
2:47
7-23
2:37
7-10

J11-2

J11-2
J11-8

J11-8

Jpu4d-4
Jpu 69

cis-isomer

trans-isomer

cis-isomer
100 MHz

cis-isomer
60 and 100 MHz

cis-isomer

825

823
927

825

823

825
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent o (ppm) (Hz) Remarks ences
C,H,MnOSb 110  Mn(COCH,)ISKCH;),|(CO), C¢Hq H 247 — cis-isomer 825
THF H 2-50 —_
H’ 7-45 —
CSs, H 2-45 —
H' 7-35 —
— H 253 — cis-isomer 820
C,HMnNO, 111 Mn(a-COCH,CHNXCO), (CD),CO H 4.0s — — 177
H; 8-99d J7
Hj 7-63 —
H; 8-05dt J12
CH,,MnNO, 112 Mn[COCH,CH,N(CH}),l(CO), — H 2.62comp. — —_ 177
H' 2-86s —
C,H,MnO,P 113 (h'-COCH )MnIP(OCHY),- CH,C}, H 7-36 — cis-isomer 815
CCH,CH,(CO), H’ 4.31d Jpyr5-0
H 7-38 —_ trans-isomer
H’ 4.22d Jpy 45
C;H,MnO,S 114 Mn(COCH,CH,SCH;XCO), Cs, H ~2-4 — Reference hexamethyldisiloxane 185
H' 259
C,;HF,- 115 Mn(y-h'-C,F,N)P(C{H,,I(CO), CHCI, F, 100-4 — 197
MnNO,P | 1122 —

01T
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CyeH, Fy 116  Mn(4-h'-C,F;N,XPPh,XCO),

MnN,O,P

C, HMn0,, 117 Mn(k'-CHO)Mn(CO)CO),

CHCI,

C,H,MnO[PS 118  Mn(k'-C;H,0,S)IP(CH%),)(CO), CDCl,

CH,,FMnO,P 119 Mn(1-h'-C,F,)[P(n-Bu),|(CO),

CyH,FMnOP 120  Mn(1-#'-C,F XPPh,XCO),

(CH,),CO

(CH,),CO

F_, 52.5
F_, 95.4
F_, 109-0
H 367t
H' 1.95q
H” 4.85t
H 5-87s
H' 5-03,
4.75
F_,F_, 100:7
F_,,F_, 1626
F_, 161-5
F ,F_, 993
F_, F_ 162:6
F_, 161-5

J, 6282
J,516-9
Jis28:2

J1-5
J71-5
J715

J15

J,4<0.7
J; 194
Jpr_ 0-8

Jrs <07,
J,594,J,687

J,529:3,

Ty 19:3,0,,3:6
Jpg_; 09,

Jpr_, 18

CFN,= K, % 197
— 4ON|
S 6
F  F
CHO= ¥ 834
Hz?/C\O
H!C H,
C,H,0,S = é 827
HCZ “CH;
0/s—o
100 MHz
(CeFs 0 163) 821
821
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent & (ppm) (Hz) Remarks ences
C,HFMnO,P 121  Mn(1-h'-C¢F,)IP(OPh),(CO), (CH,),CO F_,F_, 1001 J1.507, 821
J,59:5,1,684
F_,,F_; 1625 J,329-3,
J3419-5,J,,3-4
F_, 160-0 Jpr 14,
JpF, 24
CHF.- 122 Mn(1-A'-C/F)X(SbPh,XCO), CeH, F ,F.,, 981 J,4 €07 821
MnO,Sb F_,,F_ 1623 —
F_, 160-0 —
(CH),CO F_,F_ 974 J,, <017, 821
J259-5,J,68:5
F_;,,F_ 1621 J,329-5,
J3419:3,0532
F_, 160-0
C,,HMnNO, 123 Mn(1-A'-C(H,CH=NCH XCO), — H 8-5-8-0 — — 835
C,(HMnN,O, 124 Mn(l-#'-C(HN=NCHXCO), CS, H 7-20dd, — 100 MHz 176
7-98dd, —
~ 8-1dd —
H’ ~ 7.4 —
(e) Pentacarbonyl derivatives
C¢H,DMnO, 125 Mn(CH,DXCO); C(H, — Jun £ 97 — 949
CS, — Juynt 9-8
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C¢H;MnO;

C,H,FMnO,
CHF,MnO,
CF:MnOjq
C,HCI,F,MnO,
C,HCLF,MnO,

C,HF ,MnO,

C,HF MnO,

126

127

- 128

129

130

131

132

133

134

Mn(CH,XCO),

Mn(cu,F)(c6)5
Mn(CHF,)CO),
Mn(CF,XCO),
Mn(CCI,CHF,)(CO),
Mn(CF,CHCI,XCO);

Mn(CF,CHF}}CO),

MnlCH(CF,),I(CO),

Mn{CF(CF}),(CO),

THF
ccl,

CeH,
THF

Cs,
CH,CJ,
THF
cal,

THF
ccl,

THF

CeFe

C¢F

liquid

SMn 2265
H —0-1s
H —0-23
H —0-16
(—0-10)*
H —0-11
H —-0.12
SMn 2130
H 5-62d
SMn 1970
H 7-23t
55Mn
I9F
H 6-09
F 105-2
H 6-26
F 472
H 5-32
F 59.8
F' 1215
H 3.0m
F 53-3d
F +163-3
F' +67-6

Jup61-0

Jyp11-0

Jeu5-3
Jrn <1
T

Jur 12

Reference ag. KMnO,

14-858 MHz

Reference aq. KMnO,

Reference aq. KMnO,

Reference hexamethyldisiloxane

100 MHz
94-1 MHz

833

927
836

825
*1015

816
833

833
837

833
838

653

653

839

455
454

954
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,LCIFMnO, 135 Mn(CF,CCI=CF}CO), — F 44.9 JEF 6-5* 460
F' 89.0*, Jep 32-1% * F'cisto Cl
84.2% JeF 35-8 t F' trans to Cl
C,H,FgMnO; 136 Mnl[CF,CF'=C(F")CF}'CH;]- — F 59-5m Jrrr 20-0, 840
(CO), JrF- 335,
trans Jrp 3:2
F’ 152.5m Jepr 1322,
JFH2:6
F” 166-4m Jpop 13-5,
JFH2-6
F"" 93-3m Jery 18-8
CHFMnO, 137 Mn{CH(CF)CF'=CF}(CO), CDCl, H 2:78dd  Jyupll-9, 234
Jup41-3
F 57-0 Jep 5-6 235
F 161-0 Jppr 29-8%,
Jepr 1118
F” 107-1*, JEgr 81-0,
Jygr 1-0* *F cisto F'
119-31 Jurr3-2% t+F” trans to F'
CH,MnO;, 138 Mn(CH,C=CH'XCO), CDCl, H 1-36d J3 — 163
H’ 2-21t — 841
C,H,MnO, 139 Mn(CH,C=CCHXCO), cDel, H 1-36q J3 — 163
H’ 1-82t —
C4H,MnO; 140  Mn(CH,C=CCHXCO), Cs, H 1.3 — — 944
H’' 1.73 Jugy 2-8

14Y4

ONVIAON 'V ANV SIVDO ‘W ‘LLIOWMDIH ‘M 'd



C,HMnO, 141 Mn(CH,C=CCHXCO), CSs, 1-58 - — 944
CzH;MnOy 142 (4*-CH=CHCH'O)Mn(CO), CDClL 8-35bs, — T —-20° 100 MHz 818
cis 6-90-7-28b —
H’ 9.55— —
9-80bs
C,H,MnO, 143  (»-CH=CHCO,CH)Mn(CO), CCl, H 7-794, J12 — 818
cis 7.04d —
H' 3-70s —
C,H;MnO, 144  [h'-C(CO,H)=CHCO,HIMn- (CH),CO H 9-90s — External benzene reference 818
(CO),
trans
C,HMnO, 145 [#'-C(CO,CH)=CHCO,- ccl, H 7-07s — 818
CH;IMn(CO), H’ 3.73s —
trans
C,,HFMnO, 146 Mn(h'-C,HF XCO); — F_, 158 — C,HF = 842
F, 132 —
F_, 132 —
F_, 115 J237 T 34°
99 —
F, 196 JFn 56
C,HFMnO, 147 Mn(h'-C;HFXCO), — F_, 156 — C.HF, = 842
F, 142 — ‘
F_, 163 Jrn 163
F, 136 —
F, 121 Js50253
F' 77 —
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TABLE V—cont.

Coupling
constant
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks
C,HFMnO, 148 Mn(h'-C{HFXCO), CHC, H 5.-14d JFu 500 CHF,= HF
F, 121-7 — Pt
F, 1191 — . S
F, 138 — 4 |32NF
F, 1565 — 7 F
F, 189-2 Jey 50-0
F_, 1771 —
C,,H,;FMnO, 149  Mn(h'-C,H,FXCO), CHCY, F_, 45.4 — C.H,F,= F F
cH,—¢ F
iz I
F
FEE
F_, 414 — Relative to CF,CO,H
F, 81-0 —
F_, 36-6 —
F_, 72-4 —
F_, 109-0 —
C,HF,MnO, 150  Mn(h'-CF=CHF’XCO), — H 5-7dd Jue25-0 cis-isomer
J5-80-0
F +50-1dd Relative to trifluoroacetic acid
F +142.2dd Jep~2-4

H 5-57q
H 7-47q

— cis-isomer
— trans-isomer

Refer-
ences

240

469

843

844

91¢
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C,FMnO,

C,CIF ,MnO,

C4H,F,MnO,

C,HFMnO,

151

152

153

154

CDCl,

MnlA!-CF=C(F')CF’I(CO), CHy,

CDCl,

cs,

Mnlk!-CF=C(C)CF;|(CO), —

Mnlk'-C(CF)=CH,}(CO), —

Mn|'-C(CHF,)=C(F')CF? (CO), CDCl,

i+

F’
F"

—_ =

131q
65-1q
64-1dd

95
165
67

95
165
67

255
59,
60-3

5-61,
6-46
60-1

6-8
93.5m

81-4m
63-1m

J10-2,80
J 25,86
Ty 10-2
Jyyp 865

JFF 22
Jep 7-6
Jegr 13

JEE 127
Jppr 12
Jepr 23
Jeg 127
Jppe 12
Jrrr 23

Jep 88
243

JFH2

Jyr 60-0
Jyp ~0-5
Jrp 98
Jppe 1-8
Jppr 4:9

cis-isomer
trans-isomer

trans-isomer

cis-isomer
Relative to CCI,F external

trans-isomer

CF, cis to CHF,

845

843

415

234

460

458

235
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,HF MnO; 155 Mnlh'-CF=C(F")CF3CHF}"]- CDC), H 5.94 Jyg~ 535 trans-isomer 238
(CO), Jur- 46 235
Jupl-0
F 97-6 Jep 126-5
Jegr 17-8
F’ 160-2m JEge 14:1
Jepn3-4
F” 118-6m ‘,F"F"' 85
F'" 137-6m —
C,H;FMnO; 156 Mnlh'-CF=C(F)CF,CF}'CH,]- — H 1-73m Jup~ 18-2 trans-isomer 840
(CO), JHr- 2-4
JHF 2-6
F 93.3 Jrp 129-0
JEpr 258
Jeggpn 5°5
F’ 1535 Jprpe 12:9
Jpg~ 5-5
F” 117-5m —_
F 110-3m —
C,;H,F(GeMnO157 Mnlh'-CF=C(F"YCFCF}’'Ge- CDCl, H 0-42 — trans-isomer 238
(CH,);(CO), F 961 Jrr 124
JEgr 27
JEgm 6
F' 154-1 Jepe 12
F” 1120 —
F" 151-9 Jppm 6

8I¢C
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C,,H,FMnOSn 158  Mnlh'-C(CF,)=C(CF,)Sn- CH,,
(CH,),/(CO);

C,F.MnO, 159 MnlA'-CF=CF'.CF"=CFy}’)- CDCl,
(CO),
cis
C,F.MnO, 160 Mn(h'-CF=CF'—CF"=CFY{’)- CDCl,
(CO),
trans
C,F:MnO, 161  Mn(h'-C,FXCO), CS,
C,CIF MnO, 162 Mn(h'-C CIF XCO), CH,CI,

F'.
E"

F'"
F""

F'

F”
F'"
[ 2

F'
F”

49.7,
50-9

730
57-1
158-0

108
119-4

150-3

176-0

99-3
110-6

1186
1237
1177

110-3
115-2

trans-isomer

¢ cis-coupling
t trans-coupling

415

238
239

1 Geminal coupling

F'" cisto F”
F" trans to F”

F"" trans to F”
F'" cis to F”

F' trans to F”
F'' cisto F”

F'’ transto F”
F" cis to F”
F"' cisto F”
F'" trans to F”

CF,= F’

238

232
F' 236

F 846

SAXTTdWOD TANOEUVD TVLINW-DINVOYO NO VIvad YAN

61¢



TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C(H,F, 163 MnlA'-C (CF,)Sn(CH,);(CO); CH,, n.a. — FNMR §51-0q(J 1-9), 415
MnO,Sn 53-8(J 17), 56-9q (J 20), 847
57-0(J 17) ppm relative to
CCLF
Structure: CF, CF,
(CH,),Sn Mn(CO),
C,oF;MnO, 164 Mn(h'-C,F,XCO), Acetone F 43-4m — CF,= F F 463
F'
]:n
A F7
FI'I F“l
F' 41.-6m — Relative to trifluoroacetic
F” 52-6m —_ acid external T 35°
F'" 21-4m —
C,HFMnO,; 165 Mn(h'-C,HFXCO), — F_, 123 — CHF,= E ¢ 842
F_ &
O
F73 OV
F F
F_,; 116 JE,Fy 258 T 34°
F', 111 —
F, 207 Jr 150

0ce
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C,HFMnO,

C,(HF,MnO,

C,,HF,MnO,

166

167

168

Mn(h'-C,HF XCO),

Mn(#'-CHF ,0)(CO),

Mn(k'-C ,HF,0XCO),

F,F,

97
86

122

118
121
129
183

119

120
125
187

117

205
87
101

Jg,F; 257

Jr F; 243

JEu 50

Jg F; 280

Jg 4150

JF,H 50-6
JEF: 259

T 34°

Measured relative to CFCO,H and
converted to CCLiF scale by
adding 78 ppm to observed value

CHFO= F H

T 34°

Measured relative to CFCO,H and
converted to CCLF scale by
adding 78 ppm to observed values

C5HF4O= F' F » 842

T 34°

Measured relative to CFCO,H and
converted to CCL,F scale by
adding 78 ppm to observed values
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TABLE V—cont.

Formula

C, FeMnO,

C,HMnO,S

C,,H,;MnO,

C,,H,FMnO,
C,H;MnO,
C,H,MnNO,

C,(HMnO.S

C,HMnO.S

Coupling
constant Refer-

No. Compound Solvent 4 (ppm) (Hz) Remarks ences
169  Mn(k'-C,F,XCO), CSs, F_, 97.7 — CFy= F F F 232

F_, 124-9 — 23 F 236

F_, 1435 — — |

F_, 141-6 — . FF

F_ 96-4 — F F
170 Mn(CH,SCH;XCO); CS, H 1-88 — Reference hexamethyldisiloxane 185

H' 2-18 —
171 Mn(CH,CH:XCO), ccl, H 2:36s — — 836

H’ 7-07 —

(CD,),CO H 242 —
H’ 7-16 —
SO, H 2-36 — T -37° 112

172 Mn(r'-m-CH,C H FXCO), CH,CI, F 0-51 — 475
173 Mn(CH,CO,HXCO), CHCI, H 1-30s — — 196
174 Mn(CH,CONH;XCO), CHC, H 1-23s — — 196

H' 5-23s —
175 (h'-2-CH,C,HiS)Mn(C0), CDCl, H 2-65s — 2-CH,C H,S = 184

H’ 6-86,6-80, — CHz—ﬂ

6-72 §

176  (K'-3-CH,C,H;S)Mn(CO), CDCY, H 2-365 — — 184

H’ ~7-1,6-86d, —

6-72

(444

ONVIQOW 'V ANV SIVD "W ‘LLOWMDIH ‘M d



C IOHOFl_
GeMnOy,

C,H,,MnO Si

C, HMnO;

C,;H,MnO;

C,,H,CIMnO,

C,,H,CIMnO,

C,,H,CIMnO,

C,,H,FMnO;,

C,,H,FMnO;

177

178

179

180

181

182

183

184

185

Mn|CF,CF,Ge(CH,),(CO);

Mn[CH,Si(CH}),|(CO),

Mn(k'-CH,XCO),

Mn(h!-p-C (H,CHIXCO),

Mn(h'-0-C(H,CIXCO),

Mn(h'-m-C¢H,CIXCO),

Mn(k'-p-C(H,CIXCO),

Mn(h'-m-C H,F)CO),

Mn(h'-4-CH,FXCO),

cDCl,

CeH,

CH,Cl,
(CD,),CO

CS, or THF

ccl,

cal,

CS,or
THF or
CCl,

CH,Cl,
CHCI,
CeH,.

CHLCI,
CHCI,
C6H|2

H

H'

H

m om o

M

0-43
23-3%,
28-1F
—0-78s

0-12

7-10

7-67-
6-97 comp.

7.25,
6-85
2.22

753,
7-22,6-96

7.40,
6-90

7.45,
7.04

0-70
0-50
014

7-63
7-31
7-25

Jarlho 7-2

Janho 85

TMS external
® Low field from CF,CO,H
t High field from CF,CO,H

100 MHz

High field from C,H,F

To high field from C;H,F

848

849

815
836

242

243

243

242
243

191

191
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TABLE V—cont.

Formula

CiFsMnO,

C,,F,MnNO,

C,,F;MnN,0,

C,,HF,MnO,

C,H,F MnO,

No.

186

187

188

189

190

Coupling
constant Refer-
Compound ' Solvent 4 (ppm) (Hz) Remarks ences
Mn(h'-C,,F,)(.CO)S CeH, F_,,F, 1035 Jr4 <07 To high field from CCLF using 821
: F_, F_ 1613 J3.419-5 CF, as internal reference
F, 157-5 —_
(CH,),CO F_,F_ 41025 J,3281
Jys 92
Ji683
F_;, F_ 1627 J5419-1
J552-8
F_, 158-7 —
THF F_,,F_( 1043 -— T 35° 244
F_,F_, 161-2 —
F_, 157-5 —
THF F_,,F ¢ 1031 — 224
F_,,F_ 1622 J;, 188
F_, 158-7 —
Mn(h'-4-C .F ,CNXCO), CHC), F_,F_, 580 —_ To high field from CF,CO,H 246
F_,F, 234 —_— (external) 245
Mnlh!-3,4-CF,(CN),[(CO), THF F_, 69-1 Jo612:6 T 35° 244
F_ 135-4 J15395 925
F_, 85.7 J5626-43
Mn(h'-4-C F ,CO,HXCO), CHCl, F_,F_, 623 —_ To high field from CF,CO,H 245
F,.F., 246 —
Mn(4!-4-C F,CO,CH,CH,XCO), CHC}, F ,F_¢ 632 — To high field from CF,CO,H 245
F_,F 25-1 —_

'
2
t
“

(44
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C,H;MnOg

C,H,CIMnO,
C,H,FMnO,

C,HF,;MnQO,

C,F,MnO,

C,HMnO,

C,H,CIMnO,

C,H,MnO,

191

192

193

194

195

196

197

198

Mn(COCH,XCO),

Mn(COCH,CIXCO),

Mn(COCH,F)(CO),

Mn(COCHF,XCO),

Mn(COCF,XCO),

Mn(COCH,CH}XCO),

Mn(COCH,CH,CIXCO),

Mn(COCH,CH;CH})(CO),

ccl,
CH,CI,
CH,
THF
cs,
THF

(CD,),CO
THF

cel,

THF

ccl,

cbCl,

THF

(CD,),CO

cal,

cal,

T I I X

X

55Mn

H'

2-58s
257
224
2-57
255
1895

4-64s
1855

4-20d

2010

4.85t

485t
1970

1850
2-98q
091t

1950

~3.40

2-85t
1-85-0-75

J50

J59

J59

J1
J7

Relative to aqg. KMnO,

A,B, system

836
825
816

833

836

837
833

837
836

833

837
836

833

833

836

833

836
837

836
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,MnO, 199 Mn[COCH(CH}),)(CO), ccl, H 3.05q J6.5 — 836
H’ 1-02d J65
(CD),CO H 3.24q —
H’ 1-00 —
THF Mn 1885 — 833
C,o0H;MnOy 200 Mn{COC(CH,),(CO), CCl, H 1-11s — — 836
CzF;MnO, 201  Mn(COCF=CF;XCO), CDCl, F 141-6 JEF 40-6* Relative to CFClI, 234
F' 84-1* Jepe 111-5F *F'cistoF
F' 127-7% Jgp 925 tFiranstoF
— F 64-9 J g 40-6* Relative to CF,CO,H external 843
F’ 7-4* Jege 111-5% *F'cistoF
F’ 51.0t JEp 92-5 tF transto F
CyHF MnOy 202 MnlCOCF=C(F')CHF})(CO); CDCl, H 6-40 Jue-51-8 234
Jur 14-6 235
Jue3-0
F 144-5 JEE 1290
Jege 2-0 F'transto F
F' 170-9 Jepe 186
F” 125-8
C,HMnO, 203  Mn(COC,H XCO), CS, H 2-46tt — COC,H; = H” 929
H’ 0-68m JHH'4~8 H’ ﬁ
H” 1-0lm "HH74 H”
H’ \

H

9TC
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C,;H,MnO, 204 Mn(COCH,CH:XCO), (CD,,CO H 4.24s — — 836

H’ 7-23s —
THF *Mn 2035 — — 833
CzH;MnO, 205 Mn(COCOCH XCO); C.H, H 1-63s — — 851
C;HMnO, 206 Mn(COCHXCO); CH,C, H 7-45 — — 815
THF or H 7-36 — — 242

Cs,

C,;H,MnO, 207 Mn(p-COCH,CHXCO), THF or H 7-19 — — 242

Cs, H’ 224 —
C,,H,CIMnO; 208 Mn(0o-COC H,CIXCO); THF H 725 — — 243
C,,;HCIMnO, 209 Mn(m-COC.H,CIXCO), CCl, H 7-34 — — 243
C,,H,CIMnO; 210 Mn(p-COC,H,CIXCO), CCl, or H 7:37 — — 243
THF or 242
CS, 82
C,,H,FMnO, 211 Mn(m-COCH,FXCO), CH,CI, F 1-48 — To low field from C HF 191
C, ,H,FMnO, 212 Mn(p-COC,H,FXCO);, (CDy),CO H 7-712-7-07 — — 836
CH,CI, F 1-64 — Low field from C,HF 191
THF $Mn 1950 — — 833
C;H,MnO, 213 Mn(p-COC,H,OCH;XCO), (CD,),CO H 7-25dd J8 — 836

H' 3.85s
C,;H,MnQ, 214  Mn(COC,H XCO), C¢D H 2-79%, — * Integral ratios 1:2:2:2 438
4.917, — respectively
63, —

COC,H, =
618 OCO

SAXTTdNOD TANOGUVD TVLINW-JINVOYO NO V.LIVA dAN

LTC



TABLE V—cont.

Formula

C,,F MnNO,

C,F,MnN,0,

C4F,MnN,0,

C,H;MnO,

C,,H;MnO,

No.

215

216

217

218

219

Coupling
constant Refer-
Compound Solvent 4 (ppm) (Hz) Remarks ences
Mn(4-4'-C ,F NXCO), CHCI, F ,F, 17.5* — * High field from CF,CO,H 246
F,F, 31.5* _ 5646 MHz 197
F_,F_¢ 99-5t J,330 t High field from CCL,F
Jy 5244
Jo612:7
F_, F_, 111.8% Jy 524
Mn(4-h'-C F;N,XCO), CHCI, F_, 53.1 J,5169 CENy= 3 197
F_, 96-4 Js631-0 4 7\
F_, 1071 J16310 —{ F NI
5 6
Mn(2-h'-C;F,N,;}CO), CHCl, F 41-8 — C,F)N; = o 197
2{1 F Ns
5 4
Mn(#!-C,H,0,XCO), CH, H 5.01t — C,H,0,= CH-CH; 852
7
H 2-57d — - l
‘o—CO
Mn(A'-C H,0,XCO), CH, H 4-97t — CH,0, = CH—CH, 852
H’ 2.03 — /2
—C CH;
\ /

87T
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C,H.MnO,S 220 Mn(2-h'-C,H,SXCO);

C,HMnO,S 221 Mn(#'-C,H,0,SXCO);

C,HMnO,S 222 Mn(4'-C,H,0,SXCO),

cpcl,

cDal,

cDCl,

7-7-6-8m

6-48t
5-11,
5-53

2:20
513,
5.52

Juw2'5
Juyl-S

Jyw 2
Juu 15

(2) MIXED TRANSITION METAL COMPLEXES WITH MONOHAPTO MANGANESE LIGANDS

C.HMn,0,, 223 {Mnl'-C(CH,)==OCH,CH’]-

(CO)IMn(CO),

C,H,MnMoO, 224 Mn{h'[(A>-C,H Mo(hs-C H))-

(CO)XCO),

C,H,,MnORe 225 Mn{h'"((h>-C,H,Re(H')-
(h-CHINCO),

C,HMnOW 226 Mn{(h>-CH)W(K5-CH))-
(CO)XCO),

CH,

H
HI
H"
H
H’
H

H'
H"

H'

313
4.70
1-53

4.33t,
4-43t
4.16s

3.88t,

4.80t
—14-7

4.03s

4-42t,
444t
4.17s

C,H;S = thiophene ligand

C,H,0,8 =

C,H,0,8 =

—

C(CH,)—SO
S(CH)

—C

\
CH;

/9H—SO

CHJ—

(0]

484

163

163
156

834

853

853

853
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(3) DIHAPTO LIGANDS
C,H,;Mn,0,, 227 [Mn(CO);],(CH;0,C - CH=CH), (CH;),CO H 5-10q, — Structure: u 818
4.18q
H’ 3-46s CHSO\ﬁ/C\C—H
(0]
(CO);Mn—————Mn(CO),
)
(o)
/]
H” \cl/ SocH
H
[C4iHy 228 {(h*CH,=CHCH;Mn- SO, H 7-63bd — Isolated as the perchlorate 855
MnO,P,|* [P(C4H,),1,(CO),} 40 MHz
C.HMnO S 229 (K-CH,=S—CH})Mn(CO), CS, H 2-35, J5.5 Reference hexamethyldisiloxane 185
1-85
H’ 2-06 —

(4) TRIHAPTO LIGANDS

C,H,MnO,P 230  (A-CHy~CH'=CH,)Mn- Cs, Hsn 2-04dq
[P(CHY%),)(CO), Hopi 1-64dq
H 3-72m

H” 7-26m

— — 929

0£T
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C,H;oMnO,P

CHMnO,

C,:H,D,MnO;

C,:H,;MnO,

CsH;MnOy

CyHMNO,S

231

232

233

234

235

236

3
0.8,8,w-cH,COCCH,)-  ©DCl,
C.H:~ O[P(C.HY,IMn(CO),

(W*-CH,CH’ - CH” - CH""- CDCl,
COCH}V)Mn(CO),
(k*-CD,CH - CH’ - CD*COC(H?)- CDClI,

Mn(CO),

(W-CH,CH’ -CH" - CH"""- CDCl,
COCH!VMn(CO),

(h-CH,CH;CH”-CH"-CHY- CDClI,
COCHY )Mn(CO),

(h*-2-CH,C ,H 3)Mn(CO), cDCl,

H'

HI
HII
HIII
HIY

H’
H"

H'
H”
H'"

H"

2:53s,
2-33s
~ 7-4m

1-91d
3.35 sext.
5.55q
2.5d
2-19s

3-56d
5-83d
7.67

1-93d
3.64 sext.
5-87q
3-23d
7-6m

1-18t
2-13qd
3.59td
5.77dd
3.13d
7.85-7-40

7-16d
nm.
5.23
3.-62d
1.92

JHu6-0
Jyp-10-0
Ty 10-0

Jyprl2-1

Ty 12-0
Ty 9-8

Juu-71-0
Jurg~1-1
JuH10-1
Ju~g¥10-0

J6
J4

J6
J6

H’ and H"” antito H”

H and D* antito H'
100 MHz

H” and H'Y
antito H'"'
100 MHz

2-CH,C H,

830

856

857
858

856

857

184
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TABLE V—cont.

Formula

No.

Compound

C,HMnO,S

237

(h3-3-CH,C H,S)Mn(CO),

(5) PENTAHAPTO LIGANDS
(a) Monocarbonyl derivatives

Ic 24H 207

AsMnNO,}I*

[Canz'
MnNO,P}*

lCzAHJs‘
MnNO,P|*

[CnHze'
MnNO,PJ*

lclezo‘
MnNO,PI*

238

{(h5-C H Mn[As(C HY), -
NOXCO)+

239 {(h>-C;H)Mn[P(C H,),}-

240

241

242

(NOXCoyp*

{(h3-C,HMn|P(C,H! ),)-
(NOXCO)}+

{(1*-C;H)Mn[P(CH;C H?),}-
(NOXcoy*

{(#*-C H)Mn|[P(OCH:CH?),}-
(NO)CO)+

Solvent

cDCl,

(CD,),CO

(CDy,CO

(CDy),CO

(CDy),CO

(CD,),CO

Coupling
constant
6 (ppm) (Hz)

H_, n.m. —
H_, 7-53dd J5,2
H_, 5.23s —
H_, 3-39d J4
H_, 1-66d J4
H 5-83s —
H’ 7-58s —
H 573 Jpy 20
H’ 0.9-2.0m —
H 5-88d Jpy1-2
H’ 1:3-22m —
H 5-34d Jou1-4
H' 3.78d, —

3-56d —
H” 7-35s —
H 5-84d Jpy 1-6
H' 4.44,4.32, —

4.20 —
H" 1-53,1-42, —

1.31

Remarks

Refer-
ences

3.CH,C,H,S = H,

Hexafluorophosphate salt

Hexafluorophosphate salt

Hexafluorophosphate

Hexafluorophosphate salt

Hexafluorophosphate salt

184

337
859
337

337

337

337

[4%4
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IC|4H|§'
MnNO,P]*

{CsH Mn,-
N,O,P,]?+

IC32H29_
MnNO,P,|*

[C3sH;Mn,-
N,O,P,**

[Cs:H sMn,-
N,0,P,**

C;,H,;,MnOP,

ICJZHZ‘I‘
MnNO,P,}*

243

244

245

246

247

248

249

{(h*-C H )Mn[P(CH}),C H")-
(NOXCO)}*

{(h%-C,H),Mn,[(PPh,CH,-
CH,),PPh](NO),(CO)?*

{(hs‘CsHs)Mn(NOXCO)'
[P(CHY,(CHY)(CHY),PI}*

{{(h*-C H,)Mn(NOXCO)l,-
[P(C4H,(CHY,(CH),PI

{[(A5-C ;H)Mn(NO)I[(*-C,H,)-
Mn(NOYCO)I{(P(C(H2),-
CHZ}LCCHY' )

(h*-C,HIMn[P(C H}),CH"=
CH"P(C¢H;),)(CO)
cis

{(h*-C H,Mn(NO)XCO)IP-
(CH),CH"=CH"(CH}),P)}*
trans

(CD,),CO

(CD,),CO

(CD,),CO

(CD,),CO

(CD,),CO

(CD,),CO/
CDCl,

(CD,),CO

H'
H"

H'
H"
H'"

H'

H"

H’
H”
H'"

H'

H”

H

H"

5-69bs,
(5-63)*

2-20d

7-62bs

5-5b,
4.96b

5-62d
7-63
7-32
2-85b

5-64s
7-62
2.97

5-42d,
5-18,
5-06
7.b
3-2b
1.01

410
7.44,
7.32,
7.21
7-91

5-81d
7-80,7-57,
7-50

n.m.

Jpy 1-9
Jpw 112

Isolated as PF7 salt

Isolated as the PF di-salt
100 MHz

Isolated as the hexafluoro-
phosphate

Isolated as the hexafluoro-

phosphate

Isolated as the hexafluoro-
phosphate

60 and 100 MHz

Isolated as the hexafluoro-
phosphate

860
*101

859

859

859

202

859
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (H2) Remarks ences

C6H - 250 {(h*-C,H,)Mn(NO)(CO)- (CD,;),CO H 5-85d J?2 Isolated as the hexafluoro- 859

MnNO,P]* [P(C(HY),C=CC H.l}* H’ 7.77,7-67, — phosphate
7-56

IC,H - 251 {(¥*-C,H)Mn(NOXCO)- (CDy),CO H 5-83d J? Isolated as the hexafluoro- 859

MnNO,P,|* [P(C4H.),C=C(CH?,PI}* H' 7.78 — phosphate
H” 7-60 — H' at lower field than H” since
C H. attached to P ligand

[CysH;y 252 {{(h>-CHIMn(NOXCO)I,- H 5-92d J2 Isolated as the hexafluoro- 859
Mn,N,O,P,]% [P(C¢H}),C=C(C H;),Pl}*! H’ 7-80 — phosphate

[C oH3Mn,- 253 {{(h*-CH,Mn(NOXCO)l,- (CD,,CO H 5-74s — Isolated as the hexafluoro- 859
N,O,P,I?* [P(C¢H.),CH,C=CCH,- H' 764,757 — phosphate

(CHY),PI} H” 3-99d J3

[CyH g 254 {(h*-CH)MnlP(C H,),l- — H 5-56bd — Isolated as the hexafluoro- 860
MnNO,P|* (NOXCO)}* H' 7-69s — phosphate

(CD,),CO H 5-81d J2 — 859

H' 7.78 — 337

[CyqHyor 255  (h3-C,H,)Mn[P(OCH.),l- Acetone H 5-65 J2 Isolated as PF/ salt 860

MnNO,P|* (NOXCO) H’ 7-54 — 337

1C,H,p 256  {(h*-C,H)Mn(NOXCO)- (CD,;),CO H 6-02s — Isolated as the hexafluoro- 859
MnQ,Sbi* [SK(CHY),1}* H' 772 — phosphate

1% X4
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(b) Dicarbonyl derivatives

C,H,AsF,;MnO, 257
C,HeAsMnO, 258

[CgHMnNO,]- 259

CHMnNO, 260

C,HMnN,0, 261

C,;H,,MnNO, 262

C,;H,,MnNO, 263

C,,H,F MnNO, 264

C.H,MnNO, 265

C,H,F,MnNO, 266

C,;H,MnNO, 267

(h*-C,H )Mn(AsFXCO),
(#5-C H)Mn(AsH;XCO),

[(#3-C H)Mn(CNXCO),]-
(K-C ;H,)Mn(N=C - CH}CO),

(h-C H)Mn(N=CCH'=
CH'C=N)CO),
trans
(A%-C;HMn(N=C -CH'=
CH"CH}")XCO),
trans

(h*-C,H,)Mn(N=CCH.C H")-
(CO),

(F-C,H)Mn(N=CC,F,XCO),
(15-C,H,)Mn(N=C - C,H}XCO),

(h-C,H,Mn[N=CC Hp(CF,)|-

(CO),

(#5-C;H )Mn[N=CC H-p(CH))}-

(CO),

(CD,),CO
cDcl,

(CD,),CO

(CD,),CO

(CD,),CO

(CD,),CO

(CD,),CO

(CD,),CO

(CD,),CO

(CD,),CO

(CD,),CO

H’
H”
H'"
H
H’
H”

H

H
H'

H
H'

H
H'

H”

5-10

4.545
3.2s

4-22
4.32s

4.41
220

4.61
6-52d,
6-36d

453
619
7.36

~17-45

4-45
4.03
7-29m
4-64
4.57
7-57Tm
4.63
787
4.54
7-48d,

7-32d
239

J715
J71.5

Isolated as [AsPh,]* salt
Isolated as sodium salt

861
862

863

864
865

864
865

864
865

864
865

865
864

864
865

865
864

SAXITdNOD TANOGUVD TVLINW-DINVOIO NO vivd JNWN

1314



TABLE V—cont.

Coupling

constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,sHMnN,0, 268 (h-CH)Mn[N=CC H/-p(CN)]- (CD,),CO H 4.62 — — 865
(CO), H' 7-87 — 864
C,,H,MnNO, 269 (#-C;H)Mn[N=CCH;-)(CO,- (CD,,CO H 4.61 — — 865
CH’CHY")KCO), H' 7-75d, J8 864

8-07d J8

H” 4-36q J7

H'" 1-35t J7
C,,HMnN,O, 270 (h*-CH)Mn(N=CC H;NO,)- (CDy),CO H 4.64 — 865
(CO), H' 7-93d, J9 864

8-33d J9
C,;H MnNO, 271 (#-CH)MnIN=CCH!- (CDh,3CO H 4.55 — — 865
POCH%)I(CO), H' 7-03d, J8 864

7-55d J8

H” 3.85s —
C,HMnN,0, 272 (#-C;HIMn(N,XCO), (CD,;),CO H 4.84s — — 866
C,;H;;MnN,0, 273 (#*-C;H)Mn(C;H N,XCO), Acetone H 4.-55 — — 710
[C,H,MnNO,]* 274 [(A%-CH )Mn(NOXCO),]* (CD,;),CO H 6-14 — T 35°. Isolated the hexafluoro- 61
phosphate 337
859
C,H,F;MnO,P 275 (h*-C,;H,)Mn(PF,XCO), (CDy)),CO H 4.98 — — 861
C,H;MnO,P 276  (W3-C,H, )Mn(PH;XCO), C.D, H 3-70 Jpu2-8 — 932

H' 324 Jppp 327

9¢¢
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C,sH;,MnO,P
C3H,MnO,P

C,;H,,MnO,P

C2sH,eMnO,P

C,H,,MnO,P

C,Hy,Gey-
MnO,P

C,,H.Gey
MnO,P

C,eH:,MnO,-
PSi,

C,H;,MnO,-
PSn,

C,,H;;MnO,-
PSn,

C,H,C};MnO,-
Si

277

278

279

280

281

282

283

284

285

286

287

(h*-C,H,)Mn[P(t-Bu),(CO),
(h5-C ;H,CH,)Mn|[P(t-Bu),)(CO),

(#-CH)Mn[P(CH}),CH)-
(CO),

(h5-C H,)Mn[P(CH}),(CO),

(#5-CH,CH)Mn[P(CHY),]-
(CO),

{(h>-C,H,)Mn{P|Ge(CH,), ,}-
(CO),

{(h*-C ;H,CH )Mn{P|Ge(CH,),] }-
(CO),

{(h*-CH,Mn{P[Si(CH,),],}(CO),
{(h5-C {H,)Mn{PISn(CH,),]}(CO),
(#5-C H,CH)Mn{P[Sn(CH,),]}-

(CO),
(h3-CHIMn(SICIXH XCO),

THF

THF

cDal,

cpcl,

cal,

CeH,,

CH,CN

p

Slp

H’
H”

H'

H'
H”

JIP

JIP

3lp

JIP

le

H

H'
H’

—150

138

4.32d
1-68d
7-45m

4-33s
7-38m

339,
354
1-42
6-77
688

+157

+154

+89-2

+220

+216

5-11

—9.70b
—9-70b

Relative to phosphoric acid
40-5 MHz

Relative to phosphoric acid
40-5 MHz

100 MHz

868
972

868
972

869

869

870

868

868

868

868

868

402

401
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H;;MnO,Si 288  (A*-C;H,CH )Mn(SiPh,}H')- CH,CN H 4-30b — — 402
(CO), H’ —11-50b —_
C,,HpAsMnO, 289  (h5-CoH )Mn[As(C(H,),(CO),  CDCl, H 7-11 — CH,= H"” H” 892
H,H" ~ 46 —
H™ ~ 6-8 O@ H’
Hll
CrxHpMnOP 290 (hS-CHMnIP(CHY)ICO),  CDCl, H 7-14 — C,H, as above 892
H',H” 4-50 —
H" 6-87 —
C,,H,MnO,P 261 (K-C,;HMn[P(C;H,),l(C0O),  CDCl, H 71 — CH, = H 892
a H’ 4-83d —
I e - e
HII H/I
CpH,,MnO,Sb 292 (A5-C,H,Mn{Sb(CH,);(CO), CDCl, H 7.30 — CH,= 1 892
H_,H_, 499 ) 6 2
5
4 3
H_ 4.-84 —_— 60 and 100 MHz
H_,H_, 672 —
H H 7-12d —

.52 X1 ¢

8¢€T
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CzaH 197
AsMnNO,

293

C,H,,MnNO,P 294

C,H sMn-
NO,Sb

295

(#*-C H,N)Mnl| As(C;H;),(CO),

(h*-C H ,N)Mn[P(C H!),(CO),

(h*-C H,N)Mn[Sb(C¢H)),l(CO),

(¢) Tricarbonyl derivatives

C4H,MnO,

C4H,BrMnO,

C,H,CIMnO,

CgH,FMnO,

C4H,IMnO,

296

297

298

299

300

(h-C,H,)Mn(C'0),

(h*-C,H,Br)Mn(CO),

(#°-C{H,CHMn(CO),

(#*-C,H F)Mn(CO),

(#3-CH,)Mn(CO),

cacy,

ccl,

cc,

ccl,
C.D,

(CD,),CO
(CD,),S0

C,H,CH,
cDCl,
cpcl,

cpcl,

cDcl,

H,, 5-60
Hp 4.90
H' 7-37
Ha 5-51
Hy 4.87
H' 7-36
H(l 58’
Hp 5.01
H' 7-40
H 4.7
H 3-96s
H 5-08
H 4.96
H 4.-75
13C 118d
13! —28
H 4-96t,
4.65
H 4.91t,
4-63t
H 4.67,
4.43q
H 5-00t,
4.64t

T 35°
100 MHz
T 32°

Relative to CS,
8-5MHz

969

969

969

871
863

61
872

95
974

873
874

873
874

873
873

875
874
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
CH,,MnO, 301 (h*1,2-C;H,I;)Mn(CO), CDCl, H_,H_, 503 — — 875
H, 4.69 —
CH,LMnO, 302 (k*-1,3-C,H,I;)Mn(CO), CDCl, H, 522 — — 875
H.,H, 491d — —
C,H,MnO, 303 (K5-C,H,CH}Mn(CO); ccl, H 4.5Tm — — 713
H’ 1.97 — 876
(CD),SO H 4.79s — 100 MHz 872
CH,BrMnO, 304 [h%-1,2-C;Hy,(Br)CH;IMn(CO);  CCl, H 488, — — 876
‘ 4.56 —
H’' 207
CHBrMnO, 305 [k%-1,3-C,H,Br)CH;IMn(CO);  CCl, H 4.79, — — 876
4.45 —
H’' 1-97 —
C,H,CIMnO, 306 [A5-1,2-C,H,(CDCH;IMn(CO),  CCl, H 4.84, — — 876
4.50 —
H’' 208 —
CHCIMnO, 307 [A%-1,3-C;H,(CDCHjIMn(CO);  CCl, H 4.78, — — 876
4.41 —
H' 1.96
CHJIMnO, 308 [A%-12-CH,(DCH;IMn(CO),  CCl, H 4.91, — 876
4.58 —
H’ 2-03 —

ove
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C,HIMnO,

C,,H,MnO,

C,;H,MnO,

C,oH,CIMnO,

C,H,IMnO,

C,;H,,MnO,

C,,H,;sMnO,

C,H;;MnO,

C,,H;;MnO,

C,,H,MnO,

309

310

312

313

314

315

316

317

318

[45-1,3-C H,(I)CH;IMn(CO),

(h3-1,2-C H,(CH}),IMn(CO),
[A%-1,3-CH,(CH}),IMn(CO),

[43-1,3-CH,(C)CH.CH’IMn-
(CO)J :

" [%-1,3-C H,(ICHCH;IMn(CO),

{45-1,2-C {H,(CH,CH ,)CH,Mn-
(CO),

[h*-1,2-CH(CH,CH,)
CH,C,H,IMn(CO),

[#5-1,2-C,H,(CH,CH,)-
CH=CH,IMn(CO),

[3-1,2-C H,(CH,CH,)CH(OH)-
CH,IMn(CO),

[£%-1,2-CH,(CH,CH,)CHO-
Mn(CO),

ccl,

cDcl,

cDCl,

cDCl,

cDcy,

H”

n.m.

n.m.

nm.

nm.

4-82,
4.46
1-98

4.51
1.93s

4-45
1.92

4.81d,
4.47t
2:27q
111t

4.88d,
4.52t
2.28q,
1-12t

H magnetically equivalent

H magnetically equivalent

H magnetically non-equivalent

Two diastereoisomers: H

876

8717
871

873

873

1012
1012
1012

1012

magnetically equivalent in the

one isomer, non-equivalent in
the other

H magnetically non-equivalent

1012

SIXITINOD TANOEUVD TVIFW-DINVOIYO NO Vivd AN



TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences

C,,H,,MnO, 319 [A*-1,2-C,H,;(CH,CH,;)COCH,])- — n.m. — H magnetically non-equivalent 1012
Mn(CO),

C,.H,;MnO, 320 [A%-1,2-C,H(CH,CH,)- — nm. — H magnetically non-equivalent 1012
COCH,IMn(CO),

C,H,;Mn0O, 321 [#-1,2-C;H,(CH,CH)CH, - — n.m. — H magnetically equivalent 1012
Mn(CO),

C,,H MnO, 322 [A%-1,2-C;H(CH,C{H,) — n.m. — H magnetically equivalent 1012
COCH,IMn(CO), (4v = 294 Hz)

C,,H,sMnO; 323 [h%-1,2-C,H,(p-CH,CH,- — n.m. — H magnetically equivalent 1012
COCH;(COCH;,IMn(CO), (4r = 36-3 Hz)

C,,HMnO, 324 [A*-1,2-C,H,(CH,OH)CH;]- — n.m. — H magnetically equivalent 1012
Mn(CO),

C,,H,;MnO; 325  (A%-1,2-C,H;(CH,0CH,),)- — nm. — H magnetically equivalent 1012
Mn(CO), (4dv =8-4Hz)

C, H,,MnO; 326  [h*-1,3-C;H,(CH,CH;)CH;)- — n.m. — H magnetically equivalent 1012
Mn(CO),

C,,H,MnO, 327 (h*-1,3-C,H,(CH,CH,)CH — nm. — H magnetically equivalent 1012
C¢HIMn(CO),

C,,H,;MnO, 328 [h*1,3-C,H,(CH,CH,)CH= — n.m. — H magnetically equivalent 1012
CH,IMn(CO),

C,,H,;;MnO, 329  [A%-1,3-CH,(CH,CH,)CH- — n.m. — H magnetically equivalent 1012

(OH)CH;,IMn(CO),

(444
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C,H:CIMnO,
C,H,MnO,
C,,H, MnO,
C,,H,;;MnO,
C,,H,CIMnO,
C,,H;;MnO,
C(H;;MnO,
C,;H;MnO,
C,,H,:MnO,
C,,H,:MnO,
C,HMnO,
C;;H,;;MnO,

C,H,MnO,

330

331

332

333

334

335

336

337

338

339

340

341

342

(#5-1,3-C,H(CH,CH,)CII-
Mn(CO),
[45-1,3-C,H,(CH,CH,)CHO-
Mn(CO),
[#-1,3-CH(CH,CH,)COCH,-
Mn(CO),
[h%-1,3-C;H,(CH,CH,)COC H,]-
Mn(CO),
[A3-1,3-C H,(CH,CH,)COCI]-
Mn(CO),
[4-1,3-C;H,(CH,CH,)CO,CH, -
Mn(CO),
[45-1,3-C;H,(CH,CH,)CH,]-
Mn(CO),
[h3-1,3-CH,(CH,C,H,)COCH;)-
Mn(CO),
[A3-1,3-CH,(CH,CHYCOCH,)-
Mn(CO),
[#3-1,3-C;H;(p-CH,CH,-
COCH,)COCH,IMn(CO),
[#%-1,3-C;H,(CH,OH)CH,]-
Mn(CO),
|#5-1,3-C;H,(CH,OCH,),)-
Mn(CO),
(A5-CH,-1,2-(CH,CH,),4-
(COCH;)IMn(CO),

nm.

n.m.

nm.

n.m.

n.m.

n.m.

— H magnetically equivalent

— H magnetically non-equivalent

— H magnetically non-equivalent

— H magnetically non-equivalent

— H magneticaily non-equivalent

— H magnetically non-equivalent

— H magnetically equivalent

— H magnetically equivalent

— H magnetically equivalent

— H magpnetically equivalent

— H magnetically equivalent

— H magnetically equivalent

— H magnetically non-equivalent

1012

1012

1012

1012

1012

1012

1012

1012

1012

1012

1012

1012

1612
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent o (ppm) (Hz) Remarks ences
CiHMnO, 343 [#-C,H,-1,3-(CH,CH,),'5- — n.m. — H magnetically non-equivalent 1012
(COCH,)Mn(CO),
C,H,MnO, 344 (#-C,,H,,0)Mn(CO), — n.m. — C,H, 0= CH,CH, o o1
H magnetically non-equivalent
CiH,MnO, 345 (#5-C,,H,0)Mn(CO), — nm. — CiH,,0 = o o1z
CH,CH,
H magnetically non-equivalent
C,,H,;MnO, 346  [h*-1,2-C,H;(CH;CHY),l- CDCl, H_ ,H, 4.62d — H' magnetically non-equivalent 877
Mn(CO); H_, 443t — 1012
H 2:29m —
H” 1-13t —_
C,,;H,;;MnO, 347  [A*-1,3-C,H;(CH;CH*),)- CDCl, H 4.51 — H’ magnetically equivalent 877
Mn(COQ), H' 2-27q — 1012
H” 1.12t —
C,H,MnO, 348 (h-C,H,  CH,CH,CH,) cpcy, H 461 — 877

Mn(CO),

1444
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C,H;;MnO,

C,;H,;MnO,

C,H,;MnO,

C,;H;;Mn0O,

C6H;sMnO;

C,H, MnO,

C1,H,MnO,

Conm‘
AuMnO,P

349

350

352

353

354

355

356

(#-C,H, - CH'(CH?),IMn(CO),

[#5-1,2-C{H,(CH,;CH%)CH""-
(CH,1V),]Mn(CO),

[45-1,2,4-CH,(CH,CH?),]-

Mn(CO),

(B-C,H n-C,H,sMn(CO),

[13-C4Hy(CH{CH?),IMn(CO),

(h%-C{H,- CHPh)Mn(CO),

[h-C,H, - C(CH})=CH,]-
Mn(CO),

[13-C {H AuP(C,H2),IMn(CO),

cbcl,

cDCl,

cDcl,

cDCl,

cDCl,

CDCl,

cDcl,

cDCl,

H'
H”

H'
H”
H'"

4.62m
2-58m
1.14d

4.55m
2-29q
1-12t
2.54m
1.14d

4.55s
2:26m
1-13t

4.61

4.58s
2:4
17
2:22q
111t

4.60
3.56s

4.92t
4.68t
1-92

4.86,
4.57
7.36

C9H9(CH2CHJ)2 =

CH,CH,

877

877

877

877
877

877

877

979
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TABLE V—cont.

Formula

No.

Compound Solvent

4 (ppm)

Refer-
ences

C,H,,BrMnO,

C:H;:MnOy

C,H;;MnO,

C,oH,,MnNO,

C,H,;MnO,

C,-H,(Mn,0,

C,H;MnNO,

357

358

359

360

361

362

363

[#-C H,C(CH)=CH"—C(Br)= CCl,
CH'IMn(CO),

(#>-CsH,COCH,C(CH%),CO,  CDCI,
CH,IMn(CO),

{#*-CH,-1(CH,)-2-[COCH;C- CDCl,
(CH*%),CO,CH,}Mn(CO),

[45-CH, - CH(CH,NH, |- (CD,),SO
Mn(CO),

[A3-C4H, - C(CH{),0H"]Mn(CO), CDCl,

[ 15-(C (H,),CH’ - OH"]- —
[Mn(CO),],

[45-C H, - C(CH,;)=NOHI- (CD,),SO
Mn(CO),

4.65m

7-2m
51

5-35m

5-38t
4-81t
2-87

1-27s

5-32q

4.73m

2.92
1-29

4.99d
5-38s

4-90t
4-61t
1-49s
1-68s
4.8m
5-12d
2-16d

5-30s
4-91s

As the hydrochloride salt

981

978

978

872

877

878

872

174
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C,H MnO,

C,oH,MnO,

C,,H,MnO,

C,,H,MnO,

C,,H,MnO,

C,,H,MnO,

C,H,MnNO,

C,HMnNO,

364

365

366

368

369

370

371

(h%-C,H,CH=0)Mn(CO),

[A3-CH,-1(CH'0)-2(CHY)]-
Mn(CO)a

|h%-CH;-1(CH' 0)-2(CHY)]-
Mn(CO),

[#3%-CH;-1(CH’O)-
2(CH;CH{")IMn(CO),

[#5-CH,-1(CH’O)-
3(CH’,CH}")IMn(CO),

[#%-CH (CH=CHCOCH,)|-
Mn(CO),

(h%-C {H,NO,)Mn(CO),

(#3-C,H,CN)Mn(CO),

(CD,),SO

CDCl,

cDCl,

cDcl,

cDCl,

100 MHz

872

877

8717

877

877

1013

1013

1013
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,HMnO, 372 [#*-13-C{H,(CHO),]MNCO); — H_, 6-05 — Calculated 6 values: 6-15 and 1013
H_  ,H_, 558 -— 5-62 respectively
CjoH;MnN,O, 373  [A%-1,3-C,H,(CN),]Mn(CO), - H_, 5-82 — Calculated & values: 5-87 and 1013
H_ H_ 537 — 5-39 respectively

C,;,H;;MnNO, 374 [h*-C,H,-1{NHCOCH;)-3- — H_, 4.35 — — 1013
(CH,CH,)IMn(CO), H_, 5-07 —
H_, 4.94 —

C,,H,MnO, 375  (h*-C,H,- COCH,)Mn(CO), CCl, H_,,H., 534 — — 879
H,H_, 479 —

H_,,H_, 543 — T 32° 7
H,H_, 485 —

(CD;),SO H_,,H_; 574t — 100 MHz 872
H,H_, 516t —

C,HFMnO, 376 (h*-C,H, - COCF;)Mn(CO), CCl, H,H_ 571 — — 879
H_,H, 511 —

C,HBrMnO, 377 (h*-C,H,-COCH,Br)Mn(CO), CCI, H,H_, 544 — — 880
H_,H, 478 —

C,oHIMnO, 378 (h*-C,H,  COCH,)Mn(CO), CCl, H ,H,, 5138 — — 880
H,H, 478 —

CyHBrMnO, 379 [4%1,2-C;H,(Br)COCH!]- CDCl, H 5-36, — — 873
Mn(CO), 5.03b, —
479 —
H' 2-49s —

8T
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C,H{BrMnO,

C,H,CIMnO,

C.1H,CIMnO,

C,,H,FMnO,

CoHIMnO,

C)oH,I,MnO,

C,HI,MnO,

C,;H;MnO,

C,H,MnO,

380

381

382

383

384

385

386

387

388

[A*-1,3-C,H,(Br)COCH)- CcDCL
Mn(CO),

[h%-1,2-C H(C)COCH]- cpcl,
Mn(CO),

[k*1,3-C,H,(C)COCH])- cpcl,
Mn(CO),

[5-1,3-C,H,(F)COCH;IMn(CO), (CDCl,)

[£%-1,3-CH,(I)COCH;Mn(CO), CDCl,

[h3-C,H,-2,3(1),- (COCH})]- cDCl,
Mn(CO),

[h-C H,-3,4(1);- {COCH,)]- cDcl,
Mn(CO),

[h-1,2-C ;H,(CH,)COCH,]- ccl,
Mn(CO),

[h3-1,3-C,H,(CH,)COCH,]- ccl,
Mn(CO),

5-60,
5-36,
5-06

2:27s
5.34,
5.03,
4.76

2:51s

5-56,
5-36,
5-03

2-29s

5-31,
5-18,
4-89
2-26s
5.65,
5-32,
5.08
2-29s
5-47d,
5-25d
2-45s
5-96s
2-29s

228

2-02

873

873

873

873

873

873

873

713

713
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TABLE V—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,,H,,MnO, 389 [h’-C,H,-2,3(CH;),-1(COCHY)- CDCly H_, 4.63d — 877
Mn(CO), H_, 5-19d —
H' 2-28s, —
1-96s —
H” 2-28s —
C,H,MnO, 390 [h’-C,H,-2,4(CH}),-1I(COCH")I- CDCl, H, 4-63d — 877
Mn(CO), H_; 5-10d —
H' 2-33s, —
1-97s —
H” 2-31s —
C,H,MnO, 391 [K-C,H,-2,5(CH}),-I(COCH%)]- €DCl, H 4.52s — 877
Mn(CO), H' 2-21s —
H” 2-45s —
C,H, MnO, 392 [h%-C,H,-34(CHS),-(COCH)I- CDCl, H 5.26s — 877
Mn(CO), H' 1-99s —
H” 2-28s —
C,,H,;MnO, 393 [#*-1,2-C,H;(CH;)COCH,CH,- CCl, H 5-50, — 881
CO,CH,IMn(CO), 4.84 —
H’ 2-29 —
C,,H;MnO, 394 [A*-1,3-C,H,(CH};)COCH,CH,- CCl, H 5-50, — 881
CO,CH,IMn(CO), 4-84 —
H' 2-06

0s¢
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C,,H;;MnO,

C,H; MnO,

C,H,;MnO,

C,H,:MnO,

C,:H;;MnO,

395

396

397

398

399

{h5-1,2-C H,(CHCHY)-
COCHY'IMn(CO),

[45-1,3-C;Hy(CH,CH?)-
COCHY'IMn(CO),

[45-C H,-2,4(CH,CH?),- 1-
(COCHY")IMn(CO),

(A3-CyH,-3,4(CH,CH?),-1-
(COCH}")IMn(CO),

{h5-C H,-2[CH'(CH?),|-1-
(COCH}")}Mn(CO),

CDCY,

cDCl,

cDcl,

cDCl,

cDey,

H'
H”
H'"

5-30,
4.71,
4-66

2-7m
117t
2-31s

5-35,
5-30,
4.76

2-4m
1-18t
2-28s

4.70d
5.-15d
2-3m,
2-7m
1-16t
2-32s

5-28s
2-3m
1-17t
2.27s

4.60
4.83
532
3-32m
1-17,
119
2:33s

873

873

877

8717

877
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,;H;MnO, 400 {A*-C;H,-3[CH'(CH%),)-1- CDCl, H,H 532 — — 877
(COCHY")}Mn(CO), H_, 4-80 —
H' 2-6lm —
H” 1-19d —
H" 2-29s —
C,H,MnO, 401 {i*-C;H,-3[C(CH}),)-1- cbal, H_, 5.24 — — 877
(COCH’)}Mn(CO), H_, 4-91 —
H_, 5.42 —
H' 1.23s —
H” 230 —
C:H;;MnO, 402  {#*-C;H,-2,4[C(CH)),]1- CDCl, H_; 5-02d — — 877
(COCH)Mn(CO), H_, 5-17d —
H' 1-29s, —
1.22s —
H” 232 —
C,H MnO, 403 [#*-C,H,(CH;CH3)COCH}'}- CDC], H_, 5-16s — C,H,(CH,CH,)COCH, = 877
Mn(CO), H_, 2.4m — COCH
H_ H_ 18m — 7
H_-; 2-8m -_— 1
H' 2-32q — 2
H” 117t — 3
H"” 2-28s — A
CH,CH,
C,;H;;MnO, 404  [h%-1,3-C,H,(CH;}Ph)- CDCl, H 5-35, — — 877
COCH4IMn(CO), 5-23, —
4.-83 —
H' 3-61s —
H" 2-42s —_

(44
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C,,H,sMnO;

CsH, ;sMnOy

C,,H;;MnO,

C,;H ;MnO,

C;,H ;sMnO,

CH;sMnO,

C,H,CIMnO,

405

406

407

408

409

410

411

[h3-1,2-C;H,(p-CHICH,-
COCH%)COCH}"IMn(CO),

[43-1,3-CH,(p-CHC(H,-
COCH’)COCH;"IMn(CO),

{h5-1,2-C,H,(CH;CH)COPh]-
Mn(CO),

[h%-CH;-3(CH,CH})-1(COPh)]-
Mn(CO),

[A5-1,2-C,H,(CH;Ph)COPh]-
Mn(CO),

[h5-C H,-3(CH;Ph)-(COPh)}-
Mn(CO),

(#5-1,3-CH (CH;CH’)COCI}-
Mn(CO),

cDal,

cpc,

cDCl,

cpey,

cDCl,

cDCl,

cpCl,

H'
H”
H'"

H'
H”
H'"

H'
H”

5-34¢,
4-69d
4-07q
2.58s
2.33s

5-38,
5-24,
4-85

3.69s
2-59s
2:27s
5-14,
4-86,
4.63

2-8m
1-16t

5.39d
4.80t
2-38m
1-18t
5-17,
4.73,
4.62
4.11q

5-37d
4.85¢t
3.63s

5-54,
5-47,
4.88

2-4m
1-19t

877

877

8717

8M

877

877

873
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TABLE V—cont.

Coupling
constant Refer-
Formula No Compound Solvent J (ppm) (Hz) ences
C,HMnNO, 412 (h*-CH, - CONH Mn(CO), (CDy),SO H_,H_; 564t — 100 MHz 872
H_;,H, 501t —
C,HMnO, 413 (B-C,H,-CO,H)Mn(CO), (CD),SO H_,H_, 558t — 100 MHz 872
H_,H, 511t —
C,,H,MnO, 414 [A%-1,2-C H(CH;)CO,CH;l- CCl, H 5:27m, — —_ 713
Mn(CO), 4-62m -
H' 2.27 —
C,HMnO, 415 [k%1,3-C;H,(CH)CO,CH,I- ccl, H 5.29m,  — — 713
Mn(CO), 4.61m —
H' 2.01 —
C,H-MnO, 416 {h*-C,H,-1-(CH,-3-{COCH;C- CDCl, H_, 5-37q — — 978
(CH$),CO,CH,Mn(CO), H, 5.30t -
H_, 4.73t —
H' 2.87 —_
H” 1.28 —
C,H,MnO, 417 [#-C,H,COC(CH},CH/CO,» CDCl, H,H,, 543t — — 978
CH,;Mn(CO), H,H, 479 —
H’ 1-38 —
H” 2-65 —
C,¢H,,MnO, 418  {M-C;H;-1(CH,)-2-[COC- CDCl, H_, 5-38q — -— 978
(CH}),CHCO,CH,}Mn(CO), H_,H_, 468m —
H’ 1-34 —
1-38 —
H” 273 —

1474
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C,sH,;sMnO,

C,;H; MnOq

C,;H,;MnO;

C,,;H;;MnO,S

C,,H,,MnO,S

CHMnNO,

C,H,MnNO,

419

420

421

422

423

424

425

{h*-C{H;-1-(CH,)-3-ICOC-
(CH}),CH;CO,H]}Mn(CO),

[h5-C H,-1{CHCH?)-2-
(CO,CH’)IMn(CO),

(45-C {H,-1{CH.CH})-3-
(CO,CH%)IMn(CO),

[#3-1,2-C,H,(CH,CH,)SCH]J-
Mn(CO),

[A%-1,3-C{H,(CH,CH,)SCH;]-
Mn(CO);

(h5-C{H ,NH)Mn(CO),

[h%-1,2-C H,(CH})NHY]-
Mn(CO),

cDel,

cDCl,

cDCl,

cDCl,

cDCl,

ccl,

H'
H”

5-30m —
5-30m —
4-65m —
1-38 —
2-63 —

5-31t —
4.61d —
2-72m —
1-26s —
3-74s —_—

5-32 —
5-32 —
4-69 —
1-16 —
3-79s —

4.85,4.68, —
4.53 —
2:33 —

4.74,4.58 —
2.34 —

4-58t, —
4-32t —
3-17b —

4.43, —
4.34, —
4.20 —
1.93 —
2.99 —

Hexamethyldisiloxane reference
at 100 MHz

Hexamethyldisiloxane reference
at 100 MHz

978

980

980
873

976

976

882

876
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TABLE V—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CHMnNO, 426 [A4%-1,3-C;H{(CH{NH})- CCl, H 4.30, — 876
Mn(CO), 418, —
4.08 —
H' 1.93 —
H" 2.95 —
C,H,MnNO, 427 [#-13-C;H,(CHjCH)NH}")-  CDCI, H 4.37, — 873
Mn(CO), 4.24, —
4.12 —
H' 2.26q —
H” 1-09t —
H" 3.0b —
C,H,MnNO, 428  {h*-1,2-C;H;ICH(OH)CHj}- CDCl, H 4.56, — 873
NH4Mn(CO), 4-39, —
4.20 —
H' 1-44d —
H” 3-7b —
C,H,oMnNO, 429 {r*-1,3-C;H;[CH(OH)CH;l- CDCl, H 4.59 — 873
NH’}Mn(CO), H’ 4.35 —
H" 4-17 —
C,)H,MnNO, 430 [h%1,2-C,H,(COCH)NH}}- CDCl, H 4.99, — 873
Mn(CQ), 4.62, —
4-36 —
H’ 2:31s —
H” 4.88b —_

95T
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C,H,MnNO,

C o HMnNO,

C,:H,(MnNO;

C,H MnNO,

C,H,,MaNO,

431

432

433

434

435

(43-1,3-C,;H,(COCH)NH)-
M(CO),

(h*-C,H ,NH'COCH)Mn(CO),

(45-1,2-C H,(COCH)NH"-
COCH;"'IMn(CO),

(£*-1,3-C,H,(COCH)NH"-
COCH}'|Mn(CO),

(#3-CH,- NH'CO,CH’Ph)-
Mn(CO),

cpal,

cpal,

(CD,),S0

cpay,

cbcl,

cDCl,

(CD,),S0

H

H"

H

H'

Hll

H_!. H_,
H.,H,

H 2
H"
H"

H
H”
Hlu

H
H'
H”
H_. H
H_.H_,

5-29,
4.82,
4-47

2:27s
3.46b

5-11t,
4-60t
7-53b
2-11s
5-14s
4.78s

5-92,
5-07,
4.73
2-39s
10-4b
2-13s

5-70t,
53Mm
2-32s
8:2b
2-13s

493,
4-55¢
6-46b
5-18s
5-05s
4-82s

100 MHz

873

873

872

873

873

813

872
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TABLE V——cont.

Formula No. Compound
C,HMn,0, 436 (h.15-C,H, CH)Mn(CO),l,
C,H,,MaNO, 437 (4 -C.H, C,,HNO,Mn(CO),
C,HMnO, 438 (h-C.H, C,H,NOMn(CO),
C,,H;MnNO,S 439  (h-C,H, C,H,NSMn(CO),

Solvent

CDC,

(CD,),S0

cal,

cal,

6 (ppm)
H 4.96,4-74
H_, H . 596t
H.H, S1T7t
H,H. 473
H,H_, 3511
H’ 2.47
H" 7-47
H,H., 473
H,H, 525
H’ 2-67
H" 6-95

Coupling
constant

(Hz)

Refer-
Remarks ences
Fulvalene hexacarbonyl 883
dimanganese
100 MHz 872
C;,H,NO, = /Ph
N=C
o
C—C
—cH? Yy
Reference hexamethyldisiloxane 871
C,H,NO = N—C\\ <«
CH//
-4
CH}”
Reference hexamethyldisiloxane 871
N-C «—
A\
” CH!/
7
C—S

cHy”

85T
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C,iH,(MnNO, 440

CoHy3F- 441
Mn,0,,P

C,H,CIHgMnO, 442

C.H,Mn,0,P 443

C,,H,MnO Si 444

C,,H,;MnO,Si 445

C,;H,,Mn,0,Si 446

C,H,MnO,Si, 447

C,;H,,MnO,Si, 448

(h5-CH, - CHN)Mn(CO),

[#3,h%-C H,C(CF,)——C(CF,)-
O—P(OEY),))0
C,H,(Mn(CO),l,
(#5-CH, - HgC)Mn(CO),

[4,1%-C ;H,P(OXOH)C,H, -
[Mn(CO),],

[#3-CH, - CHISI(CH?),IMn(CO),

(£3-C H, - SI(CH),IMn(CO),

[1%,h5-CH, - Si(CH}),CH, |-
IMn(CO),],

{h5-C,H,[Si(CH}),],}Mn(CO),

[£5-CH, - Si(CH.),Si(CH?), |-
Mn(CO),

Acetone

(CD,),SO

(CD,),SO

cs,

H’

H'

H'

H'
H"

4.93
5-51

—11-0

494
5-02t

5-52td
5-24t

4.411,
4.20t
1.55

—0.03

4.67s
0-18

4-82s
0-51

4-69s
0-18

4-79t,
4.73t
0-34
0-17

C.HN = I C
AN

I
H

Low field from CF,CO,H

100 MHz

871

884

872

872

250

208
250
250
250

250

SIXITdNOD TANOHAVD TVLINW-DINVOUO NO VIvA NN
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TABLE V—cont.

Formula

No.

C,H,MoNOS 449

CHMnOS

C.HMn,0,S,

C,H,MnNO,

C,H,MnNO,

C,HMnNO,

C,H,,MnNO,

C,H,MnNO,

450

451

452

453

454

455

456

IMn(CO);],
(k*-C ,H ,N)Mn(CO),

Mn(CO),

Coupling
constant Refer-
Compound Solvent Jd (ppm) (H2) Remarks ences
[h5-C H,SO,N(CH}),IMn(CO), CDC}, H_,,H_; 525t J1-0 — 885
H_,H_, 480t J1-0
H 2-75s —
(h>-C;H, - SO,H)Mn(CO), (CD;),SO H_,,H_; 545s — 100 MHz 872
H ,,H_, 505 —
(B, h-CH, - SS-C.H,) (CD,),SO H_,H_, 537 — 100 MHz 872
H_,,H_, 505 —
CCl, :_2, 2_5 g;s - C‘H‘N — 2 3 886
-3 -4 &8 1 N:O]
4 3
[4%-2,5-C,H,N(CH}),IMn(C0O), CS, H_,,H, 49 — (see above) 886
H’ 2-14
{A3-2,4-C,H,N(CH]),IMn(C0O), CCl, H_, 4-87m — CHN= 2 3 886
H_, 5-67Tm — N
CHj-a  2-15s — (Oj
CH!-8  197s — 54
{h%-2,3,4,5-C,N(CH,),IMn(CO), — CH;-a 2-07s — (See above) 886
CH,-f 1-90s —
[A5-C H,N-2(CH})-3(COCHY)I-  CS, H_, 5.54d — (See above) 886
H_, 5-9d —
H' 2-28s —
H” 2.41s —

09¢
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CyH,MnNO,

C,,H;MnNO,

C,H,,MnNO,

C,H,D,MnO,

C,;H,,MnO,

C,H;;MnO,

457

458

459

460

461

462

(45-C,HN-24(CH}),- cs,
3(COCH?)IMn(CO),
(h*-CyHgN)Mn(CO), Cs,
(hs'clenN)Mn(CO); CSz
{h*-CD,CH=CH"=CD= CDCl,
C(CH9)=0 IMn(CO),
|CH,CH'=CH"==CH""= cDCl,

C(C,H!Y)=0Mn(CO),

ICH,CH;CH":=CH"" == CH'Y = CDCl,
C(C,HY}=OIMn(CO),

H_, 5.72s

CHj-a 2.37s

CH;-j 2-15s

H" 2:37s

H 7-3m

H' 5-5s

H" 2-22s

H ~7-3m

H' 2-7m

H" 1-95

H 3-58d

H' 5-12d

H" 7-74-7.39

H 1.93d

H' 3.70 sext.

H” 5-28q

H™ 5.82d

H!Y 7-6m

H 1-16t

H' 2-38,
2-07

H” 3-68ddd

H" 5-18dd

HY 5-78d
7-67-7-40

HY

Jun- 132
JHH 7.9
JHH" 7.9
JHH 2.0
JHH 42.5
JH“'H“' 7.1

(See above) 886
CH,N= H W 886
H
O)—cwy
H N
H
C,H,N=H H HH H" 886
H H
O HVI
H N H' H
100 MHz 857
-_ 856
100 MHz 857

SAXTTdNOD TANOHUVD TVLIW-DINVOYO NO VLIVA dNN
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,MnO, 463 (#-CH,;0)Mn(CO), CCl, H 5-44s, - 829
4-72s —
H’ 7-85m, —
7-35m
H’ 1-99s —_
CH;;MnO, 464 (h*-C,H,,0)Mn(CO), CDCl, H 5-69s —_ 829
H’ 8-00m, —
7-48s —
[C,,H,,MnO,S|* 465 {[{h*-C(CH,),SIMn(CO),}* (CD,),SO H 2.52, -— C{CH,) 8= CH, CH, 887
2.43 —
sO
CH; CH,
(CD,),SO H 242, —_ T37° 888
2-36 — Isolated as the perchlorate
C,H,MnO, 466 (1,2,3,4,5-h%-C{H,)Mn(CO), — H_,eo 156 — — 955

H -7 endo

2.25

(4214
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C,,HMnO, 467 [1,23,4,5-h>7T-ex0-CHy cal, H_jendo 258 — — 955
(CH)IMn(CO), H 0-43d —

C,,HMnNO, 468 (h*-C;H,CN)Mn(CO), CDCl, H_,,H_, 300dd* — CsHCN = CN 889
H_,H_, 505dd* —

H_, 6-00t* — 2 L~/o H
H_, 3.60t* — 3

* Reviewer’s assignment

C,;H,MnNO, 469 [A-C(H,(CH,),CNIMn(CO);  CDCl, H_,,H, 4.86s — CsH,(CH,),CN = CN 889
H_, 3.39s —
1,5CH, 1-73s —
3-CH,  2-55s —

C,H,MnNO, 470 [K-CH,(CH,),CNIMn(CO);  CDCl, H_, 2.86d*  — CH,(CH,)CN = CN 889
H 343 — 6

I-CH,  1.76s*  — CHi 2 _C'L
24-CH, 2:07s*, — CHL3 3
2-03s* — ! )
3-CH 2-52s* S

s s CH, H
* Reviewer’s assignment

C,oH,MnO, 471 (h%-C,H,)Mn(CO), (CD),CO  H_,H, 353 — CH,= 1 438
H

H 2
H_,H_, 542 — 7

H, 710 — T-47° 3
H  H, 470 A

At T 88° single line at 4-85

SHXITdNOD TANOEAVD TVIANW-DINVOYO NO VIVA YNN
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,HsMnO, 472  (K-C,HMn(CO), CS, H_,H_, 385 — CH,= 7 890
H,H, 5099 — 2 1 9
H_, 5-81t 3 6
H H_, 18m,  —
2-45m — 4 5
H_,H_, 373 Jyy=Jy—14 891
J12=J459°5
H ,H, 501 Jyy=J1458
Jrs—04
H_, 5.74 —
H_,H_, 175, —_
2-1 —
C,H,,MnO, 473 (B*-C,H,CH)Mn(CO), CS, H_, 3-55m — 890
H_, 5-32q —
H_, 5.8t —
H_, 4.78q —
H_, 3-86d —
H_, 3-20m —
H_; sio  1-98sext. —
_7exo 0-65 sept. —

H, 0-98

97
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C,,HMnNO,

C,H,;MnQ,

474

475

Cs,
(h*-C,H,CN)Mn(CO), CDCl,
(h%-C,H, - C{H,)Mn(CO), cs,

H_,,H
H

-6

H. ,H,

l

ITTzzTzxT

o
Loh
3
5

-1 exo

5-24

5-73

4.71
3-81

312
1-9

0-59
0-84

} 3.40-4-05m —

5.32m
6-08t

2.-58m
1-68m

4.0m

5-44dd
5-82t
5-0dd
2-10q
0-90m
7-12s

J128:5; 891
Ji1—-2:0;
J,,40,85

J2.35-6;
J24—02;
Jy,—0-8,-0-7
J347-0;

I3 -1.0

Jos 10-0
Js64-0;
Jig—20
Js29-0,9-0
J,,—13:5

J6-4

C.HCN= , 890

—_ 3
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TABLE V——cont.

