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To Genia 



I N T R O D U C T I O N  

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 Organometa flic Com- 
pounds by M. L. Maddox, S. L. Stafford and H. D. Kaesz [Aduan. in 
Organometallic Chem., 1966,3, 1 I 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-XI11 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. h1/h2, hl/hs, h3/h4, 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 I3C are relative to Me4Si, 
downfield shifts having positive values and upfield shifts negative values. 

NMR chemical shifts for 19F are relative to CFCI, 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 I9F data are reported as given in the original papers without con- 
version to the currently accepted convention. 



P. W. HICKMOTT, M. C A N  AND A. MODIANO 

Hopefully, this volume will prove sufficiently useful to induce the 
necessary daring required in undertaking the mission of updating this 
collection o f  NMR data. 
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T A B L E  I 
Titanium, vanadium, niobium, and tantalum complexes 

Coupling 
constant 

Formula No. Compound Solvent b ( P P 4  Remarks ewes 5 (Hz) 

( I )  PEN7AHAPTO L I G A N D S  3 
2 2  

Refer- 

0 

2- 

_ _  __ -. __- -~ -___~ 

- - I (h’-C,H,)V(NO),(CO) 5 69 

H” 1.20 - 
H “‘ 7.33 - 

n 
2 

C,,H,.NbO,P, 9 (h’-C,H, CH;)NblP(C,H:),I,- CSZ H 4 25m - - 933 
(CO), H‘ 1 95s - 

c-’ 
H” 7 18m - 

_ _  __._ _______ 



T A B L E l-~ont. N 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
- __- - ~ - ___. - 

10 

I 1  

12 

13 

14 

15 

16 

17 

18 

H 

H 

H 
H’ 

H 
H’ 

H 
H’ 
H“ 

H 
H’ 
H” 

H 
H’ 
H“ 
H”‘ 

H 
H’ 

H 

4 .53  

4.90s 

4.62s 
7.32 

4.28d 
3.69d 
(3.19)’ 

4 .73s 
1.94 
0.90 

4.63d 
1.40 
0.85 

4 60d 
I .90 
1 ~00 
7.30  

4.50d 
7 .30  
(6.97)’ 

4.13d 
H’ 6 . 7 4  

- 

Isolated as the sodium salt 

- 

936 

3 
Q 

r 
3 3  

3 $  
*6 ,rJ 

3 ?  

x 

‘932 3 

Gi * z 
3 u  
4 P  

4 5  

3 3  

3 
‘4 

3 



C,,H2,0,SbV 19 

I IH70,V 22 

C,,H6D04V 24 

(hs-C5H4. COCH;)V(CO), 

(h’-C,H,D)V(CO), 

c IlJH7O4V 25 (hS-C6H7)V(CO), 

C6D6 H 4.62s - 
H ’ 7.28  

H 5 .15  - cs, 
cs2 H 5 .08  - 

C6D6 H 4.30s - 

- H 5.51  - 

5.17 - 
H‘ 2-30 

C6D6 H 4.71s - 
4 12s - 

H‘ 7 .19  

(CD,),CO H-2, H-6 3 .70  - 
H-,, H- ,  - 4.68b - 

H-4 6.48t - 
H-I 2.57b - 

C6H6 H-2, H-6 2.83t - 
H _ p H _ ,  3.65b - 
H-4 5.45t - 
H-I 2.17-1.47 - 

comp 

3 - 

936 

T 32’ 
- 

T 32’ 

- 

0 
I 
0 
P 

3 ?  
3 
n 

8 

*Stereochemistry not known n 

C6H7 = It;l 
8 

w 
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Cl4H14DO4V 28 (h’-CIoH14D)V(CO)4 

C,,H2,04PV2 30 (h’-C,H,)V(CO),I(CO)*Ih’-C,H,)- CbDb H 4 62d 
VP(C6H ;),(co) 1 4.02s 

H‘ 7 15 

C9H5Nb04 3 I (h5-C,H,)Nb(CO)4 CS, H 5 50bd 

CIoH7NbO4 32 (h’-C,H4.CH;)Nb(CO)4 cs, H 5 44m 
H’ 2 O5bd 

C,H ,04Ta 33 (h’-C,H,)Ta(CO), CS, H 5 62s 

Cl0H7O4Ta 34 (h5-C5H4.CH;)Ta(CO), cs, H 5 52t 
5 37t 

H‘ 2 12s 

C1sHloO,V, 35 I(h’-C,H,)V(CO),I,(CO)* C6Db H 4 57s 
H 4 59s 

CH; CH; 
*Stereochemistry not known 

CIOHI, = H 
- 

CH; CH; 

*Bridging CO 
J P H 2  - 

8 

8 0  
z 

0 
933 p 

7 m 933 x 
rn 

933 v, 

4 
3 
-. u 



T A B L E  l-cont. 
a 

constant Refer x 
ences n Remarks 

Coupling .E 

x Formula No. Compound Solvent 6(ppm) (Hz) 

(2) HEXAHAPTO LIGANDS 
9 .  Isolated as the tetra-n-butyl - 

5 
IC~,Hl,03VI-  36 { lh6- 1 ,3,5-C6H,(CH;),IV(CO),}- CD,NO, H 6 .82  

H’ 2.25 ammonium salt n 

C,,H,,IO,V 37 Ih‘-I,3,5-C6H,(CH;),IV(I)(CO), CDCI, H 6-76  - - 

C I ,H I ,O,V 3 8 I h‘- 1,3 ,5-C6H,(C H ;)> 1 V( H”XC O), C,D,C D, H 4 .43  - - 

H’ 2.27 - 

- H’ I .55 

> z 
9 0  

? 
H“ -5-8 - 

(3) HEPTAHAPTO LIGANDS 
c IOH,OIV 39 (h’-C,H,)V(CO), C6D,CD3 H 4.22bd J(”V-H) -2 .0  T 30’ 

H 4 .7s  T -19’ 

934 

12 
931 



43 (h'-C5H5)Nb[h4-C4(C6H;),I- - 
(C,H;CECC,H;XCO) 

44 (h5-C5H,)Nbl 1,4-h2-C4(C6Hj)41- - 
(h~-C,H,C=CC,H,XCO) 

(CO) 
45 (hs-C5H,)Ta(h2-C6H;CECC6H;) CS, 

46 (h5-C,H,)VIh4-C,0(C6H;)41(CO), CS, 

47 (h5-C,HJNb(C6H;CsCC6H;)- CS2 
(CO), 

48 (h'-C,H,)Nb(h'-C,H;XCO)~ - 

H 

H' 
H" 

H 
H' 

H 
H' 

H 
H' 

H 
H' 

H 
H' 

H 
H' 

5,501 
5.751 - 
1.5s 
7.18m 

- 

- 

5.1s - 

7.2m 

5.15s - 
7.10 

5.65s - 
7. IOm 

4.40s - 
7. IOm 

4.80s - 
3.00 
2.90 
5.00 - 
5-05 - 
3.00 - 
2.35 - 

933 

C,(C6H,)4 = 938 z 
tetraphenylcyclobutadiene 5 

937 0 3 tetraphenylbutadiene P 
- 936 8 

tetraphenylcyclopen tadienone z 

C ~ ( C ~ H S ) ~  = 

C,O(Ce.H,)4 = 934 g 
Hexamethyldisiloxane reference 13 f 

14 

- *Bridging PhCrCPh ligands 15 a 
r 
rn 

49 [(h5-C,H,)Nb(CO)12(PhC=CPh)z* - H 5.83 

F 
2 
v, 



TABLE I1 
Chromium complexes 

Formula No. Corn pound Solvent 

( I )  MONOHAPTO LIGANDS 
(a) Tetracarbonyl derivatives 

C,,H,,CrNO,P 1 Cr[C(CH,)NH"CH;IIP(C,H5),l- CHCI, 
( c  oh 

C6H6 

Coupling 
constant Refer- 

6(ppm) (Hz) Remarks ences .FI 

E 

H 2.40  
H' 2 .69  
H 2.09 
H' 1.68 

H 2.60 
H' 3.77 

H 2.61 
H' 3.76 

H 2 .84  
H' 4 .07  

H 2.21 
H' 5.45 

H 7 .  I5 
H' 3.81 

H 2.46s 
H' 3.70s 
H" 7.34rn 

z 
0 x 

947 5 .=r 

i 
F 
rl 

1019 ~ 

z 
0 

1019 p 

1019 p 
3- z 
0 

1019 

E 

1019 

945 
17 
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T A B L E  II-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent b ( P P 4  (Hz) Remarks ences 

H 2.05 - 23 

CHCI, H 2.81 J ~ ~ # * 0 , 8 5  trans-isomer 23 
947 

3 - ‘GH6 
H“ 1.80 

E s 
H’ - 8 . 8  JH ‘ ~ “ 4 . 9  
H” 3.65 - 
H 2.15 - 
H“ 2.80 

j 

j 

E 

- 
C6H6 

C,H,CrNO, 12 Cr[C(CH,)= NH’CH<CH;”l- CDCI, H 2.67 - Carbene complex 20 
wl H’ 8 .68  - 

H“ 3.43 
H ”’ 1.37 - 

H 2.10  - 
H’ 8 . 2  
H” 2 . 2 0  - 
H “’ 0.47  - 

2.63  - 
H‘ 10.37 
H” 3.57 - 
H“‘ 1.27 - 

?+ z 
0 

- 
(CO), 

? 

5 
E 

- 
C6D6 

0 

0 
- 

(CDJ,CO H 

C,,H,,CrNO, 13 Cr[C(CH,) = NH‘CH”(CH;”),]- CDCI, H 2.77 - 
H‘ 8.67 - 
H“ 4 . 0  
HtrI 1.37 - 

- 
(CO), 

Carbene complex 20 
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T A B L E  II-cont. 

Coupling 
constant 

Formula No. Compound Solvent &wm) (Hz) -_ 
(CD&O H 

H' 
H" 
H" 

C,H,CrNO, 16 CrlC(CH,) .- N(CH;),I(CO), CHCI, H 
H' 

C6H6 H 
H' 

2.75 
10.58 
4.0*  
1 .75t  

2.69111 
3.87qj: 
3.3omg 

2.20 
3.22' 
2.087 

2.78 
3.70 
4.23 
1.25 
1.42 

2.33 
2.70 
3.70 
0.49 
0.88 

2.83 
4.78 
4.30 
1.27 
1.47 

Refer- 
Remarks ences 

- 

*Methine proton of cyclohexyl 

tMethylene protons of cyclohexyl 
group 

group 

KH;trans toCCH, 23 
$CH; cis to CCH, 22 

to CCH, 

Carbene complex, viz.: 20 



18 Cr [C(CH, )z  NH'CH';C,H;"I- CDCI, H 
(CO), H" 

C6D6 H 
H"' 

H" 
H "' 

(CDi)$O H 
H' 
H" 
H"' 

19 Cr[C(CH,)N=CH'C,H;I(CO), (CD,),CO H 
H' 
H" 

20 CrIC(CH,)N=C(CH,)C,H$ (CD,),CO H 

21 Cr[C(CH,)N=C(C,H;),I(CO), (CD,),CO H 
H' 

22 Cr[C(CH,) ~-.INH'C,H'.:](CO), CDCI, H 
H' 
H" 

H" 

H' 
H" 

(CO), H' 

C6D6 H 

(CD,)KO H 

23 Cr[C(CH,) = NH'-p-C,H:CH;"I- CDCI, H 
(CO), H' 

H" 
H"' 

Carbene complex 

Carbene complex 

Carbene complex 

Carbene complex 

Carbene complex 

Carbene complex 

20 

z 
3 
5? 
-1 > 
0 z 

24 

9 

5 
1 

20 g 

5 

z 
24 

24 r 
n > 
;a 

z 
4 
r 
n 
0 

r rn x 
E 

20 

- 2.44 e 
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c I,H ,cfl,s 

C I ,H,CrNO, 

C,,H,CrNO, 

C,,H,BrCrNO, 

C ,,H,CIC rNO , 

C,,H,CICrNO, 

C,,H12CrN,O, 

27 

28 

29 

30 

31 

32 

33 

34 

Cr[C(CH,) .' NH'-p-C,H;- 
OCH;"I(CO), 

Cr[C(CH,) -.. SC,H;l(CO), 

CrIC(NH3C6H,1(CO), 

Cr[C(NH;)p-C,H,CH'$(CO), 

CrlC(NH;)p-C,H,N(CH';),I(CO), (CD,),CO 

H 
H' 
H" 
H"' 
H 
H" 
H"' 

H 
H' 
H" 
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 . 0 9  - 
3.80  - 

2.62d J,,,I.O 
3.83s - 

2.92 - 
6.90,6.55 - 

7.28 - 
10.37 - 

6 . 6 2  - 
9.34  - 
1.79 

7.49,7.07 - 

- 

- 

10.20 - 

7.17 - 
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 
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C,,H,CrNO, 40 CrlC(N=CHCH;)C,H'~I(CO), ( C D X O  H 
H' 
H" 

C , ,HI ,CrFeN 0, 4 1 C r{C 1 N(C H 3)21 Fcl(CO), CDCI, H 
H' 
H" 

C2J4,,CrFeN0, 42 CrlC(NC,H,)Fcl(CO), CDCI, H 
H' 
H" 

C,,H,,CrNO, 43 Cr{CINHCH(CH;)C,H,IC,,H,}- CD,OD H 
(CO), H' 

CDCI, H 
H' 

1.34q 
2.21d 
1.56 

-36 Hz* 
-22 Hz* 
-5 Hz* 

-32 Hz* 
-32 Hz* 
-2 Hz* 

4.45 
1.62 

4.28 
1.34 

J = 6  Carbene complex 
5 = 6  

Fc = ferrocene moiety 
H = proton a-carbene substituent 
H' = proton @-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: 

21 



P. W
. H

IC
K

M
O

T
T

, M
. C

A
IS A

N
D

 A
. M

O
D

IA
N

O
 

I
I

 I
1

 

x
x

 x
x
 

I
l

l
 

P
O

2
 

I
I

 

X
X

X
 



C,,H, ,CrNO, 45 CrIC(OCH,CH,)C,H,N~(CO), (CD3)JO H -159* - 
H' -I5 - 
H" -55 - 

H' +26 - 
H" +26 - 

H' -3 1 
H" -29 - 

C,,H,,CrN,06 46 Cr[C(O-N+Me4)C,H,N1(CO), (CD,),CO H -75. - 

C ,,H,CrN06 47 CrIC(NH,)C,H,O~(CO), (CD,kCO H - 1  12* - 
- 

Structure analogous to that above 

100 MHz 

Structure analogous to that above 

100 MHz 

(R = OCH2CH3) 

(R = 0-N+Me,) 

Structure: 

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 

100MHz ( R = N a )  