99¢

Coupling
constant Refer-
Formula No. Compound Solvent é (ppm) (Hz) Remarks ences
3
C,,;H,MnNO, 476 [h%-C,H; N(CH,),IMn(CO), CDCl, :_,.H_, 3.20-4.20m — C.H,N(CH,), 7 290
H o H., 4.955.10m— 2L\ _N(CH,),
-ty
H_, 5-85t — 3 6
H_-, endo 1-80m a5
H 00  070m —
H 2-15s —
C,H,MnO, 477 (h-C,H,- OCH )Mn(CO), CS, H_, 3-20m — C,H;-OCH, = 7
H, 5.40q — 21 OCH, 890
H, 5-80t — , 6
H_, 4.95q —
H_, 3.83m — 4 5
H_, 4.20 sext. —
H_;engo 2 10sext. —
H ;.0 062 sept. —
H 3.20s —
CS, H_, 311 J.85; 891
Ji3—2-0;
J,,40,85
H_, 5-30 J135-6;
J,4—0-2
J,,—08,-07
H, 571 J, . 7-0:
-’3.5 -10

H_, 4.88 J.5 10-0
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C,,H;;MnO,

C,H,;MnO,

C,HMnO,

478

479

480

(h*-C,H, OCH,CH})Mn(CO),

[#5-C,H, - OC(CHJ),IMn(CO),

(h3-CH Mn(CO),

cDCl,

CDCl,

CDCl,

H_,H
H,,
H_,
H_,
H_,
H_,
H_, endo

H -7Texo

H'

J564°0;
Jsg—2-0
J6,19-0,9-0
Jyq4—13:5

— C,H,  OCH,CH} =

— 890
: OCH,CH}
— 100 MHz
— C,H,OC(CH,), = 890
— 7
— 21 OC(CH}),
— 6

3
— PI
— CeHy= 1 6 877
- QL)

3 4
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TABLE V—cont.

Formula

Compound

Solvent

Coupling
constant
(Hz)

Remarks

Refer-
ences

C,,H;;MnO,

C.H,;MnO,

C,,H,sMnO,

C,,H,;MnO,

C,,H;MnO,

481

482

483

484

485

(h*-C,H,,;)Mn(CO),

(®-C,H,,- CH,CH,)Mn(CO),

(h3-C,H,,CH,CH,Mn(CO),

(h*-C,H,,COCH,)Mn(CO),

(h-C,H,,COCH,)Mn(CO),

cDcl,

cDCl,

cpcl,

CDCl,

cDCl,

CH,, = 1 1
6
2
@
3 4
C)H,,CH,CH, = CH,CH]

CH,,CH,CH, =

C,H,,COCH, = cocn‘

CHCOCH, = |

CH co-@

877

877

877

877

877

89¢
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C,;H,;MnO,

C;H,;MnO,

C,sH;sMnO,

C,;H,MnO,

C,H,;MnO,

486

487

488

489

490

(h%-C ;H,,0)Mn(CO),

(#-C ,H,;0)Mn(CO),

(#-C,H,;0)Mn(CO),

(h-C,,H,,0)Mn(CO),

(h5-C,;H,,0)Mn(CO),

H'
H”
H"

H'
H”
H'"

H'
H"
H'"

H'
H"
H'"

H'
H”
H'"

4.79
4.42
2.20
112,
1-20

4.95
4.50
1-99
1-19,
1-09

5-03
4.92
195
1-21,
[-10

4-65
4.53
2:24
1-15,
0-98

5-09
4-59
1-99
1-14,
0-99

C\,H,,0= CHj o 977
CHY'
H CHy"
H}
C,H, 0= H O 977
CH;"
CH’; CH;H
Hl
C,,H,,0= H O 977
CH}"
H, CH;N
CH;
CHHHO = CH" 977
CHy"
Hl
CIZHHO -

SIXTATAWOD TANOTYVD TVIIW-DINVOUO NO VLIVA YNN
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TABLE V—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H,MnO, 491 (#*-C,,H,;0)Mn(CO), — H 523 — C,,H,;0= H Q 971
H' 4.69 —
A WO eanr
098  — CHy”
CHj
C,H,MnO, 492  [h%-C,H{(CH)OIMn(CO), ccl, H 4-86, — C,H(CH,)O = H 881
4.53 —
H' 228 — H‘<@(P
CH;
C,;H,MnO, 493 [h%-C,H,(CH})OIMn(CO), cCl, H 5-07, — C,H,(CH,)0 = H 9 881
4.99 —
H' 206 —_— HA@@
CH;}
C,;H,;MnO, 494  [#>-C,H,(CH)OIMn(CO), CCl, H 5-08, — C,H,(CH,)0O = H © 881
4.57 —
H’ 2.07 — CH;

0LT
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Q;H.MnO,

C,HMnO,

C,HMnNO,

C,,H,MnO,S

C,,H,MnO,S

C,,HMnO,S

495

496

497

498

499

500

(h*-CyH,)Mn(CO),

(#5-C ,;H,)Mn(CO),

(#*-C H ,N)Mn(CO),

(h5-C,H,S)Mn(CO),

(h*-C,H,08)Mn(CO),

(#*-C;H,0,5)Mn(CO),

CDCl,

cDcy,

ccl,

cDCl,

cDCl,

cDCl,

H'
H”

H’
H”

5-16,
5-02,
4-83
7-25d,
6-89d

5-16,
5-12,
4.94
7-58
2-53

5-52d,
5-35d
8-09
2-61,
2.43

60 and 100 MHz
CH,=

60 and 100 MHz
CIJH9 -

7
@)
QO
5
3 4

892

892

H’ H"” H'

el

100 MHz

CHS =

C,H,0S =

C,H,0,8 =

S
mcocn"

CHjICO H’

mcocn'f

976

976
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,HMnO,S 501 (¥-C,;H;0,5)Mn(CO), cDCl, H 5.48d, J3 C,,H,0,8 H 976
5-31d J3 H
H’ 7.64 — N—cocH
H" 2.58, —_ N
2:51 - CH’CO
(6) HEXAHAPTO LIGANDS
C,,H,MnNO, 502 [h%1,3,5-C{H,(CHJ),l- (CD),CO H 5-6bs — — 893
Mn(CNXCO), (5-4)* 889
H' 2-3bs —
IC,,H,;,MnO,l* 503  {[h*1,3,5-C(H,(CH}),IMn(CO),}* (CD,),CO H 6-4s - Isolated as PF; salt 893
H’ 2-5s —
(7Y MIXED LIGANDS
(@) Monohapto/dihapto ligands
C, HMnO,P 504  [h2-0-CH,=CHCH,P- cDCl, H 3.85m, — — 830
(C(H.),]Mn(COCH’XCO), 3.23m, —
2-78m —
H' 7-3m —
H” 1-39s —
(b) Monohapto/pentahapto ligands
CHMaNO, 505 (h-C,H,)Mn(COCH;XNOXCO) CS, H 5-0‘;5 — — 129
H’ 2-57s —

Lt
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CHMnNO,

C,H,DMnNO,
C,H,MnNO,

[CyH, ¢
MnN,O,1*
CyoH;;MnO;

CsH;MnO,

(CH ;MnO; |-

506

507
508

509

510

511

512

(#3-C,H )Mn(CO,CH)NO(CO)

(B-C,H,)Mn(CNDXCO),
(h-C,H)Mn(CNHXCO),

[(#%-C HMn(CNCH;,)-
(NO)CO)l*

(h-C,H,)Mn|[C(CH }}~OCH}-
(CO),

(#3-C H )Mn[C(C H})=~OCH")-
(CO),

[(#5-C H)Mn(COC H:XCO),1-

(c) Monohapto/ hexahapto ligands

IC I4H17-
MnNO, |+

IC31H27_
MnNO,|*

513

514

{[h*-1,3,5-C(H,(CH});]Mn-

(CNCHCH}")CO),}*

[A%-1,3,5-C¢H,(CH}),]Mn-
[CNC(C H),I(CO),

cs,

cs,

CeH,
CsDs

(CD,),CO

C¢H,

CeHq

CH,Cl,

(CD,),CO

(CD,),CO

H”

H’
H”

H'
H”

H'
H”
H'"

H'
H'"

5-10s
3.46s

5-24s
3-6s

4.08s
4-17s
4-82b

5-88s
4.28m,

2-13-1-52m—

437
2:33
3.88

4-20
6-89
391

4.32
7-12
3.32

6-0s
2-4s
4.-0q
1.4t

6:3s
2-4s
7-4m

— 480

129
— 254
_ 863
— 863
Hexafluorophosphate salt 337
— 33
— 33
Isolated as the (N(CH%),]* 33

salt

Isolated as the PFg salt 893
Isolated as the PF; salt 893
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TABLE V——cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(d) Dihapto/pentahapto ligands
C,H;;MnO, 515 (#*-C,HXh*-CH}=CH'CH%) CDCl, H 4.45s — — 894
Mn(CO), H* 1-8-3.5 —
comp.
H” 1-50bd —
C, HMnNO, 516 (#*-C,HXA*-CH;=CH'CN) — H 4.6 — — 895
Mn(CO), H' 1-8-2.8 — 75
C,;H,;MnO, 517 (h*-C,H,)[A*C(OCH;),= C,Dq H 4-28s — T 10° 279
C(OCH}),Mn(CO), H' 3.43s —
C,,H,;MnO, 518  (h*-C,H)h-CH)Mn(CO), (CD,y),CO H 4.61s — C;H, = cyclopentadiene 896
H' 295 —
C H,Mn,O, 519 [(h5-C;H)Mn(CO),l,(A%,h*-C,H)) (CD;),CO H 4-61s — C,H, = cyclopentadiene 896
H' 2-90 —_
C, H;MnO, 520 (K-CHMn(h:-CH;XCO), (CDy,CO H 4-61 — C,H, = Cyclopent-1-ene 974
H' ,H, 271 —
C,H;MnO, 521 (#-C,HMn(h>-C,H[XCO), (CD,),CO H 4-60 —_ C.H,, = Norbornene 974
H’ 3.51* — * Olefinic protons
C, H;MnO, 522 (B-C,HIMn(h>-C,HXCO), (CD),CO H 4.64 — C,H, = Norbornadiene 974
H' 4-16* — ¢ Olefinic protons

¥LT
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C;H,,Mn0O,

C,;H;;MnO,

C,H;;MnO,

C,H ;MnO;

C,,H,,F,MnO,

523

524

525

526

527

(h%-CH Mn(h>-C,H,,XCO),

(#5-CHMn(h*-C ;H,,XCO),

(15-C JH X>-C,H,)Mn(CO),

(h5-C H X h*-C,H,0,)Mn(CO),

(h%-CH)(h2-C,,HF )Mn(CO),

(CD,),CO

(CD,),CO

cDCl,

cDCl,

H
H

H/I
HIII
HY

4-63
3-89*

4.56
36

4-46
3.39s
—0-25d
1-33d
0-28d
2.55s

4.57s
3-20s
3-55bs
0-69d
0-15d

5-46
3-85,
5-20,
5-82

CoHyy = 974
/A
Hl
CioHpy= 974
/.
H'

CH,, = 1 894

894

C|2H6F4= @’) 897
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,(H,;MnO, 528 (W-C.H)Mn(#?-C,HXCO), (CD,)),CO H 4.70 — CH,= w 975
H' 4-59 — H'Y 974
H” 5-15 — "
H"” 3.51 — H
Hlv 78_6.9 _ H”I HNI
C,,H,;MnO, 529  (M-CHIMn(h2-C,HXCO), (CD;)CO H 4.80 — C,,Hy = 975
R 0
H" 7-82-70 — — i
H, H”
C,,H,;;MnO, 530 (h,-C;HMn(h,-C,H,0XCO), (CD,),CO H 4.86 — C.H O = Cyclopentenone 975
974
C,,H,MnO, 531 (B-C;HMn(h?-C,H,OXCO), (CD;),CO H 4.60s — CHO= H” H™" 975
H' 7-10 — H™ 974
H 4034 — /
H™" 31-21m  — H” "0
CH-MnO; 532 (W-CHIMn(#*-C,H,;0,XCO), (CDy),CO H 5-22s — C,H,0, = maleic anhydride 975
H’ 4-41s — 974
C,¢H ;MnO; 533 (B*-CH)Mn(h?-C,H,O;XCO), (CD,;),CO H 4.78 — C,H0, = 975
H' 3-64 — (o] 974
— )
H’ (o]

9LT
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C,,H,MnO,

534

(h*-C H )Mn(#?-C ;H}0,XCO),

(CD,),CO

H
H'

(8) COMPLEXES WITH TWO OR MORE MANGANESE ATOMS

C,,H,Mn,NO,

C,HMn,0,,

C3HgMn,0,4

C;HgMn,0,

CsH ;oMn 0,

C,sHgMn,O¢

535

536

537

538

539

540

C,(HMn,0Se, 541

C,H Mny-
O4Se,

CH Mn,-
O4Se,

542

543

[C; H;Mn, 0~ 544

C;H:Mn;0,

545

Mn,[C(CH,)NH})(CO),
Mn,{C(CH,)OCH;(CO),

Mn,[C(CH,)OCH;CHZI(CO),

Mn,| C(C(H,JOCH;)(CO),

Mn,[C(CH,YOCH;CH}}(CO),

(h5,15-C JH,-C {H,)[Mn(CO),.

[Mn(SeCH,XCO),1,
[Mn(SeCH,CH}XCO),],

[Mn(Se-n-C,H,)(CO),],

{Mn(COCH,XCO),[Mn(CO), |-

IMn(H)(CO),};

(CD,),CO
(CD,),CO

(CD,),CO

(CD,),COo

(CD,),CO

(CH,),CO

ccl,
ccl,

CCl,

THF

H
H'

H'

H’
H”

T XIIX T X

=

I =

4.91s
7-22s

2-93s
10-35m

3.22s
4.54s
3.13s
4-70q
1-53t
7-38m
4.12s

7-30m
4-35q
1-39t

5-37t,
4.90t

1-92

2:72q
122t

2.,
1-5m,
1.0t

2-81s

Not reported

J715
J15

C,H,0,= 0]

H~ O

Hexamethyldisiloxane as
reference

915
974

973

973

973

973

973

979

902
902

902

1015
900
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
(9) MISCELLANEOUS LIGANDS
C e Hyp 546 Mn[P(C¢H;,),),(BrXCO), cql, H 7-29 — 100 MHz 870
BrMnO,P,
C,H,sMnO,P, 547 Mn{PPh,(CH,),PPh,J(HXCO), — H -7-8 Jpy 45 — 898
C;H;;MnO,P, 548 Mn(PPh,),(HXCO), CDCl, H —7-4t Jpu 29 100 MHz 899
C,;H,;;MnO.P, 549 Mn[P(OPh),CH;],(HXCO); —_ H —8-0t Jpy45 — 898
H’ 1-9b —
CyH,;,MnO,P, 550 Mn[P(OPh),l,(HXCO), — H —8 13t Jpy 50 — 705
H —8-2t Jpu 50 100 MHz 899
H -8-0 Jpu 50 — 898
C,,H,,I,Mn0O,S 551 [Mn(C(CH,)SXCO),lpolyiodide (CD;,CO H 2-59, — T 37° 888
2-64, —
268 —_—
C,HFMnO,P 552 Mn[P(CF,),F'|(HXCO), — *H —6-1 Jup7 H cis to P ligand 901
JHF 07 ® 90 MHz
tF 69-9 Jrp 94 +84.6 MHz
tF’ 139-6 Jrp 988
Jrr 3-8
CHF,MnO,P 553 Mn[P(CF;),F' (HXCO), — *H -9-1 Jup72 H trans to P ligand 901
JHF31‘O, 1-8 * 90 MHz
1F 69-1 JEp90 +84.6 MHz
+F' 134.0 Jrp 1002

JFp 2:2

8LC
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C,HF MnO,P

C,HF,MnO,P

C,H,FiMnO,P

C,H,FMnO,P

C;H,MnO,P

C,H,MnO,P

C,,H,MnO,P
C.HMnO,

554

555

556

557

558

559

560
561

Mn[P(CF,),((HXCO),

Mn[P(CF,),[(HXCO),

Mn[P(CF,),CH;I(HXCO),

Mn[P(CF,),CH;J(HXCO),

Mn(PPh,XHXCO),

Mn[P(Ph,)o-C H,CH=CH,}-
(HXCO),

Mn{P(OPh),I(HXCO),
Mn(HXCO);

Et,0

Liquid

*H

tF

*H
tF

*H
tHl
TF

SSMn

H

63-4

-85
1-83
62-8

—6-94d
—6.43

—7.34

—7.95d
-75
~7.73

2578*

387t

JHp<10
JFp 84

Jup62
Jgp 81

Jpp 15

JupS7

Jup 80

Jep 72

Jpu 34

J(*'P—H) 34.0

J(BPC—H)5-2
(¢trans)

JHPC-H) 15-7
(cis)

Jpy 35-2

Jpu 55

J(’C—H) 14
(trans)

J(P3C—H) 7 (cis)

H cis to P ligand
®* 90 MHz
t 84.-6 MHz

H trans to P ligand
® 90 MH:z
1 84.6 MHz

H cis to P ligand
84.6 MHz

H trans to P ligand
*90 MH:z
1 84-6 MHz

® Relative to saturated aqueous
LiMnO,
1 Absolute

901

901

901

901

705
199

227

705

705
199

903
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CHFMnO,P 562 Mn(CO)(PF,XH) Liquid “Mn 2673 — The upfield shifts with increasing 903
H 39.9% substitution of PF, for CO is
C,HF MnO,P, 563 Mn(CO),(PF,)(H) Liquid SMn  2742% — consistent with the assumption 903
e e T2 that PF, is a better o donor and
H 41-87 N .
increases the o-electron density
C,HF,MnO,P, 564 Mn(CO)(PF,),(H) Liquid $SMn 2813 — on the metal 903
CHF,,MnOP, 565 Mn(COXPF,),(H) Liquid “Mn 2888 — 903
C,H.Mn0O,S 566 Mn(O-SOCH,CH)CO), SO, H 3-95, J12-5 T -37° 112
3.73
C,H,;MnO,Sn 567 Mn[Sn(Ph),CH,CH,CH=CH;}- CCl, H 5-714 — — 904
(CO), o 4.87, —
481 —
C4H,0,SMn 568 Mn[S(O)OCH=C=CH;)(CO); CDCl, H 6-48t J25 — 841
H' 5712497 J2.5
C,,H,MnO,S 569 MnIS(OYOCH,CH,/(CO); S0, H 430 — T -37° 112

08¢
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C,H B;MnO,

570

[CH{BMnO,]- 571

[C,H,B,-
MnQ,]-

[CHH lZBﬁ-
MnO;]-

572

573

(C;H,B,CH)Mn(CO),

[(C,HgBoMn(CO),}-

{IC,H,B,(CH,),IMn(CO),}-

{{C,H,B(CH)IMn(CO),}-

— H
HI
H”

(CD,),CO H

(CD,,CO H

(CD,),CO CH
HI

—
[~ ]
RO O

—5-70bs

—2-46bs

—4.-86bs
7-40bd

Structure: 905
Mn

/]

Cil—\—.'C'li’ :/—C—-CHZ

N

Isolated as the tetramethyl 906
ammonium salt
Structure:

LA

R=R'=H e=BH

Isolated as the tetramethy! 906
ammonium salt. Structure as
above (R =R’ = CH,)

Isolated as the tetramethyl 906
ammonium salt. Structure as
atove. (R = H,R" = CH)

SAXATANOD TANOMI VD TVLIW-DINVOUO NO Vivd dAN
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TABLE V—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
{CH, B 574  {Mn(B,C,HXCO),l- (CD3),CO H 57 — Isolated as the [N(CH3),]* salt 907
MnO,}- H’ 3.73s —
s _20.49, ® Relative to BF, - O(C,H,), at
+6-57, 32 MHz
+11-57,
+18-75
{CH,,B,- 575  {Mn{z-3)-1,2-B,C,;H,,J(CO),}- — H —2-48bs — Isolated as the [N(CH,),]* salt 203
MnO,}-
[CoH, By 576 {Mn{B,C,H,(CH=CH}),(CO);}- (CD;),CO H 6-40dd Jeis 10-5 Isolated as the Cs* salt 60 and 908
MnO,]‘ Jirans17-0 250 MHz
H' 4-96dd, Jgem! -5
4-64dd
HB
C.H, BMnO; 577 Mn(1-(10-CH;-1,10-(0-B,C,Hy)l- — H 2-77s — ¢ Relative to BF;OFEt, 482
(CO), *B +10-7d J 158 32.1 MHz
CgH,;B,MnO; 578 Mn[1{2-CH;-1,2-(¢-B,,C,H,))l- — H 208 — — 482
(CO), g +2-1, J 143 * Relative to BF,0Ft,
+6-6, J 141 32-1 MH:z
+11-3, J169
+12-4 J 160

8¢
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TABLE VI
Rhenium complexes

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(1) MONOHAPTO LIGANDS
C,HOPRe 1  Rela-A'-1,2-CH,CH'CH P- cDal, H 1-98d Jup'7-3 — 227
(CH,),CO), H' 3.35gd  Juw73
Jpyr 40
C,H,;O,PRe 2  Re[f-h-1,2-CH,CH;.CH,P-  CDCl H 1-30m JpH 22 — 227
(C4H,),1(CO), H’ 3-24m Jpy small

CH,O,Re 3 RelB-h'-CH=CH'COCHjKCO), CDCI, H 10-86 Jyn 10-5 Reference hexamethyldisiloxane 223

H' 7-69 — Carbony] oxygen lone pair of

H” 2-50 — electrons co-ordinated with

CH,CI, H 10-63 J 102 the Re atom to give a chelated

H’ 7.55 — complex

H” 2-46 —
C,;H,0(Re 4  RelB-h'-CH=CH'COCH})(CO), CDC], H 10-90 Jup10-2 Reference hexamethyldisiloxane 223

H’ 826 — Chelated complex (see above)

H",H”, 8.05 —

H’_’p -

H",, 7.51

H”,

SAXITdNOD TANOEUVD TVIINW-DINVOIO NO VILVA dNAN
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TABLE VI—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,H,N,O,Re 5 Re(1-#'-2-C{H,. N=NCH;XCO), CS, H_, 713t — 100 MHz 176
H_, ~7-55m —
H_ 7-92dd —
H_, 8-15dd —
H’ ~7-38m —
C,H,N,O,Re 6 Re(CONHCH/XNH:CH}’XCO), CDCl, H 5-54b T 51 60 and 100 MHz 228
H’ 2-83 —_
H" 4-19 Ty 64
H " 2 85
CH;,N,O,Re 7 Re[CONHCH'(CH}),J(NH}"- CDCl, H 5.58 Jun 8 60 and 100 MHz 228
CHIVXCO), H' ~4.10 —
H" 1-13 Jun- 65
H" ~3.90b JumH" 6-4
HY 2-81 —
C,H,N,ORe 8 Re[CONHCH'(CHj),JINH}"- CDCl H 5.35b — 60 and 100 MHz 228
cHIY(CHY),XCO), H 426 Ju 65
H” 1-14 —
H'" 4-20b —
H"Y 295 Jyvpy 6-5
HY 1-26 —
CeH,0.Re 9 Re(CH,XCO), CDCl, H —-0-23 — — 229
C,HCL,F,O,Re 10  Re(CF,CHCLXCO); CS,/ H 5-80t J 11.0 *Relative to CF, (increasing to 230

(CH,),CO F 118.5d*

low field)

¥8C
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C,HCIF,0Re

C,HF,0,Re

C,H,F,0,Re

C,oH;FO Re

C:H,O,Re

C,H,NO,Re

C,F,0,Re

C H,F,0,Re

13

14

15

Re(CF,CHCIF'XCO),

Re(CF,CHF(CO),

Re(CF,CFCH,XCO),

Re|CF,CFCF,),CH,)(CO),

Re(h!-CH,-CH’=CHZ)XCO),

Re(CH,CONH.)(CO),

Re(h'-CF=CF}XCO),

Re(h'-CH=CH'CF XCO),

CS,/
(CH,),CO

CS,/
(CH,),CO

CS,/
(CH,),CO

CS,/
(CH,),CO

cDCl,

cpcl,

cs,

F'

cis
v
F trans

H'

5-59dq
116q*,
101q
265

513t
98-4*
42.5d

I-54t
118-8m*
73-0qt

922
82-8

1-81d
6-24m
4-59dd,
4-28dd

1.75s
5-27s

154-3
96-1
131-7

7-46d

6-78q
58-8d
62.2,
652

Jur 53,
118
Jyg+ 525

Jup 57
Jur 59-0

Jep <1

Jup 25
Jug 200
Jpg 45

J8

J2,16
J2,10

Jiranst20-0
Jeis 36-6
Jgem 980

J14
Ju 85

*Relative to C,F,
(increasing to low field)

*Relative to CF,
(increasing to low field)

*Relative to C,F
(increasing to low field)

*Relative to CF
(increasing to low field)

60 and 100 MHz

230

230

230

230

231

196

232

233
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TABLE VI—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,F,ORe 19  Re(h’-CF=CF'CF;}(CO), Cs, F 93-8 Jep 141 232
trans or F’ 160-5 Jrpr 13 234
CDCl, F" 58-0 Jrpr 24
C,HFO,Re 20 Re(h'-CF=CF'CFiCHE/"XCO), CDCl, H 5.95 Jur 144 235
trans Jygr 4-6 234
Jur~53-4
F 102-6 Jrp 129-5
Jrrr 16-5
Jggn 5-3
F 159-0 Jppr 141
Jrpr 3-3
F” 118.7 Jprpm 8-3
F 138-2 —
C,HF,O,Re 21 Re[#!-C(CF,;)=CHCF;(CO), CS,/ H -99 JHF 2-5 *To low field from C,F, 230
trans (CHy,CO Jup 9-1
F 110-0 quint.* Jpp 2-5
F’ 112-5dq —
C,F,O;Re 22 Re(1-A'-C,FXCO), Cs, F_, 118-1 — C,F = pentafluorocyclobut-1- 232
F_, 122.0 — ene 236
F_, 118-6 —
CCIFO,Re 23 Re(1-h'-C,CIF XCO), THF F_, 11171t Jis 670 C,CIF, = 2-chloro-3,3,4,4,5,5- 237
F_, 129-1 quint. J,, 6-70 hexafluorocyclopent-1-ene
F_, 97-0tt Jys 3-74

98¢
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C,,F,O,Re

C,F,0,Re

C,F,O,Re

C,,F,O,Re

C,FO,Re

C,;H,O;Re

24

25

26

27

28

29

Re(1-4'-C(F XCO),

Re(1-h'-CF=CF'—CF"=CF}")-
(CO);
cis

Re(1-A'-CF=CF'—CF”"=CF;")-

(CO);
trans

Re(2-4'-C,F,XCO),

Rel 1-4!-C(CF,)=C=CF;CO)

Re(1-h!-4-C H,CH}YCO),

cs,

CDCl,

ether

CHCI,

Cs,
or
THF

F, 97-0
F, 1248
F, 1435
F, 141.3
F_ 97.0
F 92.5
F' 643
F” 166.8
Fii 107-5
Fr.. 1215
F 92-4
F' 150-4
F 177-8
Fu 1014
F/ o 1122
F_, 162-0
F, 1004
F, 1799
F ,F 1227
F 62-0t
F' 112:2q
H 7.44
6-76
H’ 2.25

— C¢F, = nonafluoro-
— cyclohex-1-ene

— C(F, = pentafluoro-

— bicyclo[2.2.0]hexa-2,5-

— diene)
Jpp 4:0

J1.2 —

232
236

238

238
239

240

239
241

242
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TABLE VI—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,HCIO,Re 30 Re(1-A'-2-CH,CIXCO) CCl, H 7-65,7-16, — — 243
6-85
C,,H,CIORe 31 Re(1-A'-3-C(H,CIXCO), CCl, H 7-59, — — 243
6-94
C, H,CIO,Re 32 Re(1-h'-4-CH ,CIXCO); CCl, H 7-59, — — 243
6-94
CS, or H 7-61, — — 242
THF 6-94
C, F.O.Re 33 Re(1-h'-C(F NCO);, THF F_,,F_¢ 101:35 Jyy=J628-55 T35°56-4MHz 244
Jra=J6 0
Jy62:68
F_,F_ 1633 Jys=J3610-5
J35 775
J3a=J4519:35
F_, 159-9 —
C,,HF,O,Re 34 Re(1-A'-4-C F ,C=CHXCO); THF F_,,F_, 101.95 J,333-4 T 35° 56-4 MHz 244
J, 664
F_,F_ 1383 Jos=J3417-6
Jys 4.2
C,,F,NORe 35 Re(1-h'-4-C,F,CNXCO), CHCl, F ,.F_, 577 — To high field from 245
or CF,CO,H at 56-4 MHz 246
CH,C}, F_,F_ 211 —

88¢C
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C,,F,N,0,Re

C,,H,F,O,ReS

C,F,NO,Re

C,H,ORe

C,H.O.Re

C,H.O.Re

38

39

40

41

Rel [-h'-3,4-C(F,(CN),{CO),

Re[1-1'-4-CF (SCH,))(CO),

Rel 1-4'-4-CF (C,F,N)}(CO),

Re(h!-CH=CH' .COCH’}CO);
cis

Re(h'-CH=CH'COCH’XCO);
trans

(h'-COC H,)Re(CO),

THF

CHCI,

CHCl,

CHCI,

cncl,

cs,

F., 66-2
F_, 134-6
F_

_ 83-2
F_,,F_( 1365
F_,F_ 1021
F_,F_ (1010
F ,,F (1396
F_5, 139-6
F_a 90-2
H 8-21
H' 7-62
H” 2-19
H 8.65
H’ 6-92
H” 2:19
H 2-37tt
H’ 0-87m
H” 0-53m

Jy.54-35
Jos26-75
J,6 1265

J13=J54629-6
Jrs=Jy414-6
Jy64-7
Jy538

Jr3=1Js56233
Jy5=J5410-9
J,680
J350-5

Jppr 5-0

Jop 186

Joar 13-0

Jupr 27-3

Jan 13-0

T 35°
C,;F,N = B_a
N\
— /F N
ﬂT_N‘

Reference hexamethyldisiloxane

Reference hexamethyldisiloxane

925
244

247

248

223

223

929
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TABLE VI—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences

C,H,O(Re 42  Re(h'-CH=CH'.COCHCO), CH/.Cl, H 8.58 Junr 13-0 Reference hexamethyldisiloxane 223

cis H' 8-34 —

H” 7-97, —

7-51

C,H,0,Re 43  Re(h'-CH=CH'COCHXCO), CDCJ, H 8.98 e 18-1 Reference hexamethyldisiloxane 223

trans H’ 7-67 —

H” 7~8'2I, —

7-4

C,,H,O,Re 44  Re(COC HXCO), CS,orTHF H 7-39 — — 242
C,;H,04Re 45 Re(p-COC,H ,CHXCO), CS,or THF H 7-11 — —_— 242

H' 2:25 —
C,H,CIO,Re 46  Re(o-COCH,CIXCO), CCl, H 7-19 — — 243
C,,H,CIO,Re 47  Re(m-COC(H,CINCO); CcCl, H 7-36 — — 243
C,,H,CIORe 48  Re(p-COCH,CIXCO), CCl, or H 7-40 — —_— 243
CS, or THF 242
82
C,H;0,Re 49  Re(CO,CH,XCO), CH, H 3-62s — — 249
C¢H;O,Re 50 Re(CO,CH,CH;iXCO); CH, H 4-29q — — 249

H’ 1-.27t —
C,,)F.NO,Re 51 Re(4-#'-C ;F ,NXCO); CHCl, F_,F, 180 Jy3=J5430-3  Upfield from CF,CO,H 245
or J,525-6 197
CH,Cl, J,638 246

F_,F, 300 Jo 134

06T

ONVIGON 'V ANV SIVD "W "LLOWMOIH "M d



C,H,F;NO,Re 52

C,H,N,O,Re 53

C,F;N,O,Re 54  Re(d-4-C,F,N,XCO),

C,F,N,O;Re 55  Re(2-h!-C,F,N,XCO),

(2) DIHAPTO LIGANDS
[C,HO,Rel* 56  [(A2-CH,=CH,)Re(CO),]*

(3) PENTAHAPTO LIGANDS
C.H,Br,O,Re 57  (K-C,H,Re(Br),(CO),

[C,H,;NO,Rel* 58  [(h*-C;H,)Re(NOXCO),)*

C,H,O;Re 59 (h-C,H,)Re(CO),

C,H,,0,Re 60 [h*C,(CH,)|Re(CO),

Rel2-1'-4-C,F,N(C,H,)[(CO),

CHC,

Re[2-k'-4-C ,H,N(4-C,FN)[(CO), CHC},

CHCI,

CHCI,

(CD,),CO

(CH,),CO

(CD,),CO

(CD,),CO

Cs,

F_, 88-4
F_, 103-4
F, 94.5
F., 97.2
F, 1441
F_, 871
F!,,F'; 89.6
F’,,F’  139.2
F, 53.7
F_, 93.8
F., 1066
F 41-8
H 5.08s
H 5.96s
H 6-58
H 5.37
H 5-62
H 2-15s

Jy < 1-0
Js6 30-8
Ji632:1

J, .86
Jie 21
Ty 32
J520-4
J,427-5
Jr13:1
J,23

Jy632:0
J, 169
J,320

C,F;N, = trifluoro
pyridazinyl

C,F,N, = difluoro-s-triazinyl

Hexafluorophosphate
100 MHz

Hexamethyldisiloxane
reference

Hexafluorophosphate T 35

T 32
T 35

Reference hexamethyldisiloxane

248

248

197

197

249

930

61

187
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TABLE VI—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,,O;ReSi 61  [A-C,H,.CHS(CH?),IRe(CO), — H 4-941, — — 250
4-80t —
H' 1-72 —
H" 0-02 —
[C;H,O,Rel* 62  [(h-C,H,)Re(CIXCO),]* (CH),CO H 6-39 — Hexachloroantimonate 251
C,,H,ORe 63 (h5-C H,.COCH;)Re(CO), — H 5-99, — T 32 7
5.43 —
H' 2:32 —
C,H,0,ReSi 64  [h*-C,H,.Si(CH}),IRe(CO), CS, H 5-22s — — 208
H’ 0-15 —_— — 250
C,.H,;,0;ReSi, 65 h*-1,3-C,H;,[Si(CH,),l,Re(CO); — H 5-24s — — 250
H' 0-19 -_ 250
C,;H,,0,ReSi, 66  {h%-C;H,[Si(CH}),.Si- — H 5-39t, — — 250
(CH2),)}Re(CO), 5-261 —
H' 0-28 —
H" 017 —
C,H,0,Re 67  (h5-C.H,)Re(CO), C.D, H 4.47-4.43 — CH, = 253
H’ 2320 — _CH;
CH;

CH;

°6¢C

ONVIQOW 'V ANV SIVD ‘W "LLOAWMDIH 'M 'd



C,,H,O0,Re

68

(h*-C,H,)Re(CO),

(4) MIXED LIGANDS

CH,NO,Re

C,H,0,Re

C,H;0;Re

Cy;H,,05Re

C;H,;0;Re

[C,H,,0,Rel-

CH,0,P;Re

69

70

71

72

73

74

75

(15-C ;H,)Re(CO,CH{XNOXCO)

(h-C H,)Re|C(CH}) == OH"|-
(COy),

(h5-C ;H)Re[C(CH})-“OCH)-
(CO),

(h3-C H )Re[C(n-C H;;=OCH]-
(COy,

(h5-C H,)Re| C(C(H=OCH?-
(CO),

[(h*-CHRe(COCH,)-
(CO),I~

Re(H)! P(CeHsl)J]s(Co)z

ccl,

CeH,

CHy

CDCl,

H'
H”

H'

H'
H”

H"

H'
H”

H'
H"

H’

H”

5.7
7.10
7.43

6-0s
3.77s

4.83
1.94
4.49

491
2.06
4-16

5-05
1-39
417
4.92
7-23
4-19
472
312
=31t
6-8m

Jypr=Jyp- 30
Jap- 18

Structure:
H H
HII

Tetramethylammonium
Salt (6 7-17)

Structure:  P(C H.),
OoC~_| ~P"(CHy),
e
oc” | SH
P"(C,Hy);

109

254

255

255

255

255

255

256
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TABLE VI—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,O0,P,Re 76  Re(H)[P(C,H)),},(CO), C.H; H —6-53t Jup 20-0 — 257
C,H,,0,P,Re 77  Re(H)[P(C.H)),l,(CO), CDCl, H —5-35t Jyp 175 100 MHz 258
H’ 6-9m — 256
CeH, H —4.48t Jyp 18.0 100 MHz 257
C,;H,;0,P,Re 78 Re(H)[P(C4H,),CH,P- C¢H, H —3.23t Jyp 26-0 100 MHz 257
(CH;),XCO),
C,H;O,P,Re 79  Re(H)P(CH,),CH,CH,P- C.H, H —5.20t Jup 260 100 MHz 257
(C¢H,),)(CO),
C.H O,P,Re 80  Re(HX(P(C;H),CH,ly CH, H —4-82t Jp 23-5 100 MHz 257
CCH,XCO),
ICH,,B;0,Re]~ 81 [Re(n-(3)-1,2-B,C,H;; XCO);1- — H —2-90b — Tetramethylammonium salt 203
A carborane derivative
C,H,OPRe 82 Re(H))P(C,H,),(CO), C¢H¢ H —5-66d Jup 24-5 100 MHz 257
C,H,OPRe 83 Re(H)[P(C¢H,),(CO), C.H, H —4-33d Jup 220 100 MHz 257
C,,H,;O,PRe 84 Re(H)[P(OCH;);(CO), C.H, H —5-68d Jup 32-5 100 MHz 257
C,F,0,Re 85 Re(OCOCF, XCO); CH,CI, F 74-2s — 94.1 MHz 138
(5) POL YRHENIUM COMPLEXES
C,H,,ORe, 86  [(h-C,H)Re(CO),},(CO)* — H 5-35s — *Bridging CO ligand 259
[C¢H,O4Re, I~ 87 [Re,(H)(CO),]- CD,CN H —17-49 — Tetraethylammonium salt 260

V6t
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C,HO(Re, 88  (h*:h3-C,H,.C H,)Re(CO),l, (CH,;),CO H 5-54t — Hexamethyldisiloxane reference 931

6-03t
CH,OcRe,Si 89 (h:5-CH,.Si(CH}),C,H,) — H 5.27s — — 250
[Re(CO);), H' 0-38 —

C,,HO4Re,Si 90 [Re(HXCO),J,[Si(CH}),] CCi, H —~10-56b — Complex contains hydrogen 261

H' 1-13t* J15 bridged silicon-rhenium bonds

*Collapses to a singlet on
irradiation at —10-56
C,H,,0.Re;Si 91  [Re(HXCO),,ISi(C(H,),] cai, H -9.56 —_ — 261
CHF,,0Re, 92  [2,6-h': hi-C(CF,)=CH-CF}— — H 7.05 Jup 2:9,7-3 100 MHz and 94-1 MHz 241
C(CF3)=C(CF;")(Re(CO);], hip 20
F 6284 Jep 3-7,1.7
F’ 67-72
61-34 Jgpe 176-0

F’ 4339 Jprpr 4.0

F" 50-29 Jerpm 1-8
CsF101Re, 93 (B B-CF )IRe(CO),), — F 51-6q J2 Structure: _CF; 239

F' 64-0comp. — E /C\

F” 44-2 comp. — 2 Re(CO);

F, F
Re(CO),
[C,,H,0,Re, = 94 [Rey(H),(CO),,l- — H -17-2 — Tetraphenylarsonium salt 262
(6 7-95s)

[C,;H,O,Re,]* 95 [Re,(H)(CO),,1*~ (CH),CO H —17-4s — Complex contains hydrogen 263

bridged rhenium-rhenium bonds
Isolated as the
tetraphenylarsonium salt
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TABLE VII
Iron complexes
Coupling
constant Refer-
Formula Compound Solvent 4 (ppm) (Hz) Remarks ences
(1) MONOHAPTO LIGANDS
(a) Dicarbonyl derivatives
C,,H,,F+ Fe(CF,XI)|P(CH,),Ph],(CO), CDCl, H 2-30d, Jpy 6-0 100 MHz 264
FelO,P, 2.04d
: F 3-19t Jpg 130 94-1 MHz P ligands cis, CO
ligands cis, CF, trans to one CO
or I ligand

C,H,,F,Fe0O,Sn Fe(CH,CH,)[Sn(CH,),CF,]- CHCl, H 0.4 J('Sn-H) 47 60 and 100 MHz 221

(CO), J('1*Sn-H) 49

CC),F F 48.5 J(''’Sn-F)200 94-1 MHz
J(}**Sn-F) 209

C, H,,F,FelO,P, Fe(CF,CF; CF4)P(CH,),CH,- (CH,,CO F n.o. — 94.1 MHz 954

CH,P(CH,),I(1XC0), F' +115.0 —

F” +78-9 J12:2

C,H,,F,FelO,P, Fe(CF,CF;CF%)IP(C(H,),CH,- (CH;),CO F n.o. — 94-1 MHz 954

CH,P(C(H,),l(IXCO), F’ +114.5 -

F” +79-3 J12:6

C;H,,F,FelO,P, Fe(CF,CF;CF))IP(C(H,),CH= (CHy),CO F n.o. — 94-1 MHz 954

CHP(C¢H,),l(1(CO), F’ +114.2 —

cis F” +78-7 J12.6
C;,H,,F,FelO,P, Fe[CF(CF;),|[P(C(H,),CH,- CH,Cl, F n.o. — 94-1 MHz 954

CH,P(C(H ), l(IXCO), F’ +64-2 J80

96C
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CyH,F,FelOP, 7

C,H, FeN,0,P 8

C,H,FeNO,P 9

C,H,FeNO,P 10

C,H,FeNOP 11

FelCF(CF}),I[P(C¢H,),CH= CH,Cl,
CHP(C¢H,),I(IXCO),
cis

Fe(CH,CN)IP(C,H),(NOXCO), CS,

Fe(COCH,)[P(C (H}),(NOXCO), CS,

Fe(COCH,C,H)IP(CHY),-  CS,
(NOXCO),
Fe(COCH,CO,CH,CH") Cs,

[P(C4H;");{(NO(CO),)

(b) Tricarbonyl derivatives

C, H FeO, 12

FelC(C (H,)=OCH;|(CO), (CD,),CO

C,H,BrFeO,P 13 Felo-CH(CH))C H,P(Ph),)(Br)- CDCl,

C,H,CIFeO,P 14

(CO),

Felo-CH(CH})CH,P(Ph),)(Cl}  CDCl,
(CO),

(c) Tetracarbonyl derivatives

C,F,FelO, 15

FelCF(CF}),I(IXCO), CHCJ,

H', H"

H'
H"
H'"

H'

H'

n.o.
+64-4

2:3s

7-5 comp.

2-72s

7-4 comp.

3-78s

7-3 comp.

2.6s

3.85q
1-12t

7-4 comp.

7-46s
4-85s

4-17b
2.07d

4.24b,
4.54
1-79d,
1-98d

+77-6 sept.
—8-4d

I

J~4
J~4

J11
J11

94-1 MHz

40 MHz

40 MHz

40 MHz

40 MHz

Two isomers present

T 35°. Positive values to high
field from CF,CO,H

954

265

265

265

265

266

267

267

268
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TABLE VIl—cont.

86C

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (H2) Remarks ences
C,F,FelO, 16 Fe(CF,CF;CFiXINCO), — F 617 — 269
F' 114-6 —_
F" 78-4 —
CH,C), F +54.9 — 94-1 MHz 954
F' +1144 _
F* +78.6 J11-4
C -6 -— To high field from CS, at 95
85 MHz
CF\sFelO, 17 Fe(CF,CFCFICF;"CFIYCFY- CH/C], F 53.9 g 17 94.1 MHz 954
CFY'XC0), F’ 110-6 —
F” 121-1 —_
F” 1222 —
FIV 123.0 Jevpw 11
FVY 126-6 —
AL 815 —
{CH;FeO ) 18 |Fe(COCH,XCO),J- CH,C, H 267 — Isolated as the quaternary 270
methy) ammonium salt
IC,,H,Fe0O;)- 19 [Fe(COCHXCO),I- (CD,)),CO H 7-63 — Isolated as the quaternary 270
H' 3.37 —_ methyl ammonium salt
IN(CH)),I*
{C,H,FeO,} 20 [Fe(CONC H,XCO),I- — n.m. — — 919

(2) DIHAPTO LIGANDS

(a) Dicarbonyl derivatives

C,H,,F.FeO,P, 21 (h-CF,=CF,)Fe[P(OCH,l,},;  CDC, H 3.664 Jpu 11-5 trans-CO ligands, cis-P ligands 272
(CO),
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CHCI,

C,H,F,FeOP, 22 (h*-CF,=CF,)Fe[P(OCH; cDCl,
CH}),]1,(CO),

CHCl,

C,H,;F,FeO,P, 23 (h-CF,=CF'CF!)Fe- cDCl

[P(OCH,),],(CO), CHCI,

C.,H,FeO,P, 24 (h-0-CH,=CH’.C,HPPPh,JFe- C,D,
(0-PPh,CH,CH"=CH}"XCO),

CHy,F,FeOP, 25 (1,4-h*CF,CF,CF,CF,)Fe- CHCY,
[P(OCH,CH,),](C0),*

C,H,,FFeOP, 26 (1,4-h-CHFCF,CF,CHF)Fe-  CDCl,
[P(OCH;CH"),]{CO),*

CHCl,
(b) Tricarbonyl derivatives

C,H,BBrFeNO, 27 [h-CH,=CHB(Br)N(CH,),)- CH,
Fe(CO),

H”
H"

H'
H”

F'

112m*

4.02q
1-32t

113m*

3-41d
97-2m*
109-2m*
67-0 sept.*

2-3m
2.98m
n.m.
5-50d,
5-10d

3.8t
60-4+

5-30d
4.05m

1-32t
69-5mt
213.0m*t

—-27-2

Jurp 17-10
Jyrym 0

Jup43-0
Juur7-0

*94.1 MH:

100 MHz trans-CO ligands,
cis-P ligands
®94-1 MHz

100 MHz trans-CO ligands,
cis-P ligands
*94.1 MHz

*cis-dicarbonyl-trans-
bis(triethylphosphite)
octafluoroferracyclopentane

1To high field of CF,CO,H
(external)

100 MHz
*cis-dicarbonyl-trans-
bis(triethylphosphite)
hexafluoroferracyclopentane
194.1 MHz

Reference BF,;.OEt,
(external)

272

272

51

271

272

273
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
Cy;H,,FeO,P 28 (h-0-CH,=CH'.C(H,PPh,) C,D, H,ge  1:94d  Juw9-8 — 51
Fe(CO), JHu?2-3
JPH9-35
Heis 2-3sept.  Juw8-5
Jpu 5-55
H’ 4.0m Jpur 4-55
C,H,,AsFFeO, 29 (h-CF,CFJCFjCF)- CHCI, F —13-1%, — *Low field of CF,CO,H 271
Fe(AsPh,XCO), —7.4% — fHigh field of CF,CO,H
F’ +52.9% — (external)
C,H,F,FeO,P 30 (h*-CF,CFJCFCF,) CHCl, F —4.4d%, Jor 17 *Low field of CF,CO,H 271
Fe(PPh,XCO), +2-8dt Jop 9 tHigh field of CF,CO,H
F’ +60-8% — (external)
C,,H,,F,FeO,P 31 (1,4-h>-CF,CFJCF;CF,r CHCI, F —1.4d*, JpE30:5 *Low field from CF,CO,H 271
FelP(OEL),(CO), +1-8dt Jpr18 tHigh field from CF,CO,H
F' +60.4% — (external)
C,H,F,FeO,P 32 (1,4-h:-CF,CF,CF/CF,) CHCl, F ~2.8d*, Jop 29 *Low field from CF,CO,H 27
Fe[P(OPh),|(CO), +0-6m? — tHigh field from CF,CO,H
F’ +60-0t — (external)
CyH,,F,FeO,Sb 33 (1,4-h-CF,CFCF;CF,)- CHCI, F —8.0%, — *Low field from CF,CO,H 271
Fe(SbPh,XCO), ~7.3* — tHigh field from CF,CO,H
F’ +59.3¢ — (external)
(¢) Tetracarbonyl derivatives
34 (h:-CH,=CH,)Fe(CO), — H 2-48s — — 274

C.H FeO,

00¢
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C(BrF;FeO,

C(CIF,FeO,

CC),F,Fe0,

C,F,FeO,

35 (h%-CFBr=CF;)Fe(CO),

36 (h-CFCI=CF}Fe(CO),

37 (K-CCL,=CF)Fe(CO),

38 (h:-CF,=CF,Fe(CO),

Petroleum
ether

CHCI,

CH,CI,

CH,Cl,

F
Fs
F;rﬂns
F

Fl

cis
’
F trans

F

F

35-2
10-4
19-4

38
16
21

6-0s

32.0*

Jgg' 67
Jpg 126

JrF 62
Jrr 24
Jpepe 130

To high
T 35°

To high
T 35°

To high
T 35°

field of CF,CO,H 268
field from CF,CO,H 268
field from CF,CO,H 268

*To high field from CF,CO,H 275
(external). Coupling constants 268
(not reported for this compound)
suggest an approach to sp’
hybridization of the olefinic

carbo

n atoms, but the authors

conclude that there is probably
no real difference between (I) and
(I1) since m-electron donation

by the olefin is accompanied by
back donation from filled dxy
orbitals of the iron to

*-an

tibonding orbitals of the

olefin, a process which is
expected to be more efficient for
fluoro-olefins than for
hydrocarbons:

F,C
F,C

2
[|— Fe

cO cO

| _co FzC\é ~Co
€

| ~co  FC7| >co

CcO CO

m an
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,HF FeO* 39 (h*-CF,=CHCF})Fe(CO), Liquid F 10* Jep 113 *To high field of CF,CO,H 268
-5.9t
F —22-8% Jrr 6,11 tTo low field of CF,CO,H
T 35°
C,F,FeO, 40 (h?-CF,=CF'CF2)Fe(CO), Liquid F 18* Jer 141 *To high field of CF,CO,H 268
15* JrF 623,97
F' 105* JrEe 115 +To low field of CF,CO,H
F" —10% Jrrr 11-6,2-6 T 35°
The NMR data is interpreted 276
in terms of a cyclic ring
CH,F,Fe0, 41 (h*-CH,=CF,)Fe(CO), — Not reported structure, viz:
CHF,Fe0, 42 (h-CF,=CHF)Fe(CO), — Not reported >c\—~c Z
C,F,,FeO, 43 (R’C(CF,),=C(CF,),IFe(CO), — Not reported Fe/
(CO),
The 'H NMR signals are shifted
well to high field of the vinylic
region and the geminal F—F
coupling is high (110-138 MHz)
and the trans-F-F coupling low
C,H,FeO, 44 (h>-CH,=CH’'CH"O)Fe(CO), (CD,),CO  Hgis 3.03 —_ Corresponding chemical shifts for 96
H rans 299 — the free ligands are: 6 6-20,
H' 3.95 —_ 6-25,6:25,9-58 respectively
H” 9-45 —

¢0¢
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C,H,CIFeO,

C,;H,CIFeO,

C,H,CIFeO,

C,;HBrCIFeO,

C,H,CIFeO,

CysH,,FeO,

CsH o FeO,

CyoH,,FeO,

C,H,,FeO,S

CsH,,FeO,8

45

46

41

48

49

50

51

52

53

54

(h*-CHCl=CH'COCH,)Fe(CO),

(h-CHCI=CH'COPh)Fe(CO),

(h-CHCI=CH'COCH,CH,p)-
Fe(CO),

(h*-CHCI=CH'COC H Br-p)-
Fe(CO),

(R-CHCl=CH'COCH,0CH;,-
P)Fe(CO),

(h-C{H,COCH=CH'CO,CH,)-
Fe(CO), cis

(h-CH,COCH=CH’'CO,CH,)
Fe(CO), trans

[R2-C(OCH,),=C(OCH,),]-
Fe(CO),

[#>-CH(COCH;)=CH’'SO,Ph]-
Fe(CO), trans

[R?- CH(COPh)=CH'SO,Ph]-
Fe(CO),
cis

CCl,

CCl,

ccl,

ccl,

CCl,

Cccl,

CCl,

(CDy),CO

cDal,

cpay,

H'

H’

x

5-07
3.69

5:35
4-43

5-31
4.42

5-32
435

3.58
414

3-88
4-59

3.55s

3.-64
4.35
4.04
4.24

4-42
4-66

Ji8-6

H 8-0

Ju8:5
Jin: 80
Jur 80
J9:3

J9-7

Jyu'8-6

Jun'9-0

100 MH2z
Reference hexamethyldisiloxane

100 MHz
Reference hexamethyldisiloxane

100 MHz
Reference hexamethyldisiloxane

100 MHz
Reference hexamethyldisiloxane

100 MHz

Hexamethyldisiloxane as reference
at 100 MHz

Hexamethyldisiloxane as reference
at 100 MHz

T 0°

100 MHz
Reference hexamethyldisiloxane

cis-isomer

100 MHz

Reference hexamethyldisiloxane
trans-isomer

277
278
1000

277

278
1000

277
278

277
278

277

997

997

279

280

280

SAXATINOD TANOTUVI TVIIW-JINVOIO NO VIvA YWN

£0¢



TABLE VII—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,,FeO,S 55 [h*-CH(COPh)=CH'SO,CH,- H 4.03 — cis-isomer 280
CH,-p]Fe(CO), H’ 4-21 —

H 4-40 —_ trans-isomer

H' 4.65 —
C,F,Fe0, 56 (1,4-h*-CF,CF{CF;CF,) CHCl, F —5.8* — *To low field of CF,CO,H 271

Fe(CO), F' +59-2% — 1To high field of CF,CO,H
(external)

C,FFeO, 57 (W*-C,F,)Fe(CO), Liquid F 98-8 /JaB/206 T 35° 268

F’ 34-4q — To high field of CF,CO,H

C4F6= F I F;
F Fi

C,,FiFeO, 58 (H-C,FyFe(CO), CHCI, F 158-4* — Structure = 240

F’ 168-6* — F

F” 122.-8* — F F

ll || «— Fe(CO),
" F
ool

C,F,FeO, 59 (h-C,F,)Fe(CO), CHCI, F 96.8* - CFR= F . 268

F 27.3% /I /240 F'§<j[

0t
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C,oF1Fe0, 60
C,.H,,Fe0, 61
C,,H,,FeO, 62
C4F FeO, 63

C,H,F FeO, 64

(h-C(F,)Fe(CO),

(-C,H ,))Fe(CO),

[#2-C(CH,),=C=C(CH,),]-
Fe(CO),

(1,4-h*-CF,CF'=CF'CF,)-
Fe(CO),

(2,5-h*-CF,CF,CHPhCHCHO)-
Fe(CO),

(3) TRIHAPTO LIGANDS
(a) Monocarbonyl derivatives

C,H, FENO,P 65

[#*-CH,CHCHCH,C(OH)-
(CH,),IFe(PPh,((NO)(CO)

CHCI,

Cs,

Cs,

F”

F"

s o

39.3*

85-0*
24.0*
53.2¢

n.a.

1-84s
2.03
1-98
1.77
—4.0 comp.*
+71.9 comp.*

n.m.

1.27s

[JaB/251

/JaB/260
/Jap/266

*To high field of CF,CO,H
T35°
CeFo = F;
"X
F}
F; F

*To high field of CF,CO,H
T 35°

'"H NMR chemical shifts:
05-47m, 3.2, and 2-1 in ratio
2:2-8

T +30°

T —60°

*Relative to C;H,CF,

40 MHz

Other signals at 6 7-4 comp.,
4.0-3-0 comp., 3-0-2-0 comp,
and 1-82bs in ratio
15:2:3:2

268

281

282

283

284

265
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TABLE VII—cont.

Coupling
constant Refer-
Solvent & (ppm) (Hz) Remarks ences
C,,HyFeNO,P [#-CH,C(CH;)C(CH;)CH,- CS, n.a. — 40 MHz 265
COCH;]Fe(PPh,XNO)CO) Signals at 6 7-5 comp., 3-7-3-2
comp., 2-95d, 2-16s, 1-48d,
0-83sinratio 15:3:1:3:3:3
CsHF FeO,P, 67 (1,2,3-8-1,2,3,4-C(CH,)4- — H 1-84s, 1.79s, Structure: CH;, 284
C(CF,),0]Fe[P(OCH;);],(CO) 1.73s,1.12s
CH,
CH,
CF,
/Fci—o
(CH,0),P (|: o P(OCH,),
H' 3.35d Jpyy 10-0
F 71-4s
C,H,,FeNo,P 68 (h3-CH,)Fe[P(C,HI),I(NOXCO) CS, H 4.95* 40 MHz 265
4.3-3.0*t, CH, =
0
H’ 7.5 *Integral ratios 2 :1: 4 respectively

}This result is unusual in that the

central hydrogen of a n-allyl
complex normally gives a
proton resonance signal to lower
field than the protons on the two
outer carbons

90¢
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C,H, FeNO,P 69 (h*-C,H,)FelP(CHY),)- cs, H

(NOXCO)
Hl
Hll
(b) Dicarbonyl derivatives
C.H,FeNO, 70 (B-CH,CH'CH,)Fe(NOXCO), CCl, Hgyn
H ansi
HI
C,H,FelOP 71 (B-CH;+CH*=*CH,)Fe[P(OCH,- — H
CH;),(IXCO), H'
CH,FeNO, 72 (h-CH,CH'CH"CH;")Fe- CCli, Hgyn
(NO)(CO) 2 Hani
HV
Znﬁ
H'l'
C,H,,FeNO, 73 [h-CH,CHCHCH,C(CH,),0H}- CS, H
Fe(NO)(CO).
C.H,FeNO, 74 (K*-CH,CH'CH"CO,CH;")- CCl, Hgyn
Fe(NOXCO), H i
HI
Honei
Hl'l

4.88*,
3-65*
1-55
7-43

3-98d
3.14d
4-44m

3.92
1-28

3.66d
2-78d

4-04 comp.
2-05d
1-31s

3.96d
3.12d
5-17m
3.73d
3.71s

Juy6-2
Jypr 11-4

J17
J1

Jun'6
Jun 10-4

Jyryr 6

Jun 71
June11-3

June 10-6

40 MHz
CH,= H; H

H; H
H, H
*Integral ratio 1:2 respectively

H'

Hami

Signals for rr-allyl ligand:
Isomer 1: 4 3-60d (J 4), 3-82
W 2-5),4-21 sept (J 7).
Isomer I1: & 3-47d (J 4) 3-75d
/3),4-43sept(J 7).

40 MHz
Other signals at 6 4-0 comp.,
3-0-1-1comp., in ratio 3 :4

265

285

987

285

265

285
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,,Fe0, 75 (h*-CH,CH’'CH,),Fe(CO), Hsyn 2-50 Jun 65 100 MHz 286
Hansi 1-39 Juur12-3 T 20°
H’ 4.09 —
Hsyn 3.08 Juu:6-5 Isomer 1 287
Handi 1-85 Juy 12-3 T-~67°
H’ 4.11 — Reference hexamethyldisiloxane
Hsyn 1-99 — (Isomer 1} The presence of two isomers is
Hami 0-96 — T -—67° attributed to internal rotation
H' 4-11 — of the m-allyl groups, the energy
barrier to rotation being
estimated tobe 4-6 + 0-8
kcal/mole, viz.
X _co >| co
Fe< pommm— Fe<
ﬁ CO { CO
B> 4.
C,H,FeNO, 76 (h*-CH,)Fe(NOXCO), CS, H 5-35 comp. 40 MHz 265
4.24t
CH,= H;
H’ 2-1 comp. s ,
P H; H

80¢
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CgH,FeNO, 77 (h-C4H,)Fe(NOXCO),

(¢) Tricarbonyl derivatives

CH,FeClO, 78 (h*-CH,CH'CH,)Fe(CIXCO),
CH,BrFe0, 79 (h-CH,CH'CH,)Fe(Br{CO),
CH,FelO, 80 (W-CH,CH'CH,)Fe(ICO),

cs,

cDCl,

CS,

s,

ccl,

Cs,

cal,

Hsyn
Hanii

Hgyn

Hanii

H syn
Hani

Hiypn
Hani
H ’

Hisyn

Hami

H:yn
Hoanri

Hsyn
Hani

Hgyn
Hami

4.48
321
5-11
4.22
2:63
5-80

4.28
3.41
4-85
3.94
2.58
5-7

4.03
3.67
4-67
413
3.77
4.55
3.57
221
5-83
3.75
2:24
5-90

Juw 7-7
Jun'14-7

40 MHz
Signals at 6 5-15,2-1 and 1-0in
ratio 3:4:2

Isomer I*
100 MHz
Reference hexamethyldisiloxane

Isomer I1*

*Rotational isomers differing in the
orientation of the allyl group
with respect to the halide ligand

Isomer I*
100 MHz
Reference hexamethyldisiloxane

Isomer I1*
*See above

Isomer I*
100 MHz
Reference hexamethyldisiloxane

Isomer I1*

*Rotational isomers differing in
the orientation of the allyl group
with respect to the halide ligand

265

287

287

287

287
987

287
987
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent o (ppm) (Hz) Remarks ences
C(H,FeNO, 81 (®¥-CH,CH'CH,)Fe(NO,XCO), CDCl, Hgyn 4.70 Jun'1-5 100 MHz 287
Hani 2-63 Jun' 15 Reference hexamethyldisiloxane
H' 531 —
C,H,F,FeO; 82 (h-CH,CH'CH,)Fe(OCOCF, CDCI, Hgyn 4-68 Jun- 8 100 and 94-1 MHz 138
(CO), Hane 268 Jun 14
H’ 537t —
F 75-3*
C,H,FFeO; 83 (h-CH,CH'CH,)Fe- CDCli, Hgn 4-69 Jun' 8 100 and 94-1 MHz 138
(OCOCF,CF;XC0), Hanii 2-66d Juu- 14
H’ 5-40tt —
F 120-0q Jeg 15
F’' 83-4t —
C¢H,C1,FeO, 84 (K-CH,C(CIXCH,)Fe(Ch)- — H 4.82b — — 288
(CO), 3:-62b —
[C,H,FeO,]* 85 {(n-CH,C(CH,)CH,IFe(CO),}* — na. — Signals at 6 5-0s, 2-7s, 2-0s, in 920
ratio2:2:3
C,H,CIFeO, 86 [h-CH,C(CH,)CH,- — na. — Signals at 4-32s,3-27s,1.99s 920
Fe(CIXCO),
C,H,;,CIFeO, 87 [A-CH(Ph)CH'C(CHY),l- — Honei 4-68d J12 — 289
Fe(CIXCO), H’ 5-65d J12

1183
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[CeH (FeO;?*

IC,H,,FeO;]?*

|C,H FeO,]*

88 [(#*-CH,CH'CH"CH"'CHIY
Fe(HYXCO), 1>+

89 ((n-CH,CH'CH"CH""CH!V-
CHY)Fe(HVIXCO),)?*

90 {[h*-CH,CHCHCH,COCH;]-
Fe(CO), It

HSO,F

HSO,F

CD,CN

Hiyy 2-20s
HZ i 1-57s
H 1.80
Hlpi 2-50
H” 6-50
H" 6-96
HVY 1-05
—0-85
HY —14-67
H 1-84
Hsi 2-50
H” 6-37
H" 6-59
HY —0-30
HY 1-26
HVI —14-64
Not reported

JHu6-2 Diprotonated ¢rans-piperylene- 290
Jyyr11-4 iron tricarbonyl

Jiryg 6-5

Jyvv 6

JHIVHV 11

Jytvyy 22-5

Jyn6-2 Diprotonated trans, trans-hexa- 290
Jypr 10-5 2,4-dieneiron tricarbonyl

Jyrgm 55

Jyvgv 22

Jyivyy 62

Juur2,6 Isolated as the (AICL,) salt. The 291
Sy —23 iron atom formally possesses

only 16 electrons but may obtain
a closed-shell configuration by
intramolecular o-donation of a
lone pair of electrons from the
acyl oxygen atom. This restricts
rotation about the C,—C, bond
and increases the geminal
coupling constant and causes
these protons (H') to be
unequally coupled to the C3
proton (H)
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TABLE VII—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
{CH, FeO,]** 91 (K-C H,)Fe(H)CO), HSO,F H 6-92 Diprotonated cyclohexa-1,3- 290
5-21 dieneiron tricarbonyl
H' 6:36 — H — 2+
- ‘d
[a
~Fel
| H co |
()
C,H,FeO, 92 (K-CH~CH'**CH"CH"'=0)- (CD;),SO Hgn 1-89m — The m-bonded allyl anion acts asa 1002
Fe(CO), Hanii 1-30m — four-electron donor. The isomeric
H' 5-14m - hydroxybutadiene anion
Hiyn 4-33m — structure is ruled out by the
H" 6-99 — NMR data
(d) Tetracarbonyl derivatives .
[C,H FeO4l* 93 [A-C(CH,),»CHC(CH,),- (CD,),CO H 2.40 — Tetrafluoroborate 292
Fe(CO), 2-30 —
H’ 5-67 —
(C,,H,FeO,]* 94  [W-C(CH,),=C(COCH, )= — — — AICl, salt 292
C(CH,),]Fe(CO),
[C,sH,,FeO,J* 95 [K-C(CH,);=C(COCH,]=* — — — AIC, salt 292

C(CH,),JFe(CO),

(483
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(4) TETRAHAPTO LIGANDS
(a) Monocarbonyl derivatives

C,HFFeOP, 96 (h*-C,He)Fe(PF,),(CO)

C,H,,FeO 97 (h*-CH,),Fe(CO)
C.H,FeO 98 [A*-CH,(CH})],Fe(CO)
C,;H,,FeO 99 (h*-C4H,),Fe(CO)

(b) Dicarbonyl derivatives
C,H, FeO,P 100 (h*-C,Hy)Fe[P(C,H),(CO),

CsDs

C¢Ds

CeDs

Not reported

4.217,
1.0,
—0-35

3-9m,
1-07m,
—0-4m

1-68s

4.34,
2.54,
1.95,
1.05

4.85,
1.75,
—0-25

7-3 comp.

Jpr 1300

C,H, = butadiene

At low temperatures the PF,
groups are non-equivalent. At
room temperature the spectra
show a time-averaged
equivalence indicating
fluxional nature comparable
to the Bailar twist

C H; = butadiene
100 MHz
Integral ratios = 2:2:2

C,H,(CH,) =isoprene
Integral ratios = 1:2:2

CH; = cyclohexadiene

Integral ratios = 2:2:2:2

C,H, = butadiene

293

294
295

295

295

298
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TABLE VII—cont.

Refer-
Formula No. Compound Solvent 4 (ppm) Remarks ences
C,¢H,;FeO,P 101 (h*-C(H,O)Fe[P(C(H);I(CO), CS, H n.a. C¢H;O = Hexa-3,5-diene-2-one 265
H’ 7-4 comp. Signals at 6-0-5-0 comp.,
5.0-4:0 comp., 1-91s,1.5-0-2
comp.,inratio1:1:4:2
40 MHz
C,,H,FeO,P 102 (h*-C,H, O)FelP(C,H),I(CO), CS, H n.a. C,H,,0 = 3-methylhexa- 265
3,5-diene-2-one
H’ 7-35 comp. Signals at 4 5-45d, 1.92d, 1-44d,
0-9-(-)0-6 comp., in ratio
1:3:4:2
40 MHz
C,,H,FeO,P 103 (h*-C,H,,0)Fe[P(C,H),(CO), CS, H n.a. C.H,,0 = hepta-3,5-diene-2-one 265
H' 7-45 comp. Signals at 5-6—4-6 comp.,
1.31s,1-02d,0-3-(—)0- 1 comp.,
inratio 2:3:3:2.
40 MHz
C,H,,FeO,P 104 (#*-C,H, ,0)Fe[P(CH)),[(CO), CS, H na. C,H,,0 = 4,5-dimethylhexa- 265
3,5-diene-2-one
H' 7-4 comp. Signals at 6 2-3d, 1-85d, 1-38s,
0-0-(-)0-8 comp., in ratio
3:3:4:2
40 MHz
CyH,FeO,P 105 [1,2,3,4-h*-5-C;H*C HI- CDCl, H_,H_, 262m *5-Phenylcyclopentadiene 193
FelP(C¢H2),)(CO), H,H_, 515m

-2

-3

1443
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CyH,oF FeO,P

CyoH, F;FeO,P

C,-H,F,FeO,P

CysH,,FeO,P

C,H,FeO,P

C,,H,FeO,P

106 [1,2,3,4-h*5-C;H*(CeF )
Fe[P(C4HJ),(CO),

107 [1,2,3,4-h*-1,2,3,4-C{(CF;),*O}-
Fe[P(CH,),CH:(CO),

108 [1,2,3,4-h*-1,2,34-C{(CF,),*Ol-
FelP(OCH,CH),}(CO),

109 (h*-C,H,)Fe[P(CH),l(CO),

110 [1,2,3,4-h*-1-C{H,*(COCH}))-

Fe[P(C H%),I(CO),

111 (B*-C,H,,)Fe[P(CH)),)(CO),

cDCl,

coal,

CHCI,

cDCl,

cs,

H, H'
H”

3.85m
7-03m
7-34m

2-60m
4-97m
4-15m
7-30m

2-04d
7-59m

52:Tm
54-0m

4.16q

1-38t
52-6m
54-9m

n.a.

7-5 comp.

n.a.
7-4 comp.

n.a.
7-4 comp.

*5-Pentafluorophenyl-
cyclopentadiene
(exo-isomer)

100 MHz
*Tetrakis(trifluoromethyl)

cyclopentadiene-5-one
94-1 MHz

100 MHz
*See above

94-1 MHz

C¢H; = cyclohexadiene
Signals at 6 4.85,2-50, 1-6,
in ratio 2:2 :4.

#1-acetylcyclohexa-1,3-diene

Signals at 6 5-8bd, 4-53 comp.,
2-1s, 1-5 comp., in ratio
1:1:4:4.

40 MH:z

C.H,, = cyclohepta-1,3-diene
Signals at 455, 2-36, 1-83, 1.25,
inratio 2:2:4:2

193
296

297

297

298

265

298
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H,;FeO,P 112 (1,2,34-h*C,H,)Fe- — H n.a. — C,H, = cyclohepta-1,3,5-triene 298
[P(C¢HS),I(CO), H’ 7-35 comp. — Signals at 4 4-7 comp.,
2-8-1.0,in ratio 2 :6.
(¢) Tricarbonyl derivatives
C,HFeO, 113 [A*-C(CH,);]Fe(CO), — H 2-0s — Structure: 55
BC* _—188s — 920
+87-8s — d
Fe(CO),
+139.8t J158 *Relative to CS, (0-Oppm) at
25.1 MHz
13C satellites in '"H NMR
spectrum give Jcy 162
C,;H,,FeO, 114 (h*-C,,H,)Fe(CO), CCl, H_, 4.28d J1433 Structure: 299
H_, 1-84d Jy55-4
H_, 1-84s —
H_, 2:30d J33
H_, 2.87d J54

H' 7-11s

91¢
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CysH,sFeO,

C,;H sFeO,

C,H,FeO,

C,H,,FFeO,

115 (h*-C,,H,;)Fe(CO),

116 (h*-C,,H,,)Fe(CO),

117 (h*-C4HyFe(CO),

118 (h*-C,,H,,F,)Fe(CO),

cs,

cs,

H‘

H#

7-52m,
6-92s,

3.60 comp.,
1-7s,

1-57s

5-87m,
3-70dd,

1-40s

2-60s
2.42s
1-72q
1-56s
55-2q
55-4qq

—_ Structure 128

Fe(CO),
— *Integral ratio 7:4:5:1:1

— Structure: as above but 128
B-naphthyl derivative

Structure: 28

21 Fe(CO),

*Integral ratio 4:2:2
J126,J,31)

Spectrum unchanged over the
temperature range —60 to

+140°C
— Structure: 300
Jpy 3:0
Jrp 18-0
Jeg 3-0
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,F FeO, 119 (h*-C¢HF )Fe(CO), — H 242 Jun:2-0 Structure: 284
H' 3.38 Juw:2-0
H” 2-60 Jys 3-0
H" 2.56 Jug3-0
F 75m —
106-2m —
Fe
(CO),
C,HF FeO, 120 (M*-CHF,)Fe(CO), — H 2-68 Jn3-0 Structure: 284
Juu~ 13-0 H'"
Jue 5-0
H' 3.46 —
H"” 5-10 Jyryr 7-0
H'” 4.68 Jumuv 70
HIV 2-42 Jyvyy 140
Jur 14-0
HY 1-40 Jyryv 70
Juve 380
F 1085 Jrp 222,
Jrpr 20,
JFF'" 140
JruV14-0
F’ 104-5 Jep 222
F" 87-3 Jpegm236,
Jgpr 2°0,

Jppe 8:0

8I¢
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C,;H,,F FeO,

C,,H,,F(FeO,

121 (h*-C,,H,,F)Fe(CO),

122 (h*-C,H,F)Fe(CO),

F

F”
F'"

76-8

2-20s,

1-64s,
1-10s
70-8m
120-8m

2-20s,
1-79s,
1-62s,
1-12s

112-3dm

107-5dm

155-Om
69-3m

Jpwp 236,
Jpipn1-0,
JHF'" 5,6,
Jppm 14

Jepr 240
Jppe 60
JFIF” 120
JFIF'" 3‘0
Jpepm 120
Jgpm 170

Structure:
CH,

h4

Fe
(CO),

Structure :

CH,

CF,

CF,

300

300
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,sHzFeN,O, 123 (2,3,4,6-h*-C ;H,N Fe(CO), — H_, 3-15,2-38 — Structure: 301
H_, 4-76 —_
H,H, 510 —
H_ 4.43 —
H_ 1-68 —
H_, 3-82 —
C,H,,Fe0, 124 (1,2,3,6-h*-C4H,)Fe(CO), — Not reported —_ Structure: 302
Fe(CO),
C,H FeO, 125 (h*-CH,=CH'—CH’'=CH,)- — Hgn 1-90 JuH2S,
Fe(CO), Juu:6-9,0-7 1046
Hanii 0-22 Jun'8-2 201
H' 5-37 _ 1035
C_,C, 1575 Jcu 161 £ 10 Relative to CS, (0-0 ppm)
C_,,C;112+5§ Jop 171 £ 10
co —16 5
C¢Ds Hgyn 1-52 — 60 and 100 MHz 303
Hani 0-05 —

H’ 4-94

0ze
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C.H,BrFeO,

C,H,BrFe0,

C,H,CIFe0,

C.H,Cl,Fe0,

C,H,Cl,FeO,

C4H,FeO,

C,H,,FeO,

126

127

128

129

130

131

132

(h*-CH,=CH'—CH”=CH""Br)-
Fe(CO);

(h*-CH,=CH'—C(Br)=CH2)
Fe(CO),

(h*-CH,=CH'—C(C)=CH?)-
Fe(CO),

(H*-CICH=CH'~CH'=CHC})-
Fe(CO),

[h*-CH(CI)=C"(CH})—C'(CH})=
CH(CDIFe(CO),

(h*-CH,=CH-CH=CHCH,)-
Fe(CO),
cis

[A*-CH,=CH—CH=C(CH,),|-
Fe(CO),

CeDs

CsDg

Liquid

CeH,

cc,

Hsyn
Hanii

HII
Hin
Hsyn
Hapi
H.’vlyn
Hgnli

Hsyn
H gnii

"
Hsyn
"
H anti

n.a.

1-19
—0-44
4.49
5-09
1.93

1-09
—0-62
5-29
2-00
0.22
1.58
—0-21
5-71
2:23
0-55

1-99

4-88

1-98s*
2.02st

— 60 and 100 MHz

— 60 and 100 MHz

— 60 and 100 MHz

YS9 —
“’HH'<0'4
J(?C~H)193.2
Fam5-9
J(P°C-H") 1769

J(3C-H) 191.5 100 MHz
J(PC~H)129-2 *Half-height width 2-5 Hz
‘tHalf-height width 1.5 Hz

— Signals at 6 5-28d, 2-67t,1-77d,
1-47dd, 1-03, in ratio
2:1:1:1:3

— Signals at 4 5-27—4-98m,
1-83-1-3m, 1-03s, in ratio
2:5:3

303

303

303

991
304

304

305

305
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CH,,FeO, 133 (h*-CH,CH=CH-CH= — H 5-0 — — 306
CHCH,)Fe(CO),
C,oH,,FeO, 134 [h*{CH,),C=CH—-C(CH,)= — — — — 292
CH,IFe(CO),
C,H,,FeO, 135 (#CH,=CH-CH=CHCH,- — H 5-1m — — 306
CH,)Fe(CO), 0-2m —
C,H,FeO, 136 [h*-CH,=C(C,H,)*-CH'= CDCl, Hyn 1-92dd — *C.H, = CH‘; 307
CH"CH;"|Fe(CO), Hanii 0-92d —_
trans H’ 4.82d J8 Vv w
Hiwi  1-6m — CH;—CH
H'" 1.25d J6 100 MHz
HY 1-43 quin. —
HY 0-80-0-42m—
C,H,,FeO, 137 [#*-CH,=C(p-CH,O0CH)— CDCl, H gyn 2-19dd Juu2-5 — 308
CH""=CHIVCHY |Fe(CO), H anii 0-35d —
trans H' 7-20 —
H” 3.78s —
H"", 5-55bd
Hiby  1.07dqg  Jyeyn 9
HY 1-49d
C,;H,,FeNO, 138 [#*-CH,CH'=CH"—CH”"=CH"’- CD,0D H,HY 1-4 —_ As the hydrochloride 309
CH!Y(CHY)NHCH(CH,),)- H' 2-52 — 100 MHz 1036
Fe(CO), H” 5-41 —
trans cis H 222 —_—
HY 2.7 —

(443
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C,H,,FeNO, 139 [A*-CH,CH'=CH"—CH"'= CD,0OD H,H’ ~1-4 — 100 MHz 309

CH!VCHY(CHY")NHPh]- H" ~4-8 — 1036
Fe(CO), s ~5-1 —
trans trans HY ~0-8 — Oily compound converted into its
HY ~3.30 — fluoroborate salt for the
HV! 1-50 — NMR determination
C,¢H,,FeNO, 140 (A*-CH,CH'=CH"—CH""'=- CD,0OD H ~1-4 JHu'6 100 MHz 309
CHVCHY(CHY)NHPh- H’ ~2.4 e 10
Fe(CO), H” ~5-13 Jyrye 5
trans cis H'" 4-80 Jyrygv 8
Hv ~2-2 Jyvyy 10
HY 2-94 Jvpv 6
HY! ~1.3 —
C,,H,;,FeNO, 141 [h*-CH,CH'=CH"—CH"= CD,0D H 1-43 — 100 MHz 309
CH'CH”’(CH§v )NHCH}'Ph]- H' ~23 —_ As the hydrochloride 1036
Fe(CO), H” 5-48 —
trans cis H™" 2-73 —
HIY 1-49 —
HY 4.03 —
C,;H, FeNO, 142 [h*-CH,CH'=CH"-CH"= CD,;0D H 1.27 — 309
CH"'CH"'(CHIV(NHCH- H' ~1-7 — (+) Diastereoisomer, as the 1036
(CH,)Ph]Fe(CO), H” ~5-5 —_ hydrochloride
trans cis H'" ~2-4 — 100 MHz
HV 1-52 —
H 1-28 —
H' 1-70 _ (— Diastereoisomer, as the
H” ~5-3 — hydrochloride
H" ~2.3 —_
HY 1-38 —
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CH)¢ 143 [h*-CH,CH'=CH"—CH"'= CDCli, H 1-45 — 100 MHz 309
BrFeNO, CHVCHY(CHY'Yp- H’ 2:35 —
NHCH,Br)IFe(CO), H” 5-20 —
trans cis H" 4.88 —
HY 2-13 —
HY 2-88 —
HV! 1-30 —
CeH,6- 144 [h*-CH,CH'=CH"—CH"'= CDCl, H 1-38 — 100 MHz 309
BrFeNO, CHIVCHY(CHY!Xp- H’ 1-15 — 1036
NHCH,Br)]Fe(CO), H” 4.94 —
trans trans H'" 512 —
HY 0-80 —
HY 3.21 —
HY! 1-30 —
C,,Hyy 145 [h*-CH,CH'=CH"—-CH""'= CDCl, H 1-22 — 100 MHz 309
FeNO, CH’CHV(CHY Xp- H' ~2-1 —
NHC H,CH,)|Fe[CO), H” 4.90 —
trans cis H" 4-65 —
HIY 2.70 —
HY 1-12 —
C,,H o 146 [h*-CH,CH'=CH"-CH'"'= CDCl,/ H 1-22 — 100 MHz 309
FeNO, CHIVCHY(CHY")Yp- C.D, H ~09 —
NHCH,CH,;)IFe(CO), H” 4.60 —
trans trans H'" 4-86 —

{43
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C 16H 16~
FeN,O,

C16H16_
FeN,O,

C,H FeO,

C,HgFeO,

147

148

149

150

[#*-CH,CH'=CH"—CH"'=
CHIVCHY(CHY'Xm-
NHCH,NO,)Fe(CO),
trans trans

[#*-CH,CH'=CH"—CH"'=
CH'YCHY(CHY! }p-
NHC¢H,NO,)|Fe(CO),
trans trans

[#*-CH,=CH'—C(OH")=
CH}"|Fe(CO),

[#$-CH,=CH’—C(OCOCH/|| =
CH?"Fe(CO),

cDCl,

cDCl,

c,D,

Hs_vn
Honri

HII
e
Hsyn
e
Hann‘
H syn
H anii
Hl!
e
Hsyn
"
H anti

0-60
3.15
1-22

1.40
1.20
4.98
517
0-82
330
1.34

1-40
1-00
4.70
5-86
0-60
3.14
1-15

1-28dd
—0-57dd
4.94t
5-88s
1-88d
0-11d

1-15
—0-57
5-32
1.67
1-98
0-29

100 MHz 309
100 MHz 309

1036
_ 310
60 and 100 MHz 303
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TABLE VIl—cont.

9te

Coupling
constant Refer-
Formula No. Compound Solvent o (ppm) (Hz) Remarks ences
C,HFeO, 151 (h*-CH,=CH'—CH"=CH"'- C.D; Hsyn 1-18 — 60 and 100 MHz 303
OCOCHY)Fe(CO), Honi  —0-25 —
trans H' 4-45 —
H" 4.90 —
i 393 —
HIV 1-57 —
C,H FeO, 152 (h*-CH,=CH’'-CH"=CH'"- C¢Dg H 1-80 — 60 and 100 MHz 303
OCOCH!Y)Fe(CO), H' 4.97 —
H” 4.43 —
H" 5-63 —
HY 1-46 —
C,sH,FeO, 153 [A*-CH,=CH'—C(OCOCH}- C¢Dg Hsyn 1-10 — 60 and 100 MHz 303
Ph)=CHj}" |Fe(CO), Hani —0-67 —
H' 532 —
H" 4.96 —_
Hiy 2.02 —
H i 022 —
C,H,FeO, 154 [h*-CH,=CH'—C(OCOPh)= C:Cs Hgyn 1-23 — 60 and 100 MHz 303
CHZ]FC(CO)J Hanli —0-48 —_
H' 5-54 —
Hg), 2-05 —
Hen 0-41 —
C,;H,FeNO,S 155 [h*-CH,=CH’'—C(p-0SO,C,- C,D, Hsyn 1-64 — 60 and 100 MHz 303

HNO,)=CH}"IFe(CO), Hgni  —0.10 —
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C lsle‘
FeN,O,

CIOHIZFe04

C,HFeO,

156 {h*CH,CH'=CH"—CH"= CDCl,
CH"'CHIV(1,3,5-0COC (HY-
NO 2)2]} Fe(CO),
trans trans

157 [#*-CH,CH’'=CH"~CH"= cDCY,

CH"'CH(OH")CH|Fe(CO),
trans trans

158 [#*-CH,CH'=CH"~CH"= CcDCY,
CH"'CHY(CHYXOCHYY]-
Fe(CO),
trans trans

Hgpi

Hl’
"
Hanti

HY
HY
HV!
H,H’
HII
HHI
HY
HY

5.89 —

859,832 —

218 —

0-67 —

1-49s —

5.55-5.0m —

l-49q JHlva 7
JHmHlv 7

4.51d -

9.2s —

1.39d a6 )

1-2m —

5.25-4.90mTHH~ -5

rav7-5
1.5-09m —
3.70m Jyvgw 7 )
2-05d J3.5

1-30d Juivyvi 7

1-46d Jyu' 6

1-4m —

5-2m —_

0-92t Jym 8
JH"’H'V 8

3.-57Tm —_

1-80s —

Endo-isomer
(See below)

> Exo-isomer
(See below)

1.5-1-25m — /

1.45-1-15m—
5.25-4.9m —
0-80t —
3.02q Ty 8
1-30d Jvyy 8
3.-31s —

311

312

31
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TABLE VII—cont.
Coupling
constant Refer-
Formula No. Compound Solvent d (ppm) (Hz) Remarks ences
C,.H,,FeO, 159 |h*-CH,CH'=CH"—CH"= CDCl, H,H 1-40 — Exo-isomer 311
CH""CH'V(CHYXOCOCHYY))- H",HV  5.39m, — (See below)
Fe(CO), 4.72m,
4.02m —
H'" 0-88t Jy-ygr 85
HY 1-40 JHmHlV 8.5
HV 2.00s —
C,,H,FeN,0, 160 {*-CH,CH'=CH"—CH"= CDCl, H,H' 1.7-13m — Endo-isomer, 311
CH"'CHIY(CHY)I1,3,5- H”,HV  54-50m — viz.:
OCOC H(NO,),}Fe(CO), H" 1-10t Jhym 8
Jyyv 8 ——>_<—C/OCOC H,/NO,
HY 1-7-1-3m  — ( ‘CH3
HV! 9-70s — H
CDCl, H, H' 1.6-1-35 — Exo-isomer, 311
H,HY 517 — viz.:
H" 102 A H
Jyrv 8-5 H —>—<-C /OCOC H,NO,
HY 1.6-1.35 — ’ ( 1
Hv! 9-50s — H CH,
C,H,,FeO, 161 [h*-C(H,CH'=CH"—CH"'= CDCl, H 7-22s — Endo-isomer 312
CHIVCHY (CH{)(OR'))- H' 2-05d Junr 9 (See above)
Fe(CO), H” 5-78q Jyary 6
H'" 5-32q Jywpv 7
HY 1-4t Javyy 8

8¢
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C,,;H,(FeN,0O,

162 {h*-C;H,CH'=CH"—CH""'=

CH!VCHY(CHY!{1,3,5-
0COCHYI(NO,),1}Fe(CO),

CDCl,

CDC,

CDCl,

HV
HV!
HV!

HI
HII
o
HY
HY
HV!
gVl

H
H'
H”
H"
HIY
HY
HV!
HVI]

H

Hl

H", H’”, }
HY

HIV

HVY!I
Hvi

3-8m
1-38d
1-62s

2-17d
5-78q
5-39q
1-27
3.-68m
1-40d
1.85s

7-25s
2-22d
5-84q
5-55-5-0m
1-47t
5-55-5-0m
1-63d
9-5s

7-31s
2-32d

6-04-8m
1.35t

1-68d
9-60s

JHYHY 65

p— Exo-isomer
Jar 9 (See above)
JHrH" 5

v 8

Jyvyy 8

Juvgw 7-5

Endo-isomer
(See above)

Junr9

Jyrue 5
Jurur 9
Juvyy 9
Juvyvt 6

— J
Junu~ 85
- Exo-isomer
Jyrygv~8-5 (See above)
JHIVHV ~8 ‘5

312

311
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TABLE VIl—cont.
Coupling
constant Refer-
Formula No. Solvent 6 (ppm) (Hz) Remarks ences
C;HFeO, 163 (h*-CH,=CH-—CH=CH- CDCl, H 9-32d Ja-1 — 313
CH=0)Fe(CO), 314
C,H,FeO, 164 (h*-C,H,CH'=CH"—CH"= — H 7-34s — — 315
CH""—CH'V=0)Fe(CO), H' 2-6d J10 316
H” 6-07m —
H'" 1 60q -
HY 9.44d JSs
C,;H,,FeO, 165 (h*p-CH,C;H;CH"=CH""— — H 2-32s — — 316
CH"'=CH!Y—CHY=0)Fe(CO), H' 7-2m —
H” 2-64d J9
H'N 6.0m —_
HIY 1-52q —
HY 9.42d J4
C,H, FeO, 166 (h*-CH,=CH—CH=CH- — H 1-25d J8 trans-isomer 291
COCH,;)Fe(CO), H 3-09d J8 cis-isomer
C,HiD,FeO, 167 (h*-CH,CH'=CD-CH"=CD- CDCl/SO, H ~1.5 — T-20to0 —30 317
COCH;}")Fe(CO), (2:3) H' 1-66 —
H” 5-70s —
H' 2-1s —
C,H;,FeO, 168 (h*-CH,CH'=CH"—-CH"'= CDCL,/SO, H 1-50d JHH'6 T -20 to—30 317
CHIYCOCHY)Fe(CO), (2:3) H' 1-65m Jar 8

0ge
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C,H,,FeO, 169 (h*-CH,CH'=CH"—CH"=
CH"'COCH!Y)Fe(CO),
trans cis

C,H,,Fe0O, 170 [A*-CH,CH'=C(CH})—CH"'=
CHIVCOCHYFe(CO),
trans trans

C,H,,Fe0, 171 |4*-CH,CH'=CH"—C(CH}")=
CH!VCOCHY|Fe(CO),
trans

C,,H,FeO, 172 [K*{CH,),C=C(COCH,)}—
C(CH,)=CH,]Fe(CO),

cDCl,

cDCl,

CDCL/S0,
(2:3)

CDCl,/S0,
2:3)

(CD,),CO

H"
H

HII
HIII
H!Y

HI
Hl!
HI”
H!Y
HY

5-35q
5-75q
1-35d
2-10s
1-45
1-5
5-25
5-75
1-30
2-07

1-52d
2-20m
5-28m
3.02d
2.09ds

~1-55

~1-55m
2-20s
5.65d
1-32d
2-10s

~1-5

~1-5m
5-15d
2-50s
0-90s
2-11s

n.a.

Jyry 6

Jyregtv 8
. K]0 R
_ 318 ;
_ S
- 3
- >
— =]
Z
a6 — i g
—_ Q
>
;— 65 %
—H,Hm E
>
— T —20to —30 317 =
—_ ¢
>
T ]
Jygonr 8
H Hlv %
- <
— | ond
Q
=]
— T —20to —30 317 2
]
JH’H” 7 ;
- ke
tr
— »

— Signals at 6 2-51s, 2-08s, 1.48s, 292
1-16s, 1-70d, 1-55d

£33




TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,sH,,FeO, 173 (A*-CH,CH'=CH"—CH"'= CDCL/SO, H 7-40s — T —20° to —30° 317
CH!YCOCHY)Fe(CO), (2:3) H' 2-65d Jy'yr 89
trans trans H” 5-95m —
H'" 6:05m —
Hv 1.75d Jyrgv 8
HY 2-20s —
CCl, H 7-05s — — 312
H’ 2.20d Junr 8
H",H"  5-80q —
HIY 1-35d JH"HY 7
HY 1-10s —
C,;H,;FeO, 174 [A*(CH,),C=C(COCH,)— (CD,;),CO na. — Signals at 6 8-20m, 7-80m, 2-02s, 292
C(CH,)=CH,|Fe(CO), 1-38s,1-33s, 1.78dd.
CzH FeO, 175 [Ah*-CH,=CH'—C(CO,H")= C(Dq Hyn 1-48 — 60 and 100 MHz 303
CH;"]Fe(CO), Hami  —0-02 —
H’ 6-03 —
H” 10-22-11-58 —
Hiyn 2.33
Hapy  —0-11 —
C,H FeO, 176 [h*-CH,=CH’'—C(CO,CH"%)= C.D, Hgspn 1-49 — 60 and 100 MHz 303
CH;"|Fe(CO), Hoanmi —0-01 —
H' 6-03 —

(433

ONVIQOW 'V ANV SIVO "W ‘LIOWMDIH ‘M d



C;H ,FeO,

CZZHJGFeOS

177 [A*-CH(CO,CHiCH?)=CH"'—
CH"'=CHCO,CH/CHY]-
Fe(CO),

178 [CH,(CH,)yCH=CH'—CH"=
CH'"(CH,)x CO,CH,|Fe(CO),
x+y=12)

CDCl,

CDCl,

HI’
Hy,
Hgny
Hapnii

H"
"

Hsyn
e

anti

H"
H'"

H, H'"
HI, H”

3.45
232
—0.09

1.95m
0-40m
6-2m
3.85s
2-42m
0-28m

588
413
1-25
6-06

1-84
5-00

Jun~0
JiHe 44 +0:2
Jun = Juarue

JuH= Jan-
—1.7

— 319
— 201
Mixture of isomeric conjugated
dienoic fatty esters derived
from methyl linoleate
[CH{(CH,),CH=CHCH,CH=
CH(CH,),CO,Mel
xy =4,8:.57;6,6 320
7,5:8.4;9,3: 10,2, 321

The H,H coupling constants are

compatible with 1,4-addition of
Fe(CO), to the diene to form a
nonplanar ring complex, viz.

I
H
H C\’
I “Fe(CO),
H” C
[“H
R'
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,HBF,- 179 (h*-C,HSO,BF,)Fe(CO), SO, H_, 5-15, J; .89 Complex formed by reaction of 1048
FeO S Ji,19 butadieneiron tricarbony! with
3.02 Ji214-1 SO, and BF,
H, 5-62 AN
H., 6-25 5484,
5-1
H_, 3-50, —
2-56 —
C,,H,(FeO, 180 [#*-CH,=CH-C(=CHY)CH?  C.H, Hypn 1.5-2:0 — — 1006
CH4CH=C(CH}"),IFe(CO), Handi 0-06q —
H;nli 0-25 -
H” 2.35d —
H'" 1.5-2-0 —
C,,H,,FeO, 181 [h*-CH,=CH'-C(CHy)= (CD,;},CO Hgyn 1-90dd Jyn' 1-2 CH, = CH}'=C—CH"V=CHY 303
CH’;]Fe(CO), Honsi 0-44dd Jyn 10-3 (Uncomplexed diene system)
Juu2-4
H’ 5-63t —
HY)n 2:16dd  Jyy+1-5
HZnn‘ 0-49d JH"H" 2 60 and 100 MHz
H'" 5-50d Jyrp 143
5-44d
Hv 6-65dd Juvy 110
Hin 5.28dd  Jyvyv 2:0
HYpni 5-67dd  Jywyv 176

1433
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C,;HgFeO,

Ci6H 1 FeO,

C,6HFeO,

C,,H,FeO,

C,,H,;FeO,

Cy.H,(FeO,

Cy;H (FeO;

182 (A*-CgHpFe(CO),

183

184

185

186

187

188

(h*-p-CH,C;H,.CH=CH-
\CH':CH—CH=CH’;)-
complexed diene
Fe(CO),
(h*-p-CH,C¢H,
CH'=CH—CH=CH"-
complexed diene
CH=CH,)Fe(CO),
(h*-CH,
CH'=CH"—CH"=CH’
Y
complexed diene
—CH"=CH"C:H,)Fe(CO),
(h*-C;H,CH=CH'-CH'=CH~
complexed diene
CH'=CH'—p-C¢H,CHY)
Fe(CO),
(h*-C;H,CH=CH—-
CH'=CH-CH=CH',

M -
complexed diene
p-CcH,CH)Fe(CO),
(*-C;H,CH=CH—-
CH'=CH"-CH"=CH'--
-

complexed diene
CH=CHC H,)Fe(CO),

CCi,

cDCl,

cDCl,

cDCl,

Hgyn
Hani

H r

-
4

H;lnli

H'

H”

H’
H”

H'
H”

H'
H”

H'
H"”

2:20
—0.05

2-28s
1-93t
0-52(?)
1-77m

2:27s
2.21d
2.05t

7-25d
2-35m
6-9-5-3m

2-34m
6-8-5-1m
2-32s

6-8-52m
2-25m
2-28s

7-27bs
2-27dd
5-30d

—_ Structure: 322
Hsyn
Hanll
Fe(CO
Hami e( )3
Hsyn
— 313
J8-7
J85
e 2-6
_ — 313
J95
J9
— — 316
— — 316
_ — 313
J87
J715
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences

C,H, FeO, 189 (#*-CH,CH=CH— CDCl, H 2-28s — — 313
CH=CH—-CH=CH- H' 2:-28s —

complexed diene
CH=CH-p-CH ,CH))Fe(CO),
C,H (FeO, 190 (#*-C(H,CH=CH—-CH=CH- CDCl, H 2.25t J93 — 313
CH=CH-CH=CH'- H 2-30d J9-3
complexed diene
CH,)Fe(CO),
C,H,yFeO, 191 (#*-CH,CH=CH-CH=CH- CcD(Cl, H 2-31bs — — 313
Y H' 2-31bs —
complexed diene
CH=CH-CH=CH-p-CH,-
CH})Fe(CO),

C,H,,FeO, 192 (h*-C ,H,CH=CH-CH=CH- CDCl, H 2-27s — — 313
CH=CH-CH=CH- H' 2.27s —

complexed diene
p-CsH,CH})Fe(CO),

C,H,,FeO, 193 (h*p-CH]C.H,- CDCl, H 2.25 — — 313
CH=CH—-CH=CH- H' 225 —

complEde diene
CH=CH-CH-CH-p-
C,H,CH;)Fe(CO),

C,;H; FeO, 194 {M*-[1-CqH(CH,),JCH'=CH'— — H 1.00,1.66 — CH(CH,), = 2,6,6-trimethyl- 323
C(CH)=CH'—CH""=CH- H' 6.0 — cyclohexen-1-yl
C(CHLV)=CH""CHYOH}- H” 1-89 —

Fe(CO), H 5-30 —

9¢e
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C1sH;,FeO,

C,cH,,FeO,

C,¢H,,FeO,

C,,H,,FeO,

C,H,,FeO,

195

196

197

198

199

{r*-[1-C;H,(CH,),JCH'=CH'—
C(CH)=CH'—
CH""=CH!V-C(CHY)=

A\,

- Y
complexed diene
CH'"CH,'OCOCHY!"}Fe(CO),

(h*-C¢H,CH=CH—
CH=CH-CH=CH'—_
L

v~
complexed diene
CH"=0)Fe(CO)

(*-CH,CH=CH-CH=CH'—
AN

comple;(gd diene
CH=CH-CH"=0)Fe(CQ),

(h*-CH,CH CH"=CH"—
C\H:CH"’—CH"'ZCI’EIV—

v
cor.plexed diene
CHY =0)Fe(CO),

(h*-p-CH,C H;-
CHI!:CHHI_CHHIZCHIV_
—— J

~
complexed diene
CHY=CH" —CH"'-0)-
Fe(CO),

cDCl,

cDCl,

cDCl,

cDcl,

HlV

HVl

HI

HII

Hl'l
H', HY
HV!
HV“

H'
H"

H'
H”

H'
H"

HIII
HIY

HI
HII
HIII
H!Y
HV

2.25
3-80d
3-50

1-00, 1-64

1-89
5-30
2-30
4-20d
1.98

2-57t
1-57dd
9-30d

2-61d
2-02t
9.-52d

2-30s
7-17m
6-47

5-63m
1-55dd
9-30d

2-28s
7-12s
2.61d
573

200t
643

9-45d

— C H(CH,),—as above

J9-5 —
J85
J80

J90,15-5

J4.5,8
J4.5

*AB component of ABXY
spectrum
JH"H"’ 9
Jyrym 5*
JHmHIV 9 Jyvygv 9
‘,HVHV 15.
Jyvgvt 7-5

323

313

313

313

313
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H,FeO, 200 {h*|1-C{H(CH,),JCH'= H 1.00,1-66 — C.H,(CH,), = 2,6,6- 323
CH'-C(CH")=CH'— H’ 6-0 — trimethylcyclohexen-1-yl 324
CH"'=CHW"*C(CH;/)=CH”'— H” 1.95 —_
. v — H" 525 —
complexed diene v 2.7 _
CH=0}Fe(CO), HY 2.50 —
C,sH, FeO, 201 (h*C,;H,,0)Fe(CO), — n.a Structure: 325
Me Me
iiicncn,cocn,
—
CﬁdeCOL
Signals 6 2-5-0-9
C,¢H,FeO, 202 (h*-C,;H,0)Fe(CO), — H 6-24d — Structure: 325
Me Me
CH=CHC(CH,)=0
_~Fe(CO),
Me
Other signals at 6 2-22-0-88
C;H,,FeO, 203 {h*-[1-CH(CH,),]- — H 57 — C H(CH,), = 2,6,6-trimethyl 325
H' 3.6 — cyclohexen-1-yl

CH=CH—C(CH,)=C-

comple;(fed diene
HCO,CHj}}Fe(CO),

Signals at 6 2-8-0-3

8¢t
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Cy7H,0, =

CoHyFeO, 204 (H-C,;Hy0,)Fe(CO); H s28 - MM cHcH—C(CH) 325
- 4.04q . CH,CO,CH%CH,
CH,
C,;H,,FeO, 205 (h*-CH,;0,C- C.Ds H 3.40, _ 326
CH=CH-CH=CH- 3.47 —_
L —v J
complexed diene
CH=CHCO,CH,)Fe(CO),
C,,H, FeO, 206 (h*-CH,0,CCH=CH- C¢Ds H 3-46 — 326
\CH=CH—CH=CH—J
i
complexed diene
CH=CHCO,CH,)Fe(CO),
C,,H,FeO, 207 (#*-CH,0,C- CD, H 3.48, — — 326
CH=CH-CH=CH- 3-37 —
\__V___J
complexed diene
CH=CH-CH=CHCO,CH,)
Fe(CO),
C,,H,FeO, 208 (h*-C,H,,0)Fe(CO), CDCJ, H 4-90d J8 Structure: 307
H’ 1112dq — 6
H” 1254 JS P o e
4 2 l!ll
3
O Fe(CO
H, 1-52s — «(CO),
H . H_, 2.75-207m  —
H_, 2:0-1-65Sm  —
CDCL,/SO, H 5-45m — T —20° to —30° 317
(2:3) H' 1.55 —
H" 1.55 —
H_, 1.65s —

SAXFATdANOD TANOEE VD TVLIN-DINVOIO NO VIVQ JNAN

6t



TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,.H,FeO, 209 (h*-C,H,,0)Fe(CO), CDCL,/SO, H 6-05d a9 Structure: 317
2:33) H 2-35d — CH_
H” 1.98s — \clfcsng"
H'" 7-35s — - o
(o] Fe(CO),
T—20t0 —30
[CH,FeO,)* 210 [(A*C,H,,0)Fe(CO),I* CDCL/SO, H 640d  J 9 S"“C‘"'e:(TC‘liO‘“GO) 319
(2:3) H 3.65d — \?—CSH;"
H" 2520 — , FSO,
H" 7.45sd  — | H
OH Fe(CO),
C,,H,CIFeO; 211 [A*-4-CIC,H,C(CH,)=CHjl- — H, 2.73 1357 — 327
Fe(CO), H_,,H_,) 693 Jis8:7
H, 7-64
Hin 1-79 e 2-6
Homni 0-16 —
C,H,,FeOy 212 (h*C,;H,,0,)Fe(CO), — n.m. — 328
Structure: [0}

OO

Fe(CO),

023
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C,H,FeO,

C.H,CIFeO,

C,H,FelO,

C,H,Fel , O,
C,H,Fel,0,

C,HFel,0,

213 (h*-C,H,)Fe(CO),

214 (h*-C,H,C)Fe(CO),

215 (h*-C H,DFe(CO),

216 (h*-C,H,1,)Fe(CO),
217 (h*-C,H,1,)Fe(CO),

218 (h*-C,HI,)Fe(CO),

ccl, H

Cyclohexane '*C

cal, H_,

4.00
3.91
3.95s
3.96

—16-2s*
+131.84d*

3.90s
4.22s

4.17,
4.40

4.63
4.48

4-95

— C,H, = cyclobutadiene

H H
2

JH—'H_,)0

J(3C,—H,) =
J(*C,—H,)
191.0

J(C,—H,) =
J(PC—H,) =
J("C,—H,) =
J(BC,—H,) 42

J(?C,—H,) =
J(PC,~H,) 12-8

*Relative to CS,
(0-0 ppm)

J, 486 1-Chlorocyclobutadiene
"2.3 0

— 1-lodocyclobutadiene
JO 1,2-Di-iodocyclobutadiene
— 1,3-Di-iodocyclobutadiene

— Tri-iodocyclobutadiene

329

54
330

331
332
333
334
1046

335

332

332

332

332
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,FeO, 219 (h*-C,H)Fe(CO), H,S0, n.a. — CH.= CHy _CH, 336
N
[
Signals at 6 6-88bs, 5-91bs,
5-09bs,inratio 1:2:2
C,H,FeO, 220 (h*-C H,)Fe(CO), H,S0, H 6-19q — CeH; = CHCH; 336
H’ 1-78d — 4 f
H ,H, 584d, — . ,
5-44d — ,
H, 6-52s — »CHCH;
or |
o
C,H,FeO, 221 [#*-C H,(CH)),]Fe(CO), cql, H 3.90 — 1,2-Dimethylcyclobutadiene 339
H' 1.76 — 60 and 100 MHz 331
Cyclohexane — J(H,—H)0 334
J(3Cy—H;) =
J(”C("Ha)
189.2
J(3C,~H,) =
JC,~H,) =
J(”CI—H-a) =
J(3C,—H) 42
J(3C,-H,) =
J(PC,—H)

12-8

[4243
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C,H,CLFeO,

CyoH,,FeO,

C,H,,FeO,

CiH,;,FeO;

C,.H,,FeO,

C,;H,,Fe0,

C,;H,FeO,

C,HyoFeO,

222

223

224

225

226

227

228 [#*-C(CH,),CH'(CH"),|Fe(CO),

229

[4*-C ;H,(CH,CI),IFe(CO),

[#*-C,H(CH}),]Fe(CO),

[h*-C,H(CH}),CH,CH}"]-
Fe(CO),

[#*-C(CH,),IFe(CO),

[4*-C (CH,),CH;CH}IFe(CO),

[1*-C (CH,),(CH,CH?),]Fe(CO),

{h*-C (CH,),ICH"(CH"),] }-
Fe(CO),

cocl,

ccl,

ccl,

ccl,

Cs,

cac,

ccl,

ccl,

ccl,

H”
H"

H
H”

H'
H”

H'
H"

H’
H”

4.37s
4.09q

3.92
1.77,
1.74

3.97s
1-77s,
1.75s
2:07dq
1.01 dd

1-68s

1-73s

1.76b
2.12q
1-10t

1.78s
2-lm
1-10dd

1-78
1.77
2-42 sept.
1-12d

1.82s
2:29m
1-174,
1-10d

J7-9,72
J7.9,7-2

J1.5
J(**C—H) 1286

J14
J14

Jgeml1
J79,12

J6:7
J67

J1.0
J65

1,2-Bis-chloromethyicyclobuta-

diene

Trimethylcyclobutadiene
60 and 100 MHz
J(C—H) 186-7 and 128-3

1-Ethyl-2,3-dimethylcyclo-
butadiene
100 MHz

Tetramethylcyclobutadiene
60 and 100 MHz

1-Ethyl-2,3,4-trimethyl}-
cyclobutadiene

1,2-Diethyl-3,4-dimethyl-
cyclobutadiene

1-Isopropyl-2,3,4-trimethyl
cyclobutadiene

1,2-Di-isopropyl-3,4-
dimethylcyclobutadiene

338

339

340

339
341
54

342

342

343

343
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,,FeO, 230 {¥*-C,H-1,2-(CH,),-3-[CH'- CCl, H 1-79s, — Cyclobutadiene derivative 1003
(CH?),]}Fe(CO), 1-78s —
H' 2-39qq —
H” 1-02d J66
1-05d J712
C,,Hy,FeO, 231 {A*-1,2-C,[C(CH,);],-3,4- — H 0-83 — Cyclobutadiene derivative 1004
(CH.),JFe(CO), H' 6-58-7.0 —
C,sHyFeO, 232 [A*-CH,(CH,),]Fe(CO), — n.a. — 1,2-Di-n-butylcyclobutadiene 3
Signals at 6 3-92, 3-88s, 1-98q,
1-35m, O-88t, in ratio
2:1:4:8:6
C,;H,FeO, 233 (h*-C H,CH)Fe(CO), — H,H, 4467 Jy3=J34,=0  1-Phenylcyclobutadiene 344
JC,—H,) =
JBC—H,) =
189-5
JBPC,—H) =
JC,—H,) =
12-1
JC,—H,) =
JC;—H,) =
J(”CI_HA) =
K®Cy—Hy) =
3.7
H_, 4.169 J(*C,—H,) =

190-7

1443
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CH,,Fe0O,

C,H, FeO,

C,H,FeO,

C,H, FeO;

C,H,CL,FeO,

C,,HFel,0,

C,;H,(FeO,

234

235

236

237

238

239

240

(H*-C H,(C H),IFe(CO),

[4%-C (p-C¢H ,CH}),IFe(CO),

(h*-C H,COCH})Fe(CO),

[4*-C H,(COCH.),]Fe(CO),

[#*-C ;H,(COCH;CI),IFe(CO),

[£*-C,H,(COCH;1),IFe(CO),

[A*-C H,(COCH;C H?),I-
Fe(CO),

Cyclohexane

€Dal,

cal,

cDal,

cDcl,

CDCl,

cDCl,

H'

H'
H”

7-02,
7-32
4.50
7-2m

4.77s
517
7-32s

J(3C,—H,) =
133

J(”CZ_H:{) =
JPC,—H,) =
4.7

JH,-H) 0 1,2-Diphenylcyclo-
—_ butadiene
J(**C,—H,)189-5 60and 100 MHz
J(**C,—H,)4-2

J(BC,—H;) 12:8

J1.8 Tetra-p-tolylcyclo-
— butadiene
*Centre of AB quartet

— Cyclobutadiene derivative
— 13C—H coupling constants
— reported

— 1,2-Diacetylcyclobutadiene

— 1,2-Bis-chloroacetylcyclo-
— butadiene

— 1,2-Bis-iodomethylcyclo-
J10-0 butadiene
*Centre of AB quartet
(Avap=13-8 Hz)

— 1,2-Bis-phenylacetylcyclo-
— butadiene

334

345

338

338

338

338
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,,H,,FeO; 241 [h*-C,H,(COC H}),|Fe(CO), CDCl, H 5-00s — 1,2-Dibenzoylcyclo- 338
H' 8-00-7-23m— butadiene
C,H,FeN,0, 242 [h*-C,H,(CN),|Fe(CO), (CD,;),CO H 5-38s — 1,2-Dicyanocyclobutadiene 338
C,H,CLFeO, 243  [r*-C H,(COCI),IFe(CO), CDCl, H 5-13s — 1,2-Dichlorocarbonylcyclo- 338
butadiene
C,HFeN,O; 244  [h*-C H,(CONH,),IFe(CO), (CD,),SO H 5.08s — 1,2-Dicarbamoylcyclo- 338
H' 8-12bs, — butadiene
7-40bs —
C,H,FeO, 245 |h*-C H,(CO,H}),]Fe(CO), (CDy),CO H 5-20s — 1,2-Dicarboxycyclobutadiene 338
H' 5-85bs —
C,,HFeO, 246 [h*-C,H,(CO,CH})CO,H"}- CDCl, H 4.78s, — 1-Carboxyl-2-methoxycarbonyl 338
Fe(CO), 4.94s — cyclobutadiene
H' 3.86s —
H” 10-06bs —
C, H FeO, 247 [h*-C,H,CO,CH}),IFe(CO), CDCl, H 4.77s — 1,2-Bis-methoxycarbonyl- 338
H' 3.77s — cyclobutadiene
C,;H (FeO, 248 [C(C4H,)=CCO,CH!),Fe(CO), H 7.6,7-0 — Isomeric tricarbonyl 1044
H' 3.42 — cyclobutadiene iron
— H 79,72 — complexes derived from
H' 3.27 — methyl phenylpropiolate and
Fe,(CO),
C, HFeO, 249 (h*-C,HFe(CO), — H* 4.02s — Benzocyclobutadiene 330
Ht 6-95m Jortho 8-61, *Cyclobutadiene protons 346

6-77

vt
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CH,FeO;

Cy¢H,FeOy

250 (#-C,,H,,0,)Fe(CO),

251 (h*-C,,H,0,)Fe(CO),

(CD,),CO

H’
H”
H"

4.95s,
4-82s
6-02m
6-75
5.78

J meta 0-68
Jpara 1-57

Juwr 130
Jurur 95
JH’H"' 0‘4

Juvyy 7-0

tAromatic protons

The coupling constants indicate
bond fixation in the
six-membered ring and
reduced -electron
delocalization

Structure: 347

Structure: 347
(.)CHZCH3

Fe OCH,CH,
(CO),

Signals at 6 5-66, 6-88—8-06
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 8 (ppm) (Hz) Remarks ences
C,,H FeO, 252 (h*-C,H,0,)Fe(CO), CDCl, H 5-18s — Structure: 347
o 8-89 Jpe 11 H H
H" 7-64 Jurpg 7-6
H" 817 ) P O —Felco),
o) O
H' H'
HII OO HII
H"I HII!
C,,H,,FeO; 253 (h*-C,H,,0,)Fe(CO), CDCl, H 5-16s — Structure: 347
H' 89 Jyn 15
H" 7-48 —
H'" 3.47 —
CH FeO, 254 (h*-C H)Fe(CO), — H_ H, 285m — Cyclopenta-1,3-diene 305
H,H_, 562t — No signals below 4 0-0 ppm,
H_ 2-69d J11.17 indicating absence of protons
2.29d J11.7 directly attached to iron

323
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CyoH,cFeO;

C;H,(FeO,

CyoH,(FeO,

C,H,,FeO,

255 [h*-C,H(CH)),]Fe(CO),

256 [h*-C,H(CH,)|Fe(CO),

257 [K-C,H (CH})CHIOH"]}-
Fe(CO),

258 [h*-C,H,(CH};)CH;OCH}"]-
Fe(CO),

C¢D,

cDCl,

C¢Dq

CeD,

H_,,H_,
H_,,H,;
Hexo

Hendo

1,4-CH,
2,3-CH,
5-CH,

H_,H,
H,H,

HI/

HIII

H ,H_,
H_,.H,

H”
H''"

H_,H_,
H_,,H_,

HII

Hf"‘

H ,H,
H,H,

H”
H'"

2-35t
4-78t
0-50s
1.22s

1-51
2-13
0-69d

2-25

4.72t
1-21s
2.41d
0-59d

2-52t
4.74t
0-68s
3-62s
1-07s

2.39t
4.75

1-36s
2.26s
2-86s
2-66t
4-77t
0-74s
3.46s
3.18s

5,5-Dimethylcyclopenta-1,3-
diene

1,2,3,4,5-Pentamethylcyclo-
penta-1,3-diene
60 and 100 MHz

5-Exo-hydroxymethyl-
5-endo-methylcyclopentadiene
Ji2 v Ji|~5He

5-Endo-hydroxymethyl-5-
exo-methylcyclopentadiene
|12 +J15|~5 Hz

5-Exo-methoxymethyl-
5-endo-methylcyclopentadiene

5-Endo-methoxymethyl-
5-exo-methylcyclopentadiene

348

349

348

348
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,;H,(FeOS 259 (h*-5,5-C;H (CH{)ICHYp- C¢Dg H_,,H, 207 — Endo-methyl derivative 348
0S80, C H;'CHIY|Fe(CO), H ,H, 458t — [J12 +J, 4| ~5 Hz
H' 1-14s —
H” 2-96s —
H" 7-61d, J85
6-64d J85
HIY 1-72s —
H_,,H_, 229t — Exo-methyl derivative
H_,,H_; 456t — {12+ Jya|~5Hz
H' 0-61s —
H” 4.19s —
H"' 7-81d, J85
6-75d J85
HIY 1-87s —
C,,H,,FeO, 260 [h*-5,5-C;H(CH;)CO,- C,D, H_,H_, 299 — Exo-methylcyclopentadiene 348
CH’,CH{"]Fe(CO), H_,H_; 470t — derivative
H' 0-73s — [Jia+Jysl~5
H” 4-08q J1
H'" 1-03t J1
C,H;F,FeO, 261 [h*-5-CH(CF,)IFe(CO), C,Dg H_,H, 278m — Exo-pentafluorophenyl 193
H,H,, 492m — derivative
H_, 3.75m —
C,oH,¢B,(FeO; 262 [h*5-exo-C;H(B,,C,H,))]- CH, H,H, 223 — B,,C;H,, = o-carborane 350
Fe(CO), H_,,H_; 441 — derivative
H_, 2:56 —

0S¢
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C,,H,B,,FeO, 263 [h*5-exo-C;H (B, C;H, )} CH,Cl, H_,H_, 319 — . B,,C;H,, = 2-methyl-o- 350
Fe(CO), H,H_ —_ —_ carborane derivative 998
H_, 319 — 60 and 100 MHz
CHCl, H_,H, 318 —
H,H, 560 —
H_, 3.18 —
C.H, H_ ,H_, 237 —
H_,H_; 459 —
H_, 2.4 —
CHyoBoFeO, 264 [h*-5-ex0-C;H(B,,C,H,,))- CCl, H_,H_, 286 — B,,C3H,s = 2-phenyl-o- 350
Fe(CO), H,H, 546 — carborane derivative 998
H_; 261 —
CHCl, H_,H_, 290 —
H_,H, 552 —
H, 2.62 —
C,oHgFeO; 265 (h*-C,H,)Fe(CO), CD, na. Spiro[2.4]hepta-4,6-diene iron 351
tricarbonyl
Signals at 6 1-47t, 3-18t,4.05t,
4.39t,inratio 1:1:1:1
C,.H,,FeO, 266 (h*-C,H ,)Fe(CO), — H H, 295 — Spiro[4.4]nona-6,8-diene 352
H_,H, 542 iron tricarbonyl
Other signals at 6 2-0-1-0
C,H,,FeO, 267 (h-C, H,))Fe(CO); CCl, wH_; 333 — Structure: 322

H .H
H ,H_, 746m J.;8-62
H ,H

4
wH, 7-46m  J (664 5 3 Fe(CO),
J, 6098 6 \ CH,
Jy,1-07 X 2“CH,
1
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent d (ppm) (Hz) Remarks ences
C,oH,FFeO, 268 [h*-C H,O(CF,),]JFe(CO), (CH,;),CO H_,H_, 657 — 2,2-bis-trifluoromethy! 353
i o —4.00s* — cyclopenta-2,4-dien-1-one
100 MHz
*Relative to benzotrifluoride
at94-1 MHz
C,oH,F(oFeO, 269 [A*-C,H,O(CF),]Fe(CO), (CH;),CO H_;,H, 662 — 2,2-bis-pentafluorophenyl 354
YF orho  129-8d J18 cyclopenta-2,4-dien-1-one
mera 155-1m — 60 and 100 MHz
Fpara 1488t J18
C,H,FeO, 270 [C(C(H,)=CCO,CH;],COFe- CS, H 66 — A tricarbonyicyclopenta- 1044
(CO), H' 3.68s — dienoneiron complex derived
3-55s — from methyl phenylpropiolate
and Fe,(CO),
C,H,,FeO, 271 [#*-CH,0(C¢H!),IFe(CO), — H_,H_ ~58 3,4-Diphenylcyclopenta- 355
H' ~71 dienone
C,H D FeO, 272 (h*-CH, D )Fe(CO), CCl, H_, 3.26 2,5,5,6-Tetradeuterio- 356
H_, 5-38 cyclohexa-1,3-diene iron
H_, 3.26 tricarbonyl
H_, 158
C,H,FeO, 273 (h*-C4Hy)Fe(CO), CCl, H ,H, 318 Cyclohexa-1,3-diene 357
H_,H_, 530 iron tricarbonyl 358
H,H, 168

(433
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C,oH;oFeO,

C,oH  FeO,

C,oH,oFeO,

C, H,,Fe0,

C, H,FeO,

C,H,,FeO,

274

275

276

277

278

279

[#*-C H,(CH})IFe(CO),

[h*-C H,(CH})IFe(CO),

[#*-C H,(CHJ)IFe(CO),

(h*-CH{(CH}),]Fe(CO),

[*-C H(CH:),IFe(CO),

[h*-CH(CH.),IFe(CO),

cDCl,

ccl,

5-35
n.a.

2.0-17

1.78

3.20s
521d
3.04m
1-50b
2.07s

3-16
5-50
1.4
19
0-90d

2.95
5-13d
2:0-17
2-10*
0-90d

4-98
1-75
1-52

5-13s
3.08s
1-60m
1.59s
2-05s*
1-59st

1-Methylcyclohexa-1,3-diene
iron tricarbonyl

2-Methylcyclohexa-1,3-diene
iron tricarbonyl
100 MHz

5-Methylcyclohexa-1,3-diene
iron tricarbonyl

2,5-Dimethylcyclohexa-1,3-diene
iron tricarbonyl
*C_, methyl signal

1,4-Dimethylcyclohexa-1,3-diene
iron tricarbonyl

1,3-Dimethylcyclohexa-1,3-diene
iron tricarbonyl
100 MHz

*3.CH;]
+1-CH!

358

359
358

358
955

358
955

358

359
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,FeO, 280 [#*-C(H,(OH')|Fe(CO), —_ H_,H, 28 — 5-Hydroxycyclohexa-1,3- 358
H,,H_; 530 — diene iron tricarbonyl 955
H_; 416 — Isomer A (Exo 5-OH)
H_, 155,125 —
H 1.55
H,H_, 320 — Isomer B (Endo 5-OH)
H ,H,; 532 —
H_, 3.81 —
H_ 2.05,1-70 —
H' 1.67 —
C,,H,,FeQ, 281 [h*-6,6-CH,(OH)(CH,CO,- — Not reported Ring-expansion studied 360
CH,)|Fe(CO),
C,oH, FeO, 282 [A*-C(H,(OCH;)IFe(CO), — H, 5-28d — 1-Methoxycyclohexa-1,3-diene 358
H_, 5-00q — iron tricarbonyl
H_, 2.7 —
H,H, 16 —
H' 345 —
C,oH, FeO, 283 [h*-C,H.(OCH))|Fe(CO), — H_, 3-37 — 2-Methoxycyclohexa-1,3-diene 358
H_, 5-02d — iron tricarbonyl
H_, 2:70 —
H ,H, 160 —
H' 3-60 —
CoH, FeO, 284 (h*-C ,H,(OCH})|Fe(CO), — H.,H_, 29 — 5-Methoxycyclohexa-1,3-diene 358

5-37

iron tricarbonyl

1433
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C,H,;FeO,

C,H,;FeO,

CyH,FeO,

C,H,,FeO,

285 [h*-CH,(CH}OCH}IF&(CO),

286 [h*-C,H{(CH})OCH’IF&(CO),

287 [h%-C,H(CH:)OCH|Fe(CO),

288  [h*-C,H(CH:)OCH’IFe(CO),

cs,

3.70
1-68
3.15
3.5-2.5m
5-45m
3-75m
2-1-7m
3-15s

525
2.9-2-6
1.9-1.2
208
3-40

5-00q
2-30-1-65
1.56
3.44

5-34-9
2:9-2-6
n.a.
1.9-1-2
0.95d
3-40

5-34-9
3-25
1.9-1.2
1-60
3.55

Exo-methoxy group

1-Methoxy-3-methylcyclo-
hexa-1,3-diene iron
tricarbonyl

1-Methoxy-4-methylcyclo-
hexa-1,3-diene iron
tricarbonyl

1-Methoxy-5-methylcyclo-
hexa-1,3-diene iron
tricarbonyl

3-Methoxy-1-methylcyclohexa-
1,3-diene iron tricarbony!

361

358

358

358

955

358
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TABLE VII—cont.

9¢¢

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,,FeO, 289 [h-C,H(CH;OCHYIFe(CO); — H_, n.a. — 5-Methoxy-2-methylcyclohexa- 358
H_, 53 — 1,3-diene iron tricarbonyl
H_, 2.80 —
H_; n.a. —
H_ 1.5 —
H’ 2-10 —
H" 3.02 —
C,H,,FeO, 290 [h*-C,H{(OCH}),|Fe(CO), — H,H, 49 — 1.4-Dimethoxycyclohexa- 358
H ,H,, 230170 — 1,3-diene iron tricarbony!
H’ 3.32 —
C,H,FeO, 291 [h*-CH(OCH}),IFe(CO), — H_, 3.48 — 2,5-Dimethoxycyclohexa- 358
H_, 517 — 1,3-diene iron tricarbonyl
H_, 2-68 —
H_, 2-10 — *C-2 methoxy group
H 1.7 —
H’ 3.70* —
3-14 —
C,,H,FeNO, 292 [K*-C4H,(CN)IFe(CO), — H_,H_, 310 — 5-Cyanocyclohexa-1,3-diene 358
H_,H; 551 — iron tricarbonyl 361
H_, 2.85 —
H_ 220 —
2.02 —
C,,H,FeNO, 293 [h*-C H{(OCH})CNI]Fe(CO), — H_, 3.39 — 5-Cyano-2-methoxycyclo- 358
H_, 517 — hexa-1,3-diene iron

tricarbony!
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H_ H_, 272 —

H_, 2:10 —
H’ 3-67 -
C,H,sFeO, 294 [n*-5-C,H,CH'(CO,CHY- — H_,H_, 297 — — 358
CH}"),IFe(CO), H,H_, 529 —
H_, 4-09 —
H_, 2-00 —
H’ 2.97 —
H” 4-09q —
H" 1.24t —
C,,H,FeO, 295 (h*-CzHgFe(CO), — H n.m. J1.26-59 Bicyclo[4.2.0]octa-2,4-diene 346
J,34-23 iron tricarbonyl
Ji,1-62
J1.40:20
C,;H,(FeO, 296 [h*-CgH,(CH}),IFe(CO), — H_, 277 -— 1,3,5,7-Tetramethylbicyclo- 362
H_, 5-22 — [4.2.0locta-2,4,7-triene iron
H_ 2-30 _ tricarbonyl
H_, 5.76 —
H' 203,153 —
1.23 —
CH,cFeO, 297 (h*-C,¢H,)Fe(CO), CS, H ,H, 24 — Structure: 363
H.,H, 34 — 12 )
H,H, 54 - 1 3! 3
H.,H, 19 — o N —Fe(CO),
/N7 6
9 8 5
H,H, 18 — T30
:“” l:_l’ " }3 -7 - Temperature-dependent spectra
-14> "5 -16
H_H_ s 57 —

SAXITdNOD TANOGUVD TVIINW-DINVOIYO NO VIVA YAN

LSE




TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,FeO, 298 (h*-C (H,Fe(CO), CDCl, H_,toH_, 5.7 — Structure: 363
H_, H-.,}3.3 _ 131516, 2o
~11 -i4
12 :IO 9 I:/ 6 s
1 g 7
Fe(CO),
H_,H_, 53 — T30
e H_ ,H 26 -
- H,H_ 195
CH,, FeO, 299 [#*-C,O(CH,),|Fe(CO), cDCl, 1.6-CH, 0.92s*, — C,O(CH,), = 1,2,3,4,5,6,7.8- 341
0-85s* — octamethylbicyclo(4.2.0]-
2-5-CH, 2.03st, — nona-2,4,7-trien-9-one
1-81st — *Bridgehead methyls
3-4-CH;, 1.67st — +Methyls of co-ordinated diene
7-8-CH; 2-14st — FMethyls of uncoordinated
2-11s} — double bond
C,;H,,FeO, 300 (h*-C,,H,,))Fe(CO), CsDs H_,H, 338 Jys~0 Structure: 1(7)‘.‘;;
Jyy =,
z.z o 3.4 Hani Ham
H_,H, 490 J,., 406 2
24 =5, 3
1-51
Hipn 0-90 /N Fe(CO),
Hanli 1-11
C,;,H, FeO, 301 (h*-C,,H,,)Fe(CO), CCl, n.a. — C,,H,, = Cholesta-2,4-diene 364

Olefinic signals at § 5-62,5-14

85t
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C,oH,FeO,

C,H,FeO,

C,,H,,FeO,

C,H,,FeO,

C,H,FeO;

302 (h*-C,,H,O)Fe(CO),

303 (h*-C,4H,,0)Fe(CO),

304 (h'-C,H,)Fe(CO),

305 (h*-C,4H,,)Fe(CO),

306 [h*-C,H,0,(C,H,),IF&CO),

cDCl,

cDCl,

cpcl,

n.a.

n.a.

Not reported

H ,H_, 758
H_,

H_, 835

H_, 7-83

H,H, 378

H_,H_; 640

H_, 7-03

H,, ~758
H_,,

H 3-8m

H’ 6-Om

H" 7-7-7-2m

— C,;H, 0 = Cholesta-5,7-

diene-35-ol
Olefinic signals at 6 5-25, 4-98

— C,5H,,0 = Ergosterol

Olefinic signals 6 5-24m

Ji2=J3,46-29 ) Anthracene iron tricarbonyl
J,34:21

Jy; =/, 1-48 [ Co-ordinated ring

J1.a~0

Ji2=J;,814

J;,36-95

J1.3=J,41:26 [ Unco-ordinated ring
J1.40-63

— Structure:

6 5
— Fe(CO), 4

— Structure:
H CHY
H’ s
HI
/ H

Fe(CO),

CH"

364

364

346

365

366
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TABLE VIil—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,HFeO, 307 (h*-CH,0)Fe(CO); — H,,H, 326m — Cyclohexa-2,4-dien-1-one 358
H_,,H_, 5-84m — iron tricarbonyl
H_, 2-35d —
C,oHgFeO, 308 [A*-CH,O(CH})IFe(CO), — H_, 3.24s — 3-Methylcyclohexa- 358
H_, 5.62d — 2,4-dien-1-one iron
H_; 3.12m — tricarbonyl
H_, 2:20 —
H' 2.20s —
C,HsFeO, 309 [A4-C H,O(OCH})IFe(CO), — H_, 2-76d — 4-Methoxycyclohexa-2,4- 358
H_, 5-64d — diene- 1-one iron tricarbonyl
H_, 3.46d —
H_, 2.22 —
C,,H,,FeO, 310 12,3,5,6-h*4,4-CH,O(CH,),l- CCl, H 4.04, — 4,4-Dimethylcyclohexa- 1045
Fe(CO), 3-42 2,5-dienone complex
CH zFeO, 311 (h*-C,H,;0,)Fe(CO), CDCl, H 3.80, — CH,;0;= H CH, 1045
3-30 H
0 T “--CH,
CH,
(o]
C,,H,,FeO, 312 (1,2,4,5-h%-C,,H,,0)Fe(CO), CDCl, H_,H_, 1406 — C,,H,,0 = cholesta-1,4- 1045
H_, 318 dien-3-one

09¢
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C,,H,,FeNO,

C,H,,FeO,

C;H,,FeOq

C,,H, FeO,

[C,,H,FeO,l-

C,H,,FeO;

313

314

315

316

317

318

{n*-5-C,H,IN(CH,),|}Fe(CO),

[h*-5,5-C,H,(CH;)OH"IFe(CO),

[4*-C,H,(OH)CH,CO,Me]-
Fe(CO),

[h*-5-C,H,(OCH;CH%)|Fe(CO),

[(h*-C,H,)Fe(CO),1-

[#*-C4H,(6-OCH})-
(8-COCH?)IFe(CO),

cs,

THF

cs,

n.a

H_, 313

H,H;, 529

H_, 2-87

H_ 1-26

H_, 2.0

H' 1.31

H” 1-67

Not reported

H_,H_, 3-8-2:6m
H,,

H_,,H.; 53m

H_ H, 24-1.0m

H' 3-3q

H” 1-1t

H 4.65

H_ ,H, 25m

H,H, 3Im27m

H ,H_, 32m

H_gy 3-8m

H_,, 2-8s

H' 3:3s

H” Not reported

Cyclohepta-1,3-diene
derivative. Signals at 6 5-4,
2-9,2.25,2-05,1-35,
inratio 2:3:2:6:2

Cyclohepta-1,3-diene
derivative

T333

Europium induced shifts
reported

7-Hydroxy-7-methoxy-
carbonylmethylcyclohepta-
1,3-diene iron tricarbonyl

Cyclohepta-1,3-diene
derivative

Iron tricarbonyl complex of the
antiaromatic cycloheptatrienyl
anion

Bicyclol5.1.0)octa-2,4-diene
derivative

298

367

368

360

361

369

370
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TABLE VIl—cont.

Formula

No. Compound

Solvent

Coupling
constant

(Hz)

Remarks

Refer-
ences

C,,H;Br,FeO,

C,,HyFeO,

C,,H,FeO,

C,;H,,FeO;

319 (h*-8,8-C,H,Br)Fe(CO),

320 (1,2,3,4-h*-C,H,)Fe(CO),

321 [h*-1-C,H,(CH'=0)|Fe(CO),

322 [h*1-C,H,(CO,Me)IFe(CO),

Cs,

CeDs

CeDsg

Cs,

H, 6-07d
H ,H_, 295-162

H_,H, 447m
H’ 0-03s

H_, 6-8d
H_, 3-18t
H ,H, 45m
H_, 3-55m
H_, 2-43m
H’ 9.02s

Not reported

Bicyclo(5.1.0]octa-
2,4-diene derivative

C,H,= Cyclohepta-1,3,5-

triene

Cyclohepta-1,3,5-triene
derivative

T30° 100 MHz

Cyclohepta-1,3,5-triene
derivative

371

372

369

373

374

360

9¢
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C,HgFeO,

C,.H;FeO;

CH,,FeO,

323 (2,3,4,5-k*-C4H,)Fe(CO),

324 [2,3,4,5-h*-C,H,(C,H,)IFe(CO),

325 (h*-C,,H,,)Fe(CO),

H_(toH_; 7-0m

C;H, = 1-Methylenecyclo- 375
hepta-2,4,6-triene

Signals at 6 5-44m, 5-19s,
4-89s,3-63d (J7),
2-93t,inratio4:1:1:1:1

1-Benzylidenecyclohepta- 376
2,4,6-triene

Other signals at 4 6-5d,
5.9-5.2m, 4-0dd*, 2-9t, in
ratio 1:4:1:1

*Two signals attributed to
presence of two geometrical
isomers, viz.:

Ph H H Ph
and
Fe(CO), Fe(CO),

Structure: 377
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TABLE VII—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,,FeO, 326 {h*-C,,Hy(CH))]Fe(CO), cal/ H_, 3-68 pent. — Structure: 377
CH,CN H_, H, 542pent. — CH;

H_, 3-27sept.  —

H_, 3-Im —

H_ to 7-0m —

H, Fe(CO),

H' 1.23d — 100 MHz
C,,H;FeO, 327 (#*-C,H,0)Fe(CO), H, 3-05 — C,H,0 = Cyclohepta-2,4- 367

H_, 5-92 — dien-1-one

H_, 5-56 —

H_, 333 — T33.3°

H_ 2-63 —

H_, 2.0 — Europium induced shifts 368
C,,H,FeO, 328 [A*-6-C,H,O(OCH;)]Fe(CO); H_, 3-18 — Cyclohepta-2,4-diene- 367

H,H, 57 — 1-one derivative

H_ 528 —

H_ 391 —

H_, 24,19 —

H' 3-35 —
C,HFeO, 329 (h*-C,H/O)Fe(CO); CDCl, H_, 5-05 Jy311-0 C,H,0 = Cyclohepta-2,4,6- 367

Jy42-0 trien-1-one
J341-0 T 33.3°
H_, 6-58 J;,80
H_, 2.25 — Europium induced shifts 368

$9¢
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C,,HFeO,

C,,H,D,FeO,

C,,H,FeO,

C,.H,,FeNO,

C,,H,,Fe0,

C,;H,,FeO,

330

331

332

333

334

335

(1,2,3,4-h*-C HoFe(CO),

[4*-1-C {HD((CH;D)IFe(CO),

[h*-1-C4H,(CH;)IFe(CO),

CHCl,

CDCl,

[h*-C,HACH;NC,H30)IFe(CO), CS,

[#*-C4H,CH;OH")|Fe(CO),

[4*-C{H,(CH,OCH’)]Fe(CO),

cs,

Cs,

H'
H"

H’
H”

H'
H”

4.-55
4.78
645
619

4.56
1.85
4.58
4.32

1-87s

5-1m
2-8s
3.5¢,
2.3t

52m
3.85d
325t

5-0m
3-7s
3.2s

J6
J6

J6
J6

T —155°
Singlet at 20° (6 5-39)

1-Monodeuteriomethyl-2,3,
4,5,6,7-hexadeuterio-
cyclo-octatetraene iron
tricarbonyl

1,2,7,8-h*isomer at —145°

1,2,3,8-h*-isomer at —145°

1-Methylcyclo-octatetraene

H signals at 6 5-67d, 5-08t,
4.50d at T 30° and at 4 5-95
and 4-38 at T-120.

Morpholinomethyl-
cyclo-octatetraene
T 35°

Hydroxymethylcyclo-
octatetraene iron tricarbonyl
T 29° 100 MHz

Methoxymethylcyclo-
octatetraene iron tricarbonyl
T 29° 100 MHz

378
922
1050

1037

921
1050

370

370

370
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,;H,FeO, 336 {h*-C,H,(CH'(CH}OH"]}- CS, H 5-0m — Cyclo-octatetraene 370
Fe(CO), H' 3-90qd J63 derivative
H” 1-30d J6 T 29° 100 MHz
H'" 1.44d J3
C,H,FeO, 337 {A*-C,H,ICH'(CH%)OCH}"]}- CS, H 5-1m — Cyclo-octatetraene 370
Fe(CO), H' 3.55q J6 derivative
H” 1-2d J6 T35
H" 3-1s —
C,,H;FeO, 338 [h*-1-CgH,(CH'=0)]Fe(CO), Cs, H_,H; 609 J10 Cyclo-octatetraene 370
H_, H_,}5_34m — derivative
H_ H_, — T 29 100 MHz 379
H_, 438t J9
H’ 9.-28s
C,;H,;,;FeO, 339 [h*-1-C4gH,(COCH}))IFe(CO), CS, H_,, H_,} 5.16m o Cyclo-octatetraene derivative 370
H_, H_ T 29 100 MHz
H., 4.46t J8
H' 2-30s —
C,H,,FeO, 340 [A*-C4H(COCH;),lFe(CO), CFCl, H n.a. — Diacetylcyclo- 370
H' 2-40s, — octatetraene derivative —
2-26s, — mixture of isomers
2-28s — H signals at 6 7-65s, 7-02s,

6-82d (J 3), 6-42d (J 10),

6-06s, 5-94s,5-04t (J 7),

4.63d(J7)4-53d (J 7).
T 29 100 MHz

99¢
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C,;H,,FeO;

C,sH,,FeO,

C,sH,FeO,

C,;H,FeO,

C,,H,FFeN,0,

341 [h*-2-C4H,(CO,Me)iFe(CO),

342 [h*-C4HCO,CH}),IFe(CO),

343 (H*-C,,H,)Fe(CO),

344 (h*-C,,H,0,)Fe(CO),

345 (h*-C,,HyF,N,)Fe(CO),

cDCl,

cal,

cocl,

cocl,

Not reported
H_,,H_, 7-28d
H_;,H 409m
H_,H_; 509m
H' 371
H* 4-90bs,
4.-60bs,
3.73bs
Ht 6-08bs
Hf 7-13s
H 4.82,
4-81
H’ 4.55 comp.
H” 5-55
H'" 5-95m
HIV 5-1d
H_, 3.34
H_, 5-68
H_, 6-45
H_, 4.42
H_, 4.79
H_, 4.60
H_, 4.06
H 163

J,,60
J,,11-0
J5090
J,, 100

J 580
Joq 75
Jyg11-5
Ji580

Cyclo-octa-1,3,5-triene
derivative

1,8-Dicarbomethoxy-
cyclo-octa-1,3,5,7-
tetraene iron tricarbonyl

T 35° 60 and 100 MHz

Cy,H,4 = Benzocyclo-octa
tetraene

*Complexed diene protons

tUnco-ordinated double bond
protons

JAromatic protons

Structure:

H" HIV

Fe(CO),

60 and 100 MHz
Structure:
3 2

a (CN)Z
5 — (CF)),

6 7
Fe(CO),
100 MHz

Ugg 13-0,Jyp4-5)

360

378

380

378

381
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TABLE VIl—cont.

Formulia

C,,H,,FeO,

C, H,,Fe0,

C,oH,FeO,

[C,H,FeO,]*

No.

C,H,,FeN,O, 346 (h*-C,H,,FeN,0,)Fe(CO),

347

348

349

350

(h*-C.H,,)Fe(CO),

(h*-C4H,,)Fe(CO),

(2,3,5,6-h*-C,H,)Fe(CO),

((2,3,5,6-h*-C,H)Fe(H')-
(COpl*

Coupling
constant Refer-
Compound Solvent 4 (ppm) (Hz) Remarks ences
CDCl, H_,H 520 J129-2 Structure: 381
H_,H_, 394 J, 381 2
J,41-40 ) 3
H ,H, 543 Jy44-13 Fe(CO
H,H_, 633 J, 5888 7 4 oCO);
Jl.s 7-60 6 5
J,.20-90 100 MHz
— n.a — C,H,, = Cyclo-octa-1,3-diene 281
Signals at 6 4-76q, 3-00m, 1-8m,
1-1m,inratio 2:2:4:4
— na — C4H,; = Cyclo-octa-1,5-diene 281
Signals at 6 3-4m (4H), 2-0m
(8H),or at 6 3-7 (4H), 2-4 (8H) 922
CDCY, H_,H_, 335m — C.H, = Norbornadiene 58
H_,,H_, 3.15t _ 7 382
H_,H_ ¢ 4
H_, 1-25t —_ 3 / 5
7 1%
FSO,H/ H_, 3.32 — C,H, = Norbornadiene 382
SO, H,H, 475 —
H_, 4.40 —
H,H, 405 —
H_, 1.90s —
H’ —7-13 —

89¢
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C,H,FeN,-
O7SZ

C oHyFeO,

CH,,FeO,

C,H,,Fe0,

C,,H, ;FeO,

Cy6H,;,FeO,

351

352

353

354

355

356

[2,3,5,6-h*7,7-C,H,(NH'NH"-
$0,-p-C(H,”CH]Y),IFe(CO),

[2,3,5,6-k*-7-C,H,(OH")]-
Fe(CO),

[2,3,5,6-*-7,7-C,H(CH,)OH]-
Fe(CO),

(2,3,5,6-h*7,7-C,H(CH-
CH")OH"|Fe(CO),

12,3,5,6-h*1,7-C,H(CH'=
CHJ)OH"Fe(CO),

[2,3,5,6-h*7,7-C,H,(C H;})-
OH"|Fe(CO),

(CH,),SO

cbcl,

cDey,

cDc,

cocl,

cDcl,

H
-2 H_3
H

-6

H

H'
H”
H'"

2.92bs
4-67bs
7-90bs
7-53q
2-40s

3-28 sept.
3-02t
2:92t
6-32bd
2.0d

3-05m,
3-00m
1-53q
0-84t
2-15s

J15
J15

J17
J17

J2:5
J25
J2.5

Norbornadiene derivative 383

Norbornadiene derivative* 384

*Numbering so that C-7 substituent
is syn to C-5C-6 double bond.

Norbornadiene derivative 383
Norbornadiene derivative 383
Norbornadiene derivative 383
Norbornadiene derivative 383
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TABLE VII—cont.

Coupling

constant Refer-

Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences

C,,H,,FeO, 357 12,3,5,6-h*7-C,H,- CDCl, H ,H_, 3550ct. — Norbornadiene* derivative 384
(OCOCHFe(CO), H_,,H_J} 3-09q —
H_,H_ | 2.92q —
H_, 4-50t —
H’ 80-72 —

comp.