Structure analogous to that above 

100 MHz 

Structure analogous to that above 

100 MHz 

(R = OCHJ 

(R = OCH,CHJ 

~~~ 

*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 \o 



T A B L E  II-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,,H,,CrNO, 51 CrlC(0-N 'Me,)C,H,OI(CO), (CD,),CO H -29' - Structure analogous to that above 30 
- ___. ___ __ - - _-___ 

(R = 0-"Me,) H' +4 - 
H" +13 - 100 MHz 

C,,H,CrO, 52 Cr[C(OPh)C4H30!(CO)5 (CD,),CO H -97, - Structure analogous to that above 3 I 
(R = OPh) H' -50 - 

H" -83 - 100 MHz 
-90' - Structure analogous to that above 3 1 C,,H,CrO, 53 Cr[C(OCOCH,)C,H,01(CO)5 (CD,),CO H 

H' -50 - (R = OCOCH,) 
H" -8 7 - 100 MHz 

C,J45CrN0,S 54 CrlC(NH,)C,H,SI(CO), (CDi),CO H -63' - Structure: 30 
R H' -14 - (C0),Cr =chH t) 

H" -50 

H H' 

- 

R = NH, 
\ - -  

100 MHz 
The chemical shifts for free thio- 

phen (in Hz) relative to TMS are: 
H -708, H' -708, H" -738 

C,,H,,CrNO,S 55 CrlC(O-N+Me,)C,H,SI(CO), (CD,),CO H -66' - 
- H' +3 

H" +5 - 
- C,,H,CrO,S 56 Cr[C(OCH,CH,)C,H,SI(CO), (CD,),CO H -129* 

H' -29 - 

Structure analogous to that above 

100 MHz 

Structure analogous to that above 

100 MHz 

30 
(R = 0 - N  ' Me,) 

30 
(R = OCH,CH,) 

n 
3 - 
CA 

3 z 
U 
p 
3 
0 

3 z 
0 

9 

- H" -65 



- 57 CrlC(SCH,CH,)C,H,OI(CO), (CD,),CO H - 128* 
H' -63 - 
H" -8 7 - 

+8* 
-29 
-17 

362.3 
61 .2  
49.1 

217.6 
223.6 

3.01 
4.31 

H 2.97 
H' 4 .8  1 

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

3 I 

Structure analogous to that above 
(R = SPh) z 

3 1 

100 MHz 5 

cis-isomer 
!runs-isomer 

cis-isomer, viz.: 

32 

966 

T -40" 

U 
P 
-I 
P 
O 
Z 

s 
2 
3 
? 

i P 
r 
n 
> 

rruns-isomer, viz.: 966 

(CO),CrA ,CH, T-40" 17 f 
\ C  r 

0 
0 
f 
r 
rn 
X 

966 ' 
'CI 

:d 
CH,' 

cis-i somer T -40" 

rrans-isomer T -40" 

[runs-isomer T +40° 



T A B L E  II-cont. h, 
N 

-~~~~ ~ ~ ~~ 

Coupling 
constant 

Formula No. Compound Solvent 6 (ppm) ( H 4  
_______ 

- 1  - 

- 1  - 

- - 1  
H' 4 .17  3 

- - I  
- - 1  

CD,OD H 3.05 
H' 4 .34  
H 2.97 
H' 4 .83  

C,H,CI H 2.24 
H' 3.22 
H 2.51 

C6H5F H 2,31 
H' 3 .30  
H 2.56 
H' 4.23 
H 2.33 - 
H' 3.72 

c6D6 

- C ,,H,,CrO, 6 1 Cr[C(OCH,)CH'=CH"CH'"= C,D, H 3.95s 
C(OCH:~)CH~I(CO),  H' 7.21d* J 1 4  

H" 7.58dd J l l  
H"' 4.96bd J 9 . 5  
H'V 2.92s 
HV 1.70s - 
H 3.78 - 

- 

- 
C,,H,CrO, 6 2  Cr[C(OCH,)C,H;l(CO), C6H6 

C6D6 H' 6 .95 

Refer- 
ences Remarks 

cis-isomer 

trans-isomer 

cis-isomer 

tramisomer 

cis-isomer 

trans-isomer 

- 

*in acetone-d, 
Carbene complex 

T -40' 
966 a 

T -40' ? 
X z 

966 E T - 40' 

T -40' 

T -40' F 
966 2 

i T -40' cn 

?2 
33 p 

1019 (3 

34 5 
9 
3- z 
0 

1019 
33 
35 
36 
37 



(CDikCO 

C,,H,,CrO, 63 Cr[C(OCH,)p-C6H;CH,1(CO), (CD,),CO 

C,,H,CrF,O, 64 Cr[C(OCH,)o-C,H,CF,I(CO), (CD,kCO 

C,,H,CrF,O, 65 Cr[C(OCH,)m-C,H,CF,I(CO), (CEQCO 

C,,H,CrF,O, 66 Cr[C(OCH,lp-C6H;CF11(CO), (CD3)2C0 

C,,H,BrCrO, 61 Cr[C(OCH,)p-C,H;Brl(CO), (CD,),CO 

H 
H 

H 
H' 
H 
H' 

H 
H 

H 
H 

H 
H' 
H 
H' 

H 
H' 
H 
H' 

cis-isomer T-26.5O 38 
trans-isomer 

cis-isomer T-31° 38 

trans-isomer z 
5 

2 

2 

B 

cis-isomer T+4'  38 
trans-isomer 

cis-isomer T-26O 38 2 
trans-isomer 

cis-isomer T-21° 38 

trans-isomer : 
-I 

cis-isomer T-29O 38 

trans-isomer 

C,,H,CICrO, 69 [Cr[C(OCH,)p-C,H;CII(CO), (CD,),CO 

H 
H' 
H 
H' 

H 
H' 

4.28 - 
7.61, 7.27 - 

cis-isomer 38 2 
0 
0 

trans-isomer 
T -21" r rn 

cis-isomer, viz.: 38 

T -21' 

5 

T -50' 
O/Me 

:I 

h) 
w - - 



T A B L E  II-cont. t4 
P 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
___ __ - - -. . - __~._____ __ __ 

fruns-isomer, viz.: 5.12 - H 
7.67 - H' ' 9  T-50° Me 

2 
(CO),Cr 'C,H,CI 

C,,H,CrFO, 70 CrIC(OCH,lp-C,H,FI(CO)5 (CD,)2C0 H 4.28 - cis-isomer (see above)T - 35 .Y  38 
H 5.12 - frans-isomer 

C,,H,,CrO, 71 CrIC(OCH,)o-C,H4OCH,1(CO), (CD,),CO H 4.17 - cis-isomer (see above) T - 15O 38 

C,,H,,CrO, 72 CrIC(OCH,)m-C6H,OCH,1(CO), (CD,),CO H 4.24 - cis-isomer (see above) T -28O 38 
H 5.05 - frans-isomer 

H 5.09 - fruns-isomer 
C,,H,,CrNO, 73 CrlC(OCH,)m-C,H,N(CH,)2~- (CDJ2C0 H 4.25 - cis-isomer (see above) T -32' 38 

(CO), H 5.08 - frans-isomer 

CI,HI2CrFeO, 74 CrIC(OCH,)Fcl(CO), CDCI, H -84Hz* - Fc = ferrocene moiety 26 
H' -63 Hz* - H = proton a- to Carbene 

H" - 9 H P  - H' = proton p- to Carbene 
Substituent 

Substituent 
H" = protons of unsubstituted ring 
*Relative to ferrocene 

CDCI, H -83 Hz* - *Relative to ferrocene 26 
H' -60Hz* - (see above) 
H" -6Hz* - 

C I ,H I ,C rFeO, 75 C r[C(OEt)Fc I(C O), 

F 
;j 



'gHRCr06 

'qHRCr06 

12H14Cr06 

C,,H,,CrO,Si 

LlHIOCr06 

l oH,  lCrN06 

C I ?H ,,C rNO, 

C13Hl lCrN06 

C I 2  H 8C rO, 

Cl,HRCrO,S 

76 

77 

78 

19 

80 

81 

82 

83 

84 

85 

CrlC(OCH2CH;)CH';1(CO), CDCI, 

Cr[C(OCH,CH;)CH';l(CO), C,H, 

CrlC(OCH,CH;)CH';(CH;"),- CDCI, 
CH,'VI(CO), 

CrlC(OCH2CH;)N(CH';)21(CO)s C6D6 

CDCI, 

H 
H' 
H' 
H 
H' 
H" 

H 
H' 
H" 
H"' 
H 'V 

H 

H 
H' 
H" 
H 
H' 
H" 
H 
H' 
H" 

H 
H' 

H" 

H 

H 

H 

4.9oq - 
1.64t 
2.90s 
4.52q - 
1.25t - 
2.61s - 

4.90q - 
1.62t - 
3.12t - 
1.41m - 
0.92t - 

-358Hz - 

5.09q - 

1.75t 
7.52m - 
4.32q - 
0.931 - 
2 . 1 5 ~ , 2 . 8 8 ~ -  
4.62q - 
1.42t - 
3.06s. 3.51s- 

4.51q - 

3.71q. - 
2-90q 
1.04t. 0.93t.- 
0.751 

- 

- 

- 

-159* HZ - 

-78.H~ - 

-129.H~ - 

Carbene complex 

Carbene complex 

Carbene complex 

Carbene complex 

Carbene complex 

Carbene complex 

Carbene complex 

39 

43 

*Relative to free N-methyl pyrrole 26 

*Relative to free furan 26 

*Relative to free thiophen 26 h) 



N T A B L E  II-cont. o\ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
__ 

86 CrlC(OLiO(C,H~),INlCH,- (CD,),CO H 
cH;),I(CO), H' 

H" 

90 C r {C 1 C( OC H H ; IN H"C 6H ; t C ,D6 H 
(CO), H' 

H" 
H"' 

9 1 CrlC(OCH,)(CH;)CNC,H'~,I- C6D6 H 
(CO), H' 

H" 

2.55q - 
1.m - 
3.4q 
I . l t  

10.0 - 
2.52 - 

3.15  - 
4.35,3.90 J 3 . 5  
9.20 - 

4.11. - 

3.15 - 
4.35,3,90 5 3 . 5  
9.50 - 
4.11,2,0- - 

0.58 

2.88 - 
1.01 
0.13 - 
4.40, 1.92- - 

- 

0.58 

- 3.20 
1.77 - 
3.16,2.16- - 
0.58 

Carbene complex 

Carbene complex 

- 
*Methine proton 

46 
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h, 
00 T A B L E  II-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
- ~ ~ _ _ _ _ _ ~ - _ _ _ -  __ 

_ _ _ ~ I _  

C,,H,CrN,O, 100 Cr(C,H,N,XCO), 

(2) DIHAPTO DERIVATIVES 

C,,H,,CrO,P 101 qr-PPh,(CO), 

' 

(CDJKO H 
H' 
H 
H' 

- 

CDCI, H 
H' 
H" 

H' 
H" 

C6D6 H 

CDCI, H 
H' 
H" 

C6D6 H 

7.24s - 
3.87s - 
6.88 - 
3.87 - 

4.3, 1.6 - 

B 
0 
3 

*Incorrect assignment 50 . 
(see below) k 

0 
P 

J p ~ f  = JPH = 5.0t 5 1  F 
J p ~ * - ' 2  z 

P 
Wonfirmed by ,'P decoupling 0 

TMS external 53 

B(Pz), = B- -N-N i @I4 



C,,H,CICrO, I10 (h4-C,H,CI)Cr(CO), CDCI, 

c,,HI2CrO,, 1 1  1 (h4-CI,H,,0,)Cr(CO), CDCI, 

H 1.85 - 

H 1.58s __ 

H 3.88s - 

H 4.35s, - 
6.92111 
(ratio I : 2) 

H 1.14s - 

H' 0.90s - 

C,(CH,), = tetramethylcyclo- 54 
butadiene 

C4H, = /I 55  z 
5 
Y 

C,H, = benzocyclobutadiene 5 5  2 
C,H, = cyclobutadiene 55 

0 
z 

C,H8 = norbornadiene 58 0 

58 
7 C0OCOPh 

C,,H,,O, = 



w T A B L E  II-cont. 0 

(5) PENTAHAPTO DERIVk,TIVES 

C,,H,,CrNO,P 1 13 (h5-C,H,)Cr(NOXPPh,MCO) 

C,H,CrNO, 114 (h’-C,H,)Cr(NOXCO), 

C,H,CrNO, : 15 (h5-C,H4COCH,)Cr(NOXCO), 

C , , H 2 ~ u C r 0 , P  1 16 (hJ-C,H,)Cr[AuP(C6H,)l~(CO)l 

C I ,H,,CrGeO, 11 7 (hS-C,H,)CrlGe(CH;),I(CO), 

CDCI, 

CDCI, 

CDCI, 

TH F 

H’ 

H 
H 

H 
H 
H 
H 

H 

H 

H 
H’ 

H 
H‘ 

4.7Od J 1.3 

4.39 J P H  2.0 

5.06s 
5.23s - 
5.38 - 
5.08 

5.70,5.15 - 

4.79 - 

4.75 - 
0.69 

4.90 
7.49b - 

- 

- 

- 
- 

H‘ -5.46 - 

- 
- 

T 3 5 O  
T 32O 

T 32O 
- 

- 

R 
59 g 
59 g 
946 v, 

> 

60 p 
61 X 

> 
7 z  

0 

7 ;  

60 and 100 MHz 

62 

63 
64 

65 

67 



Hexane H 
H' 

CF,C02H H 
H' 

C2,H2,Cr03Pb 120 (hs-C,H,)Cr[Pb(C,H;),I(CO), THF H 

C,H,CrO,Si 121 (h'-C,H,)Cr(SiH;XCO), Et20 H 

H' 

H' 

C,,H,,CrO,Sn 122 (hs-C,H,)Cr[Sn(CH;),I(CO), CDCI, H 
H' 

C2,H2,Cr0,Sn 123 (hs-C,H,)CrISn(C,H,),I(CO), CDCI, H 
H' 

IC21Hl,Cr0,1- 124 ([h5-C,H4. CH'(CbH;),ICdCO),}- (CD,)zCO H 

H' 
H" 

C2lH14CrO3 125 Ih5-C,H4(=C(C,H;)2)ICdCO), (CDj),CO H 
H' 

4.78 
-5.46 

4.78 
-5.46 

5.05 
7.5m 

4.89s 
4.12s 

4.75 
0.52 

4.84 
7.43m 

4.73t 
4.451 
5.30s 
7 . 4 9 b ~  

5.72t,4.77t - 
7.68comp. - 
7.37comp. - 
4.92111, J-2.5 
4.65m 

-7.85 - 

5.42,5,20 J 2 . 5  
-1.85 
-5.09 

66 

66 
67 

65 5 

2 
0 

68 * 
0 

63 Z 
64 

* 

65 

$ 
Isolated as the TI+ salt 69 

6 
z 
i 
r 

69 

66 

- 66 

w 



(A T A B L E  II-cont. tu 

Formula No. Compound Solvent 
-_____. _. ~- -. - 

C lbH9Cr03 128 (hs-C 13H,)Cr(CO), - 

C,HSCrNO, 129 (h3-C,H,N)Cr(CO), 

C,H,CrNO, 130 (hs-C,H,N)Cr(CO)3 

C,,H,,CrNO, 13 1 (hs-C12H,,N)Cr(CO), 

Coupling 
constant Refer- 

6 (ppm) (Hz) Remarks ences 

H 4 .1  - 70 
'FI 

C 1 3 H 9  = w E 
A 2 

C,H,N = 71 2 

5 
r 
h 

I 
13 

I ,  

C,H,N= H' H' 71 b 
> z 

H U 
I 

CHI; 

C,H,CrNO, I32 (h'-C,H,N)Cr(CO),t 

C6H'; 
72 

cH3-P C6H9N = 

H H  
Other signals at 6 5.46.4.78, 

3.12,2.34 in the ratio 1 : 2 : 1 : 2 
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w T A B L E  II-cont. P 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,H,CrO,S 138 (hJ-C,H,S)Cr(CO), CDCI, H 5.40 - C,H,S= H' CH;" 14 
a 
3 

(CD3)zCO H 5.92 x $ 
/&H,, 

H' 5.56 - 
H" 5.12 - 
H"' 2.27 - H 

- 

.$ H' 5.76 - 
H" 5.76 - 
H"' 2.32 - 

K 
CDCI, H 5.53 C,H4D,S= D H 74 n - 

$ 

CH, U 

> 
1: 

C,H,D,CrO,S 139 (h5-C,H4D2S)Cr(CO), 

C,H,DCrO,S 140 (h5-C,H,DS)Cr(CO), 

(6) HEXAHAPTO LIGANDS 
(a )  Dicarbonjd derivatives 

CDCI, H 5.40 - 
H' 5.56 

6.00 - C,H,CI,CrO,Si 141 (h'-C,H,)Cr(SiC1,XH'MCO)Z CH,CN H 
- H' -10.53 

402 
4 0  I 

A non-fluxional n-arene complex, 709 
the second arsenic atom being 
coordinated to the metal 144 



7 10 

a-bonded acrylonitrile Ci,H ,,CrNO, 144 lh6-l ,4-C,H4(C02CH,),ICr(NC- (CD,),CO H 5.4-6.0 - 

CH=C H,)(CO), Compared to free and r-bonded b 

acrylonitrile s 
tively) z 

> 
0 

(d 5.0-6.0 and 0.8-1 .O respec- 

C,,H,,CrO,P 145 (h6-C InH,,)Cr(PPh,XCO), - 

C,,H,,AsCrO, 146 (h~-C,,H,,)Cr(AsPh,XCO), - 

C2,H,,Cr0,N 147 (h~'-C,,H,,)Cr(quinoline)(CO), - 

C,,H,,CrO,N 148 (h'-C,,H,,)Cr(pyridineKCO), - 

(5) Tricarbonvl derivatives 
CJ ,CrO,  149 (h'-C,H,)Cr(CO), CDCI, H 

CDCI, H 
5.37 
5.303' 

5.23 
5.63 

93.7 
2 23.8 

C,,H,, = Triphenylene 

C,,H,, = Triphenylene 

C,,H,, = Triphenylene 

C,,H,, = Triphenylene 

T30° 100MHz 
J ( ' C H ) =  173k It 

*The upfield shift relative to benzene ( h  7.347) is attributed to the magnetic anisotropy of the chromium tricarbonyl moiety and the ring-metal bond. Reduction 
of the rr-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. 
)Increase in JcH relative to benzene (JcH 159-2) is attributed to the effect of  withdrawal of rr-electrons from the ring in the complex (-0.35 electron from 

w each carbon p,orbital). ul 



w T A B L E  I I-cont. a\ 

Coupling 
constant Refer 

Compound Solvent 6 (PPm) (Hz) Remarks ences Formula No. 

C,@,CrO, 150 (hL-C6H5 .CH;)Cr(CO), CCI, H orrho 
H mera 

Hpara 
(CH,kCO Horrho 

H mera 

Hpara 
CCI, H' 
CDCI, H orrho 

H mern 

H para 
H' 

5.08  
5 .32  
5 . 0 8  

5 .49  
5.69 
5 .49  

2 .18  

5.140* 
5,386* 
5.102* 
2.183* 

C,,H,,CtO, 151 Ih"l,2-C6H,(CH;)21Cr(CO), CDCI, H-3, H-6 5.212' 
H-4, H-, 5.272. 
H' 2,163. 

C I IH,,CrO, 152 Ih"l,3-C6H4(CH;),ICr(CO), CDCI, H-2 5.013 
H-4, H_, 4.983 
H-5 5.431 
H' 2.193 

C ,H,,Cr03 I53 fh6-  I ,4-C6H4(CH;)* ICr(CO), CDCI, H 5,231 

H' 2 ,123 

16 .rr - 
5 

z X 

i? 
3 

Jorrho6,2,6.4; JmprnI.0; Jpra0.0 F 

0 

713 - 

T 3 0 °  100MHz 712 

t; 
> 
2: 
U 

? 
T 3 0 °  100MHz 712 
*To higher field than corresponding1009 5 

tl 

T 3 0 °  100MHz 712 2 
6 values, particularly for the 

*To higher field than corresponding 
values for the uncomplexed arene 

s values for the uncomplexed arene 

I009 
aromatic protons, are greater 963 
for the uncomplexed arene 

T 3 0 °  l00MHz 712 
Ring J"CH 172. Methyl JITH 

127.5 6 and JHHgreater, JCH 
less, for the uncomplexed arene 



CDCI, H 5.26  - 
H' 2 .19  - 

CCI, H 5.16  - 
H' 2.14 - 

(CH,)zCO H 5.56  - 

C IIH I ~ C ~ O ,  155 IV- 1,2.4-C,H,(CH;),ICr(CO), CDCI, H-,  5 .136 J, ,!  0 . 5  
H-5 5.069 6 . 2  
H - 6  5 .358 - 

2.214 - 
H', 2.214 - 

HI, 2.274 - 

CIzH,,CrO, 156 [h~-I.3,5-C,H,(CH;),ICr(CO), CH,CI, "CH, 21.0  - 
l'CH 92.4  - 
"C-CH, I I 1-5 - 

1 3 ~ 0  235.5 - 

C DC I, H 4.884 - 
H '  2.194 - 

HL I 

T 33O I17 
Free ligand 6 6 . 9 4  and 2.2s  
- 16 

z 

T 3 0 °  IOOMHz 712 
Aromatic and, to a lesser extent. 1009 5 the methyl signals are to higher 

field than corresponding signal 0 
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 

> 
z 
0 
P a > : 
i5 
F 

the uncomplexed arene 0 

-1 

T30° 100MHz 712 n 
6 and J values are greater for I009 2 

W 

z 
.e 
r 

22.62 MHz 148 
I009 

n 
0 

r 

rn 

5 
E 
rA 

T 3 0 °  100MHz 712 
Ring J I ~ C H  172. Methyl J I ~ C H  129 
Corresponding 6 values greater 

and J ~ V H  are less for the 
uncomplexed arene 

w 
4 
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T A B L E  II-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
- I r  

169 (hL-C6H5CH'=CH;)Cr(CO), CDCI, 

170 (h"-C6HYCH=CH'C6H;')Cr(CO), - 
cis 

I71 (h6-C,H;CH=CH'C6H;')cr(CO), - 
trans 

I72 (hh-p-C6H4CICH=CHC6H;CI)- - 
Cr(CO), iruns 

H 
H' 

H 
H' 

H, HI' 

H' 

H 
H' 
H" 
H "' 

H 
H' 
H" 
H"' 

H 
H' 

5.72s - 
I . 3 2 ~  - 

5-41111 - 
5.67,5.41 - 
5.77s, - 

6.32q 
5-40111 

5.56s - 
7.33,7.24 - 

s 
z 963 ' - 

0 
7? 

- 719 5 
g 

$ 

The aromatic protons of the corn- 7 I4 g 
plex are shifted - 1.9 ppm n 
upfield relative to styrene and 
H'by-0.4 ppm > z Aromatic protons of complexed 720 u 

z 
0 

z 
0 

ring (C,H';) and wolefinic ? 
proton (H) shifted to high field 
with respect to the free ligand 

9 167.21 (aromatic H)and 6.59 > 
(olefinic H)1 

relative to free ligand (6 7.37 and 
7.02 respectively) is attributed 
to a diminution of the ring 
current effect on complexation 

High field shift of H" and H 720 

720 - 



I73 

174 

I75 

176 

177 

~ .- 

W-C,H,I CH'(CHI;)CH"'= CCI, 
CH'VCH~IJCr(CO), 

H 
H' 

H" 

H 
H" 
H " 
H"' 
H'V 1 

H I 4  

H 
H' 

H" 
H"' 

HV 
H 

H 
H' 
H" 
H"' 

H 
H' 
H" 
H "' 
H 1V 

HIV 

6.48s - 
5 . 3 5 , 5 . 1 4  - 

7.30  - 
5.10 

720 

721 2 - - 5 . 1 0  

I.32d J 6 . 7  
3.10comp. - 5 

? 5 . 8 W . 7 0  - -I 

5.13s  - 
3.12-2.78 - 

> 
0 

- 721 ' 
0 

> 

camp. 

6 

comp. m. B 
F 

camp. 

$ 

E 

1.31d J 6 . 9  
5.54-5.27 - 

1 1.71d J 3 . 4  
1.34 749 - - 

* 
Z 

Eryihro-DL-isomer 721 2 
T 30-35' 0 

6 
r 
E 
c1 Threo-DL-isomer 

5.40bs - 

2.62  OCt. J H * H * v ~ .  7 
1.28d J ~ t ~ w 6 . 4  
4 . 0 3  oct. JH, ,*HIV 7 
1.32d - 
5.40s - 
2.53  quint. JH.,.,.6-3 

3 .84  quint. J , . . . , I v ~ . ~ ,  6 .0  
I.37d J ~ ~ ~ a e 6 . 9  

1.31d - 

P 



TABLE I I-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 
__-_ 

C ,,H,,CrO, I78 {hL-C,H, ICH'(CHf;)CH"'(CH\V)- H 
OCOCHyl)Cr(CO), H' 

H" 
H"' 
H I" 
HV 
H 
H' 
H" 
H"' 
H'V 
HV 

C,,H,,CrO, 179 (h,-C,HdCHf(CH;)CH~~~(CH~v- CDCI, H 
CHY)OCOCHY' I}cr(cO), H' 

H" 
H"' 

H'V 

HV 
H V' 

C 14H ,,CrO,S 180 {hL-C,H~IC(CH;),CH;OSO,- CDCI, H 
C H;" 1 }Cr(C O), H' 

H" 
H"' 

5.39  
2 .77  O C ~ .  

I.36d 
5.09 Nt.  
1.27d 
2.12s 
5.36s 
2.71 quint. 

4.97 quint. 
1.35d 

I .28d 
2.08s 

, Eryrhro-DL-isomer 72 1 

~ Threo-DL-isomer 

5.33s I Erythro-m-isomer 72 1 
2.96-2.54 - 

comp. m. 
1.38d 5 7 . 3  
5 . 3 - 4 . 7  - 

1.85-1.4 - 
comp. m. 

comp. m. 
1 .oat J 7 . 0  
2.1 Is - 

722 



CI,H I~CTO,S 18 1 {h,-C,H,(CH'(CH;?CH'"(CHIV)- H 
OSOZCH] I)Cr(CO)] H' 

H" 
H"' 
H'V 
HV 
H 
H' 
H" 
H"' 
H'' 
HV 

CI5H,JrO6S 182 {h6-C6H,[CH'(CH;)CH'"(CH, - - H 
CHY)OSO,CHY' IKXCO), H' 

H" 
H"' 
H 'V 

HV 
H V' 

[h6-l,3-C,H,(CH;XC(CH;),- CDCI, H 5.34s - - 

CH;"OSO,CHiV)ICr(CO), H' 2 .26s - 
H" I . 4 8 ~  - 
H"' 4 .13  - 
H 'V 3.02s - 

72 I 

0 z 

721 8 
2 

P 

722 2 
8 
;r 

I(h6-l,4-C6H,(CH;XC(CH;),- CDCI] H -5.74d, 5 7  

H' 2.36s - 
H" 1.49s - 
H"' 4.22s - 

3.12s - H'V 

CH;'OSO,CH~~)~C~(CO),  5.25d 

-. ti 

n 
0 

r 

722 g 

5 
!? 



T A B L E  II-conl. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 ( P P d  (Hz) Remarks ences 
- 

185 (h'(Z6H,Br)Cr(CO), CDCI, 
186 [h'-C6H,-l(Br)-4(CH;)ICr(CO), CDCI, 

187 [h6-C6H,-1(CI)-4(CH~)ICr(C0), CDCI, 

188 [h6-C6H,- I(F)-4(CH;)lCr(CO), CDCI, 

189 (h6-C6H,I)Cr(CO), CDCI, 

190 Ih'-C6H,-I(OH)-4(CH;)ICr(CO)] CDCI, 

19 1 [h6-l  ,2-C6H,(NH;)CH;ICr(CO) , C DCI , 

192 [h'-l,3-C6H4(NH;CH;ICr(CO), CDCI, 

H 

H-2 
H-3 
H' 

H-2 

H-3 
H' 

H 

H' 

H 

H-2 

H- 3 
H' 

H 
H' 
H " 

H 

H' 
H" 

___._.. 

- 73 5.23 - 
5.60 - T 33" (J + J' = 6.7,J,4+ J B  = 3.6) 147 
5.20 - Free ligand 6 7.28.6.95 and 2.24 
2.09 respectively 
5.57 - 

5.28 - Free ligand 6 7.13.7.0 and 2.26 
2.09 respectively 

T 33' (J + J' = 6.8.5A + JB = 147 
3.6) 

5.38 - T 3 3 ' ( J + J 1 = 6 . 8 , J ~ + J s =  147 
3.9) 

2.06 Free ligand 6 6.77,7. I ,  2.28 

73 

T33 ' ( J+J '=7 .O3J ,4+Jg=  147 

5.58,5.21 - - 

5.20 - 

5.53 - Free ligand 6 6.63,6,87 and 2.19 
2.06 - respectively 

5.48,4.96 - - 
3.59 - 
2.11 - 
5.59  
4.80 - 
3.58 - 
2.26 - 

4.3) 

723 

723 - - 



CIoH,CrNO3 193 [h'-C,H,-l(NH';)4(CH;)ICr(CO), CDCI, 

C I IH ,CrNO, 194 lhL-C6H,. N(CH,),ICr(CO), CCI, 

C,,H13CrN03 195 {h6-C6H,-1[N(CH,),I-4(CH;)}- CCI, 
CdCO), 

Acetone 

CDCI, 

C1,Hl3CrNO3 196 [h6-l,2-C,H,(NH;)CH"(CH;"),l- CDCI, 
CdCO), 

C ],H ,,CrN03 197 {h6- I ,2-C,H41N(C - 
[CH"(CH;'),I)Cr(CO), - 

H-2 

H-3 
H' 
H" 

Horrho 
H mera 

H,, 

Horrho 
Hmero 
Hpro 

H-2 
H-3 

H-2 
H-3 
H-2 
H-3 

H' 

H' 
H " 

H 
H' 
H" 
H ' I '  

H 
H' 
H" 
H "' 

4.87 

5.48 
2.04 
3.43 

4.72 
5.46 
4.66 

5.03 
5.78 
5 .10  

4.75 
5.37 
2.0Y 

5.09 
5 . 7 2  

4.83 
5.50 
2.06 
2.82 

5.6.4.85 
3.67 
2 - 7 2  
1.30t 

5.7-4.9 
2.70 
3.20 
1.26t 

T 33" (J + J' = 7.0, JA + J B  = 147 
Free 4.1) ligand 6 6.38.6.83.2.18 and 

3.29 respectively 

0 > 
i > 
0 z 
0 

6 

Free ligand: '? 
16 g 

3 CCI,: H-2 6.54: H-3 6.9, H' 2.21 

> Acetone: H-, 6.68: H-, 7.01 r 
n > 

T 33O 147 P 

z and 2.78 respectively 4 
r 

Freeligand66.53.6.91.2-21 8 

724 - 

n 
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Cz,H16FeCr0, 216 Ih6-C,H,(CH;Fc)lCr(CO), 

C,,H,,FeCrO, 217 [h6-C6H,(Fc)lCr(CO), 

C,,H,,CrO, 220 Ih'-C,H,-I(CH';)-4(4-C6H;- 
CH';)ICr(CO), 

C6D6 H 

H' 
H" 
H"' 

CCl, H 
H' 
H* 

CCI, H 
H* 
Ht 

CDCI, H 

CDCI, H 

H' 

H' 
H" 

CDCI H 
H' 
H" 

- 5.61  
5 . 7 9  - 

5.45 - T 33O 147 
5.26 - Free ligand 6 7 . 0 7 , 7 . 0 , 2 . 2 5  
2.13 - and 2.33  respectively z 
2.42 - 5 

C0,CH'; 726 5 5.28111, - C,Hl,O, = 
4.52m > 

0 

3 . 2 7 ~ ,  1.9om 1.16d 3.33s- J 5 . 5  - 
CH;" " ' 4 C H ' ;  

* 
5.15111 - Hexamethyldisiloxane as reference 727 3 
3.49s - Fc = Ferrocene moiety 0 
4.121~1 - *Ferrocenyl protons El 

-4 

5.33111 - Hexamethyldisiloxane as reference 727 

4.04s *Substituted cyclopentadienyl ring 
4.44t, 4.271 - Fc = Ferrocene moiety n 

ring .e 

$ 
2 tunsubstituted cyclopentadienyl 

- 5.48m - 
7.421-11 - 
5.41m - - 
2.38s. 2.20s - 
7.33111 - 

5 . 7 3 , 5 . 2 1  - - 
7,37 ,7 .15  - 
2.37 ,2 .18  - 

728 

L 
w 



T A B L E  II-cont. 
VI 
0 

Coupling 
constant Refer - 

Formula No. Compound Solvent d (PPm) (Hz) Remarks ences 

CIsH9CrFO, 22 1 C6H6 

DMSO 
Acetone 

C6H6 

DMSO 

-0.66 - 
-0.50 - 
-0.72 - 
-0 .55  - 
-0.44 - 

Relative to C6H,F 
Free ligand: C6H,: +0,05 
DMSO -0.25 

Relative to C,H,F 
Free ligand: C6H6: +2.97 
DMSO: +2.50 

729 
3 
X 
ii 

729 222 

728 
P 
t; 

728 p 
z 
U 

223 

2 24 

225 

226 

CDCI, H 
H' 

H 
H' 

H 
H' 

H, H' 
H" 
H"' 

H 
H' 
H" 
H"' 

H 
H' 

5.78m - 
7.27m - 
5.53,4.82m- 
7.32m 
5.60 - 
7.23 - 
5.43m - 

1.23t 5 7  
3.65q 5 7  

5.67,5.18 - 
2.17 - 
3.65 - 
1.23 

2.83m - 
4.75 - 

CDCI, 

728 ? CDCI, 
E 
0 

714 El 

0 
s CDCI, 

227 CDCI, T 33" 147 

(h6-C,HsCH'=O)Cr(CO), CDCI, 714 C1@6Cr04 228 



229 [h6-C6H,- 1 (CH"O)-4(CH;)]- 
CdCO), 

230 (h"C6H5COCH,)CdCO), 

23 1 IhL-C6N4-I(COCH;)-2(CH;)I- 
CdCO), 

CdCO), 

CdCO), 

232 IhL-C,H,-I(COCH;)-3(CH;)I- 

233 Ih6-C6H,-I(COCH;)-4(CH;)I- 

H-2 
H-, 

H' 
H" 

Horrho 
Hmra 
Hporo 

H orrho 
H mera 
H poro 

H 
H' 
H 
H' 

H 
H' 
H-2 
H-l 
H' 
H-2 
H-l 

- 6.01 
5.21 - 

- 2.33 
9.46 
5.91 - 
5.19 -_ 
5.41 - 
6.35 
5.68 
6.01 

- 

- 
- 
- 

-5-4comp. - 

-5.5comp. - 

-5.5comp. - 
2.30,2.39 - 
5.08 - 
6.03 - 
2.29 - 

5 . 5 5  
6.39 

2.39,2.45 - 

2 . 2 8 ~ ,  2.41s- 

- 
- 

T 33' (J + J' = 6.8, JA + J,=  
Free 3.2) ligand 6 7.69, 7.26,2.38 

147 

and 9.89 respectively 

- 234 [hL-I,2-C,H,(CH;CH';)COCH;"1- - H 5-6 
CdCO), H' 2.22.3.0 - 

H" 1.25t J 7.5 
H"' 2.46s - 

235 [h"l,3-C,H4(CH2CH;)COCH';I- - H 2.5Oq J 7 . 1  - 
- CdCO), H' 1-31t 

H" 2.42s - 

16 3 
730 c7 

> 5 
0 z 
0 

731 $ 
73 1 

$ 
5 
2 

731 
> w 16 g 
Z 
;r: 

964 h 
Q 

964 



T A B L E  II-cont. ul 
h) 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

236 (h6-1,2-C6H4[CH(CH&- 
COCH;}Cr(CO), 

237 {h6-1,3-C6H4(CH(CH;)21- 
COCH;}Cr(CO), 

24 1 Ih6€6H4-I(OH)-2(COCH;)I 
CdCO), 

- 

- 

- 

CDCI, 

C6H6 

- 

- 

CCI, 

H 
H' 
H" 

H 
H' 
H" 

n.a  

H 

H 

n.a. 

H 
H' 

H 
H' 

3 - 2 9 ~ p t .  - 
1.22, I.25d 5 6 . 6  
2.46s - 
2 . 7 0 ~ p t .  - 
4.30bd 56.6 
2.45s - 

1.26* - 
1.36f - 

0.93' - 
1-18? - 

I 1.58 - 
2.55 - 

6.5-5.0 - 
2-51,2.24 - 

Signalsat6 6.17~,6.0145.75d, 
5.12t 

*Exo-isomer 
tEndo-isomer 

c'ploo = @Do 
Signals at 6 5.5-5. Im, 3,45d, 

Aromatic protons gave signals at 

3.2-2.6m 

6 5.08,5.20(1H), 5.73,5.85, 
5.96 (2H), 4,80,4.90 (1H) 

964 
a 
3 

964 X 
3 x 

964 
F 

967 2 
> z 
U 

965 ? 
z 
0 
U 

z 
0 

VJ 

s 

732 

733 



C,,H,CrO, 243 [h6-CJ4,-1(C02H>3(0CH;)l- 
CdCO), 

123 

16 $ 
730 
717 

4 > 
0 z 

n 
723 5 
734 

B 

s 
2 

z 
5 

5 

r 
0 > 

717 
r 
0 
0 

r 
713 iz 
734 



TABLE II-cont. v, 
P 

~ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

CDCI, 

CI2H,,CrO, 247 [~L-C,H,-I(C02CH;~4(CH;)1- CDCI, 
Cr(CO), 

CCI, 

C,,H,,CrO, 248 I~L-C6H,-I(C02CH;>2,5(CH';)2]- CCI, 
CdCO), 

H' 

H-2 
H-3 
H' 
H" 

H-2 
H-3 
H' 
H" 

H-2 
H-3 
H" 

H 

H' 
H" 

H-* 

6 .12  - 
5.80  - 
3.88 - 
2.28 - 

5.82m, - 

2.39 - 

6.18 - 
5.16 - 
3.87 - 
2.26  - 

6.28-6.40 Jorrho 6 . 6 2  
5.47-5.58 JmprO 1.50 
3.87 JPro 0.08 
2 .30  - 
5.04 - 
6.09 - 
2.26 - 

5 . 9 9 , 5 , 4 0  - 
5.10 - 
3.90  
2 ,46 ,2 .20  - 

6.33 - 

5.28m 

- 

T 33O 
Free ligand 6 7 .86 .7 .15 .2 .34  

and 3.81 respectively 

717 
.w 

.E 
z 

713 2 

'47 j 

e 713 

t; 
> 

717 $ 
? 
I 
0 

16 5 
z 
0 

733 

717 
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VI 
Q\ T A B L E  II-conf. 

Formula No. 

C2,H,,Cr0,P 257 

C,,H,,CrO,Si 258 

C,,H,,CrO,Si 259 

C,,H,,CrNO,Si 260 

C,,H,,CrO,Si, 261 

C,,H,,CrO,Sn 262 

Compound Solvent 

[h'-C,H,Si(CH;),]Cr(CO), CCI, 

~h"-C,H,CH;Sn(CH~),]Cr(CO), CDCI, 

coupling 
constant Refer- 

6 @pm) (Hz) Remarks ences 

149 'FI 

9 
5 

- H 5 . 6 4 . 8  - 
H' 2.81,2.29, - 

2.22 
H" 7.4-6.8 - 

- 
0 

H 5.23 - - 143 ' 
H' 0.30s - - 715 5 

g 

2 

H-* 5.58 T 33O tl 

H-2 5.41 - T 330 
H-3 4.99 - Free ligand6 7.34,7.07,2.29 147 
H' 2.19 
H" 0.28 

- and 0.23 respectively 
cn - 
> z 

H-3 4.81 - Free ligand 6 7.29,6.61,2.84 147 > 
- 

H' 2.89 - and 0.21 respectively 

H 5.19s - - 715 > 

H 5.13bm - pDioxane as internal reference 143 

H" 0.26 - 5 
H' 0.29s - 3 

!2 

H' 2.03 J(1"sn-H') = 

J("9Sn-H') = 
54.5 

56.8 
J("'Sn-H) = 51.6 
J("9Sn-H) = 53.6 

H" 0.13 
I45 



C,,H,,CrO,Sn 263 [h'-C,H,Sn(CH;),ICr(CO), CCI, 

- 

CDCI, 

C6D6 

H 
H' 

H 
H' 

H 
H' 

H 
H' 

H" 

H 
H' 

5.2-5 .Obs 
0.32s 
- 

5.28rn 
0.40s 

5 . 1 4 ~ 1 1  
0.40s 

5.24m 
0.65 

7 .39~11 

5 . 3 3 ~ ~ 1  
0.45 

- - 
J(I1'Sn-H') = 

J(119Sn-H') = 
5 5 . 5  

58.1 

ClH8 = 
J1,2 = J5.6 8.2 
J, . ]  = J,,, 6.97 
5 3 . 4  8.45 

715 

145 

143 
z a 
5 
tl 

> 
143 
145 

0 
F 

$ 

143 

F 
cl > 

6 z 
143 ;r 
145 

H5 H6 

u 



T A B L E  II-cont. 
ul 
00 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

H-7 1.082 J 6 , 7 = J 1 , 7  3.17 
H-8 2.170 J6,8=J,,88,90 

J7.8 -14.05 
CCI, H_,exo 1.77 

H-, endo -2.9 

CHZCI, "CH2 24.8 - 
"CH 57,6,99.0 - 

101.9 - 

W O  232.7 - 

Jl.5 = '2.6 J1.6 <0'5 
J1., +J, , ,=J4,6+J, ,6= 1.27 
J2 ,4  = J3.5 = 0.73 J 2 . 5  = 0.51 
J2.7 = JJ.7 = -1.07 J2.8 = J S .  8 = 

0.92 
22.62 MHz 
The average coordination shift 

relative to free cycloheptatriene 
is considerably greater than that 
for arenes, implying stronger 
metal-triene bonding than 
metal-arene bonding 

C,,H,,CrO, 268 (L6-C7H,. CH,)Cr(CO), - H I .97 - 1 -Methylcyclohepta- 1,3,5-triene 736 5 
chromium tricarbonyl U 

j: C,,H,,Cr0, 269 I 1,2,3,4,5,6-h~-7-C7H~CHl)l- CS, 7-CH3c-v0 0. Id - - 955 3 
- - Cr(CO), H-7endo -3.0 

C6D6 7-CH3,, 0.36d - 
C IlH,2Cr0, 270 I 1,2,3,4,5,6-hL-7-exoC7H7(CH2- - 

CH=CH,)ICr(CO), 
H 0.95dd - - 955 

- C,,H,, = endo-7-propargyl-1,3,5- 737 C ,,H loCrO, 27 1 ( I  ,2,3,4,5,6-h'-C,oHlo)Cr(CO), - H_, ,H_ ,  -3. 
H-2, H-, -4.8. - cycloheptatriene 955 
H-3, H-, 55.9* - *Estimated from published spectra 



C,,H,,CrOS 272 [1,2,3,4,5,6-h'-7-exo-C,H,- cs, 

C,,H,,CrO, 273 I 1,2,3,4,5,6-h'-7-endo-C,H,- CS, 
(CH;CO,CH,CH,)lCr(CO), 

(CH;CO,CH,CH,)ICr(CO), 
C, ,H,CrNO, 274 I 1,2,3,4,5,6-h6-7-exo-C,H,- CDCI, 

C ,,H , ,CrO, 275 I 1,2,3,4,5,6-h'-7-exo-C,H,- 
(CN)ICr(CO)j 

(C6H;)ICr(CO)j 
C,,H,,Cr03 276 [ I  ,2,3,4,5,6-h'-7-endoC,H,- - 

(C,H;)ICr(CO), 
C ,,H,,CrO, 2 77 ( h'-C, , H,,O)Cr(CO) , CDCI, 

''Axial'' H-, shielded by triene 
system and gives signal at higher 
field than that for exo-isomer 

also to higher field than those of 
exo-isomer 

Signals from H-, and H-, are 

z 
C,d-I,, = exo-7-propargyl-l,3,5- 

"Axial" CH, of propargyl group is 
cycloheptatriene F 

that for endo-isomer (above) XI 
955 $ 

5 
955 F 

-I * 
0 z 
0 

shielded by triene system and 
gives a signal to higher field than 

- 

- $ 

- 955 6 

955 
-I 

- 

n * 
z 

n 
0 

- 955 3 

5 Structure: 

Other signals at 7.43s, 6.24bd, 

VI 
\c) 

5.0m, 3.4m, in ratio 2 : I :2  : 2 
~ ~~~ ~ __. 



8 
T A B L E  II-coni. 

Coupling 
constant Refer- 

Solvent 6 (ppm) (fi) Remarks ences Formula No. Compound 

278 [1,2,3,4,5,6-h"-I-C,H,(OCH;)I- CDCI, 
c d c o ) ,  

279 (1,2,3,4,5,6-h6-2-C7H,. OCH;> CDCI, 
CdCO), 

280 [1,2,3,4,5,6-h"3-C,H,(OCH~)I- CDCI, 
CdCO), 

281 I 1,2,3,4,5,6-h6-7-C,H,(OCH;)I- CDCI, 
c d c o ) ,  

C,H,(OCH,) = I-methoxy-1.3.5- 739 
cycloheptatriene 2 

3 2-C,H,0CH3 = 2-methoxy-1,3,5- 740 ~ 

I ,  

cycloheptatriene e 
CA 

P 
- 955 5 

5; 
C,H,(OCHJ = endo-7-methoxy- 739 

1,3,5-cycloheptatriene 955 0" 

? 

Exo-isomer 955 

7,7-C,H6(OCH,), = 7,7di- 740 
methoxy- 1,3,5cycloheptatriene 
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T A B L E  II-cont. E 
Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (pprn) (Hz) Remarks ences 

- - C,&312 = I-methylindane 153 
5.43m - trans-tricarbonylchromiurn 
5.25m - complex, viz.: .a !!: 3 - 

z 
n 

H-4 

(CO),Cr-- 

100 MHz 
cis-tricarbonylchromium complex, 3 

viz.: 0 
5 

(CO),Cr 2 z 

v) 

> 
U * 

H-1 5.49d - 
5.04t - H -6 
5.39t - H-5 

H-4 5.20d - 

100 MHz 
The aromatic protons of the cis- 

complex show alternating 6- 
values due to the complex having 
a preferred conformation in 
which the m e t a l 4 0  bonds are 
directed over positions C,a, C,, 
and C, 

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



C,,H ,,CrO, 303 (h6-C13H ,,O)cr(CO), 

5.43d' - 
5.ot - 
5.36t' - 
5.12d - 
1.24, 1.17 - 

6.12s' - 
6.08d' - 
5.12d - 

- H-1 5.38d' - 
H-, 5.73dt - 
H-4 5.88st - 

'Deshielded by superimposed 
metakarbonyl bond and 
orrho-acetyl group 

'Deshielded by metal-carbonyl 

tDeshielded by ortho-acetyl group 

C ,,HI, = I -isopropylindane 

bond 

- H* 5.44111, - 

5.26111 trans-tricarbony Ichromium 
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 metalLC0 bonds are directed over C3,,Cs, and C, in order to minimize nonbonded interactions with the cis-methyl group at C ,  



T A B L E  II-cont. 
o\ 
03 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
_._I_____ _ _  .~ ~ _ _ _  _________________ 

C,,H,,CrO, 305 (h6-C,P,,0)Cr(CO), 

C,,H,,CrNO, 306 (h6-C,,H, ,N)Cr(CO), 

H* - 

H-1 
H -6 

H -5 

H-, 

H* - 

5.61d 
4.951 
5.34t 
5 - I l d  

5.59d, 
5.44d 

5.27111 (in 
ratio 
l : I :2)  

5.92d 
5.03t 
5.48t 
5.21d 

5.61d, 
5.46d 

5.32111 (in 
ratio 
1:1:2) 

5.73d 
5 . l l t  
5.53t 
5.28d 

cis-complex, viz: 
, Pr' 

C,,H,IO = I-hydroxymethylindane 153 5 
trans-tricarbon ylchromium Ls 
complex 

*Aromatic protons 
8 
7 

cis-complex, viz: .3 
0 
3- 
ij 
3- 

100 MHz 
r 

C,,HI,N = I-cyanomethylindane 153 s 
trans-tricarbon ylchromium P 

Z 
0 complex 

*Aromatic protons 
ciscomplex, viz.: 

CH$N 

5\ 
4 3  

100 MHz 



N
M

R
 D

A
T

A
 O

N
 O

R
G

A
N

IC
-M

E
T

A
L

 C
A

R
B

O
N

Y
L

 C
O

M
P

L
E

X
E

S 
69 

m
 

v
1
 

- 

I
l

l
1

 

r
a

n
.

 

X
 

x
x

x
x

 

P
 

4
 

0
0
 
e
 

P
 L
n
 

2
 

2" s -2 L
 

n
 

ti 
n

 
V
 m
 

0, 

0
0
 

Q
 

P
 

0
%

 
T

I 
m

 
0

 
V
 

Q
 

%
I

 
I I 

2
 

m
 



T A B L E  II-cont. 2 

Formula No. Compound Solvent 6 (ppm) 

C,,H,,CrO, 31 I (h6-C,H,,0)Cr(CO), CDCI, H 2.82q 

__ 

H' 3.05q 
H" - 4.801~1 
H"' -5.4Om 
OH 1.93 

C,,H,,CrO, 3 12 (h6--C,,Hl2O,)Cr(CO), 

C,,H,,CrO, 3 13 (h6-C I IH,20,)Cr(CO), 

C,,H,,CrO, 314 (h6-Cl5H,,O4)Cr(CO), 

CDCI, H 3.21q 
H' 2.90s 
H" mS.3Om 
H"' 2.09s 
HIv -5.30111 

CDCI, H 2.86q 
H' 3.20s 
H" ~ 5 . 3 O m  
H "' 2.05s 
HIv -5,30111 

Coupling 
constant 

(Hz) 

J 6 . 5 ,  14.8 
J 6.5,  14.8 

J 6 ,  17 
J 2 , 1 7  

J6 .75 ,  16 
J 7 . 2 ,  16 
- 

Refer- 
Remarks ences 

748 
.a 

40 and 100 MHz 

C, ,H 0 - 748 ? 
I' 2 - $ $ O C O C H Y f  'H" 

s n > 
tj 

z 
40 and 100 MHz U 

H ' ~  H Hi > 

b 

40 and 100 MHz 

1 0 0  MHz 



C,,Hl0CrO4 315 (h”CI,H,oO)Cr(CO), 

C ,,H,,CrO,S 3 16 (h6-C ,,H,,02S)Cr(CO), 

Cl6HI4CrO5 317 (h6-C13H,,02)Cr(CO), 

CDCI, CH,* 1.5 - 
CH,t  1.38 

- H* 5.95d, 5,45d,- 
5.30111 (in 
ratio 
1 : 2  : I). 

H-7 6.21d - 
- H - 6  4.97t 

H-4 5.Iod - 
- H-5 5.56t 

- n.m. - 

C,,,H,,O = 3-methylindane-I-one 749 
*cis- to coordinated Cr(CO), group 

trans- to coordinated Cr(CO), 
group 

C,,H,,O,S = lethylsulphonyl- 
indane. truns-tricarbonyl- 
chromium complex 

*Aromatic protons 
cis-complex, viz: 

(CO),Cr 

4 3  

Structures: 

A 

tJf& COCH, 

OCOCH, 



4 
Iu T A B L E  II-cont. 

Coupling 
constant Refer- 

6 (wm) (Hz) Remarks ences Formula No. Compound Solvent 
-____ ____ - -. 

Structures: 75 1 - n.m. C,&BrCrO,S 3 18 (h6-C,,H,,Br03S)Cr(CO), - 

(Bz = pSO,C,H,Br) 
Structures: 750 

P 
rA e" 

? 
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2 TABLE II-cont. 

Coupling 
constant Refer- 

Formda No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,,H,CrF20, 322 (h6-Cl,H6F2)Cr(CO)3 CCI, H-2, H-3 6 .92  
H_,.H-, 6 .26 
H_, ,H-,  5 .52 

C,,HI2CrO3 323 (h6-CI2H,,)Cr(CO), 

CHI 2.54 

J2.3 6.2 
J5.8 0 . 3  
'6.1 6'2 

. J5.6 8.8 
J 5 . i  1.3 

J2.3 5 . 5  
J5,8 o'2 
J6.1 5 ' 5  
J5.6 7.  
55.7 1 "  

Structure: 
F 

754 

'FI 

4 

T 33O 
Values of 6 and J of complexed 

ring decreased relative to free 
ligand 

Structure: 754 

-3 
T 33O 

Structure: 754 

j 

> z u 
? 
3 
0 u 
z 
0 

F- 



C,,H,,CrO, 325 (h6-Cl2H,,)Cr(C0), 

CI5Hl2CrO, 326 (h6-C12H1JCr(CO), 

CI7H,,CrO, 327 (h6-C,,H,JCr(CO), 

CDCI, 

CDCI, 

CCI, 

CCI, 

J1.40'3 
J5.8 0 . 3  

J5.6 8 . 3  
J5.7 1.3 

'6.7 6'9  

J1,4 o.2 
J5.8 0 .2  

J5.6 6 . 9  
J5.7 1.0 

J6.7 5 . 7  

J5.8 0 . 3  
J6.7 6.2 
'5.6 8.7 
J5,7 1 . 1 5  

J5.8 0 . 2  
J6.7 5.7  

J5.7 1.0 
J5.6 7.0 

Structure: 

T 33" 

Structure: 

T 33O 

Structure: ,* Cr(CO), Hi 

'\ 63 CH, 

T 33" 
CHI 

154 

2 
P 

754 
4 * 
0 z 

0 
P 

s 
J 

3 
754 

c) * 
P 
8 
3 
8 

x" w 

r 

154 5 
r 



4 T A B L E  II-cont. Q\ 

C,,H,,CrN,O, 330 (h6-C,,H ,,N$r(CO), 

Refer- 
Remarks ences 

Structure: 154 

T 33" 

i 
Structure: 154 0 

CH, 3.92 

OCH3 

T 33O 
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C,&,Cr03 338 (h6-C,6Hl~)Cr(CO)3 

C,,H,,CrO, 340 (h6-C,,H,,)Cr(CO), 

Structure: 962 

962 ' 
H * 5 Structure: 

Structure: 753 5 

C,&,,CrO, 341 (h6-C,,H12)Cr(CO), 



GC TABLE II-cont. C 

Formula No. Compound Solvent 

C, ,H ,CrO, 342 (h% ,,H ,,)Cr(CO), Diglyme 

C,,H,,CrO, 343 (h6-C,8H12)Cr(C0)3 CDCl, 

CDCl, 

Coupling 
constant Refer- 

(PPd  (W Remarks ences 

Structure: 753 

T l l O o  

Structure: 
3 

753 $2 

T 33O 

Structure: 

* 
3 

753 

T 33O 
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TABLE II-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

00 
h) 

C,,H7CrN0, 349 (h6-C,H7N)Cr(CO), (CD3),C0 H-, 10.48m 

H-2 7.48t 
H-3 6,44111 
H-4 6.44m 

C,,H,CrNO, 350 (hh-Ct2H,N)Cr(CO), 

C,,H,CrNO, 35 1 (h6-CI3H,N)Cr(CO), 

J1.2 2.6 
J1.3 2 .0  
J2.3 3 .3  
J3,7 0.9 
J4,5 6.7 
J4.a 0 .9  
5 4 . 7  0 .7  

55.7 0 .7  
J5.6 6'6 

J6.7 6 '9  
- 

J1.2 6.7 
J2.3 6 . 2  
53.4  7 .0  
- 

Structure : 746 

7 1  
H 

Structure: 746 
7 8  1 2  

I 
H 

CR complexed with ring-A 
1 0 0  MHz 

la 

r 

ic 

? 



C20Hl~lCrN0, 353 (hh-Cl,H,,N)Cr(CO)3 

C,,H,,CrN,- 354 (h6-C,,H2,N,Zn)Cr(CO), - 

O,Zn 

C,,,H2,Cr2N4O,- 355 (hh,h6--C44Hz8N4Zn)[Cr(CO)3~2 - 
Zn 

H-z, H-, 5.77m 
H-4 6.17 
H-1 8.65s 
H-ll  8.10m 

H* 6.67,5.79 
H t  8.89 
H.i 8.19,7.75 

H* 6.56,5.80 
H t  8.91 
HS 8.17,1.74 

C,3H,N = 746 

8 m3 - - 

z 9 1 0  I 2  

Cr complexed with ring A 
U 

100 MHz P 
0 Structure: 746 2 

5 
5 

0 
3 

ti 
2: 

C,,HZ8N4Zn = nJ,y,b-tetraphenyl- 751 0 

r 

3 

s *Complexed phenyl ring 71 

SE 
E 

porphinzinc 

tporphin protons 
SUncomplexed phenyl rings 

C,,Hz8N4Zn =n$,y,b-tetraphenyl- 757 
porphinzinc 

*Complexed phenyl rings 
tPorphin protons 
SUncomplexed phenyl rings 00 

W 



00 
P T A B L E I I - c o ~ ~ .  

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,,H6Cr04 356 (h6-C,H60)Cr(CO), (CDi),CO H-2 7.70d 
H-3 6.87d 
H-4 6.52q 
H-5 5 30t 

H-6 5.68t 

C,,Hl0CrO4 358 (h6-CI6H,,O)Cr(CO), 

H-2 5.47t 

H-3 5.95t 
H-4 6-52d 

J2.3 2-4 Structure: 

J4.5 6.2 (CO),Cr 2 

J3.7 1.0 

J4.6 ' - 1 
55.6 6.2 7 1  
J5.7 0.8 

6\ 

'6.1 7.0 

Jl.2 6.2 Structure: 

- Structure: 
- 4 
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T A B L E I I - c o ~ ~ .  

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C , ,H ,oCrO,S 3 63 ( hh-C 16H loS)Cr(CO), - n.a. 

(7) MIXED LIGANDS 

C,,H,,CrNO, 364 (h'-C,H,)Cr[C(OCH;)C,H:J- (CD,),CO H 
(NO)(CO) H' 

H" 

C,,H,,CrNO, 365 (h2-CH,=CHCN)(hh-C,(CH,),)- (CD,),CO H 
CdCO), 

C,,H, ,CrNO, 366 (hh-C ,,H ,,)Cr(CNC,H,)(CO), - 

(8) MISCELLANEOUS DERIVATIVES 

[C,H , ,B,CrO,l,- 367 [ (~ - (3 ) -  1,2-C2H, ,B,)Cr(CO),12- CH,CN IlB 

5.04s - 
4.61s - 
7.20m - 

0 8-1.0 - 

25.4d* - 
14.7d* - 
(ratio 1 :2) 

Structure: 746 

Cr(CO), 

Signalsatd 1-75111. 2-32m.3.12m 
3.38m. 4.10m. in ratio 
3 :3 :1 :1 :2  

60 - 

100 MHz compared to free and 
6-bonded acrylonitrile (d 5 . C b  
6.0 and 5-4-6.0 respectively) 

75 

C,,H,, = Triphenylene 76 

C2HIIB, = (3)-1,2-dicarbollide ion 77 
Isolated as the tetraethyl 

*Relative to BF,O(Et), 
ammonium salt 

co m 

3 
0 
E! 
> z 
0 



C,H,B,O, 368 Cr(B,H,)(CO), 

[C ,,HCr201,1- 369 [Cr(CO),l,(H)*l- 

ICl,HCrO,,Wl- 370 {[Cr(CO),W(CO),l(H)*)- 

IC I ,HCrMoO, ,I-3 7 1 

C,H,CrNO, 372 Cr(NC-CH=CH2)(CO), 

C,H,CrNO, 373 Cr[NH=C(CH;)OCH';l(CO), 

{ [Cr(C O),Mo(CO),I(H)*)- 

C,,H,CrNO, 374 Cr(NH=CH' . C6H';XCO), 

C,,H,,Cr06Se 375 Cr[Se(C,H,)CH'(CH;)OCH~']- 
(C O), 

CH,CN H -7.3b* - 
'lB 2 3 - 0 b t  

61 .3bt  

THF/NaBH, H 
THF H 

THF/NaBH, H 

THF/NaBH, H 

(CDJ2CO H 
C6D6 H 

H' 
H" 

H' 
H" 

C6D6 H 

(CD3)2CO H 
H' 
H" 

CDCI, H 
H' 
H" 
H"' 

-19.17 
-19.471 

-15.43 

-15.31 

6.2-5.5 

5.38s 
1 . 6 8 ~ *  
2.38s 

6.47s 
0 .70s  
2.75s 

10.62bd 
8.62d 
7.64rn 

7.63111 
5.20q 
1.60d 
3.55s 

*Bridging hydrogen between boron 78 

"Relative to external B(OMe), 
and chromium 

*Hydrogen bridge 915 
?As the tetraethyl ammonium Z 

salt 1027 5 
*Hydrogen bridge 915 0 

b 
*Hydrogen bridge 915 2 

- 15 2 

$ 

5 

- 19 

> *CH, svn to H 

*CH, anii to H 19 
$ 

60 and 100 MHz 

4 > 
r 

80 p 



00 T A B L E  111 00 

Molybdenum complexes 

Coupling 
constant Refer - 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

(1) MONOHAPTO LIGANDS F 
C,,H,,BMoN,O, 1 [H,B(3,5-(CH3),Pz),IMo(CO),- CDCI, n.a. - Signals at d 6,12s, 5.85s, 5.58s, 81 < 

(C HJ(CsHP2) 2 , 6 2 ~ ,  2 . 4 3 ~ ,  2 .40~ ,  1 .95~ ,  z 1.87, 1.71 and0.3b,inratio 
1:1:1:3:3:3:3:2: 1:6:1 B 

H2B(3,5-(CH&- CH,+H, -4 3 
F Pz), = C,H,N, = 

H2WN-N) 2 
0 

& 3 3  -dimethylpyrazole 

C14H,5M~N,03 2 [HB(Pz),]Mo(CO),(CH,CH;) - H 
H' 

C,,Hz,MoO,P 3 Mo[C(CH,)OCH;I[P(C,H':)~~- C,D, H 
(CO), H' 

H" 

[C,H,MoO,]- 4 [Mo(CO),(CWCH,)l- CH2CI, H 

[C 17H 13- 5 [Mo(CO),(COCH,)I- CH2C12 H 

[C 12H Is- 6 lMo(CO),(COC,H,)I- CH,CI, H 

MONO,]- H' 

MoN0,l- H' 

3.62 - 
1.40 

2.50s - 
4.10s - 
7.34m - 
1.74 - 

2.24 - 
3.28 - 

7.36 - 
3.04 

8 
945 g 

5 
2 
0 

Isolated as the bis (triphenyl 
phosphine) iminium salt 

ammonium salt [N(CH;),I+ 

ammonium salt [N(CH;),I+ 

19 

Isolated as quaternary methyl 33 

Isolated as quaternary methyl 33 



H -0.01 - - 

H 0.12 J(II9SnH) 60 - 

C,H,MoNO,Si 7 Mo[C=NSi(CH,),I(CO), C6H6 

C,H,MoNO,Sn 8 Mo[C=NSn(CH,),I(CO), 'rjH6 

J("'SnH) 57 

1017 

1017 

(2) DIHAPTO LIGANDS J 

1 1  oc co 

12 (C O),Mo-PP hz  

CH'; H & @  I 
H' 

THF H 

THF H 
H' 

CDCI, 

CDCI, H 
H' 
H" 

CDCI, H 
H' 
H" 

4.22* J 5  

4.10* J 5  
8.90s 

3.3-3.05 - 

6.25-5.45 - 
1.3,1.26, - 
1.19 
l.Ck6.1 

C,H,O, = Maleic anhydride 1021 2 
U Isolated as lithium salt 

C,H,NHO, = Maleimide 
Isolated as lithium salt 

1021 5 ?+ 

0 z 
*Centre of AB quartet 0 

J 
0 

Bridgehead protons 83 
Olefinic protons 
Phenyl protons 

52 

52 
1016 

H' 
00 

.. \o 



\o 
0 TABLEIII-cont. 

Formula No. Compound Solvent 
- ._ . 

C2,H,,Mo0,P 14 (CO),Mo-P\Ph, 
* 

(3) TRIHAPTO LIGANDS 

C,H,,BrMoN,O, 15 (h'-CH,CH'CH,)Mo(CO), 
(CH';CN),(Br) 

Ci,Hi,- 16 (h3-CH,CH'CH"Ph)Mo(CO), 
BrMoN,O, (CH,CN),(Br) 

C,H, ,CIMoN,O, 17 (h3-CH,CH'CH,)Mo(CO),- 
(CH;'CNMCl) 

CDCI, 

C,H,CN 

CDCI, 

C6H6 

C,H,CN 

C,H,CN 

__ 

H 
H' 
H" 

Hsyn 

Hanri 
H' 
H" 
H svn 

Hanti 
H" 

H,, 
H anti 
H" 

H,, 
Hanti 
H' 
H" 

H svn 

Hanti 
H' 
H" 

Coupling 
constant Refer- 

6 ( P P 4  (Hz) Remarks ences 
- 

3.48 
5.98 
3.91 

3.45d 
1.30d 
4.37m 
1.92s 
3.36d 
1.18d 
2.14s 
3.57d 
I.36d 
1.18 

3.68d 
1.62d 
5 .  Im 
3.06d 

3.59d 
1.01d 
4.77 
1.92s 

84 



CDCI, H syn 

H onri 

H" 

H syn 

Hanti 
H' 

H syn 
H anti 

H' 
H" 

H syn 
H anri 

H' 
H" 

H svn 

Hanri 
H' 

H syn 

H anti 

H' 

H xyn 

Hanri 
H' 

H syn 

Hanri 
H' 

Hsyn 
H anti 
H' 

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 . 1 8 s  

3.60d 
1.39d 
1.92s 

3.61 
1.58d 
2.14s 

External TMS reference 

CCl, 

C6H,CN 

*Reviewer's assignment 85 c I & , , -  18 
ClMoN20, z 

5 
C,H,,IMoN20, 19 

0 
z 

(h3-CH2CH'CH2)Mo(C0),- 
(CH';CN),(SCN) 

C6H6 

5 
External TMS reference C,,H,,Br,Mo,- 21 

N204 
[(h3-CHZCHCH2)Mo(CO)Z 

(CH;C N)Br 1 , 
C6H5N02 

CDCI, 

'frH6 

C6H,CN 

CDCI, 

External TMS reference 

External TMS reference 



T A B L E  III--cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (mm) (Hz) Remarks ences 
-. 

C20H30M~2010 23 I(h'-CH,CHCH,)Mo(CO),- Acetone Hsyn 3.61d J ~ H f l 6 . 7  (CH,),CO reference a4 a 
(n-C,H,OH)I,C20, Hunri 1.23d J ~ ~ r 9 . 0  c,o,= O++O 

F 2 
5 

IC 1 8 I 0Br3M O2- 

0,l- 

[C12H14C13- 
Mo,O,l- 

3-53 
0 . 8 9  
3.90m 

,- 3.6m 

0.7d 
2.08d 

3.42d 
0.89d 
3.68m 

2.97s 
0.75s 
2.09s 
2.75: 
0.8* 
1.9 
3.2 
1.17 

o+?o c 
Acetone as reference 

Isolated as the quaternary ethyl 
ammonium salt 

Isolated as the quaternary ethyl 
ammonium salt 

Isolated as the quaternary ethyl 
ammonium salt 

[N(CH';CHj"),]+ 
*Reviewer's assignment 

.~ 
R 

6 

n 

86 rn 
e 

? 
84 5 

> 
86 ' s 

85 



Hs.vn 
Hanri 
H' 
H" 
H"' 

H s y n  

Honri 
H' 
H" 
H"' 
H 'V 

H svn 

H mtii 

H' 
H" 
H"' 

H syri 

Hanti 

H' 
H" 

H"' 
HIV 
- 

2.64* - 
0.48* - 
i .87 - 
3.27 
1.38 - 

2.61* - 
0,33* - 
1.71 - 
4,82,3-68 - 
3.16 
1.14 - 

2.6* - 
0.25* - 
1-80 - 
3- 18 
1.16 
2.99* - 
0.8* - 
2.28 
7-7-8.2m, - 

3.48 - 
1 36 

- 

- 

- 

6.9-7.8m 

- 

- 

Isolated as the quaternary ethyl 
ammonium salt 

IN(CH;CH;'),I+ 
*Reviewer's assignment 

Isolated as the quaternary ethyl 
ammonium salt 

I N(C H ;T H :V)J + 

*Reviewer's assignment 

Isolated as the quaternary ethyl 
ammonium salt 

I N(CH'iCH;"), It 
*Reviewer's assignment 

Isolated as the quaternary ethyl 
ammonium salt 

I N ( c H ; ' c H ~ ) ~ ~ +  
*Reviewer's assignment 

Complex spectrum, showing the 
presence ofthe lB(C,H,N,),I 
ligand 

W 
W 



T A B L E  111-cont. 

Coupling 
con st ant Refer- 

Formula No. Compound Solvent 6 (PPn-4 (Hz) Remarks ences 
__ 

C,,H,,BBr- 34 (h3-CH,CBrCH2)Mo(CO),- CDCI, n.a. - Signals at 6 5 76s, 3 81s. 2 52s. 81 

MoN,O, (CiOH1,BNJ 2 12, I 95s, in ratio 1 : I . 3  . 3  : I .  
Noninert gas configuration ( I  6 
electrons) 

\D 
P 

CIsH21BMoN,O2 35 (h3-CH2CH'CH;)Mo(C0),- CDC1, H 3.7d* J 7.0 *More probably Hsvr1 and H"w 8 1 
H' 4-3-3.7m - ?More probably H.,,,iand H''o,iri 87 
H.;, 
H-3 8.15d J2 .1 ,0 .5  
H -4  6.22t J 2 . 2  
H-S 7.43d J 2 . 3 , 0 . 5  , BCN-N)Z 

[ 9 3 1  

C I O H  16BN4 = 
1.59I' J 9 . 5  

(',OH I 6BN4) 

or-m/Et\ 
P<,""lEt 

B 

Et(equat) 0.84b - 
CH,CH2 (axial) 
CH,CH, (axial)-2.4:[ 

:i:Implies "hydridic" character and 
suggests that the pseudoaxial 
methylene hydrogens are intrud- 
ing into an empty metal orbital 

C,,H2,BMoN,O, 36 (h3-CHzCH'CHz)Mo(CO),- CDC1, H,,, 3.51d* 5 7 . 5  IlB NMR chemical shift +33.2t 81 
Hllnti 1.40d* J 10.5 ppm relative to external tri- 87 
H' 4.04rn* - methylborate (J 90) 

(Ci0H16BN4) 

> z 
U 

? 
f 
0 
a 
> z 
0 



C,,JIH,,BM~N40, 37 (h'-CH,CHCHJMo(CO),- CDCI, H 

(C14H24BN4) 

C ,BMoN40, 3 8 (h'-CH,C(CH,)CH,)Mo(CO),- 
(C14H24BN4) 

CDCI, n.a. 

4.21m - 

C,,H,,BN, as above (A)T60° 
(limiting high temperature spec- 
trum). Temperature dependent 
spectrum is consistent with rota- 
tion or pseudorotation of the 
n-ally1 group 

*Reviewer's assignment 

Signals at 6 5'9Os, 3.51d ( J 7 ) ,  
2.83q (J7.3), 1.93d (J2.7), 
1.23t(J7.3)inratio 
2:2:8:2:12 

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

Bp2 C 
'\ 
N-N 

Et-'!@Et 

Signals at 6 5.78s, 3.7-2.8m, 
1.69s and 1 . 4 4 . 9 m  in ratio 
2:10:3:14.I1BNMRat +32,9t 
ppm relative to external tri- 
methylborate (J 80) C,,H,,BN, 
as above (C) 



T A B L E I I I - ~ ~ n t .  W 
ch 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
___ 

n.a. - Signals at 6 8.2d (J 2. I), 7.34d 8 1 C2,H2,BMoN402 39 (h-'-CH,CPhCHJMo(CO),- CDCI, 
(J2.3), 7.15m,6.22t(J2.2),4,18~, 

1.69~,0.64~,0.27t  (J7),and 
-3.8q (J 7) in ratio 
2 :2:  5 :2 : 2 :2 :5 : 3 :2. IlB 3 
NMR + 20.1s relative to extern- 
al trimethylborate 74 

(ClllH16BN4) 
'd 

'8 
5 C,,H,6BN4 as above (B) 

"B NMR + 33.6t ppm relative to 8 I -3 
external trimethylborate s 

C I a I 6 B N 4  as above (A) cl 

Signals at 6 8.28s, 7.8-7, lm, 81 k 
6.9m,6.53m,6.30m, 3.0m, 9 z 
2.3ld(J7),and 1-05d(JIO)in tr 

9 ratio2:8:2:2:2:1:2:2 

C2,H2,BM~N40z 40 (h3-CHZCPhCHJMo(CO)z- CDCI, n.a. 
(C10H16BN4) 

C~,HZ]BMON,OZ 41 (h3-CHzCHCHz)Mo(CO)2- CDCI, n.a. 
(C18H16BN4) 

C24H23BM~N40z 42 (h3-CH2C(CH&CHJMo(CO)z- CDCI, n.a. 
(C18H16BN4) ' 

Signals a t 6  8.18d (J2), 7.53d 81 
(52.3), 7.28m,6.76m, 6.25t 
(J2.1), 2.57s, 1.56s, 0.87sin 
ratio 2 : 2 :5 : 5 : 2 :2 : 3 : 2. I'B 
NMR + 19.3s ppm relative to 
external trimethylborate 
C,,HI6BN4as above @) 



C2sH33BM~N,02 43 ' (h3-CH,CPhCHJMo(CO)2- CDCI, n.a. 
(c 14H24BN4) 

C3,H2,BMoN,0, 44 (h'-CH,CHCH,)Mo(CO),- CDCI, n.a. 
(' 30H24BN4) 

IC,oH,oBr, 45 {l(h3-CH2CN'CHJMo(CO),~,- (CD,),CO Hsyn 
Mo20,1- ( B W  H anti 

H' 
H" 
HI,, 

I C loHIOCI,- 46 {(h3-CH,CH'CH2)Mo(COX12- (CD3)ZCO H syn 
M0,0,1- (Cl),t- H onti 

H' 
H" 

CI,H2,BMoN4O2 47 (h'-CH,CHCH2)Mo(C0)2- CDCI, n.a. 

HI!! 

(C12H20BN4) 

3-46d 
0-9d 
3.8 comp. 
3.61q 
1.49t 
3 4  
0.8d 
3.7m 
3.sq 
1 -4t 

Signals at d 7.15m,5.75m,4.16d 81 
(J  Il), 5,03m, 2-23m, and 1.7- 
0.7m in ratio 5 :2 :2:4 :4: 12 
IlB NMR + 33.8 relative to 
external trimethylborate 

Signals at 6 8.1-7.3m, 7.30s, 
C ,,HUBN4 as above (C) 

2.55s, 3&n, 3.2bd, and 1.08d 
(J  10) in ratio 10: 10:2 : 1 :2:2. 
"BNMR+ 31~Otppmrelative 
to external trimethylborate 

2 

81 
tl 

5 
8 
g 

BHrfN-N), J e 
C30H24BN4 = phe Ph 

86 ' I  i 
[N(CH';CH;"),I+ z 

E 

Isolated as quaternary ethyl 
ammonium salt 

0 

Isolated as quaternary ethyl 86 o 
2 

0 
0 

3 

5 
E 
El 

ammonium salt 
[N(CH;CH;"),l+ 

Methyl signals at 6 2.5b, 2.06, and 
1.87. z-Ally1 and other signals 
at 4,0m, 3.5b and 1.4b 

81 

r C,,HZ,BN, = 



TABLE III-coM. 
~ W ~~ 

Coupling 00 

constant Refer- 
Formula No. Compound Solvent 6 ( P P d  Remarks ences 

Cl,H2,BM~N,02 48 (h'-CH,CH'CH;)Mo(CO),- 
(C10H16BN4)(C3H4N2) 

CI4H,,BBr,- 49 (h3-CH,CH'CH2)Mo(CO), 
MoN,O, [HB(4-BrPz),I* 

CI,H,,BBr3- 50 (hS-CH2C(CH;)CH,)Mo(CO), 
MoN,O, [HB(4-BrPz),]* 

C,J2,BMoN,0, 5 1 (h3-CH,CH'CH,)Mo(CO),- 
I HB(~,~-(CH,)~PZ),~* 

C,,H,,BMoN,O, 52 (h3-CH,C(CH;)CH,)Mo(CO), 
[HB(3,5 (CH,),Pz),l* 

CDCI, 

CDC1, 

CDC1, 

CDCI, 

CDCI, 

H 4,2m* 
H' 3.38dt 
H" 1.57dS 
H- 3 7.79d 
H-4 6.17t 
H-5 7.69d 
Et(equuf) 0.34 
Et(uxiul) 0.9m 
H-,, 7.98d 
H-4, 6.17t 
H-5, 7.06d 
NH 8'70bs 
HS.", 3.78 
Hanr; 1.70d 
H' 3.78 

Hsyn 3.66 
Hon,i 1.66 
H' 1.78 
Hsyn 3.66d 
Hnnlj 1.93d 
H' 4.1 
Hsyn 4.49 
Honri 1.50 
H' 1.25 

- 
J 7  

J 2  
J 9 . 5  

J2 .2  
J 2.4 
- 
- 
- 

J 2 . 2  
- 

- 

- 

J 9.0 
- 

- 
- 
- 

J 7  

C,$I1,BN, as above (B) 

*More probably H' 
tMore probably H,, and H"syn 
$More probably Hmi  and H'h,ti 

PZ stands for 1 -pyrazolyl 

Br 
I 

HB(4-BrPz), = 

*See below 

- CH,--&CH, 
J 10 HB(3,5-(CH3),Pz), = 

- HBfN-W, 
- 

*See below 88 - 



CZbH,,BMoN,O, 53 (h3-CH,C(CbH;)CH2)Mo(CO),- CDCI, Hsyn 4.05s - 
[HB(3,5-(CH3),Pz),l* Ha,,; 1.54s - 

H' 6.9-6.5m - 

88 

C24H32M02- 55 [(h3-CH2CH'CH2)Mo(CO)z- CDCI, Hsyn 3.14d JHHt6.5 External TMS 90 o 
(NCN(CH';)CH;"CH~~= Hanri 1.08d JHHr9.5 *The two cyanamide monoanions G 
CHY)I,(N(CHY')C=N),* H' 3.8m - P 

$ 
H IV 5.8m - 3 
HV 5.45d J,;s7 $ 
HXns 5.36d J,,,,18 P 
HVI 3.62s P 

C,zH,oM~2N804 56 [(h3-CH2CH'CH,)Mo(CO),- CDCI, Hsyn 3.14d JHHr6.5 External TMS 90 2 
r 

N8°4 

are in bridging positions 
- 

g 
H" 2.95s 
H"' 3.72d J H ~ H I V S .  5 

n 
- 

(NCN(CH';CH'''=CH~v),12- Ha,,; 1.08d J ~ ~ r 9 . 5  *The two cyanamide monoanions 
H' 3.8m - 
H" 
H"' 5.95m - F 

n are in bridging positions 0 
3.76d JHuHm5.5 5 

H % 5.43d Jcis8 SE 
H/rans 1v 5.35d Jtransl7 c: 

[N(C HYCHV~=CH';'I~)C=NI z* 

HV 4.40d JHvHvl 6.2 
H VI 6-5.5 - 
Hvll -5.4d - 

~~ ~ ____ - 
*The sterochemical non-rigidity of these complexes, manifested in their temperature dependent spectra, is attributed to rotation Ofthe tridentate trjs( I-pyrazolyl) 
borate ligand rather than of the n-ally1 group 



TABLE III-cont. 
- ~~ ~ 

Coupling 
constant Refer- 

Formula No. Compound Solvent ( P P d  (Hz) Remarks ences 

Hsyn 
H anti 
H' 

Hsyn 
Hanti 
H' 

H syn 

Hnnti 
H' 

H, 
H anti 
H' 

Hsyn 
Hanti 
H' 

Hsyn 
Hanti 
H' 

3.31d 
1.50d 
3.5m 

3.03s 
1.47s 
1.01 

3.20s 
1.55s 
0.72s 

3.56d 
1.80 
3.5m 

3.33s 
1.77s 
1.15s 

3.70d 
1.88d 
3.5m 

HMDS as reference. 100 MHz 

HMDS as reference (r 9.95) 
100 MHz 
C,@,N,as above (E) 

HMDS as reference. 100 MHz 
CI,HllN, = 

HMDS as reference. 100 MHz 
Isolated as tetrafluoroborate 
C,,H,N, as above (E) 

HMDS as reference. 100 MHz 
Isolated as the tetrafluoroborate 
C loH,N2 as above (E) 

HMDS as reference. 100 MHz 
Isolated as the tetrafluoroborate 
Cl,H8N, as above (F) 



(CD,),SO Hsyn 3 .O - C2H,N2 = ethylene diamine 
Honri 0 .78  - 
H' 0 .78  - 

\ /  
Mo 

(4) TETRAHAPTO LIGANDS 
C,H6Mo0, 65 (h4-C,H,)Mo(CO), 

C l , H l n M ~ O ,  71 Ih4-C6(CH3)61Mo(CO)4 

n.a. - 

- H 

- H 
H - 

- H 
H 
H' 

H 

- 

- 

CDCI, H 
H' 

- Signals at d 3.35s. 2.32s. 2.15s in 
ratio I : 1 : 1 

C 4 H 6 =  A ,' -.* 

C,H, = cyclobutadiene 
C,(CH,), = tetramethyl cyclo- 

butadiene 

*Bridging Br ligands 
*Bridging Br ligands 

Tetrakis (methoxy-carbonyl) 
cyclobutadiene 
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E T A B L E  III-cont. 

coupling 
constant Refer 

Formula No. Compound Solvent 6 (PPm) ( H 4  Remarks ences 

96 
- _--____- - _  _ _  _-  - -  _- __ __ - __ _ _  

AU signals shifted upfield to free 
ligand by 2 72 (HEIS), 4 15 

CRHRMOO, 8 1 (h4-CH2=CH'CH"=O)2MdCO), CDCI, Hos 3 67 - 
- Htrons 2 24 

H' 3 67 - (Htrons) 2 72 (HI), and 1 27 (H") .cr 
H" 8 20 PPm 3 

8 
c, 
7c 
E 

- 

(5) PENTAHAPTO LIGANDS 
(a) Mono-carbonyl derivatives 
C42HT5As2- 82 (hs-C,H,~M~(CO)(A~Ph,)2(CI) CDCI, H 5 05 - - 

ClMoO 

C,,H2,12MoN0 83 (h'-C,H,)Mo(COXI),{N= CDCI, 
ClC(CH&l,) 

(CH;),C,H';I 
C,,H,,I,MONO 84 (hJ-C,H,)M~(COXI),IN=CC- CDCI, 

H 
H' 

H 
H' 
H" 
H 
H' 
H" 

H 

H 

H 

H 
H' 

5.67s 
1.42, 1.13 

5.44s 
1.56, 1.32 
7.62, 7.38 

5.56s 
1.55, 1.29 
7.71,7.39 

5.10 

5.69 

4.84br 

5.12 
1.78d, 
1.74d 
7.35m 

T +40° 

T -4OO 

> 
99 3 

? 
K 
0 
!2 
ti 

97 0 

97 

100 

101 

H" 



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,,IMoO,P, 97 

C,,H,,MoOP, 98 

C,,H,,MoNOP 99 

C,,H,,MoN,OP 100 

C,,H,,MoNO,P 10 I 

(hJ-C,H,)Mo(COXPPh,CH,- 
CH,Ph,PXCI) 

C H,Ph,PXI) 
(h’-C,H,)MO(COXPPh,CH,- 

(hJ-C,H,)Mo(COXtriphosXCl) 

c6D6 

CD,CI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

H 

H 

H’ 

H 

H 

H 

H 

H 

H 

H 

H 
H‘ 

H 
H’ 
H” 

CD,COCD, H 
H‘ 

CDCI, H 

4.86 J p ,  0.8 

4.83.4.58 - 

2.12 

4.63 - 

and 4.88 

946 

Two cyclopentadienyl signals at 102 

- 

-62O due to cis- and m n s -  
isomers 

- br. 

5.33s - 

4.45s - 

5.02s. 4 . 9 7 ~ -  

4.91 - 

4 75 - 

5.43 - 
7.40111 - 

5.39s - 

1-21 - 
7.30 - 

5.42 - 
7.50 - 

5.19d J O . 8  

Pf=Pf = cis-Ph,PCH=CHPPh, 103 8 
Pm-Pm = (CH,),PCH,CH,P- 103 5 

(CH,),. Other signals at I .83s, 
1 . 7 4 ~ ,  1 . 6 7 ~ ,  1 , 5 6 ~ ,  1 . 4 0 ~ ,  t- 

I ‘ 1 5 s .  and I .02s 

2 

- 97 g 

I 
99 G 

B 

c, > 
w 

97 $ - 

98 - 

- 
X 

I04 - 



- 
0 m 

T A B L E  III-cont. 
Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 

- C?,H,nMoNO?P 102 (h’-C,H,)Mo(COXNCO)PPh,) CDCI, H 4 79m, - 

Ci?HI,CIMoO, 103 (h’-C,H<)Mo(CO)I P(OCH;),I,(CI) CDCI, H 5 32 

5 24s 

- - 
P? H‘ 3 86,3  77, - 

3 69 

H 
H’ 

H 
H’ 
H” 

H 
H” 

H 

H - - 5.25 

59 

a 
105 .$ 

5 
n 

> 
105 $ 
106 p 

97 8 

97 8 
s 
2- 

97 

97 

97 



CznHz ,A~M~Oz-  I I2 (h'-C5H,)Mo(CO)~ASPh,> 
Sn I Sn(C HJ3 1 

C,H,Br,MoO, 113 (h5-C5H,)Mo(CO),(Br), 

C,H,CI,MoO, 1 14 (h5-C,H,)Mo(C0),(CI), 

C,H,I,MoO, 1 15 (h5-C5Hs)M~(CO),(1)3 

C,,H,IMOO, I 16 (h'-C,H,)Mo(CO),(I) 

CDCI, 

so2 
Acetone 

Acetone 

Acetone 

-2 

Toluene 

C,DM 

CDCI, 

C6D6 

CDCI, 

H 

H 

H 

H 

H 
H' 
H" 
H"' 

H 

H 
H' 
H 
H' 
H 
H' 
H 
H' 

H 
H' 
H" 

H 
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 
I .02 
5.65 
1.18 
5.68 
1.17 

5-83  
1.20 
7.42 

4.69s 
0.73 
7.0 

4.95.4.89 - 
7.52br - 

100 MHz 

100 MHz 

100 MHz 

C,H, = 

H"' 

H" 
Hexamethyldisiloxane reference 

T 25' 

T -60' 

T 25' 

T -60' 

Isolated as the chloride 

107 

108 

108 

108 5 
109 

-I > 
0 z 
0 

185 2 
(? 

6 

98 i 
110 F 

n > 
z 

z 
.e r 

99 8 
5 
E 

99 i3 

r 

1 1 1  



+ 

% T A B L E  III-cont. 

Coupling 
constant Refer- 

ences 6 (ppm) (Hz) Remarks Formula No. Compound Solvent 
~~. - ____ __ 

C,H,MoNO, 126 (hs-CsH,)Mo(C'O)~NO CDCI, H 

CD,COCD, H 
CSZ H 

C,,H,,MoO,S 127 (hs-C,H~)Mo(CO),10s(O~H2Phl SO, H 

C,J-I,,MoO,P I28 (hs-C,H,)Mo(COklP(CH~),I(H") Toluene H 
H' 
H" 
H 
H' 
H" 

5.57s 

5.76s 

5 .53  

3.51,3,69 

4 .60  
0.83 

-6.59 
4.47 
0.85 

-5.89 

? 
104 3 
104 $ 

7c 
3 
0 

104 4 
k 

- 59 9 
60 ti 

'IC + 99.24 (J0l 75) and 13C' - 95 g 
345 in CH,CI, as solvent relative > 
to cs, 

Temperature -37" 

cis-isomer 
T -38" 

trans-isomer 
100 MHz 
T -38" 

z 
0 

112 E! 
&- 

113 
1023 



C,,H,,lMoO,P 130 

C,J-ll,CIMoO,P 131 

C,J-I,,IMoO,P 132 

C,J-ll,IMoO,P 133 

[C,,H,,MoO,PI- 134 

C,$I,,MoO,P 135 

C,,H,,IMoO,P 136 

C,,H,,BrMoO,P 137 

CDCI, 

H 
H 

H 

H 
H 
H 

H 

H 

H 
H' 

H 
H' 
H 
H' 

H 

H 
H' 

H 
H' 

H 
H' 

5.26s 
5.09d 

5.36 

5.37 
5.21 
5.22 

5.42 

4.83 

5.21 
-6.46 

5.31 
-6.60 

5.15 
-6.53 

5.48 

5.30s 
I .96d, 

I .94d 
5.31 
I .97, 
1.94 

4.98 
I .94 

cis-isomer 
rrans-isomer 

cis-isomer T 38" 

cis-isomer T 38O 
trans-isomer 

- 

- 

- 

cis-isomer T 50" 

trans-isomer 

- 

cis-isomer 

J ~ H  0.5 cis-isomer 

J~~ 2 '3  trans-isomer 
J p ~ * 8 . 9  



T A B L E  III-cont. 
Coupling 
constant Refer 

Formula No. Compound Solvent (ppm) (Hz) Remarks enccs 
- ~ . .. ___ . - - 

C,,H,,CIMoO,P 138 (h5-C,H,)Mo(CO),[P(CH;),Phl- CDCI, H 5.32s - cis-isomer 
(CI) H' 1.85d. J 9 . 8  

I .83d 

CDCI, H 5.33 JPH 0.5 1 c3if-isomer 
H' 1.85, 1.81 JpHf9.7.9.4 O 100MHz 

JPH 2.4 1 irans-isomer H 4.99 
H' - - 

C,,H~,IMOO,P 139 (h5-C,H,)Mo(CO),IP(CH;),PhI(1) CDCI, H 5.27s - cis-isomer 
H' 2,09d, 2.05 J 9.8 

H 5.02d J 2.0 trans-isomer 
H' 1.94d 59 .7  

CDCI, H 5 . 2 9  J p ~ 0 . 5  cis-isomer 
H' 2.10,2.06 J p ~ . 8 . 9 . 8 . 7  100 MHz 

H 5.03 JpH 2.3 trans-isomer 
H' I .93 JPH* 9.1 T 3 1 "  

H 4.62 JpH2.3 irans-isomer 
cis-isomer T 38" CDCI, H 4.73 - 

C,,H,,MOO,P 140 (h~-C,H,)Mo(CO),IP(CH';)LPhI- CDCI, H 5.22 - cis-isomer T 50" 
(H '1 H' -6 15 J p ~ , 6 5 - 6  

H 4.98 J p ~ 1 . 0  irans-isomer 
H' -6.06 J p ~ *  23.3 

CHCI,F H 5.22 J p ~ t 0 . 3  
H' -6.15 J p ~ , 6 5 . 6  
H" 1.11 JPH" 9.0 

cis-isomer 
100 M H z  
T -50" 

1 I 6  

I17  

I16 

116 

I17 

I14 

I I 4  

I I 7  

L 

L 

0 

n 

5 

E 
E! 
> 
z 
0 



C4,H,,CIMoO2- 142 [(hs-CsH,)Mo(CO)2{IPPh2- 
p, (C HJ2 1 ,PPh}(C 1) 

IC,,Hz9MoO2- 143 I(hJ-CJHS)Mo(CO)2(PPh2CH2- 
P21+ CH2Ph2P)I+ 

[C2,H20Mo02PI~ 144 I(h5-C,H5)M~(CO)2(PPh,)l- 

'2JH2O- 145 (hS-C,H,)Mo(CO),(PPh,XBr) 
BrMo0,P 

CIMo0,P 
C2sH20- 146 (h5-CsH5)Mo(CO)2(PPhJo(I) 

'bDb 

CDCI, 

CDCI, 

THF 

CDCI, 

CDCI, 

CDCI, 
CDCI, 

CDCI, 
CDCI, 
CDCI, 

THF 

CS2 

H 
H' 
H" 

H 
H' 
H" 

H 

H 

H 

H 
H 

H 

H 
H 

H 
H 
H 
H 

H 
H 
H 

. _. 

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 

Irons-isomer J 

Isolated as the iodide 

cis-isomer 
[runs-isomer T 38" 

cis-isomer T 38" 

100 MHz 
- 

100 MHz 

cis-isomer 
[runs-isomer T 38" 

cis-isomer* 
[runs-isomer* 
*Reviewer's assignment 



TABLE III-cont. 
L 
+ 
h, 

Coupling 
constant Refer. 

(Hz) Remarks ences Formula No. Compound Solvent 6 ( w m )  
- _______-.  __- 

H 5.20 J ~ ~ <  0 .3  ) cis-isomer H' -5.33 JPH 64 

J~~ I .O ) trans-isomer H 5 . 0 0  
H' -6.14 Jp", 2 I .4 

CDCI, H 5.06s - 100 MHz 

THF H 5 .11  

H' -5.56d JPH, 4 8 . 0  
- - 

H' -5.49 JPH, 51.6  

- - C,,H,,MONO,P 149 (h5-C,H,)Mo(CO),(NCO)- CDCI, H 5.35s 
(PPh,) 

958 
114 

I I9 

I15 

k 
59 

C,,H,,GeMoO,P I50 (h'-C,H,)MO(CO),(PPh,t CDCI, H 4 . 8 2  - 
H' 0.58  - [Ge(CH;),l 

- I20 

? 
C,,H,,MoO,PSn 15 I (hJ-C,H,)Mo(CO),(PPh3)- CDCI, H 4.79 JPH 1.0 - 

C,,H,,MoO,PSn I52 (h5-C5H,)Mo(COk(PPh,)(SnPh,) THF H 4.87 JPH 1 .O - 

C,,H,,MoO,PS 153 (h5-C,Hs)Mo[P(C,H&1(S0,CH3- CDCI, H 5.35s 

[C1d14- 154 {(h5-C,H,)Mo(CO),[P(OCH,),~)- THF H 4.94 - - 

I Sn(CH,), 1 

- - 
H' 7.58m - 

- 
(CO), 

H" 3.22s 

Mo0,P)- 
5 . 5 0 ~ ~  5.38dJ 1-2 - ClJ31,BrMo0,P 155 (h'-C,H,)Mo(CO),IP(OCH;),I- CDCI, H 

(Br) H' 3.14d JPH- 12 

107 

I15 

960 

115 

121 



CDCI, 

CDCI, 

T H F  

C,,H,,HgBr- 159 (h'-C,H,)Mo(CO),IP(OCH;),I- CDCI, 
Mo0,P (HgBr) 

H 
H 
H 
H 

H 
H 
H' 
H 
H 
H 
H' 
H 

H 
H 

H 
H' 

H 
H' 
H 
H' 
H 
H' 

H" 
H 
H' 

H 
H' 

5.38 - 
-6.98 JPH, 68.7 

5.29 JPHl 
-6.19 JPH, 26.8 
5.34s - 

5.23s. 5.05dJ 1-2 
-6.74d JPH, 61.8 

3.624, JPH, 12 
3.55d 

-6.7 Jp~v61.3 
5.30 - 

5.45d J 1-2 
3.80d JPH, 12 

-6.71 JPH, 62.3 

cis-isomer 
trans-isomer T 38O 
cis-isomer 
trans-isomer 
100 M H z  
- 

cis-isomer 
trans-isomer T 38O 

- 

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

cis-isomer 

trans-isomer 
T SOo 
100 M H z  

I14 

I14 

119 Z 

U 

114 5 
0 z 121 
ga 

I21 E 

115 ? 
J 

100 '? 
E 
-I > 

&- 

114 

!i 
5 

121 5 
119 r 

0 
0 

r 

8 
115 

121 - - 



c 
c 
P 

T A B L E  III-cont. 

Coupling 
Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
constant 

- - ~ 

H 
H' 

H 
H' 

H 
H' 

H 
H', H" 

H 
H' 

H 
H' 

H 
H' 

H 

H 
H' 

H 
H 

5.4od 
3.75d 

5.42d 
3.78d 

5.10 
3.72d 

5.32q 
3.65d 
3.63d 

5.48 
3.78 

5.50 
3.79 

5.49 
3.80 

5.17 

5.03t 
3.52mt 

5.28s 
5.18d 

T 38O 

trans-isomer 

trans-isomer 

trans-isomer 

Isolated as tetraphenylborate 
Temperature 38O 

cis-isomer* 
truns-isomer* 
*Reviewer's assignment 

121 
a 

121 5 
5 

4 
k 

cl 
121 

8 
122 - 

cl > 
t; 

z 
tl 

106 p 

106 

106 

B 
> z 
0 

I15 

23 

100 



5.05t 
1.27t 

5.32q 
1.33t 
1.26t 

5.49t 

J p H  0.7 
J H H  97.5 

J 0,8,0.5 
J 7 .0  
J 7.0 

J P H < l  

Isolated as tetraphenylborate 
T 38O 

T 38" 

122 

122 

T 38O 

5.111 'PH<' T 38O 

5.05t T 38" 

* 
Z 123 3 5.62t Jp" 0.7 T 38O 

Isolated as tetraphenylborate 

T 38" 
Isolated as tetraphenylborate 

T 38O 
Isolated as tetraphenylborate 

T 38O 

8 
123 3 

r 
5.36t 

c, 
123 $ 

z 8 
5.431 

5 28q 
1.32d 
1.27q 

5.12t 
I .30d 

5.071 

122 s 
8 
5 

122 6 
x, 
v) 

Isolated as tetraphenylborate 
T 38O 

Isolated as tetraphenylborate I22 

5 25 
-6.60d 

I 0 0  MHz - 
J p H t  58-0  



e - 
a\ 

T A B L E  III-co~z~.  

_. 
Formula NO. Compound 

C,,H,,MoO,PSn 182 (h5-C,H,)Mo(CO),IP(OCH2),- 

C,,H,,BrMoO,P 183 (h'-C,H,)Mo(CO),IP(OCH~),- 

CCH, I ISn(C HJ,I 

PhIBr 

C,,H,,IMOO,P 185 (h5-C,H,)M0(CO)2IP(OCH;)2- 
Phl(1) 

C,,H,,MoO,P 186 (h5-C,H,)Mo(C0)2IP(OCH;),- 
Phl(H") 

Coupling 
constant Refer- 

Solvent 6 (PPn-4 (Hz) Remarks ences 
~. .______. -.___ 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CHCI,F 

THF 

H 

H 
H' 
H 
H' 

H 
H' 
H 
H' 

H 
H' 

H 
H' 

H 
H' 
H" 
H 
H' 
H" 

H 

H 

5.05 J p H  0 .8  - 

J~~ 2.4 1 rrans-isomer 5.02 
3.74 JPH, 12.6 
5.32 J p ~ < o . 2  
3.66,3.58 JpHt 13.7, 11.8 

JPH 2.3 1 trans-isomer 5.09 
3.73 Jp"* 12.6 

I cis-isomer 
5.33 JPH < 0 .2  
3,68,3.60 JpH, 13.5, 11.5 31' 100 MHz 

J ~ ~ 2 . 3  trans-isomer 5.02 
3.76 JPH, 12.1 

I cis-isomer 
5.30 JPH (0.2  
3.62,3,55 JpH.13.0, 11.7 31' 10MHz 

5 . 0 4  J p ~ o . 9  
3.59 JPH, 12.7 

-6.10 J p H  23.4 
5.22 J p ~ ( 0 . 2  

[runs-isomer 

cis-isomer 

100 MHz 
- 

3.54,3,42 JpH.13.6, 11.7 
-6.49 J p H "  63.2 

4.24 - 

107 

Ir 
117 3 

6 
n z 
B 

$ 

117 
F 
n 

117 
0 
p 
3 
0 
0 

0 
117 

115 

121 



CDCI, 
CDCI, 

C2,H,,IMo0,P 189 (hs-C,H,)Mo(CO),[P(OPh),l(I) CDCI, 
CDCI, 
CDCI, 
Acetone 
THF 

cs2 
C ~ ~ H ~ , M O O , P  190 (hs-C,H,)Mo(CO)2P(OPh),(H') CDCI, 

CDCI, 

CDCI, 

THF 

CDCI, 

H 
H 

H 

H 

H 
H 
H 
H 

H 
H' 

H 
H' 
H 
H' 
H 
H' 
H 
H' 
H 
H' 

H 

H 

H 
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 
7.41, 7.37 
0.24 

cis-isomer 38" 
100 MHz 

100 MHz 
- 

cis-isomer 
100 MHz 
- 

- 

100 MHz 

- 

cis-isomer T 50" 

trans-isomer 

- 

100 MHz 

100 MHz 

/runs-isomer 

100 M H z  

I I4 
I I9 

I19 
121 

I I4 
I24 
1 I5 
100 

1 I9 

121 

I I4 

I15 

124 

I24 

I06 

I07 
I24 



T A B L E  III-cont. 

Coupling 
constant Refer- 

ences No. Compound Solvent 6 (ppm) (Hz) Remarks Formula _- ~ _ _ _ _  

C ~ I H , , M ~ O , P S ~  194 (h’-C,H,~MO(CO),lP(OPh),l- THF H 4.64 - 115 JpH 0.8 
(SnPh,) 

- - IC,,H~,MOO,- 195 [(h’-C,H,)Mo(CO),(SbPhJ- THF H 4 . 8 6  
Sbl- 

- - C,,H,,IMoO,Sb 196 (h5-C,H,)Mo(CO),(SbPh,~l) CDCI, H 5 .59  
CDCI, H 5 .44  

THF H 5.57 

CDCI, H 5.45s - cis-isomer 

cis-isomer T 38” 
trans-isomer 

- 
H 5.24  - 

- - 

[runs-isomer H 5.23s - 

- - C,,H,,MoO,Sb 197 (h’-C,H,)Mo(CO~(sbPh,XH’) THF H 5 .30  
H‘ -6.07 - 

- C,,H,,MoO,- 1 98 (hS-C,H,)MO(CO),(SbPh,)- CDCI, H 4 .98  - 

C4,H1,MoO,- 199 (hS-CsHS)Mo(CO),(SbPhJ THF H 5.10 

SbSn ISn(CH,),I 
- - 

SbSn (SnPh3) 

C,,H,,MoO,S 200 (h’-C,H,)Mo(CO),lS(O),CH,Phl SO, H 4.22s - T -37’ 

5.50 - C,H,F2MoO2- 201 (h’-C,H,)Mo(CO),(S,PF,) CDCI, H 
PS, 

I15 

97 

I14 

1 I5 

I00 

I 15 

n 
L 
v1 

? 

I I 2  

I25 

I26 



CI9H2,BMoN4- 203 (h’-C7H7)*M~(CO)2(Cl,H,,BN)4 CDCI, H 5.34s I 

0 2  

Remaining signals at b 5.70s. 81 
5.64s. 2 . 4 1 ~ ,  2.42s. 2.13s. 
2 .  IOs, in ratio 1 : 1 : 3  : 3  :3  : 3  

Isolated as the hexafluorophosphate 0 
?2 
41 * 

m 
H-Bq-N-N), (bidentate) L 

$ 
HB(Pz), = 

5.28  - C I9H I~BMoNS- 206 (h’-C ,H,)Mo(CO),I B(Pz),I CDCI, H 
0 2  

*Fluxional pentohapto-C,H, ligand assuming the bis ( 1  -pyrazolyl)borate ligand to be bidentate. Alternative possibilities are a heptahapto-CJHJ ligand and a 
monodentate (CloHl6BN,) ligand, or a fluxional trihapto-C,H, ligand and bidentate (CIOHl6BNJ ligand if a 16-electron compound 
+Hydrogens equivalent due to fluxional behaviour of the C,HJ ligand. Alternative formulations containing tridentate RB(Pz), and hj-C,H, ligands or a mono- = 

\D dentate RB(Pz), and planar h7-CJHJ ligands are considered less likely 
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C14H,6CIMoOJP 2 I3  (hJ-C9H,)Mo(CO)21P(OCHJ31- CD3COCD3 H 6.04br. - 
(CI) 5.78br 

H' 5.26t 

H' 4 .9  

C2,Hz21M~OzP 215 (hJ-C9H,)Mo(CO)z(PPh3)(I) o-C,H,CI, H 5.93 JHH 3 . 0  
H' 4.88 

Cl,Hl,IMOO2P 216 (hJ-C,H,)Mo(C0),IP(CH,),PhI(l) o-C6H4C12 H 5.77, 5.14 J ~ ~ 0 3 . 0  
H' 4.84 

Cz9HzzIMo02Sb 21 7 (h'-C9H,)Mo(CO)z(SbPh,xI) o-C6H4C12 H 5.93,5.46 J ~ ~ s 3 . 0  
H' 4.88 

CZ9H2,CIMoOzP 2 I8 (h5-C9H~~)Mo(CO)z(PPh,)(CI) CDCI, H 4.28,4.73, - 
5.27 

C~~H&IMOO,P 2 19 (h'-C9H,,)Mo(CO)21P(OCH3)31- CDCI, H 4.71,4.81, - 
(CI) 5.27 

C~,H,,CIMOO,P 220 (hJ-C,H,,)Mo(CO)zIP(OPh)31(CI) CDC13 H 4.16,4.41, - 
4.50  

(c) Tri-carbonvl derivatives 
IC,H,MoO,I- 221 I(hS-C,H,)Mo(CO),I- Acetone H 5 .oos - 

H' 3.47C4 J N H ~ ~  
H" 1.47tt JH'Hw8 

THF H 5.01 - 

k 
H 

H 
T 3 1 O cis-isomer 

T 3 1 O cis-isomer 

T 3 1 O cis-isomer 

T 3 1 O cis-isomer 

The cyclopentadienyl protons of 
the n-tetrahydroindenyl ligand 

The cyclopentadienyl protons of 
the n-tetrahydroindenyl ligand 

The cyclopentadienyl protons of 
the n-tetrahydroindenyl ligand 

Isolated as the quaternary ethyl 
ammonium salt IN(CH;CH;)41 

127 

0 z 
117 

&- 

117 8 
6 

5 
117 

cl 
a- 

134 

z 
134 2 

8 

r;l 
134 5 

r 

m 
v1 

129 

115 - 
- E  
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C,,H,IMOO, 229 (h’-C,H,)Mo(CO),(I) 127 CD,COCD, H 6.32d - 
H’ 5.79t - 

CI,HIICIMOO, 230 (h’-C9Hll)M~(CO),(CI) CDCI, H 

C,H,MoO, 23 I (hs-C,H,)Mo(CO),(H’) CDCI, H‘ 
Hexane H 

H‘ 
THF H 

H’ 

C,H,MoO, 232 (hs-CsHs)M~(CO),(H) Toluene H 

Ic z6H20Mo0.1- 233 I(h’-C,H,PPh,)Mo(CO),( H‘) I t  CF,CO,H H 
PI+ H‘ 

C,,H,,GeMoO, 234 (hs-C,H,)Mo(CO),lG~CH;),l CDCI, H 

C6H6 H 

C,,H,,GeMoO, 235 (hs-C,H,)Mo(CO),IGe(CH;- C6H6 H 

H’ 

H’ 

C H’3, I H’, H” 
H 

C,,H,,GeMoO, 236 (h’-C,H,)Mo(CO),lGe(C,H:),I CDCI, H 
H‘ 

C,H,BrHgMoO, 237 (h,-C,H,)Mo(CO),(HgBr) CDCI, H 
so, H 

C,H,CIHgMoO, 238 (hs-C,H,)Mo(CO),(HgCI) CDCI, H 
so, H 

4.14.4.47 - 

-5.52 - 

5.30 - 
-5.52 

5.54 - 
-5 59 - 

- 4.6 

5.91,5.69 J 2 . 5  
-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 

The cyclopentadienyl protons of 
the r-tetrahydroindenyl ligand 

40 MHz 
*Midpoint of broad overlapping 

multiplet 

134 5 
b 

67 5 
66 

z 
115 

132 3 ? 

66 5 
4 

$ 
63 0 
64 

120 
z 

136 

I36 



T A B L E  III-cont. 

Formula No. Compound Solvent 6 ( P P 4  

IC,H8MoN0,1t 240 [(hJ-C,H,)M~(CO),(NH;)l+ 

IC,H,MoN,O,I+ 241 I(h5-C,H,)Mo(CO),(N2H;)1+ 

C,H,MoNO,S 242 (h5-C,H,)Mo(CO),(NCS) 

ClJI5F,MoO, 243 (hJ-C,HS)Mo(CO),(OCOCF3) 

C,,H,MOO,S 244 (h5-CsHS)M~10S(0)CH=C= 
CH;XCO), 

C ,,H ,,,MoO,S 245 (hJ-C,H,)M~[OS(0)C(C HI)= 
C=CH;l(CO), 

C#,&fOO,Pb 249 (h5-C,HJMo(CO),[Pb(C6H;),I 

CDCI, 
so2 
C6H5N02 

C6HSN02 

CDCI, 

Acetone 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CHCI, 

CDCI, 

H 
H 

H 
H' 

H 
H' 

H 

H 

H 
H' 

H 
H' 

H 

H 

H 
H' 

H 
H' 

5.34 
5.61 

5 .7  
1.18 

5.91 
3.38, 3.23 

5.67s 

5.88s 

6.38 
5 .04 ,5 .5  

2.04 
4.95 
5 .4  

5.2,5.7 

5.62 

5.28 
1.17 

5.26 
7.38 

~ ~~ 

Coupling 
constant 

(Hz) Remarks 

- Isolated as the tetraphenylborate 

- Isolated as the tetraphenylborate 

J P H  2.2 19F NMR chemical shift 126.4, 
153.3, 162.1 ppm relative to 
CCI,F 

- - 
J(,O'Pb-H) 44.5 - 

Refer- 
ences 

I36 

? 

137 3 
3 
cl 137 x 
B 

131 . 3 
138 ' 
944 g 

944 0 
p 

* z 

8 
944 

z 
0 

I30 

65 

65 



C&,MoNO,S 250 (h’--C,H,)Mo(CO),(SCN) CDCI, H 5.61s 131 

68 C,H,MoO,Si 25 1 (h’-C,H,)Mo(CO),(SiH;) (CzHs)zO H 5.35s 
H’ 3.85s 

CI~H, ,MOO,S~ 252 (h5-C,H,)Mo(CO),lSi(CH;),1 CDCI, H 
H‘ 
H 
H’ 

H 

5 .30  
0 .07  
5.20 
0 . 0 6  

5 .72  

63 z 

139 5 
i 

948 C,H,Br,O,- 253 (hs-C,H,)Mo(SnBr,XCO), - 

C,H,CI,O,- 254 (hJ-C,H,)lLfo(SnCI,~CO), - 

MoSn 

MoSn 

C~4Hl ,CI~0, -  255 (h~-C,H,)MO[Sn(CI),C,H,I(CO), - 
MoSn 

C,H,I,O,MoSn 256 (h5-C,H,)Mo(Snl,XCO), - 

CllHl,MoO,Sn 257 (hs-C,H,)Mo(CO),lSn(CH~),l CHCI, 

0 z 
H 5.83 

H 5 . 5  

H 

H 
H’ 

5.67 

5.41 
0.48 

65 2 - - 
J(”’Sn-H) 47 0 

J(119Sn-H) 4 9 . 0  

J(”’Sn-H) 46 .3  
J(119Sn-H) 4 8 - 3  

J(”’Sn-H) 46 5 
J(lIySn-H) 48.7 

- - 

- - 

140 ’ 
132 5 
63 
64 $ 

I 

8 
CDCI, H 

H‘ 
5 .24  
0 . 4 3  

H 
H‘ 

4.52 
0 . 5 0  

H 
H‘ 

5 37 
0 .98  

65 
I32 - 

h, 
m 



e 

h, 
o\ 

TABLEIII+ont. 

Formula No. Compound Solvent 

C,H,CI,MoO,- 259 (h’-C,H,)Mo(CO),(SnCI,) CDCI, 

C2,H2,Mo0,Sn 260 (h’-C,H,)Mo(CO),lSn(C~H~)~l CDCI, 

Sn 

Acetone 

THF 
C,H,MoO,S 26 I (h’-C,H,)Mo(S02CH;XCO)3 CDCI, 

CI,H&tMoO,S 262 (h’-C~H,)Mo(S02CH;CH;XCO), CDCI, 

(4 Derivatives containing two or more transition metal atoms 

C,,H,,,MO~- 266 {(h’-C,H,)Mo(CO)IN=C- CDCI, 
N202 (c&)21}2 

H 

H 
H 
H’ 
H 

H 
H‘ 

H 
H‘ 
H“ 

H 
H‘ 
H“ 

H 

H 

H 
H‘ 

5.66  

5 .26  

5.55 
7.43111 

5 .44  

5.49s 
3.29s 

5.75s 
3.12q 
1.25t 

5 .62s 
4.25s 
7.35111 

5.71 

5.28s 

4 .79s  
7.22b 

Coupling 
constant Refer- 

(Hz) Remarks ences 
-~ 

“F NMR chemical shift 12.4 
ppm relative to CCI,F in 
CHZCI, (Jp~1204)  

I42 
a 

132 5 
65 

x 
3 

I15  0 

960 ’ 
3 
5 
n 

960 $ 
a- 
z 
0 

960 ? 

‘ 5  
. P  

125 5 
0 

I26 

I l l  



C ~ ~ H , ~ M O ~ O ,  268 

C,,H,,Mo,O, 269 

Hexamethyldisiloxane used as 187 
reference 

204 C,H, = H"' H"' 

H" 0 z 

H " 
H"' 

T 55' 

i - 
I21 3 

r 
H 
H' 

H 
H' 

n 
122 $ 

P 
123 $ 

38' 

T 38' 

T 38O 

T 3 8 O  

H 
0 
0 

r 
rn 
X 

122 5 

122 g 

H 
H' 

H 

5.07d J 1.6 
I.32d J6.5 

5.03 - 

H 

H 

5.17 Jp, 1.2 

4.72s(br) - 

205 

I23 

- 

T 38' 

w 
4 . 



T A B L E  III-cont. L 

h, 
00 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 

C,,H,,Mo2- 282 I(h5-C,H,)Mo(CO),l,ISn(CH~)21 
0,Sn 

C ~ ~ H ~ , M O , -  283 I(h5-C,H,)M~(CO),I,fl 
0 9 1  

C,,Hz,Mo,- 284 f(/r5-Me,SiCsH,)MO(CO),l, 
06Si, 

C,,H,,AUMO- 285 (h’-C,H,)Mo(CO),(AuPPh,) 
O6’ 

C~~HZOAUMO- 286 (~’-C,H,)M~(CO),[AU~OP~),~ 
O6’ 

CDCI, 

CHCI, 

CDCI, 

CDCI, 

CDCI, 
SO, 
CDCI, 

Acetone 

CDCI, 

CDCI, 

H 
H’ 

H 
H 

H 
H’ 

H 

H 

H 
H 
H 
H’ 

H 

H 

H 

H 

- - 5.22s 
4.9Od J p ~ l . 9  

5.38s - Hexamethyldisiloxane used as 
5.48 - reference. 100 MHz 

5.20 - 100 MHz 
7. I9 - 

5.59 - - 

5.41 - - 
5.28 
5.40 - 
5.35 
0.85 J(;”Sn-H’) 35.8 

J(Il9Sn-H’) 37.4 
5.48 - 

- - 

- - 

5.18t, 5.08t - 100 Mhz 

- - 5.30 

205 
T 
s 

206 ’ 

916 $ 
7c 

206 .=r 
142 

0 
P, 

142 > 
2 

136 u 

m 

? 
65 0 I 

2 
!2 

0 
207 

208 

62 

62 



CuMoO, 

CZ6H3,AuMo- 288 
03p 

Cl,HsCoHg- 290 
MOO, 

Mo0,Sn 
C,,H,,Mn- 291 

C,,H,,MoO,Ti 292 

[CU(ASCH,) (AS -&)) 1 CDCI, 

L 

l(hJ-C,H,)Mo(CO),lI(hJ-C,H;)- 
Mo(CO)IIC,H'~),PCH"= 
CH"P(C,H';),I 

(hs-C,H,)Mo(CO),HgC~CO), CDCI, 

~(h'-C,H,)Mo(CO),llSn(CH;),I- CCI, 

(hs-C,H;)2TiMo(CO),(hs-C,H,) - 

I Mn(CO), 1 

C ,,H loCI,- 294 ~(hJ-C,H,)Mo(CO),~,(SnClz) - 
Mo,O,Sn 

H 

H 

H, H' 
H" 

H 

H 
H' 

H 
H' 

H 
H' 
H" 

H 

5.16 

5.23 

4.60s 
1.1-1.2 

5.44 

5.35 
0.80 

5.67 
6.44 

5 . 1  IS 
4.12d 
7.44 

5.65 

- 100 MHz 
J(Il9Sn-H') 36.9 

62 
z 
5 
5 
0 

62 > 
0 z 

0 > 
957 

$ 
136 

3 
140 r 

> 
cl > 

209 6 
z 

cl 
0 

r m 

;r 

5 
E 161 

943 
948 

s: 



T A B L E  III-cont. 
~ ~ ~ __ ~ ~ ~ _ _ _ _ _ _  

Coupling 
constant Refer- 

ences 6 (ppm) (Hz) Remarks Formula No. Compound Solvent 

H 948 

’FI 

948 3 

5.67 295 

296 

29 7 

298 

299 

H 5.67 

5 .52  

5.59 

5.78 
c1 

948 $ 
4 

948 ’ 
? 

300 H 5.61 

I 

> 
z 
0 

1033 H 

H‘ 

n.a. 

H 

5.20t 
4.9ot 
0.16 

30 1 

I024 

107 

302 

303 

Complex spectrum 

- 5.05 JpH0.8 

304 H 
H’ 

-4.9t 
18.5 

212 
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T A B L E  III-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,,H,,MoO, 31 1 (h'--l.2,4.5-(CH,),C6H,)MoCO), CH,CI, 

Cl,H16Mo0,Si 3 I3 [h'--C6H,-I-CH;-4-Si(CH;),IMo- CDCI, 
(CO), 

C,,H,,MoNO,Si 315 [h6-C,H,-I-N(CH;),-4-Si(CH~~n,l- CDC1, 
MdCO), 

IC,,H,MoO,l+ 316 [(h'-C,H,IMo(CO),I+ H2S04 

co 
H 
H' 

H" 

H 2 p  H6 

Hy Hs 
H' 
H" 

H2* H6 

H,. Hs 
H' 
H" 

Hz. H6 

H3, H, 
H' 
H" 

H 

148 

a 
3 
6 
2 

5.9-5.0 - 
2.8.2.35, - 
2.2,2.18 
7.3-6.8 - 
5.40 - 
5.77 - 
2.25 - 
0.23 - 

5.90 - 
5.19 - 
2.11 - 
2.78 - 

5.16 - 
5.89 - 
2.84 - 
0.23 - 

5.7 - 

T 33" 

T 3 3 O  

T 3 3 O  

149 

.7 

n e 
147 01 

? 
z 

147 8 
E 
0 

147 

C,H, = tropylium cation 910 
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IC,,H,DMOO,l+ 329 I(h7-C8H8D)M~(CO)31+ 

H-6 6.13 J H , . H , ~ . ~  The homotropylium structure (I) is 
H - 7  4.42 JH,,H*. 8.5 preferred over the corresponding 
H_8a 3.47 JH,,H. 8.5 planar cyclooctatrienyl structure 
H - s b  - 0 . 1 5  J H , , H , ~ ~  2.0 largely on the basis o f  the large 

J H . H ~ ~ ~ . ~  chemical shift difference between 
z the inside and outside C-8 

protons 5 
3 

411,.H49'0 

0 

* 
H,,H, 4.37 - Remaining signals at 6 6.49,6.05 150 

- 
H2S04 

H 8a 3.37 
H 8 b  -0.15 - 0 

L 

H,,H, 4.25 - C,H8D = 

H3, H,, 6.43,6.0 - B 
P 

5 
F 

D2S04 

150 5 
? 

H5 4 

5 6  

cl - H 8 b  -0.20 

n * 
3 
W 
0 z 

105 $ 

( 8 )  MIXED LIGANDS 

(a) Mono-carbonyl derivatives 
C,~H,~MOO,P, 330 (V-C,H,)MO(CO)[P(OCH~)~I~- CDCI, H 5.08 - 

8 
5 

(CH';) H' 3.69,3.59, - 
3.50 

H" -0.27t JPH" 10.5 r 

60 C 14H ,,MONO, 33 I (h'-C ,H,)Mo(COXNO)[C- CD,COCD, H 5.44 - - 

C,,H,,MoNO, 332 (hS-C,H,)Mo(COXNO)[C(OCH;- CD,COCD, H 5-37s - - 

v, (OCH;)C,H;I H' 4.5 1 - 

H" 7.21 

60 
CHj)C,H';) H '  4.70q - 

H" 7 . l l m  - 
W 
vl 
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rA 
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X 
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A PI1 

0 
V 
-1 

B 

2 IZI 

s 
g ZZI 

4 
V 
A 
4 

2 

s 

5 

s 

z 4 

0 

0 
4 

PI1 

091 

z 
191 

,, H 
,H 
H 

tH 
H 

#H 
H 

n H 
,H 
H 

,I H 
,H 
H 

N H 
,H 
H 

tH 
H 
#H 
H 

n H 
,H 
H 

n H 
,H 
H 

$1 H 
,H 
H 

NYa3 

L13*~93-0 

N3'a3 
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T A B L E  III-cont. 

Coupling 
constant 

Remarks 
.- 

Formula No. Compound Solvent 6 (ppm) (Hz) 
-_ ___ _- - - - .- 

CDCI, 

CD,CN 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 

H 
H' 

H 
H' 
H 
H' 

H 
H' 
H" 

H 
H', H" 

trans-isomer I 4.84 J p ~ 1 . 6  
3.62 JPH- 12.5 
0.32 JPH" 3.0 

cis-isomer 
100 MHz 

trans-isomer 

cis-isomer 

trans-isomer 
T 38' 
- 

Hexamethyldisiloxane used as 
internal standard 

Refer- 
ences 

- 
.a 
5 

117 3 
0 
x 

3 
% 
n 

124 2 
> 
Z 
W 
? 
K 
0 

Z 
0 

114 

160 

162 



CDCI, 

Cz,Hz,MoO,P 344 (h5-C,H5)Mo(CO)ZIP(3Ph),l- CDCl, 
(CH' = CH;) 

C2,HZ,MoO,P 345 (h'-C,H,)Mo(CO),IP(OPh),I- CDCI, 
(CH;C=CCH;) 

CDCl, 

C z z H z , M ~ 0 4 P  348 (h'-C~H,)Mo(CO)zIP(OCH~)2- CDCI, 
Phl(CH';Ph) 

H 
H 
H', H" 

H 
H 
H' 
H" 

H 

H', H" 

H 

H 
H' 
H", H"' 
H 
H' 

H 
H' 
H" 
H 
H' 
H" 

4.67s - 
4.51d J 1 . 2  
1.2-1.7 - 

4.63s - 
4.49d 5 1 . 4  
6.02111 - 
4.72,4.53, - 

4.37 
2.15d J 3 . 2  
2.07d 5 3 . 2  

5 . 1 2 ~ ,  J 1.5 
5.01d 

2 .0  comp. 

2.88 - 

5.27 - 
1.2% - 
7.6-7.1 - 

4.68* J p ~ 1 . 4  
2.19* J p ~ 2 . 0  

4.69 JPH 1.6 
3.53 JPH. 1 1.9 
2.78 Jp""2.9 
4-90  JPH < 0.2 

JPHC- 
- JPH.,  - 
- 

cis-isomer* 
trans-isomer 
100 MHz 
*Reviewer's assignment 
cis-isomer* 
Iran.-isomer 
100 MHz 
*Reviewer's assignment 

- 

T -37' 
Structure uncertain (see below) 

trans-isomer. 38O 
*Not consistent with data reported 

by Craig and Green (ref. 164) 

trans-isomer 

) ?;i;;rner 

MHz 

124 

124 

163 

112 
164 

114 

I17 



L 

P 
0 

T A B L E  III-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 

C3,Hz,MoO,P 349 (h'-C,H,)Mo(CO),IP(OPh),I- CDCI, H 4.63 - cis-isomer. Methylene protons 114 

- - 

.a (CHiPh) H' 2.96 JPH 10.2 nonequivalent due to lack of 

.E 
a 

H 4.45 JPH 1.3 trans-isomer c) 

2.60 JPH 11.0 symmetry of cis-isomer 
Jgem 10.3 

x 
I H' 2.76 JpH2.1 T 38O 

CDCI, H 4 .61S ,4 .43dJp~  1.3 100 MHz 
H' 2.13d JPH~ 2.1  

124 
j 

. .. 

CDCI, H 4.45d J p ~ 1 . 3  100 MHz 165 
n > 

H' 1.29- - internal standard 2: 
tl 

? 
Cl4Hr7MoNO1 351 (h'-CsHs)Mo(CO),(COCH;)- CDCI, H 5 .34)  - cis-isomer, viz.: 161 g 

H 2.16d 

C,,H,,MoO,P 350 (hJ-C,H,)Mo(CO),(PPh,)(C,H;) CDCI, H 4.84d JPH 1.33 Hexamethyldisiloxane used as 162 

7.49111 

- 

2.46 1.50 1 - O C T Y O R  

H' 
H" 

I 
I I 

H 5 .191  - trans-isomer, viz.: 
O C - - - - - - C N R  

2.57 1.52 1 - 
H' 
H" 

Mo 



CD,CN 

C,,H,,MoO,P 356 (h~-C,H,)Mo(CO),(COCH;t CDCI, 
(PPh,C=CPh) 

C,,H,,MoN,- 357 (hS-C,H,)M~CO),(PIN(CH,),~,}- CCI, 
0 , P  (COCH;) 

H 
H' 
H" 
H 
H' 
H" 

H 
H' 
H 
H' 

H 
H' 

H 
H' 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H' 

H 
H' 

H 
H' 

:::: ) 
::r: ) 
1.47 

1.50 

5.08 
2.45 

5 .OOd 
2.49 

5.12d 
2.47s 
I .5,0-9m 

5.02d 
2.62s 
7.43m 

4.79d 
2.81s 
7.3m 

5.19d 
2.59s 

5.10 
2-43 

J 2.0 
- 

J p H  1.0 
- 

J2 0 
- 

cis-isomer 

trans-isomer 

cis-isomer 

trans-isomer 

100 MHz 

100 MHz 

166 Q 

5 
i 
0 z 
0 

168 
P 
3 

z 
169 $ 

160 $ 
n > 
ia 
W 

169 2 
161 $ 

8 
160 5 

r 

E v) 
I70 

168 



- 
P 
h, 

T A B L E  111-cont. 

Coupling 
constant Refer- 

ences 

169 

Remarks Formula No. Compound Solvent 6 (ppm) (Hz) 
-. 

100 MHz C,,H,,MOO~P 358 (h'-C,H,)Mo(CO),lP(OCH';),I- CDCI, H 5.14d J1.0 
H' 2.53 - 

H' 2.50 - 

.a 
(COCH;) 

5 
2 

- - CCI, H 5.22 

160 o CD,CN H 5.28d JPH 1.5 - 
H' 2.47s z 

3.62d JPH, 10 2 

(COCH;) H' 2.48 3 

H" 
C I ,H,,MoO,P 359 (h'-C,H,)Mo(CO),I P(OEt), I -  CDCI, H 5.09 J 1.0 100 MHz 169 .-l 

CI4H,,MoO6P 360 (hJ-C,H,)MO(CO)zIP(OCHJ3- CDCI, H 5.21d J 1.5 100 MHz 169 

> 
C,,H,,MoO,P 361 (h5-C,H,)Mo(C0)z1P(OC6H;),I- CDCI, H 4.74d J 1.0 100 MHz 169 6 

? 
CD,CN H 4,86d J p H 1 . 0  - 160 g 

H' 2.20s - 0 
E! H" 7.3m > 
z C,,H,,MoO,P 362 (h'-C,HJMo(CO),IP(n-C,H,),I- CDCI, H 5.02d J1.0 100 MHz 169 0 

CCH,l(COCH;) H' 2.52 - G 

- (COCH;) H' 2.13 

(COCH;CH,) H' 2.91q J 1 . 2  

C,,H,,MOO~P 363 (h5-C,H,)Mo(C0),lP(OCHJ,I- CDCI, H 5.13d J l . 1  
(C0CH;CH';) H' 2.94q J 7 . 2  

H" 0.6t J 7.2 

169 100 MHz 

Cz8Hz5M~0,P 364 (hJ-C,H,)MO(CO)z(PPh,)- CDCI, H 4.95d J 1 - 5  100 MHz I69 
(C0CH;CH';) H' 3.02q 5 7 . 0  

H" 0.91t J 7.0 



C I ,H ,pM0O6P 366 (h'-C,H,)Mo(CO),IP(OCH3,- 
CCH,I(COCH;CH;) 

C,,HZ,MoO,P 367 (hs-C,H,)Mo(CO),IP(OPh)jI- 
(C0CH;CH;) 

C,,H,,MoO,P 368 (h5-C,H,)Mo(CO),IP(C,HJV),I- 
(COCH;CH"=CH;") 

C ,,H,,MoO,P 370 (h5-CsH,)Mo(CO),IP(OCHIV),- 
CEt I(COCH;CH''=CHY') 

CDCI, 

CDCI, 

C DC I, 

CDCI, 

CDCI, 

CDCI, 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H" 
H"' 
H 1" 

H 
H' 
H" 
H"' 
H'V 
HV 

H 
H' 
H 
H "' 
H'V 
Et 

100 MHz 5.19d J 1 . 1  
3.00q J 7 . 4  
0.94t J 7.4 

5.15d J I - 0  100 MHz 
2.91q 5 7 . 3  
0.85t J 7.3 

4.72d J 1.0 100 MHz 
2.50q 5 7 . 0  
0.72t J 7.0 

4.92d J ~ H  1-0 /ram-isomer 
3.69d JH~H,. 6.9 100 MHz 
5.80 JHarHu,  17-0, 10.8 
4-86,4.75 JH...H,2.4 
1.36 - 

4.95 J p H  I .O trans-isomer 
3.68 J H ~ H . . ~  0 100 MHz 
5.39 J H , , H  w6.0 
5.19 J H e * r H ~ \  6 . 0  
1.61 
7-40  - 

- 

I69 

I69 

I69 

I64 

I64 

I64 



T A B L E  111-Con[. c 

P 
~ ~ ~ 

Coupling 
constant Refer 

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

C2,H2,MONO, 37 1 (h'-C,Hs)Mo(CO)2(COCH;Ph)- CDCI, 
IC=NC(CH;),I 

C6D6 

C~~H, ,MONO, 372 (hs-CSH5)Mo(C0)2(CNC,H,,)- CSI 
(COCHiPh) 

H 
H' 
H" 

H 
H' 
H" 
H 
H' 
H" 

H 
H' 
H" 
H 
H' 
H" 

H 
H' 
H" 

H 
H' 

H 
H' 

H 
H' 

5.25 
4.1.5.4.08 
I .48 

5.12 
4.24 
I .48 
4.98 
4.37.4.30 
0.9 

4.90 
4-57 
0.9 
5.13 
3.91 
I .38 

4.99 
4.07 
1.46 

5-20s 
3.94s 

5.05s 
4.04s 

5.OSd 
4.19 

cis-isomer 

trans-isomer 

cis-isomer 

rrans-isomer 

cis-isomer 

trans-isomer 

cis-isomer 

trans-isomer 

trans-isomer 
100 MHz 

167 

5 
r, 
A 
7; 
P 
0 

F 
A 

ti 
D z 
U 

? 
P 
0 a 
D 

8 
I66 

I64 



PI I 

P9 I 

P9 I 

P9 I 

OL I 

9S.E 4, H 
09.P ,H 
29-P H 

1E.C N H 
.sqo ,H 
8L.P H 

8E.E ,, H 
PL.P ,H 
P8.P H 



- 
T A B L E  III-cont. P 

o\ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 
____- . .- - -_. 

CDCI, 

CDCI, 

CDCI, 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H " 

IC2,H46Mo0,- 382 {(h~-C5H,)Mo(CO),IP(C6H,,),I- CDICOCD, H 
PI + IC(OCH;CH,)CH;I}' H' 

H" 

5.83s - 
7,46111 
4.61 comp. - 

sext. 
3.67comp. - 
sext. 

1.60bm 

1 
1 

5.56d J p ~ 1 . 1  
7.451~1 - 
5.23t - 
4.06bt - 
2.16bquin. - 
5 .  I6 - 
7.16111 - 
4.10bm - 
3.466m - 
2.33 compt. - 

7.20111 - 
5.1Od JPH 1.0 

4.35bt - 
3.06bt - 
1.46bquin. - 

4.80 - 
3.25 

5.87d J p ~ o . 7 5  

- 

cis-isomer. Isolated as the bromide. 17 1 

C4H,0 = 2-oxacyclopentylidene: 
A carbene complex where .rr 

a 

fruns-isomer isolated as the 
bromide 

cis-isomer isolated as the 
tetraphenylborate 

frans-isomer isolated as the 
tetraphenylborate 

Isolated as the tetrafluoroborate 
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T A B L E  III-conr. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

389 

390 

39 I 

I 
H" 

I 
CHI; 

(h'-C,H5)(CO)2Mo-C0, CDCI, 
HLCeC t y 2  

CH;' \\C/CH2 
I 

H 5.63s - 100 MHz 
H 4.68s - 
OH 10.03s - 

H 3.03 - T -10' 
H' 1.29 - 
H" 3.61 - 

H 3.06 - 
H' 1.40 - 
H" 1.46 - 

H 3.84 - 
H' 1.19 - 
H" 3.81 - 

H" 
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T A B L E  III-cont. 

Coupling 
constant Refer- .rr 

5 
B 

Formula No. Compound Solvent 6 ( p m )  (Hz) Remarks ences 
-. 

n 
C I , H ~ ~ M o O ~  396 (h3-CH2CH'CH2Xh'-C,H7)Mo- CS, H 2.24d, J7, 1 1  C,H7 = 109 

(CO), H' 
3.30 0 . 8 5 d  - *Ht#r 5 

H'b H'a 0.15 3.37 - - - Q* 'Mo a. 

H" 5.87 J H ~ H  m2 g 

2 
H" n H!,I 5.56 - 

rA 

> 
C6H6 Hsvn 3.60 - T5O 100MHz 178 3 

? 

s 

- H,n* 2.39 
Honii -0.68 - 
Honli, 1 .I5 8 

L-J 

z 
0 /' \ HA Hsw co co 
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w 
ul 
h, 

T A B L E  111-COnt. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

T 5O 100 MHz 

CI4H,,MoO2 404 ( 1,2,3-h3-C,H,Xh5-C,H,)Mo- CCI,F,/ H 4.07s 

( 2 : l )  H-2 1.13t 
(CO), Toluene-d, H-, ,  H-,  3.76t 

H-4, H-, 6.20111 
H . , , H _ ,  5.19d 

5.10s 
4.27t* 
2.10* 
6 .Dt 
5 .OOd 

2.32 
4.59 
6 .50  
5.40 

C, =A 

- T -  -107’ 

I78 

.rr 
5 
z I78 

0 
x 
P 

180 3 

181 

j 

s 
n 

lL+J3 
2 

L n  

? 

0 
- T -1 10’ 182 5 
5 6 . 7  *The terminal allylic protons (viz. H-, ,  H. , )  0 
J6:7 normally give signals to  higher field than the 
- central aUylic proton in n-ally1 and butadiene 

attributed to the magnetic anisotropy of the 
uncomplexed diene moiety, although the possi- 
bility of the complex having a o-bonded C,H, ring 
with additional co-ordination from one of  the 
other double bonds cannot be ruled out 

- complexes. The reverse order in this complex is 



C14H12Mo02 405 (h3-CH~C~;~h5-C,H,)Mo(CO), C,BrF, H 
H' 

H" 

C18H14M~02 408 (~'-CH,C,H,K~'-C,H,)MO(CO)~ C6H6 H s w  
H anti 

5.31s - 
2.824 J 3 
L81d 
1.09, 7.03, - 
6.88,6.31, - 
5.20 
2.80 - 
1.80 - 

4.14 - 
-0.21 - 

C,~H~,MOO,S 409 (h'-2-CH2C,H,S)(h5-C,H,)M~- C,D,CD, H 4.64s - 

KO), HA 6.67d J 6 . 0  
6.35dd J 6 . 2  "B 

HC 4.51d J 2  
HD 3.51d J 4  
HE 1.92d 5 4  

T -3OO 

T -30' 100 MHz 
n-Proton of the 1,2,ct-trihapto- 

benzyl group 6 6.30 

TSO 100MHz 
n-Proton of the 1,2~-trihapto- 

benzyl group 6 2.13 

C9H1= OQ 

914 

183 9 

F 
rl 

178 g 
n 
D 

6 z 
4 
r 

8 
4 
z 
G 

I84 

r 
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(c) Tri-carbonyl derivatives 
C,H,F,MoO, 416 (hs-C,H,)Mo(CO),(CF,) CS, 

CHCI, 

CH,CI, 

CH,CN 

C6H6 

C6H6 

cs2 

H 
H 
13c 

F 

5.59 
5.55 

100.9d* 
-1 l .9d  

132 
95 

956 

- 
JcH 175 

- 
*Relative to CS, 

z 
5 

949 5 186 C,H,DMoO, 41 7 (hJ-CSH,)Mo(CO),(CH,D) *Calculated from JH-D 

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

s 
0 z 
8 

132 9 
c, 

65 

Toluene 
CDCI, 

H 
H 
H' 
H 
H' 

H 
H' 

H 
H' 
H" 
H"' 

4 .7  

5.32 
0 .40  

5.28 
0.34 

I . 8 7 ~  
-0.03 

-0.43s 
5.69 
5.35 
7.19 

168 $ 

187 9 
w 

109 3 
r 

CCI, 

Hexamethyldisiloxane used as 
reference 

C,H, = 7"' H' 

H'''Q+Htl H"' H"' 

c, 
0 

r 
m 

132 cn 

5 
x, CDCI, 

cs2 
H 
H 

5.25 

5.20 

- 

"C + 101 Id (JcH175) relative 
to CS, ion benzene 

95 



L 
VI 
a T A B L E  III-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 ( P P 4  (Hz) Remarks ences 

.d 
C,,H,,MoOl 422 (hs-C,H,)Mo(CO),(iso-C,H,) Toluene H 4 , 8  - - 132 & 

- - C,,H,,BrMoO, 423 (hs-C,H,)Mo(CO),(CH;CH’;- CS, H 5.13s 
CH;”Br) H’,H” 2.0, 1.5 - 

H“’ 3.17t J 7  

- - C,,H,,BrMoO, 424 (h5-C,H,)Mo(CO),(CH;CH;- CS, H 5.32s 
CH;CH’;Br) H’ 1.89br. - 

H“ 3.39t J 6  
1.66br 

- - C,,Hl&loO, 425 (h’-C,HJMo(CO),(CH;CE CDCI, H 5.52s 
CCH;) H’,H” 1.88 cornp. - - 

JH,H*, 0 - cs, H’, H” 1.79 

- - Ci,Hi2MoO, 426 (h’-CSH,)Mo(CH,C<C,H,)- CS, H 2 . 0  

C,,H,,MoO, 427 (h5-C5H,)Mo(CO),IW(CH2),- CDCI, H 5.49s 

c I~H,@OO, 428 (h5-C,Hs)Mo(CO), (~CC6H~)  CDCI, H 5.57s 

(CO), 

- - 
CH,I 

- - 
H’ 7.4-6.2m - 

C I,H,2Mo0,  429 (hs-C,H,)Mo(CO),(CH;C6H;) CDCI, H 
H’ 

163 $ 
tl 

944 ; 
0 

944 g 
L 
0 

190 

190 

166 



H 5.14s - 
H' 2.88s 
H" 7.13s - 

__ CS, 

430 (h'-4-CH;C,H;"CH;Xhs-CsHs)- H 5.17s - 
Mo(CO)i H' 2.92s - 

H" 2.27s - 
H"' 7.04 - 

914 

P 
T -30" 183 0 
*Estimated from published spectra z 

B 
9 
5 
c) 

T +60° 



L 

ul 
00 

T A B L E  III-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

CI,Hl1FMoO, 434 (h~-C,Hs)Mo(CO),(CH,C,H,- CH2CI2 
F-m) 

Cl,H,1CIMo03 435 (h5-C,H,)Mo(CO)3(CH;C6H;- CDCI, 
CI-P) 

C, ,H, ,MoN03 437 (hs-C,H,)Mo(CO), ( CH; 0) CDCI, 

H 5.19s 
H' 2.84s 
H" 7.  I IS  

H 5.15s 
H' 2.94s 

H 5.14 
H' 2.61 

183 

Ir 
T -24' .E 
*Estimated from published spectra B 

T +72O 

> z 
U 
? 

I9F NMR chemical shift + 0.93 191 5 
0 ppm relative to FC6H, 
> 

166 Z 
0 

- 166 

- 192 



- C,,H,&~OO,S 439 (h'-2-CH;C,H';SXh5-C5H,)Mo- CDCl, H 5.23s 

(CO), H' 3.12s - 

H" 6 .90 ,6 .83 ,  - 
6.77 

- C , , H ~ o M ~ O , S  440 (h'-3-CH;C4H';SXhs-CsHs)M~ CDCI, H 5.10s 
H' 2.88s 
H" 7.1-7.0, - 

- (CO), 

6.18b 

- 5.35s 
1.70s 
3.48s 

5.37s 
1.69s 
3.93q Jn,,n,v,7 

H 

H" 

H 
H' 
H" 
H"' 

CiiH~oMoo,  441 (h'-C,H,)Mo(CO),ICH;C(O)- CS, - 
OCH';) H' 

- 

Ci,Hi,MoO, 442 (h'-C,H,)MdCO),ICH;C(O)- CS, - 

OCH';CH;"~ - 

- 1.18t 

192 

184 

5 
5 
0 

> 
z 

184 

129 2 
21 

z 8 
$ 
n ., 

5.55 - "C + 97.9d (J 175) relative to 95 O 
3, 
6 

C I ,H, F,Mo04 443 ( hJ-C ,H,)Mo(CO),( COn-C, F,) CHCI, H 
CS, in benzene 

C,,H,,MoO, 444 (h5-C,H,)Mo(CO),(CH;COC6H~) CDCI, H 5.35s - - 

H' 2.63s - 

H" 7 .821~1,  - 
7.43111 

x 
473 g 

193 - - C,,H,F,MoO, 445 (h~-C,H,)Mo(CO),(COC,F,) CDCI, H 5.50s - 

vl 
- - \ D  



- T A B L E  III-cont. a\ 

Coupling 
constant Refer- 

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

C,H,BrMoO, 447 (hs-C,H,)Mo(CO),(CH;Br) CSZ 

C,H,CIMoO, 448 (h'-C,H,)Mo(CO),(CH;Cl) CS, 

CDCI, 

CIoH,MoNO, 449 (h5-C,H5)Mo(CO),(CH;CN) CDCI, 

C loH8MoOS 450 (h5-CsH5)Mo(CO),(CH;COzH) CDCI, 

Cl0H,MoNO, 45 1 (h5-C,H,)Mo(CO),(CH;CONH;) Acetone 

H 
H' 

H 
H' 
H 
H' 

H 
H' 
H 
H' 

H 
H' 

H 
H' 
H" 

H 
H' 

- 
Syn- form 
A nli- form 

195 8 
g 

195 3 
n 

166 $ 
> 
z 
U 

166 p 
K 163 0 

> z 196 0 

a_ 

I96 

I66 



C22HzzC~- 453 (hs-CsH,)Mo(CO)31C(CH;C,- 
MONO, H,CI-p)=NC6Hl,I 

C~,H~,MONO] 454 (hs-C,H5)Mo(CO),[C(CH;C,- 
H40C HI-p)=NC6Hll 1 

CllHSF2MoN,- 455 (h'-C3N3FJ(h5-C5H5)Mo(CO), 
0, 

C,,H,MoNO, 457 (h5-C,H5)Mo(CO)3(CH;NCO) 

CloHloM~O,  458 (h5-C,HS)Mo(CO),(CH;OCH'{) 

C,,,H,,MoO,S 459 (hs-C,Hs)Mo(CO),(h'-CH;SCH';) CS, 

H 
H' 

H 
H' 

F 

F 
F' 
F" 

H 
H' 
H 
H' 
H" 
H 
H' 
H" 

H 
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 

Syn-form 
A nri- form 

Hexamethyldisiloxane used as 
reference 

+ 99.6d (Jc,, 175) relative 
to CS2 in CH2CI, as solvent 

I66 

166 
z 
5 

197 p 
4 > 
0 z 
0 

197 * $ 

5 
F 

z 
c, 

4 

198 2 

195 
.c 

0 
r 

185 ' 
r 
m 
X 

5 

L I  

I63 

e 

m 



I 

T A B L E  I I I - c o ~ ~ .  m 
t4 

Formula No. Compound Solvent 6 (ppm) 

I A- 0 
L zi" H,,, 

Cl2Hl0M~O,S 462 (h'-C,H,)- 
Mo(CO), 

C(CH;)-S=O 

0 

// 
-C 

\ 
C- 

CDCI, 

C,,H,,MoOSS 463 (hJ-C5H,)Mo(CO), CDCI, 

(d) Derivatives containing two or more transition metal atoms 

C44H40M~20,- 464 I(h5-C,H,)Mo(CO)2(COCH;)I,- CDCI, 
p2 (P f-P f ) 

PZ (PfEPf) 
C4,H,,Mo20,- 465 I(hs-C,H,)M~(CO),(COCH;)12- CDCI, 

H 
H' 
H" 
H"' 

H' 
H" 
H"' 

H 
H' 
H" 
H"' 

H 
H' 

H 
H' 

5.58s 
2.05t 
5.06 
5.43 

2.40 
5.19 
5 . 5 5  

5.29s 
7.48s 
5.24 
5.72 

4.92t 
2.66s 

5.01d 
2.51s 

coupling 
constant Refer- 

(Hz) Remarks ences 
___ .___ 

210 100 MHz 
(Pf-Pf)=(PhzPCHzCH,PPhJ 

(Pf=Pf)=(Ph,PC%CPPh,) 210 
100 MHz 
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TABLE III-cont. 

Formula No. Compound Solvent 

(9) MISCELLANEOUS MOLYBDENUM COMPLEXES 

ICloHM020,ol- 472 IMO~(CO)~O(H)I- CHIOH H 

THF H 

IC #MOO loW1- 473 IMoWH(CO),,I- THF H 

- 12.5 - 

- 12.15 - 

- 12.37 - 

-3.5 - 

Refer- 
Remarks ences 

Ir 

Isolated as sodium salt 199 9 
cis-isomer &I 3 ~ 4 . 3 .  trans-isomer : 
Hydrogen bridging between the 5 two metal atoms 915 3 

x JH13c4.3 or < 3.0 

Hydrogen bridging between the r 
two metal atoms 

53 HB(3,5-(CH]),Pz) = 

A metalloborane isolated as the 200 
tetrabutyl ammonium salt. I’B 

NMR chemical shifts 24.70 (J 

36,40sh, relative to trimethyl- 
borate at 32 MHz 

123),28,95(J 148),31.28sh, 

V 
U 

z 
0 

F 



A metalloborane isolated as the 
tetramethylammonium salt. "B 
NMR chemical shifts 16.4 (J 

200 

108), 23.71 (J 124), 27.67 
(J 128), 3 1.38sh, 33/35~h, 
relative to trimethylborate at 2 

2; C,,H2,MoN20, 478 Mo(CO),[N(C6H,,)=CH .CH= CDCI, H 8.25 - 201 2. 

i)N 1 z 

w 
U 

32 MHz 

- 

0 

CloH22M~0,P2 479 MdCO), ) (CHJ,CO H 
H 

8.52 JPH 47,8 60 and 100 MHz 
B 

202 $? 
5 
c, 

sp' orbitals directed at vacant 
3-vertex formed by removal of 
/&atom 3 

c 
-. __. _ _ _ _ _ _  __ __  - 

E? 



L 

a\ 
0. 

T A B L E  III-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 ( P P 4  (Hz) Remarks ences 

IC,,H,,Mo08- 48 1 [ (~ - (3 ) -  l,2-B9C2Hl,)M~(CO)3- 
w12- w(co) , l2-  

CH -2.5 to - 
-2 .8  

Isolated as the tetramethyl 203 
ammonium salt 

Proposed structure: 

80  



T A B L E  I V  
Tungsten complexes 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

(1) MONOHAPTO LIGANDS 
Cz,H2 ,A~0 ,W 1 W(C(CH,)OCH;I[AS(C,H';),I- C,D6 H 2.48s 

(CO), H' 3.99s 
H" 7.34m 

C,,H,,O,PW 2 WlC(CH,)OCH;1[p(C6H;'),1- C6D6 H 2.42s 
(cob H' 4.00s 

H" 7.34111 

CHCI, H 2.50  
H' 4.05 

IC,, ,O,SbW]- 4 {W(COC, )ISb(C,H,),l(CO),}- CH2CI, H 7.34m - cis-isomer. Isolated as the 945 5 
H' 3.35 - ILi(CH';CH;OCH,CH,),I+ salt 
H" 0.97 - 



L 

o\ 
00 

T A B L E  IV-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 ( P P d  Remarks ences (Hz) 
_ _  ___ . ~ ._ . 

7 IW(C~CCH,)(CO),l- CH,C12 

8 W[C(CH,)-OCH;l(CO), CHCI, 

C6H6 

9 W[C(CH,)-OCH;CH;I(CO), CDCI, 

10 WIC(CH,CH;CH;CH'$== CDCI, 
OCH;TH:~~(CO), 

1 1  W[C(C,H,kOCH;I(CO), C6H6 

12 W[C(C6H,)4XH;CH';I(CO), CDCI, 

H 2.17 
H' 2.40 
H 2 . 0 0  
H' 1.60 

H 1.59 

H 2.80 
H' 4.45 
H 2.31 
H' 3.83 

H 2.93t 
H' 4.98 
H" 1.61t 

H 3.3ot 
H' - 1.40111 
H" 0.93t 
H"' 5.1 Iq 
H'V 1.651 

H 7.04 
H' 3.96 

H 7.28111 
H' 4.90q 
H" 1.62t 

CH, groups cis to each other 

Isolated as the bis(tripheny1- 
phosphine) iminium salt 

60 and 100 MHz 

60 and 100 MHz 

- 

60 and 100 MHz 

947 
7, 

5 
r 
x 

19 

17 . 3 
3 

33 n 
2 

39 g 
0 

P 

s 39 
> z 
0 

33 

39 



IC,H,O,WI- 

[CI$,O~W]- 

C,H,NO,W 

C,H,NO,W 

C,HNO,W 

C,H,NO,SnW 

13 IW(COCH,XCO),l- CH2CI, H 
H' 

14 I W(COC,H,XCO),l- CH2CI, H 
H' 

15 WIC(CH,)NH"CH;I(CO), CHCI, H 
H' 

C6H6 H 
H' 

I 6 w I C(CH,)NH"CH; l(CO), CHCI, H 
H' 

17 W(C=NHXCO), (CH,)KO H 

18 W(C=NSn(CH,),I(CO), C6H6 H 

2.37 
3.30 

7.38 
3.06 

2.92 
3.55 

2.24 
2.68 

2.75 
3.16 

5.58 

0.10 

Isolated as the (CH;),N+ salt 33 - 

- Isolated as the (CH;),N+ salt 33 

z 
CH, groups trans to each other 947 5 

CDCI, H 5.64 JHHs9.0 - 
H' 3.75 JHeH.. 3.0 
H" 3.23 JH,,.14,0 

0 

> z 
CH, groups cis to each other 947 6 

2 
- 1017 2 
- 1017 

* 
a 
w 
0 z 
-! 
r 

50 0" 
r 
5 
E 
E 

52 
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T A B L E  IV-cont. 

Coupling 
constant Refer- 

ences 6 bpm) (Hz) Remarks Formula No. Compound Solvent 

58 C ,  ,H,CIO,W 30 (h‘-C,H,CI)W(CO), CDCI, H_, ,H- ,  3.91 - 
H-2, H-3 4.36 - 
H-5, H-, 4.50 - 

H-1 

.a 
3 

3.44 - 
5 

( 5 )  PENTAHAPTO L I C A N D S  

H” 

Cz,H,,NO,PW 33 (h’-C,H,)W(NO)(PPh,)(CO) C,D, H 

5.77s - 
1.40, 1.18 - 

5.58, 5 .SO, 
5.52.5.43, 
4.54 
1.56,1.43, 
1.49,1.45 
1.34, 1.33, 
1.37, 1.31, 

1.39 

4.19d JpH0.6 

5.02 - 
6.40 - 
6.34 - 

6.40 - 

h 
\ ,  e 
v) 

at T -40°, -20°, Oo,  +20°, 40° 

> resp. 

: 
p 

at T -40°, -20°, Oo, +20°- 

at T -40°, -20°, Oo, +20°, +40° 99 
E! s z 
0 

59 
946 

108 

108 100 MHz 

100 MHz 108 

100 MHz 108 

- 



H 
H' 
H 
H' 
H 
H' 

5.45 
1.12 
4.98 
0.97 
5.65 
I .08 

T 25O 98 

T -80' 

T 25O z 
5 

99 g 
4 > 
0 z 

C,,H,,NO,W 39 H 
H' 
H" 

H 
H' 

H 
H' 

H 
H' 

H 
H 

H 
H' 
H" 
H 
H' 
H" 

5.60 
7.41 
1.20 

5.98s 
7.37b 

4.77s 
7.25b 

5.81 
7.27 

5.66s 
5.91s 

4.83 
1.15 

-7.33 
4.38 
0.78 

-8.32 

(h'-CsHs)WIN=C(C~H~)~I(CO), CDCI, 1 1 1  g 
g 

5 
F 

1 1 1  3 
CI 

215 4 

60 8 
z 

216 ; 
h 2 

cis-isomer at -28O 113 2 
100 MHz 1025 

Q 
H 
H' 
H" 

4.23 
0 ,79  

-7.51 

!rumisomer at -28' 113 
100 MHz 1025 



c. 
4 
P 

T A B L E  IV-cont. 

Coupling 
constant Refer- 

Compound Solvent 6 (ppm) (Hz) Remarks ences 
__-___ _. 

Formula No. 
.___. - 

- 4.74 - H 
H' I .2 
H" 0 . 6  
H"' -7.77 JwH*f* 45 

- C,,H2,02PW 45 (h'-C,H,)WIP(CHjCH;)~~- C6H6 

- W'XC O)2 

- H 4.69 JPH 4 0.3 cis-isomer at -28" 
H"' -8.31 J p ~ s , ,  64.3 100 MHz 

H 4.55 J ~ H  0 .8  trans-isomer at -28" 
H"' -7.76 JpHm 22.4 100 MHz 

JwHw47.5 

JwH...47.5 

5.66 - - 137 $ 
P z 

5.63 - Isolated as PF; salt 137 0 

1 . 1  

1.91, 1.05 - 

2.03 - ? 
- 

137 

I19 



C,J-I,,BrO,PW 5 1 (h5-C,H,)W(Br)lP(OCH;),l- CDCI, 
KO), 

C,,H,,IO,PW 53 (h~-C,H,)W(I)~p(OCH;),l(CO), CDCI, 

C ,,H ,,O,PW 53a (h5-C,H,)WI P(OCH;),](H”)- C DCI, 
(CO), 

C6H6 

C,,H,,O,PW 54 (hs-C,H,)WIP(OCH,),CEtI- CDCI, 
(H’XCO), 

(CO), 
C,,H,,O,PW 55 (h5-C,H,)WIP(OC,H,),I(H’)- CDCI, 

C,6H,,Au0,PW 56 (hs-C,H,)W(AuPPh,XCO), CDCI, 

H 
H“ 
H 
H“ 

H 

H’ 

H 

H‘ 

H 

H’ 

H 

H‘ 

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 
3.7od 

5.40s 
5.15d 
3.53d 
3.62d 

-7.85 sext. 

4.95 
3.29 

-1.70 

5.24s 
-8.28 

4.81s 
-8- 14 

5.38 

- 
J 2 . 0  
J 1 2 . 0  
- 

J 1-2 
J 12 

J 1-2 
J ~ H ,  12 

J P H ”  66 
JwH..46 

113 ] cis-isomer at -27O 
100 MHz 
trans-isomer at -27O I13 1 100MHz 

100 MHz 121 
2 

100 MHz 
> 

121 0 
z 
0 
P 
Q 

100 MHz 121 > : 
60 and 100 MHz 121 g 

n 
P 

100 MHz 

r 
216 0 

1025 $? 
2 
in 

119 

I19 100 MHz 

ui 



T A B L E I V - C O ~ ~ .  
- 
J 

Formula No. Compound Solvent b (ppm) 

Coupling 
constant 

(Hz) 

C ,  ,H ,,GeO,W 6 1 (h5-C,H,)W[Ge(CH;),1(CO), CDCI, H 5 - 3 3  
H’ 0.62 

C6H6 H 

C,,H,,,GeO,W 62 (h5-C,H,)W(GeCH;CH;),(CO), - H 

C6H6 H 

C,,H,,GeO,W 63 (h’-C,H,)WIGe(C,H;),I(CO), CDCI, H 

C8H601W 64 (h’-C,H,)W(H’XCO), C6H6 H 

H‘ 

H‘ 

H‘ 

H’ 

H’ 
Hexane H 

H‘ 
CDCI, H’ 

5 . 3  
0 . 6 3  

5 .37  
1.14 

4 . 6 3  
1 16 

5.36 
7.45 

- 4 . 5 9  
-7.16 

5.35 
-7.33 
-7 30 

Refer- 
Remarks ences 

- 131 

131 ’FI 
4 

E 131 ’ 

- 40 MHz 
- 

J(183W-H’) 37.5  - 
220 MHz 

120 
M 

J- 

135 3 
? 

120 5 
5! 
J- 

65 8 

216 

66 

67 
2 19 



CDCI, 

65 (h5-C,H,)W(CO),HgCo(CO), CDCI, 

66 (h’-C,H,)W(CO),MgBr .THF C6H6 

67 I(hs-C,H,)W(NH;~CO),l~ C6HSN0Z 

68 I(h’-C,H,)W(NZH;XCO),l- C,H,NO* 

H’ 

H 

H 

H 
H‘ 

H 
H’ 

-1.3 

5.65 

4.56s 

5.76 
1.56 

5 . 9  
3.48 
3.28 

J(’*3W-H’) 36 7 T -70’ 220 
J(i3CO-cis H’) 

J(”CO-trans H‘) 

The structure deduced is that with 
the hydrogen atom and the 
carbon atoms of  the carbonyl 
groups lying at the corners of a 
square. The molecule is fluxional 
and undergoes rapid intra- 

18.5 

5.5 z 
5 

and carbonyl positions. The 2 
U molecular interchange of hydride > 

barrier to interconversion for .O 
most hydrides is sufficiently low z 

: 
$ 
5 

(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 ( I  7-20 z 
kcal for molybdenum deriva- z 

a 
?4 

> 

> 
r 
0 > 

0 

.c 
r 

- 40 and 60  MHz 136 8 

- THF gives signals at b 4 OOt and 120 

tives) and halides (>22 kcal) 

CA 
1.42 

- Isolated as the tetraphenylborate 137 

- Isolated as  the tetraphenylborate 137 



- T A B L E  IV-cont. 2 
Coupling 
constant Refer- 

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

65 - - C,,H,,O,PbW 69 (h'-C,H,)W[Pb(C,H;),~(CO), CDCI, H 5.43 

C,H,NO,SW 70 (h5-C,H,)W(SCN)(CO), CDCI, H 5.79s 

H' 7.5m - 
.er 

13' 3 - - 

- - C,H,O,SiW 71 (h'-C,H,)W(SiH;)(CO), Et,O H 5.50s 

C I I H 140,Si W 72 (h'-C, H ,)W I Si(CH ;), I(CO), H 5.44 

H' 3.82s - 

- - 
H' 0.14  - 

H' 0 .09  - 

- - CDCI, H 5.38 

C,,H,,F,O,- 73 (hs-C,H,)WISn(CH~,CF,](CO), CHCI, H 0 . 4  J(Il7Sn-H) 48 60 and 100 MHz 

F 47.5 J("'Sn-F) 210 CFCI, reference 
Sn W J(l19Sn-H) 50 

J(lI9Sn-F) 220 

60 and 100 MHz C,,H,,@,SnW 74 (hs-C,H,)WISn(CH;),~(CO), CHCI, H 5.47 - 
H' 0.60m J(Il7Sn-H') 46.4 

J(''C-H') 129 
- - CDCI, H 5.33 

C,,H,,O,SnW 75 (h'-C,H,)W[Sn(C,H;),(CO), CDCI, H 5.39 

H' 0.45 - 

- - 
H' 7,42111 - 

- - 14HIOCIZ- 76 (h'-C,H,)W(Sn(CI),C,H,l(CO), - H 5.52 
0,SnW 

68 
x 

139 8 3 

63 
0 
b 

8 
65 

146 $ 
0 

64 
63 

65 

948 



C8H5Br,0,- 77 
Sn W 

C,H,CI,O,SnW 78 

C,H,I,O,SnW 79 

C,,H,,MnO,- 80 
Sn W 

I jH  I6OJw 81 

C,,Hl,03PW 82 

C26H19BF3- 83 

ICZ6H2,,0,PWI+ 84 
0,PW 

(hs-C5H,)W(SnBr,XCO), - H 5.81 

(h5-C5H,)W(SnCI,)(CO), - H 5.98 

- H 5.76 

CCI, H 5.41  
H' 0.82 

cs, H 2.20s 

CHCI, H 5.49 

H' -6.85s 

5.22 
H' -7.85 

CH,CI,/ n.m. 
Et,OBF, 

CFICOIH H 6.00 
5.73 

H' -7.85 
H" -7.15 

- - 

- 100 MHz 
J(SnH') 37.3 

- T 37O 
- 

- 
J 2.5 
- 
Jw,..36 

(6) HEXA HAPTO LIGANDS 
H 5.23 - T 37O 

9 6'3 85 (h6-C,H6)W(CO), CS, 
C10H803W 86 (h6-C6H,CH;)W(CO), CS, H 5.2comp. - T 370 

H' 2.38s - 

948 

943 
142 

948 

140 
5 
5 > 
z 
0 

66 6 
> 
3 
(7 

F 

214 

66 5 

iii 
66 0 

0 z 
2 
CI 

214 

214 
5 
E w 

H 5.23s - T 37O 214 
H' 2.31s - 

5.56 - T 33" 147 
5.45 - 1009 

CIIHIOOJW 87 (h"l,4-C6H,(CH;),lW(CO), CS, 

CDCI, H 

c. 
4 
\o 

H' 2.31 - 
___ 



T A B L E  IV-cont. c. 

00 
~~ ~~ ~ ~~ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

88 I hL- 1,3,5 -C6 H,(C Hi), 1 W(CO), 

90 {h6-C,H4-l(CH;)4[N(CHf;),]}- 
W(CO), 

cs2 

CH,CI, 

CH,CI, 

CDCI, 

CDCI, 

CDCI, 

H 4.90s 
H' 2.41s 

"CH 90.9 
I T C H 3  111.1 
"CHI 20.9 
''CO 212.6 .6 

"CH 97.3 

"CH, 18.9 
I3CO 213.7 

"CCH, 107.9 

H-2 5.68 
H-l 5.16 
H' 2.23 
H" 2.81 

H-2 5.24 
H-3 5.55 
H' 2.42 
H" 0.23 

H-2 5.10 
H-3 5.66 
H' 2.88 
HI' 0.23 

T 31' 214 
'FI 

3 Relative to TMS at 22.62 MHz. 148 
Corresponding chemical shifts 1009 2 

r: 
21.4and 181.5resp. 
of free ligand are: 127.6, 138.6, 

$ 
Relative to TMS at 22.62 MHz. 148 r 

5r z 

J * = J + J '  147 CJ 
? 
3 
0 

T 33O 

Corresponding chemical shifts of 0 

5 
free ligand are: 13 1.6, 134.4, 
19.2 and 181.5 resp. 

J t  = J A  + J ,  

T 33' 147 0 E 
J * ,  J t  (see above) 

T 33' 
J * ,  J t  (see above) 

147 



ICl,H,03WIt 93 I(hL-C8H9)W(CO)31' 

Cl,HRO,W 95 (hL-C,H,)W(CO), 

cs2 n.a. 

CH,CI, I3CH 

"CH, 
' T O  

H 
H' 
H" 
H"' 

- 

C6H5Br *H 
*H' 
*H" 
*H"' 

(7) HEPTAHAPTO LIGANDS 

C,H,IO,W 96 (h7-C,H,)W(I)(C0)2 CHCI, H 

- C,H8 = cycloheptatriene 214 0 

5 

E 
$ 
5 

Olefinic signals at 6 6.13dd (J  5 ,  

0 z 
2), 4.88 comp., 3.6 comp., and 
CH2 at-3.6. T 32O 22.62 MHz. 

52.3 - Corresponding chemical shifts 148 
- 94.2 for the free ligand are: 121 '3, ' *  

101.7 - 

21 1.6 - 
28.7 - 127.3,131.3,28.7 and 181.5 

5.32s - T 5O. Structure: 222 $ 
4.31d J 1 0  
5.52d J 10 
6.24bs - 

5.3bs 
4.53bd J11 
5.5bd J11 
6.16bs - 

- 

WN(CO), 
214 

*Reviewers assignment 

T 37O 5.37s - 
L 

214 



T A B L E  IV-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ewes 

C,,H,,NO,W 97 

C,,H,,O,PW 98 

C ,,HI ,O,PW 99 

(8) MIXED LIGANDS 
(a) Monohapto/pentahapto derivatives 

(h'-C,H,)W[C(C,H;)-OCH'$- (CD,),CO H 
(NWCO) H' 

H" 

(h'-C,H,)W(CH;)IP(C,H;),I- CDCI, H 
(CO), H' 

H" 

(h'-C,H,)W(CH;)IP(OCH';),I- CDCI, H 

H' 
H" 

(CO), 

5.54s 
7.23m 
4.36s 

4.73d 
0.58d 
7.41m 

5.30s 
5.14d 
0.41d 
3.6Od 
3.53d 

5.43s 
1.61s 

13.63s 
13.21s 

5.18s 
4.19q 
1.33t 

10.33s 

- 

- 

60 and 100 MHz 

60 

161 

121 

100 MHz I73 

lsolated as the tetra-n-butyl 173 
ammonium salt 



C,,H,,N,O,W 102 

C,,H,,N,O,W 104 (h'-C,H,)W-N 
lo)N-CH1v 

f-7 
H"'0 C 0,C H ;C H'; 

(h"-C,H,)W-NH"' (CO), 
lo)-CHIV 

F-7 
H"'O C0,CH;CH'; 

H 
H' 
H" 
H"' 

- 

H 
H' 
H" 
H"' 

- 

- H 
H' 
H" 
H"' 
H'V 

H 
H' 
H" 
H"' 

- 

H 'V 

CI,H,,O,PW 106 (h'-C,H,)W(COCH;MPEt,XCO), CCI, 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 

5 .17  
2-42 

5.20s 
7-34m 

173 

z 
5 

Isolated as the hexalluoro- 173 
-1 

0 z 

phosphate > 

B 
? 
t 

r: 
173 

$ 

5 
0 > 

0 
Isolated as the hexafluoro- 173 5 

phosphate r 

c1 
168 

193 



L 

00 
P 

TABLE IV-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 

C32H20F503PW 

C,H,DOIW 

108 

109 

H 
H' 

n.m. 
n.m. 

n.m. 

H 
H' 
I3CH 
I3CH, 
13co 

5.13d 
7.40m 

110 4.71 
0.56 

+92.4  
-28.9 

+239.2 
+217.8 

5.37s 
3.25t 

5.35s 
1.84b 
1.57b 
3.35t 

5 .-54 
3.86 

5.53s 
4.15s 

60 and 100 MHz 

3 

L 
32 n 

cn cis-isomer 
trans-isomer > z 

U 
189 p (hs-CsH,)W(CH,CH2CH;Br)- CS, 

(CO), 

Br)(CO), 
(hs-C5Hs)W(CH;CH;CH;CH;'- CS2 

H 
H' 

H 
H' 

1 1 1  

I12 

- 
J 7  5 

5 
189 g 

0 

H" 

H 
H 

H 
H' 

H 

C,H,BrO,W 

C,H,CIO,W 

12H1003W 

113 

114 

1 I5 

(h5-CsHs)W(CH;BrXCO), cs, I95 

195 

944 

(hs-C5Hs)W(CH;CIXCO), CS, 

(hs-CsH~)W(CH~C~CCHJ(CO), CS2 1.9-1.7dt - 



1 I6 (h’-C,H JW(C H z G C  C6H ’)- 
(CO), 

117 (h’-C,H,)W(CO)~(CH;CO,H) 

1 18 (h’-C,H,)W(CO),(CH;CONH‘i) 

120 ( h J - ~ , ~ , ) ~ ( ~ ~ ! = ~ ~ ” C O ~ , -  
H;”)(CO), 

12 1 ( h s - ~ , ~ , ) ~ ( ~ ~ ~ ~ ~ ” ~ ~ ~ , -  
H;”-p-Br)(CO), 

CSZ 

CDCl, 

CDCl, 

cs2 

CDCl, 

CDCI, 

CDCI, 

cs2 

H 

H 
H‘ 

H 
H’ 
H“ 

H 
H‘ 
H” 

H 
H‘ 
H“ 
H“‘ 

H 
H’ 
H” 
Hii::rho 
HKm 

H 
H‘ 
H“ 
H“‘ 

H 
H’ 
H; 
H i  
H:, 

2.18 

5.20s 
1.92s 

5. .25~ 
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 
7.85 
7.67 

5-60s 
2.99s 
7.07111 
2.27s 

5.49s 
2.91s 
7.39t 
6.89t 
8.29d 

Hexamethyldisilaxane reference 

Hexamethyldisiloxane reference 

944 

I96 

196 s 
0 > 
-1 195 > 
0 z 

223 p $ 

f 
3 
$ 

223 
> 

0 

r 

183 8 
r 

rn 

5 

B 
B 
v1 

177 

c 



TABLE I V-cont. c 
00 

Coupling 
constant Refer- 

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

124 (h’-C,H,)W(y-CH; .C5H’;N)- CS, 
(CO), 

125 (h’-2-CH;C,H’;SXhS-C,H,)W- CDCI, 
(CO), 

126 (h’-3-CH;C4H;S)(h’-C~H,)W- CDCI, 
(CO), 

127 (h’-C,H,)W(h’-C,H;XCO)j - 

128 (hs-CsH~)W(h’-C6F,XCO)~ TH F 

129 (h’-C,H,)W[h’-3,4-C,F,(CN),I- THF 
(CO), 

H 
H’ 
H“ 

H 
H‘ 
H“ 

H 
H‘ 
H“ 

H 
H’ 

Fortho 
Fmeta 
Fpara 

F-2 
F-5 

F-6 

5.33s - 
2.76s - 
6.99 
8.29 
5.29s - 
3.18s - 
6.93,6,86, - 

- 
- 

6.80,6.77, 
6.71 

5.20s - 
2.95s 

-7.1,6,95d, 
6.75 

5.38 - 
6.84 
7.18 
6.47 - 

- 
- 

96.7 - 
163.5 - 
159.0 J 19.5 

62.0 J 2 . 3  12.3 
134.7 JS.6 26.0 
78.4 J2.6 4.35 

- 192 

2-CH,C,H,S = 184 

O C H 2  
t 

3-CH2C4H3S = CH, 184 

IHz 

56.4 and 94.1 MHz 

206 

224 

224 



C,,H,F,NOIW 130 (hs-CsHs)W(4-h'-CsF4N)(CO), 

C12H,F,04W 13 1 (hs-C,H,)W(COC,F,XCO), 

C,SH,FsO,W 132 (hs-C,H~)W(COC6FsXCO), 

(b) Dihaptolpenrahapto derivatives 
C9Hlo02SW 134 (hS-CsHs)W(CH+S.CH'$ 

(CO), 

(c) Trihaptolpentahapto derivatives 
C,,H,,N02W 135 (hS-C,H,)WIh3*-C(pC,H,- 

CHI)2N=C(p-C,H4CH;)21- 
(CO), 

THF F-2 
F-3 

CHCI, H 
C6H6 "C 

CDCI, H 
THF F m h o  

Fmaa 

F p r a  

H - 

cs2 H 
H' 

H" 

H 
H' 

H 
H' 

H 
H' 
H 
H' 

98.1 
104.4 

5.65 

98.7d 

5.64s 

141.8 
164.0 
157.4 

-0.54 

5.29 
2.64 J 6 . 0  
2.05 
2.04 

2.54, 2.30, T 0' 
4 ' 5 7  2.22,2.09 I 
4.60 ) T  10' 

2.29 IT7" 
2.51,2,20 

4.68 

*u-T bonding 

56.4 and 94.1 MHz 224 

95 - 

High field from CS2 25.14 MHz 
- 

56.4 and 94.1 MHz 

z 
193 5 
224 

> 
0 

Isolated as the tetramethyl- 203 
ammonium salt 0 

E : 
Hexamethyldisiloxane reference I85 5 

cl 
-&. 

F 

1026 5 
r 
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C,H,CI,O,W, 140 (h'-CH,CH'CHJW,(CO),(CI)~ C6F6 

(b)  Pentahaplo derivafives 
C,,H,,W,O, 141 (h'-C,H,),W(H'),[W(CO),J - 

Cz4HIoAI,- 143 {(hs-C,H,)WIAI(CH;CH;),l- C,H,CD, 
06w2 (CO),I, 

C,,HlOHgO6W, 144 I(h'-C,H,)W(CO)J,Hg CDCI, 

C,,H,,,N,O,W, 145 {(h5-C,H,)W[N=C(C,H;),\- CHCI, 
(CO)}, 

C,,H,,CI,O,- 146 I(h5-C,H,)W(CO),l~SnC12) - 
SnW, 

SnW, 

SnW, 

C,6HloBr,0,- 141 I(h5-C,H,)W(CO),l,(SnBr,) - 

Cl6HI,,1,O6- 148 I(h'-C,H,)W(CO),l,(SnI,) - 

H syn 

Hami 
H' 
H" 
H "' 

H syn 

H onri 
H' 

H 
H' 

H 
H' 

H 
H' 
H" 

H 

H 
H' 

H 

H 

H 

2.92s - Bridging C1 ligands 86 
1.18s - Isolated as the (CH;"CH';),N+ salt 
2.33s - 
3.58q - 
1.42q - 

z 
3.41d J I  - 213 5 

0 
1.50d J 9  
3. l m  - 

> 5 

4 .90  - 
-12t0-18 - 

5.12 - 
-0.11 - 

' 5 . 1  - 
1.19t - 
0.14q - 

- 5.54 

5.36s - 
1.3% - 

5.83 - 

5.18 - 

0 
212 

8 
Bridging (CH,hAI ligands 218 

';I 
Bridging CO and Al Et, ligands, 218 5 

$ V U :  

W-CO-AI 

AI-CO-W 
I I 

40 and 60 MHz 

trans-isomer 

- 

- 

n > 

6 
136 

2 
1 1 1  

0 

5 
948 
943 x E 
948 
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C,,H,,BN,- 157 W[HB(3,5-Me2Pz),I(HXCO), 
03w 

C,,H,,06SeW 162 W[se(C,H,)CH'(CH;)OCH;"] 
(CO), 

CH2CI, H 

CDCI, H 
H' 
H" 
H"' 

THF H 
H 
H 

-2.4 

3.05s 
2.87s 

0.40 

7.9 
7.75 
8.58 

5.0-6.0 

7.40111 
5.12q 
1.57d 
3.52s 

-12.52 
-12.60 
-12.58 

T 37O 

- 

60 and 100 MHz 

TMS external reference 
*o-bond 

214 z 
5 
5 

79 0 

202 > 
0 z 

75 

80 

n > 
Borohydride salt 915 
Tetramethylammonium salt 

J,,CH 4.3, 3.5 Sodium Salt 199 
J(")W-H) 42.1 



TABLE V 
Manganese complexes 

L 

W 
h) 

~ ~ ~ ~ ~ ~ ~~~~~~ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

(1) MONOHAPTO LIGANDS 
(a) Monocarbonyl derivatives 

C,,H3,Mn0,1P, 1 Mn(CH,)[P(OCH;),I,(CO) - H -0.60 quint. - 
H! 3.55bs - 

k) Tricarbonyl derivatives 
CI~H, ,M~O,PZ 4 Mn(CH,)[P(CH;L'H;),l,(CO), C,H, H 

H' 
H" 

THF H 

-0 .5ot  J 7  
1.53 comp. - 
1.02 comp. - 
-0Wt 5 7  

4 . 7 2 t  J 7.8 
1.37d J 7.4 

-0.921 J 7 . 8  
7.35 - 

- 

trans-isomer 

6 
0 

970 E 
0 
-1 

n 

v, 
970 2 

* 
815 $ 

? 
S 
0 

816 5 
0 

P 

816 



CH,CI, 

THF 

CH,CI, 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H 
H" 
H 
H' 
H" 
H 
H' 
H '1 

H 
H' 
H" 

H 
H' 

H 
H' 

H 
H' 

H 

-0.65t 
I .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 
I .87d 
7.31 

0.38s - 7.3 
-2 

0.007 
3.27 

4 . 8 5  
2.23 

2.73s 
4.60 

2.34s 

J 7.8  
J 7.3  
- 

J 7.8 
J 7.2 
- 

J 7.4 - 
J 6 . 8  
J 7 . 4  
- 

J 7.5 
J 7.0 
- 

J 7.4 
J 7.4 
- 

- 100 MHz 
- 
- 

w 



T A B L E  V-cont. 

Coupling 
constant Refer- 

Compound Solvent 6 (ppm) (Hz) Remarks ences Formula No. 

C I$2,Mn0,P, 12 Mn(CH ,)I P(OCH;), I,(CO), C6H6 

THF 
cs2 

C,,H,,MnO,P 16 [hl-C(CO,CH;)=CHCO,CH;l- CCI, 

C,,H,,MnO,P, 18 (h1-C6H,)Mn[P(OCH&CCH,- CH,CI 
CH,lACO)i 

H 
H’ 
H 
H 
H’ 

H 
H 
H’ 
H 
H‘ 
F 

6 A  
6 B  
6X 

H 
H’ 
H” 

H 
H 

H 

H‘ 

-0.05t J 7.5 - 
3.45 J 10.8 
-0.5ot J 7.6 
-0.6Ot J 7.6 
3.58 J 10.9 

0.48t J 8.0 - 

-0.13t J 8.0 
7.20 - 
- 0 . a  J8.0  
7.04 - 

816 

816 

191 - Relative to C,H,F + I  .74 

2.46 Jp“6.8 CHCH; from an ABX system 8 17 
2.84 J H ’ H , ~ ~ .  1 
3.85 

6.19d J 4  The CO of the C0,Me group 818 
3.59~, 3.42s - 
7.46m - 

vicinal to the Mn(CO), group is 
coordinated to the metal 

1.73t 5 2  - 
1.73t 5 4  - 

819 
8 20 

7,55,6,85 trans-isomer 815 
(ratio 2 : 3) 
4.16t J p ~ ~ 4 . 7 ~  absorptions of the triplet 

* Separation of two outside 

JPP 110 ? 4 0 t  t Calculated 

- 
W 
P 

* 
Z 
CJ 

? 
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c. T A B L E  V-cont. \o 
Q\ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) ( H 4  Remarks ences 
___ 

C,,H2,Mn0,P, 28 Mn(COCH,)lP(C6H;),CH.~1, 
(CO), 

C2,H2,Mn0,P, 29 Mn(COCH,)~P(C,H,),H'~~CO), 

C6H6 

CH,CI, 
THF 

C6H6 

CH,CI, 

THF 

C6H6 

CH,CI, 

cs2 

TH F 

C6H6 

cs2 

H 
H' 
H' 
H" 
H 
H' 
H' 
H" 
H" 

H 
H' 
H 
H' 
H" 
H 
H' 
H" 
H" 

H 
H' 

H 
H' 

2.69  
1.25 

1.42 

7.46 

2 .10  
1.47d 

1.73d 
7.40 

7.44 

2.05 
I .92d 
1.77 
2.04d 
7.42 

1.52 
I .95d 
7.35 
7 .42  

2 .52  
6.14d 
2 .32  
5.85d 

816 
.cr 
a 
z 

CH,CO cis to both 
P ligands 

n 

CH,CO trans to one 
P ligand 

0 
5 
rn 

CH,CO frans to one P ligand, and 8 16 > 
2: 
U 

? 
cis to the other P ligand 

0 E 

816 

CH,CO cis to both P ligands 



THF 

C6H6 

CS, 
THF 

C,,H,,MnO,,P, 31 Mn(COCH,)~P(OCH;),CCH';l,- CH,CI, 
(CO), 

C,,H,,MnO,,P, 32 Mn(COCH,)[P(OCH;),CCH';- CDCI, 
CH;"I,(CO), 

C,, H3,Mn0 ,,,P, 3 3 Mn(COCH,)[ P(OC,H;), I,(CO), C,H, 
CS, 

THF 

C,,H,,MnO,,P, 34 Mn[P(OCH;),1,[C0CH(CH3),l- CCI, 

C,,H,,MnO,,P, 35 (hl-COC,H,)Mn[P(OCH;)3- CH,CI, 

(co) ,  

CCH,CH,I,(CO)3 

H 
H' 
H 
H' 
H 
H 
H 
H 

H 
H' 
H" 

H 
H' 
H" 
H "' 
H 
H 
H' 
H 
H' 

H 
H' 

H 
H' 

H 
H' 

CH,CO frans to one P ligand and 8 16 
cis to the other 

- 
J 10.9 
- 

CH,CO cis to both P ligands 

i 2.82 
3.47 
2.30 
3.63 
2.35 
2.78 - 

2.35 
2.38 

- 
- 

2.48 - CH,CO cis to both P ligands 816 
4.27 5 4 . 7  822 
7.84 - 

2.43s - CHJO cis to both P ligands 823 

I.20q J 7  60 and 100 MHz 
0.81t J 7  

3.02 - CH,CO frans to one P ligand 816 

4.17bd J p ~ * 1 . 0  

- 2.35 
7.05 
2.55 
7.17 
0.82d J 7  - 824 
I.28d J 7  

trans-isomer 815 
Separation of two outside 
absorptions of the triplet 

t Calculated 

7.12 
4.72t Jp", 4.6. 

- 
- 
- 

Jpp 70 f 20t  1 - 

7.32 
4.25t 

J p p  5 ? 2 t  

z 
5 

0 z 



c 
\o 
00 

T A B L E  V-cont. 

Formula No. Compound Solvent 
- - . - - . .. . - -. - -- - .  

C,,H2,FMn0,P, 36 Mn(m-COC,H,FXPPh,CH,CH,- CH2C1, 
PPh,XCO), 

C,,H,,FMnO,P, 37 Mn(p-COC,H4FXPPh2CH,CH2- CH,CI, 
PPh&CO)j 

(d) Tetracarbonyl derivatives 

C,,H,,AsMnO, 38 Mn(CH,)IAs(C6H;)31(CO), C6H6 

THF 

CllH,,Mn04P 39 Mn(CH,)[P(CH;CH,),I(CO), C,H, 

THF 