C,H,FeN,0, 358 {2,3,5,6-1*-7-C,H,|JOCOCH}- CDCl, H,H, 375m — Norbornadiene derivative* 384
3,5(NO,),|}Fe(CO), H_,H_, 323t —
H_,,H_, 3-06t —
H_, 4.7t —
H',,H!, 9-08d —
H!, 9.25t —

C,,H,,FeO,S 359 [2,3,5,6-h*-7-C,H,(OSO,- CDCl, H_,H, 362m — Norbornadiene derivative® 384
CH))IFe(CO), H ,H_, 315t —
H_,H,, 297m —
H_, 3-25t —
H' — —_—

C,,H,,FeO,S 360 (2,3,5,6-h*-7-C;H,(OSO,p- CDCl, H_,H_, 345m — Norbornadiene derivative® 384
C H CH?")IFe(CO), H_,H_, 301t —
H_,H_ 281t —
H_, 4.10t —
H 7-83m —

7-73m — *Numbering so that C-7 substituent
H” 2-50s —_ is syn to C-5C-6 double bond

0LE
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C,HFeO,

C,H,,FeO,

C,;H,,FeOq

C,,HF FeO,

C,,H FeO,

361 (2,3,5,6-h*-C,H,0)Fe(CO),

362 [2,3,5,6-h*-7-C,H(=CH'-
CO.OCH’CH!")IFe(CO),

363 (2,3,5,6-h-C,H,,0,)Fe(CO),

364 (h*-C,H,F,)Fe(CO),

365 (h*-C4H,)Fe(CO),

cpcl,

cDCl,

cDCl,

cbcl,

cDCl,

-3

Ht
H*
Ht
Fortho
F,

melta

H_,H_,

H_,,H_,

T
x

3-65q
3.02t
3-58m

}3-141

4.64m
4.80s
4.12q
1.27t

3.37m
5-44m
3.00dd
5-15dd
5.82
7-50m
33
5.0
165-5
152-2
310

4.70

4.30
6-30
0-60

J2-5
J2:5
J2:5
J25
J2:5

J7
J17

J35
J11,3-5
J11,3-5

-’1.2 ='14.5 5-5
Jig=Jss 6-3
Jis=J34 61
Jrg=Jys 14

Norbornadien-7-one

7-Carboethoxymethylene
norbornadiene®

*Numbering so that C-7 substituent

is syn to the C-5C-6 double
bond

C,H,,0, = 7-Benzoyl
methylene-7,8-epoxy-
norbornadiene

H* = aromatic protons

C,,HF, = Tetrafluorobenz-
bicyclo[2.2.2]octatriene
H* complexed diene protons
HY Bridgehead protons

Structure:
Fe(CO),

T —60to 120
60, 90 and 220 MHz

383
385

383

383

386

387
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,;FeNO, 366 (h*-CH,CH'=CH"—CH"'= CHg H 0-86d — 100 MHz 388
NCHIVC, H,)Fe(CO), H 1-95 comp. Jyur 10-0
H” 3-96q Juruaer 2-9
H'" 5-49d -—
HY 1-75t —
C,H,;FeNO, 367 (F*-C(H,CH=CH'—-CH"= CCy, H 3-35b — 100 MHz 388
NCH!")Fe(CO), H’ 5-65b — 389
H” 7-40 —
H" 6-70 —
C,;H,,FeN,0; 368 [#*-C,H,;N=C(CH,)C(CH,)= H 1-24s — 100 MHz 388
NCH;C,H,|Fe(CO), — H' 3-79t —_
C,,H,FeN,O, 369 [r*-CHN=C(CH,)C(CH,)= CsH, H 1-28s — 100 MHz 388
NC/H,]Fe(CO),
C,¢H,FeNO, 370 (1,2,3,4-K*-C,;H,N)Fe(CO); (CD,,CO H_,H_ 4.03 — C;HgN = Acridine 365
H_,H_, 682 —
H_;to ~7-50 —
H,
C,,H,;FeNO, 371 (h*-C,,H;3sNO,)Fe(CO), — OCH, 3-84,3.50 — B-Dihydrothebaine iron 988
NCH, 2-34 — tricarbonyl. Also signals at
OH 5-83 — 64-80d, 5-20d
=CH 6-66* — * Aromatic protons
[C,sH,,FeNO,)* 372 [(h*-C,,H;;NO )Fe(CO),l* — OCH, 440,375 — Propionyl-3-dihydrothebaine 988
COCH,- 125 — iron tricarbonyl hydrofluoro-
CH, borate. Also signals at

465.02,6-49 (=CH), 7-32
(=CH)

cLE
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C,,H, FeN,O,

C2:H,3FeN, O

C,,H, FeNO,

C,,H,FeN,O,

373 (h*-C,,H,N,0,)Fe(CO),

374 (h*-C,H4N,0,)Fe(CO),

375 (h*-C,H,,NO,)Fe(CO),

376 (23.4,5-h*-C, H,N,0,)Fe(CO),

cDcl,

NHCH,
NHCH,
=CH

OCH,
OH
=CH

OCH,
~CH

4.05 —

9-10

7-03*

3.72,3.42 —

855 —

6-70* —

3.80,3-60 —

6-78d* —

6-07 —

4.47 J,;68

5.06 J.s7-8

354 Jso 78

65 Je,9

5-75m Jya=Jo .88

4-Om Jya=Jd4575
Jya=J351-6

5:95m Ji.4:5

*Aromatic protons

N-Cyano-S-dihydronorthebaine
iron tricarbonyl. Also signals
at 8 5-25,5-54 (=CH)

* Aromatic protons

N-Cyanonorthebaine iron
tricarbonyl. Also signals at
8 4-59d, 5-35q

*Aromatic protons

Structure:
4 FC(CO)J

5—

6 3
(0
Nj

CO,CH,CH,
No Fluxional character at T = 0°

C H\N,O; =
(CN),

(CN),

CH,0,C-NZ_ .
]
2

988

988

390

301
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C;H,,FeNO, 377 (6,7,8,9-4*-C,,H,,NO)Fe(CO), CDCj, H_to 80-7-tm — C,H,,NO = \ CH; 391
H_, s (o]
H o H, 59-54m — N\ J
H_, 646 1m — 3 S™~N |9
H, 3.95-3-65d J 8 4 8
A
7
H’ 2-54s — 100 MHz
C,H,FeN,0, 378 (1,2,34-h*-C,H,N,)Fe(CO), CDCl, H_,H_, 385 — C,,H;N, = Phenazine 365
H,H, 647 —
H_,to 742 —
H_,
CleoN; =
CiH,FeN,O, 379 (5,6,7,8-h-C,H,N,)Fe(CO),  CDCl, H_,H_, 1-10) @17) 365
H_, 7-60 — 8 N, 2
H g H (7-70)7 10(7-70)
_ 8-80 —_ 7-70)6
) P10 N 1(7-70)
®17) 4 2 (770
@22 770
(7-70)
H_,H, 387 — *Values for uncomplexed ligand

H,H, 653 —

shown in parentheses

vLE
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C;H,FeN,O; 380 (5,6,7,8-7*-C,H ;N,)Fe(CO), CDCJ, H_,H_,, 855 — 365

H.H, }7~64 —

H-IO’ H-l}

Values for uncomplexed ligand:

H,H, 9.0 — 6842(H_,H_,H_,

H—S’ H—B 398 - H_u); 777 (H-29 H-]; H_s’

H_oH_, 672 — H_-,,H_",,H_“),

9-38(H_,,H_y)
C,-H,,FeN,0, 381 {4,5,6,7-h*-CH,N,(1-CH})- CDCl, H_, 4-94d Jis2 1-Methy!-3,5,7-triphenyl-1H-1,2- 390
(3,5,7-(CsH%),1 }Fe(CO), H_, 4.74d — diazepine iron tricarbonyl!
H' 2.98s —
H” 8.07m —
7-75m —
7-47-6-88m—
60 and 100 MHz
C,,H,FeN,O, 382 [4,5,6,7-k*-1-C;HN,(COCH,)- CDCl, H_, 692 J346 1-Acetyl-1H-1,2-diazepine 390
Fe(CO), H_, 3.28 Jos T iron tricarbony!
H_ 511 Jes1-6
Js64-3
H_ 4-59 Js26-7 60 and 100 MHz
H_, 6-47 Ja 17 Calculated chemical shifts and

coupling constants reported
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,)FeN,O, 383 [#*-CH/N,(1-COCH}) CDC, H_, 3-19dd Jos 75 1-Acetyl-3-methyl-1H-1,2- 390
(3-CH%)IFe(CO), (3-55q)* Jis2 diazepine iron tricarbonyl
H_, 5090ct. Js.4-5 *993
542 60 and 100 MHz
H_ 4.59o0ct. J5,7
H_, 6-39dd —
H’ 2.31s —
H" 2-11s —_
C,H,;FeN,O, 384 [A*-C,H,N,(1-COCH}) CDCl, H_; 6-84s — 1-Acetyl-4-methyl-1H-1,2- 390
(4-CH)|Fe(CO), H_ 4.97bd Js 645 diazepine iron tricarbonyl
H_, 4-38dd J6,16:5
H_, 6-34dd 57 2
H' 2:-37s —
H” 1-97s — 60 and 100 MHz
C\sH,(FeN,O, 385 (h*-C,H,(N,O)Fe(CO), CDCl, H_, 6-79d J6 C.H.N.O = [ 993
H_, 3-2m J1,6,1-65 12NN = g g4
H_, 5.07m J7,1.8,0-5 7O3
H_ 4.64m J65,4-4,1-65 N—N
H_, 6-5q J6:5.1-8 /12
H 7.4 — COCH;
C,H,()FeN,O, 386 (K-C,HN,0,)Fe(CO), — H_, 7-01 Jiu 6 CoH,oN0, = 6 5\ 4 994
J350:5 ANy 93
H_, 3-32 Jos 7 Ne 392
Jos1:65 /! 2

CO,CH,CH,

9LE
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C,H,FeN,0,S

C,H,,FeN,0,S

C4H,FeO,

CgH yFeO,

387 (-C,;H,N,0,8)Fe(CO),

388 (4%-C,,H,,N,0,S)Fe(CO),

389 (h*-C,H,0,)Fe(CO),

390 (h*-C,,H,,0,)Fe(CO),

cDCy,

cDCl,

cDCl,

5-10 Jo 644
i 18
4.57 J165
631 - C,HN;O,S
6-94q J6,0-5 nHiN: 0, s 993
3.3dm  J7,6,1.65 6/ ¢
4.92m J7,44,1.8,05 7 7}
4.46m J6:5,4.4,1-65 N—N
6-08q J65,18 Mz
71 — SO,C¢H;
= s
7-08q J6,0-5 C,,H,,N,0,8 = 6 A\\4 993
3-46m J17,6,1-65 7/
502m  J7,44,18,0-5 N 3
4.54m J6:5,4:4,1.65 1 2
6-24q J6-5,1-8 $0,p-C,H,CH,
— a-Pyrone iron tricarbonyl 329
Signals at 6 6-31, 5-61, 3-01,
inratio 1:2:1
3.73s — Structure: 393
7-95-7-2m — H
O 7 0]
0
CeH,
FC(CO)3 C6H5
Fe(CO),
o an

H* aromatic protons.

Structure (1) favoured over
(II) for reasons given below
(see diphenyl analogue)
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent S (ppm) (Hz) Remarks ences
CH, FeO; 391 (#-C,;H,,0,)Fe(CO), CDCi, H 577s — Structure: 393
H’ 4.0d J6 H H
3-5dd J6,1-5 "
H” 6:32-5.97 — (CO).F H A0
ot e
H 7-74-7-2m — 3 - NGe)
H' CH{"
C,H,,FeO; 392 (#*-C,,H,,0,)Fe(CO), CDCl, H 8.0-7-2 — Structure: 366
394
Fe(CO), CeH;
CH
6 cs) 2 0}
o) 0
CeH;
eHs
Fe(CO),
O {amn

The NMR spectrum shows only
aromatic protons and the
o-bonded structure (I) is
therefore favoured over the
n-bonded structure (IT)

8LE
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C,H,,FeOq

C,;H,,FeO,

C,.H,;BFe0,

C,H,,Fe0,Si

393 (h*-C,H,,0,)Fe(CO), —

394 (h*-C,,H,,0)Fe(CO), cpcl,

395 ['-C,H!"—CH’0B(CH=CH)),}- C;D;
Fe(CO),

396 [h*-(CH:),Si(CH=CH)),}- Liquid
Fe(CO),

H‘
Hl.

H"

H
H'

H”
H'"

Hiyn
'
Hanu‘

H”
H"

7.7-7-2

4-61,4-50* Jyull

3-46bs

2-85

5.6,5-3mt —

3-20dd
1-63d
0-23d

4-43s
6-8-6-5m

2.4-1.3
0-6,
—0-1

Jun 120
JH,H 14-5
Jup <l

Structure: 304

HI
(CO),Fe
Hl

*Reviewer’s assignment

Structure: 395

100 MHz
*AB quartet
+AA'BB’ system

Benzyloxydivinyl borane iron 396
tricarbonyl

TMS external

Dimethyldivinylsilane 397
iron tricarbonyl
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TABLE VII—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H FeO, 397 (h*-C(H,CH=CH'-CH"=0) (CDy),CO H 6-52 — Free ligand [(CD,),COI: 96
Fe(CO), H' 3-30 —_ H763,H 678,H"975
H” 7-78 —
CCl, H 5-95 —
H' 313 —
H" 7-52 —
C,;H,FeOy 398 (h*-p-CH}"OCH,CH=CH'— (CD,;)CO H 6-69 — Free ligand ((CD,),COl: 96
CH"=0)Fe(CO), H' 3.34 — H7-61,H’6-62,H” 9-67,
H" 7-73 — H'" 3.93
H" 3.77 —_
CCl, H 5-97 —_ Freeligand: H 7-32, H'’ 6-61,
H' 332 — H” 9-60
H” 7-52 —
C,H,CIFeO, 399 (A*-CICH=CH'=*C(CH,¥>0O)- —_ H 3.-61 J1 — 1000
Fe(CO), H' 5-99 —
C,H,CIFeO, 400 (A*-CICH=CH'=C(C,H,;=0) — H 3-78 J6 — 1000
Fe(CO), H' 621
C,.H,FeO, 401 (h*-C{H,COCH=CH'CO,CH,)- CCl, H 5-85 Ji6-2 — 997
Fe(CO), H’ 3.28 —
cis
C,HFeOy 402 (W*-CH,COCH=CH'CO, CCl, H 6-44 J4.9 Hexamethyldisiloxane as reference 997
CH,)Fe(CO), H' 2-31 at 100 MHz

trans

"ONVIQOW "V ANV SIVD "W ‘LLOWMOIH ‘M d
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(5) PENTAHAPTO LIGANDS
(a) Monocarbonyl! derivatives
C,H,CIFeO,P 403 (h*-CH,)Fe[P(OCH,),]-

(CIXCO)
C,H,CIFeO,P 404 (h5-C,H)FelP(OC(H,),)-

(CIXCO)
CyH;BrFeOP 405 (4*-C,H,)Fe[P(C4H[),C=

CCH?)(BrXCO)

C,,HyFelOP 406 (K’-C,H,)Fe[P(C,H,),|(IXCO)
C,H,,FelOP 407 (k%-C,H,)FelP(n-C,H,),(IXCO)

C,H,FelOP 408 (h*-C,H,)Fe(I)IP(CH.),C H’)-
(co)

C,H,FelO,P 409 (h%-C,H,)Fe[P(OCH,),(IXCO)
CH, FelO,P 410 (h-C,H,)FelP(OC,H,)l(IXCO)
CyHyFelOP 411 (h*-C,H,)Fe[P(OCH,),)(IXCO)

C,HCLFeOSi 412 (#5-C,H,CH})Fe(SiCl(H)XCO)

CHCl, 413 (K°-C,H,)Fe(SiCl,),(H'XCO)
FeOSi,

cDCl,
CDCl,

cpcl,

¢Dcl,
CDCl,

cDcl,
cDcl,
cDCl,

ccl,

CH,CN

H'
H"

H'

H"

4.76d

4.25s

4-68b

7-6-6-
8-2-7.

4-71s
4-58d

4.26
2-14,
1-73
7-34

4.72d
4.70s
4.20s

5-3t,
5-0t

5-43*
—11-64

Jpuls
Jeu 10
Sy 9°3

JOSSi-H') 20
J('Fe-H') 145

T 38°
T 38°

60 and 100 MHz

T 38°
T 38°

T 38°
T 38°
T 38°

60 and 100 MHz
*Also a singlet of ~7%
intensity at 6 4-62

398

398

170

398
398
990

398
398

398
399

400

400
401

402
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
[C,H,FeN,Ol~ 414 [(h>-CH,)Fe(C'N),(C"O)I~ H,0 13C +82-6 — Potassium salt 32
BC' 41590 —
Ber +219-2 —
(CyH,;- 415 {(n*-C H,)Fe(CH,CN)- CDCl, H 4.98d Jpy 1-5 Hexafluorophosphate 403
FeNOP* [P(CH?),((CON}
H' 2-22d T 15
H" 7-55m
[CyH,y 416 [(h%-C,H,Fe(C,;H,NXCO)]*  CDCl, H 5-21s — Isolated as the 403
FeN,O]* hexafluoro phosphate
C,oHgN, = 2,2'-Bipyridine
[Cy,Hyy- 417 {(h*-CH,)Fe[P(C(H}),CHY- (CDy),CO H 510 — Acetone internal reference 404
FeOP,)* CH4P(C,H),CO)}* H' 7-55 — Perchlorate
— H 4-83 — 405
H' 7-58-7-30 — Tetrafluoroborate
H” 3-07-2-58m—
ICH,s 418 {(&°-CH,)FelP(CH),1(CO)}* (CD,),CO H 4.95¢ Jpy 1-5 Hexafluorophosphate 403
FeQP,|* H' 7-42m —
C,H,FeO,P, 419 (h-CH)Fe[P(OC,H,),}- cDcl, H 5.05t Jpy 0-8 T 30° 398

(P(OXOC;,H,),l(CO)

8¢
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Cy7HyFeO,P,

Cy3H;FeO,P,

[C,H,s-
FeQ,P,]*

C,,H,,FeOPSi

C,,H,,FeO,PSi

C 24H 20Cl3‘
FeOPSn

CyH,Fe
FeOP,Sn

C 2 ZHNFJ'
FeOPSn

420

421

422

423

424

425

426

427

(h5-C H,)Fe[P(OC,H,),CH,]-
{P(OXOC,H,)CH,(CO)

(#*-CH,)FelP(OC;HXCH,),)-
[P(O)(C¢H,),)(CO)

{(r5-C,H,)Fe[P(OCH)),] -
(Cop*

(W-C H,)FelP(CHJ),)-
[S(CH%), CO)

(#-C,H)Fe[POOC,HJ),]-
[Si(CH?),(CO)

(h3-C H )Fe[P(C HJ),)-
(SnCLXCO)

(h*-CH)Fe(C,;H;FPy)-
[Sn(CH3),(CO)

(#3-CH )Fel P(CH.),CF, |-
[Sn(CH?),1(CO)

CDCl,

cpcl,

cpay,

cDCl,

cs,

Cs,

Cs,

H”

H'
H"

H'

H’
H”

H'
H”
F

438t JPH 1.2

4-47s —_

4.54s —
7-42-7-08m—

4-17 —
7-5,7-3 —
0-01 —

4-16d —
7-24 —
0-41 —

4.67d —
4.79 —
7-60-7-32 —

4.28d JC'P-H) 12

7-33m —
—0-08

4.57d Jpy1-2

7-45m —
—0-12
58-3d Jpr 58

J(1Sn—H") 41-2 CF

T 30°
T 30°

Hexafluorophosphate

60 and 100 MHz

Cy;H  F(P, =
/C\F2
2 FFZ
=C
\
P(C4H),

~a-

(C;HP

60 and 100 MHz

J(l l9sn_H”) 41 . 2

398

398

405

406

406

407

408

407

407
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,,FeOPSn 428 (h’-C,H)Fe[P(C,H;);]- CDCl, H 4.20d Jpu 1-2 — 406
[Sn(CH?);(CO) H' 73 — 408
H” -0-11 J(1'*Sn—H") 39
CS, H 4.23d 60 and 100 MHz 407
H' 7-40
H"” —0-07 J(*'Sn—H") 40-4
C,;H,,FeO,PSn 429 (h-C,H,)Fe[P(OCH}),}- CDCl, H 4.05 — — 406
[Sn(CH?*),)(CO) H' 7-22 — —
H" 0-31 J(*"Sn—H") 44
CS, H 4-57 — 60 and 100 MHz 407
H’ 7-30m —
H” 0-40 J(*¥Sn—H") 44
CH;sF- 430 (A5-C HJFe(C,;H|F(P,) CSs, H 4-50d Jpu 1-2 60 and 100 MHz 407
FeOP,Sn (Sn(CH,),(CO) H’ 7-19m — C,;H,F;P,—see above
(No. 426)
C,,H,,FeOPSn 431 (A*-C,HJFe[P(CH}),CHl- CS, H 4-33d Jpy 12 60 and 100 MHz 407
{Sn(C¢H,);,(CO) H' 1-66,1-40 J17-6
H” 7-23m —
C,,H,,;FeOPSn 432 (h*-CH,)Fe[P(C,H)),CH’]- Cs, H 4.43d Jpy 1-2 60 and 100 MHz 407
[Sn(C¢H,),(CO) H’ 7-33m —
H" 1-57d —
C3,HyoF ;- 433 (h’-C,H,)Fe[P(CH),CF,l- CS, H 4.53d Jpu 1-2 60 and 100 MHz 407
FeOPSn [Sn(C¢H,);l(CO) H 7-0Tm —
F 57-1 —

12:13
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C,,H,,FeOPSn

C4H,FeOS,

C,H, FeOS,

C,;H, FeOS,

[CH Cl¢-
FeOSi, )~

Cy,Hy AsF -
FeOSn

CZTHZO'
AsFeOSn

CuHJs‘
AsFeOSn

CyHye
FeOSbSn

434

435

436

437

438

439

440

441

442

(h5-CH)Fe[P(CH.), -
(Sn(C¢H);)(CO)

(h5-C,H,)Fel CH{SC(S)-SKCO)

(h-C,H,)Fe[CH,CH’SC(S)-S}-
(CO)

(75-C JH,)Fe[C HISC(S)-SKCO)

[(h*-C JH,)Fe(SiCl,),(CO))-

(K-C H )FelAs(C,H)),CF, |-
[Sn(CH?),)(CO)

(#°-C H,)Fe[As(C4H;), |-
[Sn(CH%),/(CO)

(h5-C JH,)Fel As(C(H),)-
[Sn(C(H,),)(CO)

(-CH,)Fe[Sb(C HY),-
[Sn(CH?);(CO)

cs,

Cs,

Cs,

cs,

CH,CN

Cs,

(CH,),CO
Cs,

Cs,

Cs,

H'

HI

Hl

H'
H”

H'
H"
F

H'
H"

H'

H’
H”

4.38
7-43-6.93
4.22d
7-05

4-60
2.55

4-60
1-37t
3.25q

4-57
7-43s

4.60

4.53s
7-49d
—0-03
556

4-31s
7-40
0-00
4.28s
7-09m

4.42s
7-38m
0-03

60 and 100 MHz

— 40 MHz T 32-5°
— Methyltrithiocarbonato-
cyclopentadienyl iron carbonyl

— 40 MHz T 32-5°

J15 Ethyltrithiocarbonato-

J15 cyclopentadieny! iron
carbonyl

— 40 MHz T 32-5°

— Phenyltrithiocarbonato-
cyclopentadienyl iron carbonyl

— Isolated as the tetraphenyl
arsonijum salt

— 60 and 100 MHz

J("'%Sn—H") 42-2

—_ 60 and 100 MHs

J(*"Sn—H") 40-2
— 60 and 100 MHz

— 60 and 100 MHz

J(15Sn—H") 414

408

407

409

409

409

400

407

407

407

407
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TABLE VIl—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C, Hy,- 443 (h-C H )FelSb(CH});)- CS, H 4-40s — 60 and 100 MHz 407
FeOSbSn [Sn(C¢H,),](CO) H' 7-10m —
C,H,;- 444 (W-C,HYFe[P(CH)),)- CDCl, H 4.65d J1 — 410
FeO,PS (SO,CHXCO) H' 7-4 comp. —
H" 2-55s —
CioH,r- 445 (h*-C H,)Fe[P(OCH!))- CDCI, H 4-90s — — 411
FeO,PS (SO,CH%XCO) H’ 3-85d J11
H” 3.0s —
C,H,,- 446 (h3-C,H,)Fe[P(OCH,CHCH3- CDCl, H 4.85s — — 411
FeO.PS CH*),SO,CH;"XCO) H’ 4.15bq —
H" 1.6-1-0 —
comp.
H'" 3.0s —
C,,H,,- 447 (h%-CHFelAs(C H)),)- CDCl, H 4-48s — — 410
AsFeQ, (SO,CH5CHNCO) H' 7-7comp. —
H" 4.44,
4.15 J135
C;H,y- 448 (h5-C,H)Fe[P(CH));)- CDCl, H 4-42d J~1 — 410
FeO,PS (SO,CH’,CH:XCO) H' 7-5comp. —
H” 426,
3.94 } J13.5
(b) Dicarbonyl derivatives
C,H,BrFeO, 449 (h3-C H,)Fe(BrXC’'O), CHC, C +85-4 — 32
C’ +213-2 —

98¢t
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C,H,CIFeO, 450 (h?-C,H,Fe(CIXC'0),

C,H,FelO, 451 (k-C,H,)Fe(I{C'0),

C,H,BrFeO, 452 (h*-C,H,CH,)Fe(Br)CO),
CH,CIFeO, 453 (h*-C,H,.CH,)Fe(CI{CO),

C4H,FelO, 453A(K-C,H,. CH,)Fe(IXCO),
[C,H,FeO,]* 454 [(W-C,H,.OCH;CH})Fe(CO),]*

C,H,FelO, 455 (h*-C,H, OCH;CH")Fe(IXCO),

C4H,FeNO, 456 (h*-C,H,)Fe(C'N)C"0),

C,H,AsF,FeQ, 457 (h*-CH)FelAs(CF,;),)(CO),

cpcl,

CH,CN
CHCI,

ccl,
CDCl,

CHCI,

CDCl,
cDCl,

cDCl,
(CD,),CO

cDCl,

CHCl,

CFCl,

H

C
C’

H'
H”
C

C’
Cc”

H

5-02,

5-06

5-01
+85-6
+212-9

5-05s
501,
5-04
+84-8
+213-8

4.87b
4.91,4.73

4-88

5-4,5-15
4-2q
1-4t

4-68t,
462t
3.94q
1-37t

+85-9

+154.7
+211-1

4.92

Tetrafluoroborate

100 MHz

408
132
131

400
32

305
132
131
32
95

412
412

412

413

413

32

414
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TABLE VIii—cont.

Coupling

constant Refer-

Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences

C,H,AsF,,- 458 (h>-C,HFelAs(C4F,),I(CO), CDCl, H 4.98 —_ — 130

FeO,

CHCJ, F_,,F_,124:2 —
F_,F_ 161-6 —
F_, 153-9 —

C,H,,FeGeO, 459 (h*-C,H,)FelGe(CH}),l(CO), CHCI, H 4.7 — — 415
H’ 0-4 —_

C,;HyFeGeO, 460 (h*-C;H,FelGe(C,H}),1(CO), — H 4-70 — 40 MHz 135
H' 1-08b —

CgH,Cl,- 461 (h*-CH)Fe[Ge(CD),CH;I(CO), CCl, H 5-01s — — 416

FeGeO, H' 1-45s — 417

C,H,Cl,- 462 (K-C.H,Fe[Ge(C),CH;CH4}- CCl, H 5-08 — — 416
FeGeO, (CO), H 1-75q —
H” 1.28t —_

C, H,Cl,- 463 (h-CH,FelGe(CH,C,;H;)(CO), CCI, H 5-04s — — 416
FeGeO, H 1-75m, 1-08 —

C,H;,Cl,- 464 (h*-C;H,)Fe[Ge(CD,CH'- CS, H 4.97s — — 416
FeGeO, (CH?,)(CO), H' 1.28 sept. —
H” 1-25d —

C,H,,CL,- 465 (h*-C;H,)Fe[Ge(CD),CH}- Cs, H 4-70 — — 416
FeGeO, C.H%KCO), H’ 3.23 —
H" 7-19 —

38¢
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C,H,Br;-
FeGeO,

C.H,Cl;-
FeGeO,

CvHsFJ'
FeGeO,

C,H,FeGel,0,
C,;H, FeGeO,

C,;H,,FeGeO,

C,H,-
BrFeHgO,

C.H,
ClFeHgO,

C,H,FeHglO,
C,H,FeHgO,
Cs“s‘
FeHgNO,S
[C,HFeNO,I*

[C,Hg
FeN,O,]+

466

467

468

469
470

471
472

473

474

475

476

477

478

(#*-C,H,)Fe(GeBr,XCO),
(#5-CH,)Fe(GeCLXCO),
(#5-C {H,)Fe(GeF,XCO),
(h5-CH,)Fe(Gel XCO),

(h-CH,)Fe|Ge(OCOCH)), -
(C0O),

(h3-C HFelGe(CH,),I(CO),
(h*-C H,)Fe(HgBrXCO),

(h*-C H;)Fe(HgCIXCO),

(h*-C,H,)Fe(HgIXCO),
(h*-C H;)Fe(HgCO,CH;)(CO),

(h%-C H JFe(HgSCNXCO),
[(h3-C (H,)Fe(NH;XCO), 1+

((h-C ,H,)Fe(N,H;(CO),1*

cal,

CDCl,
cDCl,
CDCl,
CDCl,
CDCl,
CDCl,

cDcl,

CH,NO,

C(H,NO,

=]

T T T T X

H

H
H'

5-30

5-18

5-03
2-02

4.-74
5-02

5-03
4.98

5-02

4.95b
2-0b

5-08
52

0-76
5-25

3-7,
3-1

Tetraphenylborate

Tetraphenylborate

999

999

999

999
999

418
136
136
142
136
142

136

137

137
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TABLE VIl—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(Cy;H, 479 ((h%-C,H,)Fe(NH;C HY)- (CH),CO H 57 — Hexafluorophosphate 419
FeNO,|* (COy,I* H” 7.3
CH,NO, H 5.6 —
H' 2-1 —
CHFeNO, 480 (h*-C,H,)Fe(NCOXCO), CD,CN H 5-12s — — 59
C,H,FeNO,S 481 (h-C,H,)Fe(NCSXCO), cDCl, H 5-14s - — 131
{CoH,- 482 [(h’-CH,)Fe(NCCHXCO),}* (CD),CO H 5-66s - Hexafluorophosphate 403
FeNO,]* H 2-47s —
H 5-43s — — 195
H’ 2-33s —
CoHFeN,O, 483 (h-C,H)Fe[N=C=C(CN)- — H 532 — — 420
C(CN),CH{CH")(CO), H 3.44 —
H” 7-59 —
[C,H,o 484 [(h°-C,H,)Fe(NCCH}) (CH)),CO H 5-8 — Hexafluorophosphate 419
FeNO,]* (CO),I* H' 7.8 —
C,H,FeNO, 485 (h5-C,H,)Fe(CH,N)CO), cs, H 4.93s — C,H,N = H" Y
H’ 6-03m — R
H” 5-85d — '
N H
C,;H,,FeNO, 486 (h*-C,H Fe(C,H;N.COCH%)- CS, H 4.75s — C,H;N = 2-Acetyl pyrrol-1-yi 421
(CO), H' 6-85m, —
6-55m, —
6-05m —
H” 2118 —

06¢
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ICIZHIO-
FeNO,PJ*
C,H,,FeNO,

C,,H,,FeNO,

C,H,F,Fe0,

[C\oH,,FeO;}*

C,H,F,Fe0,

C.H,,Fe0,S

C,H,,Fe0,S

C,H,FeO,S

487 [(h’-C,H,Fe(C,HINXCO),)*

488 (h*-C,H,Fe(C4HNXCO),

489 (*-C,H,)Fe(C,,H;NXCO),

490 (h*-C,H,)Fe(OCOCF,XCO),
491 {(h%-C,H,)FelO=C(CH}),)-
(Co),}

492 (#-C,H,)Fe(OCOCF,CF}-
CF’XCO),

493 (h*-C H,FelOS(O)CH,C,
H,l(CO),

494 (h*-C,H,)FelOS(O)C(CH,)=
C=CH;}(CO),

495 (h%-C,H,)FelOS(0)C(CH,)=
C=CH,}(CO),

(CD,),CO

Cs,

cDCl,

Cs,

cDCl,

(CH,),CO

cpal,

SO,

cDcl,

cDCl,

5-64s
7-5m

4-94s
6-76m

5-1
81,72
5-05s
7-7m, 7-2m

5-08s
74-2s

4.96s
1-70s

5-02s
116-7q
1277
816t

343

2.2
5-35,
4.95

565,
5-2,
3-59

18}
J8
J12-6

Jupr 21
Ty 14

J15
J 15

CH N = pyridin-1-yl
Hexafluorophosphate

CgH¢N = Indol-1-yl

C,,H;N = Carbazol-9-yl

100 MHz
94-1 MHz

Unco-ordinated acetone
6142

100 MHz

94.1 MHz

T—18°

403
419

421

421

138
989

422
423

138

112

944

944
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent J (ppm) (Hz) Remarks ences
[CsH,y 496 {(n*-C,H,)Fe[P(C,H;),KCO),}* CDCl H 5.84d Jpy 1-6 Tetraphenylborate 398
FeO,P]* (CH,),CO T 38° 424
CHNO, H 5-48 — Hexafluorophosphate 137
H’ 1.98, —
1-11 —
[C1H,p 497 {(h*-C,H,)Fe[P(n-C,H,),|(CO),}* CDCl, H 4-19d — Tetraphenylborate 398
FeO,P}* T 38°
CsH,,FeO,P 498 (h5-C H,)Fe[P(CH}),C, — H 5-69 Jpy 15 — 990
H)(CO), H' 2-32 Jpyr 11-5
H" 7-60 Jpyr 3
[Cy;Hyy- 499 {(h3-CH )FelP(C H.),CH, (CDyY,CO H 550 —_ Perchiorate 404
FeO,P,]* CH,P(CH),(CO),}* H' 7-50,729 — Acetone internal
reference (6 2-07)
{CysHyo 500 {(n*-CHyFe[P(C(HI;HCO), ) (CDy),CO H 5-62d Jpu 1-5 Hexafluorophosphate 403
FeO,Pl+ H 7-68m —
C,,HF o 501 (h*-C,H,)Fe[P(C4Fy),)(CO), CDCl, H 502 — 130
FeO,P CHCY, F_,F_, 1271 —
F_,F_, 162:0 —
F_, 154-4 —
CoH, 502 {(h*-CH,)Fe[P(OCH,),l(CO),}* (CD,)),CO H 5-64d J1-1 Tetraphenylborate 398
FeO,P}* T 38°
C,H,FeO,P 503 (h*-C,H,)FelP(OXOC,H,),)- cpal, H 5.09s — T 38° 398

(CO),

413
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ICMHM'
FeO,PI*

(C |9H20'
FeO,P)*

[CZZHZO-
FeO,P]*

c |6H16'
FeO,P]*

ICstm“
FeO,P|*
C,,H,;FeO,P
C;H ;FeO,P

C,.H,,FeO,P

C,;H,,FeO,Pb
C,;H,,FeO,Pb
C¢H,FeO,S

C4H,F,FeO,S

lcoHn'
FeO,S]*

CH,,Fe0,S

504

505

506

507

508

509
510

511

512
513
514

515
516

517

{(r>-C;H,)Fe| P(OC,H%), -
(CO) ¥

{(h3-C H,)Fe[P(OC,H%),CH,}-
(CO),}

{(h*-C H)Fe[ P(OC;HAXC Hy),)-
(CO)¥

{(h5-C HFelP(O-i-C H,),}-
(CO),}*

{(h5-C;H,)Fe (OC(H,),)(CO), }*

(*-C JH)Fe[P(O)(C(H,),I(CO),

(h3-C (H )Fe[P(OXOC,H?),]-
(CO),

(#-C ;H )Fel POXOC,H?)-
CH,I(CO),

(15-C HFel P(C,H,),}(CO),
(K*-CH,)Fe[Pb(C(H,);/(CO),
(h*-C {H,)Fe(SCHJ)(CO),

(#3-C,H,)Fe(SCF,XCO),
{(W-C H,)FelS(CH}),[(CO),}*

(h5-C JH,)Fe(SCH;CH’)CO),

(CD,),CO
(CD,),CO
(CD,),CO
cbcy,

cDCl,

cDCl,
cDCl,

cpCy,

cDCl,
cDCl,
Cs,

CH,Cl,
(CD,),CO

cs,

H'
F

H'

H’
H”

5-19d

5-12d

5-38d

4.32

4.01s

4-94s
5:0s

4.91s

477
4-80-4-73

4.87
1-58

26-1s

517
2-61

4.84
2-97q
1-1t

J1.2
J1-:2

Jpy 1-4

J12

*Tetraphenylborate T 38°

C;H = allyl

Tetraphenylborate
T 38° *(see above)

Tetraphenylborate
T 38° *(see above)

Tetraphenylborate
T 38°

Tetraphenylborate
T 38°

T 30°
T 38° *(see above)

T 30° *(see above)

T 32.5°
40 MHz

Isolated as the iodide

T 32.5°
40 MH:z

398

398

398

424

398
424
399

398
398

398

132
132

425
188

1038
188

425
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
[C,,H,,Fe- 518 {(h*-C,H,)FelS(CH;CH?) ,}- (CD;),CO H 5-17s — Hexafluorophosphate 423
0,81+ (CO).} H' 2-40q —
H" 0-82t —
C,;H,,FeO,S 519 (h*-CH,)Fe(SC,HXCO), CS, H 4-83 — 100 MHz 414
5-17 — 426
H’ 7-05 — T 32-5° 425
C,,H,,FeO,S 520 (h%-C H,)Fe(p-SCH,CHY)- CS, H 4-79 — — 984
(o), H’ 7-02 —
H" 2-21 —
C,;H,FFeO,S 521 (h%-C H,)Fe(p-SC¢HFXCO), CS, H 4-81 — — 984
H’ 7-33q —
6-65t
C,;H,F,Fe0,8 522 (h%-CH,)Fe(SC,F XCO), CHC], H 5-1 — 247
F_,,F_, 1322 Jra=d4s<1
23 =J5625
Jy61-4
F_,F_ 164.5 Jya=J4521-2
Jys=J3682
Jis1-4
F_, 159-3
CgH,FeNO,S 523 (k*-CH)Fe(SCNXCO), CDCl, 5-06s — — 131
C,H,FeO,S, 524 (h5-C,H,)Fe[CH;SC(S)-SI(CO), CS, H 5-08 — T 32.5° 409
H' 2-60 —_ 40 MHz

v6¢

ONVIAON 'V ANV SIVD "W ‘LLOWMDIH ‘M d



CoHjoFe0,8;

CsH o FeO,S,

C,;H,,FeO,Se
C,H,Fe0,Si

C,H,,Fe0,Si

C,H,CLFe0,Si

C,H,CLFe0,Si

CZSHSFIS_
FeO,Si

C,oH,,FeO,Sn

C,H,,CIFeO,Sn

C,4H,,Fe0,Sn

525

526

527
528

529

530

531

532

533

534

535

(H*-C JH,)Fel CHJCH’SC(S)-S-
(CO),

(h*-CH,Fel CHISC(S)-S)-
(CO),

(K5-C H,)Fe(SeC H,XCO),

(15-C {H,)FelSi(CHJ),(CO),

(h*-CH,)Fe[Si(CH}),I(CO),
(#3-C JH,)Fe[Si(C1),CH}(CO),
(15-C H,)Fe(SiCLXCO),
(W-C JH,)FelSi(C(F ),I(CO),

(h5-C H )FelSn(CH}),)(CO),

(h5-C H,)Fe[Sn(CH),C1)(CO),

(K-C{H )FelSn(C,H,),}(CO),

CSs,

cs,

s,
CHCI,

CDCl,

CH,CN

cDCl,

CHCI,

CHCI,

cDCl,

H'
H"

H'

H

H'

H’

H’

H'

5.08 —
1-25t J15
3.20q J715

5-04 —
7-39s —

5-21 —

4.7 —_
0-4 —

4.64s —
0-39 —

3-8 —

5-13 —
4.75s —_
4.68s —
0-32 J('"*Sn—H") 47

489
045 J(***Sn—H") 49

4.9 —
08 J("*Sn—H’) 40

4.70 —

T 32-5°
40 MHz

T 32.5°
40 MHz

T 33°
Presence of two rotational
isomers indicated by i.r.

409

409

426
415

406

427

400
1039

406
408

415
140
132
428

415

242
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TABLE VIiI—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CysHyFeO,8n 536 (h3-C H,)FelSn(C4HJ);,(CO), CDCl, H 4.75 — — 132
H 4-90 —_ — 408
H 4.79 — — 252
H ~74 —
C,H,FeO,Si 537 (h°-CH,)Fe(SiH,XCO), CD, n.a. Two signals at 6-48 and 6-57 982
in ratio 3:5
C,H,,FeO,Si 538 (h*-C H)FelSi(CH3),H"(CO), Liquid H 4.49s — — 983
H’ 0-45d —
H” 479m  —
C,H,,CIFe0,Si 539 (h*-C,H,)Fe[Si(CH;),CII(CO), CDCl, H 4.87s _ —_ 983
H' 0-89s —
C,H, FeO,Si, 540 (h*-CH,)FelSi(CH)),Si- — H 4.-73s — — 992
(CH*),CO), H' 0-37s — 983
H" 0-12s —
C,HFeO,Si; 541 (h*-C,H,)FelSi(CHJ),Si- CDCl, H 4.78s — —_ 983
(CH,),Si(CH*%);)(CO), H' 0-54s —
H" 0-23s —
C,H;,FeO,Si, 542 (h-C,H,)FelSi(CH}),Si- CDCl, H 4.63s — — 983
(CH,),Si(CH,),Si(CH%),(CO), H' 0-41s —
H" 0-08b —
C,,H,,CIFeO,- 543 (h%-C,H/Fel[Sn(C,H}),Cl]- CDCl, H 4-93 — — 252
Sn (CO), H' ~7-4 —

96¢
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CIJHIOClZ'
FeO,Sn

C,,H,;FeO,-
SSn

C,Hy,FeO,
S,Sn

C,HBry-
FeO,Sn

C,HCl,-
FeO,Sn

C,HFel;-
0,5n

C,H,Fe0,S

C,H,,FeO,S

C,;H,sFe0,S

544

545

546

547

548

549

550

551

552

(h5-C JH,)Fe[Sn(CI),C,H;)(CO),

(h5-CH )Fe[Sn(OH)(CH])-
(OS(O)C,H,)I(CO),

(H*-CH )FelSn(C HXOS(0)-
CeH;),|(CO),

(h3-C,H )Fe(SnBr XCO),

(h5-CH,)Fe(SnCL,XCO),

(h5-C H)Fe(Snl XCO),

(h*-C H,)Fe(SO,CH:)CO),

(h*-C JH,)Fe(SO,CH,CH’XCO),

(h-C,H,)Fe[SO,CH,CH,-
C(CH,),}(CO),

cDCl,

cbcl,

cDcl,

cpCy,

cDCl,

CDCl,

cbcl,

ccl,

cocl,

H 4.99
H 5-13
H’ ~7-6
H 4-47s
H’ 7-5m
H 4.97s
H' 7-5m
5-17
H 5-23
5-18
H 5-26
H 5-51
5-14
H 5-25s
H’ 3-15s
H 5-42s
H' 3-30q
H” 1-51t
Not reported

J8
J8

Jthreo 43
Jerylhro 13.0

Investigation into the
stereochemistry of reactions
occurring at iron—carbon
o-bands

132
252

429

429

142
132
106

142
132
430

252
408

106
132

923

923

431
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,,Fe0O,S 553 (h*-C.H,)Fe(SO,CH;C= CDCl, H 5.16s — — 163
CCH4XCO), H' 3.68b —
H” 1.87t J2:5
C,,H,,FeQ,S 554 (h*-CH,)Fe(SO,CH;CH;C= CDCl, H 5-34s — — 163
CCH}"XCO0), H' 332t J8
H” 2.92b —
) 2 i 1-92t J2-5
C,H,,FeO,S 555 (h*-CH)Fe(SO,CH;C HY)- CDCl; H 5-10s — — 923
(CO), H' 4.39s — 414
H” 7-6bs —
S0, H 5-18s — T—15°
H' 4.23s —
H” 7-54s —
C,H,,FeO,S 556 (h3-C H,)Fe[SO,CH'(CHY)- (CH,);,SO H 4.9s — — 432
CH;")(CO), H' 3.6b
H” 2-30d J65
H'" 7-0b —
C,;H,,FeO,S 557 (h3-CH,)Fe(SO,CHIXCO), CDCl, H 5-30s — 60 and 100 MHz 923
H' 8.0-7-5 414
comp.
C,H,,Fe0, S 558 (h*-CH,)Fe(SO,CH;CHY)- CDCJ, H 5-09s — — 923
(C0o), H' 7-89-7-56m —
7-50-7-18m—
H” 2-42s —

86¢
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C,HF.FeO,S 559 (h%-C,H,Fe(SO,C.F,XCO), THF

CyoH,o 560 (h5-C,H,)Fe[SO,Ge(CH}),(CO), —

FeGeO,S

C,H,,FeO,S 561 (h%-CH;)FelS(OYOCH,CH;,l- SO,
(CO),

C;H, FeO,Te 562 (h%-C;H,)Fe(TeC,HXCO), CS,

(¢) Tricarbonyl derivatives — i o

[C¢H,FeO,]* 563 (h*-CH=CH"=CH"**CH'=CH,)-
Fe(CO), SO,
cis cis

(5-CH,- +

[CyoH,,Fe0,]* 564 ~ CH'=:CH"=CH"=CH"=CH'- FSO,H

CH,Fe(CO),

syn trans cis cis trans syn

F_,, F_, 1405
F_,F_ 161.6
F_, 1534
H 5-0s
H' 0-5s
H 4.21s
H 5-23
Hg, 3.75
Hanli 217
H' 6-26
H” 7.22
H 1.73
Hoi 2.97
H" 567
Hl" 659

J, 42805
Ty 17
Jys=J36925

Jy 530
Jy025°2

Jar 98
Jau 13
Jun 35
Jye 68

T 35° 244
433
Z
K4
=
=]
— 428 3
>
g
T -18° 112 o
=
Q
>
— 426 z
o
=
o
-
Perchlorate 396 #
Structure: )
>
]
@
Q
Z
=
=
Q
o
<
a-)
-
m
b
m
7]

Internal reference 434
[(CH),N]*(6 3-1)
100 MHz

66¢




TABLE VII—cont.

Coupling
constant
Formula No. Compound Solvent 6 (ppm) (Hz)
[C,H,,FeO,lI* 565 (h-CH,- + FSO,H H 1-82 —
a‘l"&CH"'-'-'CH'"'-“CH"""CHlV’ H:mli 3-39 —_
CHY)Fe(CO), H"” 5.67 —
syn trans cis cis cis anti Hw 6-84 —
Hipn 4-19 _
HY 1-17 —
IC,H,,FeO,]* 566 [h-CH;- * (CD,),CO H ~1-75d Jun = JHuv 6
s YA ’
CH"=C(CH=CH""=CH"CH"- " 10q -
CH,IFe(CO), H 2:45 —
syn trans cis cis trans syn H” 6-95d Jarav 7
HY  ~40m —
HY 6-0sext.  Jywvyvl2
[C,H,FeO,l* 567 (W-CH,- + SO,/CDCl, H ~1.75d Jup-6
CH’=C(CH’y*CH"=CH ™ =CH"~ o ~7.0m -
CHY'IFe(CO), H - ~24s -
Syn trans cis cis cis anti :w :ggfd “2:”::," 97
HY ~4-3m —
HY' ~1-3d —

Remarks

Refer-
ences

Internal reference
[(CH;),N]* 100 MHz
Structure: H™

Perchlorate
Structure:
CHY; H'

Fe(CO),
T —50°
Fluorosulphate
Structure:

CHY} H™

Fe(CO)s

434

435

435

ooy
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(C,H,;Fe0,]* 568 [h*-CH,- '
CH'=CH"=CH""=CHW=C"
(CHY),IFe(CO),
syn trans cis cis syn/anti

IC,,H,;FeO,]* 569 [h*-CH,- +
CH'=CH"=CH""=CHV=C"
(CHY),IFe(CO),

syn trans cis trans syn/anti

350,H

50,H

v
Hsyn

anti

1-83
3-50
5-64
662
5-47
1-83
1.34

1.83
4.20
5-96
6-30
2-40

2.06s
2-17s

T —78° 100 MHz 434
Internal reference

[(CH,),N]*

Fluorosulphate

Fluorosulphate 434
Structure: 317
H " H "”e

CHY, (anti)

T —78° 100 MHz

Internal reference
[(CH,),NI* (63-1)

This and similar compounds have
been classified as pentahapto
rather than tetrahapto since the
available data has been
interpreted in favour of
structures of type (I) rather than
an

_/K-\\_< i R
FE(CO), Fe(CO),
) an
However this classification

should only be regarded as
tentative at present

SAXIATIANOD TANOGYVD TVIIW-DINVONO NO VLIVA YNN
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
[C,oH,Dy 570 [h5-CH,— + CDCL,/SO, H 1-70d Jé6 Fluorosulphate 317
FeO,]* CH'=CD=CH"=:CD=C- (2:3) H 3-0b — T —50° to —60° 60 MHz
(OH)CH}"IFe(CO), H” 6-70b —
syn trans cis trans H" 2-15 —
IC,(H,,FeO,l* 571 [h,-CH;- H,S0, H 1-70 — Internal reference 311
CH'=CH"wCH""=CHV=2C: H’ 3-00 — CH,Cl,
(OH)CH'IFe(CO); H’ 5-80 -
syn trans cis trans H" 6-44 —
H!Y 1-45 —
HY 238 —
CDCL,/SO, H 1-75d J6 T —50° to —60° 317
2:3) H’ 3.05b —
H" 5-80m —
H'" 6-30m —
Hv 145 Jygoprv 8
HY 215
[C\H,,FeO,)* 572 [h-CH,—~ + CDCl, H 2-15d — — 311
‘CH"=CH"=CH"=CH"=C- H' 34 -
(OH)CH]"]Fe(CO), H” 5-4m —
syn trans cis cis H™ 2-1s -
{C, ,H,;FeO,}* 573 [h*-CH;-CH"==C(CH}=CH''== CDCI,/SO, H 1-70d J6 Fluorosulphate 317
CH:C(OH)CHYFe(CO), 2:3) Hpi 2.9m — T —50° to —60°
syn trans H” 2-45s — CHj cis to CH,
H" 6-35d Jyrv 8
HLY, 1-45d —
HY 2-33s —

[44) 4

ONVICAOW 'V ANV SIVD "W ‘LLOWIDIH ‘M d



{CyH;FeO,1*

[C,sH,;FeO,I*

IC\,H,;Fe0,}*

[C\,H,,Fe0,]*

[CoH FeO,*

574 [h*-CH,~

+ CDCL,/SO,

EH"‘CH"a'C(CHf’)'“CHlV‘”C‘- 2:3)
(OH)CH,|Fe(CO),
syn trans
575 [K5-C(H,CH'—CH"—CH"— CDCl,/S0,
CH"'—C(OH)CHIIFe(CO), (2:3)
576 {[#*-CH,—~CH'=CH"—-C(H}"-  CDC,/SO,
(OH)|Fe(CO),} (2:3)
577 [(#*-CH,-CH'=CH"~CH,) FSO,/
Fe(CO),l* CDCL,/SO,
578 [(h3-C,H,)Fe(CO),l* SO,
(CH,),CO
(CD,),CO

Honi
HII
HIII
HIY
HV

Hl
H"
HIII
HWY

H”

HI
Hll
HIII
HIV

1-70d
2-9m
5-70d
2-61s
0-98s
2-40s

7-50s
3-80d
6-6m

1-83d
2-57s

1-70d
5-80d

7-6
3.50r5-0
6-8
3.0-2.2*
3-50r50

5-84
6-13
6-14

Fluorosulphate
T —50° to —60°
CHj3" cis to C(OH)CH, group

Fluorosulphate
T —50° to —60°

Fluorosulphate
T —50° to —60°
Structure:

H' H"” X
(R =CH,; X =OH)
Fluorosulphate
Structure—as above
R=CH;X=HY)
*See structure above. T —78°

Tetrafluoroborate

Tetraphenylborate
Hexafluorophosphate

317

317

317

435
317

305

400
403
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TABLE VI1l—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
[C,H,FeO,]* 579 [(h*-C¢H,)Fe(CO),]* SO, H_,,H_, 434t J1.2=J,s~6-0 Tetrafluoroborate 436
H_,H_, 592t Jy3=Jy4 ~5-5 Structure: 955
H_, 7-34t — H,.,
H_(exo 2-02d 6
4 5 chdo
3
21
Fe(CO),
H_  endo 3024t Jig=J5665
Jendo/exol6
H_,H_; 427t — Tetrafluoroborate 358
H,H_, 582 —_
H_, 7-22t —
H_ 2:57Tm —
[CoH,FeO,]* 580 {[1,2,3,4,5-k%-1-C4H((CHY))- (CD,),CO H,, 5-87d Jy3=J3,4~5-5 Hexafluorophosphate 436
Fe(CO),}* I 6-68t —
H_, 6-18t Jius ~6-0
H_; 4.50t Js.6 endo 65
H_¢000 2-38d —
H—6endo 3-16dd Jendojexo16
H' 1.93s —
IC ,(H FeO,]* 581 {[1,2,3,4,5-h%-2-C H(CH)I- CF,CO,H H_,H, 42m Jie=Jse 7 Hexafluorophosphate 359
Fe(CO),}* H_, 7-22d J3455 100 MHz
H_, 5-87t Js6

Yov
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ICyoH,FeO,]*

[CH, FeO,]*

[C,oH,Fe0,]*

[C o H,FeO,]*

[CIJHIJFCOS] *

[C\,H,,FeO,]*

582 {01,2,3,4,5-h%-3-CHy(CH)I)-

583

584

585

586

587

Fe(CO),}*

{(n*-C{CH,),IFe(CO),}*

{11,2,3,4,5-1°-2-C H(OCH})}-

Fe(CO),}*

{(1,2,3,4,5-15-C,H,]Fe(CO), }*

{(1,2,3,4,5-h%-1-C,;Hy(CH,CO,-

Me)]Fe(CO), }*

{11,2,3,4,5-1%-1-C,H{(CO,-

Me)|Fe(CO),}*

CF,CO,H

(CD,),CO

H_, 3-06dt

2-19d
H’ 2-29s
H_,H_, 421t
H,H, 589
H_, 2-90m

2-00d
H’ 2-88s
n.a. —
H_, 3-90d
H., 6-99dd
H_, 5-89t
H_ 4.22t
H_, 2-55m
H' 3-79s
H.,H_ 513
H,H, 670
H, 8-48
Not reported
Not reported

Jos 17

Jl.z =Jn.5 7

Jis=Js66
Jo.s 19

Hexaftuorophosphate
100 MHz

Heptamethyicyclohexadienyl
complex

Signals at 6 2-66,2-24,1-78,
1-48,0-61, in ratio
1:2:2:1:1. Internal
reference [(CH,)N|*

Tetrafluoroborate

Cycloheptatrienyl cation
Tetrafluoroborate T — 80°
One signal (8 6-10s) at T 10°

359

437

358

438

360

360
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TABLE VII—cont.

90v

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (1H2) Remarks ences
[C,,H,FeO,]* 588 [(h*-C,H,0)Fe(CO),]* — H_, 4.7 —_ CH,0 = 367
H,H, 65 —
H_, 73 —
H_ 50
H_,ox0 2.32 J,, 165
H_; endo 323
[C, ,H,FeO,]* 589 [(1,2,3,4,5-k°*-C;H,)Fe(CO), ]+ FSO,H/ H_,H_; 454m — C4H, = Cyclo-octatrieny! 439
SO,F, H ,H_, 588m — cation
H_, 677t J7 5 6
H, H, 58m — 4
8 H
} H
2 1
H_, 2-85m — T —80°
(C,,H, FeO,]* 590 {[1,2,3,4,5-1%-3-CgH{CH})I- FSO,H/ H_,H_; 452m — 3-C,H(CH}) = 3-methyl 440
Fe(CO),}* SO,F, H_,,H_, } 5.93m . cyclo-octatrienyl cation
H , H_, T —80°
H_, 2-95m — Internal reference CH,Cl,
H' 2-72s — (6 5-30)
[C,H, FeO,1* 591 {[1,2,3,4,5-h-4-C.H(CH})}- FSO,H/ H_,H_, 452 — 4-C H(CH}) = 4-Methyl 440
Fe(CO),}* SO,F, H,H, 593 — cyclo-octatrienyl cation
H_,
H_, 6-82d J7 T —80°
H_, 295 — Internal reference CH,Cl,
H’ 2.65s —
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[C,,H,FeO,]*

[C,,H FeO;]*

{C,,H,FeO,*

[C;H, FeO,]*

[C,;H,,FeO,]*

592 [h*-C,H,)Fe(CO),]*

593 [(h5-CH,)Fe(CO),*

594 {[2,3,4,5,6-h%-3-CyHg(CH))I-
Fe(CO),}*

595 {12,3,4,5,6-h*-4-CgHy(CH})]-
Fe(CO),}*

596 {12,3,4,5,6-h%-8-CsHy(COCH})I-
Fe(CO),}*

H,SO,

FSO,H/
SO,F,

FSO,H/
SO,F,

S0,

3-38m

4-68t
4-95t

4-24dd
1-14
1.70

2-52

5-38

774
1-53,1-35

265
5.05d
7.63d
5-48
1.53
2.40
265

5.48

1.53
310

4.07Tm
3.60m
4.65dd
4.95t
2-40s
2.05s

Jexo/endo 4-8

J6.5

Isolated as the tetrafluoroborate

Bicyclo[5.1.0]octadienyl iron
tricarbonyl cation, viz.:

Fe(CO),

C¢H;CHj = 3-Methyl
bicyclo[5.1.0)octadienyl
cation (numbering as above)
Internal reference CH,Cl, (4 5-30)
T —62°

CH,CH! = 4-Methyl
bicyclo(5.1.0]octadienyl
cation (numbering as above)
Internal reference CH,Cl, (6 5-30)
T —62°

C Hg(COCHj) = 8-acetyl
bicyclol5.1.0]octadienyl
cation (numbering as above)

100 MHz T 29

Isolated as the
hexafluorophosphate

441

150
439

440

440

370
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
[C, H,FeO,l* 597 [(1,2,3,4.5-85-C, H)Fe(CO)}  F,COH H_,H, 525 Jia=Jes CuH,= . 5 L2 377
=9 : ,
H,H, 615 Jr3= J3a Isolated as the tetrafluoro
=6-5 borate
H_, 8.2t —
H_¢to 6-94 — 100 MHz
H,
(6) HEXAHAPTO DERIVATIVES
Cy;H,FeO, 598 (h*-C,,H,,0,)Fe(CO), CDCly n.a. — Structure: 1044
CeH,
CH,
—z_‘ o CO,CH,
CH,0,C / C.H,
Fe CO,CH,
(CO),
Signals at §7-35, 3-70s, 3-52s,
3-48s
C,;H FeO, 599 (K*-C,H,O)Fe(CO), CDCl, H 3-71m, — Structure: 37
3.48m
H' 4.6m, —
6-37m

H” 7-33d —

H'" 5-61d —_

H endo 2-6m —_

Hexo 2-05m

80t
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C,;H,,Fe0,

C,H,,FeO,

C;H,FeO,

600 (h*-C,,H,,)Fe(CO),

601 (h*-C,;H,,0,)Fe(CO),

602 (h*-C,,H,,0)Fe(CO),

n.a.

Structure:

Y
N/
Fe(CO),
Signals at & 6-45t,5-7m,
4-55m, 3-45m, 2-6m, 1-40d,
1.05m, in ratio:

2:2:2:2:2:1:1
Structure: )
o__ O
/\
\Fe(CO)z

Signals at 6 6-35t, 5-75m, 4-25m,

3-55t,3-3m, 2-3m, in ratio
1:1:1:2:1:1

Structure:

I
N
Fe(CO),
Signals at 6 5-95t, 5-35m, 4-Om,
2-95m,inratio 1:1:2:1

442

442

442
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
(1) MIXED HAPTO DERIVATIVES
(a) Monohapto/tetrahapto
C oHCl;- 603 [h*-exo-1-C;H(CCly)- CDCl, n.a. — An isocyanide complex 443
FeNO, Fe(CNCHXCO), Signals at 6 5-40, 3-54, 3-36,
2-89
CH¢F,- 604 [h*exo-1-C;H(C(F)l- CDCl, H 5-35s, — An isocyanide complex 443
FeNO, Fe(CNCH;XCO), 4.08s, —
2.88s —
H’ 3-38s —
(b) Monohapto/pentahapto
(i) Monocarbony] derivatives:
C,,H,,FeOP 605 (h*-C H)Fe(CH;j)- — H 4.25s — — 403
{P(CH?%),(CO) H’ —0-17d —
H” 7-33m —
C,H,,FEOP 606 {(h-CH)Fe(CH})- CDCl, H 4.52s — — 411
[P(OCH?);(CO) H' —0-13d J5
H” 3.57d J11
C,,H,;FeO,P 607 (h*-C H)Fe(CH}){P(OCHY- CDCl, H 4-54s — — 411
CH;"CH{"CH;");](CO) H' ‘—0 l7d JS
H” 3-89d —
H" 1.65-0-89 —

comp.

oy
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C,H,;FeO,P

CyHyCIF -
FeOP

C,,H,,FeOP

C,H,F,FeO,

C,H,,F,FeOP

c 34H 29F5'
FeOP,

C,H,,F FeOP

C35H29F7-
FeOP,

C,,H,,F,FeOP

608

609

610

611

612

613

614

615

616

(h*-C, H,)Fe(CH3)-
[P(OCH?);(CO)

(h-C M )Fe(1-h-C CIF )-
[P(C¢H1),1(CO)

(h*-C HFe(h'-C=CCH))-
[P(C,H,),(CO)

Fe(h*-C,H,XCF,CF,XCO),

(#3-C,H Fe(CF,)
[P(C4H,),[(CO)

(h*-C JH,)Fe(CF,CF:)P(C H,),
CH,CH,P(C(H,),)(CO)

(h5-C H,)Fe(CF,CF})-
[P(C¢H,),)(CO)

(h3-C H,)Fe[CF(CF,),][P(C,-
H,),CH,CH,P(C.H,),)-
(CO)

(h3-C H,)Fe| CF(CF}),]-
[P(C4H,),)(CO)

cDal,

cDCl,

CH,CI,

cDCl,

CH,C),

CDCl,

(CD,),CO
CH,Cl,

CH,Cl,

CH,CI,

cDCl,
CH,C],

H 4-02s
H 0-10d
H” 7-3m
H 4.61s
H' 7-4-7-2m
F_, 107-1s
F_, 116-2d
H 4.57d
H' 8-0-7-0m
F 62-8
F’ 82-1

H 4.51
F ~13-7d
H 4-40s
F 65-8
F 815

F 65-0
F’ 81.7

F 65-0
H 4.53s
F 1629
F’' 66-9

CCIF, = 2-Chloro-
3,3,4,4-tetrafluoro-
cyclobut-1-ene

411

846

190

956

956

956

956

956

956
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TABLE VIl—cont.

Coupling

constant Refer-

Formula No. Compound Solvent o (ppm) (Hz) Remarks ences

C,H, FeO,P 617 (A-C,H,Fe[CH(CH})OCH}"- (CD;),CO H 4.26d J11 — 172

cHMV[P(CH,),KCO) H' 3.92q J15
H” 1-39d J6-2

H' 3-24 —
it 0-96 —

[CyHar- 618 {(A-CH,)Felh-C(CH})*=OH]- SO, H 5-12 — Tetrafluoroborate 172
FeO,P]* [P(CH ) H(CON} H' 3-17s -
H'" 1-82, —

1-41

[CyeHae 619 {(#*-CH,)Fe[h’-C(CH=OH]}- SO, H 4.96 — Bromide 444
FeO,P}* [P(C{H?),(CO)}* H 2-59 —
H” 7-56 —

[CyH (- 620 {(h-C,H,)Fe(h'(CH;y*OCH’]- (CD,;),CO H 5-31d J09 Tetrafluoroborate 172
FeO,P]* (P(CH',);|(COM}* H' 3.29s —
H" 4.45s —
H" 1.72,1-45 —

[CyHy 621 {(h>-C;H,)Felh'-C(CH:)== (CD,;),CO H 4.97d J1-1 Tetrafluoroborate 172
FeO,P]* OCHJ[P(CH"),)(CON* H 2-87s —
H” 4-05s —
H'" 7-51s —_

[CyH 6 622 {(h’-C,H,)Fe(h'-C(CH})** (CD,;),CO H 5-07d J1.0 Tetrafluoroborate 172
FeO,P]* OCHCH{"1[P(C,HI D I(CO)}* H' 3-15s —
H” 4.53 comp. —

(444
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[Czast'
FeO,PJ*

C.4H,,FeOPSi

C,,H,,FeOP

C,H,FeN,0

C,oH, FFeOP

C,H,F¢FeN,0

C4H,FeINO

623 {(h*-C,H,)Felh'-C(CH})™
OCH;CHy"I[P(C(HIY);)(CO)}*

624 (h5-C,H,)FelCH,Si(CH,),)-
[P(C(H,),(CO)

625 (h*-C,H,)Fe(CH,CH,)
IP(C¢H,),)(CO)

626 (#5-C Hy)Fe(1-hi-2-C HN=
NCHXCO)

627 (B-C,H,Fe(1-h"4-C(H,F)-
[P(C¢H,),(CO)

628 (h5-C,H,)Felh'-C(CF,)=
NH'J(N=CCF,XCO)

629 (#-C,H,)Fe(CNCHYIXCO)

(CD,),CO

cDCl,

cs,

(CH,,CO

CH,CJ,

cDCl,

H
H

1-53t
2:10-1-0
comp.

5-07d

2.97s

4-30 comp.

1-37t

7-54s
—1.2%,
—0.2*

1-85q*,
2.54q*

4-40s
6-94
7-28m
7-76bm
8-08dd
7-76,7-28

14-6*

5-00s
11-3b
70-5s,
67-5s

4.75s
3-58s

Juu 12

Tetrafluoroborate

*AB part of ABX system
X=p

100 MHz
*AB part of ABX system
X=P)

100 MHz

*To high field relative to C;H,F

94.-1 MHz

An isocyanide complex

172

445

165

176

446

447

443
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Soivent 4 (ppm) (Hz) Remarks ences
C,H,,FeO,P 630 (h*-C,H,)Fe(CH=CH'COCH;) — H 9-68 Jun 16 — 1001
{B(C4H,),HCO) H' 6-51 —
C,,H,,FeO,P 631 (h-C,H,)Fe(CH=CHCOCH,)- — H 10-61 J 16 — 1001
[P(C¢H,),(CO)
C,HyoF5- 632 (h*-C H,)Fe(COCF,)- CDCl, H 4.50d — 956
FeQ,P [P(CH,),1(CO) CH,Cl, F 79-3s —
CoHyFeO,P 633 (B*-C,H)Fe(COCH})- CDCl, H 4.67s — TMS external 448
[P(C,H’),CO) H’ 2.75s —
H" 1-98-0-79m —
C,H,,FeO,P 634 (h*-C,H,)Fe(COCH;) CDCl, H 4.54s — — 172
[P(C¢H7));)(CO) H' 2.54s —
H” 1-82,1-28 —
comp.
CF,CO,H H 5-05s —
H’ 3.07s —
H” 1-94,1.41 —
comp.
C,¢H FeO,P 635 (h*-C,H,)Fe(COCH})- H 4-30d JO-7 100 MHz 449
(P(CH%),CH.(CO) H' 2-48s — 990
H” 1.784d, Jpu 95
1-44d Jpu 9-0
CH,FeO,P, 636 (h5-C,H,)Fe(COCHY)- CDCl, H 4-17d J1 100 MHz 5
{(PPh,CH,CH,),PPhI(CO) H 2-41d Jé6

1414
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Cy6H,,FeO,P

CyH,,FeO,P

C,H,;FeO,P

CyH,,FeO,P

C,,H,,FeO,P

C,;H,,FeO,P

C,,H,,Fe0,P

637

638

639

640

641

642

643

(13-C,H,)Fe(COCH})
[P(CH’);)(CO)

(h*-CH)Fe(COCH})-
[P(CH%);(CO)

(#3-C,H )Fe(COCH:)[P(OCH-
CH'CH}"CH;"),(CO)

(h*-C,H,)Fe(COCH})-
[P(OC(H%),)(CO)

(#-C H,)Fe(COCH,CH’)-
[P(n-Bu),](CO)

(W5-C {H,)Fe(COCH,CH?)-
[P(CH}"),CH,I(CO)

(h3-C,H,)Fe(COCH,CH?)-
[P(C,H,),CH}")(CO)

cDCl,

Cs,

CF,CO,H

cDCl,

cDcl,

H”

H”
H"

H
H”

H'
H"

H'
H”
H"

H’
H”
H'"

4.62s
2.52s
7-59m

4.24
2-17
7-05
4-96
2-59
7-56

4.67s
2-57s
3.97q
1.92-0-83

4.32s
2-68s
7-45m

4.38
2-84
0-84¢

4.29d
2-78m
0-84t
1-76d,
1-44d

4.38
2:38
0-68t
2-02d

J1-2
Jiw 15-8
Jyur 1-5

J1.4
Junr16-1
Junr 7-3
Jpu 9-5
Jpy 9-0

J1-2
JH'H' 16-8
Junr 713
Jpu9-3

TMS external

TMS external

TMS external

448

444

448

448

449

449
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TABLE VI1I—cont.