~~~ 

Coupling 
constant Refer- 

6 (ppm) (Hz) Remarks ences 
. . - _____.__ 

'cr 
F +1 26 - Relative to C,H,F 191 g 

Relative to C,H,F F -0 .36  - 

H -0.03 - 
H - 0 . 3 3  - 
H' 7.48 - 
H -0.45 - 
H' 7.37 - 

cis-isomer 

H -0.25 5 7 . 6  cis-isomer 
H' 1.4comp. - 
H -0 .47  J 7 . 6  

H -0.31 J 8 .9  cis-isomer 
H' 1.16 J 8 . 4  

H -0.53 J 8 . 7  
H" 7.45 - 

E 
0 

191 

j 
0 

825 $ 

? 
3 
0 
2 

825 $ 

825 



43 Mn(CH,)[P(C,H;),l(CO), 

C,,H2,MnN,04P 44 Mn(CH,){P[N(CH;)2~,}(CO)4 

C,H,,MnO,P 45 Mn(CH,)IP(OCH;),1(CO), 

C6H6 

THF 

C6H6 

cs2 

THF 

C6H6 

c s2 

THF 

CHCI, 

C6H6 

cs2 

THF 

H 
H' 

H 
H' 
H" 

H 
H' 
H 
H' 
H" 
H 
H' 
H" 

H 
H 
H' 
H 
H' 

H 
H' 

H 
H' 
H 
H' 

H 

- 

-0.05 
5.85 

4 . 3 2  
5.88 
7.50 

-0.25 
1.46 

-0.56 
1.86 
7.38 

-0.50 
1.96 
7.47 

-0 14 
-0.59 

7.33 
-0.50 

7.47 

-0.23 
2.7Od 

-0.03 
3.18 

-0.38 
3.66 

-0.33 

J 12.0 cis-isomer 
J 364 
- 
J 364 
- 

J 8.6 cis-isomer 
J 1.9 
J 8.6 
J 1.9 
- 
J 8.4 
J 8.0 
- 

J 7 . 6  cis-isomer 
J 7.6 
- 
J 7 . 6  
- 

J 1.7 - 
J 9.5 

J 8.4 cis-isomer 
J l l . 2  
5 8 . 4  
J I I . 2  
J 8.4 

825 

z 
825 

? 
4 > 
0 z 
0 
;a 

? 
$ 

$i 

825 5 
826 

n > 

3 

5 
E 
c, 

971 
n 
0 

825 r 



s TABLE V-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 OPm) (Hz) Remarks ences 

47 Mn(CH,)IP(OCH;),CCH'~- 
CH;'l(CO), 

49 Mn(CH,)I SMC6H;), I(CO), 

C6H6 

CS, 

THF 

CDCI, 

C6H6 

cs2 

THF 

C6H6 

CS, 

H" 0.81 

H 0.15 
H' 3.30 

H -0.38 
H' 4.25 
H" 7.17 

H -0.38 
H' 4.25 
H' 7.65 

H -0.33 
H' 4.26 
H" 1.20 
H"' 0.80 

H 0.22 

H -0.17 
H' 

H -0.10 
H' 7.25 

H -0.08 

H -0.36 
H' 7.37 

J8.6 - 
54.5 

J 8.6 
J4.5 
- 
J8.1 
54.5 
- 

- - 
Jp~'4.4 
J 7.0 
J 7.0 

J8.8 cis-isomer 

J 8.8 
- 
J8.8 
- 

&-isomer 

823 
.cr 

825 



THF H 
H' 

C2,H,,Mn0,P 50 Mn(CH,C=-CH')IP(C,H'~),](CO), CDCI, H 

H' 
H" 

Cz,H,,FJMnO,P 51 Mn(h'-C,F,XPPh&CO), (CH,),CO F 
F' 

F" 

F 
F' 
F" 

C2,H,,BrMn0,P 52 (Mn=C=CP(C,H,),I(Br)(CO), - H 

[P(C6H;"),](CO), H' 
C2,H,,Mn06P 53 Mn[C(CH,CO,CH;)=CH'$ CDCI, H 

H" 

H"' 

C2,H,,Mn0,P 54 MnIC(CH2C02CH;CH;)= CDCI, H 
CH;")[P(C,H,'V)31(CO), H' 

H" 
H"' 

H 'V 

-0 .33  
7.48 

0 .86  
0.78 
2.02t 
7.38 

41,8m* 
53,2m* 

20.om 

4 1.6rn* 
53.4~11. 
22.om* 

7.30 

4.72s 
2.02s 
5 , 8 4 ~ ,  
4.85s 
7.4om 

4.74s 
2.31q 
1.12t 
5 . 8 7 ~ ,  
4.87s 
7.41111 

cis-isomer 

C,F,= F;C- F 2  
F; C y C F  I ' i  

T 35O 
* Relative to CF,C02H 

rruns-isomer 

827 

z 
5 
0 

463 5 

n 
828 $ 

827 8 
5 
r 
0 
0 

5 
E 
r 

827 # 



T A B L E  V-cont. tQ E 

Formula No. Compound 
__  - 

C,,H,,CIMnO,P 55 MnIC(CH,CO,CH;CI)=CH';l- 
IP(C&")~l(CO), 

C,H,F3Mn0, 

C,H,F,MnO, 

C,H,MnO, 

C,H,MnO, 

I l H l  IMn06 

10H9Mn0, 

56 Mn[CH=C(CF,)CH'=Ol(CO)4 

58  MnlC(CH=O)=CH'C- 
(CH'$=o~(Co), 

59 MnlC(CH,OH')=CH"C 
(CH;")=Ol(CO), 

60 Mn[C(C(CH,),OH')=CH"C- 
(CH~')=Ol(CO), 

CDCI, 

- 

- 

CCI, 

CDCI, 

CDCI, 

CDCI, 

Coupling 
constant Refer- 

Solvent 6 (ppm) (Hz) Remarks ences 
.__ . 

H, H" 

H' 
H" 
H"' 

H 
H' 
F 

H 
H' 
F 

H 
H' 
H" 

H 
H' 
H" 
H"' 

H 
H' 
H" 
H"' 

n.a. 

4.90, 
4.83 

4.05s 
5.87s 

7.43q 
9.37s 

7.32q 
2.56s 

7.43111 

64.3d 

64.6d 

10.43s 
7.37s 
2.49s 

5.19s 
3.19 
7.35s 
2.43s 

1.64s 
2.13s 
7.13s 
2.13s 

60 and 100 MHz 

60 and 100 MHz 

- 

827 - 

Signals at 6 4 .3  and 2.39 827 



62 Mn[C(C,H,)=CH'C(CH'g=Ob 
(CO), 

63 Mn[C(CO,CH,)=CH'C- 
(CH;)=Ol(CO), 

64 Mn[C(CO,CH,)=C(CO,CH,~ 
C(CH;)=Ol(CO), 

65 Mn[C(CH=O)=CH'C- 
(C,H'$=Ol(CO), 

66 Mn[C(CH,OH')=CH"C. 
(C,H:l')=Ol(CO), 

67 Mn[C(C(CH,),OH')=CH"C- 
(C,HY')=O](CO), 

(CH,),CO 

CCI, 

CCI, 

CCI, 

CDCI, 

CDCI, 

CCI, 

CCI, 

H 
H' 
H" 

H 
H' 
H" 

H 

H" 

H 
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 - 

3.88~, - 
3.76s - 
2.68s - 

10.63s - 
8.43s - 
7.94m - 

5.27s - 
2.40 - 
7.27 - 
844-7.53m- 

1.70s - 
2.10 - 
7.27s - 
7.9 l-7.54m - 

8.0-7.9bs. - 
7.44s - 
1.69s - 

3.88s - 
obs. 
7.60- - 
7,40bs, 
8.10- - 
1.80bS 

- 

829 

829 

829 

829 

827 

827 

829 

829 



TABLE V-eont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) ( H 4  Remarks ences 

C,6H2$vlnO6P 70 (hl-CH=CHCO,CH;)Mn- CCI, H 8.50s, J p ~ 8  - 818 
P(C,H;),I(CO), 6.16q J p ~ 2  .er 

trans J H H ~ ~  .E 
H' 3.57s - 

T H" 7.36m - c) 
K 

C,,H,,MnO,P 7 I Ih'-C(CO,CH;)=CHCO,CH;1- CDCI, H 5.32d J 1 . 5  - 818 8 
3 Mn[P(C,H';),I(CO), H' 3 , 6 9 ~ ,  - 

B 
3.16s - 
7.38m - 

cis 

c) 
H" 

C,,H,MnO, 72 [h'-C(CO,CH;)=CHCO,CH$l- CCI, H 6.55s - The CO of the C0,Me group 8 18 
vicinal to the Mn(CO), group > z 

tl 

C,,H,MnO, 73 MnlC(CO,H)=C(CO,H)- (CH,),CO H 10.42s - - 829 ? 

C,,H,,MnO, 74 MnlC(CO,CH,)=C(CO,CH,)- CCI, H 3 ~ O S ,  - - 829 E! 
0 

Mn(CO),* H' 3 .89~ ,  - 
trans 3.81s is coordinated to the metal 

30 
z' 

- C(C 6H;)=0 I(CO), H' 7.57s 

C(C,H;)=Ol(CO), 3.67s - 
7.51s - H' 

C,,H,,AsFMnO, 75 Mn(hl-m-CH,C,H,FXAsPh,) CH,CI, F + 1.53 - Relative to C,H,F 191 

C,,H,,FMnO,P 76 Mn(h'-m-CH,C,H,FXPPh,)(CO), CH2CI, F + 1.65 - Relative to C,H,F 191 

C,,H,,MnO,P 77 Mn(hl-o-CH,CH,C,H,PPh,)- CDCI, H 2.95, - - 227 

(cold 

1.35 - (cob 



C,,H,,MnO,P 78 

C,,H,,MnO,P 79 

C,,H,,MnO,P 80 

C,,H ,,AsFMnO, 8 1 

C,,H,,AsFMnO, 82 

C,,H,,FMnO,P 83 

C,,H,,FMnO,P 84 

C,,H,,FMnO,P 85 

C,,H,,FMnO,P 86 

C,,H,,FMnO,P 87 

C,,H,,FMnO,P 88 

C,,H,,FMnO,P 89 

C 16H ,,FMnO,P 90 

C,,H,,FMnO,P 91 

C,,H,,FMnO,P 92 

Mn(hl-m-C,H,F)(AsPh,XCO), CH,CI, 

Mn(hl-pC,H,FXAsPh,XCO), CH,CI, 

Mn(hl-m-C,H,F)IP(n-Bu),l(CO), CH,CI, 

Mn(hl-p-C6H,F)Iqn-Bu),1(CO), CH,CI, 

Mn(h1-m-C,H,FXPPh,XC0), CH2C12 

Mn(hl-p-C,H,PXPPh,XCO), CH2C12 

Mn(hl-m-C,H,F)( P(OCH,),l(CO), CH,CI, 

Mn(hl-pC,H,F)lP(OCH,),l(CO), CH2C12 

Mn(hl-m-C,H,F)IP(OEt),](CO), CH,CI, 

Mn(h~-p-C,H,F)~P(OEt),l(CO), CH,CI, 

Mn(hl-m-C,H,F)[P(OPh),l(CO), CH,CI, 

H 
H' 

H 

H' 

H 

H' 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

3.4oq 
1.77d 

2 . 0 8 ~ ,  
1.90s 

-7.4rn 

7.58, 
6.98 
4.13 

+2.02 

+9.08 

+2.63 

+9.97 

+2.08 

i 9 . 2 6  

+2.49 

+9.48 

+2.86 

+9.78 

+2.32 

I 227 

830 - 

2 
P 
3 

cis-rruns mixture 815 

-I > 
0 z 
0 

* Separation between 3rd and 4th 
lines (and t separation between 
1st and 3rd lines) of quartet 

Relative to C,H,F 
jir 

191 g 
4 

Relative to C,H,F 191 3 
Relative to C,H,F 191 5 
Relative to C,H,F 191 5 

5 - Relative to C,H,F 191 Z 

Relative to C,H,F 191 5 
r 

- Relative to C,H,F 191 8 
Relative to C,H,F 191 $ 

m 
- Relative to C,H,F 191 $ 
- Relative to C,H,F 191 

- Relative to C,H,F 191 

B - 

- 

Mn(h~-p-C,H,F)[P(OPh),](CO), CH,CI, F +9.20 - Relative to C,H,F 191 g 



T A B L E  V-mnt. w 
8 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
___ .. - -- 

C2,H,,AsF5- 93 Mn( I-h'-C,F,)(AsPh,)(CO), 
MnO, 

C,,H,F,MnNO, 94 Mn(l-h1-C6F,)(NC5H5)(cO), 

C,,H,,AsMnO, 95 Mn(COCH,)IAs(C,H;),I(CO), 

lC,H,IMnO,l- 96 [Mn(COCH,)(I)(CO)41- 

F-1, F-5 162.4 
F-4 160.2 

(CH,)zCO F-2, F-, 106.5 

F-3, F_, 162.9 

F - 4  160.2 

C6H6 H 2.50  
THF H 2.40 

H' 7.45 
CSZ H 2.36 

H' 7.33 
C6H6 H 2.62 
THF H 2.59 

H' 7.45 
cs2 H 2.50 

H' 7.33 
- H 2.47 

H 2.67 

(CDACO H 2 . 7 9 ~ ,  
2.19s 

J2.4 f 0 .7 ,  Free ligand (C6F6) 6 I63 82 1 
J2.5 9.6, 
J2,6 8'5  

- cis-isomer 
- 
- 

pans-isomer 

cis-isomer 
trans-isomer 

820 

Mixture of cis and rram-isomers 83 1 



DMS-d6 

THF 

THF 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 
H' 
H" 

H 

H 
H' 

H 
H" 

H 
H" 

H 
H' 
H" 

2 . 7 0  - 
2.62 - 

2.67 - 
2.63 - 
2.70 - 
2.55 - 

2.73  - 
2.65 - 

2.63  - 
1.48comp. - 
0.70comp. - 
2 . 5 0  I 

2.47 
1.38 J 9.0 
2 .40  - 
7.45 - 

Isolated as Lithium salt 

- 

cis-isomer 

cis-isomer 

cis-isomer 

cis-isomer 

cis-isomer 

cis-isomer 

2.55 - ch-isomer 
6.35 J 385 
2.45 I 

7.42  - 

1015 

825 z 

0 
825 5 

> 
0 

5 

825 
% 
$ 

5 
825 z 

'? 

825 
0 > 
P 

z 
.e 
B 

8 
F 

825 

r 
rn 
X 

825 ' 
6.33  J 385 h, 

_. 3 



TABLE V-cont. I4 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) ( H 4  Remarks ences 

C,,H,,MnO,P 104 Mn(COCHl)IP(C6H;)2CH';l(CO)4 C6H6 H 2.40 - cis-isomer 825 
~ - - - - - - 

H" 1.78 J 8 . 4  
? THF H 2.28 - 

- .E 
H" 2 .13  5 8 . 8  3 
H' 7.47 

H 2.25 - 
H' 7.35 

0 
x 
5 

H" 2.02 J 8 . 6  g 
- 

cs2 

THF 

H 

H 
H' 

H 
H' 
H 
H 

H 
H' 

H 
H' 
H 
H 

55Mn 

2.42 

2.28 
7.43 

2.22 
7.33 
2.32 

2.68 

2.57 

cis-isomer 

7.43 ' - 1 trans-isomer 
2.49 
7.33 - 
2.63 - 
2.70s. - 
2.37s - 

1970 - 

825 ? 
826 0 

832 2 
> z 
0 

? 

cis- and trans-isomer 83 1 

Relative to aqueous KMnO,: 833 
14.858 MHz 



CP,,MnO,P 106 Mn(COCH,)~P(OCH;),I(CO), C6H6 

THF 
cs2 

C ,,HI ,MnO,P 107 Mn(C0C H,)[P(OC H&CC H ;I- CDCI, 
(CO), 

THF 

C,,H,,MnO,P 108 Mn(COCH,)[P(OCH;),CCH;- CDCI, 
CH;" I(CO), 

C,,H,,MnO,P 109 Mn(COCH,)[P(OC,H;),](CO), C,H, 
THF 

H 2.57  
H' 3.24 

H 2.45 

H 2.45 
H' 3.70  

H 2 .62  
H' 3.10 

H 2.47  
H' 3.60 

H 2.42s 
H' 4.15  
H" 0 . 8 2  

H 2 . 7 0  
H' 3 - 5 7  
H" -0.08 

H 2.43  
H' 4.25  
H" 0.90 

H 2.53s 
H' 4 . 3 0  
H" 1.20 
H"' -0.81 

H 2.58 
H 2.47  
H' 7 .23  

H 2.37  
H' 7.10  

- 
J 5 . 1  
- 

825 

cis-isomer 

trans-isomer 

cis-isomer 
100 MHz 

cis-isomer 
6 0  and 100 MHz 

cis-isomer 

0 
Z 

823 
921 Q 

> 

825 ' 
r 

B 
z 
5 
1 

h, 



T A B L E V-cont. 

Coupling 
constant Refer 

Formula No. Compound Solvent 6 ( P P 4  (Hz) Remarks ences 

C,,H,MnNO, 1 1 I Mn(n-COCH,C,H;NXCO), (CD,),CO 

CJ-ll,MnNO, 1 12 Mn[COCH,CH,N(CH;),I(CO), - 

C,H,MnO,S I14 Mn(COCH,CH,SCH;XCO), cs, 

H 
H 
H' 
H 
H' 
H 

H 
H: 
Hb 
H; 

H 
H' 

H 
H' 
H 
H' 

H 
H' 

2.47 - cis-isomer 
2.50 - 
7.45 - 
2.45 - 
7.35 - 
2.53 - 

4.0s - 
8.99d 5 7  
7.63 - 
8.05dt J 7 . 2  

cis-isomer 

- 

2.62comp. - - 
2.86s - 

7.36 - 

7.38 - 

cis-isomer 

trans-isomer 
4.31d J p ~ ' 5 . 0  

4.22d J p H -  4.5 

825 

8 20 

177 

177 

815 

5 2.4 - Reference hexamethyldisiloxane 185 
2.59 

197 

* z 
U 
? 

5 
U 

z 
0 

5 
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T A B L E  V-cont. 

coupliig 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 

C,,H ,,F,MnO,P I2 1 Mn( I-hl-C6F,)IP(OPh)31(CO)4 (CH3),C0 F-,, F., 100. I Jz,4 Q 0.7, 82 I 

~ -- - -. .. .~ 

Jz,, 9.5, J2.6 8.4 Y 

F-3, F-, 162.5 J2.3 29.3, 3 
3 

F-4 160.0 JPF , 1 4 ,  0 
JPF , 2.4 s 

B 
C,,HI,F,- I22 Mn( I -h'-C,F,)(SbPh,XCO), C6H6 F-2, F.6 98.1 JZ,4 G 0.7 821 g 

g 

Jz,, 9-57J2.68.5 > 

J3.4 19.5, J3., 3.4 

Mn0,Sb F-], F_, 162.3 - 
- 

0 
F. 4 160.0 

(CH,),CO F-Z, F.6 97.4 J2.1 Q 0.7, 821 $ 
z 
0 
? 

F.], F-, 162.1 52.3 29.5, 
J3.4 19.3, J3,, 3.2 

F-, 160.0 

5 
5 835 C,,H,,MnNO, 123 Mn(I-h'-C,H,CH-NC,H,XCO), - H 8.5-8.0 - - 

C,,H,MnN,O, 124 Mn( I-h'-C,H,N=NC,H;XCO), CS, H 7.20dd, - 100 MHz 176 0 
7.98dd, - 
8.ldd - 

- H' - 7.4 
( e )  Penracarbonyl derivatives 

C,H,DMnO, I25 Mn(CH,D)(CO), 949 



C,H,MnO, 126 TH F 'SMi 2265 Reference aq. KMnO, 
14.858 MHz 

- 

833 

CCI, H - 0 . 1 s  921 
836 

825 

*I015 

C6H6 H 
THF H 

- 0 . 2 3  

-0.16 
(-0.10)* 

-0. I I 
-0.12 

2130 
5.62d 

1970 

1 .23 t  

z 
5 
P CS, H 

CH,CI, H 

THF '-'Mn 
CCI, H 

CCI, H 
THF "Mn 

THF "Mn 
I9F 

C6F6 H 

C6F6 H 

F 

F 

H 
F 
F' 

H 
F 

- 

- 

liquid F 
F' 

816 

833 

- 

Reference aq. KMnO, 
- 
Reference aq. KMnO, 
- 

0 z 
C,H,FMnO, 127 

C6HF,Mn0, . 128 

C,F,MnO, 129 

C,HCI,F,MnO, 130 

C,HCI,F,MnO, I 3  1 

C,HF,MnO, I32 

- 

J 4 7 - 5  
0 
P 

9 
2 n 833 

837 

833 
838 

653 

- 

5 4 8 . 5  

n > 
P 
W 
0 

r 
3 

6 09 
105 2 

6 26 
47 2 

5 32 
59 8 

121 5 

3 Om 
53 3d 

+163 3 
+67 6 

653 
n 
0 
K 
s Reference hexamethyldisiloxane 839 

m 
E 
rA 

C,HF,MnO, 133 

C,F,MnO, 134 

. 

100 MHz 
94. I MHz 

455 
454 

954 

c! 
w 



TABLE V-cont. Y 
P 

Coupling 
constant 

(Hz) 
Refer- 
ences Solvent 6 ( P P d  Formula No. Compound 

__.___ 

C,CIF,MnO, 135 Mn(CF,CCl=CF;XCO), F 
F’ 

- 44.9 
89.0*, 
84.2t 

59.5111 

460 

840 

F’ cis to Cl 
7 F’ truns to CI a 

5 
C,,H,F,MnO, 136 Mn[CF2CF’=C(F’’)CF;”CHl1- 

(co),  
trans 

F - 

F’ 152.5m 

F” 166.4m 
cl 
L 
Ln F“‘ 

CDCI, H 
93.3rn 

2.78dd 234 

235 

C,HF,MnO, 137 Mn[CH(CF,)CF’=CF;I(CO)5 

F 
F’ 

57.0 
161.0 

F” 107. I*, 
F“ cis to F’ 

t F” trans to F‘ 
- 

119.3t 
1.36d 
2.21t 

1.36q 
1.82t 
1.3 
1.73 

C,H,MnO, 138 Mn(CH,C=CH’XCO), 

C,H,MnO, 139 Mn(CH,C-CH;XCO), 

C&MnO, 140 Mn(CH,wCH;XCO), 

CDCl, H 
H’ 

CDCl, H 
H’ 

H‘ 
cs, H 

163 
84 1 

163 

944 
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T A B L E  V-cont. 

Coupling 
constant Refer 

Formula No. Compound Solvent b (ppm) (Hz) Remarks ences 
- _____ ~ _ _ _  

-a 
C,,HF,MnO, 148 Mn(hl-C,HF,)(CO), CHCI, H 5 14d JFH 50 0 240 E 

n 
- 2: 

F I 121 7 
F , 119 I 
F , 138 
F , 156 5 
F , 189 2 JFH 50 0 

- 
- z 
- 

I F., 177 1 - 

C ,,H,F,MnO, 149 Mn(hl-C ,H,F,XCO), CHCI, F , 45 4 - C,H F - 469 
cn 
> 

I ‘ - C H , # ,  4 3 2 F  z CI 

F p 
- F., 41 4 Relative to CF,CO,H 5 

F., 72 4 - 3 
- CI F. ,  81 0 - 

F., 36 6 - > 

F 109 0 - 

C,HF,MnO, I50 Mn(hl-CF=CHF’XCO), - H 5.7dd J ~ ~ 2 5 . 0  cis-isomer 843 
J ~ ~ g 8 0 - 0  

F + 50.1 dd Relative to trifluoroacetic acid 
F’ + 142.2dd .IFF*- 2.4 

- H 5.57q - cis-isomer 844 
H 7-47q - frans-isomer 



CDCI, 

- 

CDCI, 

C,CIF,MnO, 152 Mnlh1-CF=C(CI)CF;I(C0), - 

C,HF,MnO, 154 Mn[h'-C(CHF,)=C(F')CF; I(CO), CDCI, 

H 
H 
H 

F 
F' 
F" 

F 
F' 
F" 
F 
F' 
F" 

F 
F' 

H 

F 

H 

F 
F' 
F" 

5.7 
8 .1  
8.  I 

131q 
6 5 - l q  
64. Idd 

95 
165 
6 1  
95 

I65 
6 1  

25.5 
59, 
60.3 

5.61, 
6.46 

60.1 

6 .8  

93.5111 
8 I .4m 
63-1111 

cis-isomer 
trans-isomer 
trans-isomer 

cis-isomer 
Relative to CC1,F external 

trans-isomer 

CF, cis to CHF, 

845 

843 

z 
5 415 

U > 
-I > 
0 z 

234 
> : 

: 

5 
-I 

460 $ 
0 > 

458 5 
i- 

0 
0 

5 
z 

235 

v1 



!2 
00 

T A B L E  V-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
-__ 

C,HF,MnO, 155 Mn[h’-CF=C(F‘)CF;CHF;”1- 
( co ) ,  

C,,H,F,MnO, 156 Mnlh’-CF=C(F‘)CF;CF;”CH,l- 
( co ) ,  

C,,H,F,GeMnO, 157 Mn[h’-CF~(F’)CF;CF;”Ge- 
(CH,),l(CO), 

CDCI, H 

F 

F’ 

F“ 
F”’ 

H - 

F 

F’ 

F“ 
F”’ 

CDCI, H 
F 

F’ 
F’ 
F”’ 

5.94 

97 .6  

160.21~1 

118.6m 
137.6111 

1.73111 

9 3 . 3  

153.5 

117.5111 
1 IO.3m 

0 . 4 2  
96 .  I 

154.1 
112.0 
151.9 

irans-isomer 

trans-isomer 

irans-isomer 

238 
235 7, 

.E 
r 
o 

: 
3 

840 o 
> 

> z 
U 

? 
K 
0 
0 > z 
0 

I 

v) 

238 



F 49.1, - trans-isomer 
- 

CI2H,F,MnO,Sn I58 Mn[h'-C(CF,)=C(CF,)Sn- CJ12 
(CH,),I(CO)s 50.9 

415 

C,F,MnO, 159 Mnlh'-CF=CF'.CF"=CF;")- CDCI, F 13 0 J F F ~  34. cis-coupling 238 
(CO), F' 51 I J p p *  16 t trans-coupling 239 
cis F" 158 0 JF*F,**  128f' 1 Geminal coupling 

J F , , F , * *  27* 
F"' 108 J F , , , F , , ,  76i F"' cis to F" 
F"' 1194 F"' frans to F" 

C,F,MnO, 161 Mn(h'-C,FJCO), 

C,CIF,MnO, I62 Mn(h'-C,CIF,)(CO), 

238 

F"' trans to F" 
F"' cis to F" 

F"' trans to F" 
F"' cis to F" 
F"' trans to F" 
F"' cis to F" 
F"' cis to F" 
F"' trans to F" 

- 232 
c s2 F F' 123-7 118.6 - C4F5= F*;;, 236 

F" 117.7 - 
f 

F" 

CH2CI, F 110.3 - C,CIF, = 846 
F' 115.2 

F' 
__ ___ ~ ___ 

z 
5 
D > 
-1 > 
0 
Z 



h) 

0 
TABLE V-cont. h) 

Coupling 
constant Refer- 

ences 6 (ppm) (Hz) Remarks Formula No. Compound Solvent 

C , ~ , M n O ,  164 Mn(hl-C,F7XCO), 

C,,HF,MnO, 165 Mn(hl-C,HF&(CO), 

Acetone F 43.4m - 

- F NMR 6 5 1 . m  (J 1.9), 415 
53.8 (J 17), 56.9q (J20), 847 p 
57.0 (J 17) ppm relative to 3 
CCI,F s 

0 
jr: 

Structure: 

3 

F' 41.6m - 
F" 52.6m - 
F"' 21.4m - 

v) 

F" 

? 
3 

Fttt F"' 

Relative to trifluoroacetic 
acid external T 35O 

F-, 116 JF,F; 258 
FL, 111 - 
F-, 207 JF.H 50 

T 34O 

E 
842 
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h 2  TABLE V-cont. h) 

Coupling 
constant Refer- 

ences 6 (ppm) (Hz) Remarks Formula No. Compound Solvent 

C,,F,MnO, 169 Mn(h'-C,F,XCO), 

C,H,MnO,S 170 Mn(CH,SCH;XCO), 

C,,H,MnO, 171 Mn(CH,C,H;XCO), 

C,,H,FMnO, I72 Mn(h'-m-CH,C,H,FXCO), 

C,H,MnO, 173 Mn(CH,CO,H)(CO), 

C,H,MnNO, 174 Mn(CH,CONH;XCO), 

C,,H,MnO,S 175 (hi-2-CH,C4H;S)Mn(CO), 

C,,H,MnO,S I76 (h'-3-CH,C4H;S)Mn(CO), 

CCI, 

so2 
CH,CI, 

CHCI, 

CHCI, 

CDCI, 

CDCI, 

F-2 
F-3 
F -4  

F-s 
F-6 

H 
H' 

H 
H' 
H 
H' 
H 

F 

H 

H 
H' 

H 
H' 

H 
H' 

97.7 - 
124.9 - 
143.5 - 
141.6 - 
96.4 - 

1.88 - 
2.18 

2.36s - 
7.01 - 
2.42 - 
7.16 - 
2.36 - 
0 .5  1 - 
1.30s - 
I . 2 3 ~  - 
5.23s - 

- 

2.65s - 
6.86,6.80, - 
6.72 

2.36s - 
-7-I,6,86d, - 

6.72 

Reference hexamethyldisiloxane 

T -37O 

232 
236 a 

5 

n 
$ 
P z 

112 0 

? 475 

196 8 
196 1 

0 

I84 

I84 



C10H,F,- 177 MnICF,CF,Ge(CH,),I(CO), 
GeMnO, 

C$ll,MnO,Si 178 Mn[CH,Si(CH;),I(CO), 

C,,H,MnO, I79 Mn(hI-C,H,XCO), 

C ,,H,MnO, I80 Mn(hl-p-C,H,CH;XCO), 

C,,H,CIMnO, 18 I Mn(h'-o-C,H,CI)(CO), 

C ,  ,H,CIMnO, 182 Mn(hl-m-C,H,C1)(CO), 

C,,H,CIMnO, 183 Mn(hl-p-C,H,CI)(CO), 

C,,H,FMnO, 184 Mn(h'-m-C,H,F)(CO), 

C, ,H,FMnO, 185 Mn(h1-4-C,H,FXCO), 

CDCI, H 
F 

CS,orTHF H 

H' 

CCI, H 

CCI, H 

CS, or H 

CCI, 

CHCI, F 

THF or 

CH,CI, F 

F 

CH,CI, F 
CHCI, F 
C6H12 F 

-0.78s - 
0 . 1 2  - 

7.10  - 

7.67- - 
6.97 comp. 

7.25, Jorrho 
6.85 - 
2.22  - 

7.53, - 
7.22 ,6 .96  - 

7.40, - 
6.90  - 

7.45, Jorrho 
7.04 - 

0 . 7 0  - 
0.50 - 

0.14 

7.63 - 

7.31 
7.25 - 

- 

- 

848 TMS external 
Low field from CF,CO,H 

t High field from CF,CO,H 

100 MHz 849 

815 

836 

7 . 2  - 242 

243 - 

- 243 

8 .5  - 242 
243 

High field from C,H,F 191 

To high field from C6H,F 191 

tl 

> 
0 z 

3 

cl > 
P 

t4 
t4 w 



T A B L E  V-cont. h, 
h, 
P 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 ( w m )  (Hz) Remarks ences 

C,IF,MnO, 186 Mn(h1-C6F,)(CO), C6H6 F_,,F6 103 5 J2.4 GO 7 To high field from CC13F using 821 

___- - 

.a 
s 

F-37F-5 161 3 J3.4 19 5 C6F6 as internal reference 
F, 157 5 - 

(CH,),CO F-2, F.6 102.5 J2.3 28. 1 
J ,  q 9.2 
Ji;: 8.3 

F-3, F_, 162.7 J3,4 19. 1 
J3.5  2.8 

F-4 158.7 

THF F_,,F_, 104.3 
F_,,F_, 161.2 
F-4 157.5 

THF F-2, F_, 103.1 
F.3, F-, 162.2 
F-4 158.7 

C,,F4MnN05 187 Mn(hi-4-C6F4CNXCO), CHCI, F-pF-6 58.0 
F-39F-5 23.4 

C,,F,MnN,O, 188 Mn[hi-3,4-C6F,(CN),l(CO), THF F-2 69 1 
F-5 135.4 
F-6 85.7 

32.6 12.6 
JZ,, 3.95 
JJ.6 26.43 

T 35O 

-. 
3: 
n x 

244 
5 
v) 

> z 
224 LJ 

? 
z 
0 

To high field from CF3COzH 246 
(external) 245 

T 35O 244 
925 

5 

C,,HF,MnO, 189 Mn(h1-4-C6F4C0,H)(CO), CHCI3 F_,,F_6 62.3 - To high field from CF,CO,H 245 

C14H5F,Mn0, 190 Mn(h1-4-C6F4C0,CH,CH3)(CO), CHCI, F-pF-6 63.2 - To high field from CF3C0,H 245 

F_, ,F_,  24.6 - 

F-3,F.S 25.1 - 



C,H,MnO, 191 Mn(COCH,)(CO), 

C,H,CIMnO, 

C,H,FMnO, 

C,HF,MnO, 

C,F,MnO, 

C ,H,MnO, 

C,H,CIMnO, 

C,H,MnO, 

CCI, H 2.58s 
CH,CI, H 2.57 
C6H6 H 2.24 
THF H 2.57 
CS, H 2.55 
THF "Mn 1895 

192 Mn(COCH,CI)(CO), (CD,),CO H 4.64s 
THF Mn 1855 

193 Mn(COCH,F)(CO)* CCI, H 4.20d 

THF 5JMn 2010 

194 Mn(COCHFJ(CO), CCI, H 4.85t 

CDCI, H 4.85t 
"Mn 1970 

195 Mn(COCF,)(CO), THF 55Mn 1850 

196 Mn(COCH,C H;XCO), (CDJ2CO H 2.98q 
Hi 0-91t 
s5Mn 1950 

197 Mn(COCH,CH,CIXCO), CCI, H N 3.40 

198 Mn(COCH,CH;CH;)(CO), CCI, H 2.85t 
H' 1.85-0.75 - 

Relative to aq. KMnO, 

836 
825 
816 

833 

836 
837 
833 

837 
836 
833 

837 
836 

833 

833 

836 

833 

836 
837 

836 



T A B L E  V-cont. N 
N 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
___ 

C4H,Mn06 

C10H9Mn06 

C,F,Mn06 

C,HF,MnO, 

199 Mn[COCH(CH;),I(CO), CCI, H 
H' 

(CD,),CO H 
H' 

THF s5Mn 

200 MnICOC(CH,),I(CO), CCI, H 

201 Mn(COCF=CF;)(CO), CDCI, F 
F' 
F' 
F 
F' 
F' 

- 

202 Mn[COCF=C(F')CHF;I(CO)s CDCI, H 

C,H,Mn06 203 Mn(COC,H,)(CO), 

F 

F' 
F" 

cs2 H 
H' 
H" 

3.05q 
1.02d 

3.24q 
I .00 

1885 

1 - 1 1 s  

141.6 
84-  I *  

127 .7t  

7 .4* 
5 1 . 0 t  

6 4 - 9  

6 . 4 0  

144.5 

170.9 
125.8 

2.46tt 
0 .68m 
1.01m 

J 6 . 5  - 
J 6 . 5  

Relative to CFCI, 
F' cis to F 

t F' irons to F 
Relative to CF,CO,H external 

t F' trans to F 

J F F -  I I 1  51 
J F F ~  4 0  6* I J ~ ' ~ t 9 2  5 

JFFp 92 5 

JHF" 5 1  8 
J H F ~  14 6 
JHF3 0 
J F F -  129 0 
J F p  2 0 F' irons to F 
J F , ~  18 6 

836 

a 
5 
z 

833 

836 5 
234 . 

- 

3 
F 

2 
n 

843 m 
> z 
0 

? 234 
235 0 

cr > 
z 
0 

929 



C,,H,MnO, 204 Mn(COCH,C,H;XCO), 

C,H,MnO, 205 Mn(COCOCH,XCO), 

C,,H,MnO, 206 Mn(COC,H,XCO), 

C,,H,MnO, 207 Mn(p-COC,H,CH;XCO), 

C ,,H,CIMnO, 208 Mn(o-COC,H,CI)(CO), 

C,,H,CIMnO, 209 Mn(m-COC,H,CIXCO), 

C,,H,CIMnO, 210 Mn(pCOC,H,CIXCO), 

C,,H,FMnO, 21 1 Mn(m-COC,H,FXCO), 

C,,H,FMnO, 212 MI~~-COC,H,FXCO)~ 

C,,H,MnO, 21 3 Mn@-COC,H,0CH;XCO)5 

C,,H,MnO, 214 Mn(COC7H7)(CO), 

(CD,),CO 

THF 

CbH6 

CH,CI, 
THF or 
cs2 

cs2 

CCI, 

THF or  

THF 

CCI, o r  
THF or 
cs2 
CH,CI, 

H 
H' 
5JMn 

H 

H 
H 

H 
H' 

H 

H 

H 

F 

4.24s  
7.23s 

2035 

1.63s 

1 .45  

7 .36  

1 . 1 9  
2 , 2 4  

1 . 2 5  

7 . 3 4  

7 , 3 1  

1.48 To low field from C,H,F 

- 

Low field from C,H,F 
- 

* Integral ratios I : 2 : 2 : 2 
respectively 

COC7H7 =cco 
~~ 

836 

833 

85 I 

815 

242 

24 2 

243 

243 

243 
242 

82 

191 

836 

191 

833 

836 

438 



h) 
h) 
00 

T A B L E  V-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,,F,MnNO, 2 15 Mn(4-h1-C5F4NXCO), CHCI, 

C,F,MnN,O, 2 16 Mn(4-h1-C4F,N2XCO), 

C,F,MnN,O, 2 17 Mn(2-h'-C3F2N,)(CO), 

C,H3Mn0, 2 18 Mn(h1-C4H,0,)(CO), 

C,,H,MnO, 2 19 Mn(hl-C,H,O,XCO), 

CHCI, 

CHCI, 

'eH6 

C6H6 

F- 3 

F-5 

F-6 

F 

H 
H' 

H 
H' 

53.1 J i . 5  16.9 
96.4 J5.6 31.0 

107.1 J3.6 3 1 .O 

41.8 - 

4.97t - 
2.03 - 

* High field from CF3C0,H 

t High field from CCI,F 
56.46 MHz 

5 6  

246 
197 

e 1 
197 

3 

z 0 

wl 

197 g 
? 

9 
5 
> 

852 3 

852 

\ / 0-co 



C,H,MnO,S 220 Mn(2-h1-C,H,SXCO), 

C,H,MnO,S 22 1 Mn(hl-C,H,O,SXCO), 

C,H,MnO,S 222 Mn(h'-C,H,O,SXCO), 

CDCI, H 7.7-6.8m - C,H,S = thiophene ligand 484 

CDCI, H 2.20 JHH' 2 C4H502S = C(CH,)-SO 163 
156 H' 5-13, JH'H 15 - + C  

5.52 \ 
CH;-0 

(2) MIXED TRANSITION METAL COMPLEXES WITH MONOHAPTO MANGANESE LIGANDS 

C,,H,Mn,O,, 223 { Mn[h'-C(CH,)-OCH;CH'$ H 3.13 - - 
(CO),l Mn(CO), H' 4.70 - 

H" 1.53 - 

- C,,H,MnMoO, 224 Mn{h'l(hJ-C,H,)Mo(hJ-C,H;)- C,H, H 4.33t, J 1 . 7  
(CO)l~(CO), 4.431 

H' 4.16s - 

C,,H,MnO,W 226 Mn{(hs-C,H,)W(hJ-C,H;)- 
(C 0) INC 01, 

H 3.88t, 5 2 . 0  - 
4.8Ot 

H' -14.7 - 
H" 4.03s - 

H 4-42t, J 1.8 - 
4.44t 

H' 4 17s - 

834 

853 

85 3 

853 

0 
2 

h) 
h) 
\o 



h, w 
0 

T A B L E  V-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
_ _  .. 

(3) DIHAPTO LIGANDS 

C,,H,,Mn,O,, 227 IMn(CO),],(CH;O,C~ CH=CH), (CH,),CO H 5.loq, - 
4.18q 

H' 3.46s 

Structure: r 818 

(4) TRIHAPTO LIGANDS 

C,,H,,MnO,P 230 (h'-CHj:CH'=CH,)Mn- cs2 H syn 

I P(CJ4'$3I(CO), H onri 
H' 
H" 

H > 
7.63bd - Isolated as the perchlorate 855 5 

> 
2.35,  J 5 . 5  Reference hexarnethyldisiloxane 185 8 
I .85 
2 .06  - 

40 MHz E! 

2.04dq - 
1.64dq - 
3.72111 - 
7.26m - 

929 



H 2 , 5 3 ~ ,  - 
2.33s - 

H' -. 7.4m - 

830 

232 (h'-CH,CH'.CH".CH"'- CDCI, 
COC H ')Mn( C 0). 

H 
H' 
H" 
H "' 
H I V  

H' and H"' anti to H" 856 z s 

0 z H 
H' 
H" 

H and D* anti to H' 857 
I 0 0  MHz 858 0 

P 
J 
c) 234 (/WHICH' CH" . CH"'- CDCI, 

COC,HIV)Mn(CO), 
H 
H' 
H" 
H"' 
H IV 

H 
H' 
H" 
H"' 
H I V  

HV 

- 856 

H" and H IV 

anti to H"' 
100 MHz 

857 235 (h3-CH,CH;CH'"CH"" CHV - CDCI, 
COC,HY)Mn(CO), 

236 (h3-2-CH2C4H3b)Mn(CO), CDCI, 184 vH4 2-CH2C4H,S = H, C,H,Mn04S 7.16d J 6  
- n.m. 

5.23 5 4  

1.92 J 6  
3.62d J 6  



N 
w 
N 

T A B L E  V-conr. 

coupling 
constant Refer- 

Formula No. Compound 
- __ - - _._l 

C&IH,MnO,S 237 (hJ-3-CH2C4HlS)Mn(CO), 

Solvent 6 (PPm) ( Hz) Remarks ences 
__- - _ _  - __ 

CDCl, H-, 
H-2 
H- 3 
H-4 
H- 5 

3-CH2C,HJS = H 5 n.m. - 
7.53dd J 5 . 2  
5.23s - 
3.39d 5 4  
I.66d J 4  

5.83s - Hexafluorophosphate salt 
7.58s - 

5.73 JPH 2.0 Hexafluorophosphate salt 
0.9-2.0m - 

5.88d JpH 1.2  Hexafluorophosphate 
1.3-2.2m - 

5.34d JpH 1.4 Hexafluorophosphate salt 
3.78d, - 
3.56d - 
7.35s - 

5.84d JpH 1.6 Hexafluorophosphate salt 
4.44,4.32, - 
4.20 - 
1.53, 1-42, - 
1 . 3 1  - 

184 
a 
3 
2 
0 

; 
2 

337 j 
859 g 

337 ? 
8 

337 'z 

j 

rA 

337 > 
z 
0 

9 

0 

337 



['MH16- 
MnN02P1 + 

243 {(h5-C5H,)MnIP(CH;),C,H~1- (CD,),CO 
(N0XCO)P 

H 5,69bs, 
(5.63). 
2.2od 
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 
7.7b 
3.2b 
1.01 

Isolated as PF; salt 860 
*lo1 

H' 
H" 

H 244 

245 

Isolated as the PF; di-salt 
100 MHz 

Isolated as the hexafluoro- 
phosphate 

5 z  
5 

859 
-I > 
0 z 

H 
H' 
H" 
H "' 

H 
H' 
H" 

H 

0 
859 ;a 

z 

859 2 
> 
r 

Y 
7 

Isolated as the hexafluoro- 
phosphate 

246 

24 7 Isolated as the hexafluoro- 
phosphate 

n 
H' 
H" 
H "' 

H 
H' 

248 (h5-C ,H,)Mn [ P(C,H;),C H"= (C D3)2CO/ 
CH"P(C6H;)21(CO) C DC I, 
cis 

4.10 - 
7.44, - 
7.32, - 
7.21 
7.91 - 

5-81d J 2  
7.80,7.57, - 
7.50 
n.m. 

- 

- 

60 and 100 MHz 202 0 

s 
P 
h 
cl 
x 

H" 

H 
H' 

Isolated as the hexafluoro- 
phosphate 

859 249 

H" N 
w 

- w  



T A B L E  V-conl. N 
L J  

Coupling 
constant 

6 (ppm) (Hz) 
_ -  

H 5 85d J 2  
H' 1 ~ 1 7 , 7 ~ 6 7 ,  - 

1.56 

 refer^ 
ences Remarks Formula No. Compound Solvent 

{ (h,-C,H,)Mn(NO)(CO)- (CD,),CO 
1 P(C,H ;),CkCC,H; I} 

Isolated as the hexafluoro- 
phosphate 

859 
?J 

5 

I 26H20- 250 
MnN0,PI' 

859 
x 
f 

j 
2 

IC32H25- 25 1 
MnNO,P,l' 

H 5.83d J '  
H' 7.78  - 
H" 1 .60  - 

Isolated as  the hexafluoro- 
phosphate 

H' at lower field than H" since 
C,H; attached to P ligand 

I 
H 5.92d J 2 
H '  1.80 - 

Isolated as  the hexafluoro- 
phosphate 

859 
2 
v) 

> 
859 2 

? 

H 5.14s - 
H'  7.64.1-51 - 
H" 3.99d 5 3  

Isolated as the hexafluoro 
phosphate 

f 
0 

860 ,b 
> 
z 

859 

lc24H20- 254 
MnN0,PI + 

H 5.56bd - 
H'  1.69s - 
H 5.81d J 2  
H' 1.18 - 

Isolated as the hexafluoro 
phosphate 

331  

lc24H20- 25 5 
MnNO,Pl+ 

lc24H20- 256 
Mn02Sbl t  

H 5 . 6 5  5 2  
H' 7.54 - 

Isolated as  PF; salt 860 
331  

H 6.02s - 
H' 7.12 - 

Isolated as  the hexafluoro- 
phosphate 

859 



(b) Dicarbonyl derivatives 

C,H,AsF,MnO, 257 

C,H,AsMnO, 258 

IC,H,MnNO,I- 259 

C,H,MnNO, 260 

C,,H,MnN,O, 261 

C,,HI2MnNO, 262 

C,,H,,MnNO, 263 

C,,H,F,MnNO, 264 

C,,H,,MnNO, 265 

C,,H,F,MnNO, 266 

C,,H,2MnN0, 267 

(h'-C,H,)Mn(AsF,XCO), (CD,),CO 
(h5-C,H,)Mn(AsH;XCO), CDCI, 

(h'-C,H,)Mn(N=C. CH;XCO), (CD,),CO 

(h5-C,H,)Mn(N~CCH;C,H';)- (CD,),CO 
(CO), 

(h'-C,H,)Mn(N~CC,F,XCO), (CD,),CO 

(h'-C,H,)Mn(N=C. C,H;XCO), (CD,),CO 

H 5.10 

H 4.54s 
H' 3.2s 

H 4.22 
H 4.32s 

H 4.41 
H' 2.20 

H 4.61 
H' 6.52d, 

6-36d 

H 4.53 
H' 6.19 
H" 7.36 
H"' -7.45 

H 4.45 
H' 4.03 
H" 7.29m 

H 4.64 

H 4.57 
H' 7.57m 

H 4.63 
H' 7.87 

H 4.54 
H' 7.48d, 

7.32d 
H" 2.39 

Isolated as IAsPh,l' salt 
Isolated as sodium salt 

86 1 

862 

863 5 
tl 

864 
865 $ 

0 
864 z 

865 8 
3. 

864 
865 7 

5 
F: 
-I 

864 9 
865 6 

0 z 
865 

n 
864 0 

m 864 g 
865 ~1 

865 
864 

5 
P 



t? 
Q\ 

T A B L E  V-cont. 

Coupling 
constant Refer- 

ences ( P P 4  (Hz) Remarks Formula No. Compound Solvent 
_____ - ._ - - ~ _  _._ _- 

C,,H,MnN,O, 268 (h,-C,H,)Mn[~C,H;-p(CN)l-  (CD,),CO H 
( 0 1 ,  

C,,H,,MnNO, 269 (h'C,H,)MnIN~C,H;-dCO,- 
CH';CH;")](CO), 

C,,H,MnN,O, 270 (h5-C,H,)Mn(FkCC6H;N02)- 
(CO), 

C,H,MnN,O, 272 (h5-C,H,)Mn(N3(CO), 

C,,H,,MnN,O, 273 (W-C,H,)Mn(C,H,N,XCO), 

[C,H,MnNO,I+ 274 I(h~-C,H,)Mn(NO)(CO),~+ 

C,H,F,MnO,P 275 (h5-C5H5)Mn(PF,XCO), 

C,H,MnO,P 276 (h5-C,H,)Mn(PH;XCO), 

(CD,hCO H 
H' 

4.62 
7.87 

4.61 
7.754 
8.07d 
4.36q 
1.35t 

4.64 
7,93d, 
8.33d 

4.55 
7.03d, 
7.55d 
3.85s 

4.84s 

4.55 

6.14 

4.98 

3.70 
3.24 

865 
864 .FI 

865 5 
864 

E s 
j 

865 F 
864 0 

865 $ 
864 

? 

2 
M 

5 
866 

z 
710 3 

T 35O. --elated the hexafluoro- 61 
phosphate 337 

859 

86 1 

- 932 

- 
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I4 

8 T A B L E  V-cont. 

Coupling 
constant Refer- 

Formula NO. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,H,I,MnO, 

C,H,I,MnO, 

C ,H ,M nO 

CJ,BrMnO, 

C,H,BrMnO, 

C,H,CIMnO, 

C&l,CIMnO, 

C&,IMnO, 

30 I 

302 

303 

304 

305 

306 

307 

308 

CDCI, 

CDCI, 

CCI, 

(CDJ$O 

CCI, 

CCI, 

CCI, 

CCI, 

CCI. 

5.03d 
4.69 

5.22t 
4.91d 

4.57rn 
1.97 
4.79s 

4.88, 
4.56 
2.07 

4.79, 
4.45 
1.97 

4.84, 
4.50 
2.08 

4.78, 
4.41 
1.96 

4.91, 
4.58 
2.03 

875 
? 

E 
2 

713 g 
7 8 76 

872 * 

3 
876 n 

L 

875 ' 

n 
R 

v) 

> 
Z 

876 0 
? 
g 
0 

876 5 
z 
0 

876 

8 76 



C9HJMn0, 309 I~’-I,~-C,H~(I)CH;IMII(CO)~ CC14 

C,J4.JMnO, 3 13 Ihs-I,3-C,Hj(I)CH;CH’;IMn(CO), CDCl, 

C ,  ,HI ,MnO, 3 14 Ih5-1 ,2-C,H,(CH2CH,)CH,1Mn- - 
(co) ,  

C,,H,,MnOl 3 I5 [V- I ,2-CsH,(CH,CH,)- - 

C 12HIIMnO) 3 I6 [V-  l,2-C5Hj(CH2CH,)- - 
CH2C,H,lMn(CO), 

CH=CH2]Mn(CO), 

C ,2HI,Mn04 3 17 [h’-1,2-CsH,(CH2CH,)CH(OH)- - 
CH,IMn(CO), 

H 

H’ 

H 
H‘ 

H 
H’ 

H 

H’ 
H“ 

H 

H‘ 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

4.82, 
4.46 
1.98 

4.51 
1.93s 

4.45 
1.92 

4,81d, 
4.47t 
2.27q 
1 . l l t  

4.88d, 
4.52t 
2.28q. 
1.12t 

876 

877 
z 
3 - 

877 
> 
2 873 
z 
0 

P 
873 5 

1012 2 

$ 

H magnetically equivalent 
21 

1012 B 2 
H magnetically equivalent 

n 
H magnetically nonequivalent 10 12 0 

5 
I012 rn x, magnetically equivalent in the v) 

r 
Two diastereoisomers: H 

one isomer, non-equivalent in 
the other 

H magnetically non-equivalent 10 I 2  
h) 

- -~ ~. . 2 



T A B L E  V-cont. t4 

R 
Coupling 
constant Refer- 

Formula No. Compound Solvent 6 ( P P d  (Hz) Remarks ences 
__-_ _. 

319 

3 20 

32 I 

322 

323 

3 24 

325 

326 

327 

328 

3 29 

lhs-1,2C,H](CH2CH,)COCH,I- 
Mn(CO)i 

lh5- I ,2-C ,H CH2CH,)- 
COC6H,IMn(CO), 

IV- I,2-C,Hl(CH2C6H,)CH,~- 
Mn(CO), 

COC6H,IMn(CO), 

COC Hl(COC H,IMn(CO), 

MdCO), 

Mn(CO), 

IF- 12-C 5H ](C H2C6H 3)- 

[/I,- 1 ,2-C5H,(p-CH2C6H,- 

Ih’-l ,2-C,H](CH20H)CH31- 

Ih’-1,2-C,H,(CHzOCH,)21- 

IV-1 ,3-C,H,(CH2CHJCHjI- 
Mn(CO)j 

(h5-1,3-C,H](CH,CH,)CH,- 
C~HSIM~(CO)J 

Ih’- IJ-C,Hl(CH2CH,)CH= 
CH21Mn(CO), 

(OH)CH,IMn(CO), 
IhJ-1,3-C,H](CHzCH,)CH- 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

H magnetically nonequivalent 

H magnetically nonequivalent 

H magnetically equivalent 

H magnetically equivalent 

H magnetically equivalent 

H magnetically equivalent 

(dv - 29.4 Hz) 

(AI’ 36.3 Hz) 

H magnetically equivalent 

H magnetically equivalent 

(Av = 8.4 Hz) 

H magnetically equivalent 

H magnetically equivalent 

H magnetically equivalent 

1012 
?J 

1012 a 
T 

1012 2 
B 

1012 g 

1012 2 

1012 $ 

1012 ; 

F 

tj 

W 
I012 3 > 

0 

z 
0 

1012 

1012 

1012 



330 

33 I 

332 

333 

3 34 

335 

336 

33 7 

338 

339 

340 

34 1 

342 

(h5-1,3-C5H,(CH2CH,)ClI- - 
Mn(CO), 

Mn(CO), 

Mn(CO), 

Mn(CO), 

Mn(CO), 

Mn(CO), 

Mn(CO), 

Mn(CO), 

Mn(CO), 

Ih5-l,3-CsH,(CH~CH,)CHOI- - 

Ih5-1,3-C5H,(CH2CH,)COCH,I- - 

Ihs-l,3-C5H,(CH~CH,)COC~H,)- - 

Ih5-1,3-C5H,(CH2CH,)COC11- - 

[h5-I,3-C,H,(CH,CH,)C02CHll- - 

~h5-I,3-CsH,(CH2C,H5)CH,~- - 

Ih5-1,3-C5H,(CH,C,H5)COCHll- - 

lh5- I,3-C,H,(CH2C6H,)COC6H,l- - 

Ih5- 1 ,3-C5H,@-CH,C6H4- - 
COCH,)COC H,1 Mn(CO), 

Ih5-I,3-C,H,(CH20H)CH,I- - 
Mn(CO), 

Mn(CO), 

(COCH,)lMn(CO), 

Ihs- 1,3-C,H,(CH20C HJ2I- - 

Ih5-C,H,-1,2-(CH2CH,),-4- - 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

n.m. 

H magnetically equivalent 

H magnetically non-equivalent 

H magnetically non-equivalent 

H magnetically non-equivalent 

H magnetically non-equivalent 

H magnetically non-equivalent 

H magnetically equivalent 

H magnetically equivalent 

H magnetically equivalent 

H magnetically equivalent 

H magnetically equivalent 

H magnetically equivalent 

H magnetically non-equivalent 

1012 

1012 

1012 3 
1012 5 0 

> 
0 

1012 * 
0 

1012 > 
E 
$ 

1012 5 -1 

1012 p 

> 
r 

1012 n 
> 
21 

i 
r 

1012 8 
3 
i2 
r 

1012 m 

1012 
v) 

IG12 



244 
P. W

. H
IC

K
M

O
T

T
. M
.
 C

A
E

 A
N

D
 A

. M
O

D
IA

N
O

 

h
 

E n. 
v
 

L
o
 

c
 

5 
- 0 m 0

 
z
 

N
 

2
 

E c 

0
 

v
 

8 h
 

B v
, 

w
 

m
 

r- 
F

N
 

I-
 

"
O

2
 

m
 

0
0
 

P
 

m
 

W
 

I-
 

w
 

P
 

m
 

m
 



349 

350 

CDCI, 

CDCI, 

H 4.62m - 
H' 2.58m - 
H" 1.14d - 

H 4.55m - 
H' 2.29q - 
H" 1.12t - 

2.54m - H"' 
H'V 1.14d - 

H 4.55s - 
H' 2.26m - 
H" 1.13t - 

871 

IV- 1,2-C,H,(CH;CH;)CH"'- 
(CH,~v),lMn(CO), 

871 
z 
5 

871 2 CDCI, 35 1 
0 

* 
877 8 

6 
352 

353 

CDC1, 

CDCI, 

877 8 

877 !? 
5 
t- 

Fnn 

(hJC,H4. CH;Ph)Mn(CO), H 4.60 - 
H' 3.56s - 

H-2, H-, 4.92t - 

H-,, H-, 4.68t - 
H' 1.92 

H 4.86, - 
4.57 - 

H' 7.36 - 

354 

355 

CDCI, 

CDCI, 

19- 

AuMn0,P 
356 CDCI, - 979 

!i2 
ul 



T A B L E  V-cont. 

coupling 
constant Refer- 

Formula No. Compound Solvent 6 ( P P 4  (Hz) Remarks ences 

4,6511~ - - C ,,H,,BrMnO, 357 [H-C,H,C(C,H;)=CH"-C(Br)= CCI, H 
CH;"]Mn(CO), H' 7.2m - 

- H" 5.1 
H " I  5.35m - 

C,,H,,MnO, 358 (hJ-CsH,COCH;C(CH;),C02- CDCI, H-27 H-5 
CH,lMn(CO), H-39 H-4 

H' 
H" 

C,,H,,MnO, 359 {h'-C,H3-1-(CH,)-2-ICOCH;C- CDCI, H-, 
(CH'~),CO,CH,~~Mn(CO), H -47 H -3 

H' 
H" 

5.38t 
4.81t 
2.87 
1.27s 

5.32q 
4.73m 
2.92 
I .29 

C,,H,,MnNO~ 360 Ih'-C,H,. CH(CH,)NH,I- (CD3),S0 H_,,H_s 4.99d - 
Mn(CO), H-3, H-, 5.38s 

C,,H,,MnO, 361 Ih'-C,H,- C(CH;),OH"IMn(CO), CDCI, H_,,H., 4.9Ot - 
H-,,H_, 4.61t - 
H' 1.49s - 
H" 1.68s - 

CI,HloMn20, 362 [h',bJ-(C,H4)2CH' 0H"I- - H 4.8m - 
IMn(C0),12 H' 5.12d - 

H" 2.16d - 
C,,H,MnNO, 363 [h'-C,H4. C(CH,)=NOHI- (CD,),SO H-2, H-5 5.30s - 

Mn(CO), H-3, H-, 4.91s - 

98 I 

a 
3 
X 

978 
z 
0 
-3 

978 0 

5 
L 
tl 

As the hydrochloride salt 872 ? 
100 MHz 5 

8 
877 7 

z 
0 

878 - 

100 MHz 872 
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hi 
P 
03 

T A B L E  V--cont. 

Coupling 
constant Refer- 

ences 6 (PPm) (Hz) Remarks Formula No. Compound Solvent 
. .. 

C,,H,MnO, 372 IhJ-lJ-C,H,(CH0)2~Mn(CO), 

C,,H,MnN,O, 373 lhs-1,3-C,H,(CN),~Mn(CO), 

C 12H,,MnN0, 374 [A’-C,H,- lmHCOCH,)-3- 
(CH,CH,)JMn(CO), 

C,&,MnO, 375 (h’-C,H4. COCH,)Mn(CO), 

C,J-f,F,MnO, 376 (hJ-C,H4 COCF,)Mn(CO), 

C ,,H,BrMnO, 377 (h5-C,H, COCH,Br)Mn(CO), 

CIJ-fH,IMnO, 378 (h5-C,H, COCH,I)Mn(CO), 

C,,H,BrMnO, 379 [V-l,2-CJH,(Br)COCH;1- 
Mn(CO), 

- 

- 

- 

CCI, 

(CD,kSO 

CCI, 

CCI, 

CCI, 

CDCI, 

Calculated 6 values: 6.15 and 
5.62 respectively 

5.39 respectively 
Calculated 6 values: 5.87 and 

- 

- 

T 3 2 O  

100 MHz 

1013 
.w 

1013 3 

cl 
1013 7c 

3 

“i 
879 j 

cl * 
> 

872 3 
p 

879 

7 s  

U 

880 3 
880 

s 

873 
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TABLE V-cont. 

Formula 
~. . 

C11H13Mn04 

C14H15Mn04 

C 1 # H 2 1 M n 0 4  

c 16H IlMnO4 

h, 

Refer- h, 
Coupling v1 constant 

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

401 WC,H,-31C(CH3,I-I- 
(COCH';)}Mn(CO), 

402 {h5C,H2-2,41C(CH;)3]2-1- 
(COCH';)}Mn(CO), 

C,,H,,Mn04 404 [h5-l,3-C,H,(CH;Ph)- 
COCH;IMn(CO), 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

H-29H-5 5.32 
H -4  4.80 
H' 2.61m 
H" 1.19d 
H "' 2.29s 

H-2 5.24 
H -4 4.91 
H-5 5.42 
H' 1.23s 
H" 2.30 

H-3 5.02d 
H-5 5.17d 
H' 1.29s. 

1.22s 
H" 2.32s 

H-2 5.16s 
H-4 2.4m 
H-,,H_, 1.8m 
H-1 2.8m 
H' 2.32q 
H" 1.17t 
H"' 2.28s 

H 5.35, 
5.23, 
4.83 

H' 3.61s 
H" 2.42s 

CH,CH, 

877 

?r 

9 
877 3 

E 
g 

$ 

CI 

0 

r 871 rl 

> 
2: 
0 
? 