Coupling
constant Refer-
Formula No. Compound Solvent é (ppm) (Hz) Remarks ences
C,,H,FeO,P 644 (h*-C;H)Fe(COCHJCHY)- CDCl, H 4-40s — — 411
[P(C H");/(CO) H' 2-70m —
H" 0-60t J1
H" 7-3m —
H 4-32d J1.0 100 MHz 449
H' 2-67m JH'H' 17-0
H” 0-58t Juyr7-0
C,;H;FeO,P 645 (B*-C,H,)Fe(COCH)CH?Y)- — H 4-56 Jo9 100 MHz 449
[P(OCH}");)(CO) H’ 2-82q J1.0
H” 0-86q J1.0
H" 3.56d Jpu 115
C,,H,;FeOP 646 (h*-C,H,)Fe(COCH;CH")- — H 5-02d J0-6 100 MHz 449
[P(OCH,),)(CO) H' 2-82m Jyw 9-5
H” 0-88t Jurp» 7-3
C,sH,,FeO,P 647 (h’-C;H,)Fe[COCH'(CH®),]- — H 430 J1.4 100 MHz 449
[P(CH}"),C¢H(CO) H' 3-12hept. J6.5
H” 1.0d,0-8d J6-5
H" 1-76d, Jpu 95
1-44d Jpy 9-0
C,¢H,,FeO,P 648 (h*-C,H,)FelCOCH'(CH?Y),]- — H 4.34 JO-6 100 MHz 449
[P(C¢H,);1(CO) H' 2-84hept. JT7-0
H” 0-88d J1.0
C,,H,,FeQ,P 649 (h-C;H )F(COCH;CHCH" CDC|, H 4-40d Jpu 1-0 _ 450
=CHIYV)[P(C(H,),/(CO) H’ 2.7 Jiw 16

91y
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C;,Hy,FeO,P

C,,H;FeNO,

C,oH,,Fe0,S

C;,H,,FeO,P

CH;,FeO,-
PSi

650 (h*-C,H,)Fe(COCH,CH;CH}"-
CH!V=CHY)IP(CH,),l(CO)

651 (h*-C,H,)Fe{COCHCH]N-
(CH),KCO)

652 (h*-C,H,)Fe(COCH,CH;-
SCH’)XCO)

653 (h5-C;H,)Fe(COCH.C H?)-
[P(CHS"),H(CO)

654 (h%-C,H,)Fel COCHSi(CH?),]-
IP(CH,),)(CO)

(ii) Dicarbonyl derivatives:

C,H,DFeO,

655 (h*-CH,)Fe(CH,DXCO),

cDal,

CHC,

Cs,

cDCl,

CH,CN
C6H6
CH,,
cs,

H”
HI"
“lV

H"
H'"
H
H!
H”

1-90q
5-50m
4-90m,
4-70m
4.40d
2.72
1-25m
1-75q
5-60 comp.
4-98m,
4.75m
4-46s

Junr7

Jpy1-0
Junrl?
Juur 7

2-84s,2-41s—

4.40
2:3-2.2
comp.
2-22

414
4.02,
3-49
7-01
7-31
4-40s
2:15s
0-01s

Not observed

Jpu 15
Jun 135

Jyu—8-3*
Jun—8-6*
Jyu—8-9*
Jun—9-0*

Internal reference
hexamethyldisiloxane

*Calculated values from
observations on Jyp

450

177

185

990

983

445

186
949
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,FeO, 656 (#-C,H,Fe(C'H{XC"0), — H 4.73s — — 403
H' 0-17s — 408
Toluene H 4.30 — — 132
CHCl, C +85-3 — 32
c’ -23-5 —
[ogd +218-4 —
C,,H,,FeO, 657 (B*-C;H OCH;CH%Fe- CDC, H 4.44t,4-26t — — 413
(CH{"XCO), H 3.74q _
H” 1.3t —
H'" 0-1s —
C,,H,,FeO, 658 (h-C,H,)Fe(CH,XCO), cs, H —0-49s — CH, = H gy 109
H' 7-18 H
H” 5.23 JH"H’" 3 O@ H"
H™" 479 -
H’ HII
C,H, FeO, 659 (h*-C,H,)Fe(CH,CH,XCO), Liquid H 4.60 — - 132
C,,H,,Fe0, 660 (h*-C,H,Fe(CH,CH,CH;XCO), Liquid H 4.59 — — 132
C,,H,FeO, 661 (h*-C,H,)Fe[CH(CH,),)(CO), Liquid H 4.58 — — 132
C,H,Fe0, 662 (h-C,H,Fe[CH,CH"(CH!),l- — H 4-6s — - 451
(CO), H',H" 1.5 —
H'" 1-0d J5:2

81y
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C,H,FeO, 663 (K-C,H,)FelC(CH}),)(CO), cs, H 4.65s — — 452

H' 1-30s —
CH,F,Fe0, 664 (k-C,H,)Fe(CF,XCO), CHCY, H 4.99 — — 132
CH,CI, F —11-6s — 956
C,H,F,FeO, 665 (h-C,H)Fe(CF,CF;HXCO), — H 5-18tt Jur 4-6 453
Jyg 582
F 59.0 —
F 126-8d —
C,H.DF,FeO, 666 (h*-C,H,Fe[CD(CF),(CO), — H 4.98 — 100 MHz 454
F 536 —
C,HF,FeO, 667 (A-CH,Fe[CH'(CF,),(CO), — H 5.0 — 100 MHz 454
H' 2:5m — 455
F 534 Jur12:0
C,H,,Fe0, 668 (h5-C,H,)Fe(C H,XCO), c.D, H 4-35s — CH,= /CH'; 450
H, l'42d - CH;__CHI/ ’
H" 0-6lm, — o i
0-23m — CHj
C,H,,FeN,0, 669 (h*-C,H,)Fe(C,H,NXCO), — H 5.14 — C,oH,N, = 194
H 1-68 — CH,. CH
H” 338d,  J145 Ng C(CN),
3.02d J14.5 \CH;C(CN)2
C,,H,,FeO, 670 (K-C,H,)Fe(CH;CH,CH- cDCl, H 4.75 — — 450
C“”’=CHZIVXCO)2 H' 1.55m -
H" 2-12m —
H" 5.7m —
HIV 5-05m —

SAXATIWOD TANOGUVD TVIIW-DINVOIO NO V1IVA YAN
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 0 (ppm) (H2) Remarks ences
C,,H,,Fe0, 671 (h*-C;H,)Fe(CH;CH;CH""= CDCl, H 4.75 — 450
CHIVNCO), H' 1-50t —
H” 2-18q —
H" 5-8m —
HY 4.90 —
C,D, H 4.6 — 451
H’ 1.4 comp. —
H" 2-1comp. —
H" 5-9comp. —
HIY 4.9 comp. —
C,,H, FeO, 672 (h*-C,H,)Fe(CH;CH}CH"" cDCy, H 4.75 — 450
=CH"'CH§VXCO)2 H' 1-40m p—
H” 2-10m —
H" 5-5m —
HY 1.65d —
C,;H,;FeO, 673 (h*-C,H,)Fe[CH;C(CH%),CH"” C.D, H 4.4s — 451
=CHKCO), H' 1-9s —
H" 1-4s —
H" 6-1comp. —
HY 5-1comp. —
C,HyD,FeO, 674 (h*-C,H/)Fe(CD,CH=CHj)- CDCl, H 5-Tm — 456
(CO), H' 4.68m —
C,H;D,FeO, 675 (h*-C;H,)Fe(CH,CH'=CD,)- CDCl, H 2-08d — 456
(CO), H' 5.7m —

1744
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C,H,,Fe0,

C,.H,,DFe0,

C,H,,FeO,

C,H,,CIFe0,

CyH,,Fe0,

C,H;FeO,

C,H,F,Fe0,

676 (W-C,H,)Fe[CH,C(CH)=CH%]- CDCl,

(o),

677 (h-C,H,)Fe(CHDCH'=
CH'CH’XCO),
cis and trans

678 (h*-C,H,)Fe(CH,CH'=
CH'CH4XCO),

679 (h%-C,H,)FelCH,CH'=
C(C)CH’)(CO),

680 (#5-C,H,)Fe(CH,CH'=
CH'CHXCO),

681 (h>-C,H,)Fe(h'-CH'=CHIXCO),

682 (h5-CH)Fe(h'-CF=CF};}CO),

cDCl,

cpal,

CDCl,

cs,

H
H’
H"

H
H'
H”

H
H'
H”

H
H'
H”

H

H !
HII
H
HI
le"is

”
H trans

H
H r

" .

cis

”
Hirans
F

'
Feis

’
Flrans

2-06s
1-79s
4.55t

2-12d
5-43m
1-56d

2-12d
5-43m
1-56d

2-10d
5-7t
2-02s

2-30d
6-32
7-29

4-81
7-14
5-90
5-42

4-42
6-9q
5-83d
5-35d

147-3
89.5
139-6

Jun-9-0
Jynr 17-4
Jynr 1-4

Jun 9
Ty 17
Jepr 468
Jpp 122.4
Jepr107-1

— 456

— 456

— 456

— 456

— 456

Internal reference 223
hexamethyldisiloxane 201

— 457

232
453
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TABLE VII—con:.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,F,FeO, 683 (h°-C,H,)Felh'-C(CF;)=CH,}- cql, H 6-25*, 5.5t — 100 MHz 458
(CO), F 60-5 Jur 19 *Olefinic proton trans to Fe
tOlefinic proton cis to Fe
C oH,F;Fe0, 684 (h*-C,H )Fe(h'-CH'= —_ H 4.8 — — 233
CH"CF,XCO), H’ 7-91d J11.5 458
H’ 6-54q Jyr 85
F 58-2d —
C,oH,F,FeO, 685 (h%-C,H,)Fe(h'-CF= THF F 166 Jepr 13 459
CF'CF)XCO0), F’ 86 Jrpe 131 56-4 and 94-1 MHz
frans F” 66 Jprpr 66
C,HCIF,- 686 (h*-C,H,)Fe(h'-CF= — H 5-04 — — 460
FeO, CCICF;XCO), F 19-4 —
cis and trans F’ 60-1 Jrpr 23-6,8.7
58-0 —
C,HF4FeO, 687 (h*-C,H,)Fe[h'-C(CF,)= CHCI, Not reported Jyrl-S — 415
CHCF})(CO0), Jur:8-5 —
trans JFF' 2.0
C,;H, F;- 688 (h5-C,H,)Felh'-C(CF,)= CHCI, H 4.8 — *External CCL,F 415
FeGeO, CH'Ge(CH*),)(CO), H’ 7-2q Jur 2
H” 03 —
C.H,, F 59.4d* JuE 2

ay
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C,,H,,FeO,

CqusFa‘
FeO,Si

C uH qu'
FeO,Sn

C,;H,,FeO,

C,H,F FeO,

C,HF,Fe0,

C,HsFeO,

C,H,,FeO,

689

690

691

692

693

694

695

696

(h*-C H,)Fe[ C(OCOCH})=
CH"CH;"}(CO),

(h*-C H,)Fe[C(CF,)=
CH'Si(CH%);(CO),

(h5-C,H,)Fe[C(CF,)=
C(CF,)Sn(CH,),(CO),

(h5-C,H,)Fe(hCH'=
CH"C H!")CO),

(#5-CH,)Fel1-h'-CH=
CH(2,3,5,6-C(HF )}(CO),

(K-C H,)Felh'-C(CF,)=
C=CF}}(CO),

(h5-CH,)Fe(CH=C=CH})-
(coy,

(#5-C,H,)Fe(CH=C=
CH'CH’})(CO),

cs,

THF

cs,

CS,

H 4-89s
H' 1.97s
H” 4.98q
H'" 1-41d
H 4.9
H' 7-0q
H" 0-2
F 60-1d
F 50-4,
494
H 4.83
H’ 7-66
H” 6-63
H" 7-48-7-08
F_,,F ;1384
F_, F_ 1384
F 60-3t
F' 110-8q
H 4.89
H’ 392,
3.95
H 4.98
H’ 4.40
H” 1-47

J65
J65

Jur 2

JuF 2

Jepr 40

Jun6-5

Jyuv 32
Jirnr 6-8

External CCL,F

Hexamethyldisiloxane
as reference

T 35°.56-4 MHz

94-1 MHz

461

415

415

223

244

241

995

995
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (H2) Remarks ences
C,H,F,Fe0, 697 (h*-C,H,)Fe(h'-CF= (CH,),0 F 759 Jrp 41 238
CF'—CF"=CF3'XCO0), Jege 7 239
F' 559 Jppr 14
F” 156-4 Jewy 23
Jpp, 114
Feis 108-9 Jrg 3,
p—
Fians  120-2 Jrpe 3,
Jppe 13,
Jpwepm 19
C,H,,FeO, 698 (h%-C H,)Fe(h!-CH'= CCl, H 4-86 — Hexamethyldisiloxane 462
CH”"COCH;"XCO0), H’ 877 Jypr 16-4 as reference 223
H” 6-36 — 100 MHz
H" 1-98 —
CH,,Fe0, 699 (h*-CH,)Fe(h*-CH'= CDCl, H 4-87 — Hexamethyldisiloxane 223
CH"COCH,"XCO) H’ 9-21 Junr 16-3 as reference 462
H" 7-16 —
H" 715,732 —
C,H, FeO, 700 (h%-C,H,)Fe(h'-p-CH'= — H 4.-89 — — 462
CH"COCH;'CH!VXCO), H’ 920 Jarnr 16-3
H” 7-15 —_—
“ortho  1-67 -
Hieta 7-08 —

2-32

1 {44
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C,,H,F,Fe0,

C, H,CIF,-
FeO,

C,,H,F,Fe0,

C,,H,CIF
FeO,

C,,H,(FeO,

C.H,,FeO,

701

702

703

704

705

706

(h5-C,H,)Fe(1-k'-C,FXCO),

(h5-CH,)Fe(1-k'-C,CIF,XCO),

(WC HFe(1-h'-C,F,XCO),

(W-C H,)Fe(1-h-C,CIFXCO),

(#5-C H Fe(5-h'-C,HXCO),

(K*-1-C,H,COCH})Fe(5-h'-
C,HZ)(CO),

Cs,

cpcl,
CH,Cl,

(CH,),CO

THF

(CH,),CO

Cs,
CS,/CDy-

CD,
(3:1)

cDCl,

mmzm mmm
- -

|
~

ke e e l'ﬂ'ﬂ'ﬂ'ﬂ

-4

===

-3

] | i
- e
>

~

2 IonxIxonx

8

-2 H-s
H

1241
123-4
119-1

5.09s
110-9s
115.0s

47-0m
40-2m
51-8m
22-0m

112-6tt

130-0q
99.6s

513
6-53bd
6-18bs
4.09
4.40
5.70

517t
4-76t
2.35s
5.92s

J,.6-82
J, 5682
Jys3-65

C/F;=23344-
pentafluorocyclobut-1-ene

C,CIF, = 2-chloro-3,3,4,4-
tetrafluorocyclobut-1-ene

C,F, =2,3,3,44,55-
Heptafluorocyclopent-1-ene

T35

Internal reference CF,CO,H

C,CIF = 2-Chloro-
3,3,4,4,5,5-hexafluoro-
cyclopent-1-ene

C,H; = Cyclopenta-1,3-diene

J(BC—H) 164* T —75° 60 and 100 MHz

J(*C—H) 162

Jia 117
Ji3 £0-01
Jy3+4-66
Jya+ 1115
Jys+2:02
Jya+2:02

J2
J2

*H satellites are doublets with
splitting of~4-5 Hz
T 30°

100 MHz

C H; = Cyclopenta-1,3-diene
T 30°

232

846

463

237

464

924

465

466
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,F,FeO, 707 (h-C,H,)Fel5-h'- CHCl, H 4.8 — C,F(CF%), = 1,2-Difluoro- 415
C,F,(CF),{CO), C¢H,, F_, 875 J,,33:5 3,4,5-ris (trifluoromethyl)-
F_, 84.3 Jy 394 cyclopenta-1,3-diene
,.CF,  63:9m Jy 57
..CF, 605 J, 32
,CF, 629 Jis7-0
C,H,F,FeO, 708 (h-C,Hy)Fe(I-h'-CFXCO),  THFand F_, 1045 — CF, =2,3,3,4,4,5,5,6,6,- 459
Cs, F_, 124-1 — Nonafluorocyciohex-1-ene 232
F_, 143-5 — 94.1 and 56-4 MHz
F, 1411 —
F_, 99.0 —
C,H, FeO, 709 (h5-C H)Fe(h'-CHJCHIXCO), CS, H”,H’ 5-15m — CH,CH,= 5 6 467
H",, H”, 6.05m — 4 CH; «—
H”,,H", 655t — 3 -
H”,H' 1.80m — =
H 4-62s —
{C,H,,FeO,1* 710 {(A*-CH,)Fe(h'-CH;- (CD,),CO H 5-27s — Hexafluoroantimonate 467
C,HXCO),I* H' 3-49s — Structure:
H” 7-80m —_—

@ZTHI or (I:H2
Fe* F
oc” fe ~co oc” !e\co

9Ty
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C,H,,Fe0,

C;H,F,FeO,

C,H,,FeO,

C,cHsFeO,

C H ) FeO,

711 (k5-C H,)Fe(7-h'-C,HIXCO),

712 (h%-C,H,)Fe(2-h'-C4F.XCO),

713 (W-C,H,)Fe(3-k'-C,H,XCO),

714 (h*-C,H,)Fe(h'-CH;C = CH")-
(CO),

715 (h*-CH,)Fe(h"-CH;C=CCH;)-
€0y,

CD,CD,

CHCI,

cDay,

Cs,

cDCy,

H

HI

H
InH

H!y, H!,
H!;,H{

H,

F,
F,
Fg
H_,H,

H_,
H_,to
H,

H
H'
H"

H
H'

4.1s
4-8s
4.-1s
6-05m

5-20m
4-32t
244t

177-9
107-5
187.9
1292
123.0
97-6
29-8
109-0
460
45.2

6-72d
6-53d
3.97
7-65—6-95

4.76s
3-97d
4.89q

4.76s
2-0-1-6
comp.

23 11:2%

C,H, = Cyclohepta-1,3,5-triene 468
T30

T —50° *Analysed as an AA’XX'
system with J, ; =0

C¢F, = Bicyclo[2.2.0]- 240
hexa-2,5-diene

Relative to CF,CO,H 469
CH, = 7 1 470
6 ‘ 1047
2
D
4 /' 3

— 461
— 163
156
995
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H FeO, 716 (h*-C,H,)Fe(h'-C=CH'XCO), CDCl, H 4.92s — — 471
H' 1-30s —
C, H, FeO, 717 (h5-C,H)Fe(h-C=CCH}) CS, H 4.93s — — 461
(CO), H' 1-79s —
C,H,F,FeO, 718 (h*-C,H,)Fe(h'-C=CCF,)- CDCl, H 5-08s — — 472
(CO), F 46-1s —
C,¢H,,Fe0, 719 (h5-C H,)Fe(CH,C=CC¢H,)- CDCl, H 1-85s — — 995
(CO),
C,;H, FeO, 720 (h*-C;H,)Fe(h'-C=Cn- CDCl, H 5-0s — — 190
CH)XCO), H' 2407 —
C,;H,,Fe0, 721 (h°-C H,)Fe(h'-C=CC H,)- CDCl, H 5.05s — — 190
(CO), H’ 7-3m —
CS, H 4.855 — — 472
H’ 7-00m —_
C,;H,F,FeO, 722 (h3-C,H)Fe(1-h'-C=CC(F,)- THF F_, F_¢ 140-8 J,.4-4 244
(CO), F_,F_, 1656 J5.420-45 an
F_, 162-0 — T35°
CS, H 5.05s —
C,H,BrFeO, 723 (B-CH,)Fe(CH,BrXCO), CS, H 4.83s — — 195
H’ 3-78s —
C,H,CliFeO, 724 (h*-C,H,)Fe(CH,CIXCO), (CH)),CO H 5-09s — — 195
H’ 4-24s —

8¢y
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C,oH,(Fe0,
C,sH,,FeO,

CyH,,FeN,O,

C,H,FeNO,

C,H,FeO,

CoH, FeO,

CIZHMFeol

C,H,,FeO,

C,H,,FeO,

725
726

727

728

729

730

731

732

733

(#*-C H,)Fe(CH,;COCH,XCO),
(h*-C,H,)Fe(CHCOC H")-
(CO),

(h3-C ;H,)Fe[C(CN),C(CN),-
CHjCH?)CO),

(#5-CH,)Fe(CH;CONH’)XCO),

(h*-C {H,)Fe(CH}CO,H"XCO),

(#-C,H,)Fe(CH.CO,CHY)-

(Co),

(K-C;H,)Fe(CH,;CH}CO,-
CH’CH}"XCO),

(#-C JH )Fe(CH,0CH?XCO),

(h3-C,H,)Fe(CH;CH};OCH,")-
(CO),

ccl,
cDCl,

cDcy,

CDCl,

Cs,

cs,

Cs,

Cs,

H”
H"

H’
H”

H'
H”
H"

4-90

4.76s
2.31s
7-8,7-43m

5-56
3-85
71-70

4.92s
1-57s
5-45bs

4.85s
1-48s
7-65bs

4-80s
1-40s
3.46s

4-76s
224t }
1-60t
4.00q
1-19t

4-70s
4.73s
3-15s

4.76s
1.69t
3-51t
3-40s

132
473

420

196

196

129

129

195

474
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H;,FeO, 734 (h*-C,H,)Fe(CH;OCHICH,”)-  Liquid H 4.69s — — 195
(CO), H’ 4.83s —
H” 3-37q —
H'" 1-11t —_
C,H(F(FeO, 735 (h*-C,H,)FelC(CF,),OH'})- CDCl, H 4.91s — 100 MHz 475
(CO), H’ 2-49b —
F 67-7s — 56-4 and 94-1 MHz
C,,H,,FeO, 736 (h*-C,H,)Fe(h!-CH;OCH- CS, H 4.71 — — 195
CH"'=CH,XCO0), H’ 4.76s —
H” 5-05 comp. —
H" 6-05 comp. —
C,H,FeO, 737 (K-C,H,Felh'-CHIOC(CH?Y), CS, H 4.65s — — 195
CH'"=CHLYCO0), H' 4.45s —
H" 1-17s —_
H" 5.74q —
HIY 4.95 comp. —
C,,H,,FeO, 738 (h%-C,H/)Fe(CH;0COCHY)- CS, H 4.81s — — 195
(CO), H' 5-08s —
H” 1-86s —
[C,,H,FeNO,)* 739 {(h5-C,H,)Fel[CH;OCH;CH;’- SO, H 5-10s — Hexafluorophosphate 195
NH(CH),(CO),}* H' 3-95s —
H” 335 —
H'" 4.05b —
HY 3.01s —

oty
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C4H,,FeO,S

CH,,Fe0,S

CoH,,Fe0,S

C,;Hy,FeO,Si

C,,H,,Fe0,Si

C,H,,FeO,

C, H,,FeO,

C,H,,Fe0O,

740

741

742

743

744

745

746

747

(h*-C,H,)Fe(CH;SCH!XCO),  CS,
(K-C,H,)Fe(CH;CH}- Cs,
SCH’XCO),
(h-C,H,)Fe(CH;SCH- cs,
CH;"XCO),
(h5-C,H,)Fel(CH),Si(CH?),]-  CDCI,
(Co),
(#5-C H,)Fel CH}Si(CH?), - cDCl,
(CO),
(#5-C H )Fe(h'-CH,CH,CH,)- CS,
(CO),
(#5-CyH,)Fe(h'-CH,C H")- cDCl,
(CO),

SO,
(h*-C H,)Felh-CH'(CH})- cDal,
CHICO),

H'
H”

H'

H”

H'

H”
H'"

H
H"
H
H'
H”

H

H'
H”

H'
H"
H'"

479
2:32
2-09

4.69

2.55t
1.52t
2.02s

4.76s
2.27s
2.39q
1-16t

4-44s
1-43bs
—0-08s

4-67s
—0-36s
0-00s

4-56

4.69s
2-77s
7-20b

2-69

4.37s
3-91q
1-58d
7-02b

Hexamethyldisiloxane as
reference

Hexamethyldisiloxane
as reference

T -18°

185

185

195

983

983

467

923

112
432
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TABLE VIil—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H,FFeO, 748 (h*-C,H,)Fe(h-3-CH,C(HF-  CH,Cl, F 1-35 — Relative to CH,F 191
(Co),
C,H,F,FeO, 749 (h-C H,Fe(h'-CH,C,FNCO), THF F_, F_, 1442 2J,,21-4 T35 244
5240 477
F.,F_, 162:9 Jy48:1
Jys 18
F_, 159-0 J3419:9
CyHyoB,FeO, 750 (hS-C,H)Fe[h'-CH{C,B,; ca, H 4.92 — — 350
H,(CH)KCO), H,H’ 205 —
CHC), H 4-92 —
HI,HII 206 _
4
C,H,FeNO, 751 (W-CH)Fe(h'-2-CH;C,HN)- CS, H 4.71s — CH,CHN= , s 177
(CO), H 2.55s — .
H",H", 6-90 — — CH,” "N
H”, 7-32t J8 !
H’, 8-28d J4
C,H, FeNO, 1752 (A-C,H,)Fe(h’-CH,CH,Cs CS, H 4.62s — CH,CH,C,H,N = 177

H,,NXCO),

2-Piperidinoethyl
Other signals at 6 2-27 comp.,
1-56s, 1-43bs,inratio 6:2:6

[£%4
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IC,;H,,FeNO,]*

C,H,,FeO,S

C,.H,,Fe0,S

C,;H, FeO,

C,H,,FeO,

C,,H,FFeO,

C,,H,FFe0,

C,,H,F,Fe0,

753

754

755

756

157

758

759

760

[(h*-C ;H,)Fe(h'-3-CH,C,-
HNXCO),I*

(h5-C JH )Fe(h'-2-CH.C H’S)-

(co),

(h*-C H,)Fe(h'-3-CH}-
C HISXCO),
(#5-C H )Fe(h’-C;H,XCO),

(h5-C4H ,OCH;CH’)Fe(h'-
CH{"XCO),

(h3-CH,)Fe(1-h'-3-C;H F)-
(CO),

(h5-C H,)Fe(1-h'-4-C;H,F)-
(CO),

(h3-C H,)Fe(1-h'-2,3,6-
CH,F;)(CO),

CDCl,

cDCl,

cpcl,

cal,

cDcl,

CH,Cl,

CH,Cl,

THF

HI
H"

H'
H”

H'
H”

Hl
H"
HIII

4-62
2.57
9.0~-7-0

~4.6
~2:9
~68

~4.0
~2.85
~6-8

10-92
10-23

103-6
144-4
85-6

Tetrafluoroborate
CH,C,HN = 4

CH, G A,

1
CH,C,H,S =
(N cn
CH,CHS = H,
AN
S

To high field of CH;F

To high field of C;H F

192

184

184

408

413

191
446

191
446

925
244

SIXATINDD TANOSUVD TVLANW-DINVOIO NO VIVA YAN
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TABLE VIiI—cont,

Formula

Compound

Solvent

6 (ppm)

Coupling
constant
(Hz)

Remarks

Refer-
ences

C,,H,F,Fe0,

C,,H,F,Fe0,

C;HF FeO,

C;H,F;Fe0O,

761

762

763

764

(h3-CH,)Fe(1-h"-2,3,5-
C¢H,F,XCO),

(15-CH )Fe(1-h'-2,4,5-
C(H,F,XCO),

(h5-C H)Fe(1-h*-2,3,5,6-
CHF XCO),

(#-C H Fe(1-h"-CF XCO),

THF

THF

cpc,

THF

F, 1121

F, 1359

F, 1195

F, 84.0

F_, 143-6

F, 1464

F_, F_, 109-3

F_,F_, 142:0

F_,F_ 1067

Jy516-1 T 35°
J,528-7

Ju_f 6-15

Jy_F 24

Jy 5167

Ju_f 104

Ju g 175

Jy_r 8-15

Ju_r 815

Jya 152

Jr53-33

Jar 72 T 38°
Ju F 435

J.520-4

Ju_p 10-65

Ju_fr 9-65

Ju_F 655

Ju_ g 111

J,329-0 T 35°
Jys13:2

Jrs 3-45

Ja g 73

Jys1-2

Ju g 935

J23 3015 T 35°

Jra~1
Jy63-45

244

244

244
925

244
459

14374
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C,,H,,F,FeO,

C,;HBrF,-
FeO,

C,H,F FeO,

C,H,F,FeO,

CysH,oF,Fe0,

765

766

767

768

769

(h5-C , H ,s)Fe(h!-C(F,XCO),

(h5-C jH,)Fe(1-h'-C,BrF XCO),

(h3-C H)Fel 1-h'-4-C F-
(CH,)ICO),

(#3-C,H,)Fe[1-h'-4-C (F (CF})}-

(CO),

(h5-C H )Fel1-h'-4-C F,-
(CH:CH"=CH}"){CO),

cs,

THF

THF

THF

THF

F_;,F_;164-3

F_, 161-7
H 4.34s
H' 2.4-1-6

F,F_ 1442

H 4-88s
H’ 3-34d
H” 5-74bm
H” 5-02d,
4-88s
F_,,F_, 108-8

F_,F_ 146:9

J, 88
Jy 57
J,.4 19-6

Cun:

H
H

*Calculated 108-4
tCalculated 133-2

(An AA'XX' system)
(An AA'XX' system)

T 35°

985

478

478
244

244

478
244

SAXATdNOD TANOHUVD TVLIW-DINVOUO NO VIVA AN
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H,F FeO, 770 (h*-C,H,)Fel[1-h-4-C.F - THF F_,,F_¢ 108-6 J,321-35 478
(CH=CH,CO), Jy512:6 244
J563-25
F_,F_ 1456 Jy5325
— F_, F ¢ 110-4 — 233
F_,F_, 148.0 —
C,H,F.FeO, 1771 (h-CH)Fell-i"4-CF(CH= THF H 6-25bs  — — 478
CH'CH%))(CO), H' ~6-0b —_
H” 1-90d —
F_,,F_, 109-4 J,321-35 (An AA’XX' system)
Jos11-8
J62:35
F_,F_, 146.5 Jy 543
C,H,F, 772 (h5-C,H,)Fe[1-h'4- THF F_, F_ 1051 Jy 3285 T 35° 244
FeNO, C,F(CN)(CO), Jy512-8 925
Jr57-3
F_,F_, 139:4 Jy51.55
C,.H,F,- 773 (h5-C,H,)Fe[1-h'-3,4-C,F,- THF F_, 69-8 Jy51-3 56-4 and 94-1 MHz 459
FeN,O, (CN),X(CO), Jy11-5 244
F_ 136-0 Js.628-05 925
F_, 86-8 —
C,HF FeO, 774 (R*-C,H,)Fe[1-h'-4-C,F,- CH,Cl, F_, F_¢ 637 — Relative to CF,CO,H 245
(CO,H)XCO), and CHCl; F_, F_, 286 —

9ty
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C,H oFFeO,

C,H,sF;FeO,

C,H,F,Fe0,

C,H,F FeO,

C, H,F FeO,

C,H,FFeO,S

775

776

777

778

779

780

(h*-C H,)Fe(1-h'-4-C(F (CO,-
CH,CH,)i(CO0),

(#5-C H )Fel 1-h'-3,4-C F(CO,-
CH,CH,),[(CO),

(W5-C H)Fel1-h'-3-C{HF -

(OCH,)I(CO),

(W-C H)Fe[1-h1-3-C(F -
(OCH,)I(CO),

(h*-C H)Fell-h'4-C(F,-
(OCH,))(CO),

(#5-C H,Fe(1-h"-4-CF,
(SCH)NCO),

THF

THF

THF

THF

THF

CHCI,

F_,F_ 1100
F_,F_, 1453
F_,,F_ 1082
F_,F_ 1428
F, 833
F, 1443
F_, 973
F

F

F

R 107-4 (111.2y* —

» 793 (83-5)* —
«  160.5(158-8) —
L 142.7(138:5) —

J,329-7
J,,13-8
2554

J, 295

Jys 315
Jy s 27-65
Jp 14:5

T 35°

T 35°

(1-Monohapto-2,4,5-trifluoro-
3-methoxyphenyl)penta-
haptocyclopentadienyl) iron
dicarbonyl

*Calculated values in parentheses

*Calculated values in parentheses

. 165-5(170-6) —

. 99.7(104-8) —

F_
F_
F_, 156-3 (166-2) —
F_
F_

»F_s 108-3(108.6)*J, ,29-35

*Calculated values in parentheses
J,59:55
J,61-0

F_,F_ 158-15(159-8)J,,59

H 4.97
H' 2.79
F_, F_, 109

F,,F_ 1577

J,,30-8
J, 1265
J163:3
Jy542

925

244

244
925

478

478

478
244

2417
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CiHoF - 781 (K*-C,H)Fe[1-h'4-CF,- CHCY, H 5-05 — 247
FeO,S (SCH)I(CO), H' 7-03 —
F_,F_( 1073 Jy331:2
Jos21-5
J638
F_,F_ 1384 Jys 47
C,,H,F,FeO, 782 (h%-C,H,Fel1-h-4-CF,- THF F_»F_, 106.6 — 54.6 and 94-1 MHz 479
(CHF)|(CO), F_,F_, 1394 —
1 F 1394 —
F!;,F!; 1421 —
C, H,F,FeO, 783 (K*-C H)Fe(1-h'-4-C4F,- THF F_, F_, 1064 —_ 54.6 and 941 MHz 479
(CFHUCOY, F_,F_, 139.2 —
F!,,F!s 1392 —
F!,F!, 1629 —
F!, 153.9 —
C,¢H,,Fe0, 784 (h3-C,H )Fe(1-h-C H,XCO), CDCl, H_, 3.97 — It was concluded that this 1047
H_, 6-72 — complex is not fluxional as has
H_, 6-53 — been reported previously
C,,HF,FeO, 785 (h*-CH,)Fe(2-h'-C,F,XCO), THF F_, 834 — C,,F, = Perfluoro-f-naphthyl 479
F, 99.4 — Other signals at 146-5, 149-4,

152.8, and 160-9

8eY
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C,,HF FeO,

C,oH F FeO,

CyoH,F,FeO,

786 (h*-C,H,)Fe(2-h*-C,;HF ) THF
(CO),

787 (h5-C4H,)Fe(2-h'-C,,H,F)- THF
(CO),

788 (h*-C,H)Fe(2-h'-C,,H,F,XC0O), THF

F,
F,

n.a.

n.a.

832
101-6

C,HF, = 8 1 479

Other signals at 119-7, 123.5,
139-8 and 1530

(Relative to CCI,F)

Calculated values reported for
comparison

Clesth

19F NMR Signals at 88-8 (89)*,
93-1(93),95-6 (99), 144 -2 (146)
relative to CCLF at 56-4 and
94.1 MHz

*Calculated values in parentheses

C,,H,F, = H F 479
Joror
H F
F F

19F NMR Signals at 88-9, 94.3,
124-0, 1454 relative to
CCLF at 56-4 and 94-1 MHz

SAXATdNOD TANOFEVD TVIAW-DINVOYO NO VLIVA ANN
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
CHFFeO, 789 (h-C,H,)Fe(2-h'-C,HFy THF n.a. — CpHFg= F F 479
o Jortor,
H F
F F
F NMR signals at 90-1 (89),*
92.9(93), 123-7 (122),
129-2 (126), 148-2 (146),
154.9 (146) at 56-4 and
94.1 MHz
*Calculated values in parentheses
C,H,Fy- 790 (h%-C H,)Fell1-h'-4-C,F (4- CHCI, F_,,F_, 1063 J,;28-8 CFN= F F 248
FeNO, C,F;N))(CO), Jys 126 3 {6
J, 664 — N1
F_,,F_, 141.0 J3526 43 =
F',,F!, 906 Jy321-1 ¥
J,529-5
Jy613:2
F!, F!; 1396 J352:2
C,;HF;- 791 (B3-C H)Felh'-C(CFo)= CDCl, H 5-00s — — 443
FeNO, NCH;(CO), H' 3-58s —
C,,H,,FeO, 792 (A-C;H,)Fe(CH=CH'COCH,> — H 877 Jyy 16-4 — 1001
(CO), H' 6-36 —
C,¢H,,Fe0, 793 (h-C,H,)Fe(CH=CH'COC,- CDCl, H 9-21 Junr16-3 Hexamethyldisiloxane as 1001
H,XCO), H’ 7-16 —_ reference. 100 MHz

oy
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C,H,FeO,

C,H,F,FeO,
C,H FeO,

C,¢H,,FeO,

CH,FeO,

C,,H,FeO,

794 (h*-C,H,)Fe(C'OC"H}XC"'O),

795
796

797

798

799

(*-C,H,)Fe(COCF,XCO),
(h*-C,H,XCOCH'=CH?)-
Fe(CO),

(h5-C H,)Fe(COCH'=CH"-
C.H;'XCO),

(#-C H)Fe[ COCH'(CH?)-
CH{'[(CO),

(#5-C,HFe(h'-COC,H,XCO),

Cs,

CF,CO,H

CHCI,

THF
CDCl,

cDCl,

cpcl,

Cs,

H
H’
H
H'
H
H'
lJC

IJC
13
lJC"
13cnr
F

H

H!
Hgl‘s
R ans

H'
H”
H"

H'
H”
H'"

H’
H"
H'"

4-87s
2-57s
4.17
242
5-24
320
106-3d*

86-9
154-4
520
2157
80-1
4.87
6-59
4-89
533

4.87
6-96d
6-68d
7-68-7-18
4.72s
4.35q
1-32d
7-36s
4.72s
2-38tt
0-53m
0-86m

J.110-0
Jirans17-0
Jeem1-5
Jirans16-0

J17

Ty 47

iy 1-5

40 MHz

*To high field from CS, at
25-1MHz

13C resonances down field
relative to TMS (0-0 ppm)

56-4 and 94-1 MHz

Hexamethyldisiloxane
as reference

Hexamethyldisiloxane
as reference

COCH, = o
H" 0
|
H" C
H” H'

129
132

444

95

32

459
223

223

432

929
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TABLE VIl—cont.
Coupling
constant Refer-
Formula No Compound Solvent & (ppm) (Hz) Remarks ences
C,H,FeNO, 800 (A’-C H,Fe(CONH'CHY)- CDCl, H 4.94 — — 418
(CO), H" 2-88d —
(CD,,S0 H 6-80 —
C,HFeO, 801 (A°-CH,)Fe(CO,CH;XCO), CS, H 4-86s —_ — 129
H’ 3-39s — 11180
cs, H 488 — — 41;21
H' 3.50 —
C,H,FeO, 802 (K%-C,H,Fe[C(S)OCH;I(CO),  CS, H 4-84 — — 481
H' 4.03 —
C,,HyBo 803 (W*-C;H,)FelCOCH;C,B,,- CHCl, H 4.93 — A 2-rr3ethyl-carborane 350
FeO, H,(CH)I(CO), H’ 3.61 — derivative
H 1-99 —
C.H, H 4.07 —
H’ 3-29 —
H” 1-42 —
C,oH B0~ 804 (h3-C,H,)Fe(COC,B,H,,) CCl, H 4-96 —_ An o-carborane derivative 350
FeO, (CO), 60 and 100 MHz
C,eH16B 1o 805 (#5-CH,)Fe(COC,B,H,,) — H 4.02 — An m-carborane derivative 350
FeO, (CO),
C,H,B,FeO, 806 (h%-C,H)Fe(1-h-1,10-B;C,H})- — H 5-24s — *Relative to BF,.0(C,H,), at 482

(CO),

32.1MHz

(4244
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C,oH (ByFeO,

CoHlsBlo‘
FeO,

ClonBlo"
FeO,

C 15HzoB 107
FeO,

807

808 (K5-C,H,Fe(1-h'-1,2-B,,C,H,,)-

809

810

(5-C H,)Fe(1-h'-10-CH;-1,10-
B,C,H,XCO),

(CO),

(h-C HFe(1-A1-2-CH-1,2-
B lOCZHlo)(CO)Z

(h5-C JH,)Fe(1-n'-2-C(H}-1,2-
BIOCZHID)(CO)Z

CeHs

H!\
llBt

H'
llBt

H'
llB‘

H'
HB‘

6-83bs
10-8d,
12-8d

5-06s

2-77s
11-1d

3.81

4.93s

1.98s

3-1d,
10-1d
14-9d

4-65s

7-42m

3-84d,
10-6d,
15-2d

J 164
J 158

J 165
J 157
J 154

J 160
J 157
J 155

Structure:

o=BH

CH
0

Structure: see above
*Relative to BF;.O(C,H,),
at 32-1 MHz

A m-carborane derivative

*Relative to BF,—O(C,H,), at
32-1 MHz

A m-carborane derivative

*Relative to BF,.O(C,H,), at
32-1 MH:z

482

350

482

483

482

SIXATdWNOD TANOSHEVD TVIFNW-DINVOUO NO VIVA dAN
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz2) Remarks ences
C,,H.F,- 811 (W-C,H,)Fe(4-h'-C,F,NXCO), THF and F_,,F_4 104.0 J,329-6 C,FN= F F 459
FeNO, CHCI, 56
— O 1
3 2
Jy613-6 56-4 and 94-1 MHz 197
F_,F_ 1142 J,526-8
Jy50:5
C,sH,oF5- 812 (h%-C,H/)Fel2-h'-4-C,F;N- CHC(l, F_, 1044 J352:0 Numbering as above 248
FeNO, (CH)I(CO), F_s 154.9 Js628-6
F_¢ 90-2 J3629-8
C,,H,F;FeN,0, 813 (h*-C,H,)Fe[2-h'-4-C,F,N- CHCI, F_, 188-8 J;s7-8 Numbering as above 248
(NH,){(CO), F_, 1722 J;28-0
F_, 91-7 J3626-7
C,H,F;- 814 (h’-C,H,)Fe(d-h'-C,F;N,)- CHCl, F_, 559 J3519-7 CJF.N, = F , 197
FeN,O, (CO), F_ 98-6 J 6320 3 1\{
F, 1092 J,632:0 —{ON
5 3
F F
C,H,F,- 815 (A*-C,H,Fe(2-h'-C,F,;N,)- CHC), F_,F_; 429 —_ C,F,N, = 4,6-Difluoro-1,3,5- 197
(CO), triazinyl

FeN,0,
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C,H,Cl,-
FeO,S

CnHls'
FeNO,S

C,,H,,Fe0,S

C,H ,FeO,S

816 (h-C,H,)Fe(2-k*-C CLS)
(Co),

817 (h*-C,H,)Fe(h'-C,,H,,NOS)-
(Co),

818 (h*-C,H,)Fe(h’-C,H,0,5)-
(CO),

819 (45-C,H)Fe(h-C,H,0,S(CO),

(¢) Dihapto/tetrahapto
(i) Dicarbonyl derivatives:

C,,H;,FeO,

C,,H,FeO,

Cy;H,,FFeO,

820 [A*-CH(CO,CH})=CH(CO,-
CH)IFe(h*-C HXCO),
cis

821 [W-CH(CO,CH})=CH(CO,-
CHy)IFe(h*-C,HXCO),
trans

822 [#{(CF,),C=OFe[k*-
C{CH,)I(CO),

cDCl,

cDcl,

cDCl,

cDCl,

H'

H”

H'

H”

H'

H”

H’
H”

H'

H”

H
F

5-02

5-08
4.48,
4.82
2.36

5-20s
5-19,
5.55

2-40t

4.75s
5-18,
5-55

7-42s

3.37s
3-47s
3.35s

4.22s
3-4s
4.46s

1-6,1.2
80-Om,
82.8m

Ty 14
S 2

w15

C.CLS = 3,4,5-Tri-
chlorothienyl

C,H,,NOS= CHj

C.H, = Cyclobutadiene

C H, = Cyclobutadiene

C,(CH,), = Tetramethyl
cyclobutadiene

484

485

163
156
485

163

486

486

300
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(d) Dihapto/pentahapto
(i) Monocarbony] derivatives:
C,H,FeOSn 823 (h-C,H,Fe(h-CH;=CH})- cs, H 4.51s — — 408
[Sn(CH%),)(CO) H' 2.44,2.30, —
1.80,1-65 —
H" 7-63-7.06 —
CH”
o
C,H,BFeN,0 824 (K-CH,) (Fe| BH)) (CO) cpoy, H 4.8s — *Relative to BE,. O(C,H,), 487
CHLN H 13-0bs — at 32:1 MHz t17s
~CH/, (or 11-1)t
H" 3-3s —
ugr  15.9 Jgi 96
C“"
N
C,oH,;BF,- 825 (#5-C,H,)(Fe, BF,) (CO) CDCl, H 4.8s — *Relative to BF,.0(C,H,), at 175
FeN,0 N H 11.7s — 32.1 MHz
SCHY H” 3.4s
ugs 0.7t Jgr 31
(ii) Dicarbonyl derivatives:
[C,;H,,FeO,]* 826 [(h°-C,H,Fe(h*-CH,= (CH;)>CO H 5-87 — Hexafluorophosphate 467

CH.CH,XCO),I*

144
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[C,,H,FeO,l* 827 [(h*-C,H)Fe(h*-CH}=C=

CH"CH}"XCO),]*

(C\H;FeO,l* 828 [(h%-C,H,)Fe(h>-CHj=C=

CH"C(H,)CO),]*

829 [(h%-C,H,Fe(h*-CH;=CH'—
CH'=CHXCO),]*

[C,,H,,Fe0,l*

(e) Trihapto/pentahapto

(i) Monocarbonyl derivatives

C,,H,,FeO 830 (h*-C,H,)Fe(h*-CHy*CH™
CH"*CHIYYCO)
cis*

C\oH ;FeO 831 (5-C,H,)Fe(h’*-CH}=CH"=
CH""CHIYXCO)

trans*

SO,

CDCl,

H'
H”
H"

H’
H”

H'

H
Hiyn

'
H anti

H”
H', HvY

H
1

H syn

H 'anli

H"
H'"
HIV

5-8s
3.07
7.05
2.45 sext.

5-8s
3-65d
7-3t

5-85s

5.8 comp.,

4.0 comp.*
(ratio 4:2)

447
2-62

0-37

4.2
1-65

4-51s
3
1.05

4.2
4-10
0-75

Jyu-4
A
T

a4

Jyne 6-8
Jg <0-5
T 11
Jym 1-8

Jeynv 68
JH’H"' 1-2
Jym» 10-8
Jul8

Jyrygwv 6-3

Perchlorate T —10°

Perchlorate T —10°

Hexafluorophosphate
*At 100 MHz resolved into two
doublets, J 13-7,7-5

*H"' anti to H”

L4 s U4 syn to H”

488

488

451

450

450
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,,FeO 832 (W-C H Fe(1,2,7-#-C,H,XCO) CDCl, H_, 3-08 — C,H, = Cyclohepta-1,3,5- 490
H_,,H_, 475 — trienyl
H_,H, 610 —
H_,H_ 515 —
C,,H,;FeO 833 (h’C,H,)Fe[l,2,4-h’-Cl;lz- C,D, H 4-2s — — 451
, ' 0-5s —
g(CHS)l'(Z:H=(1:H2](CO) H_, 2-2comp. Jis7:5
H_, 2-9comp. Jygnsi1-3
H_, 2.3d JgemS-3
—0-7d JgemS-3
C,;H,(FeO, 834 (W-C,H,)Fe{1,4,5-h- C,Dg H 4.0s — 451
CO(ZZHZC(CH;)ZCH=CH21~ H’ 1.0s —
! 3 43 H 2-35d Jgem14-3
-2 gem
(CO) 1.8d Jgem 143
H_, 4-2comp. —
H_, 2-6d Jeis 9-0
1.9d Jiransl2-8
C,,H,,Fe0O, 835 (A*-C,H,)Fe(1,5,6-A°- CDCi, H_, 3.31 — — 174
COCH,CH,CH=C=CH,)- H_, 3.22, —
1 2 73 "4 5 6 0.82 _
(CO)
C;H,,Fe0, 836 (K’-C,H,)Fell,5,6-h* cDCl, H’ 121 — 174
COCH,CH,C(CH))=C=CH,]- H_, 3.38 — —_
1 273 "4 5 6 0.90 —

(CO)

474
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C,,H,,Fe0, 837 (#-C,HFe(1,5,6-h* cpal,
COCH,CH,CH=C=CHCH,)
1 2 374 5 6 7
(ol0))
C,H,,FeO, 838 (h-C,HFe(1,2,5-h cs,
CH,0CH,CH=CH,XCO)
5 43 2 1
C,,H,FeO, 839 (h*-C,H,)Fel1,2,5-h* Cs,

CH,0C(CH}),CH=CH,|(CO)
5 43 2 1

() Tetrahapto/tetrahapto
C,;H, FeO 840 (h*-CH,=CH—CH=CH,)- C,D,
Fe(h*-C4H,XCO)

(g) Monohapto/monohapto/pentahapto
C,HF,FeNO 841 (I5-CH,)Fe(h'-CiF,)- cpcl,
(CNCHXCO)

3.52 — — 174
431 —
0-85 —_

4.39s — 195
3-15 comp., Jeis 8

1-75d Jiransl4

4.87 comp. —

3.47 comp., —

2.95d —

6-17d, Jgemd

4.5 Jgemd

4.36 — — 195
1-46, —

0-91 —

272, Jeis 8

1.8-2.0  Jransl2

4.68q —

6224,
4.05d } Tgem5

— C;H,; = Cyclo-octatetraene 294
Signals at 8 4-55,4-3,1-7,
—0-l,inratio4:1:1:1

4.65s — An isocyanide complex 443
3-35s —
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,6H, Fs- 842 (#-CHFe(CNCH)IC(C(Fs)= CDCl, H 4-70s — Isocyanide complexes, existing 443
FeN,O NCH3)(CO) H' 3-28s — in two geometrical forms
H” 3.55s — isomeric about the C=N bond
H 4-64s —
H' 3.34s —
H” 3-05s —
[C,,H 4 843 [(h*-CH,)Fe(C'NC"H,C/"- CHCI, 13C 85-3 — An isocyanide complex 32
FeN,Ol+ H,),(cVO)I* B! 147-4 —
Ber 514 —
Ber, 1325 —
BC, e 1280 —
BC™ . 129-5 —
Ber, 1290 —
eV 2124
(k) Monohapto/dihapto/pentahapto
C;H,,FeN,OP 844 (45-C,H,Fe(COCH;A*- — H 5-17d — — 194
C(CN),=C(CN),I[P(C(H,),] H’ 2-82s —
(8) MISCELLANEOUS COMPLEXES
[CyH,s- 845 {FelP(Et),CH,CH,P(Et),]- (CD;),CO H —10-9 Jpu,, 47 Tetraphenylborate 491
FeOP,]” (HXCO)}~ 100 MHz
C,H,,FeO,- 846 Fe[P(CH,CH.),),(SO,XCO), C,F, H 2:07m Jpy 6-5 100 MHz 264
P,S H' 1-28m

osy
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C29H22-
FeO,P,

CsHls‘
BFeN,0,

C,H,B,Fe0,

CH,B,FeO,

C HFeCl,Si

847

848

849

850

851

Fe[P(C4H,),CH=
CHP(C(H,),l(CO),

Fe[N(CH,),B(CH,;)N(CH,),}-
(CO),

Fe(C,H,B,)X(CO);

Fe(C,HB)(CO),

Fe(SiCl,XH)CO),

(CH,,CO H 7.54
CH, "B 200
ccl, H +3-7b
H' —7.42q
H” —3.70q
H™ —5-38s
g ~4-90d
ccl, H —5.58
H_, —0-24
H_,H, 630
H, —487
BB, +17-7bd
B,  —5-16bd
llB_4
"B, —18-9bd
CHCN H ~9.00

J 126

J 135

J135

J 160
J 152
J 152
J 160
J 150

J 160

60 and 100 MHz 202

Relative to BF,.OEt, external 273

C,H,B, = H
e /\/‘\ 492

BHII BHI BHII
CH'"—CH""'
100 MHz

Relative to BF,.OEt, at 32-2 MHz

C,HB, = l]3H
%— —CH-2gH 2 492
4BH /
T—pf
3
100 MHz

Relative to BF,.OEt, at 32-2 MHz

60 and 100 MHz 402
401
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
(9) COMPLEXES CONTAINING TWO OR MORE TRANSITION METALS
(a) Diiron complexes
(i) Dicarbonyl derivatives:
C H oAsy 852 {(h5-C,H,)Fe(As(CF,),(CO)},  CCLF H 4.57 — 100 MHz 414
F,,Fe,0,
C;,H,,As,- 853 [(h°-C,H,)Fe(CO)],- CDCl, H 4.33 — Bridging carbony! and 493
Fe,0, (AS(CH),CH,AS(CHY),] H 7-33b — bis(diphenylarsino)methane
H” 1-.27b — ligands T 38°
CHyFe,- 854 [(A-C H)Fe(INCO)),- CDCl, H 4.66s — — 103
1,0,P, [P(CH,),CH,CH,P(CH,),]
CyHyFey 855 [(h*-CH,)Fe(CO)],P(CHL),- CD(C, H 4.22 — Bridging carbonyl and 493
O,P, CH"=CH"P(C4H}), H' 7-47b, — bis(diphenylphosphino)
7-36bd — ethylene ligands
H” 6-49 sext. — T 38°
CygHyoBry- 856 [(h*-C HFe(BrXCO)),- CDCl, H 4.52d Jpu 19 60 and 100 MHz 494
Fe,O,P, [P(CH,),C=CP(CH,),]
C,H,Cl,- 857 [(h5-C,H,)Fe(CIXCO)),- CDCl, H 4-53d Jpu 19 60 and 100 MHz 494
Fe,O,P, . [P(C(H,),C=CP(C:H,),)
C;eHyoFe, - 858 [(A-C H)Fe(IXCO)}, CDCl, H 4.52d Joul-9 60 and 100 MHz 494

L,O,P, (P(C4H,),C=CP(CH,),1

[4%4
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CieHioFe,-
O,P,

C;;H;,Fe,0,P,

CyH;eFe,-
O,P,

CHy;Fe,
O,P,

C;H;,Fe,-
O,P,

CoHjsFe;-
O,P,

859 [(#%-C,H,)Fe(CO),[P(CH,),],

860 [(h5-CH,)Fe(CO)],-
[P(C¢H),CH;P(CH),]

861 {[4%-C;H (CH})]Fe(CO)},-
[P(C(HY),CH;"P(CHY),|

862 [(hs'Csﬂs)Fe(Co)]z[ P(CHY),-
CH’CHP(C,H)CHY-
CHIP(C.HY),)

863  |(A°-C,H,)Fe(CO)],[P(C,H),-
CH',CHP(C H}),]

864 {{h*-C,H (CH})IFe(CO)},-
[P(C,H"),CH}"CH}"P(C,H), |

cs,

cDCl,

cDCl,

cDcl,

cDCl,

cDCl,

H'
H”

H”

H'"

H'
H”

H'

H"

H”

H'"

3.99%,
3-87¢

4.27
7-26b
1.73b

4.22,
4-15b,
3.91b
2.42,

2-08

7.34b,
7.22b
1-29b

4.13s
~73
~2

4.08
7-65b,
7-43bd
1-37b
0-88b

4-15,
3-53
2.06,
1.50
7-67b,
7-43bd
1-29b

Bridging P(C¢H,), ligands 414
100 MH:z
*cis-isomer ttrans-isomer

Bridging carbonyl and bis(diphenyl- 495

phosphino)methane ligands 493
T 38°
Bridging carbonyl and 493

bis(diphenylphosphino)methane
ligands. Mixture of isomers
T 38°

Bridging carbonyl and phosphine 5
ligands
100 MHz

Bridging carbonyl and 493
bis(diphenylphosphino)
ethane ligands
T 38°

Bridging carbonyl and 493
bis(diphenylphosphino)
ethane ligands

T 38°
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C;yHFe,- 865 [(A3-CH)Fe(CO)),IP(C(HY),- CDCl, H 4.08 — Bridging carbonyl and 493
0,P, CH4CH4CH4P(CHY),) H' 7-67b, — phosphine ligands
7-38 — T 38°
H” 1-38b, —
0-88b —
C,sH,,Fe,- 866 [(h*-C H,)Fe(CO)},[P(CH;),- CDC), H 4.09 — Bridging carbonyl and 493
NO,P, N(CH4CH{")P(C H}),) H’ 7-48b — phosphine ligands
H” 2-53m — T 38°
HIII _0'05t —_
C.oHy,Fe,- 867 {[h5-C,H (CH})IFe(CO)LIP(C,- CDCI, H 4-13, — Bridging carbonyl and 493
NO,P, H’),N(CH}’"CH)P(C H?),] 4.04b, — phosphine ligands
3-73b — T 38°
H' 1-88, —
1-77, —
1-67 —
H” 7-58b, —
7-47b —
H" 2-49bm —
HY —0-21t —
C,HyFe,- 868 {(h*-C,H,)FelSe(C,H)I(CO), CS, H 5-54 — Bridging Se(C H,) ligands 426
0O,Se, H 5-98 — Two isomers
C,.H,(Fe,- 869 {(h*-C H,)Fe[S(CH)ICO)}, CS, H 4.26* — Bridging S(CH,) ligands 425

0.,

*Stable isomer

1294

ONVIAOW 'V NV SIVD "W "LLOWMOIH ‘M d



CisHyFe,-
0,8,

C;oHsFe,-
0,8,

CaHyoFe,-
0,8,

CaHyFer
0O,Te,

870 {(h*-C,H,)Fe[S(CH,CH})l-
(CO)},

871 {(h*-C H,)Fe[SC(CH}),)(CO)},

872 {(#*-C,HyFe[S(CH)ICO)},

873 {(h%-C,H Fe[Te(C,H,)(CO)},

(i) Tricarbonyl derivatives

CysH, Fey
GeO,

C,4H,,Fe,O,P

C,,H;,Fe,O,P

874 [(h*-C,H,)Fe(CO)l,[Ge(C H,l-
(co)

875 (A5-C,H,),Fe,|P(CH,CH,),)-
(CO),

876 (h%-C,H,),Fe,[P(n-C,H,),-
(CO),

cs,

cs,

Cs,

Cs,

ccl,

CDCl,

cDCy,

4.22%
1.31%,
1.58%
4.32
1-38

4.25%,
420t
1-69q*,
1-89qt
0-72t*,
0.98%

4-39
1-03

4.49
4.03
7.04

5-52
5-89

4-69

4-53

471,
4.45
457,
429

fUnstable isomer
T 32-5° 40 MHz

Bridging S(CH,CH,)
ligands

*Stable isomer

+Unstable isomer

T 32-5° 40 MHz

100 MHz
Two isomers

Two isomers

cis- and trans- isomers
One bridging carbonyl

and Ge(CH,), ligands
T 38°

T 38°

188

425

188

414
425
426

426

497

424

399
424
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H,,Fe,O,P 877 (h-C H,),Fe,|P(n-C H,),l- CDCJ, H 4.74, — T 38° 424
(CO), 4-47 —
C,,H,,Fe,O0,P 878 (h3-C,H,),Fe,|P(CH,),CH,- CDCl, H 4.66, Jpyl-2 T 38° 424
CH,}(CO), 4-18
C,¢H,Fe,O,P 879 (i3-C,H,),Fe,[P(OCH,),]- CDCl, H 4-70, — T 38° 424
(CO), 4-57 — 399
C,H,,Fe,O.P 880 (h3-C H;),Fe,[P(OCH,CH,);]- CDCl, H 4-69, -— T 38° 424
(CO), 4.54 —
C,,H, ,Fe,O,P 881 (h*-C,H,),Fe,[P(OCH(CH,),);]}- CDCl, H 4.72, — T 38° 424
(CO), 4.51 _
C,H,,Fe,O,P 882 (h%-C,H,),Fe,[P(O-n-C H,),]- CDCl, H 4.67, — T 38° 424
(CO_)3 4.52 J—
C,,H,,Fe,O,P 883 (4°-C,H,),Fe,[P(OCH,),]- CDCl, H 4.79, — T 38° 424
(CO), 410 -— 399
C,H,,CL,Fe,- 884 [(h-C,H,)Fe(SnCl,XCO),}- CcDCl, H 4.97, — 399
OPSn {(B-C,HIIP(OC(H;),(CO)} 4.30 Jpy1-3

9t
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CyH,ByFe,- 885 [(A%-C,H,)Fe(CO)N(h*-C H)
o,P Fe[P(CH"),I(CO)}-
(C,H,By)

(iii) Tetracarbonyl derivatives:

C,H,FeO, 886 [(h*-C,H,)Fe(CO),),(1,4-" : k-
CH=CH—CH=CH)
C HFe,0, 887 [(#°-C,H,)Fe(CO)M(*-C,H,-

CH;)Fe(CO),1(14-h": k"
CH=CH-CH=CH)

C,H,Fe,0, 888 [(h*-C,H,CH,Fe(CO),l,

(1,4-h': hi'-CH=CH—-CH=CH)

H 4-98s

H' 4.45d

H" 7-8-7-4m
g +10-5

Not reported )

Not reported

Not reported

Tpul4

J153

C,HB; = 482
BH TH
BH BH
Relative to BF,.OEt, at 32-1 MHz
Fine structure and 499

splitting (Jy10) of the
13C satellites were consistent
with a fluxional process
consisting of 1,3- rather

than 1,2-shifts:
Fe Fe
1 4
2 3
———= Fe— —Fe
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H;Fe,0, 889 {[A*(CH,),CC=CC(CH,),l- Cs, H 1-35s — Bonding interaction proposed 500
Fe(CO),}, between each triple bond with
both iron atoms
C,;HFe,0,S, 890 [(h*-C,H/Fe(CO)}- C¢H, n.a. — C,H, = Norbornadiene 501
[Fe(CO),][S(CH,)], Signals at 6 3-20, 2-86b, 1-11s,
0-74s, 0-60s in ratio
4:2:3:2:3
C¢F, n.a. — Signals at 6 3-70 comp.,
3-42 comp., 1-27s, 1-18s,
1-1lsinratio4:2:2:3:3
CS, n.a. — Signals at 6 3-61t, 3-27d, 1-20s,
1-02s,inratio4:2:5:3
C,,H,,Fe,0, 891 [(A*-C,H,)Fe(CO),l, CDCl, H 4-79 — Two bridging carbonyl ligands 495
493
CDCl, H 4.855 — trans-isomer o 502
H 4.862 — cis-isomer } T-55 503
C,H,Fe,0, 892 {{A4%-C,H,(CH;)IFe(CO),}, CDCl, H 4.55 — Two bridging carbonyl 493
H' 2-05 — ligands T 38°
C,H,,Fe,0, 893 {[h*-C,(CH,),]Fe(CO),}, Cs, H 1-62s — Hexamethyldisiloxane 187
reference
C,¢H,;Fe,0O; 894 [(h*-C,H,)Fe(CO),)- CDCl, H 4-85s — Two bridging carbonyl ligands 466
[(h5-C H,COCH?)Fe(CO),] H/, H!, 5-19t J2
H',H!, 4.85t —
H” 2-53s —

8sv

ONVIQOW 'V ANV SIVO ‘W ‘LLOWMDIH ‘M 'd



C,sH 5Fe,04

C,oHFe,0,Si,

C,6H 4BoFe,0,

[C NHIO-
BrFe,0,]*

[CmHu‘
BrFe,0,]*

[C1Hye-
ClIFe,0,]*

(C¢H\y
CIFe,0,]*

[CMHlo'
Fe,lO,]*

ICmHu‘
Fe,10,I*

895

896

897

898

899

900

901

902

903

{[n3-C;H,(OCH,CH’)IFe(CO),}, CDCl,

{[#3-C H (Si(CH}),)IFe(CO),},

(h* : 15-C{H-C,B o H,,-C,H )-
[Fe(CO),],
{I(r*-CH,)Fe(CO),],(BD}*

{[#5-C,H(CH,)IF(CO),} ,-
(Br)y

{[(#*-C,H,)Fe(CO),](Br)}*

{{[h*-CH (CH,)IFe(CO),},-
(Chy

{[(h*-C H,)Fe(CO),l,(D}*

{{[A3-C{H (CH,)IFe(CO), },-
M}

(CD,),CO
(CD,),CO

(CH,),CO

(CD,),CO
(CD,),CO

(CD,),CO

(CD,),CO

H, H, 457
H_,H, 425t
H’ 4-05q
H” 1.37t
H 4-15t,
4-65t
H' 0-33
H 4.72t,
431t
H' 0-27
H 4-58t,
4-26t
Not reported
H 5-62
H 5-0b
Not reported
H 5-29
H 5-1b
Not reported
H 5-22
H 5-35

Two bridging carbonyl ligands 413

— 1033

— 208

Two bridging carbonyl ligands 350

Tetrafluoroborate 504
Bridging Br ligand
Tetraphenylborate 412
Tetraphenylborate 412
Tetrafluoroborate 504
Bridging Cl ligand
Tetraphenylborate 412
Tetraphenylborate 412
Tetrafluoroborate 504
Bridging iodine ligand
Tetraphenylborate 412
505
Tetraphenylborate 412
Bridging iodine ligand
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
[C,H, FeO,]* 904 {[(h*-CH,Fe(CO),l,(H)}* — H 5-24 — Chloride 1042
H' —26-6 — Bridging H ligand
H,S0, H 524 — Hydrogensulphate 1042
H' —26-3 —
H 5-23 — Trifluoroacetate 1042
H' —26:6 —
C,H,,Bry- 905 [(h5-CH,)Fe(CO),l,(GeBr,) THF H 5-17 — Hexamethyldisiloxane 506
Fe,GeO, cCl, H 5-17 — reference
C,H,Cl;- 906 [(h%-C,H,)Fe(CO),l,(GeCl,) THF H 516 — Hexamethyldisiloxane 506
Fe,GeO, cql, H 5-16 — reference
CHoFy- 907 {[(h*-C;H,)Fe(CO),l,(GeF,) THF H 5-12 — Hexamethyldisiloxane 506
Fe,GeO, CCl, H 5-12 — reference
C,H,/Fe,- 908 [(#%-C;H,)Fe(CO),),(Gel,) THF H 517 — Hexamethyldisiloxane 506
Gel,O, CCl, H 5-17 — reference
C,H,oFe,- 909 [(h%-C,H,)Fe(CO),L,IGe(NCS),] THF H 5.28 — Hexamethyldisiloxane 506
GeN,0,8, CCl, H 5-28 — reference
C¢H,sFe,- 910 [(A*-C,H,)Fe(CO),1,[Ge(CH)),]  CS, H 471 — Bridging Ge(CH,), 507
GeO, H’ 0-89 — ligand
C,sH,oFe,- 911 {(#*-C,H,)Fe(CO),l,IGe(C,H,),] THF H 5-02 — Bridging Ge(C,H,), ligand 506
GeO, CCl, H 492 — Hexamethyldisiloxane

reference

09
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CaoHjyoFe;-
GeO,

C,,HyFe,-
GeO,

CaHyoFey
GeO,
CasH,oFe,-
GeO,
C,¢H cFey
GeO,

CgH,sFey
GeOyq

CsHyFe,-
GeO,S,

CHyoFe,-
HgO,

[C\gH ,Fe,
N,0,**

[CioHisFey
O,P,)*

912

913

914

915

916

917

918

919

920

921

[(h*-C,H})Fe(CO),l,[Ge(C,H,),!
[(#3-C ;H,)Fe(CO),),[Ge(C,H,),]
[(#5-C {H,)Fe(CO),),[Ge(CH}),)
[(#5-C,H,)Fe(CO),],[Ge(C4H,),]
((h-CH )Fe(CO),),-

[Ge(OCH;),]

[(hs‘CsHs)Fe(Co)zlz‘
[Ge(OCOCH}),]

((#*-CH,)Fe(CO),,-
(Ge(SC,H)),]

{(h*-CH,)Fe(CO),l (Hg)

{[(h3-C HYFe(CO),l,-
(CH,Ny

{[(#*-C H)Fe(CO),l,-
[P(CH!),CH,CH,P-
(CHH, 1

ccy,

THF
cal,

THF
THF
ccl,
ca,

THF
ccl,

ccl,

cDa,

CD,CN

CD,CN

T Iz XTI T I LTI I X

= =

o4

5-05
5-05
5.01
5-01
5-05s
6-36m
4-71
4-71
5-07
3.62
5-06s
4.98s
2-31s
5-08
2-79d
1-33t
4.71
4.79

5-89

5-12
7-44

Hexamethyldisiloxane
reference

Hexamethyldisiloxane
reference
Hexamethyldisiloxane
reference
Hexamethyldisiloxane
reference

Hexamethyldisiloxane
reference

Hexamethyldisiloxane
reference

Hexamethyldisiloxane
reference

Bridging Hg atom

Perchlorate
Bridging pyrazine ligand
Reference CH,CN (6 2-00)

Perchlorate
Bridging phosphine ligand
Reference CH,CN (4 2-00)

506

506

506

506

506

506

506

136
508

404

404
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H;Fe,0,P, 922 [(h5-C;H)Fe(CO),l,- CDCl, H 5-62 — 60 and 100 MHz 211
[P(C,HJ),CH;C=CCH}- H' 7-63, —
P(C HY),| 7-58 —
H" 4.03d J6
(CoH,,Fe,- 923 {[(h%-C,H,Fe(CO),;- (CD,),CO H 5.79d Joy 19 100 MHz 494
O,P,|* [P(C¢H,),C=CP(C H,),l}* H 5718 Jpy 1-9 Tri-iodide
Hexafluorophosphate
C,H,Cl 924 [(h%-C,H,)Fe(CO),}*[(h*- CH,CN H 5.75, — — 400
FeO,Si, C,H,)Fe(SiCl,),(CO)I- 4-63 —
(CH),CO H 6-15, —
4-60 —
C,¢H,,Cl| Fe,- 925 {[h*-C;H(CH;)IFe(CO),}H[h*- (CD,),CO H 5-4bs, — — 400
0O,Si, C,H (CH})]Fe(SiCL),(CO)}~ 4.0t, —
375t —
H' 1-7b, —
1-35s —
C,H,,Br,- 926 [(#-C H,)Fe(CO),1,(SnBr,) CDCl, H 5.02 — — 142
Fe,O,Sn
C,H,Cl,- 927 [(h%-CH,)Fe(CO),},(SnCl,) CDCl, H 5.02 — — 142
Fe,0,Sn
C,¢H,¢Fe,- 928 [(A*-C,HFe(CO),ly Cs, H 4.76s — Bridging Sn(CH,), ligand 507
O,Sn [Sn(CH3),] H' 0-59 Jsan 36

[4%4
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[CgHyoFe,-
0‘82]2+

CeH,oFe,-
0.,

CgH oFe,-
N,0,S,

CaHyFey
0O,5n

CiHjoFer
0,S,Sn

C,sHoFe,-
0,S,Sn

C,;H,cFe,-
0,5,

lCBHZZBIS_
Fe,0,1*

[CgHyoFe -
NO,J*

C,,H,(Fe,0,S

929

930

931

932

933

924

935

936

937

938

{1(h5-C,H)Fe(CO),} »
[S(CH,)CH,CH,S(CH,)}**

[(h’—C,l‘l,)Fe(CO);]z'
(S.CH'=CH'S)

[(h*-CsH )Fe(CO),l,-
[S,CA{CN),]

[(hs‘CsHs)Fe(Co)z]T
[Sn(C,Hy),}

[(#*-CH,)Fe(CO), -
{Sn[OS(O)CH;],}

[(h3-CH,)Fe(CO),),-
[Sn(SO,CH}),]

[(#*-CH,)Fe(CO),l,-
[SO,(CH3),S0,]

{i#*-(3)-1,2-B,C,H, [Fe(CO),}1~

{I(#*-C,H,)Fe(CO), }(#*-C;H,)-

CD,CN

cDCL,

(CH,),CO

THF

cDCl,

(CH,),CO

CHCI,

Felh'-CH,CH,N(CH,),(CO),}} *

[(h%-CH,)Fe(CO),),-
(SO,CH,CH“CHJ")*

cDCl,

H
H'

H
H'

H
H'

UB

H'
H”
H'"

5-48

4.45
7-21

5-36s

5-00s

4-91s
7-61 comp.

5-18s
7-73 comp.

5-40s
3.52,

J6

2-69-2-49m —

+20-9d,
9.3d,
—-0-1d

5.05s,
4.96s

5-40s
372t
2-77-2-33
3.38t

Bridging thioether ligand
Reference CH,CN (6 2-00)
Perchlorate

Bridging sulphur ligand

Bridging Sn(C,H,) ligand

Tetramethylammonium
Salt

Chloride

Other signals at 6 4-80, 3-5b,

2.97s, 2-76s, 1-22 comp.

*Bridging ligand

404

509

510

511

512

512

923

7

177

923
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,Fe,- 939 {(A-C,H,)Fe(CO),},(C,(H,N) — H 5-28, — C,H.N, = bridging ligand 194
NO, 512 — CH
W 350, J12 Sel T
2-60t - ¢, Ny,
N
c(eN),
C,H,,Fe,0, 940 [(h*-C,H,)Fe(CO),l,- THF H 4.95s —_— *Bridging butadiene ligand 513
(CH'=CH'-CH'=CH’)* H' 6-24st - 514
515
499

tThe single absorption of the butadiene protons was attributed to an averaging process caused by rapid valence tautomerism involving a cyclobutene intermediate.
Further work has shown that at 60 MHz the single absorption is because of the combination of small chemical shift differences and relatively large coupling
constants. The broadening reported at low temperatures is not the result of a slowing down of the proposed valence tautomerism, but is a reflection of increased
chemical shift difference as the temperature is lowered. The degeneracy of the butadiene protons observed in THF is removed when C,D, or CD,C,D; is used
as solvent, even at 60 MHz, and remains unchanged up to 116°C, showing that the structure is static.

C,oH,sFe,0, 941 {[h*-C;H,(CH,)IFe(CO),},- Not reported — *Bridging butadiene ligand 499
(CH=CH—CH=CH)* Analyzed as an A,B, system
(Jap = 10 Hz)
C,H,,F,Fe,0, 942 [(h%-C;H,)Fe(CO),l,- CFCl, F_,F_; 1453 — CH,CF, = bridging ligand 477
(CH,.CF) F,F_ 1113 —
F_, F_,
—CH, —
F_., F_,

yor
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CyeH,oFsFe,0,

C Z‘H IOFS'
Fe,N,0,

CHy Fe,-
OS

CIGHIBBB'
Fe,O,

C,sH;Fe,0,

943

944

945

946

947

[(h-CH,)Fe(CO),1,(C,Fy)

[(h3-CH)Fe(CO),](C,FsN,)

[(#3-C4H,)Fe(CO),),(C,H,0,S)

[(5-C H,)Fe(CO),1,(1,10-
h':h'-B,C,Hy)*

[h8-C4(CH,)IFe(CO),},

CHCl,

cDCl,

CeDs

F_,F_ 142.9
F_,,F_, 108-4
F 107-5
F’ 141-9
F 89-5
F' 149-6
F" 101-1
H 4.97s
4.92s
H’ 2-64
216
H 5.0
"B +11-6
H 1-58s

J, ;44
J.,281
J,,10.9
J21

Jepr 280
Jgp 2.0
Jep» 30-0

J 160

T 35°

C,,F, = Bridging ligand

F F F' F
~{By—ch-
F F' F' F

C,oF¢N, = bridging ligand
F F

/v F F
C.H,0,S = bridging ligand

CH o)
/Y \ 2 //
C I
V4
__>C\
CH,-
*Bridging ligand

Relative to BF,.OEt,

C«(CH,) = hexamethylbenzene

244

479

248

163

483

516
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TABLE VIlI—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(iv) Pentacarbonyl derivatives:
C,,H,Fe,O,P 948 [(h’-C;H,)Fe(CO)I[Fe(CO);l- CDCl, H 4-87 — *Bridging ligands 517
[P(C,H,),]*(CO)*
C,H,Fe,- 949 (2-h':1,2,3-h3-C,;H,)Fe,- — n.a. — Signals at 6 3-55, 1-27, and 288
O,P, [P(C¢H,);1,(CO)s 1-13inratio 2:1:1
CH,Fe,0; 950 (CH,=C=C=CH,)Fe,CO), — n.a — Butatrienediiron pentacarbonyl 518
Signalsat 6 4-78 and 4-15
C,:HFe,0, 951 (1,2,3,4,5-4°:1,5,6,7,8-4-CyHy)- — H 4.67s — *Bridging carbonyl ligand 519
[Fe(C0O),l,(CO)* The complex shows rapid valence
tautomerism
C,,H(Fe,0, 952 {1,2,3,4,5-h%:1,5,6,7,8-h- — — — *Bridging carbonyl ligand 362
2,4,6,8-C4H,(CH,),J- Signals at 6 4-31 and 2-10
[Fe(CO)Z] z(co)'l
C,,H,¢Fe,O; 953 (4*:h%-C,H,()[Fe(CO);)- — n.a — Proposed structure: 362
[FC(CO)zI

(CO),Fe —Fe(CO),

Signals at 6 2-40, 1-95, 1-85
1-72,and 1-50

99
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C,;H,Fe,0;

C,sH,;Fe,0;

C,4HoFe, O,

CH,,Fe, 04

CoH,,Fe, 0y

954

955

956

957

958

(W-CH)X1-h': 1,2-H-CH' =
CHY)[Fe(CO)I[Fe(CO),}(CO)*

(W3-CHX1-A':1,2-h22-CH'=
CH"C H}")[Fe(CO)][Fe(CO),)-

(coy*

(B-CH,X1-h':1,2-h%-2-CH'=

CH”"COCHY")[Fe(CO)|-
[Fe(CO);)(CO)*

(A-CH X1-R':1,2-R2-2-CH'=

CH"COCH!")[Fe(CO)I-
[Fe(CO),KCO)*

(h5-C JHX(1-h':2,3-h2-3-

COCH'=CH"CH}")[Fe(CO),]-

[Fe(CO),l

(v) Hexacarbonyl derivatives:

C HAs,-
F Fe, O,

959 {1,2-h*-1,2-1As(CH;),),-3,3,44-

C.F IFe(CO),l,

cpCl,

cDcy,

cDCl,

CDCl,

cpcl,

(CD,),CO

(CH,),CO

H
H ”syn

LA
anti

H’
H"
H"

H'
H”
H"

H!
H”
H'"

Hl
H"
H'"

I9F

5-00
10-91
2.22
1-70

5-08

110
3.28
7-08-7-34

5-05
11-34
2:20
1-93

509

11-60

296
~13

5-07
5-55
3-42
7-31

2-45s,
1-16s
94.74,
96-67,
107-1,
109-1

Jamr 13
Jynr 11-8
Juryr 1-4

Jrne 12:0

*Bridging carbonyl ligand
Hexamethyldisiloxane
reference

*Bridging carbonyl ligand
Hexamethyldisiloxane
reference

*Bridging carbony] ligand

Hexamethyldisiloxane
reference

100 MHz

*Bridging carbonyl ligand
Hexamethyldisiloxane
reference

Hexamethyldisiloxane
reference

223

223

520
223

223
520

223

521
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TABLE VII—cont.

89

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C, HyF,- 960 {1,2-h*-1,2-[P(CH,),),-3,3,44- (CH,),CO “F 86-95, — 521
Fe,O(P, C F Fe(CO),l, 8888, —
103.9, —
105-9 —
C;H,F,- 961 {1,2-h*-1,2-[P(CH,),],-3,3.4,4,5,5- (CH,),CO “F_,, 70-35dm, J242 521
Fe,P,0, C.FFe(CO),l, F_ 99-98dm J 240
YF_,  112-4dm, J 236
121-74t J6
C,H¢Fe, 04 962 (1-h*-CH,C=0),[Fe(CO),l, CDCl, H 2-82s — Proposed structure: 270
(CO);Fe Fe(CO),
CH,
(IZ (o)
CH,
C,;H, Fe,- 963 (h3-C;H,)[Fe(CO),lFe(CO),l- CDCl, H 5.04d Jpu 1-2 *Bridging ligand 522
o,P [P(CH),)* 517
CH, Fe,- 964 [(h5-C H)Fe(CO),(p- CDCl, H 4.58 — 984
0,5, SCH,CH)), H’ 2:24 — Isomer I
Cs, H 4-40 —
H' 2-19 —
CcDCY, H 4-13 —
H’ 2-30 — Isomer I1
CS, H 3.98 —

H’ 2.27 _—
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C 2H lst‘
Fe,0,S,

CyHyiFe,-
0.,

C,sHy Fe,-
0,Si,

CaoH cFey-
0,Si,

CyoHasFey-
0O,Si,

CoH oFe; 04

C,H,Fe,0S

965 [(#*-C,H,)Fe(CO)),(p-
SC,H,F),

966 [(h5-C H,)Fe(CO)l,(p-
SC,H,0CH}),

967 [Fe(h*-C,H,XCO),],ISi,(CH}),]

968 {[Fe(h*-C;H,XCO),l,[Si-
(CHY,1L,HC,HY

969 [Fe(h*-C,H,XCO),L,ISi,(CH;)]

970 (1-h-C{H,C=0),|Fe(CO),],

971 (1-A':12-h*-CH=CH})-
[Fe(CO),),(CH,S)*

cDCl,
Cs,

cDCl,

cs,

CHC,

cpCl,

cDCl,

C5HIZ

cDcl,

L4

H syn
r

H anti

4.59
4-42

4-17

4.79s
0-45s

4-50s
0-32s
0-86s

4-78s
0-52s,
0-30s

6-65

8-16
3-81
2-85

Isomer I

Isomer I1

Isomer 1

Isomer 11

Structure analogous to that
above

*Bridging ligand

984

984

983

983

983

270
1008

201
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,HFe,08 972 (1-k':1,2-h>-CH=CH;)- CDCl, H 816 — *Bridging ligand 201
[Fe(CO),1(CH}=CH"S)* Hy, 3.82 —
Honi 2-78 —
H" 5.-70 -—
C, HFe,0S, 973 [C,H,S(CH;S)][Fe(CO),l, CDC), H 6-93 — Structure: 201
H' 634 —_— Hu HHI
H" 5-02 — H \_'_/
H" 8-85 — H
Fe(CO), “Fe(CO),
N S
H
C,H Fe,0S 974 (C HS)Fe(CO)l, CDCi, H 6-95 — Structure: 201
H’ 5-40 — ’
H H ”
H” 8-90 — H \\/l.l
]
Fe(CO); ~Fe¢(CO)
H é / 3
H
C, H,;Fe,NO 975 (CH,N)[Fe(CO);], CCl, H 7-55m — Structure: 524
H' 4-04s —_— H
H" 2-84s — M H;
\/\T —CHY
H Fé_“Fe¢(CO),
H  (CO)

T33.5° 40 MHz

oLY
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CisH,,Fe,NO,

C,oH ,;Fe,NOg

C;oH ,3Fe,NO,

976 (C,;H,,N)Fe(CO)l,

977 (C,4H,;N){Fe(CO),],

978 (C,H,;N)[Fe(CO),],

ccl,

ccl,

ccy,

H”

H'
H”

7-55m
4-41s

7-55m
4.25q

1-20d

7-45m
4-32s
2-45s

— Structure: 524

H
CHj
H : \N*CGHS
H \ ~
Fe——Fe(CO),
H  (co),

T 33-5° 40 MHz

— Structure: 524
— CHY,
H J
CH’
H TSN—C,H
H Ny
Fe——Fe(CO),
H (CO),

— T 33.5° 40 MHz

- Structure: 524
CH}
2\N~c H,
CHj Fe——-Fe(CO),
H (CO),

T 33-5°40 MHz
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TABLE VIl—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CyH,;Fe;,NO, 979 (C,H,,N)IFe(CO),l, ccl, H 7.65m  — Structure: 524
H' 4.40s —
HZ
]@E( 2 @
Fe(CO), H
H (CO),
H” 2.32s — T 33-5° 40 MHz
C,,H,,ClFe,- 980 (C,;H,,CIN)[Fe(CO),], CDCl, H 7-10m — Structure: 524
NO H' 4.46s —
Cl
H” CH;
T N—CH,
H
Fé——Fe(CO),
H (CO),
H” 7-90m —_ T 33.5° 40 MHz
C,,H,,Fe,- 981 (C,H;N,)[Fe(CO),], — H 7-12, — Structure' 388
N0, 7-36s, —
7-58, — N—-CH
8-07d —

H (CO)\Fe(CO)J

wy
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Cleu‘
Fe, 0,8

C27H|9'
Fe,O,P

C,HgFe,04

C,;HgFe,0,

C,,H,;Fe;,NO,

982 (C,sH,,0,8)Fe(CO),1,

983

984

985

986

(1,2,3-h*:2-h-C,H )| Fe(CO), -
[Fe(PPh,XCO),]

(K*: h1-C H,CHCH,)[Fe(CO),]-
[Fe(CO),]

(h*:k'-1-C,H,CH'OCH)
[Fe(CO),I[Fe(CO),1

[h?: B-CH,N=C=C(C(H}),l-
[Fe(CO), ],

CDCl,

CeDg

H'
H”

H

H'
H"
H"

n.a.