P 

871 

> z 
0 

877 
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4 19 (hs-C5H3- I-(CH,)-3-ICOC- 
(cH;),CH;CO,Hl~Mn(CO), 

420 Ihs-C5H,-14CH;CH;)-2- 
(CO,CH'$lMn(CO), 

421 [h5-C5H,-14CH;CH;)-3 
(CO,CH;)IMn(CO), 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

- 

CCI, 

H-2 
H-4 
H-5 
H' 
H 

H-l 
H-49 H-5 
H' 
H" 
H"' 

H-2 
H-4 
H-5 
H' 
H" 

H 

H' 

H 
H' 

H 

H' 

H 

H' 
H" 

5.30m - 
5.3om - 

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 100MHz 

Hexamethyldisiloxane reference 
at 100 MHz 

978 

z 
980 6 

-1 > 
0 z 

980 2 
$73 $ 

$ 
5 

976 $ 
n > 

3 
976 z 

n 

E 

s 

5 
$ 

882 
k- m 

876 v, 

h, 
m 
m 



256 
P. W

. H
IC

K
M

O
T

T
, M

. C
A

IS A
N

D
 A

. M
O

D
IA

N
O

 

*
 

r- 
oo I

I
I

I
I

 

x
x

 

m
 

r- 
oo I

I
I

I
I

I
 

x
x

x
 

m
 

r- 
m

 I
I

I
I

I
 

x
x

 

m
 

r
-
 

oo I
l

l
 

X
X

h
 

m
 

N
 

d
 

I
I

I
I

I
 

x 
x
x
 

0
 

m
 

d
 



0
 

I-
 

00 

I I 

N
M

R
 D

A
T

A
 O

N
 O

R
G

A
N

IC
-M

E
T

A
L

 C
A

R
B

O
N

Y
L

 C
O

M
PL

E
X

E
S 

0
 

I-
 

0
0
 

-
0

 
0
 

I-
 

I-
 

I-
 

0
0
 

0
0

0
0

 
0
0
 

*
 

I-
 

2 E 
I 

E 

I 
I

I
 I

I
 

i
i
 

I I 
I

I
I

I
 

I I
I

I
I

I
 

2
 
i
i
i
 

n
 

6
 

n
 

V
 

I I
l

l
 

257 

I I
I

 

r
 n
 

B V 



P. W
. H

IC
K

M
O

TT. M
. C

A
IS A

N
D

 A. M
O

D
IA

N
O

 

- 
c
 

oo 

W
 

id
 

X
 

G
 

- .- .- v1 
'
j
 

f
 

x
 

E, W
 
c
 

W
 

U
 

C
 

E
 
e
 

a
 I

l
l

 

- r- 
oo I

l
l

1
 

v 

", 
s
 

m
 

m
 

-a
 

0
 

s m
 

m
 

U
 



4.93 - 
5 .51  

C,,H,,MnNO, 440 (h5-C,H,. C,H,N)Mn(CO), Acetone H 
- 

C,H,CIHgMnO, 442 

C,,H,Mn,O,P 443 

C,,H,,MnO,Si 444 

C,,H,,MnO,Si 445 

C,,H,,Mn,O,Si 446 

C ,,H2 ,Mn0,Si2 44 7 

C,,H,,MnO,Si, 448 

Ih',h"C H C ( C F , ) p C ( C F , ) -  - 
O-P(OEt),-)O 
,I I 

C ,H,N Mn(CO), I 
(hs-C5H,. HgCI)Mn(CO), (CDJ2SO 

Ih5,h5-C~H,P(OXOH)C,H41- (CD,),SO 
IMn(CO),I, 

Ih'-C5H,. CH;Si(CH1;),1Mn(CO), - 

IhJ-C,H, Si(CH;),IMn(CO), CS2 

I9F -11.0 

H-2. H-5 4.941 
H-3, H-, 5.02t 

H-2, H_, 5.52td 
H-3, H-4 5.241 

H 4,41t, 

H' 1.55  
H" -0.03 

H 4.67s 
H' 0.18 

H 4.82s 
H' 0.5 1 

H 4.69s 
H' 0.18 

H 4.791. 
4.73t 

H' 0.34 
H" 0.17 

4.2Ot 

871 

I 
H 

z 
Low field from CF,C02H 884 5 

? 
-1 > 

- 

100 MHz 

- 

0 
872 ?! 

s 
872 $ 

z n 
250 $ 

208 m 
250 $ 
250 

0 z 
250 2 

X 
m 

250 

-c 
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C,  ,H ,,,MnNO, 457 [hJ-C,HN-2,4(CH;),- CS, 
3(COCH;)IMn(CO), 

C,,H,MnNO, 458 (hs-C,H,N)Mn(CO), cs2 

C,,H ,,MnNO, 459 (hS-C,,H12N)Mn(CO), CS, 

C ,,H,D,MnO, 460 I h'-CD,CH"'CH''-CD= CDCI, 
C(C,H ';)"O IMn(CO), 

C,,H,,MnO, 461 ICH,CH'=CH''-CH'",= CDCI, 
C(C,HIV )-OIMn(CO), 

C,,H,,MnO, 462 ICH,CHiCH"-CH"'-CH'\'-. CDCI, 
C(C,HYFOIMn(CO), 

5.72s - H-5 
CHi-0 2.37s - 
CHi-JI 2.15s - 
H" 2.37s - 
H 7.3m - 
H' 5.5s - 
H" 2.22s - 

H -7 .3m - 
H' 2.7m - 
H" 1-95 - 

H 
H' 
H" 

H 
H' 
H" 
H"' 
H'" 

H 
H' 

H" 
H"' 
H'" 
H" 

3.58d J H H ,  13.2 
5.12d - 
7.74-7.39 - 

1.93d - 
3.70sext. - 
5.28q - 
5.82d - 
7.6m - 
1-16t J H H '  7 . 0  
2-38, J H ' H ' '  7 . 0  
2.07 JH'H' 2 . 0  
3.68ddd 

JH"H"' 
12.5 

5. 18dd jt"'H'' 7. I 
5.78d - 
7.67-7.40 - 

(See above) 886 

C,H,N= H 886 

5 
U 

H 

H 0 

100 MHz 

- 

100 MHz 



h) 

i?2 T A B L E  V-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent b (ppm) (Hz) Remarks ences 
_. - - - - - - - ____ 

C,,H,,MnO, 464 (h’-C,,H,,O)Mn(CO), 

( C D M O  H 2.42, - T 37O 888 
2.36 - Isolated as the perchlorate 

955 
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C,,H,MnO, 495 (hJ-C,H,)Mn(CO), 

C,,H&lnO, 496 (hs-C,,H,)Mn(CO), 

C,H,MnNO, 497 (h5-C,H,N)Mn(CO), 

C,,,H,MnO,S 498 (hJC,H,S)Mn(CO), 

C ,,H,MnO,S 499 (hS-C&I,0S)Mn(CO), 

C,,H,MnO,S 5 0 0  (hS-C,,H,O,S)Mn(CO), 

CDCI, 

CDCI, 

CCI, 

CDCI, 

CDCI, 

CDCI, 

H 
H' 
H" 
H "' 

Ha 
He 

H 

H' 

H 

H' 
H" 

H 

H' 
H 

- 7 .2  - 7.4  - 8 . 0  
5.56s 

6.07 
5.21 

5.16, 
5.02, 
4.83 
7.25d, 
6.89d 

5.16, 
5.12, 
4.94 
7.58 
2.53 

5 .524  
5.35d 
8.09 
2.61, 
2.43 

60 and 100 MHz 892 

CI,H, = H~ H 

0 z 
2 
P 

H' H 
H" H" 

100 MHz 969 2 

C l , H , 0 2 S =  CH;CO H' 976 
I I  

H e C O C H 7  



T A B L E  V-cont. 
~~~~~~~ ~~~ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C ,,H,MnO,S 501 (h5-C,,H,0,S)Mn(CO), CDCI, H 5 48d, J 3  C,,H,O,S 976 
z 

H' H" 
2 5 I 64 58, 31d J 3  - - H@/$COCH'; 3 

6 CH';CO n 

(6) HEXAHAPTO LIGANDS j 

k 

- 2 57 
s 

el 
6 

C ,,H ,,MnNO, 502 lh6- l,3,5-C6H,(CH;),I- (CD,),CO H 5 6bs - 893 j 
889 

- 
Mn(CNXCO), (5 4)+ 

w H' 2 3bs 
IC,,H,,MnO,l+ 503 ([h'-1,3',5-C,H,(CH;),JMn(CO),)+ (CD,),CO H 6.4s - 

H' 2.5s - 

(7) MIXED LIGANDS 
(a) Monohapro!dihapro ligands 
C,,H,,MnO,P 504 [h2-o-CH,=CHC,H;P- CDCI, H 3.85m, - 

(C,H;),IMn(CoCH'~XCO), 3.23m, - 
2.78m - 

H' 7.3m - 
H' 1.39s - 

(b) Monohaprolpenrahapro ligands 
C,H,MnNO, 505 (h-I-C,H,)Mn(COCH;XNO)(CO) CS2 H 5.04s - 

H' 2.57s - 

- 

Isolated as PF; salt 893 2 
U 
p 

129 



C,H,MnNO, 506 (hJC,H,)Mn(CO,CH;)NO(CO) CS, 

C,H,DMnNO, 507 (&C,H,)Mn(CNDXCO), C6H6 

C,H,MnNO, 508 (h5-C,H,)Mn(CNHXCO), C6D6 

C,Jl , ,MnO, 5 10 (h5C,H,)Mn~C(CH;)LCH);l_ C6H, 
(CO), 

C,,H,,MnO, 51  I (hs-C,H,)Mn[C(C6H;)~OCH'$ C6H6 
(CO), 

(c) Monohaptolhexahapto ligands 
IC IaHIl- 5 I3  {[h6- I,3,5-C6H,(CH;),]Mn- (CD,),CO 

MnNO,lt (CNCH';CHY')(CO)z}t 

H 
H' 
H 
H' 

H 

H 
H' 

H 
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- 

4.31 - 
2.33 - 
3.88 - 

4.20 - 
6.89 - 
3.91 

4.32 - 
7.12 - 
3.32 - 

- 

- 

4 80 
129 
254 

863 3 
863 

U 
3 

Hexafluorophosphate salt 337 6 
0 z 
2 

33 $ 
3 n 

n > 
Isolated as the [N(CH';),I+ 33 6 

salt z 
;s 
n 
0 z 

H 6.0s - Isolated as the PF, salt 893 2 
H" 4.0q J = 7  v) 

- 5 H' 2.4s 

H "' 1.4t J = 7  

Isolated as the P Q  salt 893 H 6.3s - 
H' 2.4s - 
H"' 7.4m - Y 
.- w 



T A B L E  V-cont. Y 
P 

Coupling 
constant Refer 

(Hz) Remarks ences Formula No. Compound Solvent 6 (ppm) 

(d) Dihaptolpenrahapto ligands 
C,,H,,MnO, 5 15 (hs-C,H,)(h2-CH;=CH'CH';)- CDCI, H 4.45s 

Mn(CO), H' 1.8-3.5 
comp. 

H" 1 50bd 

894 

z 
n 
x 

C,,,H,MnNO, 5 16 (h,-C,H,)(h'-CH;=CH'CN> - H 4.6 
Mn(CO), H' 1.8-2.8 

C,,H,,MnO, 5 17 (hsC,H,)[h2-C(OCH;),= C6D6 H 4.28s 
C(OCH;)21Mn(CO), H' 3.43s 

895 
75 

T 10° 279 

C,2H1,MnO, 5 18 (h'-C,H,Xh2C,H;)Mn(CO), (CD,),CO H 4.61s 
H' 2.95 

C,H, = cyclopentadiene 896 

896 

p 

C,H6 = cyclopentadiene 

C,H, = Cyclopent-I-ene 974 

C,,H,,MnO, 521 (hSC,H,)Mn(h2-C,H~~CO), (CD,),CO H 4.60 
H' 3,51*  

C ,,H,,MnO, 522 (hJ-C,H,)Mn(h2-C,H~xCO), (CD,),CO H 4.64 
H' 4.16' 

C ,H = Norbornene 
* Oletinic protons 

C,H, = Norbornadiene 
Olefmic protons 

974 

974 



526 (h~C,H,Xh2-C,H,0,)Mn(CO), 

527 (h~-C,H,~h2-Cl2H~F,)Mn(CO), 

CDCI, H 4 .46  
H-1, H-2 3.39s 
H- J -0.25d 
H-4, H-5 1.33d 
H-6 0.28d 
H-7 2.55s 

CDCI, H 4.51s 
H' 3.20s 
H" 3.55bs 
H " I  0.69d 
H IV 0.15d 

H 5 .46  
H' 3.85, 

5.20, 
5 .82  

- 

974 A - CIOHI4 = 

H' & 
C 1 o H 1 * =  H' A 
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C ,,,H,MnO, 5 34 (h'-C ,H,)Mn(h2-C ,H;O,XCO), (C D,),CO H 4 91s - C~H,OJ= 975 
H' 7.22s - 

H' 
(8) COMPLEXES WITH TWO OR MORE MAh'GANESE ATOMS 

I 

C,,H,Mn,NO, 535 

C,,H,Mn,O,, 536 

C,,H,Mn,O,, 537 

C,,H,Mn,O,, 538 

C,,H,Mn,O, 540 

C,,H,Mn,O,Se, 54 I 

C,,H,,Mn,- 542 

C,,H,,Mn,- 543 

O,Se2 

O,Se2 

Mn,[C(CH,)NH;I(CO), 

Mn,lC(CH,)OCH;I(CO), 

MII,[C(CH,)~CH;CH;I(CO]~ 

IMn(SeCH,XCO),I, 

IMn(SeCH,CH;MCO),I, 

I Mn(Se-n-C,H,)(CO),I, 

H 2.93s 
H' 10.35111 

H 3.22s 
H' 4.54s 

H 3.13s 
H' 4.7oq 
H" 1.53t 

H 7.38111 
H 4.12s 

H 7.30m 
H 4.35q 
H 1.39t 

H 5.37t, 
4% 

H 1.92 

H 2-72q 
H' 1.22t 

H 2.7t, 
I .5m, 
1 Ot 

H 2.81s 

Not reported 

Hexamethyldisiloxane as 
reference 

973 5 
W 

> 
0 

0 
;a n * 

913 4 
913 2 

r 
0 > 

973 5 

973 

5 

979 0 
z 
.e 
r 

902 0 
0 

902 5 
r 
m 

902 5 

1015 

900 N 
4 



N 
4 co 

T A B L E  V-co-nt. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) ( H 4  Remarks ences 

(9) MISCELLANEOUS LIGANDS 
c ,*H 30- 546 MnfP(C,H,),],(BrXCo), CCI, H 7.29 

BrMnO,P, 
C,H,,MnO,P, 547 MnfPPh,(CH3,PPh21(HMCO), - H -7.8 

C,,H,,MnO,P, 548 Mn(PPh,),(HXCO), CDCI, H -7.4t 

C,,H,,MnO,P, 549 Mn[P(OPh),CH~I,(HMCO), - H -8.Ot 
H’ 1.9b 

C ,,H ,, MnO,P, 550 Mn[P(OPh),l ,(HXCO), - H -8.13t 
H -8.2t 
H -8.0 

C,,H,,I,MnO,S 55 1 [Mn(C,(CH,),SXCO),]polyiodide (CD,),CO H 2.59, 
2.64, 
2.68 

C,HF,MnO,P 552 Mn[P(CF,),F’](HXCO), - *H -6.1 

t F  69.9 
tF’ 139.6 

C,HF,MnO,P 55 3 Mn f P(CFJ,F’ I(HMCO), - *H -9.1 

t F  69.1 
tF‘ 134.0 

100 MHz 

- 

100 MHz 
- 

- 
100 MHz 
- 

T 37O 

H cis to P ligand 
90 MHz 

t 84.6 MHz 

898 s 
0 

899 i*: 

898 3 
i: 

705 
899 5 
898 5: 
888 

? 
t 
0 

901 El * 
3 

H rruns to P ligand 901 
* 90 MHz 
t 84.6 MHz 



C,HF@nO,P 554 Mn[P(CF,),I(HXCO), 

C,H,F,MnO,P 556 Mn[P(CF,),CH,l(HXCO), 

C,H,F,MnO,P 557 Mn[P(CF,),CH;I(HXCO), 

C,,H16Mn04P 558 Mn(PPh,XHXCO), 

C2,Hl,Mn0,P 559 Mn[P(Ph&-C,H,CH=CH,l- 

C,,H,,MnO,P 560 MnlP(OPh),l(HXCO), 

C,HMnO, 561 Mn(HXCO), 

(HXCOh 

*H 
f’F 

*H 
t F  

F 

*H 
*HI 
t F  

H 
H 

H 

H 

H 
H 

,,Mn 
H 

-6.7 
57.1 

-8.5 
81 

63.4 

-8.5 
1.83 

62.8 

-6.94d 
-6.43 

-7.34 

-7 95d 

-7.5 
-7.73 

2578’ 
38 .7 t  

J ~ p < 1 0  
JFP 84 90 MHz 

H cis to P ligand 

t 84.6 MHz 

90 I 

JHP62 H trans to P ligand 90 1 
JFP 81 90 MHz 2 

P t 84.6 MHz 

JFP 75 H cis to P ligand 
84.6 MHz 

901 
5 > 

JHP 57 H trans to P ligand 901 2 
JHP 8.0 * 90 MHz 

$ 
cl JFP 72 t 84.6 MHz 

- JPH 34 
J(”P-H) 34.0 - 
J(”C-H) 5.2 

(rmns) 

(cis) 
J(”C-H) 15.7 

J p ~ 3 5 . 2  - 

J(”C-H) 14 - 
(rrans) 

J(”C-H) 7 (cis) 

5 
705 J 
199 $ 

m 
4 

F 
n 

6 
227 2 

705 8 
705 5 
199 

3 

c1 

- Relative to saturated aqueous 903 
LiMnO, 

t Absolute 2 
w 



T A B L E  V-cont. 

Coupling ?J 
constant Refer- 9 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 3 
C,H F,MnO,P 562 Mn(C O),(PF,XH) Liquid 55Mn 2673 - The upfield shifts with increasing 903 !? 

9 
C,HF,MnO,P, 563 Mn(CO),(PF,),(H) Liquid "Mn 2142% 

C,HF,MnO,P, 564 Mn(CO)2(PF,),(H) Liquid "Mn 2813 

CHF,,MnOP, 565 Mn(COXPF,),(H) Liquid JJMn 2888 

substitution of PF, for CO is 2 
F 
0 
2 - on the metal 903 m 
> 

consistent with the assumption 903 
that PF, is a better u donor and 
increases the oelectron density 

903 - - 1  H 39.9t 

H 41.8t 

T -37O C,,H,MnO,S 566 Mn(0. SOCH,C,H,XCO), SO, H 3.95, J 12.5 
3.73 

- - C,,H,,MnO,Sn 567 MnlSn(Ph),CH,CH,CH=CH;~- CCI, H 5.14 
H' 4.87, - 

4.8 I - 
(CO), 

C,H,O,SMn 568 MnfS(0)OCH=C=CH;l(CO)s CDCI, H 6.48t J 2.5 - 
H' 5.12-4.97 52.5 

P 

84 1 

I12 



C,H,B,MnO, 570 (C,H,B,CH;)Mn(CO), - 905 - Stmture: H 3.20 



t 4  
00 
h, T A B L E  V-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

IC,H,B,- 574 IMn(B,C,H,)(CO),I- (CD-;),CO H 
MnO& H' 

IlB* 

IC,H,sB,- 576 {Mn[B,C,H,(CH=CH;),I(CO),~- (CD,),CO H 

H' 
Mn0,I- 

- 5.7 
3.73s - 

-20.49, 
+6.57, 

+11.57, 
+18.75 

-2.48bs - 

6.40dd Jcis 10.5 
J t r a n s l l ~ o  

4.96dd, Jgeml .5  
4.64dd 

Isolated as the [N(CH;),I* salt 907 ' a 
B 

32 MHz 2 
Relative to BF, O(C2H5), at 

$ 
s Isolated as the [N(CH,),]+ salt 203 
> z 
> 

Isolated as the Csc salt 60 and 908 3 
250 MHz p 

C,H,,B,MnO, 577 Mn[I-(10-CH,-1,10-(u-B8C,H,)1- - H 
21IB (CO), 

2.77s - 
+ 10.7d J 158 

E 
0 Relative to BF,OEt, 482 

32. I MHz 

C,H, ,B ,,MnO, 578 Mn[ 1 <2-CH,- 1 ,~-(U-B,,C,H,~)~- - H 2.08 - - 482 
(CO), *"B +2.1, J 143 * Relative to BF,OEt, 

+6.6, J 141 32.1 MHz 
+11.3, J 169 
+ 12.4 J 160 



TABLE VI 
Rhenium compkxer 

Coupling 
constant Refer- Z 

ences 5 
Q 
5 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks 

( I )  MONOHAPTO LIGANDS 

Re[P-h1-l,2-CH2CH;.C,H4P- CDCI, H 1.30m 
(CtPs)zI(CO)4 H' 3.24m 

Re[P-h'-CH=CH'COCH;)(CO), CDCI, H 10.86 
H' 1.69 
H" 2.50 

CH2C12 H 10.63 
H' 7.55 
H" 2.46 

V z 
- 221 0 

> 
$ 

- 221 5 
2 

E 
electrons co-ordinated with z 
the Re atom to give a chelated $ 
complex 0 

5 

r 
n 

Reference hexamethyldisiloxane 223 
Carbonyl oxygen lone pair of 0 

n 

P m 
Reference hexamethyldisiloxane 223 
Chelated complex (see above) 



h) 
00 
P 

T A B L E V I-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,6H9N204Re 

C,H,N,O,Re 

C9H13N20SRe 

Ci iHiJ2OsRe 

Re(l-hi-2-C,H,. N=NC,H;)(CO), CS2 

Re(CONHCH';)(NH';CH;"XCO), CDCI, 

Re[CONHCH'(CH;),l(NH;"- CDCI, 
CH:')(CO), 

Re[CONHCH'(CH;),][NH;"- CDCI, 
c H"(C H;), KCO), 

C6H,0,Re 9 Re(CH$CO), 

C,HCI,F,O,Re 10 Re(CF,CHCI,MCO), 

H-3 7.13t 
H-, -7.55m 

7.92dd 
8.15dd 

H-5 
H-6 - 7.38m H' 

H 5.54b 
H' 2.83 
H" 4.19b 
H "' 2.85 

H 5.58 
H' -4 .10  
H" 1.13 
HttI -3.90b 
HIV 2.81 

H 5.35b 
H' 4.26 
H" 1.14 
HttI 4.20b 
HIV 2.95 
H V  1.26 

H -0.23 

H 5.8Ot 
F I18.5d* 

100 MHz 176 

60 and 100 MHz 228 2 
-3 
I 

60 and 100 MHz 228 2 
> z 
CI 

v1 

? 

60 and 100 MHz 228 5 
E! 
h 
i 
0 

- 229 

*Relative to C6F6 (increasing to 230 
low field) 



C,HCIF,O,Re 1 1 Re(CF,CHCIF')(CO), 

C,HF,O,Re 12 Re(CF,CHF;)(CO), 

C,H,F,O,Re 13 Re(CF,CF;CH,)(CO), 

CIJiH,F,O,Re 14 RelCF,CF;(CF,),CH,~(CO), 

C,H,O,Re I5  Re(h*-CH,-CH'=CHr)(CO), 

C,H,NO,Re 16 Re(CH,CONH;)(CO), 

C,F,O,Re 17 Re(hl-CF=CF;KCO), 

C,H,F,O,Re 18 Re(h'-CH=CH'CF,XCO), 

CSz/ F 

CDCI, H 

(CH,),CO F' 

H' 
H" 

CDCI, H 

CS, F 

H' 

C i s  
F'vans 

- H 
H' 
F 
F 

5.59dq 
1 16q*, 
l 0 lq  
26.5 

s.13tt 
98.4. 
42.5d 

I .54t 
118,8m* 
73.0qt 

92.2 
82.8 

I.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, 
65.2 

J 8  

J2,16 
J2,lO 

- 

*Relative to C6F, 230 
(increasing to low field) 

*Relative to C,F, 230 
(increasing to low field) 5 

0 
9 
-1 > 

230 o *Relative to C6F6 z 
0 

9 z 
*Relative to C6F, 230 6 

(increasing to low field) 

6 

3 (increasing to low field) 

60 and 100 MHz 231 F 
n 
9 

0 

232 
r 
m 
X 
m v) 

233 



h, 
00 
Q\ 

TABLE VI-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,F,O,Re 19 Re(h'-CF=CF'CF;)(CO), cs2 
trans or 

CDC1, 

C,HF,O,Re 20 Re(h'-CF=CF'CF;CHE;"XCO), CDCI, 
trans 

F 
F' 
F" 

H 

F 

F' 

F' 
F f I I  

H 

F 
F' 

232 
234 .a 

r 
235 2 

0 

234 E 
3 
n z+ 
t; 

? 
*To low field from C,F, 230 5 

P > z 
0 

C,F, = pentafluorocyclobut-1- 232 
ene 236 

C,CIF, = 2-chloro-3,3,4,4,5,5- 237 
hexafluorocyclopent- 1 ene 
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CI3F3N2O5Re 36 

CI2H3F,O5ReS 37 

C,,F,NO,Re 38 

Re[ I-h'-4-C6F,(SCH3)l(CO), 

Re1 1 -h1-4-C6F,(C5F,N)I(CO), 

Re(hl-CH=CH'.COCH';XCO), 
cis 

Re(hl-CH=CH'COCH'$(CO), 
trans 

(h'-COC,H,)Re(CO), 

THF 

CHCI, 

CHCI, 

CH2C12 

CDCI, 

CSZ 

F-2 6 6 . 2  
F-5 134.6 
F-6 83.2 

F-2, F_, 136.5 

H 8.21 
H' 7 .62 
H" 2.19 

H 8.65 
H' 6 . 9 2  
H" 2.19 

H 2.37tt 
H' 0.87111 
H" 0.531-11 

J 2 . 5  4.35 T 35" 
J 5 , 6  26.15 
5 2 . 6  12.65 

JHH* 13.0 Reference hexarnethyldisiloxane 
- 

J H H ~  18.7 Reference hexameth yldisiloxane 
- 

925 
244 

247 

5 
9 
2 

si 
2 
3 
'? 
5 
2 

2 s 

1 
E 

248 8 

r 
0 > 

223 

223 8 
r m 

v) 

929 



TABLE VI-cont. 

Coupling 
constant Refer- 

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

C,,H,O,Re 42 Re(hl-CH=CH'.COC,H;XCO), CH2C12 H 8.58 JHH, 13.0 Reference hexamethyldisiloxane 223 
cis H' 8.34 - 

H" 7.97, - 
7.51 

C,,H,O,Re 43 Re(h'-CH=CH'COC,H;XCO), CDCI, H 8.98 JHH, 18.1 Reference hexamethyldisiloxane 223 
trans H' 7.67 - 

H" 7.87, - 
7.42 

242 - - C,,H,O,Re 44 Re(COC,H,XCO), CS,orTHF H 7.39 

C,,H,O,Re 45 Re@-COC,H,CH;XCO), CS,orTHF H 7.11 - - 
H' 2.25 - 

242 

243 

243 

C ,2H,CI0,Re 46 Re(o-COC,H,CIXCO), CCl, H 7.19 - - 

C,,H,CIO,Re 47 Re(m-COC,H,CIXCO), CCI, H 7.36 - - 
C ,,H,CIO,Re 48 Re@-COC,H,ClXCO), CC1,or H 7.40 - 

CS, or THF 
243 
242 
82 

249 H 3.62s - - C,H,O,Re 49 Re(CO,CH,XCO), C6H6 

C,H,O,Re 50 Re(C0,CH $2 H;XCO), C6H6 H 4.29q - 
- H' 1.27t 

249 - 

C,,F,NO,Re 5 1 Re(4-h1-C,F,N)(CO), CHCI, F_,.F_, 18.0 J2 , ,  = J,,,  30.3 Upfield from CF,CO,H 245 
or J2.5 25.6 I97 
CH,CI, J2.6 3'8 246 

F-3, F-, 30.0 J3,S 13.4 

s: 
0 

> z 
U 

? 



C,,H,F,NO,Re 52 Re12-h1-4-C,F,N(C6H,)1(CO), CHCI, F-, 88.4 J,,,< 1.0 
F-5 103.4 J,.6 30.8 
F-6 94.5 '3.6 32.1 

C,,H7N20,Re 53 Re12-h1-4-C,H,N(4-C,F;N)I(CO), CHCI, F-, 97.2  
F-, 144.1 
F_, 87.1 
F!Z,F16 89.6  

F!,, F!, 139.2 

C,F,N,O,Re 54 Re(4-h1-C,F,N2XCO), CHCI, F_,  53.7  
F_, 93.8  
F-, 106.6 

C,F,N,O,Re 55 Re(2-h1-C,F,N,XCO), CHCI, F 41.8  

(2) DIHAPTO LIGANDS 

lC7H,0,Relt 56 I(h2-CH,=CH2)Re(CO),lt (CDi),CO H 5.08s 

(3) PENTAHAPTO LIGANDS 

C,H, Br,O,Re 5 7 (h'-C ,H,)Re( Br),(CO), (CHi),CO H 5.96s 

C,F,N, = trifluoro 
pyridazinyl 

C,F,N, = difluoro-s-triazinyl 

Hexafluorophosphate 
100 MHz 

Hexamethyldisiloxane 
reference 

Hexafluorophosphate T 35 

T 32 

T 35 

Reference hexarnethyldisiloxane 
~ ~ _ _  

248 

248 2: 

5 
U 

5 

n 
b 

249 

P 
3 
0 

930 p 
z 
h 

61 6 
7 

61 

s: 187 



r u  
\o 
h) 

T A B L E  VI-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
~ 

C12H,,0,ReSi 61 

lC,H,O,Rel+ 62 

C,Jl,O,Re 63 

C,,H,,O,ReSi 64 

C,,H,,OpReSi, 65 

C1,H,,OJReSi, 66 

C,,H,O,Re 67 

~h5-C5H,.CH;Si(CH;),lRe(CO), - 

h5- 1,3 -C ,HI I Si(C H,), I,Re(CO), - 

H 

H' 
H" 

H 

H 

H' 

H 
H' 

H 
H' 

H 

H' 
H" 

H 
H' 

6.39 - 

5.99, - 
5.43 - 
2.32 - 

5.39t, - 
5.26t - 
0.28 - 
0.17  - 

4.47-4.43 - 
2.3-2.0 - 

T 
0 

208 $ 
250 2 

t) 
250 > 
250 

250 
8 
z 
0 

C,H, = H 253 

C G c  H 

'CH; H 



C,,H,O,Re 6 8  (h'-C$i,)Re(CO), - H 5 . 7  - 
H' 7.10 - 

H" 7 . 4 3  - 

C,,H,,O,P,Re 75 Re(H)IP(C,H;),l,(CO), 

H 6 0s 
H' 3 77s 

H 4 83  
H' I 9 4  
H" 4 4 9  

H 4 91 
H 2 06  
H" 4 16 

H 5 05 
H' 1 39 
H" 4 17 

H 4 92 
H' 7 23 
H" 4 19 

H 4 72 
H' 3 12 

CDCI, H -3 .11  
H" 6.8m 

Structure: 
H' H 

109 

254 

255 

255 

255 

255 

w 



h) 
\o 
P 

TABLE VI-cont. 

coupling 
constant Refer- 

Formula NO. Compound Solvent 6 (PPm) (Hz) Remarks ences 

C,J-I160,PRe 82 Re(H)IP(C,H,),l(CO), 

C2,Hl60,PRe 83 Re(H)[P(C,H,),I(CO), 

C2,HI6O,PRe 84 Re(H)[P(OC,H,),](CO), 
C,F,O,Re 85 Re(OCOCF,XCO), 

( 5 )  POI. YRHENIUM COMPLEXES 
C I,H,,0,Re2 86 I(h2-C,H,)Re(CO)212(CO)' 

IC6H,06Re,l- 87 IRe2(H),(CO)61- 

C6H6 

CDCI, 

C6H6 

C6H6 

C6H6 

C6H6 

- 

C6H6 

C6H6 

C6H6 

CH2CI2 

- 

CD,CN 

H 

H 
H' 
H 

H 

H 

H 

H 

H 

H 

H 

F 

H 
H 

-6.53t 

-5.35t 
6.9m 

-4.48t 

-3.23t 

-5.2Ot 

4 . 8 2 t  

-2.90b 

-5.66d 

-4.33d 

-5.68d 

74.2s 

5.35s 
-17.49 

J H p  20.0 

JHP 17.5 
- 
J"p 18.0 

J H ~  26.0 

J H p  26.0 

JHp 23.5 

- 

JHp 24.5 

JHP 22.0 

JHp 32.5 
- 

- 
- 

- 

100 MHz 

100 MHz 

100 MHz 

100 MHz 

100 MHz 

Tetramethylammonium salt 
A carborane derivative 

100 MHz 

100 MHz 

100 MHz 

94.1 MHz 

'Bridging CO ligand 
Tetraethylammonium salt 

251 

258 
256 . 
257 

257 3" 
-4 

257 g 

257 

a 

2 

n 

> 
z 

203 

257 

257 2 
0 

257 

138 

9 

259 
260 



H 5.541 
6.031 
5.27s 
0.38 

-10.56b 
1.13t* 

Hexamethyldisiloxane reference 93 1 

C,,H,,O,Re,Si 89 (h5 : h5-C5H,. Si(CH;)zC,H,) 

C,J-180,Re,Si 90 lRe(HXCO),lz[Si(CH;kl 

IRe(CO),l, 
H 
H‘ 

H 
H’ 

250 

Complex contains hydrogen 
bridged silicon-rhenium bonds 

*Collapses to a singlet on 
irradiation at -10.56 

261 Z 

5 
- 
J 1.5 

U > 
4 > 

261 0 
z CZJ-Il2O,Re2Si 9 1 ~Re(HXco),~,~si(c,H,),j 

C,,HF,,0,,Re2 92 [2,6-h’ : h’€(CF,)=CH-CF;- 
C(CF‘;)=C(CF;”)I[Re(CO),12 

CCI, 
- 

H 

H 

-9.56 

7.05 

- 

100 MHz and 94.1 MHz 

F 
F’ 

62.84 
67.72 
61.34 
43.39 
50.29 

F” 
F”’ 

F 
F’ 
F” 

n ~, 

239 2 
0 z 

51.6q 5 2  Structure: 
64.0comp. - 
44.2comp. - 

F2&:0)5 F2 r .c 

Re(CO), $ 
5 

-17.2 - Tetraphenylarsonium salt 262 6 
X (6 7.95s) rn cn 

H 

H -17.4s - Complex contains hydrogen 263 
bridged rhenium-rhenium bonds 
Isolated as the 

tetraphenylarsonium salt h, 
a 
VI 



T A B L E  V I I  
Iron complexes 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 b p m )  (Hz) Remarks ences 

( I )  MONOHAPTO LIGANDS 
(a)  Dicarbonyl derivatives 

C19H22F3- 1 Fe(CF,MI)IP(CH,),PhI,(CO), 
FelO,P, 

C,H,,F,FeO,Sn 2 Fe(CH,CH,)[Sn(CH,),CF,l 
(CO), 

CDCI, H 

F 

CHCI, H 

CCI,F F 

2.30d. 
2.04d 
3.19t 

0 . 4  

48.5 

no. 
+ 115.0 

+78.9 

n.0. 
+ I 1 4 4  
+79.3 

n.0. 
+ 114.2 
+78.1  

n.0. 
+64 .2  

Jp, 6 . 0  

J ~ F  13.0 

J("'Sn-H) 47 
J(,I9Sn-H) 49 

J(I"Sn-F) 200 
J(*19Sn-F) 209 

- 
- 
J 12.2 

- 
J 12.6 

- 
- 
J 12.6 

- 
5 8 - 0  

100 MHz 

a 

264 5 
5 
h 

E 
K 
0 

94.1 MHz P ligands cis, CO 

g iigands cis, CF, trans to one CO 
or I hand  - 

60 and 100 MHz 

94.1 MHz 

94.1 MHz 

94.1 MHz 

3- z 
U 

954 p 

z 
954 3 

K 
0 

3- 

94.1 MHz 954 

94.1 M H Z  954 



Cl1H2,F,FelO,P, 7 Fe[CF(CF;),I[P(C,H,),CH= CH,CI, F 
CHP(C,H,)2I(IXCO)2 F' 

C 22H ,,FeN,O,P 8 Fe(CH,CN)[ P(C,H;),l(NOXCO), CS2 H 

C,,H,,FeNO,P 9 Fe(COCH,)~P(C,H;),l(NOMCO), CS, H 

C2,H,2FeN0,P 10 Fe(COCH,C,H;)[P(C,H;),l- CS2 H 

C,,H,FeNO,P 1 1  Fe(COCH,C02CH;CH';> cs2 H 

cis 

H' 

H' 

(NOXCO), H', H" 

[P(C,H;"),I(NO(CO)2) 
H' 
H" 
H"' 

C,,Hl,BrFeOIP 13 Fe[o-CH(CH;)C,H,P(Phkl(Br)- CDCI, H 
(co) ,  H' 

C2,Hl,CIFe0,P 14 Fe[o-CH(CH~)C,H,P(Ph),](Cl)- CDCI, H 

H' 
( co ) ,  

(c) Tetracarbonyl derhatiws 

C,F,FeIO, 15 Fe[CF(CF;),I(I)(CO), CHCI, F 
F' 

n.0. - 94.1 MHz 
+64.4 J 8 .0  

2.3s - 
7.5 comp. - 
2.72s - 
7.4  comp. 

7 .3  comp. - 
- 3.78s 

- 2.6s 

3.85q - 
1.12t - 
7.4comp. - 

7.46s - 
4-85s 

4.17b - 
2.07d J - 5  

4.24b, - 
4.54 - 
1.79d, J - 4  
1.98d J w 4  

- 

40 MHz 

40 MHz 

40 MHz 

40 MHz 

954 

265 

2. 

265 5 
U 

265 > 2; 

P 
265 0 

B 
3 
0 

266 

267 

:: Two isomers present 267 3 

+77.6 sept. J 1 1  T 35O. Positive values to high 268 

-8.4d J I 1  field from CFICO,H h) 
v) 
4-1 



T A B L E  VII-conr. 
Coupling s 
oonstant Refer- 

Formula No. Compound Solvent b (ppm) (Hz) Remarks ences - 
16 Fe(CFzCFiCF;WIMCO), 

I 7 F~(CF,CF;CF;CF~CF!~CF,V- 
CF)" MCO), 

I9 I FdCOC,H,MCO),I- 

- F 
F' 
F" 

CHZCIZ F 
F' 
F" 
C 

CH,CI, F 
F' 
F" 
F' 
F ' V  

F" 
FV' 

CHzCI, H 

(CD,hCO H H' 

61.7 
114.6 
78.4 

+54.9 
+ I  14.4 
+78.6 
-6 

53.9 
110.6 
121.1 
122.2 
123.0 
126.6 
81.5 

2.67 

7.63 
3.37 

n.m. 

94. I MHt 

To high field from CS, at 
8.5 MHt 

94. I MHz 

Isdated as the quaternary 
methyl ammonium salt 

Isdated as the quaternary 
methyl ammonium salt 
I N(CH;),I' 

269 

F 

954 .r 
5 
0 x 

95 f, 

g 
954 r: 

L 
0 

v) 

> z 
0 
? 

270 p 
> 
f, 

8 
270 

919 

(2) DIHAPTO LIGANDS 
(a) Dicarbonyl derivatiws 
C&ISF,FCO,P~ 2 I (h'-CF,=CF,)FCIP(OCH,I,I,- CDCI, H 3.66d Jp" 11.5 ImnS-CO linands. cis-P linands 272 

(CO), 



CHCI, F 

CH931 2(C0)2 H' 
C,,H,,F,FeO,P, 22 (h2-CF2=CF,)Fe[P(OCH2- CDCI, H 

CHCI, F 

C,,H,,F,FeO,P,~ 23 (h2-CF2=CF'CF;)Fe- CDCI, H 
[ P(OCH,),I2(CO)2 CHCI, F 

F' 
F" 

C4zH,4Fe02P, 24 (h2+CH2=CH'.C6H,PPh2]Fe- C,D, H 
(@PPh2C6H,CHf'=CH;")(CO), H' 

H" 
H"' 

C ,,H,,F,FeO,P, 25 ( 1  ,4-h2-CF2CF;CF;CF2)Fe- CHCI, F 
[P(OCH2CH,),~2(C0)2* F' 

C,,H,,F,FeO,P, 26 (1,4-h2-CHFCF;CF;CHF)Fe- CDCI, H 
[P(OCH;CH'&]~CO),* H' 

H" 
CHCI, F 

F' 

(b) Tricarbonyl deriva t hies 
C,H,BBrFeNO, 27 [h2-CH2=CHB(Br)N(CH,),1- C,H, B 

FdCO), 

1 12m* J 30 * 94.1 MHz 

4.02q JPH 7.0 100 MHz trans-CO ligands, 272 
1.32t J p H  7.0 cis-P ligands 

z 1 13m* J 30 94.1 MHz 

3.41d J p H  11.5 100 MHz trans-CO ligands, 272 
97.2m* - cis-P ligands U 

5 
2 
> 109.2m* - * 94.1 MHz 

67,0sept.* - 

B 

5 

51 - - 
- 
JH"H*,, 17.10 B 
JH,o,H,,, 0 8 

i 
- Wsdicarbon y I-frans- 271 

bis(triethy1phosphite) 0 - 
octafluoroferrac yclopentane 

(external) 
0 

r 

?To high field of CF,CO,H 

J 
8 
B 
?l! 

J H F  43.0 100 MHz 272 
JH-H" 7.0 'cis-dicarbonyl-trans- 
- bis(triethy1phosphite) r hexa fluoroferracyclopntane m 

- t94.1 MHz v) 

- 

-21.2 - Reference BF,.OEt, 273 
(external) 



T A B L E  VII-cont. 

Coupling 
constant Refer- 

(Hz) Remarks ences Formula No. Compound Solvent 6 (ppm) 
- 

.. 

C~,H,,ASF,F~O, 29 (h2-CF,CF;CF;CF& 
Fe(AsPh,XCO), 

C2,H,,F,Fe0,P 30 (h2-CF2CF;CF;CF2> 
Fe(PPhiXC0)i 

C ,,H,,F,Fe06P 31 (I,4-h2-CF2CF;CF;CF2k 
FeIP(OEt),l(CO), 

C,,H,,F,Fe06P 32 ( I,4-h2-CF,CF;CF;CFJ 
Fe[P(OPh),l(CO), 

C,,H,,F,FeO,Sb 33 ( I,4-h2-CF2CF;CF;CF& 
Fe(SbPh,XCO), 

(c) Tetracarbonyl derivatives 
C6H,Fe0, 34 (h2-CH,=CHJFe(CO), 

C6D6 

CHCI, 

CHCI, 

CHCI, 

CHCI, 

CHCI, 

- 

H tram 

H cis 

H' 
F 

F' 

F 

F' 

F 

F' 

F 

F' 

F 

F' 

H 

I .94td 

2.3 sept. 

4.om 
- 13.1 *, 
-7.4. 

+52.9? 

-4.4d*, 
+2.8dt 

+60.8? 

--1,4d*, 
+ 1.8dt 

+60,4t 

-2.8d*, 
+0,6mt 

+60.0? 

-8.0*, 
-7.3. 

+59.3t 

2.48s 

*Low field of CF,CO,H 
?High field of CF,CO,H 

*Low field of CF,C02H 
?High field of CF,C02H 

*Low field from CF,CO,H 
?High field from CF,C02H 

*Low field from CF,CO,H 
?High field from CF,C02H 

*Low field from CF,C02H 
?High field from CF,C02H 

(external) 

(external) 

(external) 

(external) 

(external) 

51 

? 

3 
z 
n x 

271 
3 
I 

2 
271 0 

> 
z 

rA 

271 
P 
g 
0 

271 2 

27 1 

274 



C,BrF,FeO, 35 (h2-CFBr=CF;)Fe(CO), Petroleum F 35 .2  

FIrans 19.4 
ether Fiir 10.4 

C,CIF,FeO, 36 (h2-CFCI=CF;)Fe(CO), CHCI, F 38 
FLiS 16 
Firms 21 

CH2C12 F 6.0s 

CH2C12 F 32.0* 

C6C12F,Fe0, 37 (h2-CC12=CFJFe(CO), 

C,F,FeO, 38 (h2CF2=CFJFe(CO), 

To high field of CF,CO,H 268 
T 35' 

To high field from CF,CO,H 268 
T 35O 

z 
5 

To high field from CF,CO,H 

*To high field from CF,CO,H 

268 

-4 * 
(external). Coupling constants 268 2 

Q > suggest an approach to sp' 
hybridization of the olefinic 
carbon atoms, but the authors 
conclude that there is probably 
no real difference between (I) and 

by the olefin is accompanied by 
back donation from filled d.vy 

T 35O 

275 

(not reported for this compound) B 

8 
5 

(11) since n-electron donation F 

B 

-1 

n * 
P 

orbitals of the iron to 
n*-antibonding orbitals ofthe 4 

r 
0 
0 

r hydrocarbons: rn 
X 

olefin, a process which is 
expected to be more efficient for 
fluoro-olefins than for B 

FZC I /co FZC, I ,co 
co co !2 

Il--+Fe I ,Fe 
F2C I 'CO F,C Lo'CO 

co 
(1) (11) W 

2 - - _. -~ - -~ 



w T A B L E  VII-cont. 0 

Coupling 
Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 
constant 

C,HF,Fe04 39 (h2-CF2=CHCF;)FB(CO), Liquid F 1 0' J F F  113 *To high field of CF,CO,H 268 
-5.9t 71 

5 T 35O - 
F -22.87 J F F ,  6,11 ?To low field of CF,CO,H 

T: 
C7F,Fe04 40 (~'-CF~=CF'CF;)FC(CO)~ Liquid F 18' JFF 141 'To high field of CF,CO,H 268 

15' JFF- 62.3, 9.7 E 
,=r 0 F' 105. JFF 1 1.5 "To low field of CF,CO,H 

F" - l o t  JFF" 11.6,2.6 T35' 
F 

The NMR data is interpreted 276 

C,H,F,FeO, 41 (h2-CH,=CF,)Fe(C0), - 
C,HF,FeO, 42 (h2-CF2=CHF)Fe(CO), - 

1 8  I ZFeo4 43 [VC(CF,),=C(CF,~~F~(CO), - 

Not reported 

Not reported 

Not reported 

C,H,FeO, 44 (h2-CH2=CH'CH"O)Fe(CO), (CD,),CO H,i, 3.03 - 
Htrons 2.99 - 
H' 3.95 - 
H" 9.45 - 

s 
tj 

in terms of a cyclic ring 
structure, viz: > 

i 
U 

? 
3 
2 " 

The 'H NMR signals are shifted 
well to high field of the vinylic 

P z 
0 

region and the geminal F-F 
coupling is high (1 10-138 MHz) 
and the trans-F-F coupling low 

Corresponding chemical shifts for 96 
the free ligands are: 6 6.20, 
6.25,6,25,9,58 respectively 



C,H,ClFeO, 45 (h'-CHCI=CH'COCH,)Fe(CO), CC14 H 5.07 
H' 3.69 

C,,H,CIFeO, 46 (h2-CHCI=CH'COPh)Fe(CO), CCI, H 5.35 
H' 4.43 

C1,H,CIFeO, 47 (h2-CHCI=CH'COC6H,CH,-p)- CCI, H 5.31 
Fe(CO), H' 4.42 

C13H,BrCIFe0, 48 (h2CHCI=CH'COC6H,Br-p)- CCI, H 5.32 
Fe(CO), H' 4.35 

CI,H,CIFeO, 49 (h2-CHCI=CH'COC6H,0CH,- CCI, H 5.31 
P)Fe(Co), 

Cl,HloFe07 50 ( h 2 - ~ 6 ~ , ~ ~ ~ ~ = ~ ~ t ~ ~ 2 ~ ~ 3 ) -  CCI, H 3.58 
Fe(CO), cis H' 4.14 

C15H,oFe07 5 I (h2-C6H,COCH=CH'C0,CH,)- CCI4 H 3.88 
Fe(CO), truns H' 4.59 

c 1 8  12Fe0, 52 [h*-C(OCH,),=C(OCH,),I- (CDJ2CO H 3.55s 
Fe(CO), 

Fe(CO), trans H' 4.35 
CI4HlOFeO,S 53 Ih2-CH(COCH,bCH'S0,PhI- CDCI, H 3.64 

C,$I12Fe0,S 54 [h2-CH(COPh)=CH'S0,Ph]- CDCI, H 4.04 
Fe(CO), H' 4.24 
cis 

H 4.42 
H' 4.66 

J 9.3 
- 

59.7 
- 

l00MHz 217 
Reference hexamethyldisiloxane 278 

1000 

100 MHz 277 
Reference hexamethyldisiloxane 278 

100 MHz 277 5 
Reference hexamethyldisiloxane 278 

z 
100 MHz 277 
Reference hexamethyldisiloxane 278 

100 MHz 

lo00 5 

B 

rl 
F 

8 
;z 

5 
% 

277 3 
; 

Hexamethyldisiloxane as reference 997 

Hexamethyldisiloxane as reference 997 5 
c) 

at 100 MHz 

at 100 MHz 

T OD 279 
0 

100 MHz 280 6 
Reference hexamethyldisiloxane 

cis-isomer 280 
100 MHz 
Reference hexamethyldisiloxane 
rrans-isomer 

v) 

W 

0, 



F T A B L E  VII-cont. 

coupling 
constant 

Formula No. Compound Solvent 6 (ppm) (Hz) 

C,,H,,FeO,S 55 [hZ-CH(COPh)=CH'SO,C,H,- 
CH,-PIF~CO)~ 

C,F,FeO, 56 ( I,4-h2-CF,CF~CF;CF,)- 
Fe(CO), 

C,F,FeO, 57 (h*-C,F,)Fe(CO), 

C,F,FeO, 59 (hZ-C,F,)Fe(CO), 

CHCI, 

Liquid 

CHCI, 

CHCI, 

H 
H' 
H 
H' 

F 
F' 

F 
F' 

F 
F' 
F" 

F 
F' 

4.03 
4.21 
4.40 
4.65 

-5.8' 
+59,2t 

98.8 
3 4 4  

158,4* 
168.6' 
122.8' 

96,8* 
27.3' 

Remarks 
Refer- 
ences 

cis-isomer 

trans-isomer 

'To low field of CF,CO,H 
tTo high field of CF,CO,H 

T 35O 
To high field of CF,CO,H 

(external) 

Structure = 

F' 

268 



'To high field of CF,CO,H 
T 35O 

F" 39.3* fJ.B/25 I 

IOFlOFe04 60 (h2-C,Flo)FdCO)4 CHCI, F 85.0* - C P o =  F,;&F 268 

z F' 24.0* /J,Bf 260 
F" 53.2' / J ~ ~ / 2 6 6  

F'; F 5 
F; 0 

% 
'To high field of CF,CO,H > 

0 z T 35O 

61 (h2-C,H,JFe(CO), - ma. - 'H NMR chemical shifts: 281 : c I2H I2FeO4 
65.47rn,3.2, and 2.1 in ratio 
2 ~ 2 . 8  2: 

?i 

2 
T -6OO F 

FdCO), F' +71.9cornp.* - z 

Fe(CO), 0 
5 
r (3) TRIHAPTO LIGANDS m 
8 (a) Monocarbonyl derivatives v) 

H 1.84s - T +30° 282 Z c I IH 12FeO4 62 [ h2-C(CH3),=C =C(CH&J - cs2 
H 2.03 

1.98 
1.77 c) - 

283 5 
0 

'Relative to C,H,CF, 

I 1  
Fe(CO), 

C,F,FeO, 63 (I,4-h2-CF,CF'=CF'CF& - F -4.0 comp.* - 

C 15H8F4Fe04 64 (23-h2-CF,CF,CHPhCHCHO)- - n.m. - - 284 

C,,H,,FeNO,P 65 [h'-CH,CHCHCH,C(OH> cs2 H 1.27s - 40 MHz 265 
(CH,),IFe(PPh,XNO)(CO) Other signals at 6 7.4  comp., 

4.0-3.0 comp., 34-2 .0  comp, 
and 1 '82bs in ratio 
15 : 2:3 :2  w z 



E TABLE VII-cont. 

Coupling 
Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
constant 

C,,H,,FeNO,P 66 [h'-CH,C(CH,)C(CH,)CH,- CS, 
C OC H31 Fe(PPh,)(NO)(CO) 

C ,,H,,F,FeO,P, 67 I 1,2,3-h3-I,2,3,4-C,(CH,),-4- - H 
C(CF,),O] FelP(OCH;),l,(CO) 

H' 
F 

C,,H,,FeNo,P 68 (h3-C,H,)FeIP(C,H;),I(NO)(CO) CS, H 

H' 

- n.a. 

I ' 84s, 1 ' 79s, 
1.73% 1.12s 

3.35d J p ~ v  10.0 
71.4s 

4.95. 4 0  MHz 
4.3-3.0*'f, 
2 .0*  

7 .5  

4 0  MHz 
Signals at 6 7.5 comp., 3'7-3.2 

comp., 2.95d, 2.16s, 1,48d, 
0.83s in ratio 15 :3 : I :3 :3 :3 

Structure: 5 3 4 3  

C5H7 = 0 ._. 
*Integral ratios 2 : 1 : 4 respectively 
?This result is unusual in that the 

central hydrogen of a Ir-ally1 
complex normally gives a 
proton resonance signal to lower 
field than the protons on the two 
outer carbons 

~ 

265 

.a 
5 
z 

284 0 

0 
E 
.=r 

E 
U 
? 

265 * z 
0 



C,H,,FeNO,P 69 (hJ-C6H,)FelP(C6H;),1- 
(NOXCO) 

(b) Dicarbonyl derivatives 

C,H,FeN03 70 (h’-CH,CH‘CHJFe(NOXCO), CCI, 

C,H,FeN03 72 (h’-CH,CH‘CH’’CH;”)Fe- CCI, 
(NO)(CO), 

C,H,FeNO, 74 (h’-CH,CH’CH”CO,CH~)- CCI, 
Fe (NOXCO), 

H 

H‘ 
H” 

H syn 

H anti 
H’ 

H 
H’ 

HSP 
Hanti 
H’ 
Hbnri 
H“’ 

H 

H syn 
H anri 
H’ 
H&fi 
H”’ 

4.88*, 
3.65* 
1.55 
7.43 

40 MHz 265 
C,H,= Hi  H 

H ; ~ H  

z Hi H 

5 *Integral ratio 1 : 2 respectively 

285 
P 

Signals for n-ally1 ligand: 987 8 p p Isomer I: 6 3.6Od (J4), 3.82 
(./2.5),4.21 sept(J7). 
Isomer 11: 6 3.47d ( J 4 )  3’75d 3 

$ (J 3), 4.43 Xpt (J 7). 

285 

8 
40 MHz 265 5 
Other signals at 6 4.0 cornp., r 

E 3.0-1’ 1 comp., in ratio 3 :4 
v) - 285 



w 
0 
00 

T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,H,FeNO, 76 (h3-C,H,)Fe(NO)(CO), 

Hryn 2.50 
HOn,i 1.39 
H' 4.09 

Hsyn 3.08 
Honci 1.85 
H' 4.11 

Hsyn 1.99 
Hmri 0.96 
H' 4.11 

CS, H 5.35 comp. 
4.24t 

H' 2.1 comp. 

286 

Isomer I 287 

Reference hexameth yldisiloxane 

attributed to internal rotation 
ofthe n-ally1 groups, the energy 
barrier to rotation being 
estimated to be 4.6 & 0.8 
kcalhole, viz. 

T -67" 
JHH* 6.5 
JHH, 12.3 

- (Isomer 11) The presence oftwo isomers is 

- 

- 

- T -67" 

265 40 MHz 

C H  - 
' '-H;f4--H 

H H  

z 
n 

j 

3 
n 
2 
v) 

P z 
[I 

? 



C,H,FeNO, 77 (h3-C,H9)Fe(NOXCO), 

(c )  Tricarbonyl derivufives 

C6H,FeCI03 

C6H,BrFe03 

C,H,FeIO, 

78 (h3-CH,CH'CH,)Fe(ClXCO), CDC1, 

79 (h'-CH,CH'CH,)Fe(BrXCO), CS, 

80 (h3-CH,CH'CHJFe(l)(CO), CS, 

CCI, 

cs2 

CCI, 

H syn 

Hanri 
H' 

H syn 

Hanri 
H' 

H syn 

Hanri 
H' 

H syn 
Hanri 
H' 

Hsyn 
Hanri 
H' 

Hsyn 
Hanri 
H' 

H syn 

Hanri 
H' 

Hsyn 
Hanri 
H' 

- n.a. 

4.48 
3.21 
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 

4.13 
3.77 
4.55 

3.57 
2.21 
5.83 

3.75 
2.24 
5.90 

40 MHz 265 
Signalsatb5.15,2.1 and I . O i n  

ratio 3 :4 :2 

Isomer I* 287 3 

Isomer 11* 
*Rotational isomers differing in the 

100 MHz XI 
Reference hexamethyldisiloxane 0 > 

287 2 
0 z orientation ofthe ally1 group 

with respect to the halide ligand 

Isomer I* 
100 MHz 
Reference hexamethyldisiloxane 
Isomer 11' 
*See above 

Isomer I* 
100 MHz 
Reference hexameth yldisiloxane 

lsomer l l*  
'Rotational isomers differing in 

the orientation ofthe ally1 group 
with respect to the halide ligand 

w, 



T A B L E  VII-cont. 2 
0 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,H,FeNO, 

C,H,F,FeO, 

C,H,F,FeO, 

C,H,CI,FeO, 

lC,H,FeO,l+ 

C,H,CIFeO, 

C I 4H I ,C I FeO, 

81 

82 

83 

84 

85 

86 

87 

(h3CH2CH‘CH,)Fe(N0,)(CO)3 CDCI, 

(h’-C H2CH ‘CH,)Fe(OC OC F,)- C DCI, 
(co),  

(hl-CH,CH’CH,)Fe- CDCI, 
(OCOCF,CF;)(CO), 

Hsyn 
Hanri 
H‘ 

H syn 
Hanti 
H’ 
F 

H w  
H anti 
H’ 
F 
F’ 

H 

n.a. 

Hanti 
H‘ 

4.70 
2.63 
5.31 

4.68 
2.68 
5.37tt 

75.3* 

4.69 
2.66d 
5.40tt 

120.09 
83.4t 

4.82b 
3.62b 

n.a. 

4-68d 
5.65d 

100 MHz 
Reference hexamethyldisiloxane 

100md94.1 MHz 

100 and 94.1 MHz 

Signals at 6 5 .Os, 2.7s, 2 .Os, in 
ratio2:2:3 

Signals at 6 4.32s, 3.27s, 1.99s 

287 
.rr 
5 

138 
i*: 

5 
s 

138 

2 
> z 
0 
? 

288 5 
0 
> 

920 3 
I 

920 

289 



[C,H,,Fe0,12+ 

IC,H,FeO,I 

88 [(h3-CH,CH'CH"CH"'CH~v~- 
Fe(Hv )(CO),12+ 

89 [(h3-CH,CH'CH"CH"'CH:V- 
CHY)F~(H~IXC o), 1 + 

HSO,F 

HS0,F 

CD,CN 

H Yyn 

HLri 
H 
Hdri 
H" 
H"' 
H'V 

HV 

H 

H" 
H"' 

Hbnri 

H'V 
HV 
HV' 

2.20s 
1.57s 

1.80 
2 .50  
6.50 
6.96 
1.05 

-0.85 
-14.67 

1.84 
2.50 
6.37 
6 .59  

4 . 3 0  
1.26 

-14.64 

Not reported 

Diprotonated trans-piperylene- 
iron tricarbonyl 

Diprotonated trans, trans-hexa- 
2,4-dieneiron tricarbonyl 

Isolated as the (AICIJ salt. The 
iron atom formally possesses 

290 

290 

291 

only 16 electrons but may obtain 
a closed-shell configuration by 
intramolecular a-donation of a 
lone pair ofelectrons 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 6 (PPm) ( H 4  Remarks ences 

CJ-l ,,FeO,l + 9 1 (h1-C6H,)Fe(H)(CO), HS0,F H 6.92 
5.21 

H' 6.36 

(d) Tetracarbonyl derivatives 

[C I ,H ,,Fe041+ 93 [h3-C(CH,),~H'~C(CH3),1- 
Fe(CO), 

H' 

1.89m 
1 ,30m 
5.14m 
4.33m 
6.99 

2.40 
2.30 
5.67 

Diprotonated cyclohexa- 1,3- 290 
dieneiron tricarbonyl 

5 The n-bonded ally1 anion acts as a 1002 VJ 

four-electron donor. The isomeric * 
2: 

hydroxybutadiene anion U 
structure is ruled out by the p 

9 

NMR data 5 
> 

Tetra fluoroborate 292 3 

AIC14- salt 292 

AICI,- salt 292 



(4) TETRAHAPTO LIGANDS 
(a) Monocarbonyl derivatives 

C,H6F6FeOP, 96 (h4C,H6)Fe(PF,),(CO) - 

C,H,,FeO 97 (h4-C,H6),Fe(CO) C6D6 

'1 98 [h'-C,H,(CH;)I,Fe(CO) C6D6 

C13H16Feo 99 (h4-C,H,),Fe(CO) C6D6 

Not reported 

H 4.27, 
1 .o, 

-0.35 

H 4.34, 
2.54, 
1.95, 
1.05 

H 4.85, 
1.75, 

-0.25 
H' 7.3 comp. 

JpF 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,H6 = butadiene 
100 MHz 
Integral ratios = 2 : 2 : 2 

- 
- 

- C,H,(CH,) = isoprene 
- Integral ratios = 1 : 2 : 2 
- 

C6H, = cyclohexadiene 

Integral ratios = 2 : 2 : 2 : 2 

C,H6 = butadiene 

293 

z 
5 
s 

s 

5 

u 

* 
0 z 

294 
295 

'? 

295 2 
r 
n 

ii 
0 z 

cl 
0 

r 

295 

5 
3 
N 

cn 

298 



TABLE VII-cont. 2 
P 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

- H n.a. 
H' 7.4 comp. - 

- H n.a. 

H' 7.35comp. - 

- H n.a. 
H' 7.45comp. - 

- H ma. 

H' 1.4comp. - 

H_,,H_,  2.62m - 
H_,,H_, 5.15m - 

C,H,O = Hexa-3,5diene-2-one 265 
Signals at 6.0-5.0 comp., 

54-4~0comp. ,  1.91s, 1.5-0.2 
comp., in ratio 1 : I :4 : 2 
40 MHz 

F 
.E 
E n 

C,H,,,O = 3-methylhexa- 265 

Signals at 6 5.454 1.92d. 1.44d, "3 3 3  -diene-2-one 

O.N-p.6 comp., in ratio s 

40 MHz h 
1 :3:4:2 n 

C,HloO = hepta-3,5-diene-2-one 265 
Signals at 5454.6 comp., 

1.3 Is, I .02d, 0.3-(-)0. I comp., ? 
s 
0 

40 MHz P 
P 

C,H,,O = 4,5dimethylhexa- 265 8 
3,5-diene-2-one 

Signals at 6 2.3d, 1.85d, I,38s, 
0.0-(-)0.8 comp., in ratio 
3:3:4:2 
40 MHz 

in ratio 2 :3 :3 : 2. 

*5-Phenylcyclopentadiene 193 



3.85m - 
H' 7.03m - 

7.34m - 

H -5 

H-,,H_, 2.60m - 
H-,,H_, 4.97m - 

4.15m - H-5 
H' 7 .30~1  - 

H 2 4 4 d  JPH 11-0 
H' 7.59m - 

H, H' ma. - 
H" 7.4comp. - 

- C,,H,,FeO,P 1 I I (h4-C,H,o)Fe~P(C,H;),~(CO), - H ma. 
H' 7.4 comp. - 

'5-Pentafluorophenyl- 
cyclopentadiene 
(em-isomer) 

100 MHz 
*Tetrakis(trifluoromethyl) 

cyclopentadiene- Sane  
94.1 MHz 

100 MHz 
'See above 

94.1 MHz 

C6H, = cyclohexadiene 
Signals at 6 4.85,2.50, I .6, 

1 -acetylcyclohexa- 1,3-diene 
Signals at 6 5.8bd, 4.53 comp., 

2.1s, 1.5 comp., in ratio 
1 : 1 :4:4. 

in ratio 2 : 2 :4. 

40 MHz 

C,H,, = cyclohepta-l,3diene 
Signals at 4.55.2.36. I .83, 1.25, 

in ratio 2 :2 :4 : 2 

I93 
296 z 

U 
5 
5 

297 
0 z 

298 

. - . . 



w 
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TABLE VII-cont. - 
Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 

- H n.a. C,,H,,FeO,P 1 12 (1,2,3,4-h4-C,H8)Fe- - 
[P(C~H;),I(CO)Z H' 7.35comp. - 

(c) Tricarbonyl derivatives 
C,H,FeO, 1 13 Ih'-C(CHJ,IFe(CO), - H 2.0s - 

13C* -18.8s - 
+ 8 7 . 8 ~  - 

C,,H,,FeO, I14 (h4-Cl,H,,JFe(CO), 

+ 139.8t J 158 

CCI, H-I 4.28d J1,4  3.3 
H-2 1.84d J2 .5  5.4 

1.84s - 
2.30d J 3 . 3  

H-5 2.87d 5 5 . 4  
H' 7.1 IS - 

H-3 
H -4 

C,H8 = cyclohepta- 1,3,5-triene 
Signals at 6 4.7 comp., 

2.8-1 .O. in ratio 2 :6. 

Structure: 

*Relative to CS, (0.Oppm) at 

I3C satellites in 'H NMR 
spectrum give J,-- 162 

25.1 MHz 

298 
a 
5 
z 
c) 

0 
E 

5 5  3 920 - 
ic 

? 

E! > 
299 8 



C,,H,,FeO, I I5 (h4-C22H,,)Fe(CO), 

C,,H,,FeO, 116 (h4-Cz2H,,)Fe(CO), 

11H8Fe03 117 (h4-C,HdFe(CO), 

H' 7,52111, - 
6 . 9 2 ~ ,  
3 .60  cornp., - 
1.7s, - 

- 
cs2 

cs2 H' 5.87111, 
3.70dd, 

Structure I28 

*Integral ratio 7:4:5:  1 : I 

Structure: as above but 
P-naphthyl derivative 

Structure: 

I28 

28 

0 z 

n 

C,,H,,F,FeOl I18 (h4-C,,H,,F,)Fe(CO), 

2. 
1.40s 'Integral ratio 4 : 2 : 2 ;a 

J l . 2  6 9 J I . 3  1) 0 

8 

% 

m 

z 
4 temperature range -60 to r 

+ 14OoC 

Spectrum unchanged over the 

Structure: 300 5 - H 2.60s - 
2.42s - m 
1.72q 1.56s J ~ " 3 . 0  - * F3 v, 

F 55.2q JFF 18.0 

55.4qq JFF 18.0 CH3 CF, 
'Fe JFF 3.0  

w 
_____ 4 

(CO), - 



k! T A B L E  VII-cont. _ _  
Coupling 
constant Refer- 

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

H 
H' 
H" 
H"' 
F 

C,H,F,FeO, 119 (h4-C,H,F,)Fe(CO), - 

C,H,F,Fe03 120 (If-C,H,F,)Fe(CO), H - 

H' 
H" 
H"' 
H'V 

HV 

F 

F' 
F" 

2.42 
3.38 
2.60 
2.56 

75m 
106.2m 

2.68 

3.46 
5.10 
4.68 
2.42 

1.40 

108.5 

104.5 
87.3 

Structure: 284 

284 



C,,H,,F,FeO, 12 1 (h4-C,,H,,F,)Fe(CO), - H 2.20s, - 
I . 6 4 ~ ,  - 
1 . 1 0 s  - 

F 70,8111 - 
120.8111 - 

Structure: 

y 4 3  

300 

- H 2.20% - 
1 . 7 9 ~ ,  
1 , 6 2 ~ ,  
1.12s 

C ,,H,,F,FeO, 122 (h4C I ,H ,,F&Fe(CO), 
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C,H,BrFeO, 

C,H,BrFeO, 

C,H,CIFeO, 

C ,H,CI ,FeO, 

C9H,CI,Fe03 

C,H,FeO, 

C9H,0Fe01 

126 (h'-CH,=CH'-CH''=CH"'Br)- C6D6 
Fe(CO), 

127 (h*-CH,=CH'-C(Br)=CH;)- C,D6 
Fe(CO), 

1 28 (h'-CH,=CH'-C(CI)=CH';)- Liquid 
Fe(CO), 

129 (h*-ClCH=CH'-CH'=CHCI)- - 
Fe(CO), 

130 [h'-CH(Cl)=C'(CH;)-C'(CH;)= C,H, 
CH(CI)IFe(CO), 

131 (h'-CH,=CH-CH=CHCH,)- CCI, 
Fe(CO), 
cis 

132 Ih'-CH,==CH-CH=C(CH,),I- - 
Fe(CO), 

Hsyn 
Hanri 
H' 
H" 
H"' . 

anti 

Hsyn 
Hanri 
H' 
K y n  

anri 

H syn 

H anri 
H' 
Wyn 
H%nri 

H'I . 

H 

H' 

H 
H' 

ma. 

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 

303 

303 

303 

99 I 
304 

J("C-H) 191.5 100 MHz 304 
J(')C-H) 129-2 *Half-height width 2.5 Hz 

?Half-height width 1.5 Hz 

- Signals at 6 5.28d, 2.67t, 1.77d. 305 
I .47dd, 1.03, in ratio 
2:l : I  : I  :3 

- Signals at 6 5.27-4.98m, 305 
1.83-1.3m, 1.03s, in ratio 
2:5:3 



T A B L E  VII-cont. w 
ta 

No. Compound 

I33 (h4-CH3CH=CH-CH= 
C HCH ,)Fe(CO), 

CH,IFe(CO), 

CH,)Fe(CO), 

CH"C H;' IFe(CO), 
trans 

134 [h4~CH,),C=CH-C(CH,)= 

135 (h'-CH,=CH-CH=CHCH,- 

1 36 Ih'-CH2=C(C,H,)*-CH'= 

I37 (h'-CH,=C~-C,H;OCM;)- 
CH"'=CHtVCHY IFe(CO), 

trans 

Solvent 

- 

- 

- 

CDCI, 

CDCI, 

138 Ih"CH,CH'=CH"-CH"=CH"'- CDIOD 
CH~~(CH~)NHCH(CH,) ,~-  
Fe(CO), 
frans cis 

Coupling 
constant Refer- 

6 (ppm) (Hz) Remarks ences 
-. - 

H 

- 

H 

H syn 

Hanri 
H' 
H%nti 
H"' 
H'V 
HV 

H syn 

H anti 
H' 
H" 

Hami 
HV 

H, HV 
H' 
H" 
H"' 
H I" 

H ;; 

- 5.0 - 306 

292 5 

As the hydrochloride 
100 MHz 

? 
z 
0 

308 5 
3 

309 
1036 



139 [h4-CH,CH'=CH"-CH"'= CDIOD 
CHIVCHV(CHy')NHPhl- 

trans trans 
Fe(CO), 

! 40 I h4-CH3CH'=CH"-CH"'=- C D,OD 
CH'VCHV(CHY1)NHPhl- 
Fe(CO), 
trans cis 

14 I [h'-CH,CH'=CH"-CH"= CD,OD 
CH'CH"'(CH\V)NHCHYPhl- 

trans cis 
Fe(CO), 

142 I h4-CH,C H'=CH"-CH": CD,OD 
CH~TH'"(CHJ~(NHCH- 
(CH,)PhlFe(CO), 
trans cis 

H, H' 
H" 
H"' 
H'V 
HV 
HV' 

H 
H' 
H" 
H"' 
H 'V 
HV 
HV' 

H 
H' 
H" 
H "' 
H'V 
HV 

H 
H' 
H" 
H "' 
H'V 
H 
H' 
H" 
H"' 
H'V 

-1.4 
-4.8 
-5.1 
-0.8 
-3.30 

1.50 

-1.4 
-2.4 
-5.13 

4.80 
-2.2 

-1.3 
2.94 

1.43 

5.48 
2.73 
1.49 
4.03 

-2 .3  

1.27 
-1.7 
-5.5 
-2.4 

1.52 

1.28 
1.70 

-5.3 
-2.3 

1.38 

100 MHz 309 
1036 

Oily compound converted into its 
fluoroborate salt for the z 

5 NMR determination 
W 

100 MHz 309 5 
> 

100 MHz 
As the hydrochloride 

s 
0 

5 
'? z 

309 3 
1036 

4 
r 

309 8 
(+) Diastereoisomer, as the 1036 5 

hydrochloride r 
rn 100 MHz 2 cn 

(- Diastereoisomer. as the 
hydrochloride 

W 
t4 



T A B L E  VII-COW. w 
h) 

Formula No. Compound 

Coupling 
constant Refer- 

Solvent 6 (ppm) (Hz) Remarks ences 

C,6H16- 
BrFeNO, 

C16H,6- 
BrFeNO, 

I T H  19- 
FeNO, 

C17H19- 
FeNO, 

143 [h'-CH,CH'=CH"-CH"'= 
c H I ~ C H ~ ( C H Y ' X ~  
NHC,H,Br)lFe(CO), 
trans cis 

I44 [h4-CH ,C H'=C H"-CH"' = 

c HIVCHV(CHY' xp- 
NHC,H,Br)lFe(CO), 
trans trans 

145 [h4-CH,CH'=CH"-CH"'= 
CH'CHIV(CHY& 
NHC,H,CH,)]Fe[CO), 
trans cis 

146 [h4-CH,CH'=CH"-CH"'= 
CH~VCH~(CHY~X~-  
NHC6H4CH~)IFe(CO), 
trans trans 

CDCI, 

CDCI, 

CDCI, 

CDCI,/ 
C6D6 

H I .45 
H' 2.35 
H" 5.20 
H 'I' 4.88 
H'V 2.13 
HV 2.88 
HV' 1.30 

H 1.38 
H' 1 . 1 5  
H" 4-94  
H "' 5.12 
H 'V 0.80 
HV 3.21 
HV' 1.30 

H 1.22 
H' -2.1 
H" 4.90  
H"' 4.65 
H'V 2.70 
HV 1.12 

H 1.22 
H' - 0 . 9  
H" 4.60  
H "' 4-86 

100 MHz 

100 MHz 

100 MHz 

309 

a 
3 
T 
0 
x 

3 
309 * 

1036 
0 
L 
v) 

&- z 
U 

? 
x 

309 0 
E! 
&- z 
0 

309 
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w 
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T A B L E  VII-cont. h) 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 

15 1 (h4-CH2=CH'-CH"=CH"'- 
OCOC H!v)Fe(CO), 
trans 

152 (h'-CH,=CH'-CH"=CH"'- 
OCOCHfV)Fe(CO), 

153 [h4CH,=CH'-C(OCOCH;- 
Ph)=CH;" IFe(CO), 

154 [h'-CH,=CH'-C(OCOPh)= 
CH';]Fe(CO), 

155 [h'-CHz=CH'-C@-OS02C6- 
H';NO,)=CH;"IFe(CO), 

H y  1.18 - 
- C6D6 

Hanri -0.25 
H' 4.45 - 
H" 4 . 9 0  - 
H& 3.93 - 
H'V 1.57 - 

- C6D6 H 1 ' 80 
H' 4 . 9 1  - 
H" 4.43 - 
H "' 5.63 - 
H'V 1.46 - 
Hsyn 1.10 - 
Hanri -0.67 - 
H' 5.32  - 
H" 4.96 - 
H& 2.02 - 
H& 0.22  - 

1.23 - 
Honri -0.48 - 
H' 5.54 - 

C6D6 

'GC6 H syn 

H&, 2.05 - 
H&,i 0.41 - 

1.64 - 
Hanri -0.10 - C6D6 H w  

60 and 100 MHz 

60 and 100 MHz 

60 and 100 MHz 

60 and 100 MHz 

60 and 100 MHz 

303 
? 

a 
T: 
0 x 

303 4 5; 

$ 

j 
0 

* 
303 

? 

U 

z 
0 

B 
5 

303 

303 



16H 12- 156 {h'CH3CH'=CH"-CH"= CDCI, 
FeN,O, CH"'CH~Vk3,5-OCOC6H~- 

(NO 3, 1) Fe(CO), 
trans trans 

C loH,,Fe04 1 5 7 Ih'-C H 3C H'=CH"-C H'= CDCI, 
CH~THIV(OHV)CH~'IFe(CO), 
trans trans 

C,,H,,FeO, 158 [h'-CH,CH'=CH"-CH"= CDCI, 
CHWH'~(CH~MOC H;')L 
Fe(CO), 
trans trans 

31 1 
z 
5 
3 

B 
P 

U 

P 
0 

312 ' 

3 
? 

F 

6 

5 
0 > 

0 z 
.e 
r 

71 H 
r 
m 
i2 311 

w 
5 
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CDCI, 

C,,H,,FeN,O, 162 {h'-C,H,CH'=CH"-CH"'= 
C H I ~ C H ~ ( C H ~ I ) I I , ~ , ~ -  
oc OC,H~~~(NOJ,I}F~(C o), 

CDCI, 

CDCI, 

- H 
H' 2.17d 
H" 5.78q 
H"' 5.39q 
H'V 1.27t 
HV 3.68111 
HV' 1.40d 
HVII 1.85s 

Exo-isomer 
(See above) 

Endo-isomer 
(See above) 



w 
w 
0 

T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,H,Fe04 

14H IOFe04 

C1,H 12FeO4 

C,H,Fe04 

CKJH8D2Fe04 

C10H,0Fe04 

163 

164 

165 

166 

167 

168 

(h‘-CHz=CH-CH=CH- CDCI, H 

(h4-C6H$H’=CH”-CH”= - 

CH=O)Fe(CO), 

H 
CH”’-CHIV=O)Fe(CO), H’ 
trans trans H“ 

H“’ 
H’V 

(h4-p-CH,C6H;CH”=CH‘“- - H 
C H ~ ~ ~ = C H * ~ - C H V = O ) F ~ ( C O ) ,  H’ 
trans trans H“ 

H”’ 
H IV 
HV 

H (h4-CH2=CH-CH=CH- - 
COCH,)Fe(CO), H 
trans 

(h‘-CHjC H ‘=CD-CH”=CD- C DCIJSO, H 
COCH;”)Fe(CO), (2:3) H’ 
trans trans H” 

H“’ 

9.32d 

7.34s 
2.6d 
6.07m 
1.6Oq 
9.44d 

2.32s 
7.2m 
2.64d 
6 . h  
1.52q 
9.42d 

1.25d 
3.09d 

-1.5 
1.66 
5.70s 
2.1s 

5 4 . 1  - 

J 8  trans-isomer 
5 8  cis-isomer 

T -20 to -30 - 
- 
- 
- 

(h‘-CH,CH’=CH’’-CH”’= CDCI,/SO, H 1.5Od J H H ’ ~  T -20 to -30 
C H’vCOCHy)Fe(CO), (2:3) H’  1,65111 JHPH- 8 
tmns trans 

317 



169 (h'-CH,CH'=CH"-CH"= 
CH"'COCH~V)Fe(CO), 
trans c13 

170 [h'-CH,CH'=C(CH;)-CH"'= 
CHIVCOCHYIFe(CO), 
trans trans 

171 [h'-CH,CH'=CH"-C(CH;")= 
CHIVCOCHYIFe(CO), 
trans 

172 Ih4-(CH3)2C=C(COCH,)- 
C(CH,)=CH21Fe(CO), 

H" 
H"' 
H 'V 
HV 

CDCI, H 
H' 
H" 
H"' 
H'V 
HV 

CDCI, H 
H' 
H" 
H"' 
H'V 

CDCI,/S02 H 
(2:3) H' 

H" 
H"' 
H'V 
HV 

CDC13/S0, H 
(2:3) H' 

H" 
H"' 
H'V 
HV 

(CDJ2CO 

5.35q 
5.75q 
1.35d 
2.10s 
I .45 
1.5 
5.25 
5.75 
1.30 
2.07 

1.52d 
2.2om 
5.28111 
3.02d 
2.09ds 

-1.55 
-1,55111 

2.20s 
5.65d 
1.32d 
2.10s 

-1.5 
-1.5m 

5.15d 
2.50s 
0.90s 
2.11s 

n.a. 

T -20 to -30 

T -20 to -30 
CI 

317 p 
E 
-8 
r 

B 

Signals at 6 2.5 Is, 2.08s, 1.48s, 292 
1.16~, 1.70d, 1.55d w 

w 



332 
P. W

. H
IC

K
M

O
T

T
, M

. C
A

IS A
N

D
 A

. M
O

D
IA

N
O

 

r: 
N

 
m

 
m

 

0" 
3
;
;
;
 

u
,
 

t
 

n
- 

6
 

u
 

u
 

rn
 

m
 
0
 

m
 

z 8
 

z E
 

- U
 

m 

m
 

I-
 

d
 

u
 

I
l

l
1

 
I 

0
0
 

v
l 

v
, 

I-
 
- 



CDCI, 

C,,H,,FeO, 177 Ih'-CH(CO,CH;CH;)=CH'''- CDCI, 
CH"'=CHCO,CH;CH';I- 
Fe(CO)i 

C,ZH14Fe0, 178 [CH,(CH,).vCH=CH'-CH"= - 
CH"'(CHJ.r C0,CH ,IFe(CO), 
( x + y =  12) 

H" 
H"' 

SYn 

HZti 
H, 
Honti 
H' 
H" 
H$n 
H ;hi 

H 
H' 
H" 
H"' 

H, H"' 
H', H" 

3.45 
2.32 

-0 .09  

I .95m 
0.401~1 
6.2m 

2.42m 
0.28111 

3.85s 

5.88 
4.13 
1.25 
6.06 

1.84 
5.00 

J H H , , ,  0 
JH'H" 4.4  ? 0.2 
JHH*= J ~ , H * * *  from methyl linoleate 

JH'H"'= JHH" C H(CH,),CO,Me I 

7,5; 8.4; 9,3: 10,2. 

compatible with ]$addition of 
Fe(CO), to the diene to form a 
nonplanar ring complex, viz. 

Mixture of isomeric conjugated 
dienoic fatty esters derived 

+ 8.4 I CH J( CH 2)dC H =C HC H,CH= 

- 1.7 X,Y = 4,8: 5,7; 6,6 

The H,H coupling constants are 

R 
H 

H Q d C O ) ,  

R 1 ,  



w 
P 

T A B L E  VII-cont. w 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 

179 (h4-C4H,S0,BF,)Fe(CO), so2 H-I 

H -2 

H-3 

H-4 

180 [h4-CH2=CH-C(=CH3CH;- C6H6 H Syn 

CH;CH=C(CH;")~~F~(CO), &ti 

Hbnti 
H" 
H"' 

18 1 [h4C Hz=CH'-C(C,H,)= (CD3kC0 Hsyn 
CH';lFe(CO), Hmti 

5.15, 

3.02 
5.62 
6.25 

3.50, 
2.56 

1.5-2.0 
0.06q 
0.25 
2.35d 
1.5-2.0 

I.90dd 
0.44dd 

5.63t 
2.16dd 
0.49d 
5.50d 
5.44d 
6.65dd 
5.28dd 
5.61dd 

J1.2 8.9 Complex formed by reaction of 1048 
J 1 , I  1.9 butadieneiron tricarbonyl with 
J,., 14. I SO2 and BF, 
J2,J 
J3.4 8.4, 

5.1 
- 
- 

1006 



C I I H S G  182 (h'-C,HdFe(CO), CCl, Hryn 2.20 - 
Honri -0.05 

C,,H,,FeO, 183 (h4-p-CH,C,H,.CH=CH- CDCI, 
CH'=CH-CH=CH';)- 

complezed diene 
Fe(CO), 

C,,H,,FeO, 184 (h4-p-CH,C6H4 CDCI, 
CH'=CH-CH=CH"- 

compIex&I diene 
CH=CH,)Fe(CO), 

C,,H,,FeO, 185 (h4-C6H, - 
CH'=CH"XH"=CH' 

--z&zc 
-CH"=CH"C,HJFe(CO), 

C,,H,,FeO, 186 (h'-C,H,CH=CH'-CH'=CH-, 
complezed diene 

CH'=CH'-pC,H,CH'$ 
Fe(CO)i 

C,,H,,FeO, 181 (h4-C,H,CH=CH- - 

CH'=CH-CH=CH', 
V 

complexed diene 
p-C,H,CH'$)Fe(CO), 

C,,H,,FeO, 188 (h4-C,H,CH=CH- CDCI, 
CH'=CH"-CH"=CH'-- 
\ Y 

complexed diene 
CH=CHC,H,)Fe(CO), 

H 
H' 
H&" 
H L i  
H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H" 

stntcture: 

I p Y n  

2.28s - 
1.93t J 8 . 7  
0.52(?) J 8 . 5  
1 , I l m  JHWH" 2.6 
2.21s 
2.21d J 9 . 5  
2.05t J 9  

- - 

1.25d - 
2.35m - 
6.9-5.3m - 

2.34m - 
6.8-5.1m - 
2.32s - 

6.8-5.2m - 
2.25m - 
2.28s - 

7.21bs - - 
2.27dd J 8 . 7  
5.30d J 1 . 5  

I 

H,,, 

322 

2 
313 

i 

8 
5 
?2 

316 6 
v) 

313 

w 
w 
ch 



T A B L E  VII-cont. 
w 
w Coupling a\ 

constant Refer- 
Formula No. Compound Solvent 6 (ppm) ( H 4  Remarks ences 

189 (h'-C,H&H=CH- CDCI, 
CH=CH-CH=CH-, 

Y 
complexed dime 

CH=CH-pC6H4CH;)Fe(CO)j 

I90 (h4-C6H,CH=CH-CH=CH- CDCI, 
CH=CH-CH=CH'-, 

compleied diene 
C,H,)Fe(CO), 

191 (h4-C H CH=CH-CH=CH- CDCIj 
,L--y------J 

complexed diene 
CH=CH-CH=CH-p-C,H,- 
CH;)Fe(CO), 

192 (h4-C,H,CH=CH-CH=CH- CDCI, 
CH=CH-CH=CH- - 

cornpiexed diene 
PC&, CH;)Fe(CO), 

193 (h'-pCH;C,H,- CDCI, 
CH=CH-CH=CH- 

\ , 
compl&ed diem 

C,H,CH;)Fe(CO), 
CH=CH-CH-CH-p 

194 {h'-[l-C,~(CH,),ICH'=CH'- - 
C(CHg=CH'-CH"'=CH- 

WCOh 
C(CH:~)=CH~TH~OH)- 

H 
H' 

H 
H' 

H 
H' 

H 
H' 

H 
H' 

H 
H' 
H " 
H,,, 

- 2,251 5 9 . 3  
2.3Od 5 9 . 3  

2.31 bs - 
2.31 bs - 

2.25 - 
2.25 - 

1.00, 1.66 - 
6.0 
1.89 - 
5 .30  - 

- 
C,H,(CH,), = 2,6,6-trimethyl- 323 

cyclohexen-1 -yl 



16H I ZFe04 

16H12Fe04 

I T H  MFe04 

195 {h4-[l-C6H6(CH3)3]CH'=CH'- - 
C(CH'+CH'- 
C H ~ ~ ~ = C H ~ ~ - C ( C H Y ) =  

" 
complexed diene 

CH~THY~OCOCHY~~}F~(CO), 

196 (h4-C6H,CH=CH- CDCI, 
CHdH-CH=CH'-  

" 
complexed diene 

CH"=O)Fe(CO) 

197 (h4-C6H,CH=CH-CH=CH'-. CDCI, 

complexed diene 
CH=CH-CH"=O)Fe(CO), 

C H = C H ~ ~ ~ - C H ~ ~ ~ = C H ' V -  - 
complexed diene 

198 (h'-CH,C,H;CH"=CH"- CDCI, 

CHv =O)Fe(CO), 

H'" 2.25 - 
HV 3.8Od - 
HV' 3.50 - 

H 1.00, 1.64 - 
H' 6.0 
H" 1.89 
H "' 5.30 
HIV,HV 2.30 
H"' 4.20d 
HVII 1.98 

H 2.57t 
H' I.57dd 
H" 9.3od 

H 2.61d 
H' 2.021 
H" 9.52d 

H 2-30s 
H' 7.17m 
H" 6.47 

H"' 5.63m 
H 'V 1.55dd 
HV 9.30d 

H 2.28s 
H' 7.12s 
H " 2.61d 
H "' 5.73 
H 'V 2 . m  
HV 6.43 
HV' 9.45d 

C,H,(CH,),-as above 323 

J 9 . 5  
J 8 . 5  
J8.0 

- 

z 

0 

* 
z 

5 
5 

8 
? 

313 

3 
313 

3 r 
313 

3 z 

0 
0 

r 

;s 

5 
E 

313 

w 
w 
4 



w 
w 
00 

T A B L E  VII-cont. 

Formula No. Compound Solvent 
-- __  ..- 

C,,H,,FeO, 200 {h4-l I-C,H,(CH,),]CH‘= 
CH’-C(CH;)=CH’- 
CH~”=CHIV-C(CH,V)=CH”’- 

Y 

complexed diene 
CH=O}Fe(CO), 

C,,H,,FeO, 201 (h‘-C,,H,,O)Fe(CO), - 

H - 

6 (ppm) 

H 1 .00, I .66 
H‘ 6.0 
H“ 1.95 
H ”’ 5.25 
H’V 2.7 
HV 2.50 

ma. 

Coupling 
constant 

(Hz) 

6.24d - 

Refer- 
ences Remarks 

C,H,(CH,), = 2,6,6- 323 
trimethylcyclohexen- 1-yl 324 .ec 

3 
2 
0 

Structure: 325 8 2 

CHCH,COCH, 

Signals 6 2.5-0.9 

r 
0 > 
tj 
> z 
U 

Structure: 325 
0 

> 
z 
0 

CH=CHC(CH,)=O El 

Me 
Other signals at 6 2.22-0.88 

C,H,(CH,), = 2,6,6-trimethyl 325 
cyclohexen- I-yl 

Signals at 6 2.8-0.3 



205 (h4-CH302C- 
CH=CH-CH=CH- 

- H 5.25 
H' 2.20 
H" 4.04q - 
H 3.40, - 

3.47 

- 

- c6D6 

Y 

complexed diene 
CH=CHCO,CH,)Fe(CO), 

206 (h4-CH,02CCH=CH- 
CH=CH-CH=CH- 

complexed diene 
CH=CHC02CH3)Fe(CO), 

207 (h4-CH302C- 
CH=CH-CH=CH- 

complexed diene 
CH=CH-CH=CHC02CH& 
Fe(CO), 

208 (h4-C,HI2O)Fe(CO), 

- C6D6 H 3.46 

C6D6 H 3.48, - 
3.37 - 

t? 

326 $ 
0 z 
8 
P 

326 

c) > 
CDCI, H 4.9Od 5 8  Structure: 307 

H' 1.12dq - 
H" 1.25d J 5  

545m - T -20' to -30' 317 
1 55 

H " 1 5 5  
1 65s - H- 2 

CDC13/S02 H 
(2:3) H' - 

- 
w 
w 
\o __ ___---- __- - 



w 
P 
0 

T A B L E  VII-COM 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 bpm) (H4 Remarks ences 

C,,H,,FeO, 209 (h4-C,,H,,0)Fe(CO), CDCI,/SO, H 6.05d 
(2:3) H' 2.35d 

7.35s 
H" 1.98s 
H"' 

IC,,HI5FeO,l+ 210 [(h4-C,,H,,O)Fe(CO),1+ CDCI,/SO, H 6.4M 
(2:3) H' 3.65d 

H" 2.5-2.0 
H"' 7.45sd 

C,,HI4FeO5 2 12 (h4C,,H,,0JFe(CO), 

JHH'9 Structure: 317 

T -20 to -30 9 
Structure: (T-50 to -60) .;r 

317 g 

- + HW H' cn 

J 9  

- - W ] H ' T - C 6 H ; ' r  FSO, 0 e 

4 
0 



N
M

R
 D

A
T

A
 O

N
 O

R
G

A
N

IC
-M

E
T

A
L

 C
A

R
B

O
N

Y
L

 C
O

M
P

L
E

X
E

S 
34 1 

w 
%om 

r
n

m
 

X
 i, 



C,H,FeO, 220 (h‘-C,H,)Fe(CO), 

C,H,Fe03 221 [h4-C,Hz(CH;)zlFe(CO), 

w 
P 
h, 

T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 ( P P 4  (Hz) Remarks ences 

C,H,FeO, 2 I9 (h4-C,H,)Fe(CO), H W 4  n.a. - C,H< = CH: 336 

- 

?r 
3 I+-- 
E 

Signalsat66.88bs,5.91bs, c) 

5.09bs, in ratio 1 : 2 : 2 

0 or uCH2 

or 0 W 

x 

HZS04 H 6.19q - - C,H, ===!HCH{ 336 2 

3 0 

> 
z 

5 
3 

L CHCH; 0) 

CCI, H 3.90 - 1,2-Dimethylcyclobutadiene 339 ? 

Cyclohexane - J(H3-HJ 0 334 
J(”C3-H3) = > 

H‘ I.78d 
H-,,H_, 5.84d, - 

S.44d - 
6.52s - H- 3 

L L  

H’ 1.76 - 60and IOOMHz 331 5 

J(”C4-H4) 5 
189.2 

J(”C,-H3) = 
J(I3C4-H3) = 
J(”C,-H,) = 
J(”C3-H4)4.2 

J(”Cl-H3) = 
J( ”C 2-H,) 
12.8 



222 [h4-C4H,(CH;CI)21Fe(CO), CDCI, 

223 [h4-C4H(CHi),IFe(CO), CCI, 

224 [h4C,H(CH;)2CH;CH;"I- cc I, 
Fe(CO), 

225 [h'-C,(CH,),IFe(CO), CCI, 

CSZ 

226 ~h'C,(CH,),CH;CH';IFe(CO), CCI, 

227 [h4-C,(CH,)z(CH;CH;)z]Fe(CO), CCI, 

H 
H' 

H 
H' 

H 
H' 

H" 
H"' 

H 

H 

H 
H' 
H" 

H 
H' 
H" 

H 

H' 
H" 

H 
H' 
H" 

4.31s 
4.09q 

3.92 
1.77, 
1.74 

3.97s 
1 . l l s ,  
1.75s 
2.07 dq 
1.01 dd 

1.68s 

1.73s 

1.76b 

1. lot 

1.78s 

2.12q 

2.1m 
1.lOdd 

1.78 
1.17 
2.42 sept. 
1.12d 

1.82s 
2,291~1 
1.17d, 
I.IOd 

- 1,2-Bis-chloromethylcyclobuta- 338 
J13 .1  diene 

J 0 . 8  Trimethylcyclobutadiene 339 

- J("C-H) 186.7 and 128.3 z 
- 60 and 100 MHz 

5 
3 

s 
J 1.5 Tetramethylcyclobutadiene 339 9 

- I -EthyI-2,3-dimethylcyclo- 340 tl 

> 100 MHz 
0 z 

- butadiene 
- 
J7.9,7.2 
J 7 , 9 , 7 . 2  

J(13C-H) 128.6 60 and 100 MHz 341 3 
- 54 (? 

- 1 -Ethyl-2,3,4-trimethyl- 342 $ 
J 7.4 c yclobutadiene r 

0 > 
- I ,2-Diethyl-3,4-dimethyl- 342 6 

.e 57.9,  7.2 r 
D 

W 

J 7.4 

cyclobutadiene z Jgem 1 I 

- 1 -Isopropyl-2,3,4-trimethyl 343 p 
J 6 . 7  B 
5 6 . 7  E! 

c yclobutadiene r - 

- 1,2-Di-isopropyl-3,4- 343 
- dimeth ylc yclobutadiene 
J 7 . 0  
J 6 . 5  w 

P 



E T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

233 (h’-C~H~C~H;)Fe(CO)~ - HT2, H-, 4.467 

H-3 4.169 

I Cyclobutadiene derivative - 
- 
56.6  
J 7.2 

- C yclobutadiene derivative 

- 1,2-Di-n-butylcyclobutadiene 

- 

Signals at 6 3.92,3.88s, 1.98q. 
1.35rn,0.88t,inratio 
2:1:4:8:6 

I-Phenylcyclobutadiene J2,3 = Jl,4 = 0 
J(”C2-HJ = 

J(I3C4-H4) = 

189.5 
J(13C2-H4) = 

J(’IC,-HZ) = 

12.1 

J(”C3-HJ = 
J(l3C1-H4) = 
J(W1-H4) = 
3.7 

190.7 

J(”C,-HJ = 

J(W]-HJ = 

1003 
a 
3 
a 
cl x 

1004 8 
.=t 

331 g 

h 
344 3 

cl 

> 

? 

E! > z 
0 



J(”CI-H3 = 

J(llCz-H1) = 

13.3 

J(13C4-H3) = 
4.7 

nFe03 

C1SH28Fe03 

C,H6Fe04 

C I ,H,FeO, 

C,,H,CI,FeO, 

I I bFe1203 

Cz3HI6FeO5 

H‘ 7.02, 
7.32 

234 [h4-C4Hz(CbH;)zIFe(CO)3 Cyclohexane H 4.50 
H’ 7.2m 

236 (h4-C4H,COCH;)Fe(CO)3 CCI, H-2, H-4 4.512s 
H-3 4.360s 
H’ 1.960s 

237 Ih4-C4H2(COCH;),1Fe(CO), CDCI, H 4.89s 
H‘ 2.25s 

238 Ih4-C,H2(COCH;Cl)21Fe(CO), CDCI, H 5.10s 
H’ 4.26s 

239 [h4-C4H,(C0CH;l),~Fe(CO), CDCI, H 5.02s 
H‘ 4.02. 

240 Ih4-C4Hz(COCH;C6H’$21- CDCI, H 4.77s 
Fe(CO), H’ 5.17s 

H” 1.32s 

J(H,-H4) 0 1,2-Diphenylcyclo- 
- butadiene 
J(’)C,-H,) 189.5 60and 100 MHz 
J(13Cz-H3) 4.2 
J(”CI-H3) 12.8 

J 7.8 
- bu tadiene 

- C yclobutadiene derivative 
- ”C-H coupling constants 
- reported 

- 1,2-DiacetyIcyclobutadiene 

Tetr a-p-to1 y lc yclo 

*Centre of AB quartet 

- 

- 1,2-Bis-chloroacetylcyclo- 
- butadiene 

J 10.0 butadiene 
1,2-Bis-iodomethylcyclo- 

*Centre of AB quartet 
(AUAB = 13.8 Hz) 

- 

- I ,2-Bis-phenylacetylcyclo- 
- butadiene 
- 

z 
5 
3 

2 

s 
F 

334 
* 
0 z 

0 
345 * p 

1005 -I 

cl * 
;a 

338 

3 
8 

xm 

338 

K 
338 $ 

v) 

338 

w 
P 



E T A B L E  VII-cont. 

Formula 

C2,HIzFa 

C,H,FeN,O, 

C,H,CI,FeO, 

C,H6FeNz0, 

C,H,FeO, 

C,,H,FeO, 

C,,H,FeO, 

CZ3H16Fe07 

C11H6Fe03 

No. Compound Solvent 

242 Ih4-C4H,(CN),IFe(CO), (CDJzCO 

243 Ih4-C,H,(COCI),IFe(C0), CDCI, 

244 [h4-C4H2(CONH;),IFe(CO), (CDJ2SO 

246 [h4-C4H2(C02CH~)CO~H"I- CDCI, 
Fe(CO), 

249 (h'-C,HdFe(CO), - 

H 
H' 

H 

H 

H 
H' 

H 
H' 

H 

H' 
H" 

H 
H' 
H 
H' 
H 
H' 

H* 
H t  

5.08s - 
8.12bs, - 
7.4Obs - 

5.20s - 
5.85bs - 

4.78~,  - 
4.94s - 
3.86s - 

10.06bs - 

4.77s - 
3.17s - 

1.6,l .O - 
3.42 - 
7.9,1.2 - 
3.27 - 

4.02s - 
6.95m Jortho 8.61, 

6.17 

Remarks 

1,2-Dibenzoylcyclo- 
butadiene 

1,2-Dicyanocyclobutadiene 

1,2-Dichlorocarbonylcyclo- 

1,2-Dicarbamoylcyclo- 
butadiene 

butadiene 

1,2-Dicarboxycyclobutadiene 

1 -Carboxyl-2-methoxycarbonyl 
cyclobutadiene 

I ,2-Bis-methoxycarbonyl- 
cyclobutadiene 

I someric t ricarbon y 1 
cyclobutadiene iron 
complexes derived from 
methyl phenylpropiolate and 
FeACO), 

Benzoc yclobutadiene 
*C yclobutadiene protons 

Refer- 
ences 

338 

338 

338 

338 

338 

338 

338 

1044 

3 30 
346 
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4

?
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w 
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T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

c ,&H,FeO, 252 (h4-C,,H80,)Fe(CO), 

C2,H,oFe0, 253 (h4-C,8H,oOJFe(CO), 

C,H,FeO, 254 (h4-C,H&Fe(CO), 

CDCI, H 5.18s 
H' 8.89 
H" 1.64 
H"' 8.17 

CDCI, H 5.16s 
H' 8.9 
H" 7.48 

3.47 HIPI 

- 
- 
511.7  
J l l . 7  

Structure: 

Structure: 

H H  

og-y / 

H" H" 
Hi" Hi" 

Cyclopenta- 1,3-diene 
No signals below 6 0.0 ppm, 

indicating absence of protons 
directly attached to iron 

341 
.a 
3 

341 P z 
U 
? 

305 



C,,H,,FeO, 255 

C ,,H,,FeO, 256 

C,,H,oFe04 257 

C,,H12Fe04 258 

[h'-C,H(CH3),IFe(CO)3 CDCI, 1,4-CH, 1.51 
2,3-CH3 2.13 
5XH3 0.69d 

2.25 
4.72t 
1.21s 
2.41d 
0.59d 
2.52t 
4.74t 
0.68s 
3.62s 
1.07s 

[h4-C5H4(CH;)CH;OCHp'I- C6D, H-1, H-4 2.39t 
Fe(CO), H-2, H-3 4.75 

H' 1.36s 
H" 2.26s 
H"' 2.86s 
H.,, H-, 2.66t 
H-2, H-3 4.77t 
H' 0.74s 
H" 3.46s 
H"' 3.18s 

348 5,5-Dimethylcyclopenta- 1.3- 
diene 

I ,2,3,4,5-Pentamethylcyclo- 
penta- 1,3-diene U 

60 and 100 MHz 3 > 
0 

5-Exo-hydroxymethyl- 348 

8 
8 

5-Endo-hydroxymethyl-S- 3 

5-endo-meth ylcyclopentadiene 
l J L 2  + J,.3I--s Hz > 

exo-methylcyclopentadiene $ 

$ 

5-endo-rneth ylcyclopentadiene 8 

z 

n > 
P 

z 
4 

l J L 2  + J I . 3  1-5 Hz 

5-Exo-methoxymethyl- 348 

I 
r 
rn 
W 

v) 5-Endo-methox ymethyl- 
5-exo-methylcyclopentadiene 

w 
P 



T A B L E  VII-cont. w 

Coupling 
constant Refer- 

6 (wm) (Hz) Remarks ences Formula No. Compound Solvent 

CI,H,,Fe06S 259 fh4-5,5-C5H,(CH;)CH'i-p C6D6 H-1, H-4 
OSO, C6H;"CHJVlFe(CO), H-2,H 3 

H' 
H" 
H )I r 

H-5 

2.07t 
4.58t 
1.14s 
2.96s 
7.61d, 
6.64d 
1.72s 
2.29t 
4.56t 
0.61s 
4.19s 
7.81d, 
6.75d 
1.87s 

2.9% 
4.701 
0.73s 
4.08q 
1.03t 

2.78111 
4.92m 
3.75m 

2.23 
4.41 
2.56 

Endo-methyl derivative 
lJ1.2 +Ji.,I -5  Hz 

Exo-methyl derivative 
1J1.2 +Ji,3IW5 HZ 

Exo-methylcyclopentadiene 
derivative 

I J1.2 + Jl.31N 5 

Exo-penta fluorophenyl 
derivative 

B,oC2H,, = o-carborane 
derivative 

348 
? 

a 
6 
n x 

J 
3 

t 
n 
rA 

> z 
0 

? 

4! 

348 
0 

> 
z 
0 

I93 

350 



CHCI, 

C6H6 

C,6H,,B,oFe03 264 I~~-~-~XO-C,H,(B,~C,H,~)I- CCI, 
FdCO), 

CHCl, 

C10H8Fe01 265 (h4-C7H8)Fe(CO), 

C,,H,,FeO, 266 (h4-C,H,,)Fe(CO), 

C ,,H ,,FeO, 267 (h4-C I IH,,)Fe(CO), 

C6D6 

- H-6, H-, 2.95t 
H - ,  H-, 5.42t 

CCI, H-,, H-, 3.33s 
H-,, H-, 7.46m 
H-5, H_, 7.46111 

- . B,,C,H,, = 2-methyl-o- 350 
- carborane derivative 998 
- 60 and 100 MHr 
- 
- 
- 

z 
5 
0 

3- 
0 z 

B,oC8H,, = 2-phenyl-o- 350 0 

5 

carborane derivative 998 
$ 
? z 
F 

z 

1 

Spiro[2.41hepta-4,6-diene iron 35 1 F 

z Signals a td  1.47t, 3.18t.4.05t. 
.c 
t- 

E tricarbon yl 

4,39t, in ratio I : 1 : 1 : 1 

- Spiro[4.41nona-6,8-diene 352 8 
iron tricarbonyl 

Other signals at 6 2.0-1.0 
E 

- Structure: 322 
J4.5 8.62 4 

'5.6 6'64 
J4,6 0.98 
J4., 1.07 

w 
____ z! 



TABLE VII-cont. w 
ch 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 

,0H2F6Fe04 

C2@ZF10Fe04 

24H I 6Fe08 

c Z p  lZFe04 

C,H,D4Fe0, 

C, H,FeO, 

268 [h4-C,HzO(CF3),]Fe(CO), (CHJZCO H-3, H-, 6.57 
19F -4.00s. 

269 [h4-CSH20(C,F,)z]Fe(CO)3 (CH,)zCO H-3, H-, 6.62s 
129.8d 

I9Fmera 155.1m 
l9FWra 148.8t 

270 lC(C,H,)=CC02CH;IzCOFe- CS, H 6.6 
(co), H' 3.68s 

3.55s 

CCI, H-I 3.26 
5.38 

2,2- bis-trifluorometh yl 
cyclopenta-2,4-dien- 1 -one 

100 MHz 
*Relative to benzotrifluoride 

at 94.1 MHz 

2,2-bis-pentafluorophenyl 

60 and 100 MHz 
cyclopenta-2,4-dien- I -one 

A tricarbonylcyclopenta- 
dienoneiron complex derived 
from methyl phenylpropiolate 
and Fe,(CO), 

3,4-Diphenylcyclopenta 
dienone 

2,5,5,6-Tetradeuterio- 
cyclohexa-1,3-diene iron 
tricarbon yl 

Cyclohexa- 1,3diene 
iron tricarbonyl 

353 
a 
3 
z w 

354 9 
F 
0 
L 

1044 = 
> z 
U 
? 

5 

8 
355 

s 
356 

357 
358 
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w 
P 

T A B L E  VII-cont. VI 

coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,H,Fe04 

I 2H1,Fe06 

C10H10Fe04 

C10H10Fe04 

C10H1oFeO4 

280 [h'-C6H,(OH')]Fe(CO), - H-pH-, 2.82 - 
H-29H-3 5.30 - 

4.16 - H-5 
H-6 1.55, 1-25 - 
H' 1.55 
H_,,H_, 3.20 - 
H-pH-3 5.32 - 

H-5 3.81 - 
H-6 2.05, 1.70 - 
H' 1.67 - 

28 1 Ih'-6,6-C6H,(OH)(CHlC02- - Not reported 
CHJIFe(CO), 

H-2 5.28d - 282 [h'-C,H,(OCH;)]Fe(CO), - 

H-3 5.ooq - 
H-4 2.7 
H-SVH-6 1.6 - 
H' 3.45 - 

283 [h'-C6H,(OCH;)]Fe(CO)3 - 3.37 - H- I 
H-I 5.02d - 

2.70 - H-4 
W5, H_, 1.60 - 
H' 3.60 - 

284 I h4-C6H,(OCH ;)IFe(CO), - H_,,H_, 2.90 - 
H_,,H_, 5.37 - 

- 

5-Hydroxycyclohexa- 1,3 
diene iron tricarbonyl 

Isomer A (Ex0 5-OH) 

Isomer B (Endo 5-OH) 

Ringexpansion studied 

1 -Methoxycyclohexa- 1,3diene 
iron tricarbonyl 

2-Methoxycyclohexa- 1,3-diene 
iron tricarbonyl 

5-Methoxycyclohexa- I ,3-diene 
iron tricarbonyl 

358 
955 'FI 

E 

5 
3 
cl 

3 
z 
cl 

360 2 
a- z 
U 

K 
0 

a- z 
0 

358 p 

E 

358 

358 



I IH12Fe04 

'1 I 

t l  Ht1Fe04 

I lHl,Fe04 

3.70 - 
1.68 - 
3.15 
3.5-2.5rn - 
5.45rn - 
3.15111 - 
2-1.7111 - 
3.15s - 

287 [h4-C6H,(CH;)OCH';IFe(CO), - H _ , , H _ ,  5 . 3 4 . 9  - 
H -4 2.9-2.6 - 

- H-5 n.a. 
H - 6  1.9-1.2 - 
H' 0.95d - 
H" 3.40 - 

288 ~h4-C6H6(CH;)OCH';IFe(CO), - H-2 5.3-4.9 - 
3.25 - H-4 

H _ J , H _ ,  1.9-1.2 - 
H' 1.60 - 
H" 3.55 - 

Exo-methoxy group 361 

0 

> % 
1 -Methoxy-3-rnethylcyclo- 358 

hexa-l,3diene iron z 
tricarbonyl 0 z 

1 -Methoxy-4-rnethylcyclo- 358 !k 
hexa-1.3-diene iron 2 
tricarbonyl 

0 > 
w 

I -Methoxy-5-methylcyclo- 358 8 
hexa- 1,3-diene iron 955 $ 
tricarbonyl n 

3-Methoxy- 1 -rnethylcyclohexa- 358 
1.3-diene iron tricarbonyl 

w 
ul 



w 
ch 

T A B L E  VII-cont. Wl 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 

289 [h'-C6H6(CH;)OCH';]Fe(CO)3 - H-, n.a. - 
H- 3 5.3 
H-4 
H-, n.a. - 

- 
2.80 - 

- H-6 1.5 
H' 2.10 
H" 3.02 

H-pH-3 4.9 
H-,,H-6 2.3Ck1.70 - 
H' 3.32 - 

- 
- 

- 290 [h4-C6H6(OCH;),~Fe(CO)3 - 

- H-4 2.68 
2.10 - H-5 

H-6 1.7 
H' 3.70. - 

3.14 

- 

- 

292 IP-C,H,(CN)IFe(CO), - H-I,H-, 3.10 - 
H-pH-3 5.51 - 

2.85 - H-5 
2.20 - 
2.02 - -6 

- 293 ~h4-C6H&OCH;)CN1Fe(CO), - H- I 3.39 
5.17 - H-, 

5-Methoxy-2-methylcyclohexa- 358 
1,3-diene iron tricarbonyl 7 

9 
3 
R 

1,3-diene iron tricarbonyl g 

a 

358 - 3 1,4-Dimethoxycyclohexa- 

c, 

v1 
2,5-Dimethoxycyclohexa- 358 > 

L 

1,3-diene iron tricarbonyl 

*C-2 methoxy group 
U 

9 > 
3 

5-Cyanocyclohexa- 1,3-diene 358 
iron tricarbonyl 361 

5-Cyano-2-methoxycycl~ 358 
hexa- I ,3-diene iron 
tricarbonyl 
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TA B LE V I I-cont. 
~ 

Coupling 
constant Refer. 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 

C,,H,6FeOl 298 (h4-CI,H,dFe(CO), CDCI, 

c2a24Fe04 299 1 h4-C,0(CH,)81 Fe(CO), 

C ,,H ,,FeO, 300 (h4-C,,H 12)Fe(CO), 

C,JIuFeO, 301 (h4-C,,H,)Fe(CO), 

CDCI, 

C6D6 

CCI, 

Hsyn 0.90 
Hanrj 1.1  1 
n.a. 

Structure: 

:e(co), 
T30 

CqO(CHJ8 = 1,2,3,4,5,6,7,8- 
octamethylbicyclol4.2.Ol- 
nona-2,4,7-trien-9-one 

*Bridgehead methyls 
+Methyls of co-ordinated diene 
$Methyls of uncoordinated 

Structure: 
double bond 

C,,H,, = Cholesta-2,4-diene 
Olefinic signals at 6 5.62,5.14 

363 

34 1 

1034 
742 

3 64 



C,,H,FeO, 302 (h4-C2,H,0)Fe(CO), 

C2,HI2FeO3 305 (h'-C,,H,,)Fe(CO), 

CDCI, n.a. 

CDCI, n.a. 

- Not reported 

CDCI, H-,,H-2, 7.58 

H-4 8.35 
H-5 7.83 
H_,,H-, 3.78 
H-,,H_, 6.40 
Hwl0 7.03 
H-,,, -7.58 

H-3 

H-I2 C,,H,,FeO, 306 Ih4-C,H,O2(C,H5),IFe(CO)~ - 3.8m 
H' 6 . h  
H" 7.7-7.2m 

C2,H,0 = Cholesta-5,7- 

Olefinic signals at 6 5.25,4.98 
diene-3p-01 

C2,H,0 = Ergosterol 
Olefinic signals 6 5.24m 

- 

J l , 2  = J,,, 6.29 1 Anthracene iron tricarbonyl 
J , ,  4.21 
&:; =J2., 1.48 Co-ordinated ring 
J 1 , 4 N 0  I 

Structure: 

J1,2 =.I,., 8.14 
J2.3 6.95 

J, , ,  0.63 

- 

- 
- 
- 
- 
- 

3 

- Structure: 



T A B L E  VII-cont. W 
Q 