4.39s — 100 MHz
7-73s —

6-28, — Structure: 525
667, I "

720,  — QeHs

7-63 — H H
3-70s —

5.43 — H H

3.83 — H .,
- CH

s
f \
CH;0 Fe/\\Fe(CO),
H (CO),

2-22, — — 288
3.48

— Signals at 4 1-02d, 1-75q, 351
2:75m, 3-09m, 3.64m in ratio
3:1:1:1:2

3.69 — — 526
4-95 —
4.42 —
496 —
3-42s —

2-34s — 100 MHz 527
7-70d, —
7.20m, —
7-Om —
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No Compound Solvent & (ppm) (Hz) Remarks ences
C,,H,Fe,0, 987 (1,2,3,4-h*:1,4-k>>CH=CH— cDCl, H_,H_, 678 - — 201
CH=CH)IFe(CO),], H,H_, 631 —
C,H,,Fe,0, 988 [1,2,3,4-h*:14-h%-C(CH;)= cDCl, H 2:26s, — — 341
C(CH,)C(CH ;=>C(CH,)]- 2-06s —
[Fe(CO);],
C,sH4Fe 0, 989 (1,2,3.4-k*:1,4-h%-CH,0,CC=  CDCl, H 3.74 — - 201
CH'-CH'=CCO,CH,)- H' 6-54 —
[Fe(CO);l, C.F, H 3.82s — — 528
H’' 6-64s —
C. H,Fe,0,, 990 (1,2,34-h*:14-h-CH,CH;O,- CDCl, H 1.28 — — 201
CC=CH"-CH"=CCO,CH;- H' 4.20 —
CH,)[Fe(CO),}, H” 6-55 —
C,H(Fe, O, 991 (1,2,a,3-h*:2,3-h-1-CH,CH,= CDCl, H_, 7-66d J34~85 100 MHz 529
CHjp)[Fe(CO),l, H_, 6-97m —
H_, 7-29m Js68:4
H_, 7-80d —
H_, 7-10d Jop 58
H_p 6-64d —
C,,H,Fe,O 992 (1,2,3-h*:2,3,4-h*-CH,=C= Cs, H 4.70d, J1.8 *The four carbon atoms of the 319
C*=CH,)IFe(CO),}, 4.04d — triene are no longer linear 530

LY
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C,H,,Fe,0,

C,,HFe,Oq

993

[1,2,3-h°:2,3,4-h%- (CH}),-
C=C*=C=C(CH,),|[Fe(CO),],

994 (h*: h>-C Hy) Fe(CO);l,

Cs,

cal,

2-14s,
1-96s

1.66d

Fe—Fe

(CO), (CO), \ //

319

T 35° 531
532
CH, /(/:Hz
\C___Cl

H’& }(CH2
CH, CH,

CHK\ / CH,
Fe—Fe
(CO), (CO),

The separation of the 2 peaks

(0-07 ppm) decreases as the
temperature is lowered and
becomes a sharp singlet at
—10°. The 2,2'-bis-n-allylene
structure would give two singlets
corresponding to the syn- and
anti-protons with a separation
of ~1 ppm. It is therefore
assumed that valence
tautomerism occurs rapidly, even
at —10°, thus averaging out all
the protons. The calculated
chemical shift based on this
assumption is 1-65.
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TABLE VII—cont.

Ph

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,Fe,Of 995 (K :h3-CH )Fe(CO),l, CDCl, H, 4-43d — }‘l H\ 533
H 2‘25t h— C HII!—C C C HIII
H” 2-79d — /’/
H" 7-22s —
H’ ?«FC—FCX '
\ (CO)J (CO):/
100 MHz H” H”
CDCl, H 3.-60 — H H”
H 271 — —— N
H 3.23 — CH—R ¢—H
H 7:22s — )C—-—C/’\
H —C Fe—Fe N —C,H!"
\ €0 (coy, [
H” H
Both isomers derived from
1-phenylallene and Fe (CO),
CyH (Fe, 0,8 996 h°:A-C(H,C=C(C,H,)=Sl- CDCl, H 2-84s, — Structure: 534
[Fe(CO),l, 2:90m — Ph
A8
fi<_
(CO),Fe< |——Fe(CO),
C
4

oLy
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C,;HgFe,04 997 (1,2,3-4%:4,5,5-1°-C,Hy)- — H ,H, 27m — 1,2,3-trihapto-4,5,6- 535
[Fe(CO);l, H.,,H_; 42m — trihaptocyclohepta-1,3,5-
H;H, 51Im — trienediiron (Fe—Fe)
H_, 3-0Om, — hexacarbonyl
2:2m — The n-electron system is considered
to be divided into two adjacent
allyl groups, each of which
forms a m-complex with one
of the iron atoms. The complex
is not fluxional, the spectrum
being unchanged down to —100°
C,,H, Fe,0 998 (1,2,6-h%:3,4,5-h>-C4H )- CHCLF H_,H, 263 — cis-1,2,6-trihapto : 3,4,5- 536
[Fe(CO),l, H_,,H_, 387 — trihaptocycloocta- 1,3,5-triene- 535
H_;,,H, 449 — diiron hexacarbonyl. In contrast 803
H,H,, 192 — to the above complex this is
1-48 — assigned a skew structure which

rapidly oscillates between the
two enantiomorphic forms:

(CO),Fe——Fe(CO),

(CO);Fe— Fe(CO); (CO),Fe— Fe(CO),
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CH,Fe,NO, 999 (CHXCN)[Fe(CO),l, — Not reported — 536
C,.H,Fe,N;O, 1000 (CHy)(N,)[Fe(CO);l, — Not reported Neutral azide complex 536
[CoH - 1001 {(C4H,XC H,N)[Fe(CO),],}* — Not reported A fluxional molecule giving a 536
Fe,NO,]* non-averaged spectrum at
—20°. {BF,]~ salt
IC;y,H,,- 1002 {(C H)P(C¢HJ),l[Fe(CO),), ) — Not reported More rigid than the pyridine 536
Fe,04P]* adduct and shows a
non-averaged spectrum at 37°.
[BF,} salt
C,HFe,0O, 1003 (1,2,6-#°:3,4,5-1>-C.H,)- — na C;H, = cyclooctatetraene 519

[FC(CO)J ] 2

Signalsat 6 5-8,4.6,4-1,2-5, of
equal intensity

Structure originally proposed was
the 1,2,3-A%:4,5,6-h*-isomer,
viz.:

(CO),Fe—Fe(CO),

in equilibrium with the cis-h*: h*
isomer (see 1004)

8Ly
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C,HsFe,04

1004 (1,2,3,4-h*:5,6,7,8-h*-CyHy)-
[Fe(co)3]2

The structure now regarded as
most likely is that of the
1,2,6-h:3,4,5-h*-isomer, viz,:

(CO),Fe—Fe(CO), 535
1040
by analogy with CgH,,Fe,(CO),
(see 998) and CyH Ru,(CO),
n.a. — cis-isomer, viz.: 519
(CO),FeOFdCOL
Signals at § 5-0,4-0
n.a. — trans-isomer, viz.: 519

(CO),Fe
TFe(CO),

Signals at 6 5-8,3-3
All three of the above isomers
were obtained by the action of
Fe,(CO), on cyclooctatetraene
“Wide-line” NMR measurements 537
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent & (ppm) (Hz) Remarks ences
C,gH,cFe, 0 1005 [A%:A43-1,3,5,7-CH(CH;),J- CDCl, n.a — Structure originally proposed was 362

[Fe(CO),l,

(1), but by analogy with
cyclooctatetraene derivatives
it could well be (II), viz.:

(CO),Fe

@

Fe(CO),

(CO),Fe—Fe(CO),

an

Signals at 4 5-32,4.97,4.16,3-80
(integrating to one H each) and
2-17,1.89,1-68, 1-61
(integrating to three H each)

08y
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C\sH,oFe, 0,

C, H¢Fe 0,

1006 (h*: h3-C,,H,)IFe(CO),],

1007 (k*-C,H O)Fe(CO),),

cs,

ccl,

H'
H"
HIN

4.52dd,
4.30dq,
2-91d
6-83

3-13s
4.05d
3.30m
551m

J2,4
J2,4,9
J9

Jy'ur 6-5
Jyeu~ 9-0
T 11

trans-isomer of above
Signals at 6 5-15, 2-85, 2-24,
1-7l,inratio1:1:3:3

Structure:

(CO),Fe —Fe(CO),
H uH

) @ ‘ i
H H'
H H W

Structure:

(CO),Fe
HIII HIII

H” 0 H"”
H' H’

Fe(CO),

362

380

373

or

(CO),Fe—Fe(CO),

O
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TABLE VIl—cont.

Formula

No. Compound

Solvent 4 (ppm)

Coupling
constant
(Hz)

Remarks

Refer-
ences

C¢HoFe,0;

1008 (#5-C, H,)IFe(CO),1,

— Not reported

Jl.lo:‘-’x,no
Jig=J115
Jr39-5
J6s2-0

-,7.9 =l l3
Jo102'5

Jlo‘n 59
J“.IZ 25
J(PC—H,) 155

Structure:

or

538

(414
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C1H 2 Fe,04

C.H,Fe, 0,

1009 (h?:h*-C,H,,1[Fe(CO),1,

1010 (CgH,)Fe(CO)4l,

(CD,),CO

cDay,

H,
Hy

H

H’
H”

7-70m
7-45m
5.25s

2~92d,}
0-80d
1.77s
7-40m

J3.75

Structure:

(CO);Fe—Fe(CO),

Naphthacenediiron
hexacarbonyl

Structure:

Fe(CO),

N,

CHZ;\\C/CH'C

)

,
.

¢
\ N

CGH'QCH'/ CHM,
~=Fe(CO),

"
ﬁH 5

Ancipital co-ordination. The
central double bond participates
in a bonding interaction with
both iron atoms, utilizing both
sides {(+) and (—)] of the
pre-orbital. The inert gas
structure for both iron atoms is
not realized simuitaneously

365

533
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,sH,,Fe,04 1011 (h*:h*-CyH,,)[Fe(CO),l, CDCl, H 6-14, J9-5,30 ) Isomer I: 850
585 J95
Hspn 4.15, J25 Fe(CO);
4.02 J25 CH" ) CH"
o ~58, — ’ oM~
~56 _
Hl
H" 55-4.8 — C}ll é__ s
comp. J 2\ /P, \Hz;nri
Fe '
©oy
H;.),n anti
CDCl, H 6-23d, Jpem 9-0 Isomer II:
5-45d
Hy,  ~5-6d, Joem2-5 HY W
~5.5d (I: ' syn
Hini 7-20d, Jgem2'5 '”/ N CHZ C
7.06d l'lanli }C/ \C/ \Hanu
H” 4.37d, Jeem14.5 H{mu\c, | l
4.27d C )
x He i
Hy,  ~43, — o Fe—cu; e
~3.95s — " (CO), ,‘{
H: ~5-15, —_ svn
~4.75 — Fe

1£}1%
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C,HoFe, 04

1012 (h*: k*-CH, )| Fe(CO),),

CDCl,

CeDs

H
Hgp,

r
H anii

H "
"
svn

ne
Hmui

H'
H”
H'"

H’
H”

H"
HlV

5-27s
5-62d,
5-30d
7-35d,
7-26d
3-43d
5-50d,
4.26d
5-50s,
5-02d

5-21
1-47
0.05
—0-13
2.03

5-41
1-41
0.07
—0-25
1-74

'{gem 2.4

Jem2-4

Junig, 24

J44

Isomer I11:
Fe(CO),  Hg, Hn
,I *liém
e t
(i "
C
PR /C SH,
C/ \CH"—C/\ anti
| Fe(CO)
fin C ,
CHJ/ \C -~ Han/i
!
H;,,
Two diastereoisomers of 303
structure:
Isomer I
H'\C=C/H H\C=C/H'
H,,/ \ / \Hu

C—C
HIN__C C_H "e
\ /

Fe(CO), v Hv Fe(CO),

Isomer 11

60 and 100 MHz

The isomers have identical spectra
in solvents other than benzene
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C, H,,Fe,0, 1013 (h*: h*-C, H,,0)[Fe(CO),], CSs, H 2-47d — Two diastereoisomers, having 319
H’' 0-50d — identical spectra in solvents
other than benzene, of structure:
H 0-48dd Jyry 2-5
H' 1-93d Jyeuv 7 H O H
H v 6-1m JH"H'V 9 (|: " é
Juv 1-5 w NN
(CO);Fe—— | é Fe(CO),
H”. = H”
c” N\ v /IV\C/
H H |
H”l HMI
CDg H 2:22 — Isomer I 303
H’ —0-05 —
H” —-0-03 —
H" 1-40 —
HIV 572 —
H 2-31 — Isomer 11
H’ 0-03 — 60 and 100 MHz
H” 0-03 —
H" 1-45 —

HIY 5-67

ONVIAOW 'V ANV SIVD ‘W ‘LLOWMDIH "M ‘d
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C,sH\oFe; 0,

C,H,,Fe .0,

1014 (h*: h*-C,H,,0){Fe(CO);,

1015 [A*4*-14-C{H(CH=CH)),}-
[Fe(CO), 1,

cpel,

H

H’
H"

HIII

2-41dd

0-23dd
0-54dd

2.01dd

5-98dddd
6-20dddd
5-55dddd
2-14ddd
0-94ddd

1.69dd

JHH2 4 Structure: 303
Juuv 17 H [s]
w09 Cl g H'X
S e TN e Fe(CO),
Jwn 98 o) Fe | \
Jyrny 7-3 /C N /HVHI
"
H \C/ \H“’ H/V C=C gVl
H" J‘VI
— 60 and 100 MHz
Juva* 7-8
Juvipx 0-8
JHVHVI 5.0
JHVIHVH 70
Jyvpve 11
JHquvm 3.0
JHvva 11
Jyvigvit 9.5
— NMR data indicates structure 1043
(D) not (I1)
“
———Fe(CO), Fe(CO),
—__Fe(CO), (CO),Fe
™
1)) I
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TABLE VII—cont.

88y

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences

C,H,,Fe,0, 1016 (0,1,2,3-h*:4,5,6,7-h* CDCl, H_, 7-425 — 7-Phenylhepta- 313
O=CH-CH=CH--CH= H_, 55-59m — 2,4 6-trienaldiiron
CH—-CH=CH--C H})- H_, 8-70 Jya 1l hexacarbonyl
[Fe(CO),], H_, 7-75¢ Jya=Jy 585

H_,H,, 5559m —
H_, 2-59d Jo19
H' 2-78bs _
CooH, Fe,0, 1017 (0,1,2,3-h*:4,5,6,7-h* CcDCY, H,, 7-42s — 7-p-Tolyhepta-2,4,6- 313
O=CH-CH=CH-CH= H_, 5-47-5-87 — trienaldiiron hexacarbonyl
CH--CH=CH-p-CH,CH,) H_, 1-25dd /., 8
[Fe(CO),), H_, 2:42t J3.9
H  H, 547-587 J,9
H_, 2-20d Jeq.8
{CyoHyy 1018 {[A*-CH,CH'=CH"—CH"'= CD,0D H 1-50 — Two diastereoisomers of the 309
Fe,NO,I* CHIV—CHY(CHYY)-1,NH}- H' 2-39 — hydrochloride

[Fe(CO),),, HCI H" 5.44 —
H"” 517 — Isomer |
v 2.07 —
HY 2-70 — 100 MHz

HY! 1.38 —
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H 1.49 —

H' 2.38 —
H” 5-50 —
H'" 5.22 — Isomer Il
HY 2-10 —
HY ~2-6 J—
HV! 1-28 —
C,,H,Fe,0, 1019 (#*:h*-C;H,,O)[Fe(CO),l, CD, n.a. 2,3,4,5-Tetramethyl-6,7- 539

dimethylenecyclohepta-2,4-
diene- 1-one diiron hexacarbonyl.
Signals at § 1-64d, 1-50d, 0-64s
(CH, protons in ratio 1:1:2,

J 2.4 Hz), 2-08s, 1-03s,

0-78s, 0-55 (CH, protons)

CHFe,0, 1020 (1,2,3,4-h*:7,89,10--CoH,0 CDCl, H,.H, 38 — Octahaptobicycloi4.2.2]- 540
[Fe(CO),), H,H, 30 — deca-2,4,7,9-tetraenediiron
H,H, 54 — hexacarbony!
H_,,H_
3.5 —
H_,H_ 10}
C,¢H,,Fe, 0, 1021 (h*: h*-C,H )IFe(CO),l, Cs, H_, 3-87 Jig15 Structure: 541
H_, 4.85 _
H,H, 46 - (CO),Fe A
H_, 2.87 J 115 ’
' 8
H_g 1-42 Jer 15 \Fe(CO)z
H_, 3.32 Jig 15 ,/
H_, 3-71 —_ 3

H 4 H , 305 — 100 MHz
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TABLE VIi—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CH(Fe,0, 1022 (A*:h*-C  H, M Fe(CO),l, CHCI, H_,H, 28Im Ji2 51 Structure: 542
H,H, 362m —
H ,H, 520 Jas=Jus
H_ ,,H_;, ~44
H,,
H 0-81 Jr10="Ts.10
=14
C,¢H Fe, 0 1023 (h*: h*%-C, H,,)|Fe(CO),l, CD,Cl, H,H,, 296 Jy410:0 Structure: 543
Js.10 10-0 10 Fe(CO)
H_, 4.81 J,,7-0 3
7,280 (CO),Fe
H_, 4.34 J347-0
H_, 4.71 J, 580
H_ ¢ 4.81 Ji6 70
H_, 4.34 Js.,8-0 2 1
H_, 4.71 Jis7:0 Reference CH,CI, (6 5-3)
J,s80
H,H_,, 1.92 — 100 MHz
C,¢H,,Fe,0, 1024 (k*:h*-C,,H,,0)[Fe(CO),l, — n.m. —_ C,,H,,0= 544

X
0
>

06y
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C,H,,Fe,0, 1025 (h*:h*-C,,H ,0)[Fe(CO),], cpcl, H 2.98b — Structure: 395

2-84b —_
H' 5-33-5-15m—
H” 2-68b —
(CO),Fe
H" 4.87-4.55* J 11 *AB quartet
C,,H, Fe,0, 1026 (1,2,3,4-h*-5,6,7,8-h* — n.m. — C,¢H,, = 9,10-dihydro-2- 1049
C,H,)[Fe(CO);1, phenylnaphthalene
CH,,Fe,0; 1027 (A*:h*-C,H,)[Fe(CO),l, — H 1-72 — Structure: 358
H’ 2.92 —_
H” 5-18 —
H'" 1-10 —_
C,H,Fe,0, 1028 (h*:h*-C\H,)IFe(CO),], cDCl, Ha 5.44 _ 363
Hs 3-34 —
Hc 1-67 —
Hp 2.66 —
——F¢(CO),
C,,H,(Fe,0, 1029 (h*: h*-C,H,,)|Fe(CO),l, CS, Ha 5.2 — Structure: 363
Hs 32 —

B B
Hc 265 — AL DD CRx A
o 15— o ][] Fe(CO)
A T DDA
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C, HFe, 0 1030 (h*: h*-C,H)Fe(CO),), CCl, H,H, 383 J(**C,—H,)188-8 Structure: 545
H_, 379 J(PC,—H,)187-4
Fe(CO),;
C,sH,Fe, 0, 1031 (b*: h*-C,H,)IFe(CO),, SO, H 5-33s — Structure: 546
H' 5-60s — T 40°
H" 7-26s —
H CH} H
H’ H H H'
Fe(CO), Fe(CO),
H 5-37d,
5.23d } 79
H' 562s —_ T —50°

H” 7-23s —

(4414
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C,H/Fe,O,

C 1 BH ZOB 10°
Fe,04

1032 (A*:h*-C (H,) Fe(CO),l,

1033 (K*:h*-C,,H, B,o)(Fe(CO),],

CHCI,

H'
H”

H’
H”

H
H'
H"

5-24s
5-67s
1-72s

5-34d,
5-22d
5-57s
1-70s

5-58
314
311

— Structure: 546

— T 40°
— (I:Hg
H CH H
H H H H’
Fe(CO), Fe(CO),
J9
. T 10°
— Carboranylene-bis- 350
— cyclopentadienediiron
- hexacarbonyl
Structure:
H C ZB IOH 10 H
- Tl H” H
H' H'
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Soivent 4 (ppm) (Hz) Remarks ences
C,H,,Fe,0, 1034 [A*: h*-CH,=C(CH,)CH,- CDCl, H 0-32d Joren 2.3 ) Two isomers:
(CH,)I[Fe(CO),), H' 1-64d HH" &
H” 2.07s —
H" 1.57s — \
H_, 1-72bs —
H_, 5-97d Jys4-5
H_, 6-45dd  J;,6-5
H—b 365bd - 7
H o2id] Fe(CO);
H’ 1-57d HH'
H” 2-10s — CH!"
H'" 2-58s —_ (CO)3FC 33 2 CH';
H_, 3-70bs — r 1 ,
H_, 6056d  J, 6.0 ‘ NH
H_, 3-30dd Jy 651 5 6 H
H_ 1-89bd — )
Fe(CO),
C;H,CIFe,0, 1035 [h*:h*-CH,=C(CH,)C(H,Cl]- — H 0-13 Structure:
(Fe(CO),l, H 1-56 } w24 Fe(CO)
H” —_ 3
H, 347 J.36'5
H_, 6-64 J352-1
H_ 3.67 Js65-3
H 1.74 o615

1414
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C,H,Fe,0,

C3oH,;Fe,0,

C1As,Fyy-
Fe, O,

C,;H,,Ge;-
Fe,O,

C,oH,FFe,-
O,P,

CyoF2oFe,-
O,P,

C,H,sFe,-
0.S,

1036

1037

1038

1039

1040

1041

1042

(*-C H)(1-h'-2,3-k>-COCH'=
CH%)IFe(CO),l[Fe(CO),]

(h’-C5H5)(]—h .2,3-h*-COCH'=
CHYC H!")[Fe(CO),)-
[Fe(CO),]

|Fe(AsC F,),(CO),),

Fe,|Ge(CH,),1,(CO),

{Fe(H)IP(CF,),](CO),},

{FelP(C(F,),[(CO),},

[Fe(CH,),CS(CO);],

cDCly,

CDCl,

CHCJ,

CHCJ,

H 4-90
H' 3.95
wis 2-19
Hl"rans 2:57
H 5-00
H' 4.74
H” 4.74
H'" 7-14-7-70
F_, F_, 122:0
F_,F_, 1574
F_, 146-2
H 1.28
H —5-82t
F ~105-8*
H —5-60t
F —144.4%,
—106-6
F_,F_ 1238
F_,F_, 1588
F_, 147-4
H -38,
1.28

Junr 70
Jynr 14-5
e 147

Jpu55-0,1.0
|Jpp 175

Jend1-8 }

Jpudd 7 }

JeF 8-5

Reference hexa-
methyldisiloxane

trans-H
*Relative to CF,

cis-H
*Relative to C,F

Two isomers

223

223

130

548

549

130

188
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(vi) Heptacarbonyl derivatives:
C,sHyoFe- 1043 {h*-C,F[P(CsHp,l, - (CH),CO F 99.4d, 7264 Structure: 550
Fe,0,P, [Fe(CO),lIFe(CO),] 110-9d Fe(CO),
106-8d,
111-4d J272
124-4d F
’ J238 P ?
12 -6d}
’ (co).x=e<C6Hs)z F,
F,
(CHy),
CoH.Fe,0, 1044 (2-h-1,23-K-CH;=CCH)  — H 3-77s, — T - 67° to +70° 288
[Fe(CO),][Fe(CO),] 2.40s —
(vii) Octacarbonyl derivatives:
C,H¢Fe,0, 1045 Fe,(CHCHXCO), CccCl, H 6-96s — — 986
H' 7-25m —
(CD,),CO H 6-98s —
H' 6-65 —
C,;F¢Fe,04 1046 (h?:h2-C F)Fe(CO),l, — — — Hexafluorocyclopentadiene 551
C,,H,Fe,- 1047 [A?*: B>-C H(OCH;CHY),l- C.H, H 4.45* — 1,1-Diethoxycyclopentadiene 413
O [Fe(CO),l, H' 4-5m — *Centre of AB quartet
H” 1-1t —
C,HgFe,04 1048 (h?:h*-CH,)|Fe(CO),l, C.D, na. — Spiro[2.4]hepta-4,6-dienediiron 351

octacarbonyl. Signals at 6 1-32¢,
2-43t, 3-95t,4.22t,in ratio
1:1:1:1

96v
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C,¢H,,Fe, 04 1049 (h%:h2-C4H,,)[Fe(CO),l, — n.a. 1,5-Cyclooctadiene- 281
diiron octacarbonyl
Signals at 6 3-7m, 2-7m, 1-8m
(integrating to 4H each)
C,,FsFe, 04 1050 (h?:h2-C F()|Fe(CO),l, CHCl, F 1556 Structure: 240
F’ 135-8 F F F
(CO),Fe Fe(CO),
F F F
C,.HoFe,- 1051 [(CH,),SiFe(COH)CO);], — H 0-30 552
O,Si,
C,oHj6Fer- 1052 {(CH,),SiFe[COSi{CH,),]- — H 0-34, — 552
O,Si, (CO);}, 0-27
(b) Triiron complexes
C,,H,;Fe,;NO; 1053 (h*-C,H,),(CH;NCO)Fe{(CO), CS, H 4.85*%, Structure: 198
4.48% @
I
CO —l|7e—CO
CH,
L.
|
C
RO a°
\ o—/
cO
cO
H' 3.07 *In ratio 1:2
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H, F s 1054  [(h'-C,F,)Fe(CO),l,- — F 78 4, — —_ 269
Fe;NO, [Fe(N,C,H,);] 114.6, —_
617 —
C,,H,,As,- 1055 [A':h*-C,F,As(CH,),]- CHCI, n.a. — Structure: 550
FFe, 0, [As(CH,),lIFe(CO),l, (CO),Fe As(CH,),
(CO), F;
Fe ‘
F
(CH ,),AS\J:e 2
(CO),
Signals at & 1-05s, 1-56s, 1-70s,
2-15s (integrating to three H
each). The F NMR spectrum
showed eight signals each
consisting of 4 lines at 93-6,
98-7,99-1, 101-2, 101-8,
104.0, 105-2, and 107-6 ppm
relative to CFCI,
CyHFe,0, 1056 (h?:h>-CH,C=CCH,) CSs, H 73.68 — Structure: 926
|Fe(CO),), 5.9 Fe(CO),
Ph
\C
—
(CO),Fe ——Fe(CO)
3 \C - 3

86¥
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C,,;HAs,-
Fe,0,

C,H,Fe,0,

C;sH\6Fe, 0,

1057 (h*:h2-AsCH,)|As(CH,),)-

(CDy,CO na.
[Fe(CO),l,

1058 (h?:h*:h3-C,H,)Fe(CO),l, CD, H

Hl
HII
Hlll
HlV

av!

1059 (K*:h*:h*-C,(H,o)[Fe(CO),]; cDCl, Ha

1.37d
0-28dd

1-68dd
7-27
—0-10d
2.09d
2-15q

4-50q
3-69d
6-83dd
5-12d
5-59d

5-15
3-60
313
2.7
1-35

—_— Structure: 550

As
I

\
/

(CO),Fe—CH,——Fe(CO),

As(CH;),

-
/

\

Fe(CO),

Signals at  3-26s,2-34s,1-76
V2-1),2.42,inratio 3:3:1:1

Jyyv6-9 Structure: 303

Jynr 2-5 CH

Jun9-3 HY | i,l "

JuH" 69 ' N .

J_HlvHv 3.2 H’ H C\\C X

S
a'x H*

Jyvigvm 3-6 60 and 100 MHz

Juxgx 10-0

Jyixpxt 16-8

Juxpx 10

— Structure: 363
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H Fe,0, 1060 (h%:h*: h*-C,Hg)[Fe(CO)sl, CDCl, H 5-71d Fanr 5-2 Structure: 529
H' 6-73d —
H, 3-83dd Jy36:1
Ty 15 (CO),Fe
H_, 6-67m Jy44-4
H_, 6-43m Jos6-1
H_, 3-47dd Jys 15 100 MHz
C,,;HFe,0,8 1061 Fe,(H)ISCH'(CH%),}(CO), CDCl, H -22.9 — u-Hydrido-u-isopropylsulphido- 553
H 3.0b — triiron nonacarbony!
H” 0-91d J6-7 T 38° 100 MHz
C,;H,,Fe;0,8 1062 Fe,(H)ISCH,CH"(CH;"),l(C0O), CDCl, H -23.1 — #-Hydrido-u-sec-butylsulphido- 553
H' H" 3-1 — triiron nonacarbonyl|
H"' 1.73d, J713
1.26t J74 T 38° 100 MHz
C,;H(Fe;0,8 1063 Fe,(H)ISC(CH}),(CO), CDCl, H —22.8 — u-Hydrido-u-tert-butyl 553
H' 1-06 — sulphidotriiron nonacarbony! 554

T 38° 100 MHz

00s
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C,,H,Fe,;NO,, 1064 Fe (H)ICN(CH},NCO),, —

CsHpAsy
F,Fe 0y,

1065 Fe,{{A(CH,),l,C,F HCO),, —

(¢) Tetrairon derivatives

C,HyFe,0, 1066 (h-C,H,)Fe(CO}, CHCI,
CF,CO,H
C,H, Fe,OP, 1067 (h3-CH,)Fe P(CH,),C= C.D,

CP(C4H,),|(CO),

C,H,Fe0,, 1068 (h*:h*:h*:h*-C H,)Fe(CO),), —

(d) Pentairon derivatives
C,HyFe, O, 1069 (h>-CHy), A A% A5 Hh*:C,O- CDCl,
(C5H4)4]F65(C0)3

H —17-8s

H’ 4.0s

Not reported

H 4-84s

H 5-09

H 4.39d,
4.22s

Complex

H 3.95,
4.46

Joyy 1-8

Structure:
Fe(CO),
(CO),Fe Fe(CO),

NMe,

Structure:

B-Carotenetetrairon
dodecacarbony!

Tetraferrocenyl
cyclopentadienoneiron
tricarbonyl

555

556

494
498

558

559
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TABLE VII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CoH3eFe Oy 1070 (#*-CsH,),[C,Fe(C,H,))- CDCl, H 3-92, — Structure: 559
Fey(CO), 4.25 —_— /@
@\ /C
Fe(CO);
/
O/ o
Fe Fe
@ Fe(CO), @
C,,H;Fe,0, 1071 (h*-C,H,),IC;FeO(C H,),]- CDCl, H 4.-19, — Structure: 559
Fe,(CO), 4.35 —
Fe(CO),
“@ @
(CO);Fe
C—C

\@

(4013
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(¢) Heptairon derivatives
C,,H;cFe 04 1072 [C,Fe(Fc),]Fe,(CO)s

C,,HyFe, 04 1073  [C,(Fc),],Fe(CO),

(f) Mixed iron-transition metal complexes
C,H,Co- 1074 (h%-C,H,)Fe(CO),HgCo(CO),
FeHgO,

C,H,CoFe,0, 1075 (h3-CsHy)CoFe,(CO),

CDClL, n.a.
CDCi, n.a.
CDCl, H 5-03
— H 523

— Tentative Structure:

0=C—Fe(CO),

559

Fe Fc Fc=
v
(CO),F¢ C,H,FeC,H,
Fc I Fc
0=C—Fe(CO),
Signals at 6 4-32s, 3-41s,4-31m,
inratio5:5:8
— Tentative structure: 559
Fc
oc\ //< Fe(CO), Fc=
\ ) 4 |e( y C,H,FeC H,
Fe(CO
)<
Fe—C = Fc
Signals at § 4-18s, 4-40t, 4-77t,in
ratio 5:2:2
_ - 136
— 100 MHz 560
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TABLE VIl—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H,- 1076 (h*-C;H;)Fe(CO),- CH, H 4.02 —_ — 561
CrFeO,S Cr(SCH;XCO); H' 1-70 —
C,,H oFe,- 1077 {(h°-C H,)Fe(CO),- CH, H 415 — Bis(tetracarbonylmanganese 141
Mn,0,,S, [-S-Mn(CO),1}, (cyclopentadienyldicarbonyl
iron) sulphide]
C,;H,Cl,- 1078 [(A%-C;H,)Fe(CO),l(SnCl,)- CDCl, H 5-67 — — 142
FeMoO,Sn [(#*-C,H)Mo(CO),) 5.41 —
C,;H,,;FeMoO, 1079 (h*:h*-C,H,)IFe(CO),l- cDcly H 4.82t — Structure: 562
[(h%-C,H,)Mo(CO),] CD,C,D, H' 4.3t —
@:1 H” 3.77m —
H"' 5-37dd —
CDCl, H 4.98 — T-71°
H' 4-50 — (at room temperature only two
H” 3-83 — signals at 6 4-57bs (7-membered
H" 5.10 ring) and 5-13s (5-membered

ring

1203
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CZ9H23_
FeNiO,P

C34H25'
FeNiO,P

CJOHZJ_
FeNiO,P

C26H2|'
FeNiO,P

Cleu’
FeNiO,P

1080 (A*-C HINI(CH{C=CCH*)-
[P(C4HJ),] Fe(CO),

1081 (K-C,H,Ni(C,H;C=CC H})
[P(C,H{),IFe(CO),

1082 (h*-CH )Ni(CH{C=CCO,
CH%)I[P(C,H,),]Fe(CO),

1083 (i3-C,H,Ni(CH}0,CC=CCO,-
CH)[P(C{H'),IFe(CO),

1084 (#*-C H)Ni{P(CH)),IFe(CO),

cDCl,

cDCl,

Hl
HY

Hl
H"

H”

H'
H”

4.98
7.9-7-0
3.12d
5-05
7.9-7-1
1-54d

5-07
8.0-6-8

516
8.1-7-1
3-40

5.07
817
3-86

5-18

3-89,
3.58

81

5.42
7.8-7-2

Isomer I
Isomer 11
Isomer 1
Isomer 11
Structure:
(o}
]
P
@—Ni Fe(CO),
\P /
(CHy),

996

996

996

996

517
1041
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TABLE VIlI—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
szH 1s” 1085 (hs'CSH_t,)Fe(CO)z(P(Cng)zl' C6D6 H 5.93d JPH 1.2 Structure: 517
FeNiO,P Ni(CO);
(CO),Fe—P(CH),—Ni(CO),
C,H, FeNiO, 1086 [Cy(CH,)]FeNi(CO), — H 2-37, — Structure? 341
1-87, —_ [One of the products obtained
1-60 —_ from tetramethylcyclobutadiene
nickel chloride and Fe(CO);!

C,;H,FeO,Re 1087 {4-h'-[Re(CO),}-3,4-h* — H 2:21 — Reference 223

[Fe(CO),ICH,COCH'=CH"} H' 4-69 hexamethyldisiloxane

1 723 4 H” 8.85 Jymr 133
C,g;.oFeOc 1088 (#°-C,H,),Rh,Fe(CO), — H 5-50 — Structure: 560
’ @
Ngp—CO
Cco
RN
Ol S
CcO

100 MHz

90§
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C,H, Fe, 1089 (h-C,H,),Rh,Fe,(CO),
O4Rh,

C,H Fe, 1090 (h%-C,H,)RhFe,(CO),
O,Rh

C,H,Fe, 1091 (#5-C H,)RhFe,(CO),,
0,,Rh

5-72

5-41

4-86

_ Structure: 560

100 MHz
— Structure: 560

O o
\Rh/
o\

~
(CO)JF‘3\~;FdC0)3

Cco
100 MHz
— Structure: 560
RH————Fe(CO),
(CONFECO XN
CO-—=F¢co
coO— ¢(CO),
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TABLE VIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H;FeO,Ru 1092 (CHy)Ru(CO),Fe(CO), — Not reported — Proposed Structure: 563
Fluxional system giving one sharp
signal at ambient temperatures
C,;H,FeO,,- 1093  Fe(Ru)(H),(CO)y; — H —18:-7s — 564
Ru,,
C,H;,FEO,W 1094 (h*-CH)NCH'=CH"COC(H!")- CDCl, H 5-39 — Structure: 223
[FC(CO)‘IIW(CO)ZI H' 8. l4} JH’H" 10-0 (Co)2
H” 419 PhCOCH=CH—W @
H'" 7-98, I
7-44

Fe C
€0y Mo

Reference hexamethyl disiloxane

80§
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TABLE VIII

Ruthenium complexes

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
(1) MONOHAPTO LIGANDS
(@) Monocarbonyl derivatives
C,,H;BN,ORu 1 (1-A*-2-CH,-N=N-CH)Ru- (CD,;),CO H_, 6-30 — Structure 565
[(C,H;N,),BHI(CO) H_, 6-93 —_ Ph
N=N
e
R <N
u
N
oc Q) /
H_; 7-74 — Other signals at 4 6-02t, 7-27d,
H_, 829 — and 7-77d
H' 720 —
CoH,e 2 (1-A-4-CN-CH,CH)Ru(H>  CDCl, H —5.5t Joy 19 trans-arrangement of phosphine 566
CINOP,Ru (CHIP(C4H,);1,(CO) ligands indicated since H gives
a triplet due to coupling with
C sHy- 3 (1-A-4-CN-C,H,CH,)Ru(H)- CDCl, H —5-4t Jpy18 two equivalent phosphorus
CINO,P,Ru (OCI0,)[P(CH,),1,(CO) atoms

SAXATANOD TANOHEEVD TVLIW-DINVOEO NO VIva ¥NN
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TABLE VIII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(b) Dicarbonyl derivatives
CsH,,F;- 4 (CFy)Ru(DIP(OCH,),- CDCl, H 4.30t Jpu3-0 100 MHz 264
10,P,Ru CCH,CH%1,(CO), H’ 1-3q —
H” 0.8t —
F 0-07s —
C,oH,,CIF - 5 (1-h'-CF=CF})Ru(Cl)- CDCl, H 1-86t Jpp 8-0 100 MHz 272
O,P;Ru (P(CH,),CH:](CO), H' 7-44m —
CHCJ, F 161dd Juis37-0 94-1 MHz
Fli 92-7dt Jgem93-0
Firans 127-6dt Jirans108-0
[C,H,Cl,- 6 [(1-A-2-CH,-N=N-C,H!) (CD),CO H_, 7-08 — Tetramethylammonium salt 565
N,O,Ru)” Ru(C1),(CO),]- H_, 7-82 — (4 2-92s)
H_, 8-00 —
H_, 810 —
H’ 7-37 —
C,;H,;CIN,- 7  (1-A-2-CHN=NCH)Ru(Cl)» CDCl, H_, 7-10 — C,H,N, = imidazol-3-yl 565
O,Ru (C,HN,XCO), H_, 7-28 —
H_, 7-91 —
H_, 820 -
H’ 7-26 —

o1s
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C, H,,CIN,- 8 (1-h-2-CHN=NCH)Ru(Cl)- CDCl,

O,Ru (C,HINXCO),

[C.0H,,N,- 9 ([(1-h-2-CH,N=NC,H)Ru-) (CD,),CO

O,Rul* (C1oHIN,XCO),J*

(C, H,CL,N,- [(1-#*-2-CH ,N=NCH})Ru-

O,Ruj- (CN(CO),)-

C,H,,BN,O,Ru 10 (1-h-2-C{H,N=NC H})Ru- (CD,),CO
[(C,H%N,),BHKCO),

CHuN,ORu 11 (1-42-CH,N=NC H!)Ru- cs,

[0=C(CH%)==0)(CO),

H”

7-88s,
7-30s,
7-20s

~72

7.48
7.95
8-27
7-18
8-68
7-02
7.24
7-81
8-32
7-54
9.42,
8-7-8-4

6-32
6-77
6-97
8-04
7-56
7-92d,
7-32d,
6-24t

7-08
7-71
7-90
8-18
7-37
1-47s

C|0H8N2= ———)NO

—NQO

C,H;N, = pyrazol-1-yl

565

565

565

565

SAXTTdNOD TANOFEVD TVLIIN-JINVOIO NO V.Ivd dAN

989



TABLE VIII—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,HN,ORu 12 (1-h-2-C¢H,N=NC H)Ru- ccl, H_, 7-18 — — 565
[O==C(CH’y=CH""= H_, 7-64 —
C(CH?%=-0)(CO), H_, 7-84 —_
H_, 812 —
H' 733 —
H” 1-74s, —
1-59s
“III 4_ 82s —_—
C,,H,,CIN,- 13 (1-h-2-CHN=NCH)Ru(Cl)- CDCl, H, 7-08 — —_ 565
O,PRu [P(CHY),I(CO), H_, 7-54 —
H_, 8-00 —
H_, 8-26 —
H' 7-6-7-18 —
H” 7-28 —
(CyeH;e- 14 {(#"-p-CNCH CHRu(H)- CDCl, H —6-0t* Jpu 17 Perchlorate 566
NO,P,Rul* [P(CH,),1,(CO),}* H —7-3t} Jpy 14 * cis-arrangement of CO ligands
t trans-arrangement of CO ligands
Phosphine ligands trans orientated
in both isomers since H gives a
triplet due to coupling with two
equivalent phosphorus atoms
(¢) Tricarbonyl derivatives
C,;HgBrO,PRu 15 [a-A-1,2-CH,CH'CH,P(CH,),l- CDCl, H 2-03d, J15 — 267
Ru(BrXCO), 1-76d J15
H’ 3.9q

CIs
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C,;HgCIOPRy 16 [a-h'-1,2-CH,CH'C(H P(C(H,),l- CDCl,
Ru(CIXCO),

(2) DIHAPTO LIGANDS
(a) Monocarbonyl derivatives

C.H;CIO,P,Ru 17 (H-0O=C~CH,CH}Ru(Cl)-
[M(CH%),],(CO)

(b) Dicarbony! derivatives

C,H,,F,0,P,Ru 18  (h-CHF=CF})RulP(CH.),-
C.H}1(CO),

Ci o H F;0,P,Ru 19  (h-CHF=CF}Ru[P(OCH)),],-

Co),

CyH,,F,0,P,Ru 20 (h-CF,=CF,)RulP(CH,),C H;l,- CDCI,

(CO),

H'

H’
H"

H’
H”

1.97d,
1.77d
4-14q

+4-45q
+5:27t
~2:14m

4.57dm
1.64t
7-32m
2110
105-3,
985

5.57Tm

3-70d
208-6
104-1

1.72t
7-37m
1152t

J7
J7

J15

JyE 66-0
Jpy 80

Jyem170-0

JHF 59-0
Jur 11.5
Jpy 12-0

Joem170-0

Jpy 8:0

Relative to CH,Cl, () at 100 MHz
m-bonded acyl complex

cis-carbonyl ligands; trans-
phosphine ligands
100 MHz

94.1 MHz

trans-carbonyl ligands; cis-P
ligands
100 MHz

94.1 MHz

cis-carbonyl ligands; trans-
phosphine ligands 100 MHz
94.1 MRz

267

567

272

272

272
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TABLE VIII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,H;sF,O.P,Ru 21 (#*-CF,=CF,)RulP(OCH,),],- CHCI, F 113-2 Jeem180 + 20 trans-carbonyl! ligands; cis-P 272
(CO), Jirans —39-6 ligands
Jeis 10-0 94-1 MHz
JIPF s 590
e, 12:2
CDCl, H 3.70d Jpy 12-5 Poorly resolved spectrum 568
F 113-2 Jpr 46.5,
26-1 (7
C,oH (CIF;- 22 (P-CFCI=CF)RulP(OCH,);}, CDCl, H 3.76, Jpy 12-0 trans-carbonyl ligands; cis-P 272
O4P,;Ru (CO), 3.72 Jpy 120 ligands, 100 MHz 569
F 1220 Jek,,, 460  94.1 MHz
JpE, 7-5
F 104-8 Joem163-0 Comparison of the '°F coupling
95-7 Jiransd4-0 constants with uncoordinated
Jeis 7-5 chlorotrifluoroethylene and with
JPFis 61:0 the corresponding osmium com-
Jpry, 140 plex indicates a more substantial

change in the geometry of the
C,F,Cl ligand coordinated onto
Os compared to Ru and suggests
that even with extreme bonding
situations (i.e. two g-bonded
structures) there are still gradu-
ations in bond type dependent on
the nature of the metal

vis
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C, HFs- 23 (k*CF,=CF'CFj)Ru- CDCl, H 3-67d, Jpy 11-5 trans-carbonyl ligands; cis-P 272

O,P;,Ru [P(OCH,),},(CO), 3-62d Joy 115 ligands. 100 MHz
CHCI, F 99-0 Jzem 183-0 94-1 MHz
Jg,,, 600
F' 192.7 —
F” 67-8 —
C,H; Fs- 24  (h*-CHF=CF})Ru{P(OCH}- CDC, H 5-04m Jur 620 trans-carbonyl ligands; cis-P 272
O,P,Ru CH?),1,(CO), H' 425m  — ligands. 100 MHz
H” 1-41m —
CHC}, F 206-7 94-1 MHz
F' 1046, Joem166-0
94.5
C,H,F,0.Ru 25 (h-CF,=CF,RulP(OCH,- — H 3.70 quint. Jygp:7-0 — 570
CH::);]:(CO)z Jeu 7-0
H' 1-28t —
F 114-2 -—
CDCl, H 3.97 quint. Jpy 7-0 100 MHz 568
F 114-2 Jpr 45-7
25-8
C,H,;F,0;P,Ru 26 (#2-CHF=CF;)Rul P(OCH,);- CDCl, H 5.50m Jur 62-0 trans-carbonyl ligands; cis-P 272
CCHJCHY'1,(CO), H 4-18d Jpryr 45 ligands. 100 MHz
H"” 1-20m —
H" 0-82m —
F 209-0 — 94.1 MHz
F' 104.6, Jeem164-0
97-5
C1HyF.OP,Ru 27  (K-CF,=CF,RulP(OCH,);- cDcl, H 4-20d Jpyy 4:0 100 MHz 568
CCH;CHY],(CO), H' 13 —
H” 0-8 —
F 1155 Jop 49-0,
300
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TABLE VIII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,oH,FeN,- 28 [A:-C(CN)CF,=C(CN)CF,|]Ru- CDCl, H 4-36d, Joyy 45 100 MHz 568
0,P,Ru [P(OCH,),CCH;CH’1(CO), 4.30d
H 1-3 —
H” 08 —
F 98.7s,95-0d Jpg 6-0
CyoHy,FeN,- 29  [A-C(CN),=C(CF,),]Ru- CcDCY, H 4-38d, Jon 45 100 MHz 568
O,P,Ru [P(OCH,),CCH;CH],(CO), 4-30d
H’ 1-3 — 570
H” 0-8 —
F 54-4d Jpr 11-5
C,,HFO;P,Ru 30 (h*-C,FoRulP(OCH,)],(CO), CDCl, H 3-64d Jpy 12-0 trans-carbonyl ligands; cis-P 272
F_,,F_, 119-0 — ligands. 100 MHz
F_, F_, 124.7, Joem 190-0 94-1 MHz. C,F, = hexafluoro-
94.7 cyclobut-1-ene
C,;H;F¢O,P,Ru 31  [1,3-h*-C(CF;)=C(CF;)CO]Ru- CDCl, H 3-65t Jpy 11-5 1-Rhodiocyclobut-3-ene-2-one 297
(P(OCH,),1,(CO), F 58-0qt Jeg 90 derivative
Jor 1.0 100 MHz
64-2qt Jer 10 19F signals at 94-1 MHz
Jpg 5-0
C,eH, F 1 32 {1,4-4>C(CF;)=C(CF,)— CDCl, H 1.67t Jpp 70 1-Rhodio-cyclopent-2,3-diene 297
O,P,Ru C(CF,)=C(CF,)IRu- H’ 7-28m —_ derivative
[P(CH,),CH;l,(CO), CHCI, F 65-6m, — 100 MHz

50-2m

I9F signals at 94-1 MHz

91§
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CI6HIBFIZ' 33
O,P,Ru

C,H,O,P,Ru 34

C,H,,0,P,Ru 35

C,H,,FO,P,Ru 36

C,,H,,F,O0,P,Ru 37

(¢) Tricarbonyl derivatives

C,H,,0,PRu 38

(1,4-h2-C(CF,)=C(CF,)— cpcl,
C(CF;)=C(CFy]Ru- CHCl,
(P(OCH,),]{COQ),

[a,8-h-1,2-CH,~CH'—C,H,P- C,D,
(C¢Hy),IRul1,2-P(C(H,),CH,-
CH"=CH,|(CO),

(h:-O=C—CH,)Ru[P(C{H.);],, —
(CO),

[A-0=C(CF,),IRulP(CH,),-  CDCl,
C4H;](CO),

[K-0=C(CF,),JRuP(OCH),-  CDCl,
CCHCH’),(CO),

la8-h-12-CH,=CH'CH,P-  C,D,

(C4H;),]Ru(CO),

e}

H'

H"‘
H'"

H”

Heis

H trans

H'

3-66t
54-6q,
52-3q

1.9m
2-84m

5-50d,
5-10d
+4-83s*

—2-08mf

1-90t
7-60m
15-7s

4-30d
1.3

68-6d

2:45m

1-62td

3.96 sext.

Jpyy 11:0

Jgem ~0
Jeis 11-0
Jirans17-0

Jpu 5-0

Jpg 130

Jeis 8-5
Jpy 5-0
Jirans 9-0
Joem 3-0
Jou 8-0
Jru' 3-5

1-Rhodio-cyclopent-2,3-diene 297
derivative

100 MHz

94-1 MHz

* Overlaid by aromatic proton 51
signals

® Upfield from CH,CI, (!) at 567
100 MHz

t Downfield from CH,CI, (!)
m-bonded acyl complex

94-1 MHz 272
100 MHz 568
— Sl
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TABLE VIII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C, H,,F,O;PRu 39 [1,4-h%-C(CF,)=C(CF,)— CDCl, H 1.75d, Jpu 100 Mixture of stereoisomers 297
C(CF;)=C(CF;)IRu[P(CH)),- 1-70d Jpy 13-0 100 MHz
C.H;1(CO), H’ 7-30m —
CHC, F 56-Tm, — 94.1 MHz
53.6m —
(3) TRIHAPTO LIGANDS
(a) Dicarbonyl derivatives
C,H,,0,Ru 40 (h-CH;=CH"-=CH%,Ru(CO), CS, Hgyn 1-88 Juw' 7 100 MHz 571
Juny, 1-5
Hani 1-26 Jupr 11-5 Two equivalent TT-allyl groups
Jyy small asymmetrically bonded to
H' 4.32 ruthenium
H, 334 Sy 7
H i 2.26 Junr 11-5
o-CHCl, Hyp 1-78 —
Hanti 1-18 —
H’ 4.23 — T 60°
HYy, 3.28 —
Hy, 219 —
Hgyn, HYyy, 253 —
Hani, Hni 1-73 —_ } T 120°
H’ 4-21
(b) Tricarbonyl derivatives
C H,BrO,Ru 41 (AB-CH,=CH"=CH)RWBrXCO), — Hg,, 4.03 Jun' 7-5 — 572

Jis 0

8¢
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CH,CIO;Ru

C,H,IO,Ru

C,H,CIO,Ru

42

43

44

(K-CH~CH'"=:CH,)RWCIXCO),

(W-CH,=CH’=:CH,)Ru(IXCO),

(h*-CH,=C(CH}*~CH,)Ru(Cl)-
(CO),

(4) TETRAHAPTO LIGANDS

(a) Monocarbonyl derivatives

[C4H,C1,0Ru]-

45

[(2,3,5,6-h*-C,H)Ru(CD),(CO)}-

cDCl,

Hapii

Hgyn

Hani
H t

Hyn

Hapsi

Hsyn
Homi

3-14
5.08

415

2-96
5-22

3-38
4-83

393
2:86
2.06

4.20bs

5.22t
452t
3-66bs
1.29t
7-62,
7-10
5-20d

JHHr12-5

Jun 80 —
Juu0
Jun' 12-5

Jl.2=‘,l.6 30
JI.1=JI.8 1-25
12.3=J5.64'5
J34=J4 530
14.7=14.a 1-50

C,H; = norbornadiene
Isolated as the
{P(C.H);CHCH!]" salt

Jopyr 140

572

572

572

573
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TABLE VIII-—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(b) Dicarbonyl derivatives
C, H,F, OPRu 46  [1,2,34-h*-C{(CF;)Ru- CDCl, H 3.85d Jpy 110 C{(CF,), = hexakistrifluoro- 297
[P(OCH,),(CO), methylbenzene
F* 56-9m, ® Not assigned (each signal
53.3m, equivalent to 6F)
49-2m 94.1 MHz
(¢) Tricarbonyl derivatives
C,H,O,Ru 47  (h*-C H)Ru(CO), — H 4-13 — CH, = cyclobutadiene 54
C,,H;O;Ru 48  (1,2,3,4-h*-CH)Ru(CO), CH,Cl, H , ,H_, 412 — Cyclooctatetraene
H,H_, 488 — T —-130° 574
H,H,; 612 — At —109°, three signals at §
H,H_, 583 5-97b, 4-88, and 4-12 in ratio
2:1:1
At —95°, two signals at 8 5-81b,
4.69b in ratio 1:1.
At room temperature one signal
atd5-2ls 574
Examination of the line-shape 575

with temperature changes indi-

cates that the intramolecular
rearrangement which accounts

for the single line spectrum at

room temperature occurs mainly

by 1,2-shifts

(E4 = 9-4 kecal/mol.) 576

oze
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C,H,NO,Ru 49

C,,H,,NO,Ru 50

C,,HFN,O,Ru 51

(1,4,5,6-h*-8-C;H,CN)Ru(CO);

11,4,5,6-h*-8-C;H,(CH;NO,)]-
Ru(CO),

(4,5,6,7-K*-C ,,;HyF N Ru(CO),

CDCl,

B

[ I |
[V S

=.=|=.=====

ITITx

1
A

Not reported

2-52¢

5-48dd
5-66dd
5.02dd
4.49¢
5-04m
2-07d
3.14m
4.01d

332
5-55
6-40
4-40

4.92
4.74
4-05
1-73
63-2,
58-8

Structure: 577
5 6
4 7
3 & N
T\ €
Ru(CO),
J,,40 Structure: 577
Ji54-0
AT S 6 ;
Jy,4-0 4 s
1459:0 3 CHNO,
J569-0 2\t
—_ Ru(CO),
JH,H_,S-O
J,,60 Structure: 381
Jya 110 3 2 578
J3,9-0 1
J:: 10-0 4 (CN),
! 5 e (CFy),
6 17
Ru(CO),

Jis15 100 MHz
Jo112:0
J:580
Ji 580
Jeg—132
Jeu 48
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TABLE VIII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H,F{N,O,Ru 52 (4,5,6,7-h*-C HFN)Ru(COQO), CDCl, H_, 346 J1260 Structure: 381
H_, 5.71 J1511-0
H_, 644 J349-0 ) 12
H_, 4-24 J,510:0 (CN)CF,
s 7 (CN)CF,
6 7
Ru(CO),
H_, 4.88 Jos1-0 100 MHz
H_ 4-70 Js.,90
H_, 4.24 J,510-0
H, 171 J,1 580
F 672, Jgp 0
61-3 Jpy 15
C,;H,N;O,Ru 53 (h*-C,,H,N,0,)Ru(CO), — Not reported Structure: 301
|
CO,CH,
C,H:N,O,Ru 54 [4,56,7-h*1-C;HN,(COCHj)]- CDCl, H_,; 6-92d Ji46 1-Acetyl-1H-1,2-diazepine 390
Ru(CO), J350:5 complex

(443
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C,HFORu 55 (#-C,HFO)Ru(CO),

(5) PENTAHAPTO LIGANDS
C,HyCIOPRu 56  (A3-CHRulP(C,H),I(CIXCO)

[C,,H;,OP,Rul* ST  {(#-C,H)RuU[P(C(HY),1(CO)}*

cncl,

CDCl,

cDCl,

3-43 oct.

5-36 oct.
4-97m
6-40dd
2.35s

327
5-64
6-31

4.25
4.62
4.92
4.92
1-85

71-4,70-1

4.61s
7-26m

4-48s
7-24m

Jos
-’4.6 1.5
Jss4:5
Jor 7
Js42

60 and 100 MHz

J,,60 C,HF 0= 3 2 381
Jpy 110 4 ! 0
J3.9-0 =—C(CF)),

w

6 7
Ru(CO),

J,5 100 100 MHz
J; 680

J629-0

J1490

J1g 100

Jpp —11-2

Jeg 20,14

— 100 MHz 579

— Tetraphenylborate 579
— 100 MHz

SAXTTANOD TANOTIVD TVIIW-DINVOYO NO VIVA AN
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TABLE VIII—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
IC, H,O;Rul* 58  [(K*-C H,)Ru(CO),]* (CD,),CO H_, 6-48dd J,22:3 Structure: 51
Jis 80 Ru(CO), 1*
H_, 5-34dd J,;80 38 +
4 ’ 5 _6 Ru(CO),—I
3 8 o 7
21 3 %
2 1
H_, 5-68dd J3439 Isolated as the tetrafluoroborate
H ,H,\| . . or hexafluorophosphate
H., } 5-06 comp. 100 MHz
H_, 3-70m —
H 4-41q J, s 80
[C,,H,O,Rul* 59  [(A-C,H,)Ru(CO),]* CD,CN H 2.0 —_ Structure: 571
Hf 30 — HII H"
H” 53 —
H'" 77 —_—
(6) MIXED LIGANDS
(a) Pentahapto/monohapto
(i) Monocarbonyl derivatives:
[CH,,0,PRul* 60 {(#*-CHIRulx-C(CH)=OH]- SO, H 5-49s — Tetrafluoroborate 172
[P(CeHT,),HCO)} H’ 2.93s —

H” 1-8-1.35 —
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{c,H,,0,PRul*

[Cy4H,O,PRul*

C1,H,,N,ORu

C,¢H,,0,PRu

C,¢H,,0,PRu

62

63

64

65

{(#*-C H)RulA'-C(CH=OCH’]- (CD,),CO

(P(CH{))HCO)}

{(#*-C HRulh-C(CH})~OCH? (CD,),CO

CHy'J[P(C(HIY),ICON

(#5-C,HRu(1-h'-2-C;H;N=

NCHXCO)

(k*-C,H)Ru(COCH;})-
[P(CH);H(CO)

(h*-C H,Ru(COCH})-
[P(CHY),;H(CO)

cs,

cDCl,

CF,COH

CDay,

CF,COH

H'
H”
H"

H"

H'

H”

H'
H"

5-70s —

3-15d Joy 0-4
4.37d J0-55

1-57, —_
1-40 —_—
5-63s —
312 —
4-60 —

1-56t Jyrr 1-2

2-0-1 comp.—

4.85s —
6-94 -
7-28 —
7-81 —
8-08 —
7-28 —
521s —
2-56s —_
1-87,1.32 —
comp.

5.62s —
3.03s —
1.97,1-44 —
comp.

4.97s —
2.09s —
7-30 comp. —
5.35s —
2-53s —
7-55 —

Tetrafluoroborate

Tetrafluoroborate

172

172

565

172

172
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TABLE VIII—cont.

9IS

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(ii) Dicarbonyl derivatives:
C,H,,0,Ru 66 (K-CHJRuW(h'-CH;CH'=CHj) CDCl, H 5-14s — 60 and 100 MHz 231
(CO), H' 4.96m,
4-50m, J8,2
2-41dd
H" 6-16m —
C,,H,F,O,Ru 67 (B-C,H)Ru(h'-CF=CF'—CF})- THF F 163-9 Jere 1345 94-1 and 56-4 MHz 459
(Co), F’ 85.3 Jppr 2225
F 65-6 Jrpr 13-05
C;H,F,0,Ru 68  (#5-C;H)Ru(1-A-C¢F XCO), THF F_, 96-3 — C¢F, = Perfluorocyclohex-1-ene 459
F_, 1166 —
F_, 134-6 —
F_; 132:3 — 94-1 and 56-4 MHz
F_, 92-6 —
C,,H,,0;Ru 69 (W-C;H)Ru(1-A'-C,H!XCO), (CHy),CO H 5-56 — T -75° 464
H’, 4-45 — 60 and 100 MHz
H',,H', 6-61bd — h'-C,H} = cyclopenta-2,4-dien-1-yl
H ,H, 617bs —
CS,/ n.m. Jiat1-22 T —82° 465
Toluene-dg Jy3 20-10 Low temperature studies indicate
G:1 J,34-64 that rearrangement of the 4’-
Jya1-17 C,H/ ring occurs predominantly
J,52-06 by 1,2-shifts
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C,;H,,0,Ru

C,;H,,0,Ru

C,;H,;;0,Ru

C,3H,F;0,Ru

C,H,F;N,O,Ru

C,H,N,O,Ru

70

71

73

74

75

(h-C;H Ru[ 1-4'-1-CHYCHY)}-
(C0y),

(B*-C HRul1-4'-2-C,H(CHY)]-
(CO),

(W-C,H)Rul 1-k*-3-C,H(CH}))-
(CO),

(W-C H)Ru(1-4"-C(F XCO),

(#-C;HyRul1-#'-3,4-C;F(CN),]-

(CO),

(#5-C H)Ru(1-h*-2-C,H/N=
NCHXCO),

cs,

Cs,

cs,

THF

THF

(CD,),CO

H 4.91
H’ 2.12
H”,to na
H, .a.

H 463
H' 206
HY, 3-76d
H”; to na
7, .a.

H 5-01
H' 216
H”, 4-16t
H”, to na
H, .a.

F_,,F_ 10425

F_,,F_, 164.3
F_, 1625
F_, 68-9
F_, 136-35
F_g 859
H 5-28s
H’, 6-85
H!, 7-22
H' 7-60
H', 7-70
H” 7-31

J,,29-6
T, 14
Jrg3-T

Jos=J3696

J356-7
J3419-7

Jy 5 6-45
Jos28-7
Jp611.9

T —40°

Migration of the metal round the
o-bonded ring takes place by a
sequence of 1,2-shifts resulting
in ready interconversion of the
three isomers at ambient tem-
perature. In the temperature
range of 30-60° the signals
observed are: § 4-82s (H),

2-01s (H'), 5-89b and 5-67b (H")

94.-1 and 56-4 MHz

94.1 and 56-4 MHz

464

459

459

565
581
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TABLE VIII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,H,O;Ru 76 (h5-CH)Ru(COCH;XCO), CDCl, H 5-28s — — 1712
H’ 2-38s —
CF,CO,H H 5-64s —
H' 3.02s —
C,H,F;0;Ru 77 (A*-CH)Ru(COCF XCO), THF F 81-35 — 94-1 and 56-4 MH2z 459
C,,H,F,NO,Ru 78 (#-C,H Ru(4-k'-C;F,NXCO), THF F_, F_ 1112 J,3289 94-1 and 56-4 MHz 459
J552-5
F_,,F, 98.7 J,526-4
Jy611-7
(b) Pentahapto/trihapto
C,H,,ORu 79  (W-C;HORu(h*-CHp=CH"=: CDCl, H 4-99s —_ Isomer A 231
CHjXCO) H’ 2-89d, J1 60 and 100 MHz
1.25d J11
H” ~4m —
H 5-14s — Isomer B
H' 3.03d, J17
1.77d J11
H” ~4m —
(7Y MISCELLANEOUS COMPLEXES
(a) Monocarbonyl derivatives
(C,,H,,OP,Rul* 80 {Ru(H)[P(C,H,),CH,CH,P- CDCl, H —~9-4 Jpy 20 Tetraphenylborate 491
(C2H5)2](C0)}* 100 MHz

82¢
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CyHyy 81 Ru(HXCDH{As(CH,),C:H,]- CeHg H —8-46 Jpu,, 240 trans-P ligands; trans-CO and 582

AsCIOP,Ru [P(C;H,),CH,](CO) Cl ligands
T 34°
C,,Hy- 82 Ru(HXCI[As(CH,),C:H,]- C.H, H -8-29 Jpu,, 230 trans-P ligands; trans-CO and 582
AsCIOP,Ru [P(C H,),CH,,(CO) Cl ligands
T 34°
C,H,,- 83 Ru(HXCIAs(C,H,),C.H,]- C.H, H —8-56 Jp,, 240 trans-P ligands; trans-CO and 582
AsCIOP,Ru [P(C,H,),C(H,],(CO) Clligands
T 34°
C,H,N,OP,Ru 84 Ru(H)C,H,N,CH,)- — H ~12.33 Jpy 2625 — 583
[P(C4H,),1(CO)
C,H,CIOP;Ru 85  Ru(HXCDHIP(C,H,),CH,1(CO) C.H, H =71 Jpn,, 24 trans-CO and Cl ligands 582
Jon.. 107 T34°
C,H,CIOP,Ru 86 Ru(H)XCIIP(C,H,),}- CH, H —6-90 Jpu,, 260 trans-CO and Cl ligands 582
[P(C;H,),C¢H;],(CO) Jpn,,, 1060 T34°
C,Hy,CIOP,Ru 87  Ru(HXCIIP(C,H,),C.H, - CH, H ~7-14 oy, 270 trans-CO and Cl ligands 582
[P(C;H,),C¢H),(CO) JPH,,M, 110-5 T 34°
C;,;H;,CIOP,Ru 88 Ru(H)XCI)[P(C,H,),CcH,],(CO) CH, H -75 JpH,, 25 trans-CO and Cl ligands 582
TpH oy 109 T 34°
C4oH;3;0P,Ru 89  Ru(H),[P(C.H,),CH;];(CO) —_ H —8.02, Juu—6-2 H cis 584
—6-80 Jeu,, —195
—27-1
JpH,  +75-4
H 1-82,
1-42 } Teu7°6
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TABLE VIII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 0 (ppm) (Hz) Remarks ences
C,,H,BrOP,Ru 90 Ru(HXBr)[P(CH}),C(H/{(CO) CHCI, H ~1-0 Jpn,, 265 H cis to Br and CO ligands; Br 917
Jen, . 113 and CO ligands trans to each
H’ 1-82t, Jpu: 3 other
1-73t, Jeu 3
1-20d Jen 7
C.H, H 1-76t, Jonp 3
1-73t, Jour 3
1.20d Jowr 7
C,H,,CIOP,Ru 91 Ru(HXCH[P(CH}),C¢H,},(CO) CHCI, H —6-6 Jpu,, 265 H cis to Cl and CO ligands; 917
Jou,,,, 105 Cl and CO ligands trans
H' 1-73, —
1-10d Jour 7
C¢H; H' 1.71t, Jpyr 3-5
1-15d Jo 1-5
C,,HCIOP,Ru 92 Ru(HXCDHIP(C,H,),C:H]1,(CO) CH, H —6-82 Jen,, 24°5 T 34° 582
Jon,, 1145
C,;H,,CIOP,Ru 93 Ru(HXCDIP(CH,),C,H,]- C.H, H —6-80 Jon,,, 25-0 T 34° 582
[P(C,H,);,C¢H,],(CO) Jom,,, 1150
C,;HCIOP;Ru 94  Ru(HXCDI[P(CH,),C¢H;l- C¢H, H —6-72 Jpu,, 255 H cis to CO and Cl ligands; CO 582
[P(C H,),C(H,],(CO) Joy, ., 112:0 and Cl ligands trans
T 34°
C,;H,CIOP,Ru 95  Ru(HXCDIP(C H,),CH.),(CO) CH, H -7-10 Jpu,, 260 H cis to CO and Cl ligands; CO 582
Jpu,,,, 110-0 and Cl ligands trans

T 34°

0gs
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C,Hy,CIOP;Ru 96 Ru(HXCHIP(C,H,),CoH,l,- C.H, H —618
[P(OCH,),CH,}(CO)
C,H,CIO,P,Ru 97 Ru(HXCDIP(C,H,),CeH,l,- CH, H —6-20
[P(OC,H,),}(CO)
C,H,OP,Ru 98 Ru(H),IP(C¢H,),}{(CO) cDCl, H —8.67*
—6-69t

(b) Dicarbonyl! derivatives
C,H;,0,P,Ru 99 Ru(H),[P(C,H,);],(CO), — H —8-48t

C,:H,,CI0,P,Ru 100 Ru(HXCHIP(C,H,),1,(CO), — H —4.53¢

CyH3,0,P,Ru 101 Ru(H),[P(CH,);],(CO), — H —7-65

(¢) Tetracarbonyl derivatives

C.H,0,Ru 102 Ru(H,XCO), — H -7-62

(d) Pentacarbonyl derivatives

{C,HORul* 103 (Ru(HXCO),}* — H -8-0

(8) COMPLEXES CONTAINING TWQO OR MORE RUTHENIUM ATOMS

CyeHsCLN,- 104 [(1-4-2-CqHN=NC H)Ru(Cl)- CDCl, H_, 7-10

O,Ru, (Coy,l, H_, 7-48

H_, 7-96
H_, 8-20
H’ 7-42

Jom,, 235
e, 1605

JPH(I: 27 5
JpH,,,, 185-0

Jpu,, 20
Pt s 14
oy, 30, 16

Jpy 24
Jpy19

H cis to CO and Cl ligands; CO
and Cl ligands trans
T 34°

H cis to CO and Cl ligands; CO
and Cl ligands trans
T 34°

® H cis to CO and H ligands

1 H cis to H and trans to CO
ligand

100 MHz

100 Mhz

T -30°

582

582

585

586
587
588

586
588

589

565
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TABLE VIII—cont,

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H;0,Ru, 105 (h*:h*-C4H,)IRu(CO),](CO) CSs, H 4.8s — C,4H, = cyclooctatetraene 574
Cs, H 4.7s* — T —35° 590
* The signal remains as a sharp 576
singlet down to —80°. The
structure is assumed to be the
same as the analogous iron
compound, the NMR equival-
ence being attributed to
fluxional behaviour
C;oH;sN,OcRu, 106 [(1-h'-2-C(H,N=NC.H,)- — H 83-6-8 — — 591
Ru(CO),l,
C,H,,As,- 107 {h*-C,F,[As(CH,),l,HRWCO),l, CHNO, H 2.25s, — C.F[As(CHy),l, = As(CH), 592
F,O.Ru, 1-80s — F,
F,
As(CH,),
THF F 110-0 —
108-2 — 94.1 MHz
948 —
92.9 —
C,H,oF,- 108 {h%-C,F,[P(C(Hy),l,HRWCO),], THF F* 107-8 — ® YF NMR complex; four major 592
O¢P,Ru, 105-8 — areas upfield from CFCl,

CES
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CJSHMF6-
O¢P,Ru,

C,HsO(Ru,

C,;HO,Ru,

109 {hZ-CsFG[P(Csﬂs)zn}[Ru(Co)3]z CeH,

110 (A: 3-CgHR)Ru(CO),l, Cc,D,CD,/
CF,Cl,
3:2)
CH,

111 [A*:h'-CH,;=C(CH,)»>CH,}- —
[Ru(CO);1[Ru(CO),]

F

H_,,H_
H_,,H_,
H ,H
H ., H,

87-1
852

122-2dm
114-0dm
103-3dm

65-2dm

26

43
5-8

n.a.