~~~ ~~~ ~ 

Coupling 
constant Refer- 

Formula NO. Compound Solvent 6 (ppm) (Hz) Remarks ences 

301 

308 

309 

310 

311 

H_,,H_, 3.26m - 
H_,,H_, 5.84m - 
H-6 2.35d - 

- 3.24s - H-2 
H-4 5.62d - 
H-S 3.12m - 
H-6 2.20 
H' 2.20s - 

H-2 2.16d - 
H-3 5.64d - 
H-J 3.46d - 

2.22 - 
H-6 

(h4-C6H,0)Fe(CO), - 

[h'-C,H,o(CH;)]Fe(CO), 

- 

h4-C6HsO(OC H;)IFe(C O), - 

[2,3,5,6-h4-4,4-C6H40(CH,),I- CCI, H 4.04, - 

CDCI, H 3.80, - 

Fe(CO), 3.42 

(h4-C ,,H ,,O,)Fe(CO), 
3.30 

C,oH42Fe04 312 (1,2,4,5-h5-C2,H4,0)Fe(CO), CDCI, H-,, H-2} "30; - 

H -4  

Cyclohexa-2,4-dien- 1 -one 358 
iron tricarbonyl 

3-Methylcyclohexa- 358 
2,4-dien- 1 -one iron 
tricarbonyl 

4-Methoxycyclohexa-2,4- 358 
diene- I-one iron tricarbonyl 

4,4-Dimethylcyclohexa- 1045 
2J-dienone complex 

C15H1803 = 1045 C15H1803 = 

--CH, 

0 

--CH, 

0 

C2,H4,0 = cholesta-I,4- 1045 
den-3-one 



C 2H I ,FeNO, 3 13 { h4-5-ClH91 N(C H,),l}Fe(CO), - n.a. 

CI IH 12FeO4 

I X H  I4  Feo6 

C12H14Fe04 

3 14 [h4-5,5-ClH8(CH;)OH"IFe(CO), - 

3 15 Ih4-C7H8(OH)CH2C0,Me]- - 
Fe(CO), 

316 Ih4-5-C7H,(OCH;CH';)1Fe(CO), CS, 

IC ,,H,FeO,l~ 3 17 I(h4-C,H,)Fe(CO),I- 

C14H14Fe0, 318 Ih4-C,H8(6-OCH;> 
(8-COCH;)IFe(CO), 

THF 

cs2 

H-, 3.13 
H-2,H-j 5-29 
H -4 2.87 
H -6 1.26 
H-1 2.0 
H' 1.31 
H" 1.67 

Not reported 

H_,,H_, 2.55171 - 
H-2, H-,, 3. Im, 2.7m - 
H_,,H_, 3.2m - 
H-6. 3.8m - 
H-*, 2.8s - 
H' 3.3s - 
H" Notreported - 

C yclohepta- 1,3-diene 
derivative. Signals at 6 5.4, 

in ratio 2 :3 :2 : 6  :2 

C yclohepta- 1,3diene 

2 .9 ,2 .2~ ,  2.05, 1.35, 

derivative 

T 33.3 

Europium induced shifts 

7-Hydroxy-7-methoxy- 

reported 

carbonylmethylcyclohepta- 
1.3-diene iron tricarbonyl 

derivative 
Cyclohepta- 1.3diene 

Iron tricarbonyl complex of the 
antiaromatic cycloheptatrienyl 
anion 

Bicyclo[5. 1 .O]octa-2,4-diene 
derivative 

298 

w 
2 



w 
N 

T A B L E  VII-cont. m 

Coupling 
constant Refer - 

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

C,,H,Br,FeO, 3 19 (h4-8,8-CgHSBr2)Fe(CO), cs* H-,,H_, 2.6-1.6m - 

H_,,H_, 3.25rn, - 

H_,,H_, 5.25m - 

H-7 

2.95b 

C,,H,FeO, 320 ( 1,2,3,4-h4-C7H8)Fe(CO), C6D6 H_I,H_, 2.87 - 
H-2,H-3, 5.14-4.66 - 

5.61 - 
2.12 - 

CllH8Fe04 321 (h4-1-C7H,(CH’=O)lFe(CO)3 C6D6 H-2 6.07d J 8  
H-3, H-6, 2.95-1.62 - 

H-6 
H-5 
H-7 

H-7 
H_,,H_, 4.47111 - 
H’ 0.03s - 

6.8d - cs2 H-2 
H-3 3.18t 
H_,,H_, 4.5m 
H-6 3.55m 
H-7 2.43111 
H’ 9.02s 

C,,H,,FeO, 322 Ih4-l-C7H7(C02Me)lFe(CO), - Not reported 

Bicyclo[5.l.O]octa- 37 I 
2,4-diene derivative 372 

3 
zi 
n 
n 

C,H,= Cyclohepta- I ,3,5- 369 5 
triene g 

ii= 

Cyclohepta- 1,3,5-triene 373 2 
derivative r;r 

? 

T30° 100MHz 

Cyclohepta- 1,3,5-triene 
derivative 

360 



C11H8Fe01 323 (2,3,4,5-h4-C,H8)Fe(CO), CS, n.a. 

C,,H,,FeO, 324 12,3,4,5-h4-C,H,(C,Hs)~Fe(CO), - H 

C8H, = 1-Methylenecyclo- 375 

Signals at 6 5.44m, 5.19s. 
hepta-2,4,6-triene 

4 .89~,  3.63d (57). 
2.93t, in ratio 4: 1 : 1 : 1 : 1 z 

1 -Benzylidenecyclohepta- 376 ‘ 
0 2,4,6-triene 

Other signals at 6 6.5d, 5 
5.!&5.2m, 4,0dd*, 2.9t, in 0 
ratio 1:4:1:1 z 

presence of two geometrical z isomers, viz.: 

s 
B T w o  signals attributed to 

C,,H,,FeO, 325 (h4-C,,H,,)Fe(CO), CClJ H-I 3.64pent. - Structure: 
CH,CN H_,,H_, 5.37sept. - 
( 1 : I )  H-, 3.42m - 

3.1Ot - H-S 

0 s 
r 
x” 
I2 

311 TI 



T A B L E  VII-cont. w 
m 
A 
7 

~~ -~ 

Coupling 
Refer- 

Formula No. Compound Solvent ( P P d  (Hz) Remarks ences 
constant 

C, 5Hl 2Fe03 3 26 I h4-C I I HdCH;)] Fe(CO), CClJ H-1 3.68 pent. 
CH,CN H-2, H-, 5.42 pent. 

H -4 3.27 sept. 
H-5 3. lm 
H_,to 7 . b  

H-9 

&SFe04 327 (h4-ClH80)Fe(CO), 

H' 1.23d 

- H-2 3.05 
H-3 5.92 
H -4 5.56 

H-6 2.63 
H-5 3.33 

H-7 2.0 

C,,H,,,FeO, 328 Ih4-6-C7H1O(OCH;)lFe(CO), - H-2 3.18 
H-pH-, 5.7 
H-5 5.28 
H-6 3.91 
H-1 2.4, 1.9 
H' 3.35 

C10H6Fe04 3 29 ( h4-C,H,O)Fe( CO), CDCI, H-, 5.05 

H-l 6.58 
H-4 2.25 

Structure: 
CH; 

100 MHz 

C7H80 = Cyclohepta-2.4- 
dien- 1 -one 

T 33.3' 

Europium induced shifts 

C yclohepta-2,rl-diene- 
1-one derivative 

C7H,0 = Cyclohepta-2,4,6- 
trien-1-one 

T 33.3" 

Europium induced shifts 

377 
z 
.E 

361 ' 
Q 
z 
> 
z 
0 

368 ? 
z 367 0 
0 
s z 
0 

367 

3 68 



330 (1 ,2,3,4-h4-C,H,)Fe(CO), CHCI, 

3 3 1 lh4- 1 -C ,HD6(CH ;D)]Fe(CO), C DCI, 

- 332 [h4-I-C,H7(CH;)]Fe(CO), 

333 Ih4-C,H~CH;NC,H~O)lFe(CO), CS, 

334 Ih4-C,H,CH;OH")lFe(CO), CS, 

335 [h4-C,H,(CH;OCH'~)lFe(CO), CS, 

H n.a. 
H' 1.87s 

H 5 .  Im 
H' 2.8s 
H" 3.5t, 

2.3t 

H 5.2m 
H' 3.85d 
H" 3.251 

H 5.0m 
H' 3.7s 
H" 3-2s 

T - 1 5 5 O  
Singlet at 20° (6 5 39) 

1 -Monodeuteriomethyl-2,3, 
4,5,6,7-hexadeuterio- 
cyclo-octatetraene iron 
tricarbonyl 

1 ,2,7,8-h4-isomer at - 145 O 

1,2,3,8-h4-isomer at - 145' 

1 -Meth ylcyclo-octatetraene 
H signals at 6 5.67d, 5.08t, 

4.50d at T 30" and at 6 5.95 
and 4.38 at T-120. 

Morpholinomethyl- 

T 35O 
cyclo-octatetraene 

Hydroxymethylcyclo- 

T 29O 100 MHz 
octatetraene iron tricarbonyl 

Methoxymethylcyclo- 

T 29O 100 M H z  
octatetraene iron tricarbonyl 

378 
922 

1050 s 
W > 

1037 2 
0 z 
0 
P 

$ 
f. 
c? 

921 3 
c 
n > 
6 

370 $ 

1050 

4 
r 
n 
0 

r 

m 

5 
370 

v) 

3 70 

w 
0. 
vl 



w m m T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
______ 

338 Ih4-I-C,H,(CH’=O)IFe(CO), 

339 Ih4- I-C,H,(COCH;)]Fe(CO), 

340 Ih4-C,H,(COCH;)21Fe(CO), 

cs2 H 
H‘ 
H“ 
H“‘ 

H‘ 
H“ 
H ”’ 

cs2 H 

H-S 4.38t 
H‘ 9.28s 

H-S 4.46t 
H‘ 2.30s 

CFCI, H n.a. 
H‘ 2 . 4 0 ~ ,  

2 .26~,  
2.28s 

C yclo-octatetraene 
derivative 

T29”  100MHz 

C yclo-octatetraene 

T 35 
derivative 

C yclo-octatetraene 
derivative 
T 29 100 MHz 

Cyclo-octatetraene derivative 
T29  100MHz 

Diacetylcyclo- 
octatetraene derivative - 
mixture of isomers 

H signals at 6 7.65s, 7.02s. 
6.82d (J 3), 6.42d (J 10). 
6.06s. 5 .94~ ,  5.04t (J 7), 
4.634 (J 7) 4.53d (J 7). 

T 29 100 MHz 

370 
?J 

5 
E 

370 5: 
5 
g 

370 

319 2 
> 
z 
U 

370 ? 

n 

5 
P > z 

370 



Cl,Hl,FeO, 341 [h'-2-C8H,(C0,Me)]Fe(CO), - 

C I S H I Z F ~ O ~  342 [h4-C8H,(C0,CH;),IFe(CO), CDCI, 

C,,H,,,FeO, 343 (h4-Cl,HldFe(CO), CCI, 

C13H8Fe03 344 (h4-C1,,H8O2)Fe(CO), 

C,,H,F,FeN,O, 345 (h4-C 14H8F,N,)Fe(CO), 

CDCI, 

CDCI, 

Not reported - 

H-2, H_, 7.28d 
H-3, H-, 4.09111 
H-,, H-,  5.09111 
H' 3.71 
H* 4.90bs, 

4.60bs, 
3.73bs 

H t  6.08bs 
H$ 7.13s 

H 4.82, - 

4.81 
H' 4.55 comp. - 
H" 5 .55  - 
H"' 5.95111 J 10.5 

H 1" 5. ld  - 

H-2 5.68 Jz,3 1 1.0 

H -4  4.42 54.3 10.0 

H-I 3.34 J 1 . 2  6.0 

H-3 6.45 J3.4 9.0 

H-S 4.79 '5*6 8'o 
H-6 4.60 J6.7 7'5 
H-7 4.06 J7,8 1 I .5  
H-8 1.63 Jl.8 8.0 

Cyclwxta- 1.33-triene 
derivative 

1,8-Dicarbomethoxy- 
cyclo-octa- 1,3,5,7- 
tetraene iron tricarbonyl 

T 35" 60 and 100 MHz 
C,,H,, = Benzocyclo-octa 

*Complexed diene protons 
tllnco-ordinated double bond 

protons 
$Aromatic protons 
Structure: 

tetraene 

H" "pi, 
H' H' 

FdCO), 
60 and 100 MHz 
Structure: . .  

I 0 0  MHz 

360 

378 

0 
2: 
0 

378 $ 
2 
cl 

cl 

E 
0 

J 

5 
x" w 

381 
0 

r 



w T A B L E  VII-cont. m 

Coupling 
constant Refer- 

ences Remarks No. Compound Solvent 6 (ppm) (Hz) __ ~- 

346 (h4'-C,,H,,FeN,02)Fe(CO), 

347 (h4-C8H,,)Fe(CO), 

348 (h''-C8HIJFe(CO)] 

349 (2,3$,6-h4-C,HdFe(CO), 

CDCI, 

- 

- 

CDCI, 

FSO,H/ 
so2 

n.a. 

n.a. 

Structure: 

6 5  

100 MHz 
C,HI2 = Cyclo-octa-l,3-diene 
Signals at 6 4.76q, 3.00m. 1.8m, 

l,lm,in ratio 2 :2 :4 :4 

C,H,, = Cyclo-octa-1,Sdiene 
Signals at 6 3.4m (4H), 24m 

C,H8 = Norbornadiene 

(8H). or at 6 3.7 (4H), 2.4 (8H) 

7 

2 45 
CIH, = Norbornadiene 



35 1 [2,3,5,6-h'-7,7-C,H6(NH'NHf'- (CHJZSO 
S0,-~-C6H,"'CH~V)2]Fe(CO)3 

352 12,3,5,6-h'-7-C,H7(OH')I- CDCI, 
Fe(CO), 

353 12,3,5,6-h4-7,7-C,H6(CH,)OH]- CDCI, 
Fe(CO), 

354 [2,3,5,6-h4-7,7-C,H,(CH;- CDCI, 
CH';)OH"'] Fe(CO), 

3 55 I 2,3,5,6-h4-7,7-C ,H&C H'= CDCI, 
CH;)OH"IFe(CO), 

356 12,3,5,6-h4-7,7-C7H6(C,H;)- CDCI, 
OH"1Fe(CO), 

H 2.92bs - 
H' 4.67bs - 
H" 7.90bs - 
H"' 7.53q - 
HI" 2.40s - 

- n.m. 

H 3,05111, - 
3~oom 

H' 1.53q 5 7  
H" 0.84t 5 7  
H"' 2.15s - 

H 3.07111 - 
H' 6.35-5.09 - 

H" 2.13s - 
comp. 

H-,, H-, 3.42111 J2 .5  
J 2.5 
J 2.5 

7.29111 - 
2.50s - 

H' 
H" 

Norbornadiene derivative 383 

Norbornadiene derivative* 3 84 

*Numbering so that C-7 substituent 
is syn to C-5C-6 double bond. s 

$ 

z 

6 

Norbornadiene derivative 383 3 

Norbornadiene derivative 383 ' 
c, 
$ 

J 
8 
5 

0 

r Norbornadiene derivative 383 

B 
Norbornadiene derivative 383 

w 
9? 



TABLE VII-cont. 
~ ~~ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,,H,,FeO, 357 12,3,5,6-h4-7-C,H7- CDCI, 
(OCOC,H;)Fe(CO), 

C,,H,,FeN,O, 358 {2,3,5,6-h4-7-C,H7[OCOC6H;- CDCI, 
3,5(NO2),I)Fe(CO), 

C,,H,,FeO,S 359 [2,3,5,6-h4-7-C,H,(OS0,- CDCI, 
CH;)IFe(CO), 

C,,H,,FeO,S 360 [2,3,5,6-h4-7-C,H,(OS0,-p- CDCI, 
C,H;C H';) I Fe(C0) , 

H-,, H-, 3.45m 
H-,, H-, 3.01t 
H_,,H-, 2.81t 
H-1 4. lot 
H' 7.83m 

7.73111 
H 2.50s 

Norbornadiene* derivative 3 84 
.cr 
9 

z 
Norbornadiene derivative. 384 p 

U 

3 
0 
U 
> z 
0 

I 

Norbornadiene derivative* 384 

*Numbering so that C-7 substituent 
is syn to C-5C-6 double bond 



C10H6Fe04 361 (2,3,5,6-h4-C7H60)Fe(CO), CDCI, 

C ,,H,,FeO, 362 [2,3,5,6-h4 -7-C7H6(=CH'- CDCI, 
CO .OCH'iCHr)IFe(CO), 

C 18H12Fe05 363 (2,3,5,6-h4-C ,,H ,,O2)Fe(C0), CDCI, 

C,,H,F,FeO, 364 (h4-C ,,H,F,)Fe(CO), 

C11H8Fe03 365 (h4-C8H8)Fe(CO), 

CDCI, 

CDCI, 

H- I 3.58m 

H' 4.80s 
H" 4.12q 
H"' 1.27t 

J2.5 

J 2.5 

J 2.5 
5 2 . 5  
J 2.5 
- 
5 7  
5 7  

- 
53.5  
J 11,3.5 
J 11.3.5 
- 
- 
- 
- 
- 
- 

J1.2 = J4.5 5 . 5  
Ji.8 = J5.8 6.3 

J2.R = J4.8 1.4 
J2,1 = J1.4 6 '  I 

JI.1 = J3.5 1.2 

JL7  = 55.6 1.5 
Ji.6 = J5.7 1 ' 1 

Norbornadien-7-one 383 

385 

7-Carboethoxyrnethylene 383 
norbornadiene* 

z 
5 
5 
U 

> 
0 *Numbering so that C-7 substituent 
z 

Cl5H12O2 = 7-Ben~OyI 383 8 
is syn to the C-5C-6 double 
bond 

rnethylene-7,8epoxy- L 
norbornadiene ? 

5 
F 

H* = aromatic protons 
-I 

386 c, CI2H,F4 = Tetrafluorobenz- 
bicyclo[2.2.21octatriene 

0 z H* complexed diene protons 
.4 
r Hi Bridgehead protons 

Structure: 387 2 

6 

z 
E 

6 E 

a 
r 

2 

T -60 to 120 
60,W and 220 M Hz 

w 
~ _ _  2 



T A B L E  VII-cont. w 
4 

~~ ~ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,,H,,FeNO, 366 (h4-CHJCH'=CH"-CH"'= 
NCHf"C,H,)Fe(CO), 

C,,H,,FeNO, 367 (h4€,H,CH=CH'-CH"= 
NC,H;")Fe(CO), 

C,,H2,FeN,0J 368 Ih'-C,&N=C(CH,)C(CH,)= 
NC H;C JH,IFe(CO)J 

NC,H,l Fe(CO), 
C,,H,,FeN,O, 369 [h4-C,H,N=C(CHJ)C(CHJ)= 

C,,H,FeNO, 370 ( 1,2,3,4-~-C,,H9N)Fe(CO), 

C,,H,,FeNO, 371 (h4-C,,H2,NO,)Fe(CO), 

C6H6 H 0.86d - 
H' 1.95 comp. JH'HW 10.0 
H" 3.96q J H - H * ~ *  2.9 
H"' 5.49d - 
H'" I.75t - 

CCI, H 3.35b - 
H' 5.65b - 
H" 7.40 - 
H"' 6.70 - 

H 1.24s - 
- H' 3.79t - 

H I .28~ - C6H6 

100 MHz 

100 MHz 

100 MHz 

100 MHz 

C,,H,N = Acridine 

@-Dihydrothebaine ion 
tricarbonyl. Also signals at 
64.8Od, 5.2Od 

*Aromatic protons 

Propion yl-@-dihydrothebaine 
iron tricarbonyl hydro fluoro 
borate. Also signals at 
6 5.02, 6.49 (=CH), 7 . 3 2  

388 
?J 

3 
2 
0 
7e 

388 8 
389 3 

s 
c) 

388 $ 
> 
z 

388 
? 
3 

365 0 
P > z 
0 

988 

988 



NHCH, 4.05 - 
NHCHJ 9.10 
=CH 7.03* *Aromatic protons 

- OCH, 3.72.3.42 - N-C yano-b-dihydronorthebaine 
OH 8.55 - iron tricarbonyl. Also signals 
=CH 6.70. - at b 5.25,5,54 (=CH) 

373 (h'-C &2*N2OJFe(CO)3 

*Aromatic protons 

374 (h4-C ,,H,,N203)Fe(CO), - OCH, 3,80,3.60 - N-C yanonorthebaine iron 
=CH 6.78d* - tricarbonyl. Also signals at 

64.59d, 5.35q 
*Aromatic protons 

- Structure: 3 75 (h4-C&ll ,N02)Fe(CO), CDCI, H_, 6.07 
H-3 4.47 J2.3 6.8 

H-5 H-4, H-6 5.06 3.54 5 4 . 5  J5,6 7.8 7'8 6pJ(co)J 
7 

I 
CO2CH2CH3 

H-1 6.5 '6.1 No Fluxional character at T = Oo 

376 (2,3,4,5-h4-C,4H,N502)Fe(CO)3 - H-,, H_, 5.75m J Is2  =J5,6 8-8 C,,H,N502 = 
H-,,H_, 4.0m J2.3 = J4.5 7.5 

J,, = J3.5 1.6 

CH,O,C-N-' 4 

H-,, H-, 5.95m J3.4 4.5 



374 
P. W

. 
H

IC
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C2,H,,FeN203 380 (5,6,7,8-h4-C,~,,N,)Fe(CO), CDCI, - C2OH12N2 = 365 

6\ ''1 @;@:: I I z 

4 \  2 5 
3 U 

t; Values for uncomplexed ligand: > 
0 z 6 8.42 (H-1, H-5, H-8, H-4,H-g 9.00 - 

H_5,H_, 3.98 - H-iJ? 7.77 0 - 2 9  H-3, H-69 
H-,,H_, 6.72 - H-1, H-10, H-ii)T !2 

9.38 (H-4, H-9) 2 

(~ ,~ ,~ - (C~H; ) J I )F~(CO)J  H-6 4.74d - diazepine iron tricarbonyl 5 
F 

7.47-6.88111 - 6 
C$I: N< z 

I s 
CH; n 

5 
c Fe(CO)j H -4 3.28 54.5 7 iron tricarbonyl v) 

2 
C2,H,$eN20, 38 1 {4,5,6,7-h4-C5H,N2( I-CH;)- CDCI, H-, 4.94d J4.62 1 -Methyl-3,5,7-triphenyl- 1 H- 1.2- 390 '? 

-I - H' 2.98s 
0 H" 8.07111 7.75m - - fi6Hl; > 

0 

0 

r 
C,,H,FeN20, 382 [4,5,6,7-h4-1-C5H5N2(COCH,)~- CDCI, H-, 6.92 J3.4 6 I-Acetyl- I H- I ,2diazepine 390 m 

60 and 100 MHz 

H-5 5 . 1 1  '4.6 

J5.6 4.3 
-6 4.59 J6.1 6.7 60 and 100 MHz 

H -7 6.47 J5.7 1.7 Calculated chemical shifts and 
coupling constants reported Ic, 

4 wl 



w 
Q\ 

T A B L E  VII-cont. 4 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,,H,oFeN,O, 383 [h4-C5H4N2(l-COCH$ C X l ,  H-, 

H-5 
(3-CH;)IFe(CO)3 

-6 

H-7 
H' 
H" 

C,,H,,FeN,O, 384 [V-C5H4N2( I-COCH;) CDCI, H-, 
(4-C H';)IFe(CO), H -5 

H -I  

-6 

H' 
H" 

CI5H,,FeN,O, 385 (h4-C,2HION20)Fe(C0)3 CDCI, H-, 
H -* 
H-5 

H-7 
-6 

H' 

C,,H,,FeN205 386 (Ir'-C,H,$J,OJFe(CO), 

3.19dd 
(3.55q)* 

5.09 OCt. 

4.59 OCt. 

6.39dd 
2.31s 
2.11s 

6.84s 
4.97bd 
4.38dd 
6.34dd 
2.31s 
1-97s 

6.19d 
3.2m 
5.07111 
4.64m 
6.5q 
7.4 

7.01 

54.5 7.5 
'4.6 

'5.6 4.5 
J5.7 2 
J6.7 

- 
J5.6 4 '5  
J6,7 6'5 
55.7 2 - 
- 
56 
J7,6,  1.65 
J 7, I .8,0.5 
J6,5,4.4,  I .65 
J6.5.  1.8 

J3.4 6 
J3.5 0.5 
J4.5 7 
J d a 6  1.65 

I-Acetyl-3-methyl-IH-1,2- 
diazepine iron tricarbonyl 

60 and 100 MHz 

I-Acetyl-4-methyl-lH-1,2- 
diazepine iron tricarbonyl 

60 and 100 MHz 

d0cJ.l; 

390 

0993 a 
9 

390 3 
0 

m L 

993 P 
0 
U s z 
0 

994 
99 3 
3 92 H -4 3.32 



C 14H,oFeNz0,S 387 (~-C,,H,oN202S)Fe(CO)3 

C,,H,,FeN,O,S 388 (h4-C,zH,2N20,S)Fe(CO)3 

C,H,FeO, 389 (h4C,H,02)Fe(CO)3 

C,,H,,FeO, 390 (h4-C,,HloOz)Fe(CO), 

CDCI, 

CDCI, 

- 

CDCI, 

H -5 

H-7 
H -3 

H -4 

H-5 

H-7 

H-6 

-6 

H' 

H-l 

H -. 
H -5 

H-7 

n.a. 

H-6 

H 
Hf 

5.10 

4.57 
6.31 

6.94q 
3.34m 
4.92m 
4.46m 
6.08q 
7.1 

7.08q 
3.46m 
5.02m 
4.54m 
6.24q 

3.73s 

'5.6 4'4 
55.7 1.8 
J6.7 6.5 
- 

C,lHloNZOZS = J 6,0.5 5 

J7,6, 1.65 
J7,4.4, 1.8,0.5 
J6.5,4.4, 1.65 

993 2: 

5 
3 

56.5, 1.8 I' &- 

,bn3 N-N tl 

0 - S02C6H; 
1 

J 6,0.5 993 2 
$ J7,6, 1.65 

J7,4.4, 1.8,0.5 3 p /' J6.5,4.4, 1.65 

J6.5, 1.8 S0,-p-C6H4CH, 
- a-Pyrone iron tricarbonyl 329 2 

r 
Signals a t6  6.31,5.61,3.01, CI 

1 in ratio 1 :2: 1 
- Structure: 

Y 7.95-7.2m - 
393 g 

2: 
J 

(1) (11) 
H* aromatic protons. 
Structure (I) favoured over 

(11) for reasons given below 
(see diphenyl analogue) w 

4 
4 



W 
4 T A B L E  VII-cont. 00 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

Structure: 393 y 

3 

CIBH,,FeO, 391 (V-C,sH,,,O,)Fe(CO), CDCI, H 5.77s - 

5 6  H' H H' 4 . M  

H" 6.32-5.97 3.5dd J 6 ,  - 1.5 ( C O ) 3 F e > w  5 

\ \ o  E 7.74-7.2m - HCrI 

H' C6H;" 

C,,H,,FeO, 392 (h4-C2,H,,O2)Fe(CO), CDCI, H 8 .S1 .2  - 
3 

Structure: 366 . 
394 ; 

VJ 

The NMR spectrum shows only 
aromatic protons and the 
o-bonded structure (I) is 
therefore favoured over the 
a-bonded structure (11) 



C,,H,,FeO, 393 (h4-C,,H,,0,)Fe(CO), 

C,,H,,FeO, 394 (h4-C,,H,,0)Fe(CO), 

H" 

CDCI, H 
H' 

H" 
H"' 

C ,,H ,> BFeO, 395 Ih4-C6H;"-CH;OB(C H=CH;), 1- C,D, H 
Fe(CO), H;yn 

Hbnri 

H" 
H"' 

C,H,,FeO,Si 396 lh'-(CH;),Si(CH=CH,),]- Liquid H 
Fe(CO), H' 

7.7-1.2 - 

4.61,4.50* JHH I 1  
3.46bs - 

Structure: 
H C,H'; 

(CO),Fe>$$ \ \  

H C6H; 
*Reviewer's assignment 

Structure: 

H "' 

100 MHz 
*AB quartet 
TAA'BB' system 

Benzyloxydivinyl borane iron 
tricarbonyl 

TMS external 

Dimeth yldivinylsilane 
iron tricarbonyl 

394 

z 
E 
U 

5 
395 0 

% 
$ 
3 
k 
2 
F 

f 
P 

8 

E 
E 

z 

0 
). 

396 ;s 

9 

391 

w 
4 
W 



w TABLE VII-cont. 00 

Coupling 
constant Refer 

Formula No. Compound Solvent 6 (PPd (Hz) Remarks ences 

1ZHaFe04 

13H10Fe0, 

C7H5CIFe0, 

C,,H7CIFe0, 

C14H1oFeO, 

14H10Fe06 

397 (h4-C,H6CH=CH'-CH"=O) 
Fe(CO), 

398 (h4-p-CH;'OC,H,CH=CH'- 
CH"=O)Fe(CO), 

399 (h'-CICHzCH'-C(CH,P)- 
Fe(CO), 

Fe(CO), 

Fe(CO), 

400 (h'-CICHwCH''"C(C,HJ*)- 

401 (h4-C6H5COCH=CH'C0,CH3)- 

cis 

402 (h4C6H,COCH=CH'C0,- 
C H ,)Fe(CO), 
trans 

H 
H' 
H" 
H 
H' 
H" 

H 
H' 
H" 
H"' 
H 
H' 
H" 

H 
H' 

H 
H' 

H 
H' 

H 
H' 

6.52 
3.30 
7.78 

5.95 
3.13 
7.52 

6.69 
3.34 
7.13 
3.77 
5.97 
3.32 
7.52 

3.61 
5.99 

3-78 
6.21 

5.85 
3.28 

6.44 
2.31 

Free ligand [(CD,),COl: 
H 7.63, H' 6.78, H" 9.75 

Free ligand I(CD,),COl: 
H 7.61, H' 6.62, H" 9.67, 
H"' 3.93 

Free1igand:H 7.32,H'6.61, 
H" 9.60 

Hexamethyldisiloxane as reference 997 
at 100 MHz 



( 5 )  PENTAHAPTO LIGANDS 
(a)  Monocarbonyl derivatives 
C,H,,CIFeO,P 403 (hs-C,H,)Fe~p(OCH,),l- CDCI, 

C,,H,,CIFeO,P 404 ( hs-C,HJFe[ P(OC,H,), 1- CDCI, 

C,,H,,BrFeOP 405 (hJ-C,H,)Fe[P(C,H;),c~ CDCI, 

(ClXCO) 

(ClXCO) 

CC,H;](Br)(CO) 

H 4.76d JPH T 38O 398 

H 4.25s T 38O - 398 z 
5 

170 
> 

H 4.68b - 60 and 100 MHz 

H' 
H" 

H 

H 

H 
H' 

7.6-6.5 
8.2-7.5 

4.71s 

0 z 

398 8 
> 

398 z 
'? 

990 5 
-1 

F 

C,,H,,FeIOP 406 (hs-C,H,)Fe[P(C,H,),I(I)(CO) CDCI, 

C,,H,,FelOP 407 (h'-C,H,)FelP(n-C,H,),~(I)(CO) CDCI, 

C,,H,,FelOP 408 (hJ-C,H,)Fe(I)[P(CH;),C,H'$ - 
(C 0) 

- T 38' 

- T 38O 

JPH 1 . 5  - 
JPH, 10 
JpH, 9.3 
- 

- T 38O 

- T 38O 

- T 38O 

4.58d 

4.26 
2.14, 
I .73 
7.34 

4.72d 

4.70s 

4.20s 

n H" 

H 

H 

H 

398 $ 
n 398 0 

r 
m 

399 5 
400 g 

v) 

C,H,CI,FeOSi 412 (hs-C,H,CH;)Fe(SiCI,)(H)(CO) CCI, H 5.3t, 
5.m 
2.2 

5.434 
-11.64 

H' 

C,H,CI,- 413 (h'-C,H,)Fe(SiCI,),(H')(CO) CH,CN 
FeOSi, 

H 
H' 

400 
40 1 
402 g 

e - .  ~. 

- 6Oand 100 MHz 
J('*Si-H') 20 
J("Fe-H') 14 5 

*Also a singlet of -7% 
intensity at b 4 62 

_- _.  .. -~ 
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T A B L E  VII-cont. 

Coupling 
constant Refer- 

6 (ppm) (Hz) Remarks ences 
- 

Formula No. Compound Solvent 
- ____ 

IC,H,FeN,OI- 

[Cz&23- 
FeNOP]+ 

ISH 13- 

FeNzOl+ 

[C,2H2,- 
FeOP,I+ 

GzH,5- 
FeOP,I+ 

C21H30Fe07PZ 

416 [(h5-C,H,)Fe(C,,H,N~CO)I+ CDCI, H 

4 17 {(h5-C,H,)Fe[P(C6H;),CH1- (CD,),CO H 
CH;P(C6H$,1(CO))+ H' 

H 
H' 
H' 

- 

418 ((h5-C,H,)Fe(P(C,H3,Iz(CO))+ (CD,),CO H 
H' 

+82.6 - 
+ 159.0 - 
+219.2 - 

4,984 J ~ H  1.5 

2.22d JpH 1.5 
7.55m 

5.21s - 

5.10  
7.55 

7.58-7.30 - 
4.83 

3.07-2.581~1- 

4 . 9 3  JPH 1.5 
7.42m - 

Potassium salt 

Hexafluorophosphate 

Isolated as the 
hexafluoro phosphate 
CIOH8N2 = 2,2'-Bipyridine 

Acetone internal reference 
Perchlorate 

Tetra fluoroborate 

Hexafluorophosphate 

T 30° 

32 
? 

3 
403 

R 

5 
.=1 
F 
L 

403 
v) 

> z 
tr 

404 ? 
K 
0 

z 
0 

405 

403 

398 
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P 
T A B L E  VII-cont. 00 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (H4 Remarks ences 
. -_ 

H 
H' 
H" 
H 
H' 
H" 
H 
H' 
H" 
H 
H' 
H" 

H 
H' 

H 
H' 
H" 
H 
H' 
H" 
H 
H' 
F 

4.2Od J ~ H  1.2 - 
- 7.3 

4.23d 60 and 100 MHz 
-0.11 J(119Sn-H") 39 

7.40 
-0.07 J('lQSn-H") 40.4 

- - 4.05 
7.22 - - 
0.31 J("9Sn-H") 44 
4.57 - 60 and 100 MHz 
7.3om - 
0.40 J(lleSn-H") 44 

4.5Od J ~ H  1.2 60 and 100 MHz 
7.19m - C,,H IsF6P2--see above 

4.33d J ~ H  1.2 60 and 100 MHz 

7.23m - 

4.43d JPH 1.2 60 and 100 MHz 
7.33m - 

4.53d Jp" 1.2 60 and 100 MHz 
7.07m - 

(No. 426) 

1.66, 1.40 J 17.6 

1.57d - 

- 57.1 



C,,H,,FeOPSn 

C I) H,FeOS , 

C,H,,F~SY 

C13H10Fe0S3 

[C&,CI6- 
FeOSi,]- 

FeOSn 
C22H24AsFY- 

C,,H,,- 
AsFeOSn 

C42H35- 
AsFeOSn 

C27H29- 
FeOSbSn 

436 (h5C,H,)Fe[CH;CH'$C(S)-S]- CS, H 
(CO) H' 

H" 

437 (h5-C,H,)Fe[C6H;SC(S)-S](CO) CS, H 
H' 

439 (K-C ,H ,)Fe[As(C,H;),C F, 1- CS, H 
[Sn(CH;),](CO) H' 

H" 
(CH,XCO F 

440 (h5-C,H,)FeIAs(C,H;),)- c.92 H 
[Sn(CH';),I(CO) H' 

441 (h5-C,H,)Fe~As(C6H;),1- cs2 H 
[Sn(C&)iI(CO) H' 

442 (h5-C,H,)Fe[Sb(C,H;)31- cs2 H 
fSn(CH;),I(CO) H' 

H" 

H" 

4.38 - - 
7.43-6.93 - 
4.22d JPH 1.2 60 and 100 MHz 
7.05 - 

4.60 - 40 MHz T 324' 
2.55 - Methyltrithiocarbonate 

cyclopentadienyl iron carbonyl 

4.60 - 40 MHz T 32.5' 
1.37t 57.5 Eth yltrithiocarbonato- 
3.25q J 7 . 5  cyclopentadienyl iron 

carbonyl 

4.57 - 40 MHz T 32.5' 
7.43s - Pheny ltrithiocarbonate 

4.60 - Isolated as the tetraphenyl 

4.53s - 60 and 100 MHz 

cyclopentadienyl iron carbonyl 

arsonium salt 

1.494 - 
-0.03 J('I9Sn-H") 42.2 
55.6 - 
4.3 IS - 60 and 100 MHs 
7.40 - 
0.00 J('I9Sn-H") 40.2 

4.28s - 60 and 100 MHz 
7.09m - 
4.42s - 60 and 100 MHz 
7.38m - 
0.03 J(l19Sn-H") 41.4 

408 

407 

409 z 
5 

409 2 
0 z 
f4 

409 9 
E 

400 2 m 

D 
407 

0 

r 
D 

401 p 
-u 
r 

4 

401 B 
407 

w 
00 



w 
T A B L E  VII-cont. 2 

Formula 

C42H35- 
FeOSbSn 

'2SH23- 
Fe0,PS 

CIOH 17- 

Fe0,PS 

C,&- 
Fe0,PS 

C, ,H 2,- 
AsFeO, 

C31H27- 
Fe0,PS 

Coupling 
constant Refer- 

No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

445 (h'C,H,)Fe[P(OCH;),]- CDCI, 
(S0,CH;XCO) 

446 (h5-C,H,)Fe[P(OCH;CH;CH;- CDCI, 
CH';),](SO,CH;"XCO) 

447 (h,-C,H,)FelAs(C,H;),I- CDCI, 
(SO,CH';C,H;XCO) 

448 (hJ-C,H3FelP(C,H;),l- CDCI, 
(SO,CH';C,H;XCO) 

H 
H' 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H" 

H"' 

H 
H' 
H" 

H 
H' 
H" 

4.40s 
7.10111 

7.4 comp. 
4.65d 

2.55s 

4.90s 
3.85d 
3 .OS 

4.8% 
4.15bq 
1.6-1.0 
comp. 

3 .OS 

4.48s 

4.15 

4.42d 
7.5 cornp. 

3.94 

- 60 and 100 MHz 
- 
J 1  - 
- 
- 

(b) Dicarbonyl derivatives 
C,H,BrFeO, 449 (h'-C,H,)Fe(BrXC'O), CHCl, C +85.4 - 

C' +213.2 - 
32 



C,H,CIFe02 450 (h2-C,H,)Fe(CIXC'O), 

C,H,FelO, 

C,H,BrFeO, 
C,H,CIFeO, 

C,H,FelO, 

ICJ49FeO,I+ 

C,H,FelO, 

C,H,FeNO, 

C,H, AsF,FeO, 

CDCI, H 

CH,CN 
CHCI, 

45 1 (h'-C,H,)Fe(lXC'O), CCI, 
CDCI, 

CHCI, 

452 (h5-C,H,CH,)Fe(BrXCO), CDCI, 
453 (h5-C,H,.CH3)Fe(CIXCO), CDCI, 

453A(h5-C,H,. CH,)Fe(lXCO), CDCI, 

454 I(h5-C5H4. OCH;CH;)Fe(CO),I+ (CD,),CO 

455 (h5-C,H,OCH;CH';)Fe(1~CO), CDCI, 

456 (h'-C,H,)Fe(C'N)(C"O), CHCI, 

H 
C 
C' 

H 
H 

C 
C' 

H 
H 

H 

H 
H' 
H" 

H 

H' 
H" 

C 

C' 
C" 

Tetra tluoroborate 

408 
I32 
131 

400 

32 z 

0 
305 5 
132 > 
131 0 

5 

32 
95 $2 

s 
412 2 

B 
412 

412 2 
r 

413 2 
ia 

E 
4 

413 r 
8 
5 
E 
r 

32 VJ 

M 

100 MHz 414 w 457 (h5-C,H,)FelAs(CF,),1(CO), CFCI, H 4.92 - 
M 



T A B L E  VII-eont. w 
W 

Formula No. Compound 

C,&I,AsF,,- 458 (h'-C,H,)Fe[As(C,F,),I(CO), 
FeO2 

CloH14FeGe02 459 (h5-C,H,)FelGe(CH;),](COX 

C,,H,,FeGeO, 460 (h'-C,H,)FelGe(C2H;)31(CO)2 

Coupling 
constant 

Solvent 6 (ppm) (Hz) Remarks 
Refer- 
ences 

CDCI, 

CHCI, 

CHCI, 

- 

CCI, 

CCI' 

CCI, 

cs2 

H 4.98 - 

F_, F-, 124.2 - 
F-,,F-, 161.6 - 
F-, 153.9 - 

- H 4.7 
H' 0.4 

H 4.70 - 
H' 1.08b - 
H 5.01s - 
H' 1.45s - 
H 5.08 - 
H' 1.75q - 
H" 1.28t - 

H 5.04s - 
H' 1.75111. 1.08- 

H 4.91s - 
1.28~ept. - H' 

H'l 1.25d - 
H 4.70 - 
H' 3.23 - 
H" 7.19 - 

- 
- 

40 MHz 

- 

130 
.w 

a 
z 
0 

415 0 T 
.=r 

135 K 
0 

h 
416 
417 Z 

tl 
416 ? 

3 
0 

2- 
416 z 

0 

E! 

416 

416 



466 (h'-C,H,)Fe(ceBr,XCO), H 999 C,H,Br,- 
FeGeO, 

C,H,CI,- 
FeGeO, 

C,H,F,- 
FeGeO, 

C,H,FeGeI,O, 

467 (h5-C,HJFe(GeC1,XCO), H 5.32 999 

z 
999 5 

3 
0 

999 > 
0 

999 z 

468 (h5-C,H,)Fe(GeF,XCO), H 5.39 

469 (hs-C,H,)Fe(GeIJ(CO), 

470 (h5-C,H,)Fe[Ge(OCOCH;),l- 

471 (h5-C,H,)Fe[Ge(C6H,),I(CO), 

472 (h5-C,H,)Fe(HgBrXCO), 

KO), 

H 

H 
H' 

H 

5.18 

5.03 
2.02 

4.74 

- 

CCI, 

418 

136 2 
136 

3 

7 

C25H20FeGa2 

C,H,- 

C,H,- 

BrFeHgO, 

CIFeHgO, 

C,H,FeHglO, 

C,H,FeHgO, 

CDCI, 

CDCI, H 5.02 

473 (h'-C,H,)Fe(HgCIXCO), CDCI, 
CDCI, 

CDCI, 

CDCI, 

H 
H 

H 

H 
H' 

H 

5.03 
4 98 

5.02 

4.95b 
2.0b 

5-08 

142 2 
yr 

136 
z 

474 (hs-C,H,)Fe(HgI)(COk 

475 (h,-C,H,)Fe(HgCO,CH;)(CO), 142 $ 
n 
0 

136 $ 
m 

137 0 
3 

476 (h5-C,H,)Fe(HgSCN)(CO), CDCI, 'SH5- 
FeHgN0,S 

IC,H,FeNO,I+ C6H,N0, H 
H' 

H 
H' 

5.2  
0.76 

5.25 
3-7, 
3.1 

Tetrapheny lborate 

[C7H9- 
FeN,O,] + 

478 ~(h5C,H,)Fe(N,H;)(CO)~~i C6H5N02 Tetraphenylborate 137 

W 
Go -a 



w 
8 T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) 0-W Remarks ences __ ~ 

[C13H,2- 
FeNO 1 + 

C,H,FeNO , 
C,H,FeNO,S 

FeNO2I+ 
IC9H8- 

C2812FeN,O, 

[C*,H,o- 
FeNO,l+ 

C,,H9FeN02 

lFeNo3 

480 (h5-C,H,)Fe(NCOXCO)2 

481 (h5-C,Hs)Fe(NCSXCO), 

482 I(hJ-C,H,)Fe(NCCH;XCO)21t 

484 I(h'-C,H,)Fe(NCC,H$ 
(C0)21+ 

485 (hS-C,H,)Fe(C,H,N)(CO), 

486 (hJC,H,)Fe(C,H;N .COCH';) 
(CO), 

H" 

5.7 
7 . 3  

5 . 6  
2 .  I 

5.12s 

5.14s 

5.66s 
2.47s 

5.43s 
2.33s 

5.32 
3.44 
7.59 

5 .8  
7.8 

4.93s 
6.03m 
5.85d 

4.75s 
6,85m, 
6,55m, 
6,05111 
2. I IS 

- Hexa fluorophosphate 

- 
- 
Hexafluorophosphate 

Hexafluorophosphate 

C,H,N = y" 

419 

7 

9 
T: 

59 $ 

4 
s 

131 5 
403 * 

I95 
0 

2 
?? 

B 

420 c] 

? 

419 2 
> z 
0 

42 I 

1 
C,H,N = 2-Acetyl pyrrol-I-yl 421 



lcl2Hlo- 
FeN02PI+ 

lFeN02 

IPH nFeNo2 

C,H,F,Fe04 

IC ,,H I I  FeO,l+ 

C11H5F7Fe04 

IIHlZFe04S 

'1 lH10Fe04S 

C16H12Fe04S 

488 (h,-C,H,)Fe(C,H;NXCO), 

489 (h5-C,H,)Fe(CI2H;NXC0), 

491 {(h5-C,H,)Fe[O=C(CH;),]- 
(C0)2)+ 

492 (h5-C,H5)Fe(OCOCF,CF> 
CF;XCO), 

494 (h5-C,H,)Fe[OS(0)C(CH,)= 
C=CH;](CO), 

495 (h'-C,H,)FelOS(O)C(C,H,)= 
C=CH,I(CO), 

cs2 H 
H' 

CDCI, H 
H' 

H' 
CSZ H 

CDCI, H 
F 
F' 
F" 

so2 H 

H 
CDCI, H' 

CDCI, H 

4.94s - 
6.76m - 

- 5.1 
8.1,7.2 - 
5.05s - 
7.7m, 7.2m - 

5.02s I 

127.7 1 I6.7q "> 
81.6t J8 

3.43 J 12.6 

2.2 J H H , ~ . ~  
5.35, JH'H' 14 
4.95 

5.65, J 15 
5.2, J 15 
3.59 

C,H,N = pyridin-1-yl 403 
Hexatluorophosphate 419 

C,H,N = Indol- I-yl 421 

;t > 
0 z 
0 

100 MHz 138 $ 
94.1 MHz 989 

Unco-ordinated acetone 422 2 
6 1.42 423 3 

2 

100 MHz 

94. I MHz 

r: 
T -18' 

- 

- 944 

w 
\o 



bJ w T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (wm)  ( H d  Remarks ences - ___ _ _ _ _  

496 

497 

498 

499 

5 0 0  

50 1 

502 

503 

C6H;N0, H 5.48 - 
H' 1.98, - 

1.11 

{(~'-C,H,)Fe~P(n-C4H9),1(C0),~ CDCI, H 4.19d - 

- 

Tetraphenylborate 
T 38O 
Hexafluorophosphate 

Tetraphenylborate 
T 38O 

Perchiorate 
Acetone internal 

reference (6 2.07) 

Hexafluorophosphate 

Tetraphen ylborate 
T 38" 

T 38O 

398 
424 ~ 

137 . 5 

3 
r 
7c 398 s 

990 
0 
2: 

404 > z 
U 
? 

403 5 
2 

130 

cn 

0 

398 

398 



SO5 {(h'-C,H,)Fe[P(OC,H:)2C6H,]- (CDJ2C0 

SO6 {(hs-C,H,)FelP(OC,H~XC,H,)21- (CD,),CO 

5 07 {(h5-C,H,)Fe[ P(0- i-C,H,), I- C DCI, 

508 {(h5-C,H,)FelP(OC6H5),l(CO)2)+ CDCI, 

(C0)2}+ 

(C0)2)+ 

(C0)2)+ 

5 15 (hs-C,H5)Fe(SCFI)(CO), CH,C12 

5 16 {(h5-C,H,)FelS(CH;),1(CO),)+ (CD,),CO 

S 17 (hJ-C,H,)Fe(SCH;CH;)(CO), CS, 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 
H' 

F 

H 
H' 

H 
H' 
H" 

5.19d 

S.12d 

S.38d 

4.32 

4.01s 

4.94s 
5 ,OS 

4.91s 

4.77 

*Tetraphenylborate T 3 8 O  
C,H,= ally1 

Tetraphenylborate 
T 38' *(see abode) 

Tetraphenylborate 
T 38" *(see above) 

Tetraphenylborate 
T 38" 

Tetraphenylborate 
T 38" 

T 30" 

T 38" *(see above) 

T 30" *(see above) 

398 

398 

398 2 

2 

P 

424 

398 2 
424 

> 
398 J 

(? 
398 

399 8 

5 
$ 398 cl 

4 

132 4.80-4.73 - - 
4.87 - T 32.5' 425 8 
1-58 - 40 MHz 188 5 

r 
26. IS - 1038 pc! 
5.77 - Isolated as the iodide 188 c3 
2.61 - 
4.84 - 
2.97q 57.2 40 MHz 
1 ' It 

T 32.5' 425 

w 
\o 
w 



w 
i? T A B L E  V I I - C O N .  

Formula No. Compound Solvent 

IC, ,H,,Fe- 
0,Sl' 

C,,HI,Fe02S 

12Fe02s 

C ,,H,FFeO,S 

C ,,H,F,FeO,S 

C,H5FeN02S 

C,H,Fe02S3 

5 18 {(h5-C5H5)FelS(CH;CH3 21- 
(C0)2)+ 

5 19 (h5-C,H,)Fe(SC6H;XCO), 

5 20 (h'-C ,H ,)Fe(p-SC,H;CH ;)- 
(CO), 

52 1 (h5-C5H,)Fe@-SC6H;F)(COk 

522 (h'-C,H,)Fe(SC,F,XCO), 

5 2 3 (h5-C 5 H,)Fe(S CNXCO), 

524 (h5-C5H,)Fe[CH;SC(S)-SI(CO), 

Coupling 
constant Refer- 

6 (ppm) (Hz) Remarks ences 

H 5.17s 
H' 2,404 
H" 0.82t 

H 4.83 
5.17 

H' 7.05 

H 4.79 
H' 7.02 
H" 2.21 

H 4.81 
H' 7.33q 

6.65t 

H 5.1 
E2, F_, 132.2 

F-,, F-, 164.5 

F-4 159.3 

H 5.06s 

H 5.08 
H' 2.60 

Hexafluorophosphate 423 
.a 
9 

100 MHz 414 
426 c, 

T 32.5' 425 E 
- 984 -3 

P 
c, 

984 5 

247 ? 

T 32.5' 
40  MHz 

131 

409 



C ,,H ,,FeO,S, 525 (h5C ,H,)FeICH;C H;SC(S)-S 1- 
(CO), 

C ,,H ,,FeO,S, 526 (h’C,H,)FeIC,H;SC(S)-Sl- 

C,,H,,Fe02Se 527 (h’-C,H,)Fe(SeC,H,XCO)2 

C,,H,,FeO,Si 528 (h5-C,H,)FelSi(CH;),I(CO), 

(CO), 

C,,,H,,FeO,Si 529 (hJ-C,HS)FelSi(CH;),1(CO), 

C,H,CI,FeO,Si 530 (hs-C,H,)Fe[Si(CI),CH;l(CO), 

C,H,,CIFeO,Sn 534 (h’-C5H,)FeISn(CH;),C11(CO), 

CS, H 5.08 - T 32.5” 
H’ 1 . 2 3  5 7 . 5  40 MHz 
H” 3.20q J 7 . 5  

cs2 H 

cs2 H 

H’ 

CHCI, H 
H’ 

CDCI, H 
H‘ 

H 
H’ 

- 

CH,CN H 

5.04 
7.39s 

5.21 

4.7 
0.4 

4.64s 
0.39 

3.8 
0.7 

5.13 

409 

- T 32.5O 409 
- 4 0  MHz 

- - 

z 
5 
B 426 

415 2 
0 z 

406 0 

6 * 
- T 33O 427 3 
- Presence of two rotational 

isomers indicated by i.r. 
P 

- CDCI, H 4.68s - 

CHCI, H 4.89 - 
H‘ 0.32 J(”’Sn-H’) 47 - 

H’ 0.45 J(’19Sn-H‘) 49 - 

- - CHCI, H 4.9 
H‘ 0.8 J(”’Sn-H’) 40 

5 
1039 21 

406 2 
408 8 
415 5 
140 
132 
428 

415 

242 w 
\o 
ul 

- - CDCI, H 4.70 



w 
\o 
0 3  

T A B L E  VII-cont. 

Coupling 
constant Refer- 

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

C,,H,,FeO,Sn 536 (h5-C,H,)Fe[Sn(C,H;),1(CO), CDCI, H 
H 
H 
H’ 

n.a. 

4.75 
4.90 
4.79 

-7.4 

132 
408 
252 

3 
5 

982 7~ 

983 

537 (hs-C,H,)Fe(SiH,)(CO), C6D6 C,H,FeO,Si 

C&,FeO,Si 

Two signals at 6.48 and 6.57 
inratio3:5 

538 (V-C,H,)Fe[Si(CH~,H’](CO), Liquid H 
H’ 
H” 

H 
H’ 

H 
H‘ 
H 

H 
H’ 
H 

H 
H 
H 

H 
H’ 

4.49s 
0.45d 
4.79m 

4.87s 
0.89s 

4.73s 
0.37s 
0.12s 

4.78s 
0.54s 
0.23s 

4.63s 
0.41s 
0.08b 

4.93 
“7.4 

539 (V-C,H,)Fe[Si(CH~),Cl~(CO), CDCI, 

5 983 

9 
983 $ 

0 
541 (V-C,H,)Fe[Si(CH;),Si- CDCI, 

(CH,),Si(CH’;),I(CO), 
C 14H,6Fe0,Si, 

542 (N-C,H,)Fe[Si(CH;)Si- CDCI, 
(C H ,hSi(C H,),Si(C H;)&C O), 

983 

C ,,H,,CIFeO,- 
Sn 

543 (hJ-C,H,)Fe[Sn(C,H3,CI]- CDCI, 
(CO), 

252 



C,,H,,CI,- 
FeO,Sn 

C,,H,,FeO,- 
SSn 

C ,H,FeO,- 
S,Sn 

C,H,Br,- 
Fe0,Sn 

C,H,CI,- 
Fe0,Sn 

C ,H ,FeI ,- 
0,Sn 

C,H,FeO,S 

C9HH,,FeO,S 

C ,,H ,,FeO,S 

548 (hJ-C,H,)Fe(SnCI,XCO), 

549 (h,-C,H,)Fe(Snl,XCO), 

550 (hs-C,H,)Fe(SO,CH~)(CO), 

55 I (h'-C,H,)Fe(SO,CH;C H';XCO), 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

- 

H 
H 
H' 

H 
H' 

H 
H' 

H 

H 

H 

H 
H 

H 

H 
H' 
H 
H' 
H" 

4.99 
5-13 

~ 7 . 6  

4.47s 
7.5m 

4.97s 
7.5m 

5.17 

5.23 

5.18 

5.26 
5.51 

5.14 

5.25s 
3.15s 

5.42s 

1.51t 
3.3% 

Not reported 

132 
252 

429 - 

- 429 

I42 
132 
I06 

142 
132 
430 

252 
408 

I06 
132 

i 
0 z 
0 

F 
-1 

$ 
0 > 

6 z s 923 

923 7 
m 

s 
z 
rA 

Investigation into the 43 1 
stereochemistry of reactions 
occurring at iron-carbon 
o-bands W 

u3 



T A B L E  V I I - C O N .  w 
\o 
00 

Coup I i n g 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) ( H 4  Remarks ences 

553 (hs-C,H,)Fe(S02CH;C E 
CCH;)(CO), 

554 (h.'-C,H,)Fe(SO,CH;CH';C 
CCH;,')(CO), 

557 (h5-C,H,)Fe(SO2C6H;)(CO), 

CDCI, H 
H' 
H" 

CDCI, H 
H' 
H" 
H"' 

CDCI, H 
H' 
H" 

H' 
H" 

( C H M O  H 
H' 
H" 
H"' 

CDCI, H 
H' 

so2 H 

558 (hJ-C,H,)Fe(S02C,H;CH';j 
(CO), 

CDCI, H 
H' 

5.16s - - 
3.68b - 
1.87t J 2.5 

5.34s 
3.32t J 8  
2.92b - 
1.92t 52.5 

5.10s - - 
4.39s - 
7.6bs - 
5.18s - T-15' 
4.23s - 
7.54s - 

4.9s - - 
3.6b 
2.3Od 36.5 
7.0b - 

- - 

163 
Ir 

a 
163 

n x 

5 
923 
414 cl 

3- 
t; 
3- z 
0 

? 
432 5 

U 
5 z 
0 

5.30s - 
8.0-7.5 

5.09s - 
7.89-7.56rn - 
7.50-7.18m- 
2.42s - 

cornp. 

60 and 100 MHz 

- 

923 
414 

923 

H" 



C,3H5F,Fe04S 559 (h5-C,H,)Fe(S02C,F,XCO), THF F-,, F-, 140.5 

F-,,F_, 161.6 

C10H14- 560 (~s-C,H,)Fe~S0,Ge(CH;)3~(CO), - 
FeGe04S 

C,,H,,FeO,S 561 (h5-C5H5)Fe[S(0)OCH2CbH5~- SO, 
(CO), 

C,3H,oFe0,Te 562 (h5-C,H5)Fe(TeCbH&O), CS, 

+ (c) Tricarbonylderivatives I A , 
[C8H,Fe03]+ 563 (hs-CHpCH’-CH”’CH‘FCH2)- 

cis cis 
Fe(CO)j so, 

F-4 

H 
H’ 

H 

H 

Hsyn 
Honri 

H’ 
H“ 

153.4 

5 .OS 
0.5s 

4.21s 

5.23 

3.75 
2.17 

6.26 
7.22 

1.73 
2.97 
5.67 
6.59 

J,., 28.05 T 35O 

J2,, = J3., 9.25 
J2.6° 

J2.4 

J3.5 3 .0  
J3.4 25.2 
- 

- T -18O 

JHH, 9.8 Perchlorate 
JHH* 13 Structure: 
JHH 3.5 H” 

244 
433 

z 
I 
B 428 4 
3- 
0 z 

I12 z 
; 
> 

426 

m 
1 

396 $ 
cl > 
6 
P 

5 
?I! 

-e 

cl 
0 

r 

r m 

v) 

434 

w 
W 
W 



TABLE VII-conl. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 

IC,,H,,FeOIlt H 
H' 
H" 
H"' 
H'V 
HV 

Perchlorate 
Structure: 

r, n 
7c 

5 
435 * 

r 

? 
K 
8 

435 g 
0 



1.83 
3.50 - 
5.64 - 
6.62 - 
5.47 - 
1.83 
1.34 - 

- 

1.83 - 
4.20 - 
5.96 - 
6.30 - 
2.40 - 

2.06s - 
2.17s - 

T -78O 1 0 0  MHz 
Internal reference 
((CH,),Nl+ 
Fluorosulphate 

Fluorosulphate 
Structure: 

CHV, (anri) 
CH3& CH': (W) 

Internal reference 

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 
(11) 

H# H#tt 

T -78' 100 MHz 

I(CHJ,NI+ (6 3.1) 

434 

However this classification 
should only be regarded as 
tentative at present P 

0 - -  



TABLE VII-cont. 8 
h, 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

IC 1oHPz- 570 IL'-CH,- R CDCI,/SO, H 1.7Od 56 Fluorosulphate 317 
T -50" to -60' 60 MHz Fe0,l ' C H ~ = C D = C H ~ . ~ C ~ - '  (2:3) H' 3-0b - 

H" 6.70b - 
HI!' 2.15 - (OH)CH;"lFe(CO), 

SYn trans cis trans 

IC,,,HI,FeO,l+ 572 !K-CH,- 2 
r 

(0H)CHYI Fe(CO), 
syn trans cis cis 

CH'<H"<H"wCH'=C- ' 

[C,,H,,FeO,1+ 573 Ih5-CH,-CH'=C(CH'$=CH"'= 
CH"%OH)CH~~F~(CO), 
syn tmns 

H W 4  H 
H' 
H" 
H "' 
H'V 
HV 

CDCI,/SO, H 
(2:3) H' 

H" 
H"' 
H'V 
HV 

CDCI, H 
H' 
H" 
H"' 

CDCI,/SO, H 
( 2 ~ 3 )  Hbnrj 

H" 
H"' 
HEti 
HV 

1.70 
3.00 
5.80 
6.44 
1.45 
2.38 

I.75d 
3.05b 
5.8Om 
6.30111 
1.45 
2.15 
2.15d 
3.4 
5.4m 
2.1s 

1.7od 
2.9m 
2.45s 
6.35d 
1.45d 
2.33s 

T -50' to -60' 
cl 

317 $ 

5 
311 

2: 
0 

317 



H'V 
H" 

CH~~~-C(OH)CH{~IF~(CO), (2 :3) H' 
[C,,H,,FeO,]+ 575 [h'-C,H,-CH'-CH"-CH'- CDCI,/SO, H 

H" 
H"' 
H I V  

[C,2H,3Fe0,1t 576 {[h'-CH,-CH'=CH"-C,H;"- CDCIJSO, H 
(OWIF~(CO)I}~ (2:3) H" 

[C,,H,,FeOllc 577 [(h5-C6H5-CH'=CH"-C6H8k FSOl/ H 
Fe(CO),lt CDCIl/S02 H' 

H" 
H "' 
H I V  

I.7Od 
2.9m 
5.7Od 
2.61s 
0.98s 
2-40s 

7.50s 
3.8Od 
6.6m 
1.83d 
2.57s 

1.7Od 
5.8Od 

7.6 
3.5or5.0 - 

- 6.8 
3.0-2.2. - 
3.5or5.0 - 

- 5.84 

6.13 
6.14 - 

- 

Fluorosulphate 

CH;" cis to C(OH)CH, group 
T -50° to -60' 

Fluorosulphate 
T -50' to -60' 

Fluorosulphate 

Structure: 
T -50' to -60' 

R 
H' H"' 

(R = CHI; X = OH) 
Fluorosulphate 
Structure-as above 

*See structure above. T -78' 
(R = C6Hs; X = HIv) 

Tetrafluoroborate 
Tetraphen ylborate 
Hexa fluorophosphate 

317 

z 
B 

317 z > 
0 z 
0 

6 
317 

'? 

3 > 
r 
cl > 

0 z 
E 
;r 

435 8 

p: 
E 

317 
r 

305 

400 
403 
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582 {I 1,2,3,4,5-h5-3-C,H,(CH~)I- 
Fe(CO),)+ 

583 (Ih'-CACH,),IFe(CO),)+ 

585 {(1,2,3,4,5-hs-C7H71Fe(CO)3}t 

H-6 3.06dt 
2.19d 

H' 2.29s 

CF3C02H H-1, H-, 4.21t 
H-2, H-, 5.89d 

2.00d 
H' 2.88s 

H-6 2.90111 

- H- I 3.9od 
H-3 6.99dd 
H -4 5.89t 
H-5 4.22t 

H' 3.79s 
-6 2,55111 

(CD,),CO H-1,H-S 5.13 
H-23H-4 6.70 
H-3 8.48 

- Not reported 

- Not reported 

Hexafhorophosphate 
100 MHz 

Heptamethylc yclohexadienyl 

Signals at 6 2.66,2.24, 1.78, 
complex 

1.48,0.61, in ratio 
1:2:2:l:l.lnternal 
reference I(CH,),NI + 

Tetrafluoroborate 

C ycloheptatrienyl cation 
Tetrafluoroborate T - 80° 
One signal (6 6.10s) at T loo 



P a T A B L E  V I I - C O ~ ~ .  

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 @Pm) (WZ) Remarks ences 
_- 

IC,,H,Fe041+ 

IC, ,H,FeO,I+ 

IC12H,,Fe0,1+ 

IC ,2H1 ,Fe031+ 

589 I( I ,2,3,4,5-H-C8H,)Fe(CO),l+ 

591 I~,3,4,5-hs-4-C,H8(CH;)l- 
Fe(CO),)+ 

H-8 2.85m 
H-,, H-, 4.52m 

H-8 2.95m 
H' 2.72s 

H_ , ,H_J  4.52 
H-2,H-e 5.93 

H-3 6.82d 
H-8 2.95 
H' 2.65s 

H-7 

C,H,O = He.vo 

C,H, = Cyclo-octatrienyl 
cation 

2 1  

T -80" 

3CsH,(CH;) = 3-methyl 
cyclo-octatrienyl cation 

Internal reference CH,C12 
T -80" 

(6 5.30) 

4-C,H8(CH;) = 4-Methyl 
cyclo-octatrienyl cation 

T -80" 
Internal reference CH2CI, 



fC, ,H,FeO,I+ 592 fh5-C,H9)Fe(CO),l' 

IC,,H,FeO,l+ 593 [(h5-C8H9)Fe(CO),1+ 

44 1 

Isolated as the tetrafluoroborate 
z 
6 
U Bicyclol5.1 .Oloctadienyl iron 150 

tncarbonyl cation, viz.: 439 5 
0 z 

7.74 - H-, 
H-8 1.53, 1.35 Jexolendo4.8 

C,H,CH; = 3-Methyl 440 
bicyclol5.1 .O]octadienyl > 

;s 

P 
E 
cf 

s cation (numbering as above) 
Internal reference CH2CI, (6 5.30) 3 
T -62O 

0 
C8H8CH; = 4-Methyl 440 8 

bicycloI5.1 .Oloctadienyl 
cation (numbering as above) 

Internal reference CH,CI, (6 5.30) 
T -62" 
C,H,(COCH;) = 8-acetyl 3 70 

bicyclol5. I .Oloctadienyl 
cation (numbering as above) 

P 

3 100 MHz T 29 
Isolated as the 

hexafluorophosphate 



TABLE VII-COnt. 

& Coupling 00 

constant Refer- 
Formula No. Compound Solvent 6 bPm) (Hz) Remarks ences 

ICI4H,FeO3l+ 597 [(1,2,3,45-h5-C,,H,)Fe(CO)3J+ F3C02H 

CDCI, 
(6) HEXAHAPTO DERIVATIVES 
C,,H,,FeO, 598 (h6-C3,H,40,)Fe(C0)2 

H-1,H-S 5.25 J1.2 = J4.5 377 
= 9  

’d 

3 H-2,H-d 6.15 J2.3 = J3.4 Isolated as the tetrafluoro 

8.2t - H-3 
H-6to 6.94 - 

borate E 
E 

H-9 3 

CJ-4 $ 

(CO), 8 

= 6.5 

100 MHz 0 

F n.a. - Structure: 1044 

CH,02C 40*1:3 $ 0 
Fe’CO,CH, ? 

Signals at &1.35,3.70~, 3.52s, P * 
2 
0 

3.48s 

Structure: 37 1 CDCI, H 3,71m, - 

H’ 4,6m, - 

H” 1.334 - 
5.61d - HI,, 

He& 2.6m - 
Hero 2.05111 - 

3.48m 

6.37m 



C , ,H,,FeO, 600 (h6-C I ,H ,,)Fe(CO), 

C,,H,,FeO, 601 (h6-C,,H,,0,)Fe(CO), 

C 12HIOFe03 602 (h6-C ,,H,,O)Fe(CO), 

Structure: 

Signals at 6 6,45t, 5.7m, 
4.55m, 3,45m, 2.6m, 1.4Od, 
1,05m, in ratio: 
2:2:2:2:2:1:1 

n Structure: 

Signals at 6 6.35t, 5,75m, 4.25m, 
3.55t,3.3m, 2.3m.h ratio 
1:1:1:2:1:1 

Structure: 
17 

Signals at 6 5.95t, 5,35m, 4 . h ,  
2,95m, in ratio 1 : 1 :2  : 1 

442 



TABLE VII-cont. 

coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) ( H 4  Remarks ences 
____ 

(7) MIXED HAPTO DERIVATIVES 
(a) Monohaptohetrahapto 
c ,oH,CI,- 603 Ih4-exo-l-C,H,(CCI,)1- CDCI, ma. 

FeNOz Fe(CNCH,XCO), 
- An isocyanide complex 443 

Signals at d 5,40,3.54,3.36, 
2.89 

604 lh'-e~o-l-C,H,(C,F,)l- CDCI, H 5 ' 35s, - An isocyanide complex 443 
Fe(CNCH;XCO), 4 , 0 8 ~ ,  - C,,H,F,- 

FeNOz 
- 2.88s 

3.38s - H' 

(b) Monohaptolpentahapto 
(i) Monocarbonyl derivatives: 
C,,H,,FeOP 6 0 5  (h5-C,H,)Fe(CH$ - H 4.25s - 

IP(Ct.H';),](CO) H' -0.17d - 
H" 7.33m - 

4.52s - 
[P(OCH;')&CO) H' -0.13d J 5  

C,,H,,FeO,P 606 (h'-C,H,)Fe(CH;)- CDCI, H 

H" 3.574 J l l  

4.54s - 
CH~~H;'CHP,),I(CO) H' -0.17d J5 

H" 3.89d - 
1.65-0.89 - H"' 

C,,H,,FeO,P 607 (h5-C,H,)Fe(CH;)[P(OCH'$ CDCI, H 

cornp. 

403 

41 1 

411 

P 
0 
c. 

0 

h 

? 



C28H20C1F4- 
FeO P 

C,,H,,FeOP 

C9H,F,Fe0, 

C,,H,,F,FeOP 

C,,H,,F,FeOP 

C15H29F7- 
FeOP, 

C,,H,,F,FeOP 

CDCI, H 
H’ 

CH,CI, F-, 
F-4 

CDCI, H 
H’ 

CH,CI, F 
F’ 

CDCI, H 
F 

CH,CI, F 
F’ 

CH,CI, F 

CDCI, H 
CH,CI, F 

F’ 

4 . O ~ S  - - 
O.IOd J 6  
7.3m - 

4.61s - C,CIF, = 2-Chloro- 
7.4-7.2m - 3,3,4,4-tetrafluoro- 

cyclobut- I -ene 
107.1s - 
1 l6.2d J I5 

4,574 J ~ H  1 . 1  - 
84-7.0rn - 

62.8 - 
82.1 - 

4.5 1 - 
-13.7d - 

65.0 - 

4.53s - 
162.9 - 
66.9 - 

41 I 

846 

el > 
190 g 

956 0 

a 
s 

956 

956 

P, 
L 



2 
h, 

TABLE VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
~ 

C2llH29FeO2P 

[C26H42- 
Fe0,PI 

[C26H24- 
FeO,P]+ 

[C27H44- 
FeO,P] + 

Z!TH26- 
Fe02P]+ 

iCPH46- 
Fe02PI+ 

619 {(h3-C,H,)Fe[h'-C(CHpOH1- SO2 H 
[P(C,H'&I(CO))+ H' 

[P~C6H';;),l(CO)~+ H' 

H" 

620 {(hJ-C,H,)Fe[h'-(CH;~OCH'$ (CDJ2C0 H 

H" 
H"' 

671 {(h5-C,H,)FeIh'-C(CH;)trr- (CD3)2C0 
OCH~][P(C6H;"),1(CO)}+ H' 

HI' 
HIIP 

4.26d J 1 . 1  
3.92q 5 7 . 5  
1.39d 3 6 . 2  
3.24 - 
0.96 - 

5.12 - 
3.17s I 

1.82, - 
1.41 

4.96 - 
2.59 - 
7.56 - 

5.31d J 0 . 9  
3.29s - 
4.45s - 
1.72, 1.45 - 
4.974 J 1 . l  
2.87s - 
4.05s - 
7.51s I 

5.07d J l . 0  
3.158 - 
4.53comp. - 

Tetra fluoroborate 

Bromide 

Tetra fluoroborate 

Tetrafluoroborate 

Tetra fluoroborate 172 



C28H31 FeOPSi 

C, H,,FeOP 

C18H14FeN20 

C,,H,,FFeOP 

C ,,H,F,FeN,O 

C,H,FeINO 

623 {(hJ-C,H,)Fe[h1-C(CH3" (CD,)$O 
OCH'$H;"][P(C6H~V),I(CO))+ 

626 (hS-C,H,)Fe(l-h1-2-C,H;N= CS, 
NC,H'i)(CO) 

627 (h5-C,H,)Fe(l-h'-4-C6H4F)- - 
1 P(C,H,),I(CO) 

628 (hs-C,H,)Fe[hl-C(CF,)= (CH,),CO 
NH'](NZCCF,)(CO) 

CH,CI, 

629 (h5-C,H,)Fe(CNCH;)(I)(CO) CDCI, 

H"' 
H'V 

H 
H' 
H" 
H"' 
Hiv 
H 

H 

H 
H' 
F 

H 
H' 

1.53t J 6 . 9  
2.10-1.0 - 

cornp. 

5.07d J1 .05  
2.97s - 
4.30comp. - 
1.37t 57 .5  
7.54s - 

-1.2*, JPH 13 
-0.2. JHH 12 

JPH 

1,85q*, - 
2.54q* - 

4.40s - 
6.94 - 
7.28m - 
7.76bm - 
8.08dd - 
7,76,7.28 - 

14.6* - 

Tetrafluoroborate 172 

*AB part of ABX system 445 0 
(X = P) z 

Q 
100 MHz 165 2- 
*AB part of ABX system $ 

3 (X = P) 

100 MHz 176 g 

r 
c) 

*To high field relative to C,H,F 446 P 
E 

94.1 MHz in 
447 g 

v) 

An isocyanide complex 443 
5 
w 



P, 
P 

T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPd (Hz) Remarks ences 
_- ___----__ 

C,,H2,Fe0,P 63 1 (hs-CsHs)Fe(CH=CHCOC,H,)- - H 
[P(C~H~)JI(CO) 

C26H20F3- 63 2 (hJ-C ,H,)Fe(COCF,)- CDCI, H 
Fe0,P I P(C&)~I(CO) CH,CI, F 

C ,,H ,, Fe0,P 633 ( hs-C sH aFe(C0C H ;)- CDCI, H 
[P(C,H'&I(CO) H' 

H" 

C,,H,,FeO,P 634 (hs-C,H,)Fe(COCH;)- CDCI, H 
P(C~H';I)~I(CO) H' 

H" 

CF,CO,H H 
H' 
H" 

H 
H' 
H" 

C,,H,,FeO,P, 636 (hs-C,H,)Fe(COCH;)- CDCI, H 
I(PPh,CH,CHJ,PPhl(CO) H' 

- 10.61 J 16 

4.5od - 
79.3s - 
4.67s - 
2.15s - 
1.984791~1- 

4.54s - 
2.54s - 
1.82, 1.28 - 

5.05s - 
3.07s - 
1.94,1-41 - 

comp. 

cornp. 

TMS external 

- 

4.30d J0.7 100 MHz 
2.48s - 
1.78d, JPH 9.5 
1.44d Jp~9.0 

4.17d J1 100 MHz 
2.41d 56 

1001 
.a 

1001 5 

c) > 
tj 

172 > 
z 
U 
? 
3 
0 

> z 
0 

E! 

449 
990 

5 



C,,H,,FeO,P 638 (h'-C,H,)Fe(COCH;)- 
IP(C,H;),I(CO) 

CDCI, H 
H' 
H" 

CSZ H 
H' 
H" 

CF3C02H H 
H' 
H" 

639 (hJ-C,H,)Fe(COCH;)IP(OCH;- CDCI, H 
CH;"CH~'CH;"),I(CO) H' 

H" 
H"' 

640 ( hs-C ,H ,)Fe(C OC Hi)- CDCI, H 
[p(oc6H;),I(co) H' 

H" 

H 

H" 

H 

H" 
H"' 

641 (hs-C,H,)Fe(COCH;CH;~ - 
I P(n-Bu),I(CO) H' 

642 (hs-C,H,)Fe(COCH;CH;)- - 
IP(CH;")2Cc,H,I(CO) H' 

TMS external 

TMS external 

TMS external 

- 

- 

448 

444 

448 

448 

449 

449 



TABLE VII-cont. P, 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

H 
H' 
H" 
H"' 
H 
H' 
H" 

H 
H' 
H" 
H"' 

H 
H' 
H" 

H 
H' 
H" 
H"' 

H 
H' 
H" 

H 
H' 

4.40s - 
2.70m - 
0.6Ot 5 7  
7.3m - 
4.32d J 1 .O 
2.67m J H ~ H ~  17.0 
0.58t JH~HW 7.0 

4.56 J 0 . 9  
2.82q 57 .0  
0.86q J 7 . 0  
3.56d JpH 11.5 

5.02d J 0 . 6  
2.82m JH~H, 9.5 
0.88t JH~H" 7.3 

4.30 5 1 . 4  
3.12 hept. J6 .5  
1.Od,0.8d J6 .5  
1,76d, JpH 9.5 
1.44d 5 ~ ~ 9 . 0  

4.34 50.6 
2.84hept 57 .0  
0.88d J 7 . 0  

4.4Od JPH 1.0 
2.17 JH,H* 16 

- 

100 MHz 

100 MHz 

100 MHz 

100 MHz 

100 MHz 

- 

411 
7 

r 
449 3 

7c 

449 - ! 
3 
n 
2 

449 5 

449 B 
6 

tl 
? 

P 
2. 

449 

450 



650 (h'-C,H,)Fe(COCH;CH';CH;"- CDCI, 
C HIV=C Hy)I P(CJ-I,), I(C0) 

65 1 (h'-C,H,)FeICOCH;CH;N- CHCI, 
(CH;)zl(CO) 

652 (h'-CSH,)Fe(COCHjCHj- cs, 
SCS'<XCO) 

(ii) Dicarbonyl derivatives: 
C,H,DFeO, 655 (h5-C5H,)Fe(CH2DXCO)2 CH,CN 

C6H6 

cs2 
C6H12 

H" 
HIIt 
H'V 

H 
H' 
H" 
H"' 
H "  
H" 

H 
H' 

H 
H' 

H" 

H 
H' 

H" 
Htlt 

H 
H' 
H" 

1.9% JH*H*~ 
5.50111 - 
4.9om, - 

4.40d J p ~ 1 . 0  
2.72 JH*H, 17 
1.25m JH~H" 7 

5.60comp. - 
4.981~1, - 

4.46s - 
2.84~,  2 .41~-  
4.40 - 
2.3-2.2 - 
cornp. 
2.22 - 
4.14 JPH 1.5 
4.02, JH~H, 13.5 
3.49 
7.01 - 
7.31 
4.40s - 
2.15s - 
0.01s - 

4 . 7 h  

1.75q - 

4.75111 

- 

450 
2 

tl 

* 

5 
5 
B 

- 177 

Internal reference 185 p P 

5 hexarnethyldisiloxane 

F 
990 

ti 
3 

445 E 

0 
0 

983 5 

w 
Not observed JHH -8.3. *Calculated values from 186 

J H H - ~ . ~ *  observations on JHD 949 
J H H - ~ . ~ *  
JHH-~.O* 



e 
00 

T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 bpm) (Hz) Remarks ences 

C,H,FeO, 656 (hJ-CJHJ)Fe(C'H;XC"O), - 

Toluene 
CHCI, 

C ,,H,,FeO, 657 (hJ-C,H,OCH;CH'$Fe- 
(CH;,,XCO), 

C 12H,,Fe0, 658 (h~C&)Fe(CH,XCO), 

CDCl, 

C,H,oFeO, 659 (h5-CJH,)Fe(CH2CH,XCO), Liquid 

C ,,H ,,FeO, 660 (hJ-C,H J)Fe(CH2CH2CH3XCO)2 W i d  

C,,H,,FeO, 661 (hJ-CJH,)Fe[CH(CH3),1(CO), Liquid 

C ,,H 14Fe0, 662 (hJ-C,H J)Fe[cH~cH"(cH~), l -  - 
(CO), 

H 4.73s - 
H' 0.17s - 
H 4.30 - 
C +85.3 - 
C' -23.5 - 
C" +218.4 - 

H 4,44t, 4.26t - 
H' 3.744 - 

- H' 1.3t 
H"' 0.1s - 

H -0.49s - 
H' 1.18 - 
H" 5.23 JH~H,,, 3 
H"' 4.79 

H 4.60 - 

H 4.59 - 

H 4.58 - 

H 4.6s - 
H',H" 1.5 - 
H"' 1 .od 55.2 

403 
408 Q 

132 3 
32 g 

7; 

413 ? 
F 
2 
cl 

cn 

- 132 

- 132 

I32 

45 1 

- 

- 



C ,,H,,FeO, 663 (h,-C5H,)FeIC(CH~)~1(CO), 

C ,H I F, FeO, 664 (h5-C ,H,)Fe(C F 3xCO), 

C,H,F,FeO, 665 (hJ-C,H,)Fe(CF,CF;HXCO), 

H 
H' 

H 
F 

4.6% 
1.30s 

452 

CHCl, 
CH,CI, 

4.99 
-11.6s 

I32 

5.18tt H 

F 
F' 

59.0 
126.8d 

4.98 
53.6 

5 . 0  

53.4 
2.5m 

100 MHz - 
- 

0 

%. 

454 g 

455 3 
F 

3 
454 g 

H 
F 

H 
H' 
F 

C I,H,,FeO, 668 (h5-C,H,)Fe(C4H7XCO), C6D6 H 
H' 
H" 

4.35s 
I .42d 
0.61m, 
0.23111 

n 

C,,H,,FeN,02 669 (h~-C,H,)Fe(C,~7N,XCO), H 
H' 
H" 

5.14 
1.68 
3.38d, 
3.02d 

4.75 
I ,55m 
2.121~1 
5.7m 
5.05111 

- - 450 CDCI, H 
H' 
H" 
H"' 
H'" 

C,,H,,FeO, 670 (h5-C,H,)Fe(CH;CH;CH';- 
CH"'=CHJV XCO), 



P 

0 
T A B L E  VII-cont. N 

coupliig 
constant Refer- 

Formula No. Compound Solvent 6 bpm)  (Hz) Remarks ences 

67 1 (hJ-C,H,)Fe(CH;CH;CH”’= CDCI, 
CH?)(CO), 

C6D6 

672 (hs-C,H,)F4CH;CH;CH”’ CDCI, 
=C HW H~VXCO), 

673 (hs-C,H,)Fe[CH;C(CH;~CH”‘ C6D6 
=C H\v1(co)2 

674 (h5-C,H,)F4CD,CH=CH;t CDCI, 
(CO), 

(CO), 
675 (h’-C,H,)Fe(CH,CH’=CDJ- CDCI, 

H 
H’ 
H” 
H”’ 
H IV 

H 
H’ 
H“ 
H“’ 
H IV 

H 
H’ 
H“ 
H”‘ 
H IV 

H 
H’ 
H” 
H”’ 
H’V 

H 
H‘ 

H 
H’ 

4.75 
1.5Ot 
2.18q 
5.8m 
4.90 

4 .6  
1.4 comp. 
2.1 comp. 
5.9  comp. 
4 .9  a m p .  