* 3,3,4,4,5,5-hexafluoro-1,2- 592
diphenylphosphinocyclopent-
1-ene

Structure: 576
(CO);Ru—Ru(CO), 535

A fluxional molecule, the two
enantiomorphic forms under-
going rapid interconversion at
ambient temperature, as in the
case of the iron analogue

— 590
574

Signals at 6 1-88m, 1-58m, 55
1-35m,inratio 1:1:1
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TABLE VIII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H (Ru,0, 112 (C4Hy),Ru (CO), CDCl; H 3.74s* — A fluxional metal atom cluster 576
590
* Signal remains as a sharp
singlet down to —40°
C,,H,,O5RY, 113 (C;H)H)Ru(CO),l, CS, H -20-2 — 593
H’ 7.5-7.0 —
Ru(CO),
u(CO),
H C
CH;
C,H,,O,Ruy 114 (C,,H, XH)Ru(CO),l, — H —20-24d J2:7 A cyclododeca-1,5,9-triene 594
derivative. Remaining signals at
66-19d,5-37m, and 3-2-1-5
115 (C,;H,dRu(CO)y — n.a. — Cyclododeca-1,3-diene derivative. 595

C»H, 0 0RY,

Signals at 4 5-98s,3-78t (J 10),

1439
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C,.HO, Ry, 116

C,,H,, 0 Ry, 117

C,H,0,Ry, 118

C,sH,,0,P,Ru 119

C1oAs,F,00RU, 120

[(#*-C¢H,CH})Ru|(C)[Ru(CO),l,- CDCI,

[ RU(CO)J ]J(CO)

{115-1,3-C¢H,(CH2),IRu}(C)-
[Ru(CO),1,[Ru(CO),1{(CO)

{11%-1,3,5-CH (CH.);|Ru}(C)-
[RU(CC),L,[Ru(CO),1,(CO)

Ru(H),[P(C H;),),(CO),

{Ru[AS(Cf,Fs)zl(CO)J}Z

cDCl,

cDCl,

THF

CHC,

H 5-49
H' 2:15
H 5.23,
530,
5-50
H' 2.22
H 5-30
H 2.23
H —6-90t
F_, F_ 1217
F_,F_ 1562
F, 1461

J23

Proposed structure:

CH,
Ru\
(CO);Ru— Ru(CO),
C/ \CO
(CO);Ru I \Ru(/CO),

\IL yd
HCO),

(Carbidotetradecacarbonyl
toluenehexaruthenium)
100 MHz

Structure analogous to above

Structure analogous to above

596

596

596
1010

1018

130
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TABLE VIIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent J (ppm) (Hz) Remarks ences

C3F30¢PRu, 121  {Ru[P(C.F,),}(CO),}, CHCY, F_,,F_¢123.0 — — 130
F_,,F_ 1581 —
F_, 1471 —

C,H,0,Ru,S 122 (H)(S)[Ru(CO),, CDCl, H —19-98s — — 597

C,,;HO,,Ru,S 123 (H)YSCH;CHRu,(CO),, — H —15-4s — Bridged hydrido and thiol complex 598

H' 2:17q — 599
H" 1-35t —_

C.H,,0,0Ru,S 124 (H)SCH;(CH%),CH}])- — H —15-42s — Bridged hydrido and thiol complex 598
Ru,(CO),, H’ 2-16m —
H” 1.57Tm —_
H" 0-93m —

[C,,H0, 125  [(H),(SCH;CH%)Ru,(CO),,i* — H —19-39d, — Possible structure: 597
Ru,S}* —14-94d —

H 2:33q - B Ruco), |
H” 1-24¢ —
H
~
(CO);Ru Ru(CO); { HSO;
7
CH,CH,

9¢s
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IC,,HO ,Ru,l*

C,;H,Fe0,,Ru,

CyeH1120,P,Ru,
CsoHsO5P,Ru,

C20HiO20P R,

C4sHgO0P3RY,

C3HygOsP3RuY,

CsH;0,4P;Ru,

CiH0,4P,Ru,

CH3,0,P;RY,

C1;H;,0,,PRuy,

126

127

128

129

130

132

133

135

[(H)Ru,(CO),,]*

(H),Ru,Fe(CO),,

(H),Ru,[P(C,H,);1,(CO),
(H),Ru,[P(C,H,);1(CO),

(H),{Ru[P(OCH)),I(CO),},

(H),Ru,[P(C,H,),),(CO),

(H)4RU4(P(C6H5)3]3(C0)9

(H),{Ru[P(OCH}),I(CO),},-
[Ru(CO),]

(H),{Ru[P(OCH}),)(CO),},
[Ru(CO);1,

(H)aRU-a[P(CoHs)J]z(CO)m

(H)4RU4[P(C4H9)3'(C0)11

H,SO,
(CH,),CO

CH,CI,
C6D6

CsDs
THF

cDcl,

CeDs

cDCl,

cbcl,

THF

CsH,

H

H

-19.4
—18-6

—18-5s
—18Ts

—16-8m
—15-65m

—17-83 quint.
3.74 comp.

—16-5m

—17-1m,
—16-1m

—17-84q
3-77 comp.

—17-61t
3-69d

—16-9m,
—16-1m

—17-7m

Jpr 7-95
Jpw 122

Jpy 17
Jpn 12:0

Jpy 663
Jpyr 12:0

Reference dimethyl sulphate
06-1)
100 MHz

Symmetrical cyclic structure con-
taining bridging hydrido ligands

Cyclic metal cluster

Cyclic metal cluster

601

602

602

603

602

602

603

603

602

602

SAXFATINOD TANOHYVD TVIIW-DINVOYO NO V1ivd AN

LES



TABLE VIII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C%H50,,PRu, 137  (H)Ru,[P(CH,),)(CO),, THF H ~17-Tm — — 602
CH;0,,PRu, 138 (H),{Ru[P(OCH}),(CO),}- CDCl, H —17.72d Jpy 2-65 Cyclic metal cluster 603

[Ru(CO);1, H’ 3-69d Jpyr 12:2
C,H,0,,Ru, 139 (H),Ru,(CO),, THF or H —17-6s —_ a-isomer 604
CDCl, H —8.6s — B-isomer 605
588
cq, H -5.08 — — 606
CH, H -17-72 - a-isomer 588
Octadeuterio H —17-9s — — 602
furan

C,;H,0,,Ru, 140 (H);Ru(CO),, CDCl, H —18-55s — a-isomer 604
. H —9-1 — B-isomer 588
CH,Cl, H —18-6s — — 601
CD, H —9-1 — B-isomer 588

8¢S
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TABLE IX

Osmium complexes

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(1) MONOHAPTO LIGANDS
C,,H,,CIF,- 1 [n*-C(CF;)=CHCF;]Os- CDCl, H 6-82qm Jup11-2, P ligands trans to each other, 569
0,0sP, [P(OCH}),],(CIXCO), Jup 10 (CO) ligands cis to each other
H' 3.76t Jyp 10-6
F 57-1qt, Jeg 14.0
Jup 28, Jup 112
[C¢H¢Br,- 2 {Os(COCH,),(Br),(CO), 12~ (CD;),CO H 2-61s, —_ Isolated as magnesium bromide 607
0,0s]*- 2:37s — salt with five THF molecules 939
of solvation
C,H,,0,0sP 3  Os(CH,XH)(PPhXCO), THF H —0-23d, Jun2-4 — 607
—0-37d Jpp 85
C,,H,,0,0sP 4 Os(CH;),(PPh X CO), (CD,),CO H 0-14s, — — 607
-0.23d Jpu 8-4

C.H,0,0s 5  Os(CH,XH'XCO), THF H 0-00d Jun:2-4 607
H' —794q JHH'2'4 939
C.H,BrO,0Os 6  Os(CH,XBr)CO), CCl, H 0-75s — — 608
C.H,10,0s 7 Os(CH,XIXCO), CCl, H 0-86s — — 608
939
(CD,),CO H 0-78s — — 607
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TABLE I1X—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (H2) Remarks ences
C,H,,0,0s8i 8  Os(CH,ISi(CH}),|(CO), — H —0.03 — cis-isomer 614
H' 0-45s — 100 MHz
C,H,0,0s 9 Os(CH,),(CO), C¢Ds H 0-11s — — 608
THF H 0-05s — — 607
C4H,,0,0s 10  Os(CH,CHJ),(CO), cci, H 1.05m  J75 — 608
H' 1-73m J75
C ,H,00¢0s 11 Os(COCH,CH}),(CO), cCl, H 2-71q J7 — 608
H' 0-89t J1
(2) DIHAPTO LIGANDS
C,Hy;F;0,0sP, 12 (B-CHF=CF,)Os[P(CH}),- CDCl, H 4-50dm Jur,,, 640 P ligands trans, (CO) ligands cis 569
CH11,(CO), H 1-85t Joyy: 8:0
H” 7-35m —
C,HisF0,0sP, 13 (K-CF,=CF)OsIP(OCH,),),- CDCl H 3.700*  Jyupl12:3 * 100 MHz 569
(CO), : F 117-5 Jpg + Jpg 51-5 P ligands trans, (CO) ligands trans
C,H,CIF; 14 [R-C(CHF=CF}JOs[P(OCH,),l,- CDC], H 3.710%,  Jpy 12:0 * 100 MHz 569
0,0sP, (CO), 3.66d* 194.1 MHz
F 123.0t Jep 350 i trans coupling
80 § cis coupling
Jop 32-0% P ligands cis, (CO) ligands trans

<0-2§

ors
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C,oH,,F,0,0sP, 15

C,H F- 16
0,0sP,

C,HyFe- 17
0,0sP,

(h-CHF =CF,)Os[P(OCH}),],-
(C0),

[h2-C(CF,)=C(CF,)|Os-

[P(OCH,);1,(CO),

[h2-C(CF,),=O]O0s[P(CH}),
C4H;1,(CO),

(3) TETRAHAPTO LIGANDS

C,H,0,0s 18

(1,2,3,4-1-C;H,)Os(CO),

(CD,),CO

cbcl,

cDcy,
CH,C,

CDCl,

CHCI,

Cs,

F’ 115-0t,

99.8%
H 5-70dm
H' 3.75d,
3.55d
F 57-0dm
F 205 comp.
101 comp.
H 3.63t
F 55-1t
H 1.93m
H’ 7-37Tm
F 66-2d*
H_,H_, 408
H,H,; 5
H_, ,H,
H,H, 56l

Jpg 1780
Jpp 53-0%
<0-2§

JuE,,, 66:0
Jup 11-0
10-0

Jyp 12:0
Jpr 27

J12=73490
Jis=Jas 97
J13=7,405
J,350
Jo=J1512:1
"s.1=-’6.s 0-7

Jg18:0

P ligands cis, (CO) ligands trans

100 MHz

94.1 MHz
P ligands trans, (CO) ligands cis

P ligands cis, (CO) ligands trans

* YF chemical shift of free
ligand 77-2, relative to CFCl,

CgH; = Cyclo-octatetraene
T —100°
100 MHz

One singlet at ambient tempera-
ture (6 5-22)

569

569

569

609

610
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TABLE IX—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,;H;0,0s 19 (1,4,5,6-h*-C4H,)Os(CO), CCl, H_, 2-55t J12=J1545  CgHg = Cyclo-octatetraene 611
H  ,H,, 51m Jos=J569-5  Structure: 610
H_, 4.8t —

(4) PENTAHAPTO LIGANDS
C,H,BrOOsP 20

(h5-C H,)Os[P(C{HL), (BEXCO)

(5) MIXED LIGANDS

C,H,,0,0s;,

21

[h*-C4H,,0s(CO),]0s(CO),

H_,H_; 60d
H_;,H_; 51Im

cpcl, H 4.74s
H' 7.20m

cDCl, H 2.74s,
2.61s

Jy3=J756-5 100 and 200 MHz

— On warming this complex iso-
merizes to the 1,3-diene
complex above

— 100 MHz 579
— C4H,,0s = CH, 610
— CH, A
~ Os
CH,

CH,

[4%3
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C;;H20,0s;

22

[1,4-k-{[1*-C(CH,),]Os(CO),}- — .
0s(C0),]0s(CO),

(6) MISCELLANEOUS
(@) Mono-osmium complexes
C,;H,N,00sP, 23

[C,,H,,00sP,]* 24

C,¢H,,0,0sP,
C,;H,,0,0sP,
C,sH,,0,0sP
C,H,,0,0sP

[C lonz'
10,0sP,)*

IC,HO,0sl-

C.H,0,0s

C.H,,Ge0O,0s

25
26
27

28
29

30

31

32

Osl(p-CH,CH),NIP(CeH )5l —
(HXCO)

[Os(PEt,CH,CH,PEt,XHXCO)I* CDCI,

OS[P(”'BU)JIz(H)z(CO)z -

OS(H)z[P(CeHs)le(CO)z THF
Os[P(r-Bu),(H),(CO), —
Os[P(C¢H;,);I(H),(CO), THF

{OsIP(CH,),CHIL(XCO),}*  CDCl,

[Os(HXCO),)- THF

Os(H),(CO), Heptane
THF

Os(H)IGe(CH;),)(CO), CeHe

] =P T

I T I T =T

===+

H’

7-05m,
6-80m

—12-85t

~10-4

—9-42¢
—7-65t
—8.97

—8-00d

2-52t
7-40m

—10-24s,

—10-62s*
—8-73s
—8-84s

—9-11
0-68

Structure: 612

Isolated as the tetraphenylborate 491
100 MHz

— 586
_ 1018
— 586
— 613

Isolated as the iodide 586
569

* Not always observed 607
939

— 613
939

100 MHz 1011
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TABLE 1X—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CH,,00sSi 33 Os[Si(CH,);I(H'XCO), — H 0-56s — 100 MHz 614
H' -9-03s — 940
C,HCL,0,0sSn 34  Os(HXSnClL,XCO), CH,C}, H —8-37s J(***Sn—H) 136 cis-isomer 941
J("Sn—H) 129-5
C,H,;0,0sSn 35  Os[Sn(CH,),J(H'XCO), — H 0-47s — 100 MHz 614
H' —9-62s —_
|C,HOOs]* 36  lOs(HXCO),l* H,S0, H —8-2s — Isolated as the hexafluorophos- 589
phate. 100 MHz
(b) Di-osmium complexes
C,H,0,0s, 37 [Os(CO),(H)], CeHg H —10-11s — Possible structure: 616
CO CO CO Cco
\ ./ /
OC—/O{ /Os\—CO
H CO H cCo
C,H;00s, 38  0s,(CO)y(PPhy),(H), CH,C), H —9-46* — * Centre of AA’XX' multiplet 616
[Juosp + Josp |= 18-5 Hz
C;HCL,0,0s,8n 39  [Os(HXCO),JIOs(SnCl )} CO,] — H —9-55s — — 941

1425
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(¢) Tri-osmium complexes

C,¢H140,0s,P,S 40

[CyH,,0s,P,S1* 41

Os,(PEt,),(SC4H XHXCO),

[Os,(PEt,),(SCH,XH),(CO)l*

cDcl,

CDCl,

CH,NO,

H

H

H#

H

—16-66d

—16-46t

—15-734,
—18-69q
—15.75d,
—19-37q

Jp 260

Jpn 302

Jpyy 255

Jpyy 11:5, 8.1
Jpyy 220

Jp 16:7,12:5

Structure: 617
Os(PEt,XCO),
(€0),0s” HkOs(PEt XCO)
3 ~ S/ 3 2
CeH;
Structure:
0s(CO),

//“\
(Et,P)(CO),Os\S /Os(PEt,)(CO)z
C6H5
Isolated as the hexafluorophos- 617

phate
Structure:
s(PEt;XCOY,
H
H
0N
(CO),Os\s /Os(PEt,)(CO)z
C¢H;
* a-form
T B-form
100 MHz
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TABLE IX-—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
[CyH 304" 42 [Os,(PEL)(SCHNH),(CO)J2*  H,S0, H —14.97d, Joy 160 Structure: 617
Os,P,SI** —19 44q, Jpy 18-0,10-2
/Os(PEt3XCO),
H H
(CO)\Os/ TN Ypetxco)
N i
C6H5
—20-73d Jpy 11:2 100 MHz using dimethyl sulphate
(8 3-9) as internal reference
[CyH, Oy 43 {Osy(H)[P(C,H,),](CO)}* H,S0, H —19:2b — Isolated as the hexafluorophos- 942
Os,P,1* phate
[CH Oy 44 {Os,|[PCH,(CHy),l,(H'XCO),}* CDCl, H 2:73d, Jop 9-4 Isomer A 589
Os, P, 2-544, Jpy 9-4
2.32d Joy 10-6 Isolated as the hexafluoro-
H’ —17-58q, Jpy 11-3,8:3 phosphate

s

ONVIAOW 'V NV SIVDO ‘W ‘LLOWMDIH ‘M 'd



C,H,,0,0s,PS 45

C,H,40,0s,PS 46

1C,,H,,0, 47
Os,PS]*

IC 4sH,,00- 48
Os, P,

Os (PEL,XSCH,(HYCO),

Os,|[PCH,(CH,),(SC H)(H")-
(CO),

[Os(PELXSCH X H)(CO),

cDCl,

cDCl,

H,S0,

{Os,[PCH,(C,H,),),(H){CO),}** H,SO,

2-72d,
2:51d
—18-85t

—16-72d

2-60d
—16-88d

—15-88d,
—29-01d

2-65d,

2.34d,

2-18d
—18-97q,
—19-38q

Joy 9-5

Joy 9-5
Jpri 285

Jpy 12:4

Jpyy 105
Jpy 11:0
Jpy 11-0
Jpy 13-0,6-2
Jpy 188,89

Isomer B

100 MHz

Structure: 617

0s(CO),

AN

/

C0),0 Os(PEt,XCO)

(CO); S\s/ 3 2
C6H5

Structure analogous to that above 617
100 MHz

Dimethylsulphate as internal 617
reference (6 3-9)
100 MHz

Dimethylsulphate as internal 589
reference (6 3-9)
100 MHz
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TABLE 1X—cont.

Coupling
constant Refer-
Formula No, Compound Solvent 4 (ppm) (Hz2) Remarks ences
[C 15H 304" 49 {OsPCH{(C(H,),(SCH)H),- CH,NO, H* ~15.8d, Jpn 26-0 Isolated as the hexafluorophos- 617
Os,PSl+ (CO), 1 —~18-0td Jpy 14-0 phate
H' 2-89d J10-5 Structure:
Ht —15-85d, Jpy 260 0Os(CO),
(CO) Osln\()s[PCH (C,H,),/(CO)
3 72 2
g~ e
CeH,
—18-05d Jpu 140 * a-form
H' 2-89d J10-5 t B-form
100 MHz
H,SO, H' 2:31d J12-8 Dimethylsulphate as internal 617
H ~16-22d, Jpy 27 reference (6 3-9)
—18-34d Jpy 13 100 MHz
C,,H,0,,0s, 50  Osy(H),(CO),, CH,Cl, H —~10-7s — — 618
CDCl, H ~10-9s —
CH, H ~11-6s —
C,H0,,0s; 51 Os,(OCH,),(CO),, cal, H 4.73 — — 618
C¢H, H 4.0 —_

12
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(CyeH,404- 52
Os;P,]%*

[C,H,0,¢ 53
Os,SI*

C,;H0,,0sS 54

C,H,,0,,0s,8 55

CiHeO0s,S 56

{OSJ[PCHs(CsHQz]z‘ H,S0,
(H"){CO),o}**

[0sy(SCH,CHI(H"){CO),J*  H,S0,

[0s(CO),1,I0s(CO),I(SCH,CH})- CCl,
(H")

[0s(CO),,[0s(CO),)[SCH,- cal,
(CHY),CHI(H™))

[0s(CO),),10s(CO),(SCH XH') CCl,

H'
H"

H'
H”

H’
H"

H’
H"

H'
H”
H'"

2-31d
~Tm
—19-30t,

—19-98t
2.73d
~Tm
—19.14d,
—19-77q

2-46q

1-18t
—17-12s,
—18-87s

2.60
1.50
—17-5

2:35m

1.50m

0-95t
—17-4s

7-27s
—17-0s

Jpyy 10-0

Jpy 98

Jp 7-0
Jpy 10-5
Jpy 14-0
Jpy 18-8,8-7

Isomer A 589

Isomer B

Dimethylsulphate as internal
reference

100 MHz

Dimethylsulphate as internal 617
reference
100 MHz

Cyclic hydrido and thiol bridged 599
structure proposed

Cyclic hydrido and thiol bridged 599
structure, viz.:

0s(CO),

H

(c0),0s__0s(CO),
s

R

Cyclic bridged structure as above 599
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TABLE IX—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
[C1eH,0,40s,81* 57 [Os;(SCH)XH),(CO), )t H,S0, H* 7-14m — Dimethylsulphate as internal 617
H'* —16-88s, — reference (6 3-9)
—19-55s — 100 MHz
Structure:
Os(CO),
\H
H
VN
(CO),Os\s /Os(C0)3
C¢H,
* a-form
Qs(CO),
Ht 7-60m —
H't —16-98, — t p-form H
~19-43 (€0),0s7 0s(CO),

oot

N/

6H5

[@17]

0s¢
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{C,H,0y- 58 {0s,[PCH,(CH),I(HMLCO),,}* H,S0, H 2-79d J11:2 Dimethylsulphate as internal 589
Os,P}* H’ ~Tm — reference (6 3-9)
H” —19-58d, Jpy 12:6 100 MHz

~20-00d Joy 135

C,,;HO,,0s; 59 Os,(HXCO),, H,S0, H —19.9 — Dimethylsulphate as internal 600
reference (6 3-9)
100 MHz
{C,,HO;0s;]* 60 [0s,(HXCO),,)* H,SO, H —19-1s — Dimethylsulphate as internal 600
reference (0 3-9) 942
C,,H,0,,0s, 61  Os,(H),(CO),, CH, H ~9.85 — — 619
C,HO,OsRe 62 Os(HXCO),Re(CO), CHq H —10-37 — — 619
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TABLE X

Cobalt complexes
Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
(1) MONOHAPTO LIGANDS
(a) Monocarbonyl derivatives
Cy-H,CoF- 1 Coll-h34-CF{(CN),}- CH,Cl, H 423bs — 100 MHz 245
N,0,,P, [P(OCH,),CCH,CH,}(CO)  cHCl, F, -9.5 — Relative to CF,CO,H
F_, 59.5 —
F_, 9.0 —
(b) Dicarbonyl derivatives
C,,H,,CoF;- 2 Coll-A-34-C,F,(CN),)- CH,CI, H 4-21bs — 245
N,O4P, [POCH,),CCH,CH,J,(CO),  cHcl, F, -78 — Relative to CF,CO,H
F_, 57-6 —
F_, 9.8 —
C,¢H;,CoF;- 3 Col1-h"-3,4-C;F,(CN),l- CHCI, F_, -8.85 — Relative to CF,CO,H 245
N,O,P, [POCH,),1(CO), F_ 58-3 ~
F ¢ 8.28 —
(¢) Tricarbonyl derivatives
C,CoF,0,P 4  Co(CF,XPF}}(CO0), — F —634 Hz Jpp 58 T 25° Relative to CCIyF, negative 652
JEE 6 values to low field and positive
F’ 886 Hz Jop 1368 values to high field
F —659 Hz Jpr 38 T ~70° cis-isomer
Jeg 3 }
F' 1120Hz Jpg 1373

(433
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C,:H,,CoF,O,P

C,4H,,CoF,0,P

CZ7H22_
AsCoF,0,

C,,H,,CoF ,0,P

Co(CF,CHF)){P(C,H]),(CO),

Co(h'-CF,CF,CH,CH'=CH%)-
{P(CH5"),I(CQ),

Colh"-CF,CF}CH,C(CH})=
CH;HAs(CH")(CO),

Col #'-CF,CF}CH,C(CH})=
CHjl[P(C,H{"),{(CO),

cDCl,

CDCl,

cDCl,

F

F’

H'

F'

H"

H'

F
H
H'
H”
H™

) o

H'
H”

H"

F'

—590 Hz

635 Hz
5-75t

7.45
482
1211

2-75td
5-80m

5.20d,
5-05s
7-40m
5t-1d
1012t

2.65
19s
4-90bs,
4-83bs
7-45m
49-0s
100-5t

2.5t
1-84s
4-93bs,
4-85bs
7-4m
50-9d
100-7t

JH'H" 3‘5

trans

Jpg 340
Jur 19-0

Jup 19-0

T —70° trans-isomer

100 MHz

94.1 MHz

100 MRz

94-1 MHz

100 MHz

94.1 MH2

653

654

654

654
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TABLE X——cont.

1233

Coupling
constant Refer-
Formula No. Compound Solvent o (ppm) (Hz) Remarks ences
C,H,CoF,O,P 9 Colh'-CF(CF})CFiCH,CH’'=  CDClJ, H 3.2-2.6m — 100 MHz 654
CHAIP(C HI,(CO), H' 5.75m —
H" 5.2bs, —
5-05bs —
H'" 7-4m —_—
F 145-9m —_—
F' 65-Tm
E” 98-0dm,  Jpopr 270 94-1 MHz
76-0dm
C,sH,-CoF,0,P 10 Cola'-CF(CF)CFCH,C(CH))= CDC, H 3.05-2-45m— 100 MHz 654
CH3IP(CHY),)(CO), H’ 1-85s —
H” 4.92bs, —
4.82bs —
H" 7-4m —_
F 145-Om —
F’ 64-4 — 94-1 MHz
F” 98.0dm, Jerpr 260
76-5d
CyH,,CoFO,P 11  Co(h-3-CH,CHFIP(CH,),- CH,CI, F +1:25 — Relative to C;H,F 191
(CO);
C,H,,CoF,0,P 12 Co(h'-COCHF)IP(CH),(CO), — H 5-28t Jpy 2-2 — 655
H’ 7-45 —
C,:H,;CoFO,P 13  Co(A-COCH,F)[P(C;H}),(CO), THF H 4.73d Jur 49 — 655
Jpy 0-6

H' 7.45 —
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(d) Tetracarbonyl derivatives

CHCOF,0, 14 Co(CF,CHF}XCO), CH,,
C,F,
CHCICOF,0, 15 Co(CFCICHF;XCO), CH,,

(2) DIHAPTO LIGANDS
C,H,CoF,0,8n 16 (h-CF,=CF,)ColSn(CH,),|(CO), CDCl,

(3) TRIHAPTO LIGANDS
(a) Monocarbonyl! derivatives

C.H,,CoOP, 17 (1,2,3-h-C4H,,)Col P(CH,)Ph,}, C,D,
(CO)

C,H,CoOP, 18  (1,2,3-1-C4H,.)Co(PPh,),(CO)  CD,

Jup 37
Jpp 47
Jug 571

Jup 34
Jgp 20-4,11-8
Jyp 60-1, 569

F 50-3m

F' 122-5m

H 5-30tt

F 41-7%

F' 119-3

H 4.10dd

F 69-7

F' 116-6

H 0-33

F 41,

101

H_,H_; 3Im

H_, 4-6m

CH, 2-1m,~1.3
(ratio 4:6)

H ,H_,; 34m

H_, 4.-5m

CH, 2-3m, 1-4m —
(ratio 4:6)

+ The difference between this
value and that reported above
in C¢H,, seems too great to
be due to a solvent effect

C;gH,; = cyclooctenyl
100 MHz. TMS external

CgH,; = cyclooctenyl
100 MHz. TMS external

656

653

657

658

659

659
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TABLE X—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C4H,;CoO,P, 19 (1,2,3-A%-CyH,;)ColP(OPh),l,- C,D, H_,,H.; 4.0m — CgH,; = cyclooctenyl 659
(CO) H_, 4-Tm —_ 100 MHz. TMS external
CH, 1-8m —
1-3m —
(b) Dicarbonyl derivatives
C,;H;,Co0,P 20 (B-CH;~CH'=CH"CH}')Co- — Hgyn 217 Jyn 6-2 H
[P(n-C,H,),(CO), o 95 AN _H 950
H i 1.35 Jun 10-4 o
H' 4-42 JH‘H” 9-0 Han/i
Hi 2-60 JyrH~ 6-0 Hexamethyldisiloxane reference
Jpyr 2-9
H" 1.57 Jpu 40
P —41* - * Trimethyl phosphate reference
C,H,,Co0O,P 21 (BP-CH;~CH"=CH"CH}")Co- — Hgyn 206 Jun'6-0 Hexamethyldisiloxane reference 950
[P(C(H,);1(CO), Jpu 9-7 660
Homi 1.65 Juu10-1
Jpu 2-0
H' 4.21 Junr 95
HY,i 2:-72 Jyry 6-0
"PH"~0
H'" 1-41 Jpy~ 45
P —64* * Trimethylphosphate reference

9s$
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C;,H,;CoO,P 22 (A-CH,;~C(CH,)=CHCH;C,H")- CDCl, H 1-66 — Poorly resolved due to para- 661

Co(PPh;XCO), H' 318 — magnetic impurities
H” 7-31 —
C,H,,Co0,P 23 (#*-CH,;=CH'==CH.OCOCHY)- CDCl Hgyy 5-76d J1.5 — 662
Co[P(C H!");(CO), Honri 1-70d J11.2
H’ 4.66m —
H" 1-98s —
H" 7-4m —
C,H,CoF,0,P 24 (1,2,5-h*-CH,=CH'-CH;CF,- CDCl, H 3-35dd Jyu6-0 100 MHz 654
CF))ColP(CH"),(CO), Jun-2-0
H’ 3-25bm —
H,H” 2.0-2.7 —
comp.
H" 7-40m —
C.H; F 108 -8m
F 14.4 Jpgr 33-0 } 94.1 MHz
(¢) Tricarbonyl derivatives
C,H,Co0, 25 (R*-CH;~CH'=CH"CH{")Co- — Not reported Jn<0-2 663
(CO), Jun,, 63
oy 10-5
H'Hgpii ’
<02 CH,syntoH
Jrne 1045
Jyra 65
Not reported Juu0-6 CH, antito H' 663
Jun,, 7!
Jun,, 12-3
H'H,,, 1
Juy 6-8
Juyr 7-0
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TABLE X—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,,H,Co00, 26 [#*-2,3,4-C(CH,),0iCo(CO), Cs, H_,,H_, 169s — C{CH,,0= CH, 664
H_, 2-06s —
CH,
C,H,Co0, 27 (1,2,3-13-C,H,)Co(CO), CCLF, H_,H_, 4.95t — T —140° 182
H_, 3-5t — One singlet at ambient temperature
H_,H_,~65b — in CS, (6 5-51), indicating
H_ ,H_~58b — fluxional behaviour 369
C,;H,Co0, 28  (M-C H,)Co(CO), (CD,;,CO H 4.70t Jyn 80 T —50. 100 MHz 665
H,H" 52-56 — Structure:
comp. H" H"
H 6-10dd Jynr 8-0 HY H
-’H"H”’ 5'0
H!Y 2-60t Jyryv 8.0
Hm H
Co(CO),
CH,CoF 0, 29  (1,2,5-h-CH,=CH'CH’CF,CF;) CDCl, H 3-3-3:6m — 100 MHz 654
Co(CO), H’ 4.5 —
H” 20-28m —
F 108-5m —
F 732bs  — } 94-1 MHz

8¢S
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C,H,CoF,0,

C,H,CoF,0,

C,H,CoF,0,

C,;H,CoF,,0,

30 [1,2,5-h-CH,=CH'CH’CF,CF- CDCI,
(CF%)ICo(CO),

31 [1,2,5-4-CH,=C(CH})CHY- CDCy,
CF,CF}]Co(CO),

32 [(1,2,5-k-CH,=C(CH})CH’CF,- CDCl,
CF'(CF)]Co(CO),

33 (1,2,7-W-CH,=C(CH)CHY- CDCl,

C(CF,;)=C(CF;)-C(CF%)=
C(CF{ICo(CO),

H"

H"

F’

H'
H"

H'
H”

Fl’ "
E"

3.-5-4-0m
4-65
2:3-3-0m
96-7
105-3dm
161-Tbs
67-5m

3.5bs
2-0s
2.55d,

2-30d
107-4m
73-4dm

3.95bs,
3-77bs
2-0s
2.5-3-05
comp.
106-7dm,
94.0dm
162-4bs
67-6m

4.0bs,

3.8bs

2-0s

2.8m
61-3q
57-5-59-2m
52-8q

Jeg 240

Jppr 23-0
Jrg» 12-0

Jyry 10-0
Jyg 21-0
Jur 21-0
JEE 45
Jep 9-0
Jep 210

100 MHz 654

941 MHz
100 MHz 654
94-1 MHz
100 MHz 654
94-1 MHz
100 MHz 654
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TABLE X-—cont.

09¢

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(4) TETRAHAPTO LIGANDS
C,H;BrCoOP 34  [h*-C (C.H,),JCo(Br{PPh,XCO) CDCl, H 7-24m — C(C¢Hy), = tetraphenylcyclo- 666
butadiene
C,,H,,ColOP 35  [A*-C(CH,),]JCo(I)[P(C¢H?),]- CH,Cl,/ H 1-48d Jpu 3-8 Tetramethylcyclobutadiene 667
(CO) CDCl, H’ 7-4m — derivative. 60 and 100 MHz
C¢H ColO, 36 (h*-C,H,)Co(IXCO), — H 4.68s — Cyclobutadiene derivative 668
C,,H;,Col0, 37  [h*-C,(CH,),]Co(IXCO), CDC],; H 1-81s — Hexamethyldisiloxane reference 669
C,H,;0BrCoO, 38 [h*-C(C.H,),]Co(BrXCO), CDCl, H 7-40m — — 666
C,;H;xBrCo0O, 39 [#-C(»-C,H,CH}),ICo(BrXCO), CDCl, H 7-31 — — 666
H’ 2.33
(5) PENTAHAPTO LIGANDS
(a) Monocarbony! derivatives
C¢H,Col,O 40 (h*-C,H,)Co(1),(CO) CHCl, H 5-65 — — 633
CH(Cl,Co0Si 41 (h3-CH,)Co(SiCLLXH'XCO) C.H,, H 5-13 — — 401
H' -13-33b — — 402
C,H,,CoOP 42 (B-CH)Co[P(C-H!),I(CO) C.H, H 4.60d — — 918
H’ 7-0-7-6 — 670
C,H Br,CoOSn 43 (h%-C,H,)Co(Bn){Sn(CH))Br,]-  CDCI, H 5-47s — — 671

(CO) H' 170 Jsopy 56
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CgH,,Br,-
CoOSn,

C,H,;Co0OSn,

44

45

(h3-CH,)ColSn(CH.)Br,],(CO)

(h*-C H,)ColSn(CH}),1,(CO)

(b) Dicarbonyl! derivatives

C,H,Co0,

C,HBr,-
CoHg,0,

C.H,Cl,-
CoHg,0,

C,HBr,-
CoHgO,

C,H,Cl,-
CoHgO,

C,H,CoHgl,0,

C,H,5,C00,
C,H,,C00,Si

C1oH,3C00,5i

46

47

48

49

50

51

52
53

54

(h3-C;H,)Co(CO),

(#-C H,)Co(HgBr,),(CO),
(#5-C JH,)Co(HgC1,),(CO),
(W5-CH,)Co(HgBr,XCO),
(#-CH,)Co(HgCLLXCO),
(h3-C H,)Co(Hgl,XCO),

|h3-C4(CH,),]Co(CO),
[45-C H,CHSi(CH"),]Co(CO),

[45-C $H,Si(CH),ICo(CO),

cDCl,

cs,

o-chloro-
aniline

o-chloro-
aniline
o-chloro-
aniline

o-chloro-
aniline

o-chloro-
aniline

o-chloro-
aniline

Cs,

CS,

H

H'
H"

H'

5.42s
1-74s

4.70
031

4.63

4.94

4.73

4.87

4.63

1-89s

4-80t,
470t
1-60
0.00

5-04t,
4.74t
0-13

Reference hexamethyldisiloxane

671

637

672

672

673

672

672

672

672

187
250

208
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TABLE X——cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C4H,Co0, 55 (1,2,3,4,5-h%-C,H,)Co(CO), CDy =CH 4.65 _ — 1030
CH, 1.65, —
0-90 —
(6) MIXED LIGANDS
C,H,;ColOP 56  (h*-C;H)Co(COCHXI)- CDCl, H 4-77s — — 674
[P(CH%,! H’ 3-37s —
H” 7-5m —
(a) Monocarbonyl derivatives
[Co6Hyy- 57 {(h%-C,H,)Co(CF,CF3)- (CD,),COor F 60-8 JrE 245 Hexafluorophosphate 675
CoF,OP[* [P(C¢H,),(COY} CH,CN Jpp 12-3,32.9
F' 78.-0s
CHBrCoF,0 58 (A-C;H,)Co(CF,CF;CFXBr) CH, F 62-2bs — 676
(CO) F' 114-3s —
F” 78-9bs —_
CH,CICOF,0 59 (W-CH)CO(CF,CF,CFC)-  C¢H, F 65-4bs — 676
(CO) F’ 114-5s —
F” 89-3t J10-4
C,H,CoF,10 60 (h°-C,H,)Co(CF,CF;CFXIXCO) THF F +56 — 94.1 MHz 954
F’ +114-1 —_
F” +79-1 —
C,H.CoF,I0 61 (h*-C;H)COolCF(CF;),I(INCO) CH.Cl, H 5-63s —_ 954
F +157-1 Jgp 108
F' +64-1 —

98
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C,H,CoF,,0;,

C;H,CoF ;04

C,;H,CoF,,0,

'CZ‘YHZO_
CoF,0P*

C,;H(CoF,10

62

63

64

65

66

(h*-C{H,)Co(CF,CF,CF}) (CH,),CO
(OCOCF3XCO)

(K5-CH,)Co(CF,CF,CF;})- (CH,),CO
(OCOCF',CF}"XCO)

(h3-C H,)Co(CF,CF;CF%)- cDC,
(OCOCF}’CHIYCFYXCO)

{(h>-C H,)Co(CF,CFjCF*)- (CH,),CO or
[P(CH,(CO)} CH,CN

(#5-CH,)Co(CF,CF;,CF,CFy’- (CH,),CO
CFIVCFYCFYIY1XCO)

-

F'
F*

m I

F'
F”
F'"

Flll
FIV
FV

FVI

6-10s
115-6,
116-8
79-8
74-0s

6-08s
115-6,
116-8
79-8
118-8
83-6

59-5q
116-8,
115-6

79-8t
116-2t
127-4

81.5t

56-8bq
115d
74-8t

5-90s
54-0
110.7
1211
122-1
123-1
126-5
81-8

Jpg 246
Jpg 11-4

Jepe 17
Jpvgn 10

100 MHz
94.-1 MHz

100 MHz
94.-1 MHz

94.1 MHz

Perchlorate

94-1 MHz

138

138

138

675

954
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TABLE X-——cont.

¥9$

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CHyCoF 0, 67 [h*-C(C4H),JCHA'-CFXCO), CDCI, H 7-30 —_ 666
Forno  108-5m Jo, m24-6
Freta 164-7m I, p19-2
Frra  163-4 —
CyHyCoF0, 68  [h-C (p-CH,CH),ICo- CDCl, H 7-20 J8 666
(h'-CF XCO), H’ 2:24 —
F 107-1m, Jo, m22-8
162-0m, I, p18-7
163-2m —
C,,;H,CoF O 69  (hS-C.H)Co(h®:-C,F)CO) Not reported — Two isomers 551
C,F, = hexafluorocyclopentadiene
C,,H;,Co0 70 (1,2,3-h-C4H,;)Co(h*-C H{ ) Toluene-dy, H_,,H_; 2-8m —_ T 0°, 100 MHz 659
(CO) H_, 6-0t — TMS external
=CH’ 3-7m, — C;H,; = cyclooctenyl
3-2m — CgH,, = cycloocta-1,5-diene
CH,, CH; 2-5m, 2-0m, — ratio 2:6:4:6
1-6m, 1-3m —

() COMPLEXES WITH TWO OR MORE COBALT ATOMS

(a) Dicobalt derivatives

CeoH o Co,- 71 {[A*-C(CH,),ICo(CON}(SCF,),* CDCl, H 75-711  — 100 MHz 677
F¢0.8, CH,Cl, F 323 — * Bridging SCF, ligands
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C,¢H,Cl,Co,-
FeGe,O,

C,6H,,C0,0,5n

C13H»,Co,0,

C3,H;,C0,0,

C,,H,Co,F,0,

72

73

74

75

76

[(B3-CH,)Col,[(GeClLy),- CDCJ,
Fe(CO),1*(C0),*

{(n>-C H,)ColSn(CH),I(CO)}, CS,

Co,(C,H,)[CH=CC(CH,),},(CO), —

Co,[HC=CC(CH,),],(CO), —

Co,(CF,C,H),(CO), cal,

cDCl,

4.61
0-75

5-7d,
3.8d,
1-5s

5-Tm,
3-8s,
1-5s,
1-1s

651,

6-32,

4.02
58-2,
58-4,
64-4

6-39s,

6-28s,

3-99s
58-6,
589,
64-8

* Bridging ligands

Structure proposed:
Cs —CH
C—
CF,—C | CFs
"\ CH
~
(CO),Co. / —Co(CO),
\ /
|

CF,

678

637

953

953

953

679
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TABLE X-—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,H,Co,F,0, 77 (CF,C,CH;XCF,C,H"),Co,(CO), CDCl, H 1.65 — — 680
H' 6-47, —
6-13 —
F 57-25, —
57-32, —
60-85 —
C,H,Co,F,,;0, 78 (CF,C,CF)CFjC,H),Co,(CO), CDCl, H 6-39s, — Structure analogous to that above 679
4.01s —
F 61-4q, —
51-1q — Isomer |
F' 64.0s, —
57-8s —
H 6-59s — 679
F 62-4s - Isomer 11 953
F' 58.4s —
C,HCo,F,,0, 79 (CF,C,CF,),(CF;C,H)Co,CO), CC|, H 6-51s — Structure analogous to that above 679
CDCl, F 61-8q, —
59-5q, —_
5540, —
52-2q —
F' 57-6s —_
C,H,Co,F,,0, 80 (CF;C,CF,;),(CF,C,CH,)Co; CcCl, H 1-28s — — 680
(CO), F 59-2m, —
55-1m, —

50-5m

99¢
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C,6C0,F 50,

CuH;3Cor
F,0,p,

CH;,Coy-
F,0,P,

CyH3Cop
F;0,P,

C,H,5As,Co;,-
F0,

C16H2C0,0,

81

82

83

84

86

(CF,C,CF,),Co,(CO),

(CF,C,CH;,)Co,{P(C¢HJ);l -
(C0),

(CstczH)Coz[P(C5H5)3]2(C0)4

(CeH,C,C(F,)Co,IP(C4Hy), ),
(co),

(CHC,H)Co{|As(CH,),],-
C,FXCO),

{[r*-CH,=C(CH)~C(CH})=
CH,ICo(CO),},

cDCl,

cal,

CDCl,

CDCl,

cDCl,

CHC,

H

59-1q

55-3 sept.

52-0q
53.2,
56-5,
60-4
2-15s
7-37m
45-8s

7-35m

7-08m

— Structure analogous to that above

—_ Proposed structure:
C'.sHs
C

(CO),Co Co(CO),

g

(CH,),As As(CH,),

F, F,
Signals at 6 1-45, 1-56, 5-50,
7-1-7-3,inratio6:6:1:5

679
681

953

680

681

681

682

357
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TABLE X—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,F,,Co,0, 87 [(h*-C,FCo(CO),l, — not reported — C,F¢ = hexafluorocyclopentadiene 551
C,gH,,C,Co,- 88 [(h*-C,Hg)Co(CO),,Sn(C), CD,Cl, — — Norbornadiene derivative. One 683
0,Sn signal associated with the
olefinic protons (6 4-18s) which
split into two peaks of equal
intensity at —95°
CyH3C0,0,8n 89  [(h*-CH)Co(CO),),Sn(CH,), CD,ClL, — — Norbornadiene derivative. One 683
olefinic signal (6 3-84)
C,,H;Co0,0, 90 {ICH,=C(CO)=CH,JCo(C0O),}, CDCl, H 3-61s, — Structure: 532
2-28s —
CH, 0
> &
Se—c&
CH,)\ \
(C0),Co—Co(CO),
AH,
C—C¢¢
& Scn,
CH,,C0,0Si 91 [#:4-CHSI(CH}),CH,)- — H 5-12t, —_ — 250
{Co(CO),), 4.80t —
H’ 038 —
C,H,,Co,0,P 92 (h:B-CH=CH){ColP(C(H)),l- CS, H 5-03d Jpry 2:9 — 684
(CO),HCACO),} H' 7-3m — 685

89¢
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CyHsAs -
Co,F, O,

C; H,,Co,0,P
C HypAs,-
Co,FO,

C;Hy4Coy
FeOcP,

CsH3oCoy
FsO4P,

C H,Co0,0,

C4H,Co,0,

C,HCo,F,0,

93

94

95

96

97

98

99

100

(CH,C=CH')Co,{[AS(CH?),l,, —
C,F CO),

(h*-C (CH,),[CHCO),}{Co- CcDCl,
[P(C(H);)(CO),}

(2-#':3-h-CF,C=CCF)[CoAs- CHCI,
(CcH,),(CO);],

(2-h':3-h-CF,C=CCF))[Co-  CHCI,
(CO),1,IPPh,(CH,),PPh,]

(2-h':3-h-CF,C=CCF){Co- CHCl,
[P(C¢H,),/(CO),},

(h?: R*-CH=CH)I[Co(CO0),], CS,

(h?: -CH=CCH)ICo(CO))l,  CC],

(:R.CH=CCF,)[CCO),l,  CCli,

Hl
HI!

ool

7-1-7-6
3-83
1.32¢%

1-92
7-6m

—15-1

—13.4¢

—15.08

—14.86
—4.0s

JPC—H) 2223

J(3C=C—H)
153

Juy1-0

J(¥C—H)
220+2
J(*3C—H") 132

T 30°

* At T —50° this signal split into
three peaks at 6 1-19, 127, and
I-3tinratioI:1:2

Tetramethylcyclobutadiene
derivative

Relative to benzotrifluoride at
56-4 MHz

Relative to benzotrifluoride at
56-4 MHz

682

669

686

686

T —30°( Relative to benzotrifluor«) 686

T —60°\ide at 94-1 MHz

100 MHz

Structure with C,vsymmetry of
co-ordinated acetylene proposed
and vibrational frequencies
compared to that of electron-
ically excited state. Change in
hybridization (sp—>sp?) con-
firmed by J(**C—H) which is
intermediate between that of
acetylene and ethylene

100 MHz

100 MHz
Relative to benzotrifluoride at
94.1 MHz

687
685

687

353
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TABLE X-—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,H;Co,F,0, 101 (h*:h-CH,C=CCF,)ICo(CO),], CCi, H 2-70s — — 680
F 52.09s —
CoH:C0,0, 102 (h*:h:-CH,C=CCH,)[Co(CO);], CCl, H 2-64 — 100 MHz 687
CDCl, H 2-65s — 680
C,;,H,,C0,0, 103 [CH=CC(OCH;XCH?),)- — H 6-01s — — 688
Co,(CO), H’ 3.23s —
H” 1.50s —
C,,HCo,F,0, 104 (A:h:-CH=CCFHCACO),), CCl, H 6-45 — 100 MHz 354
F 137-9d Jep 23
1547t Jpg 23
162-3t Jeg 23
C,Co,F 004 105  (h?:h2-CF,C=CCF,)ICo(CO),l, CCl, Eriho 58-9q — Relative to CF,CO,H at 56-4 689
Foeta 82-8m — MHz
Fpam 749t —_
C,HCo,F,0p 106 [h?: h2-(p-C,F,OCH;)C=C(p- CCl, H 4.5 — 689
C.F,OCH),)i{Co(CO);1, Fortho 61-3m — Relative to CF,CO,H
Foeta 81-1m —
C,H,Co,0, 107 (h?*:A%-CH=CCOCH}[Co(CO),], CC}, H 6-18s — — 690
H' 2:43s —
C,H;;Co0,0, 108 [A%:h?(CH,);CC=CCOCH;]- CCl, H 1.38s — — 690
[Co(CO)4l, H' 2-48s —

0LS

ONVIAOW 'V ANV SIVO ‘W ‘LLOWIDIH ‘M d



C,,Co,F:Oq 109 (K :h2-CFICo(CO),l, — n.a. — CF,= F F, 691

F F,
Signals at 36-2,49-7, 59-0, and
89-7 ppm relative to benzotri-
fluoride, in ratio 2:2:1:1

C,eH,;Co,Fe,0, 110 (B2 :h2-FcC=CFc)[Co(CO),l, CDCl, H 4.24 — Fc = ferrocenyl 559
C,HCo,F 111  [h:h-CH,C=C(F,N,P))l- CH, F 49-8 Jpg 970 FNP, = N=FF} 692
s L , ~
N,O,P, [Co(CO)s), F 68-2 Jop 910 SE )
N=—PF},
C,H,;Co,- 112 [h?: B(CH,;),GeC=CGe(CH,);}- CCl, H 0-47s _— — 690
Ge,0, [Co(CO),),
C,H,Coy- 113 {A?: h2(CH,);GeC=CSiCH,),l- CCl, H 0-55s, — — 690
GeOSi [Co(CO)], 0-40s —
C,H,,C0,08n 114  [h*: k- CH=CSn(CH}),}- cal, H 6:25s — 690
[CA(CO),), H' 0-42 J(VSn—H) 53
J("Sn—H’) 56
C,sH,iCo,08n 115 [A?:h*(CH,),CC=CSn(CHj);}- CC), H 1-35s — — 690
[Co(CO)4l, H' 0-43 J('Sn—H') 55
J('9Sn—H') 58
C,H,Co,- 116  [h?:h(CH,),SiC=CSn(CHJ),)- CCl, H 0-30s — — 690
0OSiSn [Co(CO)sl, H' 0-42 J(1'Sn—H") 55
J(*°Sn—H’) 58
C,,H,,C0,0,Sn, 117  [h2:h*{CH,),SnC=CSn(CH,),]- CCl, H 0-40 JOV'Sn—H) 53  — 690
1Co(CQ),l, J(*'*Sn—H) 56

SAXHTdNOD TANOHAVI TVIIW-DINVOUO NO VLIVA YNN
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TABLE X—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,C0o,F O 118 (B :h*-CF,=CF—CF=CF,) — F 26-2b, J15 Relative to benzotrifluoride at 283
[CACOY,], 36-7d J16-5 56-4 MHz
C,,H,Co0,0, 119 (K*-C,Hp)[Co(CO),][Co(CO),] — H 4.58s — —_ 668
C,;H,;C0,0, 120 [h*-C(CH,),J{Co(CO),I- CDCl, H 1.67s — Hexamethyldisiloxane as reference 669
[Co(CO),]
C,Co,F,0, 121 (CFCF){Co(CO),1,(CO) CFCJ, F 50-0q J12 Structure: 656
F’ 70-8d J12 1031
" c<c1=J
(CO);COACO(CO),
C,,Co,F,0, 122 [C(CF,),)ICo(CO),1,(CO) — F 49-5s — 94-1 MHz 454
Structure: 455
(CF;),

/

(CO),Co ——Co(CO),
C,Co,F,0, 123 (1,2-h:h-CF,CF)ICKCO),], — F 318 — — 658
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(b) Tricobalt derivatives
CsH,5C0;0, 124  [(h*-CH,)Co(CO)],

C,H,(Co,FO, 125 [k5-p-C{H(CH,),(CF)Co-
(Co(CO);],

C,H,Co,FO, 126  [A5-1,3,5-C;Hy(CH,),/(CF)Co-
[Co(CO),),

CH;,C0,04 127 [K5-1,2-C¢H,(CH,),|(CCH;})Co-
[Co(CO);l,

C,H,,C0,0, 128 [A"14-CH(CH,),(CCH:Co-
[Co(CO),];

CeH,

cs,

cs,

4-56

5-44

593,
544
3-64

5-49
3-65

Structure:

Structure:
CE
(€C0);Co——|——CoCO),
\Co

Structure analogous to that above

Structure analogous to that above

Structure analogous to that above

557

693

693

693

693
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TABLE X-—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,;H;sCo,0, 129 [A%1,3,5-C;H,(CH}),i(CCH%)Co- CS, H 5-45 — Structure analogous to that above 694
[Co(CO),l, H' 2:36 — 693
H” 3.64 _—
C,)H,,Co,0, 130 (h*-CHXCCH)ColCo(CO),), CS, H 5-91 — Structure analogous to that above 693
H’ 7-46, —
717 —
C,H,;C0,0, 131 (h*-CH,CH;XCCH;)Co- Cs, H 5-62, — Structure analogous to that above 693
[Co(CO);, 5-86 —
H' 7.41, —
7-16
C,H,Co,0, 132 [A%-1,2-C;H(CH,),CCH)XCo- CS, H 5-49, — Structure analogous to that above 693
[Co(CO)41, 5-86 —
H' 7-45, —
720 —
CyuHCo,0, 133 [A%1,3-CH(CH,),I(CCH)Co-  CS, H 5-33, — Structure analogous to that above 693
[CACO),], 5-65 —
H' 7-21, —
7-42 —
C,H,,Co,04 134 [A%14-CH(CH,),l(CCH)Co- — H 5-49 — Structure analogous to that above 693
[Co(CO),], H' 7-21, —_
7.41 —
CpH,Co0, 135 [A%-1,3,5-C{H4(CH,),)- CS, H 5-34 — Structure analogous to that above 693
(CCHIHColCo(CO),l, H’ 7-20, —_

7-40

VLS
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CJJH”-
As,Co,0,

CJSHzo'
As,Co,0,

C33H s7”
Co,0,P,

C.sH;;,C0,0,P,
C,,H;,AsCo,0,

C,;H ;AsCo,0,

C,5H,5AsC0,0,

C,,H,;,Co,0,P

C,sH,,Co,04P
C1oH,5C0,0,P
CyH,5C0,04P

CyH 3AsC0,04
C,3H,,AsC0;04
C,;H;,Co,0,P

136

137

138

139

140

141

142

143

144
145

146

147
148
149

(CCH,)Co,|As(C,H,),1(CO),

(CCH,)Co,(AsMePh,),(CO),

(CCH,)Co,[P(C H,),1,(CO),

Co,(CCH,)[P(C6H5)3]2(CO),
(CCH,)Co;| As(CH,);(CO),

(CCH,)Co,(AsMePh,XCO),
(CCH,)Co,| As(CH,),(CO),

(CCH,)Co,[P(C H,),(CO),

(CCHJ)COJ[P(CGHI )(CO),
(CCH;)Co,(PEt,PhXCO),
(CCH3)C03I P(CsHs)J](CO)B

(CC,H,)Co,(AsMePh,XCO),
(CCH,)Co,|AS(C¢H,);[(CO),
(CCH,)Co;[P(C,H,),|(CO),

cDCl,
cDCl,

cDCl,

x T T

- T XX o=

2.47
2:56

2.42

2-60s,
246t

2-65

2.95
319

3.06

3-10,
3.08

2-60
2-95
3-15

7.22
7-23

715,
7.48

100 MHz

100 MHz

100 MHz

695
951

695

695

951

695
951

695

695
951

695
951

695

695

695
951

695

695
695
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TABLE X——cont.

Coupling
constant Refer-
Formula No Compound Solvent 4 (ppm) (Hz) Remarks ences
C;;HyCo04P 150 (CC H{)Co,lP(C(H,,),(CO), — H 7-15, — — 695
7-52 —

CysHyCo,04P 151 (CC¢H,)YCo4(PEL,PhXCO), —_ H 7-22 — — 695
C;;H,,Co0,P 152 (CCH,)Co,IP(C.H,),(CO), - H 7-24 — — 695
C,,BrCo,0, 153  (CBr)[Co(CO);), — BC  +186:2 — — 32
C,0Co;FO, 154 (CPICo(CO)4l, — F —44.5 — 658
C,,Co,F,0, 155 (CCF{Co(CO)l; — F 50-3s — Structure: 656
CF, 658

]

/ C\
: (CO),CO7mmnr|-mms Co(CO);

Co
C,,HD,Co0,0, 156 (CCHD,)ICo(CO),l, CDCl, H 3-61q Jip2-2 — 696
C,H;DCo,0, 157 (CCH,D)C(CO),l, CDCl, H 3.67t Jup2-0 — 696
C,;H;Co,;0, 158 (CCH,)[Co(CO),l4 CFCl, H 3.7s —_ — 656
CDCl, H 3.64 — — 695
C¢H, H 3-10s 696
JPC-H) 128 — 687
953

951

9LS
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C;;H,Co,F,0,

C,;HCo,04

C,;H,Co0,0,

C,4HyC0,0,

C,;HCo,0,,

C-H,Co,0,

C,,H,Co,F0,

C,(H;Co0,0,
C,sH,C0,0,4

159

160

161

162

163

164

165

166
167

(CCH,CF,)[Co(CO),],

(CCH,CHJICo(CO),l,

(CCH,CH,CH)(Co(CO),],

[CCH,CH'(CH?),)ICo(CO), ],

(CCH,CO,CHYICACO),),
Co,(CCH,CHIXCO),

(CCH,C(F,)[Co(CO),l;

(CCH,)Co(CO), 1,
[C(p-C{H,COCHY)ICo(CO),],

{¢) Tetracobalt derivatives
C,HCo0,0,, 168 (CH,C=CCH,)Co(CO),,

ccl,

ccl,
CH,

cDcl,

CH,Cl,

H "

Hl

H'

4-3q
@419
65-1t
(66-1t)*
3.78q
1-54¢
1.91m,
3-65t
1.16t

3-67d
2:2-1-Tm
1.19d

4.6
375

4.02s
7-11s

4.97
4.4]
143-9m,
155-9t,
161-8m

7-23
7-4d,
7-9d
2.55s

2.70s

J9:5

J9-5

J15
J15

J71.0

Jgr 18

J8

458
*953

688

688

688

658

953

354
953

695
697

681
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TABLE X—cont.

8LS

Coupling

constant Refer-

Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences

C,H,Co,F;0,, 169 (CH,C=CCF;)Co,CO0}),, CDCl, H 2-76 — — 680

C,,Co,F0y 170 (CF,C=CCF,;)Co,(CO)},, CHCI, F ‘;;fs, — 681
s _

C,;HC0,0,, 171  (CH=CCH,)Co,(CO),, CH,Cl, H 7-36m — — 681

C,H,Co,F0,, 172 (CH,C=CCF,)Co(CO),, CCl, H 7-35m, — — 681
7-71m —

C,Co,F,0,, 173 (CF;C=CCF,),Co,(CO),, CHCl, F —10-26 — T 30° 686

F -9.52 — T —60°
Relative to benzotrifluoride at
94.1 MHz

C;H,C0,0,,Si 174  [(CH,C=C),Si(CH}),l- — H 7-2, — Structure: 698

[Co(CO),], 7-4 —

. Si(CH,)
H 0.9 — 3
(CO),Co—g-—CO(CO)3 (CO),Co-—y—Co(CO),

| I
CeH, CeH,
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C,HCo0, 175 (h-CH)CoCO), —

C,HiC0,0, 176 (h*-C4H,CH,)Co,(CO), —

CH,C0,0,, 177 Co(CH,C,C,CH,XCO),, CH,CI, H

Cy;H,oCo0,; 178 CoCeH,C,C,CH)CO),, CDCl, H

(d) Pentacobalt derivatives
C,;HCo,0; 179 (C,H)[Co(CO);l CDCl, H

2-73s

7-45m,
7-60m

6-88

Structure: 1032
O+

Co

AN

(Co)C Co(CO),

NN

;O
O/ (o]

R =H, CH,

Structure:

100 MHz

The product is derived from
chloromethinyltricobalt
enneacarbonyl by heating in
mesitylene at 130°. The crystal
structure is reported

952

699
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TABLE X—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(e) Hexacobalt derivatives
CH;Co0,,P; 180 (CC¢H,),Co(PEt,Ph),(CO),, — H 6-53 — — 695
CH,Co0,P, 181 (CCH,),ColPEL,Ph)(CO),s  — H 6-93 — — 695
(8) MISCELLANEOUS COBALT COMPLEXES
CHCoF,0P; 182 Co(HXPF,)(CO) Ether H —11-4 — — 700
C;;Hg,CoOP, 183  Co(H)[P(CH,),},(CO) C.D, H —-13.9q Jpy 48 - ;g;
CoH;CoOP, 184 Co(H)[P(CH,)Ph,](CO) THF H —13.5q Jpy 50 External TMS 659
C,H,,CoOP, 185 Co(HYPPh,),(CO) THF H —~13.0q Jpy 50 External TMS 659
C.H, H —12-3q Jpy 48 — 703
or41(?) 704
ICH,;B,Co0,I~ 186  {[7<3)-1,2-B,C,H,,ICo(CO),}~ CH;CN B 24-1d* — Tetramethylammonium salt 77
11.6d* * Relative to BF,.OEt, at

(ratio 1:2)

32 MHz

08¢
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CyH;;Co0,P,

C33H;,Co0,P,

C,;H;,Co0OyP,

[Csto‘
B,;CoO;I~

C,,H,,CoO,P

C,HCo0,

187

188

189

190

191

192

Co(H)[P(C,H,);1,(CO),

Co(H)[P(C¢H,);1,(CO),

CO(H)[ P(OCGHS)glz(C 0)2

[Co(m-B,{H,XCO);]

Co(H)[P(C¢H,),)(CO),

Co(HXCO),

CeH,; H
C¢H, H
THF H
CH,CO,Et H
CH,OH/ H
(CH,),CO
CH,COCH,- H
CHMe,
Pyridine H
(CH,;,CO H
DMF H
C¢H, H
— H
—_— H
Ether H

—11-15
~10-62
~10-96
-10-96
~10-94
~10-77
~10-55
~10-90
-10-83

—10-35t

—11-9t

Not reported

—10-7d

—10-0

Jpr 49-1
Jpy 486
Joy 47-6
Jpy 475
Jpyy 46-5

Jpp 469
Jpn 46-7
Jpry 45-9

Jpy 453

Jpy 41

Jpy 21

Jpy 57

100 MHz

Tetramethylammonium salt

701
702

705
703

705

706

705

700
707
705
708
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TABLE XI
Rhodium complexes
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(1) MONOHAPTO LIGANDS
(a) Monocarbonyl derivatives
CigHyAs,- 1 Rh(CH,XAsPh,),(C1),(CO) C.D, H 0.22 — Mixture of both compounds 620
Cl,ORh 100 MHz
C;oHj;As,- 2 Rh(COCH;XAsPh,)(CI)(CO) H’ 1.53d  Jpy2
Cl,0,Rh
CgH,Bry- 3 Rh(CH,)P(CH}),Ph],(Br),(CO) CH, H 0-82 Jpyu5-4 T 34° 621
OP,Rh Jrpp2-2
H' 2:07t, J8-0
1-80t
C,3H,.Cl;- 4  Rh(CH,)[P(CH;),Ph],(C]),(CO) CH, H 0-72 Jpy5-0 T 34° 621
OP,Rh Jrpu2-]
H' 1-97¢, J8-0
1-74t
C;H,;Cly- 5 Rh(CH,)(CI),[P(CH,),1,(CO) C.H,CF, H 0-85 Jpu 50 Phosphine ligands trans-orientated 622
OP,Rh and Clcis
Jrnn2-1 Two isomers obtained by the
H 1-63m action of acety) chloride on

RhCI(PPh,);

Two further signals at 6 2-58 and
3-26 indicates the presence of
two isomeric acetyl complexes:
Rh(CH,)XCH,(PPh,),(CO) =
Rh(COCH ,XCI){PPh,),

(439
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[C4H,Cl,ORh],

Cy4H,/F,OP,Rh

Cy,Hy,CIF,-
OP,Rh
C39HJIF4OJ-
P,RhS

C I9H Z'lC 12'
OP,Rh

CZIHZ‘)CIZ.
OP,Rh

CoHyCly
F,OP,Rh

CJJHJICIZ—
OP,Rh

[Rh(CH,CH;XC,(CO)],

Rh(CF,CHF)[P(CH,),](CO)

Rh(C,F H)(PPh,),(CIXHXCO)

Rh(CF,CHF)[P(C(H,), 1,
(SO, XCO) :

Rh(CH,CHXC),[P(CH%),-
C:H,),(CO)

Rh{CH,C(CH})=CH2J-
[P(CH{"),Ph],(CD),(CO)

Rh[2-CH,C(H;P(2-C HCH"),l-
[P(p-CH,F);(CH(CO)

Rh{2-CH,C HP(2-C,H,CH%),l-
[P(m-C¢H,CH,),I(CD),(CO)

cDCl,

cDCY,

CeH,

cpcl,

cDCl,

F'

H'
H”

H
H”
H'"

H'

H”

H'
H"

4.0
1.24

5-00tt

—74-83b*
—34.200*

-12:6

5-62tt

—83-9b*
—28-6d*

1.9
0-76
2-154,
2-02t

2-82

1-31
4.37,4.25
1.97t,
1-90t
2.7-3.9
6-5-8-2
2:13,2:30
2:7-3-9
6-7-7-1

2.05,2-30,

2-37

Jur, 9
JuE, 56

Jur,9
Jur, 55

J715

Tpu 45

Jpy 62
Jrau3-3

J82

Since rhodium(11) is normally
hexacoordinate n is probably
>2

100 MHz
T 35°
* Relative to C,F, at 94- 1 MHz

Unstable

100 MHz
T 35°
* Relative to C;F¢ at 941 MHz

Phosphorous ligands trans-
orientated and Cl cis-orientated
T 34°

T 34°

100 MHz

100 MHz

623

624

625

624

623

621

626

626
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TABLE XI—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
CoH, Cly 14 Rhl2-CH,C,H;P(2-C{H/CH?),]- CDCl, H 29-39 — 100 MHz 626
OP,Rh [P(p-C HCH%),/(CHLCO) H' 6-6-8-1 —_—
H” 2-12,2:32, —
2-38
CyoH,,Cly- 15 RR(CH=CH)C,IP(CiH),)y CH,CF, H 57-3.4  — 56-5 MHz 622
OP,Rh (CO)
CoHy;OP,Rh 16  RR(C=CCH)P(CH,)1(CO)  CeH, H 1.47s — 100 MHz 627
CuH OP;Rh 17 RW(C=CCH)P(CH),(CO)  CJH, H 1.35s —_ 100 MHz 627
CioH3,0,0,RhS 18 Rh(C=CCHIP(C(Hy),ly- C.H, H 1-47s — 100 MHz 627
(SO, XCO)
C,H,,Cl, 19 Rh(1,2-C;H(CHCHIXPPh)l-  CDCl, H 38t J7 100 MHz 41
OP,Rh (CH,[P(CH’XC4H;,),)(CO) H’ 1.26d J7 * Further split by coupling with
H” 2-42dd J11,2-5 31p and *’Rh
C,oH,Bry 20 Rh(COCH,)P(CH.),Phl, CHCJ, H 1.69s — T340 621
O,P,Rh (B),(CO) H' 228t 782
C,H,Cly- 21 RW(COCH,)IP(CH;),Ph}- CHCY, H 1-57s — T 34° 621
O,P,Rh (CH(CO) H' 2.16t, J80
2-11t
C,HyoAs,- 22 RhICOCH(CH}),){As(CH"),Phl,- CHCI, H 3.0lm  — T 34° 621
ClLL,ORh (C1)(CO) H' 0-46d J6-0
RH" 2-08s, —

2-00s

1419
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Cy HpAs,

C1,ORh

CyHypAs;

CL,ORh

23

24

Rh(COCH,CH=CH,)|As(CH}),- CHCI,
PhI(C),(CO)

Rh[CH,C(CH})=CH})- C.H,
[As(CH}"),Ph],(C1),(CO)

(b) Dicarbonyl derivatives
C,H,F,O,PRh 25

CuH 30Fs'
O,P,Rh

C45H30F4'

NO,P,Rh

CoeHJoFJ'

N,O,P,Rh

Ci:HyF -
O,P,Rh

C,H;,0,P,Rh

CCJH]OFA_

O,NP,Rh

CuH:oFJ‘

N,O,P,Rh

26

27

28

29

30

31

32

Rh(CF,CHF)IP(C,H,),(CO), —

Rh(h'-C¢F)[P(CH,);1,(CO), CH,Cl,

Rh(1-4"4-C,F,CN)IP(CH,),- CH,Cl,
(CO),

Rhi1-#"3,4-C F,(CN),]- CHCl,
[P(C¢H;),1,(CO),

Rh(1-#'4-C,F,.CO,CH,CH)- CH,Cl,
[P(C¢H,);](CO),
Rh(COCH,CH})[P(C,H,),],(CO), —

Rh(4-h"-C,F,N)[P(CH,),|,(CO), CHCI,

Rhl4-41-2-C,F,N(CN)- CH,Cl,
[P(C(H,),1,(CO),

3-11d
2:04s

3-00
1-48
4-42
1-83s,
1-75s

5-09tt

—73-20b*
—34.55d*

338
86-6
86-8

320
60-0

~32
580
15-5
65-2,
34.9
2.93q
0-74t
22:4
40.0
17:5
233
11-8

J71
J1

T 34°

T 34°

100 MHz T 35°
¢ Relative to C,F, at 94.1 MHz

Relative to CF,CO,H at 56-4
and 94-1 MHz

Relative to CF,CO,H at 56-4
and 94-1 MHz

Relative to CF,CO,H at 56-4
and 94-1 MHz

Relative to CF,CO,H at 56-4
and 94-1 MHz

T 35° 100 MHz

Relative to CF,CO,H at 56-4
and 94.1 MHz

Relative to CF,CO,H at 56-4
and 94-1 MHz

621

621

624

628

628

628

628

624

628

628
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TABLE XI—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 {(ppm) (Hz) Remarks ences
C HyFy- 33 Rh{5-4'-2-C,F,N(CN))- CH,CL, F, 71-1 — Relative to CF;CO,H at 56-4 628
N,0,P,Rh [P(C(H,),1,(CO), F_, 16-2 — and 94-1 MHz
F_, ~36-6 —
(¢) Tricarbonyl derivatives
C,;H,,F,O0,PRh 34  Rh(CF,CHF)|P(CH,),)(CO); — H 5-40tt JHF, Relative to C,F, at 94-1 MHz 624
JyE, 60 T35
F —113-2b —
F’ —40-90d —
(2) DIHAPTO LIGANDS —_—
C,HyxClIO,- 35  (h-C,H,O)Rh[P(CHJ),1(CH — H 0815 — H'H 1007
P,Rh H' 0-83 —
HII’ HI!I 0'0_0.6 _ HI" Y
HIV 215 — H H
H u H
C C
Z N Np” X,
(o] /R‘h\ 0
(a) Monocarbonyl derivatives
C,,H,,CIOP,Rh 36  Rhlh2-1-CH,=CH'C,H,(PPh)l- — H ~31 — 47
[P(CH,),I(CIXCO) H' ~4.2 —
C,H,CIN, 37  Rh[14-k>COC(CH,;)=C(CH,- CDCl, H 2-20s — T 60° 629
O;Rh COJ}(p-NH;C;H'CH}"),- H' 4.56s — * Centre of AB quartet
(CIXCO) H” 7-08* —

H" 2-28s

98¢
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C,,H,,CINO,- 38
PRh CO)(p-NHC HCH}")-
[P(C(H,),)(CIXCO)

CH,As,- 39
CIO,Rh

(b) Dicarbonyl derivatives
CsH,,CIO,Rh 40 Rh(#*-CH, XCIXCO),

CyH (Cl,O,Rh, 41  [(A>-CH,CH,C=CCH,CH,),-

Rh,(C),(CO),

(3) TRIHAPTO LIGANDS

(@) Monocarbonyl derivatives

C,H;;OP,Rh 42 Rh(h3-CH,=CH=CH,)-
[P(C¢H,),](CO)

CyH,,OP,Rh 43  Rh(k-CH=CH=CH'CH?)-

[P(C(H),1,(CO)

(b) Dicarbonyl derivatives
C,H,O,Rh 44  Rh(K-CH,~CH"=CH,XCO),

Rh[1,4-#-COC(CH,)=C(CH,)-

cDcl,

(C,HORhXC}IAs(C,H)),](CO) CDCl,

cDCl,

CeH,

CeH,

cDal,

H 2-16s
H' 4-47b
H” 6-97d,
6-39d
H" 2-33s
H 1-66,1-47,
0-76
H' 7-42
n.a.
n.a.
H 4.90m
H 4.88m
H’ 3.10b
H" 1-95d
Hyn 4.02d
Hani 2-40d
H' 5.-28m

J6-0

Jun'7-2
Jun13:3

A 1-rhodiacyclopentan-2-one
derivative
100 MHz

Signals at § 2-56,2.22,and {13,
inratio 2:6:2

Signals at 6 2-3b, 1-57, 142,
1.39,1-20, 1.08 and 0-93

100 MHz T 35°
Other signals very broad

T 35° 100 MHz
Higher field signals very broad

629

630

357

928

631

631

632
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TABLE XI—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
(4) PENTAHAPTO LIGANDS
(@) Monocarbonyl derivatives
CH,I,ORh 45  (B*-C;H)RI(1),(CO) CHC|, H 591 — — 633
C,H,,O0PRh 46  (h*-C,H,)Rh[P(n-C H,);I(CO) C¢H, H 5-41t Jurn0-55 — 918
Jpy 0-55
C,H OPRh 47  (A-C,H,)Rh[P(CH},CH(CO) CDCIl, H 528 Jr1n0-6 T 40° 60 and 100 MHz 634
Jpn0-6
H’ 1.81 Jural-6
Jpy 97
H” 7-43 —
[CH,6- 48  {(h*-CsH,)Rh[P(CH}),CH,]- CDCl, H 6-43 Jirn0-4 Isolated as the bromide. T 40° 634
BrOPRhA]* (BrXCOM}* Jpu 1-5 60 and 100 MHz
H' 2:36 Jhrn0* * Normally J~0-4, but not
Jpyr 126 resolvable
C,H,, OPRh 49  (K5-C,H,)Rh{P(CH;});NCO) CDCl, H 5-14t Jyrn0-6 T 30-40° 635
"PH 0.6 100 MHZ
CH, H 5.28 J4Rn0-55 — 918
Jpy 0-55
CCl, H' 73 —
CH,O0PRh 50 (#-CHHRIhIP(OCH}),I(CO) CH, H 5-44 Jurn0-6 918
Jpy 1-2
H’ 3-49d Jpy' 13

88¢
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C,H,0PRh 51

C,H, ORKSi 52

CH,CI,ORNSi, 53

C,H,Cl,- 54
ORhSi,

CH,ORhSn 55
C,,H,,ORhSn, 56

(h3-C,H,)Rh[P(OCH}),CCH]-
(CO)

(h3-C ,H,)Rh[Si(C HJ),J(HXCO)
(#-C;H)Rh(SIiC1,),(CO)
(#3-C H,)Rh[Si(CD),CH}],(CO)

(#5-C H )Rh(SnLXIKCO)
(h*-C H,)Rh[Sn(CH.),1,(CO)

(b) Dicarbonyl derivatives

C,H,0;,Rh 57

C,H O,Rh 58
C,oH,;O,RhSi 59

C,H,0,Rh 60

(h-C H,)Rh(CO),

[#3-C4(CH,),IRh(CO),
{h5-C,H,Si(CH2),JRh(CO),

(#5-C,H,)Rh(CO),

CeH,

cal,

cDcl,
cbcl,
CDCl,
cs,
C6H6

cDCl,

Cs,

H 5.51dd
H' 3.70d
H" —0-175
H 5.27
H' 7.28
H” -11-1b
H 5.79
H 5-67d
H' 1-27d
H 6-00
H 5-18
H’ 0-32
H 5.12d
BC 1052
H 2.05d
H 5-45t,
5.22t
H' 0-16
H_.H_, 566
H, 6-00
H_, 7.29
H_s’ H_ss .
e ’ 7.00

JHRKO- 6
Jpu1-2
Jpy' S

JO-5

J31-8

Jyrn0-8

Jurp 0-7
J('*C—H) 1-76

Jurp0-4

Jia2:9

Relative to CS, (0-0 ppm)

Structure:

)

1
6
2
5
3 3

T 30°

918

636

636
636

636
637

918
580

638
250

639
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TABLE XI—cont.

Coupling
constant
Formula No. Compound Solvent 4 (ppm) (Hz2)
(5) MIXED LIGANDS
C.H,;N,- 61  Rh(C=CCH,)IC(CN),=C(CN),]- C¢H; H 1-14t J2.4
OP,Rh [P(CH,),1(CO)
CH, N, 62  Rh(C=CCH,CH})C(CN),= C.H, H 2.09q J15
OP,Rh C(CN),}IP(CH),1,(CO) H' 0-81t J15
(C,;H,,OPRh]* 63  {(h-C H)Rh(CH})P(CH’),- cDCl, H 5-15 Jurn0-4
CHY")(CO) Jpy 13
H' 0-82 Jurn2-2
Jon-5-1
H” 1-65 Jarral-1
Jpye 11:2
H" 6-92 —
C,;H,,NORh 64  (h-C,H,)Rh(C=ENC.H{,XCO) CH, H 5-48d Jurn0-6
H' 1.37
C, H,JO,Rh 65  [h%-C{CH,),JR(COCHXI(CO) CDC], H 1-95 —
H 2:79s —_
(C¢H,F5 66  {(#-C;H)RRW(COCF,)[P(CH}),- CDCl, H 513 Jurp0-4
O,PRh* CHII(CO} Jpyl2
H' 1-73 Jurrpl-1
pp 11°5
H” 6-90 —

Refer-
Remarks ences

100 MHz 627
100 MHz 627
T 40° 634
60 and 100 MHz
Tetraphenylborate
— 918
— 638
T 40° 634
60 and 100 MHz
Tetraphenylborate

065
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(C,H,pr 67

O,PRh]* CHY'Y(CO

[C,;H,,OPRh]* 68  {(h*-C H)Rh(A*-CH,=CHz=

CH)IP(CH}),CH(CO)}

(6) MISCELLANEOUS COMPLEXES
CyH,CIN,- 69  Rh[N(C,H,)=CH—CH'=CH"-

ORh CH,1(CIXCO)
CiH(OP,RE 70 Rh(PEt,),(H)(CO)
Cy,HOP,RE 71  Rh(PEt,Ph),(HXCO)

{(#*-CH,)Rh(COCH)[P(CHY),-

cDCl,

CDC,

cpel,

cDcl,

CeH,

CeH,

Hl
H"

H'
H"

H™

H'

H"”

H'"

H"

H'
H”

H

6-34
2.59
7-56

6-08

7-52
5-32

2-42
1-87

6-93
5-12
1-68
6-89
8-68
8-25d
8-10d

—~11-3

—-10-7

oy 124

Jurs0-4
Jpy 1-0

Jaorp 1-2
Jope 119

Joy 111

Jirpl-1
Jpyr 11-6

Jegl1
Jyrnl-2
Jpy- 11-4

T -20°
Isolated as the Chloride

TO°
60 and 100 MHz
Isolated as the bromide

T 40°
Isolated as the tetraphenylborate

T 40°
60 and 100 MHz

634

634

634

389

640

640
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TABLE XI—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H;,OP,Rh 72 Rh([P(n-Bu);};,(H)XCO) C.H, H —1i1-2 Jpy 17 — 640
C,H(OP,Rh 73 Rh[P(CH;,)Ph,],(HXCO) CHg H -9.9 Jpu 13 — 640
Jrund
C;,H,CIF,;- 74 Rh{OC(CN)CF,I[P(CH,)Ph,],- CDCl, H 2-01d Jpu 13-0 100 MHz 641
NOP,Rh (CIXCO) F 78-6d Jpr 1-0
C.H,,F,OP,Rh 75 Rh(H)[P(C(H F),)5(CO) CH,Cl, H —9.82q J14 T 0° 100 MHz 642
C.;H, OP,Rh 76 Rh(H)P(C(H;),|(CO) CH,Cl, H —9-69qd Jurh~1 T —35° 100 MHz 643
Jpu 14 640
C¢H, H —9.27b —
H —9-15 — T 35° 100 MHz 644
C.H,,OP,Rh 77 Rh(H)[P(p-C H,CH,),],(CO) C¢H,CH, —9-02q J13-5 T 15° 100 MHz 642
C,;H,,ClO,- 78 Rh[P(p-C{H,OCH,),],(CIXCO) CDC]J, n.a — Signals at 6 0-80t (Jpy 5), 2-15s, 620
P,Rh 2.55t(Jpy 1), 3-08s, 3-82s
(OCH,)
100 MHz
CH;,0,P,Rh 79 Rh(H)[P(C ¢H;),] (CO), CH,CIl, H —9-63b —_— T 35° 100 MHz 643
C,H, H —-9.1b —
C,,H,- 80 RhIN(C,H=CH-CH= CDCl, H 8-18t — — 389
CINO,Rh.. CH.CH,|(CIXCO),

(439
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C,H,;,0,P,- 81 Rh[P(C(H,),l,[Sn(CH}),(CO), CDC,
RhSn

(1) DI- AND TRI-RHODIUM COMPLEXES
CyoH,,CLO,Rh, 82 {Rh[1,4--2-CO(CH,),I([CO)} AC)} —

CH,CL,O,Rh, 83  [Rh(h-CH,=CH,XCO)I(CI§{  CDCl,

CeH,
CzH,,CL,- 84  {{Rh(h*-C(CH,),=CH'—C(CH%),- C(D,
O,Rh, CH}*OHV(CO)},(CI%,
C,H,Cl,ORh, 85  [Rh(h*-C H,OXCOXCDI, CcDCY,
C,.H,,0,- 86  {(A-C;H)RK[Sn(CH}),(CO)}, CS,
Rh,Sn,

H'
H”

'

HlV

n.a.

391
3-47

1-64s,
1-62s
3.58s
1-43s,
0-65s
3-444d,
3-54d
6-24b

4.13bs
3 15bs
4-46bs
4-90bs
2-93m
2-26m

513
0-74

— 645
Signals at 6 3-6,2-72, 1-65 630
T 34° 623
* Bridging Cl ligands
100 MHz 646
® Bridging Cl ligands
Structure: 647
B CHY B
S 0
CH;V /l.ll" -
cpr
[\————Rn(co)CI
L v H P
— 637
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TABLE Xl—-cont.

Coupling
constant Refer-
Formuia No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,oH o Cli- 87  [Rh(CO),,ICH,=C(CH;)- CDClL Hgpnt 2-56m — * Bridging Cl ligands 648
O,Rh, C(CH}=CH,KCI)} Homit 1-13d J35 ¥ Syn or anti to CHj groups
H' 222 —
C,oHgCly- 88  [RK(CO),1,(C,H XTI CcDCl, H 5.38dd  — CHy = u 648
O,Rh, H' 4-06m — H A chy
H N CHj}
Hl
H 1-20m — * Bridging Cl ligands
C,H,,FO.Rh, 89  [(A-CH,RhCO),(CF,C= H 5-53 — — 649
CCF)) F 54-37 —
CH;0,PRE, 90 Rh(C(H,C=C.CHy),- C,H,Cl, H 6-76m — 100 MHz 650
IP(C¢H;),)(CO), H' 7-25m —
C,¢H,;O,Rh, 91 [(h*-C H)RWCO)], Not reported — — 651

v6S
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TABLE XI11

Iridium complexes

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(1) MONOHAPTO LIGANDS
(@) Monocarbonyl derivatives
CgH,;Bry- 1 I(CH,XBr),[P(CH),Phl(CO) CH, H 0-76t Jpy5-4 trans-orientation of P ligands, 759
IrOP, H’ 2-04¢, J* 8.0 CH, trans to one Br and cis to
1-75t J*86 the other
J* = Separation of outer lines of
triplets
C,¢H,Cly- 2 Ir(CH,XCI),IP(CHY),Phl,(CO) C(H, H 0-64t Jpu5-3 trans-orientation of P ligands, 759
IrOP, H' 1-94t, J*82 CH, trans to one Cl and cis to
1-66t J*9.0 the other
J* = Separation of outer lines of
triplets
CigHys- 3 I(CH,XBrXClHI[P(CH;),Ph], CH, H 0-67t Jpu 5-5 trans-orientation of P ligands, 759
BrCIIrOP, (CO) H’ 2-00t, J*82 CH; trans to Br and cis to Cl
1-73t J*9.0 J* = Separation of outer lines of
triplets
CH,s 4  In(CH,XCIXDIP(CH}),Ph]l{CO) C H; H 072t Jpus-5 trans-orientation of P ligands, 759
CllIrOP, H' 2.09t, J*7-6 CH, rrans to I and cis to Cl
1-84t J*8-6 J* = Separation of outer lines of

triplets
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TABLE XI1I—-cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
CeHals 5 Ir(CH,XI),[P(CH}),Phl,(CO) C.H, H 0-98t NESTRIN trans-orientation of P ligands, 759
IrOP, H’ 2-32t, J*1-8 CH, trans to one I and cis to the
2.00t J*8-6 other
J* = Separation of outer lines of
triplets
(O] ; P 6 I(CH,XBrXCIXPPh,CHJ)),- CDCl, H 0-35t — Isomer resulting from trans 760
BrClIrOP, (CO) H’ 2-51t — addition of CH,Cl to trans-
[Ir(Br)XPPh,CH,),(CO)]
H 0-52t — Isomer resulting from trans
H' 2-51t — addition of CH,Br to trans-
[Ir(CIXPPh,CH,3),(CO)}
C,H,,Cly- 7 Ir(CH,XCI1),(PPh,CH),(CO) CDCl, H 0-36t — Product of trans addition of 760
IrOP, H' 2-49t — CH,Cl to trans-[Ir(Cl)-
(PPh,CH;)(CO)l
C:H,,Cl,- 8  Ir(CCLXCI),IP(CH,),Ph], CsH, H 1.96t, J*8-0 trans-orientation of P ligands, 159
IrOP, (CO) 1-89t J*9-4 CCl, trans to one Cl and cis to
the other
J* = Separation of outer lines of
triplets
C,oH,As,- 9 I(CH,CNXCI),[As(CH}),Ph],- C.H, H 1-72s — trans-orientation of As ligands, 759
C1,IrON (CO) H’ 2-03s, — CH,CN trans to one Cl and cis
1.94s — to the other
C,,H,Cl;- 10 Ir(CH,CN)(CY),[P(CH}),Phl,- C¢H, H 1-31t Jpu5-9 trans-orientation of P ligands, 759
IrNOP, (CO) H’ 2-20t, J*84 CH,CN trans to one Cl and cis
2:07t J*1-2 to the other

J* = Separation of outer lines of
triplets

965
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CoHy6Br;-
IrOP,

CZlJHZBClJ'
IrOP,

CanoCll'
IrOP,

C3oHCIF-
IroP,

CaoHyoBr,-
IrO,P,

[CyH;;Bry-
IrOP, ]+

CyoHl;;1rOP,

11

12

16

17

INCH,CH,Br}Br),[P(CH}),-
Phl(CO)

1r(CH,CH'CICHXC),
[P(CH}"),Ph],(CO)

Ir[CH,C(CH}),CLI(CD),-
{P(CH?),Ph],(CO)

IrlC(CF,),[(CIXPPh,CH,),(CO)

I(CH,CH,0CH)XBr),-
[P(CHY),Ph],(CO)

{Ir[CH,CH,P(CH,),Phl-
(Br),[P(CH;),Ph1,(CO)}*

Ir(h'-C=CCH,XPPh,),(CO)

cDal,

cDCl,

cocl,

CDCl,

cDC,

CeH,

H'
H"
H'”

H’
H”

H'
H"

2-95m,
1.98
2-28¢,
217t

1-5-2-0
3.38m
0-83d
217,
2:10t

1-8-2-4
1.14s
2-18t,
2-03t

63-7t

2.85m,
1-6m
2.96s
2-26t,
2-09t

1-86d
2:32¢,
2-06t

1-48s

J*7.8
J*8-6

Jun 65
J*9.6
J*9.6

J*8-6
J*86

Jog 100

J*8.4
J*8.4
JPH 14
J*1-6
J*14

J* = ey + Jpy

Br ligands cis to each other,
phosphine ligands trans since H’
gives a triplet (if the phosphine
ligands were mutually cis, H’
would give a doublet)

T 34°

J*=pym + Jppr

(i.e. separation of the outer peaks
of the 1:2:1 triplets)

T 34°

T =Upye + 4 p

Relative to CCL,F (0-0 ppm) at
94.-1 MHz

J* = IJPH + AJPH

Isolated as the bromide
J*=Upn+ Yoy

100 MHz

761

762

762

454

761

761

627
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TABLE XII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
CsH;3IrN,- 18  In(A'-C=CCH,XC(N,)- CDCl, H 1-54t J2 100 MHz 763
OP, (PPh,),(CO) T 35°
C,H3,IrO,P, 19 Ir(A'-C=CCH,XO0,XPPhy),(CO) C(H, H 1-86t J1.5 100 MHz 627
C ;H;;F- 20 I(h'-C=CCH,)I(CF,),COJ- CDCl, H 129 J25 627
IrO,P, (PPh,),(CO) CHCI, F +6-95* J14 *Relative to trifluoromethylbenzene
+9-86* J1-5 at 35° at 94-2 MHz
CoHy;Ir0;- 21  Ir(h'-C=CCH;XPPh,),(S0,)- Cg¢H, H 1.53 J2 T 35°. 100 MHz 763
P,S (CO) H 1.52 J2.5 100 MHz 627
C3HIrOP, 22 Ir(h'-C=CCH,)XPPh,),(CO) C¢H, H 1-40s — 100 MHz 627
H 1-41 — T 35°. 100 MHz 763
C,H,IrOP, 23 Ir(h'-C=CCH,CH:)PPh,),- C.H, H 1.98q J175 100 MHz 627
(CO) H' 0-62t J15
C, H;Ir0O,P, 24  Ir(h'-C=CCH,CH;}O,)- CH, H 2-28q J75 100 MHz 627
(PPh,),(CO) H 0-79t J15 763
C HyIrO,P,S 25  Ir(h-C=CCH,CH}XPPh;),- CeHg H 2-03q J75 100 MHz 627
(S0,XCO) H' 0-47t J15
C,H;IrO,P,S 26 Ir(h'-C=CCH,CHjXPPh,),- CDCl, H 2:04q J15 100 MHz 627
(S0,XCO) H' 0-61t J15
C,;H,,IrOP, 27  Ir[#*-C=CC(CH,),(PPh,)(CO) CH, H 0-76s — 100 MHz 627
763
C,,H;,IrO,P, 28 Ir[#'-C=CC(CH,),OH'|(PPh,),- CgH, H 1-10s — 100 MHz 627
(CO) H' 0.92s —

865
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C,H,,IrOP,S

C,;H,,IrOP,

C.H,,ClIrO,-
P,

Ciot Ay
CLIrO

CZOH 277
BrCIIrOP,

C,oH,Cly-
IrOP,

CaH; A8,
Cl,l‘rO

30
3

32

33

34

35

Ir[4'-C=CC(CH,),OH'[(PPh,),-
(SO,XCO)

Ir(h'-C=CPh),(PPh,),(HXCO)

Ir(#'-C=CCO,CH,CH})-
(CIXPPh;),(CO)

Ir{h'-CH,CH'=CHZ)Cl),-
[As(CH;"),Ph],(CO)

Ir(A'-CH,CH'=CH?(Br)-
(CHI[P(CH"),1,(CO)

Ir(h'-CH,CH'=CH%)(C]),-
[P(CH;"),Ph],(CO)

Ir[h*-CH,C(C)=CH;I(C]),-
[As(CH%),Ph],(CO)

CeHe

CeH,

CHCI,

CHCI,

CHCI,

CHCJ,

CHCI,

H”
H'

H'
H"
H'"

H'
H”
H"

H'
H"

H'
H”

0-94s
0-74s

8.83

3-9q
1-1t

2-5d

5-55 quint.

4-3d
2-00s,
1-90s

2.0-2-7
5-4m
4-2m
2-22t,
2.08t

2-0-2.7
5-48m
4-25 sext.
2-52t,
2-03t

2:70s

J*8.0
J* 88

4.43s,4-10s —
2-10s,1:93s —

3.70d,
3-02d

5-39s,4-86s —
1-77s,1-72s —

1-66s

100 MHz

Trans orientation of As ligands,
CH,CH=CH, trans to one Ci
and cis to the other

T 34°

Trans orientation of P ligands,
CH,CH=CH, trans to Br and
cis to Cl

J* = Separation of outer lines of
triplets. T 34°

T 34°
J* = g + T pyge

trans-orientation of As ligands,
CH,C(Cl)=CH, trans to one C}
and cis to the other

T 34°

627

627
764

765

765

765

765

cis-orientation of As and Cl ligands 765
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TABLE XII—cont.

Formula
ConzﬁCla'
IrOP,

CaHyAs,
CLIrO

CHyBry-
IrOP,

C21H29-
BrCIIrOP,

No. Compound

36  Ir(h-CH,C(C)=CHZICD),
[P(CH"),Ph],(CO)

37 Ir{a'-CH,C(CHY)=CH;IC),-
[As(CH}"),Ph],(CO)

38  Ir(4'-CH,C(CH)=CH}I(Br),-
[P(CH;"),Ph1,(CO)

39 Ir[h'-CHIC(CH3’)=CH'2’](Br)-
(CI)[P(CH,),Ph],(CO)

Solvent

CHCI,

CHC,

CHC,

cDCl,

CHCI,

Coupling
constant Refer-
6 (ppm) (Hz) Remarks ences
H 2-5-3-7oct.— cis-orientation of P and Cl ligands 765
H' 5-33d, J2.5
4.81d —
H” comp. —_ T 34°
H 2-53t Jup6-3 trans-orientation of P ligands, 765
H' 4.43,3.91 J<1 CH,C(CI)=CH, trans to one Cl
H” 217, J*8.2 and cis to the other
207t J*8-8 J* = Separation of outer lines of
triplets
H 2-71s — T 34° 765
H' 1-30s —
H” 4-17s —
H" 2-00s, —
1-93s —
H 251t — T 34° 762
H' 1228 -_ J‘ = ZJPH"I + ‘JPH“'
H" 4.21s,4-08s —
H" 2-32t, J*8.0
2-19t J*9.0
H 247t Jpu 6-8 T 34° 765
H' 1-21s — J* =ZJPHMI + ‘JPH'"
H" 4-16s, — P ligands mutually trans, organic
3-94s — ligand trans to Br ligand
H" 225t J* 8.2
2-10t J*8.4

009
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C21H29C‘z‘
IrOP,

C,HyAS,-
CLIrO

C;HyBry-
IrOP,

40 Irlh'-CH,C(CH})=CH4KCY),-
[P(CH}"),Ph],(CO)

41 IrlA'-CH,C(CH})=CH2)(C]),-
[As(CH}"),Ph],(CO)

42 Irlh"-CH=C(CH}),](Br),-
[P(CH/"),Ph],(CO)

CHCI,

CHC,

CHCI,

cDCl,

H
Hl
HII
H'"

H'
H"

H'"

H'
H”

H'

H”

34 sept.*

2.33s

4.73s
Complext

2-44t
1-23s
4.12s,
4-00s
218t
2-07t

3.41d,
3-16d

4.7s,*
4-56s
1-73s,
1-68s,
1-64s,
1-61s

6-48bs
1-11q,
1-69q
2.23t,
1-94t

T34° 765
*Non-equivalent methylene H’s

tProbably four overlapping doublets
P ligands mutually cis, Cl ligands
mutually cis, organic ligand
trans to one P ligand

T 34° 765
T* =N pygen + o
Cl ligands mutually cis, P ligands
trans
Organic ligand trans to one Cl
ligand

*Some poorly resolved fine 765
structure

As ligands and Cl ligands mutually
cis, organic ligand trans to one
As ligand

T 34° 762

SAXTATANOD TANOHYEVD TVIFIN-JINVOYO NO V1IVA d¥AN

109



TABLE XII-—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,,HyCl,- 43 Ir[#'-CH=C(CHJ),/(CD),- cDal, H 6-15bs  — T 34° 762
IrOP, {P(CHY),Ph],(CO) H’ 1-10g, — J*=ppe + Yppr
1-67q —
H” 2-09t, J*8-8
1-84t J*8-8
CyHpoAs, 44 Ir[/-CH=C(CH),IC), cDCl, H 6:19bs  — T340 762
CLIr0 [As(CH?),Ph],(CO) H’ 1-22d, Jypl-0
1-70d Tyl -2
H" 1.95s, —
1-75s —
C4oH;;Cl,- 45  In(h'-CH=C=CH;}Cl),- CDCl, H 5-18m — Clcis, P ligands trans, organic 766
IrOP, (PPh,),(CO) H' 3-54m — ligand frans to one Cl ligand
C4H;Cl,- 46  Ir(A'-CH=C=CH'CHYXCIl),- CDCl, H 5-28m Juu- 3-0 Orientation of ligands as above 766
IrOP, (PPh,)(CO) H' 3-95m —
2 44 1-25m JynT
C,H,,Cl,- 47 Irlk'-CH=C=C(CH},(Q)),- CDCl, H 5-30m Jyn2-7 Orientation of ligands as above 766
1rOP, (PPh;),(CO) H 1-07d —
Cy;H,,Cl,- 48  Ir(h-CH,XC,[P(CHy),Phl,,  C.H, H 1.92t, J*88 trans-orientation of P ligands, 759
1rOP, (CO) 1.23t J*88 CgH; trans to one Cl and cis to the
other
J* = separation of outer lines of
triplets
C,H,:Cl;- 49  Ir(h'-3-C¢H,CH;CIXCD),- — H 8-10-7-70, — Two isomers present 767
IrOP, (PPh,),(CO) 7.70-7-30, —

09

ONVIQOW 'V ANV SIVD ‘W ‘LLOWMDIH ‘M ‘d



C17H2|I2‘
IrN,0,
Ci:Hylo-
IrN,O,

C,gH,sBry-
1rO,P,

C |9st'
BrClIrO,P,

CgHsCly-
IrO,P,

50

51

52

53

54

I(COCH,XD,(p-NH,C(H,-
CH,),(CO)

ICOCH,X1),(C,,H,N,XCO)

Ir(COCH, XBr),| P(CH}),Ph],-
(co)

1I{COCH,XBrXCDIP(CH)),-

Ph],(CO)

Ir(COCH,XC1),[P(CH}),-
Ph1,(CO)

(CD,),S0

(CD,),SO

C.H,

CH,

CeH,

cDCy,

H

H”

7.30-6-70
4-84,
4-10

36

3.8

1-74s
1-96t,
1-88t

1-84s
1-90t,
1-81t

1-58s
1-90t,
1-81t

1-71s
1-85t¢,
1-75t

1-65
2-16q*
7-55m

- CioHgN, = = =

\Nl IN’

— trans-orientation of P ligands,
J*8.8 COCH, trans to one Br and cis
J*9.8 to the other
J* = Separation of outer lines of
triplets

— trans-orientation of P ligands,

J*9.0 COCH, trans to Cl and cis to Br

J*9.8 J* = Separation of outer lines of
triplets

— trans-orientation of P ligands,

J*8-2 COCH, trans to Br and cis to Cl

J*9.0 J* = Separation of outer lines of
triplets

— trans-orientation of P ligands,
J* 88 COCH, trans to one C! and cis
J*9.2 to the other
J* = Separation of outer lines of
triplets

— *Quartet formed by overlapping
Jog™~5 triplets

768

768

759

759

759

759

769
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TABLE XIIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
CH,p 55 I{COCHXBr{(CHIP(Ph),- CDCl, H 0-70s*, — *Mixture of isomers in which the 760
BrClIrO,P, CH;1,(CO) 0-80s* — COCH, ligand is trans to the CI
H' 2-58t or the Br ligands
C,H,,Cl;- 56 I(COCH,XCI),IP(Ph),- CDCl, H 0-70s — 760
IrO,P, CH;1(CO) H' 2-58t
C,oH;,AS,- 57 If(COCH,CHXCI),lAs(CH%),- CDCl, H 3-33q *Since each methyl group givesa 770
CLIrO, Ph}(CO) H' 0-94t separate resonance neither As~Ir
*H" 1-74s, bond lies in a plane of symmetry
1-59s, through the molecule and the two
1-54s, AsMe,Ph ligands are in different
1-45 environments. The structure must

therefore be (I) or (11):

co
| .-a
EtCO— Ir—L'
L/
cl
1))
0
cl o _ (lt L
EtCo—Ir—Cl EtCO—Ir—Cl
¢ )
L’ Cl
an (1)
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CasHyoAs,-
CLIrO,

CioHyAsy
CLIrO,

C 20}{ 27C12-
Iro,P,

CoH;sIrO;P,

58

59

60

61

I(COCH,CHIXCD),{As(CH?),-
Ph[As(Ph),CH{"](CO)

INCOCH,CHIXCI),{ As(Ph),-
CH’1,(CO)

Ir(COCH,CH;XCI),[P(CH?),-
Ph],(CO)

INCOCH,CH;)(PPh,),(CO)

cDC),

cDCl,

CeHy

CH,C),

H'
H"
H'"

H”

H'
H”

3.26q
0-92t

1-63s,1-39s —

1.83s

3.30q
0-92t
1-52s,
1.91s*

1-81q
013t
2-11t,
2-03t

2-30q
0-05t

J7-2
J712
J*9.-4
J*9-4

J71.25
J1.25

Structure (I) is favored since one
AsMe,Ph group (the entering
ligand L'} is readily removed and
must therefore lie trans to the
labilizing EtCO group. This is
the product of kinetic control,
and changes slowly into a more
thermodynamically stable form
(1)

Structure (I) (see above) where 770
L = AsMe,Ph and
L’ = AsMePh,. Not isolated
since it is rapidly converted into
the more stable form (I11) (see
above)

Structure {I) (see above) where 770
L = L’ = AsPh,Me. Not isolated
since rapidly converted into (I11)

(see above)

*Temperature dependent and is
therefore the Me signal of the
labile ligand L'

Trans orientation of P ligands, 759
COCH,CH, trans to one Cl and
cis to the other

J* = Separation of outer lines of
triplets

T 35° 624
100 MHz
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TABLE XII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,,H,,Cl,- 62 Ir[COCH(CH)),(Ch,(P- CDCl, H 2-59m — — 769
IrQ,P, (CH"),Ph],(CO) H' 0-34d Jun4-7
H” 2-18t, Jpy» 5-6
200t —
C,H,,Cl,- 63  (A-COC,H)Ir([P(CH ),l,- CDCl, H 0-8m — COC,H, = H o 929
1rO,P, (C),(CO) H’ 2-62tt — H 1
H C
H H'
C,H,.Cl,- 64 1r(COC H)XC),[P(CH}), CDCl, H 7-1lm — — 769
IrO,P, CH%1,(CO) H' 2-16t, Jpyr 47
2-96t —
H” 7-5m —
C¢H, H’ 1-95t, J*9.0 trans-orientation of P ligands, 759
1-66t J*9.0 PhCO trans to one Cl and cis to
the other
J* = Separation of outer lines of
triplets
C,H,,Cl,- 65 I{COC HIP(CH,),CH;l,- — H 2-46 Jpr9-1 — 1014
1r0,P, (CN,(CO)
CoH, As,- 66 Ir(CH,CO,CHIXCI),[As(CH%),- CH, H 2-49s — trans-orientation of As ligands, 759
CLIrO, Ph],(CO) H’ 3-37s — CH,CO,CH, trans to one Cl
H" 1-93s, — and cis to the other

1-97s

909
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CooH2Cly-
1rO, P,

CHyIrOy-

P,S

CisHy3As,-
C1,IrO,

C IBH ZJCIT
IrO,P,

CisHysAs,
CLIrO,

C,H,,Cl,-
1r0,P,

C,sH,,Cl,-
IrO,P,

CyHysAs
CLIrO,

67

70

73

74

Ir(CH,CO,CH})(CI),[P(CH?),-
Ph],(CO)

Ir(CO,CH,XPPh,),(SCYCO)

I(CO,HXCI),|As(CH,),-
Ph1,(CO)

I(CO,HXCI),{P(CH,),Ph],-
($0)]

I(CO,CH,XCI),[As(CH}),-
Ph],(CO)

I{CO,CH,XCI),IP(CH}),},(CO)

I(CO,CH,XC),[P(CH}),-
Ph],(CO)

I(CO,CH,CHIXCI),{As-
(CHJ),Ph1,(CO)

CeH,

CsDs

H'
H”

2:25t
3.36s
2-16t,
2-06t

3.0s

2-00,
1.96

2-16t,
2.09t

3-29
2-0,
1.92

3-55s
1-75¢

3.24s
2-14t,
2.01t

3.81q,
09M
2.0

J*8.8
J*9.4

J*9.2
J*9-0

trans-orientation of P ligand,
CH,CO,Me trans to one Cl and
cis to the other

J* = Separation of outer lines of
triplets

As ligands trans, carboxy group
trans to one Cl
T 34°

J* = ZJPH+ “,PH

P ligands trans, carboxy group
trans to one Cl

T 34°

As ligands trans, carboxy group
trans to one Ci
T 34°

J* = zJpHr + “’PH'

P ligands trans, carboxy group
trans to one Cl
T 34°

I*=ppe+ Vpnr
Stereochemistry as above
T 34°

Stereochemistry as above
T 34°

759

771

772

772

772

172

772

772
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TABLE XII—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,oH,,Cl,- 75 I(CO,CH,CH;XC),[P(CHY),- — H 3-74q J712 J* =% pyr + Upy» 772
IrO,P, Ph],(CO) H 0-98t J12 Stereochemistry as above
H" 2-15t, J*9.2 T 34°
2.01t J*9.2
C, H,,Cl;- 76 I(CO,Ph)Cl),|P(CH,),Ph},(CO) — H 2.20t J* 94 J* =2Jpy + “Jpu 772
IrO,P, 2-19t J*8-8 Stereochemistry as above
T 34°
(b) Dicarbonyl derivatives
CHCLIrNO, 77 INCH,XCD,(C;H{NXCO), CDCly H 1.76*, — *Mixture of isomers 769
1-52* —
H' 8-87 —
C,,H,,AsCl,- 78  I(CH,CHIXCI),[As(CHY),- CDCl, H 2-79q — — 770
1rO, Ph](CO), H' 1-92t —
H” 2-00 —
C,,H,AsCl,- 79  INCH,CHXCI),(As(Ph),- CDCl, H 2-61q — — 770
Ir0, CH3KCO), H’ 1-77t —
H” 2-05s —
C,H,,Cl,- 80 Ir(CH,CHXC},(C,H'N)- cbal, HH 2:15m — — 769
IrNO, (CO), H" 8-56m —
C.H, H 3-14q Jey 9
H' -7t —

809
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CwHJs'
IrO,P,

CSHIOCII_
Ir,0,

C,Hy,IrO,P,
C 4oH3;1rO,P,

C4 HyIrO,P,

CeHyolIry-
OsP,

CyoHy:lrOP,

81

82

83
84

85

86

87

I(CH,CH;)PPh,),(CO),
[I(CH,CH}XCIXCO),],(CI),*

Ir(h"-C=CCH,)(PPh,),(CO),
ICOCH )[P(C(H.),1(CO),

INCOCH,CH;)(PPh;),(CO),

[Ir(CO,CH,CHXI)(PPh,)-
(CO),l,

Ir{CO,CH,)[P(C¢H});]1,(CO),

(¢) Tricarbonyl derivatives

CyHy,IrO P

88

I{COCH,CH;)(PPh,XCO),

(2) DIHAPTO LIGANDS

CanoC]J'
IrOP,Sn

89

(h-CH,=CH,)Ir[P(Ph),CH.),-

(SnCLXCO)

CH,CJ,

CDCl,

CeH,
CDCl,

CH,CI,
CeH,
cDcl,

C,D,N

CH,C,

CeH,

cDCl,

H’

H'

2-89q
0-89t
2-8m
1-41t
1-51s
2-20s
7-27m
2-66q
0-45t
2-90q
0-73t
3.-7q
1.2t

2:93
7-34

2.52q
0-35t
2:97q
1-03t

2-0b,
1-05b
2-44¢

~17.5

Jpy:3-4

T 35°
100 MHz

*Two bridging Cl ligands

100 MHz

T 35°
100 MHz

T 35°
100 MHz

T 34°

624

769

627
645

624

768

773

624

774
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TABLE XIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (H2) Remarks ences
C;,H,,Cl;- 90 (h*-CH,=CH,)Ir(PPh,),(SnCl,)- CDCl, H 1-75b, — T 34° 774
IrOP,Sn (CO) 0-9b
C,oHCIF,- 91 (W-CF,=CF)Ir(CDIP(CH,),- CDC, H 7-40m — 775
IrOP, CH}),{(CO) H’ 1.95d —
F 1555, —
166-0 —
C,4H,,CIF,- 92  (B-CF,=CF)Ir(CIXPPh;),(CO) CDCl, F 46 dt, J 154,41 To high field of CC1,FCCLF 776
IrOP, 64 dq J 159, 50,37
CoHu,IIN,OP, 93 (h>-CH(CN)=CH(CN)jIr- CH,CL, H —11-13 — — 777
(PPh,),(HXCO)
CyH, - 94 Ir|h-C(CN),=C(CN),(CD)- CHCI, H 2-15d, J*11-9 cis-orientation of P ligands, Cland 759
CIIrN,OP, |P(CH;),Phl,(CO) 2-08d J*11-6 CO trans
J* = Separation of lines of doublets
C,;H, ClF - 95 [R-C(CN)XCF,=C(CN)CF;}Ir- CDC}, H 7.34 — 100 MHz 778
IrN,OP, (CHIP(C4H,),CH;),(CO) H' 2-17d, Jpy 10-8
2-00d Jpy 10-8
F 53-1, Jpr 12:0
579 Jpp9-4 94.1 MHz
C,;H;,CIF,- 96 [#-C(CN)CF,;=C(CN)CF,]Ir- CH,CI, F 53.5d, Jppll-7 778
IrN,OP, (CIXPPh,),(CO) 58-0d Jpr9-3 94.-1 MHz

019
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CyoHyCIF,-
IrN,0,P,

C;;,H,CIF,-
IrOP,

C,,H,ClIrO

C JSHZGClFIZ-
1rOP,

CyoH,ClIrO,-

P,

C,H,ClIr0,-

P,

C3H;;Cly-
IrOP,Sn

97

99

100

101

102

103

[#-C(CN)CF,=C(CN)CF,Ir-

(CDIP(OE),],(CO)

(1,6-h*-CF IN(CDIP(CH,),-

CH;],(CO)

(h*-C,H,,),I(CIXCO)

[1,4-h2-C(CF,)=C(CF,)C(CF,;)=
C(CF)Ir{(CHIP(CH,),-

CH;}},(CO)

[1,4-h-C(CO,CH,)=C(CO,-
CH,)C(CO,CH,)=C(CO,-
CH)II(CHIP(CHY),-

CH’],(CO)

{1,4-h?-C(CO,CH,)=C(CO,-
CH,)C(CO,CH,)=C(CO,-
CH)NIr(CDIP(CHJ),1,(CO)

(h*-CH=CH)Ir(PPh,),(SnCl,)-

(CO)

CFCl,

CHCI,

cDCl,

cDCl,

cDcy,

CDCl,

cDCl,

F 53-8d
58-0d
H 7.4
H' 2-06
F_,,F_, 1686
F_, F_ 1812
F_,F_, 1244
H_,,H_, 4:47bm
H_,,H_, 2-26bm
H_ ,H_, 1.71bm
H_,
H 7-45m
H’ 2-25t
F 48-06q*
51.-86q*,
56-9m*
H 3.56s,
3.52s,
3.25s
H' 8.0-7-Im
H” 2-25t
H 3.25s,
3-37s
H' 7-8-7-2m
H 4.60

Jep 117
Jpg9-3

Jp7-5

Jpyy4-0
Jep15:0
Jep 150

*In ratio of 3 :3: 6 respectively

T 34°

570

240

357

719

780

780

774
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TABLE XI11—cont.

Formula No. Compound Solvent
C,H,CIF;- 104 [A-C(CF,)=C(CF,)iir(Cl)- cDCl, H
IrOP, [P(C¢H,),CH;1,(CO) H
F
C,H,ClIF- 105 [h-C(CF=C(CFy)lIn(Cl)- CH,CI, F
IrOP, (PPh,),CO
[C3Hyy 106  {[#*-C(Ph)=C(Ph))Ir[P(CH,), CDC), H
IrOP,)* Ph,(CO}*
C,H,CIF,- 107 [A2-O=C(CN)CF,]Ir(C))- cDCY, H
Ir'NO,P, [P(C,H,),CH;}1(CO) H'
F
C,H,CIF,- 108 [A2-0=C(CN)CF,JIrCI) F
IrNO,P, (PPh,),(CO)
C,H, F,- 109  (h2-S=C(CF,),JIr- cDCl, H
IrOP,S (PPh,),(HXCO)
C,.H,,- 110 (B-S=C=S)Ir(PPh,),(HCO) — H
IrOP,S,
CoH,CIFe 111 [h:-S=C=C(CF,),JI{Cl)- CH,Cl, F
IrOP,S (PPh,),(CO)*

6 (ppm)

7-35m

2-10t
51-7q,
54.4q

—14-2s*,
—16-7s*

1-34d

7-3m
2-6t
75-5s

79-9s
—10-51t
—11-0

57-5q,
61-3q

Coupling
constant Refer-
(H2) Remarks ences
— 779
Jpu4-0
Jep 150
Jep 150
—_ *Two isomers, signals to high 776
field of CCL,F.CCLF
J*71 Isolated as the tetraphenylborate 761
J*=Wpu+ Jpy

— 100 MHz 641
— 94.1 MHz
— 94.1 MHz 641
Jpu 16 100 MHz 781
Jpy21-0 100 MHz 781
Jeg 15 775
Jep 15 94.6 MHz

*Bonding occurs to the C=S group
of the thioketen ligand

[4L]
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CJJHSGClZ-
Ir,0,

112

((H2-CgH, ), Ir(CO)(C),*

(3) TRIHAPTO LIGANDS

[CyoH,,AS,-
ClIroJ*

[Conzv‘
ClIrOP,J*

CooHy;IrOP,

C,H,,AsCl,-
1r0

113

114

115

116

{(h*-CH,CH' CH)Ir(C)-
[AS(CH%),Ph1,(CO)}*

{(®-CH,CH'CH,IKCI)-
[P(CH?),Phl,(CO)}*

(h-CH,CHCH)Ir(PPh,),(CO)

(W-CH,C(CH)CHICD),-

[As(CH;"),C HY)(CO)

cocl,

CHCI,

CHCJ,

CeH,

cDCl,

H

H syn
H anii

H”

Hj yn
H anii

H'
H”

4-90t*,
2-23%,
1-61%

4.04
2.82

1-77s,
1-72s

4.27
299

n.m.
2-05d,
1.99d

4.40m*
1-82 v.b*

4-Ts
3.4m
3.87s
3.0d
2-49s
2-08s
7-59m

Jun'7-8
Ty 12-8

Ju8-0
Jpy3-0
Ju130
Jpn6-8

JE11-2
J*11.2

Jun2-6

Jun2-6

*Two bridging Cl ligands
CgH,, = cyclooctene

*Olefinic protons
TMethylene protons

T 34°. Isolated at the

tetraphenylborate
H r
¥ HS_l‘n
Hmm‘
T 34°

.,‘ = ZJPHN + AJPH"
Isolated as the
hexafluorophosphate

T 35°. 100 MHz

*Broad AX, spectrum, temperature

and solvent dependent

357

765

765

631

769
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TABLE XII—cont.

Coupling
constant
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks
[C, HyASs,- 117 {[MB-CH,C(CH)CH,lIr(C))- CHCI, Hsyn 4.30 Jag~1 T 34°
ClIrO]* [As(CHY),Ph],(CO)} Hami 3.06 Jan ™1 Isolated as the
H' 2.54 — hexafluorophosphate
H” 1-92s, —
1.88s —
C,;H,,- 118 [A*-CH,C(CH})CH’)Ir(Br),- CDCl, H syn 4.7s —_ —_
AsBr,IrO (AsPh,XCO) H'iyn 3.5b J3
H gmi 421s —
nti 3-35d J3
H' n.m. —
CyH,p- 119 [A3-CH,C(CH;)CH4]IN(CI),- CDCl, H syn 4.77s — —
AsCLIrO [As(CH!"),H(CO) H' 3-4b J~3
Hni 4-00s —
"anti 3.1d J~3
H' 2-49s —
H" 7-68m —
CH;0AsIr0 120 [A-CH,C(CH)CH,JIr(AsPh,),- CH, H 2.68b,1-35 — T 35°
(co H' 2-30 — 100 MHz
C,oH;,Cl- 121 [#*-CH,C(CH}))CH;IIKCI),- CDCl, Hsyn 4.2 — —
IrNO (CHI'N)(CO) H',, 3.8s —
H ani 4-03s —

Refer-
ences

765

769

769

631

769

v19
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lclezo'
CIIrOP, |+

C,;H,,CLIrOP

C,H,,IrOP,

C,H,,IrOP,

C Hy,IrOP,

C,.H,,IrOP,

122

123

124

125

126

127

{{#*-CH,C(CH})CH,}Ir(C])[P-
(CH"),Phl,(CO)}*

[#3-CH,C(CH})CHEIIF(CI),-
[P(CH!"),)(CO)

[#*-CH,C(CH,)CH,]Ir-
(PPh,),CO

(W-CH,CHCHCH))Ir-
{P(Ph),],(CO)

[#3-CH,C(CH,)CHCHIr-
(PPh,),(CO)

[#*-CH,C(CH,)CHCH(CH}),}-

Ir(PPh,),(CO)

CHC,

cpcy,

CeH,

CH,

CsH,

C.H,

"anti 3.7s

H' 2-74s
H' 8-43
H gyn 4.08
H i 3.04
H’ 2-46
H" 2-02d,
1-96d
H syn 4.79d
H%yn, Hpi2-79s
Hopi 4-2d
H 2.33d
H'"” 7-7Tm
H 1-86
H 4-23m
H' 2.09b
H 2.06
H' 1.99d
H 234
H 1-21d

~1

Jun

Jp 68, 1

J*10-8
J*11-3

Jpy 45

Jpyy 83
Ty 17

J6-0

J17.0

J*=UUpy. + Upye

Isolated as the
hexafluorophosphate

T 35°. 100 MHz
Temperature dependent

T 35°. 100 MHz
Methyl signal unresolved, other
signals broad

T 35°. 100 MHz

T 35°. 100 MHz

765

769

631

631

631

631
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TABLE XI1iI—cont.

Formula

No. Compound

(4) TETRAHAPTO LIGANDS

[CzIHn'
ITOP2]+

[szHJo‘
IrOP, |+

[C 23H32_
IrOP, ]+

128 {(A*-CH,CH'CH'CH,)Ir-
[P(CH%),Ph],(CO)}*

129 {[h*-CH,C(CH)CH"CH,]Ir-
[P(CH}"),Ph](CO)}*

130 {{[#*-CH,C(CH})C(CH)CH,}-
Ir[P(CH}"),Ph],(CO)}*

Coupling
constant Refer-
Solvent 4 (ppm) (Hz) Remarks ences
CDCl, H 2-4m, — \ Isolated as the tetrafluoroborate 761
0-3m —
H’ 5-86m, —
5-25 —
H” 2-08d,
2-05d, J10:2
1-75d y,
H 2:45m, —_ \ Isolated as the perchlorate
0-35m —
H' 5-9m, —
5-3m —
H" 2-12d, J10-3
2.07d, J 105
1.77d J9-8 Y,
SO, H 2-6m, — T 34° 761
0-4m — Isolated as the tetraphenylborate
H' 2-43d Jpyr 3-8
H” 4-9m —
H"' 1-96d, J10-1 Integral intensities in ratio
1-86d, J10-3 1:1:2 respectively
1.53d J 101
CH,C], H 2-49m, — Isolated as the tetraphenylborate 761
0-3m — T 34°

919
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(5) PENTAHAPTO LIGANDS
CH,LIr0 131 (B-C,HIr(I),(CO)

C,HuIfOP 132 (K-C H)Ir[P(C,H),(CO)

[CoH, IrOPI* 133 [(A5-CH )t [P(CH.),I(H)-

conr

C,H,CLI'0O 134
C,H,LIr0 135

[45-C(CH,),JIr(C1),(CO)
[h5-C(CH,), lIr(1),(CO)

C,,H,ClIr0,S 136
(CO)

[43-C (CH,),JIr(CIXSO,CH})-

SO,

cpcl,
ccl,

cDCl,

(CD,),CO

cDcl,
CH,CI,
CDCl,
cDCl,

H'
H”
H"

H'
H"
H"

2-27d
1-66q
1.97d,
1-84d,
1.-46d,
1-39d
2.51m,
0-7-0-1m
2-34d
1-76q
2-13d,
2-00d,
1-62d,
1-56d

6-0ls
5-00
7-32
4.97
8-1-6-9
n.m.
7-56
—14-42
1.91s

2-28s
2-00s

1-97s
3.24s

Jpy3-8
Jpy 30,47
J10-4
J 101
J96
J9-6

Jpy 3-8
Jp3-0,4-6
J10-0
J10-3
J9-8

J9.7

T 40°

— T 40° 100 MHz
—_ Isolated as the tetraphenylborate

782
783

782

783

638

784
638

638
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819

TABLE X1l—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H,,ClIr0,S 137 [h3-C(CH,)IIr(C])- CDCl, H 1-93s — — 638
(SO,CHIXCO) H’ 7-6Tm —
C,sH,,ClIr0,S 138 [#%-C(CH,),lIr(ClXp-SO,- CDCl, H 1.93s — — 638
CHCH{)CO) H' 7-45q —
H” 2:40s —
C,,H,y- 139 [A#*-C(CH,),]Ir(CI)- CDCl, H 1:95s — — 638
BrClIrO,S (p-SO,CH/Br}CO) H' 7-61d —
C,,H,,Ir0O, 140 [h*-C,(CH,)]Ir(CO), CDCl, H 219s — — 785
638
C,H,Ir0, 141 (*-CH)IF(CO), CH,, H_,H, 556 J,,29 CH,= 1 1 639
H_, 6-00 — 6 @ )
5
4 3
H_,H_, — T 30°
H_,, H -
(6) MIXED LIGANDS
(a) Monohapto/monohapto
C,H,IIfOP, 142  I(CH,Xh-C=CCH,CHiCH};  C(H, H 111t J55 100 MHz 627
CHXIXPPh,),(CO) H' 2.66m| J6-0
1-52m J20

H” 0-82t J65
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(b) Monohapto/dihapto

CHIrP,0,

C.Hy,FIrOP,

C o Hy,F,IrOP,

CoHy,ItN,-
oP,

CuHJJFs'
IrOP,

CHqoIrOP,

143

144

145

146

147

148

Ir[ 1'-C(CO,CH,)=CHCO,-
CH,][#*-C(CO,CH,) =
C(CO,CH,)|(PPh,),(CO)

I(h*-C=CCH,)(1,4-i:-CF -

CF'=CF'CF,)PPh,),(CO)

Ir(h-C=CCH,)[ 1-C(CF )F=
C(CF,)F)(PPh,),(CO)

1r(h'-C=CCH,)[1>-C,(CN),}-
(PPh,),(CO)

Ir(h-C=CCH,)[h-C,(CF,),]-

(PPh,)(CO)

Ir(A'-C=CCH,)}h%-C,(CO,-
CH;),[(PPh,),(CO)

cpcl,
CHCI,

C6H6
CHCY,

CDCl,

cDCl,

cpcl,

F'

H’

3.60,3-42, —

3.32,3.23 —

1-47t J25
+39-7dd, J 144,42
+29-6dd J13,23
+99-6 comp. —

1-47t J2.5

+2:73q, J10
+5-22q J10

+104 comp. —
+124 comp. —
1-68t J2:5
174t J1-6
—10-25 comp., J 6, 3
—11-8 comp.
1-52t J25
2.03 —

100 MHz

Relative to trifluoromethylbenzene

at 35° and 94-2 MHz
Two non-equivalent CF, groups

100 MHz

Relative to trifluoromethylbenzene

at 35° and 94-2 MHz
Two non-equivalent CF, groups

100 MHz

100 MHz
CF, non-equivalent

Relative to trifluoromethylBenzene

at 35° and 94-2 MHz

100 MHz

117

627

627

627

627

627
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TABLE XII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
(¢) Monohapto/pentahapto
[C,sHy rOP]* 149 {(A*-C,H)I(CH)IP(C(H?),)-  CDCl, H 6-05 Ty 1:2 Isolated as bromide with 0-5SM 783
(CO) H' 1-15 Jpu5-1 CH,C], solvent of crystallization
H" 7-58 — T 40°
CDCl, H 6-05 Jpul-l Isolated as chloride with 0-SM
H' 1-13 Jpy 51 CH,Cl, solvent of crystallization
H" 7-57 —_ T 40°
CDCl, H 6-02 Jpul-2 Isolated as iodide with 0-5M
H’ 1-16 Jpu ' 5-0 CH,C), solvent of crystallization
H" 7-57 —_ T 40°
[CoHysIrOPI* 150 {(A*-CHINCH}CH))- cDCl, H 6-02 Jegl-1 Isolated as iodide with 0-5SM 783
[P(CH;ICON}* H' 1-53,2.93 — CH,Cl, solvent of crystallization
H" 7-60 — T 40°
(CyyHyF - 151 {(#*CH)I(C,F,)IP(CH),l-  CDCl, H 627 Ty 10 Isolated as iodide 783
IrOP}* (CO}* H’ 7-63 — T 40°
[CyoHsy- 152 {(#>-C,H)ICH}) CDCl, H 6-00 Jpy 11 Isolated as iodide with 0-5M 783
IrOP}* (B(C HM),I(CO* H’ 113 — CH,C], solvent of crystallization
H” 7-60 — T 40°
[Cy,Hyy- 153 {(#5-C,H I (CH}CH.,) cpal, H 5.83 Ty 11 Isolated as iodide 783
IrOP}* [P(CHY,I(CON}* H’ 3.10,4-16 — T 40°
H” 7-64
C,H,(lIr0 154 {[W-C{CH,),ICH{XIXCO)}  CH,CI, H 2-08 — — 784
H’ 1-33 —

079
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C,,H,,F,JIr0

C,;H,F,IIrO

C,H,,F,IIr0

C,,H,ClIr0

C,sH,,ClirO

C,,H,,BrCIIlrO

ICy;H 4Ir0,]*

(C,5H,,IrO,]*

[CI4HISF4_
1IrO, ]+

155

156

157

158

159

160

161

162

163

[#3-C (CH,),I(CF,XIXCO)

[45-C (CH,),JI(CF,CFIXIXCO) CH,Cl,

[A3-C (CH,);]Ir(CF,CF;CF*%)-
(IXCO)

CH,Cl,

[15-C(CH,),Ir(h"-CH{XCIXCO) CDCl,

[#5-C(CH,),]Ir(hp-CH,CH%)-  CDCl,

(CIXCO)

[A3-C (CH ), l1r(h'-p-C¢H.Br)-
(CIXCO)

{[-C (CH,),)INCH;XCO),}

{[5-C (CH,),lI(CHXCO), }*

{[K-C(CH,),IICF,CF}IXCO),}* (CD,),CO

() MISCELLANEOUS IRIDIUM COMPLEXES
(a) Monocarbonyl derivatives

C,;Hy;As,
CLIrO

164

Ir(C1),[ As(CH;),Ph],(HXCO)

cbcl,

(CD,),CO

cDCl,

CeH,

T Tz M

3

7T

Tz xm

H'

2.21 —
5-0s —

216 —
70-5q JEE 269
823t Jep 2:0

2.18 —
65-6q JrE 280
115-3q

79-4t J12

1-73s —
7-10m —

1-77s —
7-05q* —
2-29s —

1-77s —_
7-20bs —

2.24s —
1-16s —
7-35,6-88m—
2:30s —
1-06s

2.48 —

657 —
75-2

—16-1 —
1-75,1.73

*Centre of AB quartet

Isolated as the B(C H%), salt

Isolated as the iodide

Isolated as the
hexafluorophosphate

As ligands trans, Cl cis

784

784

784

638

638

638

638

638

784

786
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TABLE XI1I—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
[CysH,, 165 {Ir(CIP(CH}),Ph],{As- — H -10-7 J15.5 J*=Ypu+ YUpy 787
AsCIIrOP,)* (CHY),PhI(HXCO)}* H' 1-83t, J*8-2 P ligands trans, Cl and CO ligands
1-69t J*82 trans
H" 1-06s — Isolated as the tetraphenylborate
C,.H,, 166 Ir(CIXGePh,XPPh,XHXCO) C¢Ds H —8-50 Jpul5-6 0-SMCH,, 788
CiGelrOP Solvent of crystallization
C,;H,,- 167  Ir(CHIP(CH}),Ph],(H),(CO) CH, Ha —18-36 Jpul4-1 trans-orientation of P ligands, 759
ClIroP, H, —7.58 Jpp 20-2 Ha trans to Cl, Hy, cis to Cl
Jun8-4 J* Separation of outer lines of
H' 1-89t, J*1-6 triplet
1-86t J*7-6
CoHyp 168  Ir(CIIP(CHS),Phl(HXCO) — H —~9.2 Jpu 16,151 Two P ligands trans, Cland CO 787
ClIrOP, H’ 1-84t, Jpy 80 ligands trans
1-64t, Jpu'8:2 Isolated as the tetraphenylborate
1-19q Jpu' 97
Jyn ~1
C,H;,- 169 Ir(BrXPEt,Ph),(H),(CO) C¢H¢ H, —18-29 Jpul3:5 trans-orientation of P ligands, 759
BrirOP, Hp —-8-73 Jpy18-9 Ha trans, and Hy, cis, to Br
C,H,,BrD- 170  Ir(BrXPEt,Ph),(DXHXCO) CqH, H, —18:30 Jpy13-5 trans-orientation of P ligands, 759
IrOP, H, —8-75 Jpu 19-0 Ha trans, and Hy, ¢is, to Br

9
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C.H,,Cl,-
IrOp,

CIJHJ)ClZ-
IrOP,

Cy,H,;,Cly-
IropP,

C17H39C12'
IroP,

CanC‘z'
IrOP,

CZSHSSCII-
IrOP,

C |9H‘JCI 2
IropP,

Cu H4 ,Cl,-
IrOP,

CzJHnClz'
IrOP,

171

172

173

174

175

176

177

178

179

1Ir(CI),| P(CHJ),],(HXCO)

If(C1),(PE,),(HXCO)

I(C),[P(CH;}),C(CHY),},(H)-
(CO)

Ir(C1),[ P(Et),C(CH}),) ,(HXCO)
I(CH,[P(n-C;H,),C(CHY,l
(HXCO)

Ir(C1),[P(n-C H,),C(CH}),),-
(HXCO)

IH(C),{P(CH)IC(CH?),).},-
(HXCO)

INCI),{P(Et)C(CH}),),},-
(HXCO)

INCD{P(n-C,H)C(CHY),L) -
(HXCO)

CH,Cl,

H

H'

H"

H’

H
H'

H
H'

H’
H"

—-16-6
1-74

—9-2t

—15-98t
1-65,
1-53
0-92t

—16-24t
1-19t

—15-75
1-1t

—16-36
1-27t

—16.46t
18
129,
1-25

—16-26
1-37t,
1-31

—16-26
1-36t,
1-32

Jp12:9
Jopd2

T 16:0

Jpu10-8
J*8-7
J*11
Jt14.6

Jp10-6
Jt12.6

Jpy 10-65
Jt13.7

Jpy 107
J114.0

Jpy10.9
J*16
J1133

Jpyll-7
Jt13.2
Jt131

Jpy11-9
JH13.2
JH13:1

P ligands trans, Cl cis

P ligands trans, Cl trans

P ligands trans,
Clcis

J*=Upy +Ypy

Jt="Tpu+ Jpy

P ligands trans, Cl cis
Jt=py+ Vpy

P ligands trans, Ci cis
Jt="Tpy+ Jpy

P ligands trans, Cl cis
It ="Tpy+ Jpy

P ligands trans, Cl cis
J*=%py+ Jpy
Jt=3py+ Moy

P ligands trans, Cl cis
JT= JJPH+ 5JPH

P ligands trans, Cl cis
Jt= BJPH+ 5JPH

786

789

790

790

790

790

790

790

790
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TABLE XIl—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C,;H;,Br,- 180  Ir(Br),[P(CH}),C(CH%),],- — H —15-5t Jpy10-45 P ligands trans, Br cis 790
IrOP, (HXCO) H' 1.91, J*6-0 J*=Ypp+ Upy
1-88 J*5-8
H" 1.22t Jt 140 Jt=3pu+ Vrn
C,,H,,Br,- 181  Ir(Br),[P(Et),C(CH)),,(HXCO) — H —15-75¢ Jpu10-5 P ligands trans, Br cis 790
IrOP, H 1-1t Jt13.7 Jt=Jpu+ Jpy
C, H,Bry 182 In(Br),{P(n-C,H,),C(CH})),- — H —15-78t Jpy 104 P ligands trans, Br cis 790
1rOP, {(HXCO) H' 127t Jt13.7 Jt=py+ Jpn
CyH,Bry- 183  Ir(Bn),[P(n-C H,),C(CH}),},- H —15-78t Jpy10-45 P ligands trans, Br cis 790
IrOP, (HXCO) H' 1-29t Jt14.0 Jt =3py+ 5Tpu
[CyH,,- 184  {Ir(Br)[P(CH}),Phl,(HXCO)}* —_ H —9-74dt Jpul7, 150* Two P ligands trans, Br and CO 787
BrIrOP,]* H' 1-90t, J*1-8 ligands trans
1-67t, J*8-0 J‘=ZJPH+‘JPH
1.49 Jpy9-4 Isolated as the tetraphenylborate
Juur~1 *Large P—H coupling is
characteristic of a P in
trans-position to hydrogen (H)
Smaller coupling to other two
equivalent P nuclei
C,,Hy;Br,- 185  Ir(Br),[P(CH}),Ph],(HXCO) C.H, H —153 Jpy12-0 P ligands trans, Br cis 786
IrOP, H' 2-00, JPHIS -0
193 Jon5-3

1£4]
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C27H2'I-
BrClIrOP,

C,,H,,Ciy
1rOP,

CZ7HZ7C11-
IroP,

C H,IrOP,

[C I3H33'
IrOP )2+

CysH,(IrO, P,
CysH (0P

CuHyg-
BrirOP,S

CuHye
CilrOP,S

186

187

188

189
190

191
192

193

194

Ir(BrY(CI){P(Ph),CH,],(HXCO)

Ir(CI),{ P(CHJ),Ph],(HXCO)

INC1),[P(Ph),CH,],(H)CO)
Ir(PPh,),(HXCO)

{Ir[P(CH}),CH4CH"P-
(CH}),l(HXCO)}

Ir[P(Ph),],[P(OPh),J(HXCO)
1r{P(OPh),},(HXCO)

It(Br)(PPh,),(SPhXH)XCO)

Ir(CI)(PPh,),(SPhXH)CO)

cpal,

CeHy

CeH,

cDCl,

CeDs

CeDs
CeDs

H 2.60t,
2.5Tt

H —15-7

H' 1-88,
1-81

H —87

H' 1-80

H 2.48t

H —10-30

H —12.0q

H' 2:1,1.95

H” 2:3m

H'" 728
7-93t ‘
68

H —-11-32

H —11-76

H —11q

H —15-2t

H —16-1t

Jpyl23
Jpu-4-5
Jpurd-6
Jpeull-s
Jpyd-2

Jpy21-3
Jpn 16

Jyrg 1-5
Jp13:5,22:0

Jpy130
Jpyl4

Jpy12:0

Jpp12:0

P ligands trans
Two isomers

P ligands trans, Cl cis

P ligands trans, Cl trans

The hydride ligand gives a signal
to considerably higher field
(—13 to —18) when trans
orientated with respect to a
hydrogen ligand than when it is
cis to a halogen (—6 to —10)

100 MHz

220 MHz
trans-isomer
Isolated as the [B(CgH{"),]}" salt

100 MHz
100 MHz

P ligands trans, H and Br
ligands trans

P ligands trans, H and Cl
ligands frans

760

786

760

791
792

791

791
793

794

794
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TABLE XII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
C;H,; JIIrOP,S 195  Ir(IXPPh,),(SPhXHXCO) — H —13-1t Jpul11-9 P ligands trans, H and I 794
ligands trans
C,;H;,BrF,- 196  Ir(Br)}PPh,),(SC,F XHXCO) — H —14.8t Jpy 11-1 P ligands trans, H and Br 794
IrOP,S ligands trans
C;H;,CIF,- 197  Ir(CIXPPh,),(SC,F XHXCO) — H —15-Tt Jpy11-4 P ligands trans, H and Cl 794
IrOP,S ligands trans
C,;H,,F,- 198  Ir(IPPh,),(SC,F XHXCO) — H —13-1t Jpu10-8 P ligands trans, H and I 794
IIrOP,S ligands trans
CoHy Fo- 199  Ir(PPh,),(SC(F,),(HXCO) CHLCI, H —13-2t Jpu11-6 P ligands trans, H trans to 794
IrOP,S, one SC(F; ligand
C,;H,ClIrO,- 200 Ir(CIXPPh,),[Si(OEt),I(HXCO) CH,Cl, H -7-0 — — 795
P,Si CHCI, H —6-34 —
C.H, H —6-1 —
C;.H,,Cl,- 201  Ir(CIXPPh,),(SnCl,XHXCO) CH,C], H -9.9 Jpu 10 56-5 MHz 796
IrOP,Sn
C,oH;,Cl,- 202  Ir(CINPPh,),(SnCl,XH)- CH,Cl, H —9-9t Jpu 10 56-5 MHz 796
IrO,P,Sn (C0O).(CH,),CO
CooHao 203  Ir(Br)XPPh,),[Sn(CH}),J(HXCO) CDCl, H — — P ligands trans, H and Br 797
BrIrOP,Sn H’ —0-03s — ligands cis
CioHoo- 204  Ir(CIXPPh,),[Sn(CH;),J(HXCO) CDCJ, H' —0-09s — — 797
ClIrOP,Sn CH, H 8.8

979

ONVIQON 'V ANV SIVD ‘W "LLOWMDIH "M 'd



CdJHds'
CIIrOP,Sn

C45H42_
ClIrOP,Sn

C,;H,,ClIrOP,

C]7H32_
ClIrOP,

C,;H;,IIrOP,

ClﬁHdl_
GelrOP,

CZOHJJ'
GelrOP,

205

206

207

208

209

210

211

I CI)(PPh,),[Sn(CH,CH})),]-
(HXCO)

I(CIIP(C(H.),CH"],(SnPh,)-
(H)(CO)

Ir(CHIP(CH;CHY),|,(H),(CO)

If(CIXPPh,),(H),CO

Ir(DIP(CH;CH?),1,(H),(CO)

Ir[Ge(CH;),1{P(CH,CH,), 1,
(H),(CO)

Ir|Ge(CH3}),1[P(CH"),Phl,-
(H),(CO)

cpCl,
CHe

cDCl,

CeHq
CeDs

CH,CI,

CsDs

C,D,

C,D,

H

H'
H”

H’
H”

6-07
-10-4

7-32m

1-8t
—53
—8-217,
—19-45
1-68
0-89
—7-3t,
—18-4t

-10-2,
—17-5

0-84

—11-31,
—11-80

0-83

0-93
1-54d

}

JPH" 9

Jpyl3-8,13-2
JuusS-4
Jyy-8-4
Jpy71-5

Jpyls
Jeyls

Jpyl18:7
Jpyl3-9
Jupd-1
Jup7-8
Jpy:7-2

Juud

"Pleans 114
JpH“.S19'

Jppv 8:1

P ligands trans, H cis to Cl
and trans to Sn ligand

P ligands trans, H ligands cis,
and the chemical shifts of the
H ligands indicates that one is
cis and the other trans to the
Clligand

P ligands trans, H ligands cis,
one H cis and the other trans
to the Cl ligand

P ligands trans, H ligands cis to
each other, one being cis and the
other trans to the I ligand

P ligands cis, one H ligand
cis to both P ligands, and one H
trans to one and cis to the
other P ligand

GeMe, ligand cis to both H’s

797

797

788

796

788

788

788
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TABLE XII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
C,H,,- 212 Ir[Ge(CH;);)(PPh,),(H),(CO) CD, H —9-50* JPH.;519 P ligands cis, one H* cis to 788
GelrOP, —10-50% Jph,i18 both P ligands, and one H 798
JPHrans 117 trans to one and cis to the
Juu3-s other. GeMe, ligand cis to
H' 0-80 — both H’s
C,;H,,- 213 Ir[Ge(C,H));l(PPh,CH,CH,- — H —10-04* Jpn,, 11 One H* cis to both P ligands, 788
GelrOP, PPh,XH),(CO) —10-82t } JPHys 19 and one Ht cis to one and trans
JeHrans 121 to the other P ligand
H 1.38 —
CoH,rr 214 Ir[Ge(CH,CHY),I(PPh,), C,D; H -9.77* JPHeis22s 220 MHz 788
GelrOP, (H)(CO) 16, P ligands cis 798
Jun4d *H cis to both P ligands (8 lines)
—10-86F JpH, 185 1H cis to one and trans to the
PHyrans other P ligand (8 lines)
H’ 1-11 — GeMe, ligand cis to both H’s
H” 1-28 —
[CysHs- 215 {Ir[P(CH}),Ph],(H),(CO)}* — H —9:6 to Isolated as the tetraphenylborate 787
IrOP,J*+ -12.8 Two of the P ligands mutually
trans
H’ 1-89t — One H cis to all three P ligands and
1-18q Jpy:9-2 one H cis to two and trans to the
JHH,W"S ~1 other P ligand
[CoHar- 216 {Ir[P(C6H5)2CH§]3(H)2(CO)}* CDCl, H —9.03q*, JpH;16-7 100 MHz 799
IrOP, ]+ —11-6% Jerel 77 Two P ligands mutually trans

JPHrans 119

*H cis to three P

879
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[C san‘
IrOP,]*

CyH,Clyr
IrOP,Sn

C;HyFs-
IrOP,S

[C]8H68-
IrOP,SI*

C45H43-
IrOP,Si

CSSHI‘I-
IrOP,Si

217

218

219

220

221

222

[Ir(PPh,),(H),(CO)}*

Ir(PPh,),(SnCL,XH),(CO)

Ir(PPh,),(SCF XH),(CO)

{Ir[P(C4H, ),),(CSYH),(CO)}*

Ir(H),[ P(CH,); L[ Si-
(CH,),C¢H,(CO)

1r(H),[P(CH,), L ISi-
(CH,),)(CO)

CH,C,

CH,CI,

cDCl,

H’ 1-81t,
1.60d
H, —9-4qd
H, —107d,
—11.9td
H —9.9¢,
—12:5¢
H —7-9td,
—15-0td
H —9.95¢,
—14-05t
H —10-0,
—11.0
H -9.5
—~10.7

Jpu3:5
Jpiy8-0

JprmZO
JHpp,]
JHpud
JHapmlB
JHap,115

Jraad

Jpu 10
Jpu 10

Jpu 180
Jpu15-0
Jund 2

Tpu25

Jund

Jpu22, 17

Jpu 110-5,
185

Jpy 20,155
Jpu110:3,
17.0

tH cis to two P and trans to one P
Isolated as the tetraphenylborate

100 MHz

Hb
Ph,Pl. | .Ha

r
Ph,p*” | YP2ph,

C

(o]

Isolated as the perchiorate

56-5 MHz

Isolated as the perchlorate

781

796

794

771

935

935
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TABLE XI1I—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
CuHyr 223 Ir(H),[P(C¢H)),l,ISi- — H —10-2, Juud — 935
IrO,P,Si (OC,H,),I(CO) Jpy 22,17
—11-5 Jpy 1105,
185
C,gH,p- 224  Ir(CDIP(CH,),Ph](CS,XCO) C.H, H 1-68t J*8.6 Structure: 759
ClIrOP,S, ﬁ
C
| g
/ Ir / or
C——P
o” | N
cl P—'——C=S
/ Ir
C——-—P
o |
Cl
J* Separation of outer lines of
triplet
(b) Dicarbonyl derivatives
CyH; As-IrO, 225 Ir(AsPh,),(HXCO), CH,Cl, H —12-30s — T 35° 100 MHz 800
CHg H —11-40s — The hydridodicarbonyliridium (I)

complexes of formula

09

ONVIAOW 'V ANV SIVD ‘W "LLOWMOIH ‘M 'd



CyH;,IrO,P,

CSSHSIIrOZP‘I

C38H25F6-
1rQ,P,

[ Cc 26H3‘-
1rQ,P,]**

[C3H;,As,-
IrQ,]*

[CiH;;
IrO,P, 1+

lC20H44'
IrO,P,]*

226

2217

228

229

230

231

232

Ir( P(Ph),Et],(HXCO),

1r(PPh,),(HXCO),

Ir[P(C¢H,F),],(HXCO),

{Ir[P(CH}),Ph],(HXCO),}**

[IR(AsPh,),(H),(CO),)*

Ir[ P(Et); ] ,(H)(CO),}*

Ir[P(i-C,H,),],(H),(CO), }*

CH,CI,
C¢H,CH,
C.H,N

cs,

CH,CH,

CH,Cl,

CDCl,

CDCl,

CDCl,

H —11-58t
H —10-99t
H —11-06t
H —10-98t*
~11-26t*
H —11-1
H —10-58t
H —8-18q
H' 1-68qt,
1-21d
H —10-5s
H —11-4t
H —11-8t

J17-5
J11.0
J18-5

J 19
J35

J35

Ipul6:2
Tpul68
J%,.108

Jpu 15

Ir(HYCO),L, (where
L = PPh,, P(C4H,F),, PEtPh,,
and AsPh,) have a single
structure in the solid state but in
solution two isomeric pentaco-
ordinate species are formed in
equilibrium. The equilibria
and spectra are temperature and
solvent dependent. The
appearance of the NMR spectra
requires that the *'P-H
coupling constants in the two
isomers are opposite in sign

*T —70°

100 MHz

T 35° 100 MHz

T 34°

Isolated as the tetraphenylborate

J* values are the separation of
outer peaks of triplets (or
doublets)

60 and 100 MHz

60 and 100 MHz
Isolated as the tetraphenylborate

60 and 100 MHz
Isolated as the tetraphenylborate

781
800

801

799

799

799
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TABLE XII—cont.
Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
[C3sHes- 233 {Ir[P(C.H,,),),(H),(CO),} CDCl H -11-5t Jpy15 60 and 100 MHz 799
1rO,P,]* Isolated as the tetraphenylborate
[CyH,,- 234  {Ir[P(Et),Ph},(H),(CO),}* CDCl, H —11-0t Jpy 15 60 and 100 MHz 799
IrO,P,]* Isolated as the tetraphenylborate
[CpgH - 235 {Ir[P(Ph),CH!1,(H),(CO),}* CDCl, H —10-4t, Jpyls 60 and 100 MHz 799
IrO,P, ]+ H’ 220 Jpuy4-0 Isolated as the tetraphenylborate 802
[CyoHsy 236 {Ir[P(Ph),Et],(H),(CO),}* CDCl, H —10-5t Jpul5-0 60 and 100 MHz 799
1rO,P,]* Isolated as the tetraphenylborate
[CyHiy- 237 {Ir[P(Ph),],(H),(CO),}* CDCl, H —9.8t Jpy 15 60 and 100 MHz 799
IrO,P, ]+ Isolated as the tetrapkenylborate
C, H,Ir,0,, 238  Ir(H),(CO),, — H 4.47 — — 804
(C,,HIr,0,,)- 239 [Ir, (HXCO),l- H 4.5 — Trimethylbenzylammonium salt 804
[C,,H,Ir,- 240  [Ir(H)(CO),,}** 98% H,S0, H —20-0* — 100 MHz 600
0,1 The neutral complex Ir,(CO),,

becomes doubly protonated on

dissolution in strong acid
*Reference Me,SO, in H,SO,

(6 CH for Me,SO, taken as 3-9)

[43")
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TABLE XIII

Nickel, palladium, platinum, and copper complexes

Coupling
constant Refer-
Formula No. Compound Solvent 4 (ppm) (Hz) Remarks ences
(1) MONOHAPTO LIGANDS
[CgH, As,y- 1 [Pt{CH,){As(CH}),1(CO)]* (CD,)),CO H 0-65 Jpp62-4 T 36° 811
OoPt]* H 1-75 Ipy24-8 trans-isomer
BCH, -69 Jpic470 25-2MHz
3CH; 10-0 Jpc42 Isolated as the hexafluoro-
BCo 1787 Jpc 1000 phosphate
C,,H,,ClO;- 2 P(COC,H,,0CH,}CI)- CDCl, H 55 — COC ,H,,0CH, = 812
PPt (PPh,}CO) H
H
CO «—
OCH,
(2) DIHAPTO LIGANDS
C,Hl,- 3 [(h2-CH )NI(I),],(CO),* CD,0D A,B, spectrum centred J3-5 C¢H, = benzyne 805
Ni,0, at~7-67 *Bridging CO ligands

SEXHTdNOD TANOHNVD TVIIW-DINVOUO NO VLIVA YNN
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TABLE XIII—cont.

Coupling
constant Refer-
Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences
(3) TRIHAPTO LIGANDS
C,,H,INIiOP 4 (W-CH,CH’CH,)Ni(IXPPh,)- CDCl, Hyn 3.93 Juu? T +20° 806
(CO) H anii 328 Jun13 100 MHz 807

H' 4.97

H syn 3 .98 —_ T +5° H'’

H i 3-49 — PN Hgn

H 4-89 — Homi

H gn 4.01 — T-10°

H anei 353 —

H’ 4.88 —
C,;H,,INiOP 5 (h*-CH,C(CH;)CH,)Ni(I)- C.H,Cl Hgyn 3-45 — T +30° 806

(PPh,XCO) Hoami 270 — 100 MHz

H' 1-48

Hyn 3.45 — T +10°

H g 2-76 —

H’ 1-43 —

Hyn 3-45 — T -10°

Hopq 279 —

H' 1-36 —

H gy 3.46 — T —-20°

H anti 2-82 —_—

¥£9
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CSHIOCII' 6
0,Pd,

C,oH,.Cly- 7
0,Pd,

[(W-CH,CH'CH,)Pd(CIXCO)I,

[(#3-CH,C(CH})CH,)Pd(Cl)-
(Co)l,

(4) PENTAHAPTO LIGANDS

C,,H,GeNiO 8
C,H,Cu0 9

C,,H,Co,NiO, 10

C,H,- 11
FeNi,O,

[C,H,,Ni,- 12
MnO,l-

(H-C JH)Ni{ Ge(C, H)),)(CO)
(#5-C{H,)Cu(CO)

(#5-C,HNi[Co,(CO),]
(15-C,H,),Ni,(Fe(CO),)

{(15-C H,),Ni,[Mn(CO),]}-

(5) MISCELLANEQUS LIGANDS

[C;H,,- 13
AsOPt]*

[CH, 0P, 14
Pt]+

[Pt(AsEt,),(HXCO)*

[Pt(PEL,),(HXCO)I*

cpcy,

CHCl,

Saturated
h.c.

(CD,),CO
(CD,),co

(CD,),CO

cocy,

CHCI,

H syn
H anii

H’

H syn

anti
H syn

H gnyi

4.82d
3.87

3.54d

n.m.

3.48b
3-48b
2:17

4.65d
4.75d
3.35s
3.72s
2:12s

5:26
1.07
~5-7

5-1s
5-4s

5-02s

—5-65

—4.78

Jun' 7

Joss 768

T —78°

T 34°

T-77°

40 MHz

T -20°

Isolated as the tetramethy!
ammonium salt

100 MHz
trans-isomer
Isolated as the perchlorate

Isolated as the perchlorate

809

810

809

135

814

808
808

808

813

802
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