4.75 
1.40m 
2.10m 
5.5m 
1.65d 

4.4s 
1.9s 
1.4s 
6.1 comp. 
5.1 comp. 

5.7m 
4.68m 

5.7m 
2.08d 

456 

456 



C,lH,2Fe02 676 (hs-C,H,)Fe[CH,C(CH;)=CH;l- CDCI, 
(CO), 

C, ,H,,DFeO, 677 (h'-C,H,)Fe(CHDCH'= CDCI, 
C H'CH';XCO), 
cis and trans 

C,,H,,Fe02 678 (h'-C,H,)Fe(CH,CH'= CDCI, 
CH'CH';XCO), 

C,,H,,CIFeO, 679 (h'-C,H,)Fe[CH,CH'= CDCI, 
C(CI)CH';l(CO), 

C,,H,,FeOZ 680 (h'-CSH,)Fe(CH,CH'= CDCI, 
CH'C,Hy)(CO), 

C,H,F,Fe02 682 (hJ-CIH,)Fe(hl-CF=CF;XCO), CS, 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
Wis 
HYrans 

H 
H' 
H:is 
H ;;MS 

F 

S L n ,  

2.06s 
1.79s 
4 . 5 3  

2.12d 
5.43m 
1 -56d 

2.12d 
5,43111 
1.56d 

2.1od 
5.7t 
2.02s 

2.3Od 
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 

456 

456 
z 
5 

456 
4 > 
0 z 

456 8 
B 

B 
% 

$ 
456 

1 

c) Internal reference 223 > 

0 
21 

hexamethyldisiloxane 201 6 

;r: 
457 

232 
453 

R 



P 
h, 

T A B L E  VII-cont. h, 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 @Pm) (H4 Remarks ences 
- 

684 (h'-C,H,)Fe(h'-CH'= 
CH"CF&CO), 

685 (h'-CSH,)Fe(h'-CF= 
CF'CF'$(CO), 
mans 

686 (h5-C,H,)Fe(h'-CF= 
CClCF;XCO), 
cis and trans 

687 (h3-C,Hs)Fe[h1-C(CF,)= 
CHCF;I(CO), 
PWlS 

688 (hs-C,H5)Fe[h1-C(CF,)= 
CH'Ge(CH3,l(CO), 

c c1, 

- 

THF 

- 

CHCI, 

CHCI, 

C6H12 

H 6.25*, 5.5 t  - 
F 60.5 JHF 1.9 

F 166 JFF" 13 
F' 86 JFF, 131 
F" 66 J F ' ~  66 

H 5.04 - 
F 19.4 - 
F' 60.1 JFF, 23.6.8.7 

58.0 - 

H 4.8 - 

H" 0.3 
H' 7.2q JHF 2 

F 59.4d' JHF 2 

- 

100 MHz 458 
'Olefink proton trans to Fe 
tolefink proton cis to Fe 

? 

.E 
- 

56.4 and 94.1 MHz 

'External CCI,F 

233 
458 

459 

P 
460 ; 

415 

415 



689 (hJ-C,H,)Fe[C(OCOCH;)= 
CH"CH;"I(CO), 

692 (hs-C,H,)Fe(hlCH'= 
CH'C,H;"XCO), 

693 (hs-C,H,)Fel 1-h'-CH= 
CH(2,3,5,6-C,HFJI(CO)z 

695 (h'-C,H,)Fe(CH=C=CHi)- 
(CO), 

cs, 

CHCI, 

C6H12 

C6H12 

CDCI, 

THF 

- 

CSZ 

CSZ 

H 4.89s - 
H' 1.97s - 
H" 4.98q 56.5 
H"' 1.41d 56.5 

- H 4.9 
JHF 2 H' 7 .m 

H" 0.2 
F 60.1d JHF 2 

- 

F 50.4, - 
49.4 - 

H 4.83 - 
H' 7.66 JH'H" 16.0 
H" 6.63 - 
H"' 7.48-7.08 - 

F 60.3t JFF, 4.0 
F' 110.8q - 

H 4.89 J " ~ ' 6 . 5  
H' 3.92, - 

3.95 - 

H 4.98 JHH* 3.2 
H' 4.40 JH~H" 6.8 
H" 1.47 

- 

External CCI,F 

Hexamethy Idisiloxane 
as reference 

T 35'. 56.4 MHz 

94.1 MHz 

- 

46 1 

415 

415 

223 

244 

24 1 

995 

995 



T A B L E  VII-cont. R 
P 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

697 (h'-C,H,)Fe(h'-CF= (CHJ20 
CF'-CF''=CF;")(CO), 

698 (h'-C,H,)Fe(h'-CH'= CCI, 
CH"COCH;")(CO), 

699 (h'C,H,)Fe(h'-CH'= CDCI, 
CH"COCsH;")(CO) 

700 (h5-C,H,)Fe(h'~-CH'= - 
CHTOC,H;"CH\~XCO)~ 

F 

F' 
F" 

FV! CLS 

F:;, 

H 
H' 
H" 
H "' 

H 
H' 
H" 
H"' 

H 
H' 
H" 
H'&tho 
H ;eta 

H 'V 

75.9 

55.9 
156.4 

108.9 

120.2 

4.86 - Hexameth y ldisiloxane 
8.17 J"+p 16.4 as reference 
6.36 - 100 MHz 
1.98 - 

4.87 - Hexamethyldisiloxane 
9.21 J H ~ H W  16.3 as reference 
1.16 - 
1.75,1.32 - 

- - 4.89 
9.20 JH*H* 16.3 
7.15 - 
7.61 - 
7.08 - 
2.32 - 



702 (h5-C~H~)Fe(l-h’-C,CIF4~CO), CDCI, 
CH,CI, 

703 (Ir’C~H~)Fe(l-h’-C,FJCO), (CHJZCO 

704 (h’-C,H,)Fe(l-h’€,CLF,XCO), THF 

705 (h’-C,H,)Fe(S-h’-C,H;XCO), (CH3hCO 

706 (K- I -C, H,COC H ;)Fe(5-h1- CDCI, 
CsH’%CO)z 

F-, 124.1 
F-3 123.4 
F-, 119.1 

H 5.09s 
F-, 110.9s 
F-, 115.0s 

F-2 4 7 . h  
F-, 40.2111 
F-, 51.8m 

F-, 112.6a 
F-5 22.0111 

F-4 1 3 0 . h  
F-, 99.6s 

H 5.13 
H-1, H-4 6.53bd 
H-2, H-3 6.18bs 
H -5 4.09 
H 4.40 
H’ 5.70 
n.m. 

H-2, H-5 5.17t 
H-3, H-, 4.76t 
H’ 2.35s 
H“ 5.92s 

J3., 6.82 
J4,, 6.82 
J3.5 3.65 
- 
J(”C-H) 164. 
J(”C-H) 162 

- 
J1.2 f 1.17 
Jl,3 kO.01 
J2.3 + 4.66 
J Z A  + 1.15 
J Z , ,  + 2.02 
J3,4 + 2.02 

J 2  
J 2  
- 

C4F, = 2,3,3,4,4- 
pentafluorocyclobut- 1-ene 

C,CIF, 2-chlor0-3,3,4,4- 
tetratluorocyclobut- 1 ene 

C,F, = 2,3,3,4,4,5,5- 
Hepta fluorocyclopent- 1 -ene 

T35 
Internal reference CF,CO,H 

C,CIF, = 2-Chloro- 
3,3,4,4,5,5-hexafluoro- 
cyclopent-l-ene 

C,H; = CycIopenta-l,3diene 
T -75” 60 and I 0 0  MHz 
*H satellites are doublets with 

splitting of-4.5 Hz 
T 30° 

100 MHz 

CsH; = Cyclopenta-l,3diene 
T 30” 

232 

846 
z 
B 

2 

U 
463 3 * 

0 
237 6 * 

464 5 
0 > 

$ 

F 

924 

465 2 
0 

r 
5 
B w 

466 

R 



% TABLE VII-cont. 

Coupling 
constant Refer- 

(Hz) Remarks ences Formula No. Compound Solvent 6 (ppm) 

C I,HsF I ,FeO, 707 ( h5-C,H5)Fel 5 -hi- CHCI, H 4.8 
CsF2(CF331(CO)2 C6H12 F- I 87.5 

F-, 84.3 

,_CF; 60.5 
,-CF; 62.9 

3-CF; 63.9m 

C 13HsF,Fe02 708 (h,-C,H,)Fe(l-h'-C,F,XCO), THF and F-, 104.5 
cs2 F-, 124.1 

F-4 143.5 
F-5 141.1 
F-6 99.0 

- 
.Jl,2 33.5 
J 2 . 3  9.4 
4 4  5.7 
54,s 3.2 
Jl.5 7.0 

415 C,F,(CF;), = 1,2-Difluoro- 
3,4,5-tris (trifluoromethyl) a 
cyclopenta- 1,3diene 4 

459 6 4 C6F, = 2,3,3,4,4,5,5,6,6,- 
Nonafluorocyclohex- 1 ene 232 - 
94.1 and 56.4 MHz ir 

C H C H -  5 6 467 5 ' 7 - 4 0 c 7  U ? 

g 
2 1  P 
- 3 

v 
Hexafluoroantimonate 461 
Structure: 0 



71 I (h5-C,H,)Fe(7-h'-C1H;)(CO), 

7 3 ( h 5 C , H  

714 (K -C,H,)Fe(h'-CH;C Z CH")- 
KO), 

CPSCD3 

CHCI, 

CDCI, 

cs2 

CDCI, 

H 4. 1s 
H' 4.8s 
H 4.1s 
H12, H$ 6.05111 

H:,, H1, 5.20m 
H1l, H!, 4.32t 
H1, 2.44t 

F-, 177.9 
F-, 107.5 
F-4 187.9 
F- s 129.2 
F-6 123.0 
F- I 97.6 
F-3 29.8 
F-4 109.0 
F-S 46.0 
F-6 45.2 

H-,, H-, 6.72d 
6.53d 
3.97 

C,Hl = Cyclohepta-l,3,5-triene 468 
T30 

2 

5 

T -50° *Analysed as an AA'XX' P 
tl 

3- 

system with Jz,5 = 0 

0 

0 

cl 

C,F, = Bicyclo[2.2.01- 240 
hexa-2,5-diene ga 

g 
Ti 

F 
5 Relative to CF3C02H 469 

I 
n-1 

- - H 4.76s 
H' 3.97d 5 6 . 5  
H" 4.89q J 6 . 5  

- - H 4.16s 
H' 2 . s 1 . 6  - 

comp. 

x 
461 c] 

163 
156 
995 fi 



6 TABLE VII-cont. 

Formula 

cd6Fe0Z 

C,oH,FeOz 

C I a 5 F 3 F e 0 2  

CI6HlZF~Z 

C13H14Fe02 

C15H10Fe02 

I 5H5F5Fe02 

C,H,BrFeO, 

C,H,CIFeO, 

Coupling 
constant 

No. Compound Solvent 6 ( P P 4  (Hz) 
Refer- 

Remarks ences 

7 16 (h5-C,H,)Fe(h1-C=CH'XCO), 

72 3 (h5-C ,H,)Fe(CH ;BrXC O), 

724 (h5-C,H,)Fe(CH~Cl)(CO)z 

H 4.92s 
H' 1.30s 

H 4.93s 
H' 1.79s 

H 5.08s 
F 46.1s 

H 1.85s 

H 5.0s 
H' 2.4-0.7 

H 5.05s 
H' 7.3m 
H 4.85s 
H' 7 m l n  

F-2, F-6 140.8 
F-,, F-, 165.6 
F-4 162.0 
H 5.05s 

H 4.83s 
H' 3.78s 

H 5.09s 
H' 4.24s 

T 35O 

- 

- 

47 1 
a 

461 2 

472 

995 

472 

244 
472 

I95 

195 
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X
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X

X
X

 
X
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P 
0" T A B L E  VII-cont. 

Coupling 
constant Refer- 

6 (ppm) (Hz) Remarks ences Formula No. Compound Solvent 
-~ 

735 (h'-C,H,)Fe[C(CF,),OH'I- 
( W ,  

73 6 (h5-C,H,)Fe(h1-CH;OC H;- 
CH"'=C H2)(C0), 

737 (h,_C,H,)Fe[h1-CH;OC(CH3,- 
CH"'=CH~v](CO), 

738 (h5-C,H,)Fe(CH;OCOCH:) 
KO), 

Liquid H 
H' 
H" 
H"' 

CDCI, H 
H' 
F 

CS, H 
H' 
H" 
H"' 

CS, H 
H' 
H" 
H"' 
H 'V 

H' 
H" 

CS, H 

SO, H 
H' 
H" 
H"' 

5.05comp. - 
6.05comp. - 
4.65s - 
4.45s - 
1.17s - 
5.74q - 
4.95comp. - 
4.81s - 
5.08s - 
1.86s - 

5.10s - 
3.95s - 
3.35 - 
4.05b - 

195 
'FI 

3 
5 

3 

100 MHz 475 

56.4 and 94.1 MHz 5 

- 

Hexafluorophosphate 

195 

cl 
L 
cn 
> 

195 8 
? 

195 



740 (h'-C,H,)Fe(CH;SCH;XCO), 

74 1 (hJ-C,H,)Fe(CH;CH;- 
SCH;;XCO), 

742 (h,-C,H,)Fe(CH;SCH';- 
CHYXCO), 

743 (hs-C,H,)Fe[(CH3,Si(CH';),]- 
(CO), 

744 (h5-C,H,)Fe[CH;Si(CH';),]- 
(CO), 

745 ( h 3 € , ~ , ) ~ ~ h i - ~ ~ , ~ ~ , ~ , ~ , ) -  
(CO), 

(CO), 
746 (hS-C,H ,)Fe(h '-CH;C &H';) 

cs2 

CS, 

CS, 

CDCI, 

CDCI, 

cs2 

CDCI, 

so2 
CDCI, 

H 
H' 
H" 

H 
H' 
H 
H" 

H 
H' 
H" 
H"' 

H 
H' 
H" 

H 
H' 
H" 

H 

H 
H' 
H" 
H' 

H 
H' 
H" 
H"' 

4.79 
2.32 
2.09 

4.69 

2.55t 1.52t 1 
2.02s 

4.76s 
2.27s 
2.39q 
1.16t 

4.44s 
1.43b~ 

-0.08s 

4.67s 
-0.36s 
0.00s 

4.56 

4.69s 
2.77s 
7.20b 
2.69 

4.37s 

1.58d 
7.02b 

3.91q 

Hexamethyldisiloxane as I85 
reference 

Hexameth y ldisiloxane 185 
z as reference 
5 
0 > 
-l 

- 195 > 
0 z 
s 
? 

983 
(? 

5 
983 

0 
923 

5 m 
E 112 v) 

432 

P w 



E T A B L E  VII-cont. 

Coupling 
constant Refer- 

ences 6 bpm) (Hz) Remarks Formula No. Compound Solvent 

748 (h'-C,H,)Fe(h1-3-CH2C,H,F) 
(CO), 

749 (h'-C,H,)Fe(hl-CH,C,F,)(CO), 

CH,CI, 

THF 

CCI, 

CHCI, 

CS2 

cs2 

F 1.35 - 

F-2, F-, 144.2 U2.3 21.4 
52.. 0 
Jl., 8. I 
J3.5 1.8 

F-3, F-, 162.9 

F-, 159-0 J3.4 19.9 

4.92 - H 
H',H" 2.05 - 
H 4.92 - 
H',H" 2.06 - 

- 4.71s 
2.55s 

H 
H' 
H!'3,H!!5 6.90 

- 
- 
J 8  7.32t 

8.284 5 4  
HI; 
H!, 

H 4.62s - 

Relative to C,H,F 191 
? 

3 
T35 244 3 

477 g 

5 
s 
0 

350 2 
v) * 
Z 
U 
? 

CH,CH,C,H,$J = 177 

Other signals at 6 2.27 comp., 
2-Piperidinoethyl 

1.56s, 1,43bs,in ratio 6 :2 :6 



753 

754 

755 

756 

757 

758 

759 

760 

[(h'-CsH,)Fe(h1-3-CH;C,- 
H:NXCO),I+ 

(h'-C,H,)Fe(h1-3-CH;- 
C, H ';SXCO), 

(h'-C,H ,)Fe( I - hl- 3-C6H,F) 
(CO), 

(h'-C,H,)Fe(l -h1-4-C6H,F) 
(CO), 

CDCI, 

CDCI, 

CDCI, 

CCI, 

CDCI, 

CH,CI, 
- 

CH2CI, 

THF 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 
H" 

H 

H 

H' 
H " 
HI,, 

F 
F 

F 
F 

F-2 
F-3 

4.62 - 
2.57 - 
9.0-7.0 - 

4.79 - 

4,58t, - 
4.38t - 
3.40 - 
1.02t - 
7.5.6.95 - 

2.37 - 
I . 5  - 

10.92 - 
10.23 - 

103.6 - 
144.4 - 
85.6 - 

Tetrafluoroborate 192 

CH2C,H3S = 

CH,C,H,S = 

- 
To high field of C6H,F 

To high field of C6H,F 

408 

413 

191 
446 

191 
446 

925 
244 

w 



TABLE VII-cont. E 
Coupling 
constant Refer- 

Formula No. Compound Solvent 6 bpm) (H4 Remarks ences 

CIJH,F,FeOz 761 (h5-C,H,)Fe(l-h1-2,3,5- THF F-2 112.1 J2,3 16.1 T 35O 244 
C6HzFiXCO)z JZqJ 28.7 

JH.,F 6.15 .o 
JH_,F 2.4 9 

JH.,F 10.4 
F-3 135.9 J3.s 1.67 

$ x JH-S 1.75 
F-, 119.5 JH,F 8.15 

JH.6F 8'15 $ 
C13H,F3Fe02 762 (hJ-C5H,)Fe(l-h1-2,4,5- THF F-2 84.0 JZ.4 15.2 244 

2: 

JH_,F 4.35 4 
F-4 143.6 J4.5 20.4 u 

JH_,F 10.65 ? 

8 
JH_,F 6.55 E 
J H J ?  11'1 * 

Cl,H6F4FeOz 763 (hs-C,Hs)Fe(l-hL-2,3,5,6- CDCI, F-2,F-e 109.3 J2.3 29.0 T 35O 244 3 

JZa5 3.33 
cn 

C6HZF3XCO)Z 
JH+F 7.2 T 38" 

J H - ~  9 6 5  
F-, 146.4 

Cc,HF,XCO)z Jz.5 13.2 925 
52.6 3.45 
JH-,F 7.3 

F-3, F-, 142.0 J3.s 1.2 
JH-,F 9.35 

Jz. ,  1 459 
C,,HSFsFeO2 764 (ks-CsHs)Fe( I-hl-C6F5)(CO)z THF F-2, F-, 106.7 Jz.3 30. 15 T 35' 244 

52.6 3.45 



765 (hs-C,,H19)Fe(h1-C6F5XCO)2 CS, 

766 (h5-C5Hs)Fe(l -h'-C,BrF,XCO), THF 

768 (h5-C5H,)Fe[ I-h'-4-C6F,(CF;)l- THF 
KO), 

769 (h5-C5H5)Fe[ I-h1-4-C6F4- THF 
(CH;CH"=CH;")I(CO), 

F-], F_, 164.3 

F-4 161.7 

H 4.34s 
H' 2.4-1.6 

H 4.88s 
3.34d H' 

H" 5'74bm 
H"' 

F-2, F-6 108.8 

5.02d. 
4.88s 

H' 985 z 
H 

H 

*Calculated 108.4 
tCalculated 133.2 

(An AA'XX' system) 
(An AA'XX' system) 

T 35O 



i!2 m 
T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,,H*F,FeOz 

16H10F4Fe02 

IIHSF4- 
FeNO, 

C15H5F1- 
FeN202 

C14H6F4Fe04 

770 (h,-C,H,)Fe[ 1-h1-4-C,F4- 
(CH=CHJl(CO)2 

77 1 (h'-C,H,)Fe[ l-h1-4-C,F4(CH= 
CH'CH';)](CO), 

772 (hJ-C,H,)Fe[ l-hl-4- 
C6F4(CN)I(Co)2 

773 (h5-C,H,)Fe[l-h1-3,4-C,F3- 
(CN)21(CO), 

THF F-2, F-, 108.6 

F-3, F-5 139.4 

THF F-2 69.8 

F-, 136.0 
F-, 86.8 

CHZCIZ F-,,F_, 63.7 
and CHCI, F-3, F-, 28.6 

52,) 27.35 
52.) 12.6 
JZ,, 3.25 
JI., 3.25 
- 
- 

- 
- 
- 
JZ,) 27.35 
52.) 11.8 
JZ,, 2.35 
'3.5 4'3 

J2.3 28.5 
J2., 12.8 
J2.6 7. 
J,., 1.55 

J2.J 7.3 
J2.6 11.5 
J,., 28.05 
- 

- 
- 

CI 
(An AA'XX' system) 2 

cn 

T 35" 
? 

244 
925 

P 
Z 
0 

56.4 and 94.1 MHz 459 
244 
925 

Relative to CF,CO,H 245 



v) 

w 4 

0 
CJ PPZ 

LPZ 

% 

526 



8 T A B L E  VII-cont. 00 

Coupling 
constant Refer- 

ences Formula No. Compound Solvent 6 (ppm) (Hz) Remarks 

784 (h’C,H,)Fe( I-h1-C9H,)(CO), 

785 (hJ-C,Hs)Fe(2-h1-C,oF,)(CO)2 

CHCI, H 5.05 
H‘ 7.03 
F-2. F-6 107.3 

THF F-2, F-6 106.4 
F-1, F-, 139.2 
F!2, F!6 139.2 
F!], F!, 162.9 
F!, 153.9 

CDCI, H- I 3.97 
H-2 6.72 
H-3 6.53 

THF F-1 83.4 
F-3 99.4 

54.6 and 94.1 MHz 

54.6 and 94.1 MHr 

241 .II 

3 

* 
z 
U 419 
? 

It was concluded that this I047 
complex is not fluxional as has 
been reported previously 

CloF, = Perfluoro-P-naphthyl 479 
Other signals at 146.5, 149.4, 

152.8, and 160.9 



C,,H,F,FeO, 786 (H-C,H,)Fe(2-h1-C,,,HF6)- THF F-1 83.2 - 
- (CO), F-3 101.6 

C,,H,F,FeO, 787 (hs-C,H,)Fe(2-h1-C,,H,F~- THF n.a. 
(CO), 

C,,H,F,FeO, 788 (h~-C,H~Fe(2-h'-C,zH2F,XCO)z THF n.a. 

5 4  

Other signals at 119.7, 123.5,  z 
5 

Calculated values reported for ? 

c 12H3F, = 9 r: 479 

1 3 9 4  and 153 .0  
(Relative to CCI,F) 

el 

0 
comparison > Fq)I16J 0 p 

H F Z  
H F 2 

19F NMR Signals at 88.8 (89);. 2 
93.1 (93),95.6(99), 144.2(146) F 
relative to CCI,F at 56.4 and 
94.1 MHz 21 

0 > 
*Calculated values in parentheses 

c 12HZFS = v F 419 2 
n F* 0 5 
r m H 

$ 
v) 

F F 

19F NMR Signals at 88.9, 94.3, 
124.0, 145.4 relative to 
CCI,F at 56.4 and 94.1 MHz 

P 
CI, 
\o 



T A B L E  VII-cont. ii 
0 

coupling 
constant Refer- 

ences 6 (ppm) ( H 4  Remarks Formula No. Compound Solvent 

C1,H6F6FeO2 789 (h5-C,H,)Fe(2-h'-C,,HF3 THF 
(CO), 

C,,H,F,- 790 (hs-C,H,)Fe[ 1-h'-4-C6F,(4- CHCI, 
FeNO, C,F;N)l(CO), 

I SHEF,- 791 (hJ-C,H,)Fe[h'-C(C6F,)= CDCI, 
FeNO, NCH;I(CO), 

Cl,Hl,FeO, 792 (h5-C,H,)Fe(CH=CH'COCH,) - 

C,,Hl,FeO, 793 (h5-C,H,)Fe(CH=CH'COC6- CDCI, 
(CO), 

HsXCO), 

n.a. 

FI,, F1, 139.6 

H 540s 
H' 3.58s 

H 8.77 
H' 6.36 

H 9.21 
H' 7.16 

H F$$J 

F i; 
I9F 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 

Hexarnethyldisiloxane as 
reference. 100 MHz 

419 

cl 
2 
v1 

P 
248 Z 

tl 
? 

443 

1 0 0 1  

1 0 0 1  



C&H,FeO, 

C, H, F, FeO, 
C10H8Fe03 

1ZFe03 

C16HL4Fe03 

CI IHloFeO3 

794 (h'-C,H,)Fe(C'OC"H;XC"'O), 

795 (h5-C,H,)Fe(COCF,)(CO), 
796 (h'-C,H,XCOCH'=CH;)- 

Fe(CO)z 

797 (h'-C,H,)Fe(COCH'=CH"- 
C6H;"XCO), 

799 (h5-C,H,)Fe(h~-COC,H,XCO), 

CSZ 

CF,CO,H 

c6& 

CHCI, 

THF 
CDCI, 

CDCI, 

CDCI, 

CSZ 

H 
H' 
H 
H' 
H 
H' 
'3C 

'3C 
I3Cl 
13cw 

1 3 c r r r  

F 
H 
H' 
H;is 
H L s  

H 
H' 
H" 
H"' 
H 
H' 
H" 
H"' 
H 
H' 
H" 
H"' 

4.87s 
2.57s r} 
4.71 

5.24 - 
3.20 - 

2.42 -1 
106.3d. J("C-H) 175 

86.9 
154.4 
52.0 

215.7 - 
80.1 - 
4.87 - 
6.59 - 
4.89 JCh 10.0 
5.33 JlmN 1 7 .O 

4.87 - 
6.96d Jlroml6.0 
6.68d - 
7.68-7.18 - 
4.72s - 
4.35q - 
1.32d J 7  
7.36s - 
4.72s - 
2.38tt JH'HW 4.1 
0.53111 - 
0.86111 J H + ~  7.5 

' } 
Jgeml.5 

40 MHz 

CTo high field from CS, at 

"C resonances down field 
25.1 MHz 

relative to TMS (0.0 ppm) 

56.4 and 94.1 MHz 
Hexamethyldisiloxane 

as reference 

Hexamethyldisiloxane 
as reference 

COC,H, = H"' , 

H"' 
H" H' 

129 
132 
444 

z 
5 

s 

95 u 

32 5 

459 g 
0 
;n 

223 
w 
F 
-I 

c, 

223 6 
0 z 

432 8 
r 

s 

5 
v) x 

929 



T A B L E  VII-cont. t 
h, 

Formula No. Compound 

C,H,FeNO, 

c9%Fe04 

C,H,FeO, 

c I2H20B 10- 

FeO, 

' I d  ISBI0- 
FeO, 

C l d H , 6 B 1 0 ~  
FeO, 

C9H14B8Fe02 

800 (hS-C,H,)Fe(CONH'CH~~- 
(CO), 

801 (hS-C,H,)Fe(CO,CH;)(CO~ 

802 (hs-C,H,)Fe[C(S)OCH;1(CO), 

805 (h5-C,Hs)Fe(COC,BloHll)- 
(CO), 

(CO), 
806 (hs-C,H,)Fe( 1-hl- l,lO-B,C,H;)- 

Solvent 

H 
H" 
H' 

H 
H' 
H 
H' 

H 
H' 

H 
H' 
H 
H 
H' 
H" 

H 

H 

H 

4.94 
2.88d 
6.80 

4.86s 
3.39s 
4.88 
3.50 

4.84 
4.03 

4.93 
3.61 
1.99 
4.07 
3.29 
1.42 

4.96 

4.02 

5.24s 

A 2-methyl-carborane 
derivative 

An ecarborane derivative 
60 and 100 MHz 

An rncarborane derivative 

*Relative to BF,.O(C,H,), at 
32.1 MHz 

418 
7 

9 
129 5 
480 
132 8 
481 4 

481 rl 

350 5 
U 
? 

s 

r 
2 

8 
> z 
0 

350 

350 

482 



H:lo 6.83bs - 
IIB* 10,8d, J 164 Structure: 

z 

12.8d J 158 

E 
tr 2 

5 

: 

.= BH 0 z 6 s 
P 

10 3 
CloH16B,Fe0, 807 (h,-C,H,)Fe( l-hl-IO-CH;-I,lO- - H 5.06s - Structure: see above 482 3 

r *Relative to BF, .O(C,H,), H' 2.77s - 

808 (h,-C,H,)Fe( I -hl-  l,2-BloC2Hll)- C,H, H 3.81 - A m-carborane derivative 350 

C l~ l8Blo -  809 (h5-C,HJFe( 1-h1-2-CH;-1,2- - H 4.93s - 482 

cl 
B&3,XCO), 

IIB* I l . l d  J 159 at 32. I MHz > 

0 z 
=c 

C,H,,B,o- 
FeO, ( 0 1 ,  

F a 2  B,OC,HIax~O), H' I . 9 8 ~  0 
3. Id, J 165 *Relative to BF,-O(C,H,), at 483 5 

10.1d J 157 32.1 MHz m 

IlB* 

J 154 3 14.9d 
v1 

15H20B10- 810 (h5-C,H,)Fe(l-h1-2-C6H;-1,2- - H 4.6% - A m-carborane derivative 482 
H' 7.42111 - 
I l g *  3,8d, J 160 *Relative to BF,. O(C,H,), at 

FeO, BlOC,Hlo)(CO), 

10.6d, J 157 32.1 MHz 
P 
P 
w 

15.2d J 155 
~- ~ ~~ 



E T A B L E  VII-cont. 

Coupling 
constant 

Formula No. Compound Solvent 6 bpm) (Hz) Remarks 

C,2H5F4- 8 1 1  (h5-C5H5)Fe(4-h1-C5F4N)(CO), THF and 
FeNO, CHCI, 

C1*H1LlF3- 812 (h5-C5H5)Fe[2-h1-4-C5F3N- CHCI, 
FeNO, (C,H~)I(CO)Z 

C,,H,F,FeN,O, 8 13 (h5-C5H5)Fe[2-h'-4-C5F3N- CHCI, 
@JHJI(CO)z 

c I I H 5 F3- 814 (h5-C5H5)Fe(4-h1-C4F,N,> CHCI, 
FeN,O, (CO), 

C10H5F2- 815 (h5-C5H5)Fe(2-h1-C3F2N,> CHCI, 
FeN,O, ( W ,  

F-2, F-6 104.0 

F-,, F-5 114.2 

F-, 104.4 
F-5 154.9 
F-6 90.2 

F-3 188.8 
F-5 172.2 
F-6 91.7 

F-3 55.9 
F-5 98.6 
F-, 109.2 

F-4,F-5 42.9 

J2.3 29.6 

J2.6 13.6 
JZa5 26.8 
J3.5 0 .5 

J3,5 2 .0 
J5., 28.6 
J3,6 29.8 

J3.5 7.8 
J5,6 28.0 
J3.6 26. I 

J3.5 19.7 
J5*6 32.0 
J,,, 32.0 

- 

56.4 and 94.1 MHz 

Numbering as above 

Numbering as above 

C4F3N, = 

-4 

F F  

C,F,N, = 4,6-Difluoro-1,3,5- 
triazinyl 

Refer- 
ences 

459 

F 

3 
z 
cl 
R 

197 8 
.=r 
r: 

248 
rA * z 
U 

248 ? 
3 
0 s 
2 

197 0 

197 



CllH5C13- 8 16 (h'-C,H,)Fe(Z-hl-C,CI,S)- CDCI, 
Fe0,S KO), 

C I7H I,' 817 (hJ-C,H,)Fe(h1-C,,H,,"S)- CDCI, 
FeN0,S (CO), 

C,,H,,FeO,S 8 18 (h5-C5H,)Fe(h1-C,H50,S)- CDCI, 
(CO), 

c ,&FeO,S 8 19 (h5-C5H,)Fe(h'-C,H,0,S)(CO), CDCI, 

(c) Dihaptoltetrahapto 
(i) Dicarbonyl derivatives: 
C,,H,,FeO, 820 Ih2-CH(COzCH;)=CH(COz- - 

CH;)]Fe(h'-C,H';XCo), 
cis 

C,,H,,FeO, 821 Ih2-CH(C0,CH;)=CH(C0,- - 

CH;)]Fe(h'-C,H';XCO), 
trans 

C,,H,,F,FeO, 822 [h2-(CFJ2C=O1Felh4- - 

c,(cH,)4l(co)z 

H 

H 
H' 

H" 

H 
H' 

H" 

H 
H' 

H" 

H 
H' 
H" 

H 
H' 
H" 

H 
F 

5.02 

5.08 
4.48, 
4.82 
2.36 

5.20s ;::z9 } 

5.55 } 

2.4Ot 

4.75s 
5.18, 

7.42s 

3.37s 
3.47s 
3.35s 

4.22s 
3.4s 
4.46s 

1.6, 1.2 
80.0m, 
82.8111 

C,CI,S = 3,4,5-Tri- 
chlorot hienyl 

C,H, = Cyclobutadiene 

C,H, = Cyclobutadiene 

C,(CH,), = Tetramethyl 
cy clobutadiene 

484 

485 

z 
6 
3 

B 
? 

U 

163 > 
156 2 
485 

163 2 
c? 

5 

6 
F 
0 > 

z 
486 $ 

0 
0 

r 
486 g 

5 

B 

300 

P 
.b 
ch 



T A B L E  VII-cont. k 

Coupling 
constant 

No. Compound Solvent 6 ( P P 4  (Hz) Remarks Formula 

(d) Dihaptolpentahapto 
(i) Monocarbonyl derivatives: 
C,,H,,FeOSn 823 (hsC,H,)Fe(h2-CH;~H;)- CS, 

[Sn(C,H;),I(CO) 

/CH'; 
CH'N b-- \ 

FeN,O $-- / C,,H,,BF,- 825 (hJ-C,H,) (Fe BF3 (CO) CDCI, 

CH'N \CH; 

H 
H' 

H" 

H 
H' 

4.51s - 
2.44,2.30, - 
1.80, 1.65 - 
7.63-7.06 - 

Refer- 
ences 

3 
487 0 

at 32.1 MHz 7175 h *Relative to BF,. 0(C2H,), 

z- 
Z 
U 
? 

z- 
*Relative to BF,.O(C2H5), at 175 3 
32.1 MHz 

(ii) Dicarbonyl derivatives: 
[C,,H,,FeO,l+ 826 [(h'-C,H,)Fe(h*-CH,= (CH,kCO H 5.87 - Hexafluorophosphate 

CH . C6HSXC0)21+ 
467 



IC,,H,,FeO,l+ 827 [(h5-C,H,)Fe(h2-CH;=C= SO, H 
CH"CH;")(CO),l + H' 

H" 
H "' 

IC,,H,,FeO,l+ 828 I(hS-C,H,)Fe(h2-CH;=C= so, H 
CH"C,H,)(CO),l+ H' 

H" 

[C,,H,,FeO,l+ 829 [(h5-C,H,)Fe(h2-CH;=CH'- - H 
CH'=CH;)(CO),~+ H' 



TABLE VII-cont. 
00 

Coupling 
constant Refer- 

ences Remarks Formula No. Compound Solvent 6 (ppm) (Hz) 

832 (hs-C,H,)Fe(l,2,7-h’-C,H,XCO) 

834 (hsC,H5)Fe[ 1,4,5-h3- 
COCH,C(CH;)2CH=CH,]- 
1 2  3 4 5  

(CO) 

83 5 (h5-C,H,)Fe(l .5,6-h3- 
COCHZCHZCH=C=CH,)- 
1 2 3 4  5 6  

(C 0) 
836 (h5-C,H,)FeI 1,5,6-h3- 

COCH,CH~C(CH:)=C=CHzI- 
I 2 3  4 5 6  

(CO) 

CDCI, 

C6D6 

C6D6 

CDCI, 

CDCI, 

H 
H’ 
H-I 
H -2 

H-, 

H 
H’ 
H-2 

H-, 
H-3 

H-, 
H-6 

H‘ 
H-6 

2.9 comp. 
2.3d 

-0.7d 

4.0s 
1 .os 
2.35d 
1.8d 
4.2 comp. 
2.6d 
1.9d 

3.31 
3.22, 
0.82 

1.21 
3.38 
0.90 

174 
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z T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) ( H 4  Remarks ences 

16H I I F5- 842 (h'-C,H,)Fe(CNCH;)IC(C,F,)= 
FeN,O NCH';I(CO) 

lC2,H 19- 843 [(h5-C,H,)Fe(C'NC"H2C;"- 
FeN,OIt H,)2(C'vO)l 

(8) MISCELLANEOUS COMPLEXES 
[C11Hz,- 845 {FeIP(Et),CH,CH,P(Et),]- 

C,,H,,FeO,- 846 Fe[P(CH,CH;),l,(SO,XCO), 

FeOP,I- WXC0)I- 

P,S 

CDCI, H 4.70s 
H' 3.28s 
H" 3.55s 
H 4.64s 
H' 3.34s 
H" 3.05s 

CHCI, "C 85.3 - 
I3C' 147.4 - 
I3C" 51.4 - 
13C'!'1 132.5 - 
13C1;,6 128.0 - 
"C";,, 129.5 - 
"C"; 129.0 - 
13c'" 212.1 

- 
- 
- !I 

- H 5.17d - 
H' 2.82s - 

(CD,kCO H -10.9 JPH,, 47 

C6F6 H 2.07111 JpH6.5 
H' 1,28111 

Isocyanide complexes, existing 443 
in two geometrical forms F 

a isomeric about the C=N bond 

B 
0 

194 Z 
0 

5 

Tetraphenylborate 49 1 
100 MHz 

100 MHz 264 



202 

C,H,,- 848 FeIN(CH,),B(CH,)N(CH,),~- C6H6 IIB -20.0 - Relative to BF, .OEt, external 273 
BFeN,O, (CO), 

jd 

/"\ F\ 492 0 

* 
CHfIf-CH"' 0 z 

C,H,B,FeO, 849 Fe(C,H,B,)(CO), CCI, H +3.7b - C2H,B, = 

5 H' -7.42q J 126 BY BH' /BH" 

H" -3,709 5135 100 MHz 0 

z F H"' -5.38s - 

I I B  -4.9Od J135 Relative to BF,.OEt, at 32.2 MHz 
n 

C,H,B,FeO, 850 Fe(C,H,Bh(CO), 

n 
H- I -0.24 J 160 0 

5 
2 
r 
m 

H-pH-4 6 . 3 0  J 152 
H-3 -4.87 J 152 
"B-, +17.7bd 5 1 6 0  Relative to BF,.OEt, at 32.2 MHz 

100 MHz 
Ln 

I IB- , ,  -5.16bd J 1 5 0  

11B.3 -18.9bd J160 
"B-, 

C,HFeCI,Si 85 1 Fe(SiCI,XHXCO), CH,CN H -9.00 - 60 and 100 MHz 402 
A 0 1  



2 
h) 

T A B L E  VII-cont. 

coupiing 
constant 

Formula No. Compound Solvent 6 ( P P 4  (Hz) Remarks 
--___- 

(9) COMPLEXES CONTAINING TWO OR MORE TRANSITION METALS 
(a) Diiron complexes 

CCI,F 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

H 

H 
H' 
H" 

H 

H 
H' 

H" 

H 

H 

H 

4.57 - 

4.33 - 
7.33b - 
1.27b - 
4.66s - 

4.22 - 
7.47b, - 
1.36bd - 
6.49sext. - 

4.52d JPH 1.9 

4.53d JPH 1.9 

100 MHz 

Bridging carbonyl and 
bis(dipheny1arsino)methane 
ligands T 38O 

Bridging carbonyl and 
bis(diphenylphosphin0) 
ethylene ligands 

T 38O 

60 and 100 MHz 

60 and 100 MHz 

60 and 100 MHz 

.- 

Refer- 
ences 

F 

2 
5 

414 R 
z 

493 . 3 
s 
2 

103 -p 
z 
U 

cl 

rn 

493 ? 

E! > z 
0 

494 

494 

494 



cs2 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

H 

H 
H' 
H" 

H 

H' 

H" 

H"' 

H 
H' 
H" 

H 
H' 

H" 

H 

H' 

H" 

H"' 

3.998, 
3.87t 

4.27 
7.26b 
1.73b 

4.22, 
4.15b, 
3.91b 
2.42, 
2.08 
7.344 
7.22b 
1.29b 

4.13s 
-1.3 
- 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 MHz 

*cis-isomer ttrans-isomer 

Bridging carbonyl and bis(dipheny1- 495 - 
phosphin0)methane ligands 

T 38O 

Bridging carbonyl and 
bis(dipheny1phosphino)methane 
ligands. Mixture of isomers 

T 38O 

Bridging carbonyl and phosphine 
ligands 

100 MHz 

Bridging carbonyl and 
bis(diphenylphosphin0) 
ethane ligands 

T 38' 

Bridging carbonyl and 
bis(diphenylphosphin0) 
ethane ligands 

T 38" 

P 
wl 
w 



P 

Y TABLE VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ewes 

C39H36Fe2- 865 I(h'-C,H,)Fe(CO)J,(P(C,H;),- CDCI, H 4.08 - Bridging carbonyl and 493 
CH;CH;CH;F(C,H ;),1 H' 7,67b, - phosphine ligands .o 

- T 38O .r 02p2 
7.38 

H" 1.38b, - 
0.88b - 8 

x z 
493 .s C,*H,,Fe,- 866 I(h'-C,H,)Fe(CO)l,IP(C,H;X- CDCI, H 4.09 - Bridging carbonyl and 

NOZP2 N(CH;CH;")P(C,H;k] H' 1.48b - phosphine ligands 
H" 2.53111 - T 38O 3 

2: 

H;),N(CH;"CHI"~P(C,H';),] 4.04b, - phosphine ligands z 
T 38O Q 

H' I .88, - ? 

2 

n H!ll -0.05t - 

C,rJH,,Fe,- 867 {[h5-C,H,(CH;)IFe(CO)},IP(C,- CDCI, H 4.13, - Bridging carbonyl and 493 ; 
NO2P2 

3.73b - 

1.77, - 
1.67 - 

H" 7.58b, - 
7 .4% - 
2.49bm - 

H'" 4 2 1 t  - 

868 {(h'-C,H,)FeISe(C,H,)I(CO)}, cs, H 5.54 - 

869 {(h5-C,H,)FelS(CH;)1(CO)}, CS, H 4.26' - 

H,rI 

- C21H2oFe2- 

C,,H,,Fe,- 
0 2 s 2  

w e 2  H 5.98 
Bridging Se(C,H,) ligands 426 
Two isomers 

Bridging S(CH,) ligands 425 
'Stable isomer 



(ii) Tricarbonyl derivatives 

C,,H2,Fe20,P 875 (h5-C,H,),Fe21P(CH2CH,),1- 
(CO), 

C,,H3,Fe,0,P 876 (h5-C,H,),Fe2[P(n-C3H,),I- 
(co), 

H' 

CS, H 

cs2 H 

H' 

H' 

H" 

H 
H' 

- 

cs2 H 
H 
H' 

-2 H 
H 

CCI, H 

H 

CDCI, H 

CDCI, H 

4.22t 
1.31.. 
1,587 
4.32 
1.38 

4.25*, 
4.20t 
1.69q*, 
1 .89qt 
0.72t*, 
0.98t 

4.39 
1.03 

4.49 
4.03 
7.04 

5.52 
5.89 

4.69 

4.53 

4.71, 
4-45 

4.51, 
4.29 

?Unstable isomer 
T 32.5' 40 MHz 

Bridging S( C H *C H J 

'Stable isomer 
?Unstable isomer 

ligands 

T 32.5' 40 MHz 

100 MHz 
Two isomers 

Two isomers 

cis- and trans- isomers 

One bridging carbonyl 

T 38' 

and Ge(C,H,), ligands 

T 38' 

188 

z 
425 5 

0 

5 
0 z 
0 

188 $ 
z 

4 I4 
425 5 
426 $ 
426 

T j  

f 
5 

5 
?2 

0 

r 
491 8 

r 
rn 

cn 

424 

399 
424 2 



P 
o\ 

T A B L E  VII-cont. u, 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,,H,,Fe,O,P 877 (hJ-C,H,),Fe,l P(n-C,H,),I 
( c o ) ,  

C,,H,,Fe,O,P 879 (hJ-C,H,),Fe,IP(OCH,),]- 
( co ) ,  

C ,,H,,Fe,O,P 880 (h5-C ,H,),Fe,[ P(OCH,CH,),I - 
( c o ) ,  

C,,H,,Fe,O,P 881 (h5-C,H,),Fe,lP(OCH(CH,),),l- 
(CO), 

C,IH,5Fe,0,P 883 (hs-C,H,),Fe,~P(OC,H5),l- 
(CO), 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

H 

H 

H 

H 

H 

4.74, 
4 4 7  

4.66, 
4.18 

4.10, 
4.57 

4.69, 
4.54 

4.72, 
4.51 

4.67, 
4.52 

4.79, 
4.10 

4.91, 
4.30 

J p H  1.2 

T 38' 

T 38O 

T 38O 

T 38O 

T 38O 

T 38O 

T 38O 

424 
a 
2 

424 
0 x 
8 

424 
399 7 

CI * 
424 

z 
U 
> 

424 8 
9 > 

424 5 

424 
399 

399 



1 H 4.98s - CZHeB, = 
H' 4.45d JpH1.4 
H" 7.8-7.4m - 

(iii) Tetracarbonyl derivatives: 
C ,,H,,FeO, 886 [(h5-C ,H,)Fe(CO),l,( 1,4-h' : h'- - 

CH=CH-CH=CH) 

C,,H,,Fe,O, 887 l(~s-CsH,)Fe(CO),~~(hJ-C,H,- - 
CH,)Fe(C0),1(1,4-h1: hl- 
CH=CH-CH=CH) 

C,,,H,,Fe,O, 888 [(hs-C,H,CH,)Fe(C0)2],- - 
(1,4-h1 :h'-CH=CH-CH=CH) 

482 

Not reported 

Not reported 

k 
- Fine structure and 499 3 

splitting (JHHIO) ofthe r 
"C satellites were consistent 

- with a fluxional process yr 

consisting of 1,3- rather 

s than 1,2-shifts: 

n * 
z 

0 
0 

Notreported 1 - 

2 3  



P 
VI 
00 

TABLE V I I n n n t .  

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) ( H 4  Remarks ences 

C,,H,,Fe,O, 889 {[h2-(CH,),CC~CC(CH3),1- CS, 
Fe(C0Mz 

C ,,H,,Fe,O,S, 890 [(h4-C,H&Fe(CO)l- C6H6 

[Fe(CO),I[S(CHJI, 

C6F6 

C,,H,,Fe,O, 891 [(hs-C,H,)Fe(CO),l, CDCI, 

CDCI, 

c 16H ,,Fe,O, 892 { ~h’-C,H4(CH~)~Fe(C0),}, CDCI, 

C,,H,,Fe,O, 893 {[hs-C,(CH,),IFe(CO),}, cs2 

C ,6H12Fe205 894 [(hs-C,H,)Fe(CO),l- CDCI, 
[ (hs-C,H;COCH’;)Fe(CO),l 

H I . 3 5 ~  

n.a. 

n.a. 

n.a. 

H 4.79 

H 4.855 
H 4.862 
H 4.55 
H‘ 2.05 
H 1.62s 

H 4.85s 
H12, H1, 5.19t 
H:,, HI, 4.85t 
H“ 2.53s 

Bonding interaction proposed 
between each triple bond with 
both iron atoms 

C,H, = Norbornadiene 
Signalsat63.20,2.86b, 1.11s. 

0.74s, 0.60s in ratio 
4:2:3:2:3 

Signals at 6 3.70 comp., 
3.42 comp., 1.27s, 1.18s, 
1.11s in ratio 4 : 2 :2 : 3 : 3 

Signals a t6  3.61t, 3.27d, 1.20s, 
1.02s, in ratio 4 :2 : 5 :3 

Two bridging carbonyl ligands 

trans-isomer 

Two bridging carbonyl 

Hexamethyldisiloxane 

Two bridging carbonyl ligands 

ligands T 38O 

reference 

501 
0 

0 
E 
.=1 

z 
495 > 
493 . 
502 
503 5 

z 493 0 

187 

466 



Two bridging carbonyl ligands 4 13 

H' 4.05q - 
H" 1.37t - 
H 4. lSt, - 

4.65t 
H' 0.33 - 
H 4,72t, - 

4.31t 
H' 0.27 - 
H 4.58t, - 

4.26t 
- Not reported - 

- 
C6H6 

- 
cs2 

- 
C6H6 

896 ~~h'-C,H4(Si(CH;),)1Fe(C0),}, 1033 

0 

5 208 

0 z 350 Two bridging carbonyl ligands 0 

6 
4 z 

Tetrafluoroborate 
Bridging Br ligand 
Tetraphen ylborate 

Tetraphenylborate 

504 [c14H10- 
BrFe,O,l+ 

412 

412 IC I gH 14- 

BrFe,O,l 

CIFe,O,lt 
[cl,HIo- (CH,),CO Not reported - Tetrafluoroborate 

Bridging CI ligand 
Tetraphenylborate 

Tetrapheny lborate 

5 0 4  

412 

412 Ic 16H14- 
CIFe,O,I+ 

Fe,IO,l+ 
IC14H10- 504 - Not reported - Tetrafluoroborate 

Bridging iodine ligand 
Tetraphenylborate 412 

505 

412 Tetraphen ylborate 
Bridging iodine ligand R 

\o 



TABLE VII-cont. P 
a\ 

Coupling 
constant Refer- 

Formula N 0. Compound Solvent 6 (ppm) (Hz) Remarks ences 

[C,,H,,FeO,l+ 904 {I(hS-C,H5)Fe(CO),l2(H’)}+ - H 5.24 - Chloride 1042 

H‘ -26.6 - Bridging H ligand ?, 

c 14H10B~z- 
Fe2Ge0, 

Fe2Ge0, 
C14H10C12- 

C14H10F2- 
Fe2Ge0, 

C14H10Fe2- 

Gel204 

c16H10Fe2- 
GeN,0,S2 

C16H16Fe2- 

( 3 0 4  

C,,H,oFe,- 
GeO, 

905 [(h5-C5H5)Fe(CO),],(GeBrJ THF 

906 [(hJ-C5H,)Fe(CO),],(GeCI,) THF 

CCI, 

CCI, 
907 I(h’-C5H5)Fe(CO),12(GeF~ THF 

CCl, 

CCI, 

909 [(h5-C,H5)Fe(CO),1JGe(NCS),I THF 
CCI, 

908 [(h,-C,H,)Fe(CO)2I,(cel,) THF 

9 10 [(hJ-C5H,)Fe(CO),l,[ce(C CS, 

91 1 [(h5-C,H,)Fe(C0)21,[Ge(C2H5)21 THF 
CCI, 

H 
H‘ 
H 
H’ 

H 
H 

H 
H 

H 
H 

H 
H 

H 
H 

H 
H’ 

H 
H 

5.24 
-26.3 

5.23 
-26.6 

5.17 

5.17 

5.16 

5.16 

5.12 

5.12 

5.17 

5.17 

5.28 

5.28 

4.77 
0.89 

5.02 

4.92 

Hydrogensulphate 

Trifluoroacetate 

Hexamethyldisiloxane 
reference 

Hexamethyldisiloxane 
reference 

Hexamethyldisiloxane 
reference 

Hexamethyldisiloxane 
reference 

Hexamethy ldisiloxane 
reference 

Bridging WCH,), 

Bridging Ge(C,H5)2 ligand 
Hexamethyldisiloxane 

ligand 

reference 

1042 9 

1042 0 

506 -2 

s 
E 

5 
506 

tj 
> 

506 5 
? 

506 5 
Ei > z 

506 0 

507 

506 



C20H20Fe2- 
( 3 0 4  

C22HaFe2- 
GeO, 

C24H20Fe2- 

( 3 0 4  

GeO, 
C26H20Fe2- 

C16H16Fe2- 

18H16Fe2- 

GeO, 

C,,HzoFe2- 
Ge0,S2 

14H10Fe2- 

HgO, 

I C W H  
N20,12’ 

[C,oH34Fe2- 

O,PzI2+ 

912 

913 

9 14 

915 

916 

911 

918 

919 

920 

92 1 

[(hS-C,H,)Fe(CO)212[Ge(C,H,)21 THF 
CCI, 

~(h’-C,H,)Fe(CO)2121Ge(C,H~)21 THF 
CCl, 

[(h5-C5H,)Fe(CO)2121Ge(C,H;)21 THF 

[(hJ-C,H,)Fe(CO)212[Ge(C6H,)2~ THF 
CCI, 

[(hs-C,H,)Fe(CO)212- CCI, 
[Ge(OCH;)2I 

I(h5-C,H,)Fe(CO),l2- THF 
[Ge(OCOCH;),I CCI, 

H 
H 

H 
H 

H 
H’ 

H 
H 

H 
H’ 

H 
H 
H’ 

H 
H’ 

H 
H 

H 

H 
H’ 

5.05 

5.05 

5.01 
5.01 

5.05s 
6.36111 

4.11 
4.71 

5.07 
3.62 

5 . 0 6 s  

4.98s 
2.3 IS 

5.08 
2.79d 
1.33t 

4.17 
4.19 

5.89 

5.12 
7.44 

- Hexarneth yldisiloxane 
- reference 

- Hexarnethyldisiloxane 
- reference 

- Hexarnethyldisiloxane 
- reference 

- Hexarneth y ldisiloxane 
- reference 

Hexarnethyldisiloxane - 
- reference 

- Hexarneth yldisiloxane 
- reference 

- Hexamethyldisiloxane 
J 1.2 reference 
- 

- Bridging Hg atom 
- - 

- Perchlorate 
Bridging pyrazine ligand 

Reference CH,CN (6 2.00) 

- Perc hlorate 
Bridging phosphine ligand 
Reference CH,CN (6 2-00) 

506 

5 0 6  

z 
506 5 

W 
P 
-1 

506 P 
0 z 
0 

P 

506 ? 

506 

3. 

H 
2 
r 

506 $ 

2 

136 c) 

c) 

2 

5 
i! 

508 
r 

404 m 

v) 

404 



P 
Q\ 
h) 

TABLE VII-COH~. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
- 

C42H14Fe204P2 

[C,H,Se2- 
O,P21+ 

lOc16- 
Fe0,Si2 

14C16Fe2- 
0,Si2 

C,4H10Br2- 

Fe20,Sn 

Fe20,Sn 

0,Sn 

MHlOc12- 

C16H16Fe2- 

926 I(h5-C,H,)Fe(CO),I2(SnBr3 CDCI, H 

927 I(hs-C,H5)Fe(CO)212(SnC12) CDCI, H 

5.62 
7.63, 
7.58 
4.03d 

5.794 
5.78 

5.75, 
4.63 
6.15, 
4.60 

5 . 4 b ~ ,  
4 a ,  
3.7% 
1,7b, 
1.35s 

5.02 

5.02 

4.76s 
0.59 

60 and 100 MHz 

100 MHz 
Tri-iodide 
Hexafluorophosphate 

- 

Bridging Sn(CH,), ligand 

21 1 
z 
9 
s 
0 

0 
494 g 

2 
400 0 

T 

h 
rA 

> z 
0 

z 
0 

> z 
0 

400 ? 

Ei 

142 

142 

507 



936 W ( 3 >  l,2-B,C2H,, IFe(CO),l:- 

CD,CN H 5.48 - 

CDCI, H 
H’ 

(CHJ$O H 

THF H 

- H 
H’ 

H 
H’ 

- 

CDCI, H 
H‘ 

(CH,),CO “B 

4.91s - 
1.61 comp. - 

5.18s - 
7.73comp. - 

5.40s - 
3.52t, J 6  
2.69-2.491~1- 

+20.9d, - 
9.3d. - 

-0.1d - 

Bridging thioether ligand 404 
Reference CH,CN (6 2.00) 

Bridging sulphur ligand 509 

Perchlorate 

a 
3 

Bridging Sn(C,H,) ligand 5 1 1  2 

510 0 

* 
- 

512 2 
> 
r 

Tetramethylammonium 
Salt 

i 
Chloride 117 m 
Other signals at 6 4.80,3.5b, 

937 { ~(h’-C,H,)Fe(CO),l{(h5-C~H5)- CHCI, H 5 . 0 5 ~ ,  - 
Felhl-CH,CH,N(CH ,)21(CO)2}? + 4.96s - c 

v) 

2.97s, 2.76s, 1.22 comp. 

938 [(h’-C,H,)Fe(CO),I,- CDCI, H 5.40s - *Bridging ligand 923 
(SO,CH;CH;CH;”)* H’ 3.72t J 6  

H“ 2.77-2.33 - 
P H”’ 3.38t J 6  Q\ 



T A B L E  VII-cont. 
P 

Coupling 
constant Refer. 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C24HMFe2- 939 I(h’-C,H,)Fe(CO),l,(C,,H;N,) - H 5.28, - C,&I,N, = bridging ligand I94 
a - 

,CH,+ N404 5.12 

L c  3 
C!H k(CN), s 
‘diCN), 2 

C,8H,,Fe,0, 940 l(hJ-C,H,)Fe(CO),l,- THF H 4.95s - *Bridging butadiene ligand 513 5 
(CH’=CH‘-CH‘=CH‘)* H’ 6.24st - 514 -J 

H’ 3.5ot, 51.2 
2.6ot - 

515 - 
499 

c) 
P 

tThe single absorption of the butadiene protons was attributed to an averaging process caused by rapid valence tautomerism involving a cyclobutene intermediate. tj 
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 3 
chemical shift difference as the temperature is lowered. The degeneracy of the butadiene protons observed in THF is removed when C6D6 or CD,C6D, is used p 

z as solvent, even at 60 MHz, and remains unchanged up to 1 16OC, showing that the structure is static. 
0 

z 
0 

C,Jl  ,,Fe,O, 94 1 ~Ihs-C,H,(CH,)1F~CO),~,- Not reported - *Bridging butadiene ligand 499 
(C H=CH -CH=CH)* Analyzed as an A,B, system 

(JAB = 10 Hz) 

CFCI, CH,C6F, = bridging ligand 411 



THF 

C,6H,$8Fe,04 943 [(h~-C,H,)Fe(CO)212(~12F~) THF 

Jl.5 4.4 F_,,F_, 142.9 
J1,2 28.1 
Jl.4 10.9 

F-,, F-, 108.4 J2.4 2 '1  

F 107.5 - 
F' 141.9 - 

F 89.5 J F F ,  28.0 
F' 149.6 JFF, 2.0 
F" 101.1 JFp 30.0 

H 4.91s - 
4.92s - 

H' 2.64 J11 
2.16 - 

- H 5.0 
"B +11.6 J 160 

T 35O 244 

C,,F8 = Bridging ligand 

F F' F' F 

-@-@ 
F F' F' F 

419 
z 
B 
B 
0 z 
0, g 

C loF6N, = bridging ligand 248 z 

6 
C4H,02S = bridging ligand 163 2 

cl 
0 

? 

;r 

5 - 
*Bridging ligand 483 
Relative to BF3.0Et, 



TABLE VII-cont. P 
b\ 

Formula No. Compound Solvent 

(iv) Pentacarbonyl derivatives: 
C,,H,,Fe,O,P 948 I(hs-C,H,)Fe(CO)~~Fe(CO)31- CDCI, H 

[P(C6H,)2l8(CO)* 

n.a. 949 (24 ' :  1,2,3-h3-C3H4)Fe,- - 

950 (CH,=C=C=CHJFe,(CO), - 

C44H34Fe2- 

OSP, [P(C~HS)~]Z(CO)S 

n.a. C$4Fe205 

C,,H,Fe,O, 951 (1,2,3,4,5-h5: 1,5,6,7,8-hJ-C,H,)- - H 
[Fe(CO),I,(CO)* 

C 17H16Fe20s 952 1 1,2,3,4,5-hJ : 1,5,6,7,8-hJ- - - 
2,4,6,8-C,H,(CH3)41- 
IFe(CO),I,(CO)* 

C,,H,,Fe,O, 953 (h3:h~-Cl2H,,)IFe(CO),1- - 

IFe(CO),I 
n.a. 

~ 

Coupling 
constant Refer- 

6 (ppm) (Hz) Remarks ences 

4.87 - *Bridging ligands 

E 
- Signals at 6 3.55, 1.27, and 288 g 

- Butatrienediiron pentacarbonyl 5 18 3 
1.13 in ratio 2: 1 : 1 5 

4.67s - *Bridging carbonyl ligand 519 g 
T Signals at 6 4.78 and 4.15 

The complex shows rapid valence rn 
tautomerism * z a 

z 
*Bridging carbonyl ligand 362 p 

- 
Signals at 6 4.3 1 and 2.10 

Proposed structure: 
/ 

(CO),Fe -Fe(CO), 

0 

z 
0 

362 

Signals at 6 2.40, 1.95, 1.85 
1.72, and 1.50 



954 (h'-C,H,)(l-hl : 1,2-hZ-CH'= CDCI, 
CH;)fFe(CO) I[Fe(CO), I(CO)* 

956 (h'-C,HsXI-hl: 1,2-h2-2-CH'= CDCI, 
CH"COCH;")[Fe(CO)I- 
IFe(CO)31(CO)* 

957 (h'-C,HJI-h': 1,2-h2-2CH'= CDCI, 
CH"COC,H;')[Fe(CO)]- 
I Fe(CO),I(CO)* 

958 (h'-C5HJ(1-h1 : 2,3-h2-3- CDCI, 
COCH'=CH''C,H;")[ Fe(CO),]- 
[Fe(CO),I 

H 
H' 
H"syn 
Hbnti 

H 
H' 
H " 
H"' 

H 
H' 
H" 
H "' 

H 
H' 
H" 
HI!# 

H 
H' 
H" 
H"' 

5 .00  
10.91 
2.22 
1.70 

5.08 
11.0 
3.28 
7.08-7.34 

5.05 
11.34 
2.20 
1.93 

5.09 
11.60 
2.96 

-7.3 

5.07 
5 . 5 5  
3.42 
7.31 

*Bridging carbonyl ligand 223 
Hexamethyldisiloxane 

reference 

z 
'Bridging carbonyl ligand 223 5 
Hexamethyldisiloxane 

reference z > 
0 
% 

*Bridging carbonyl ligand 5 20 
Hexameth yldisiloxane 223 8 
100 MHz 

*Bridging carbonyl ligand 223 
Hexamethyldisiloxane 520 9 

P 
0 

% 
5 

reference 

reference 

G 

$ 
Hexamethyldisiloxane 223 

reference 

8 
E 
t* 
E (v) Hexacarbonyl derivatives: 

521 959 {I ,241'- I ,2-IA~(CH,)212-3,3,4,4- (CD,),CO H 2 . 4 5 ~ ~  - 

96.67, - 
107.1, - 
109.1 

- 
14H 12AS2- 

F4Fe206 C,FJ[Fe(CO),I2 1.16s 
- (CHJ2C0 I9F 94.74, 

P m ___  - _ _  - 4 

- 



T A B L E  VII-cont. P 
a\ 

Coupling 
constant 

Formula No. Compound Solvent 6 @pm) (Hz) Remarks 

C34H20F4- 960 {1,2-h2-1,2-[P(C6HJ212-3,3,4,4- (CHJ$O I9F 86.95, 
Fe206p2 C,F,NFe(CO),I, 88.88, 

103.9, 
105.9 

c,320F,- 961 { 1,241~- 1,2-IP(C6H,)212-3r3,4,4,5,5- (CHd2CO I9F_,, 70.35dm. 
Fe2P20, CsF6)IFe(CO),12 F-, 99.98dm 

19F_, 1 1 2 4 m ,  
1 2 1 .7dt 

C,,,H6Fe,0, 962 (1-h1-CH,C=O),[Fe(CO),), CDCI, H 2.82s 

J 242 
J 240 
J 236 
J 6  

4.58 - 
2.24 
4.40 
2.19 - 
4.13 
2.30 
3.98 
2.27 

- -1 

Proposed structure: 

C- 0 
I 

CH, 
*Bridging ligand 

lsomer I 

lsomer I1 

Refer- 
ences 

- 

52 1 

.er 
3 
X 

521 
3 

% 

L 
270 c, 

(I) 

? 

8 
522 5 

0 
I 

517 

984 



967 [Fe(hJ-C,H,~CO),l,ISi2(CH~),1 CHCI, 

969 IFe(hJ-C,H,)(CO),I2[Si,(CH;),1 CDCI, 

970 (I-h1-C,H,C=O),~Fe(CO),l2 C,H,, 

H 
H 

H 

H 
H' 

H 
H' 

H 
H' 

H 
H' 
H" 

H 
H' 

H 

H 
H ;?.n 
Hbmi 

4.59 

4.42 

4.17 

4.38 
3.69 

3.99 
3.74 

4.79s 
0.45s 

4.50s 
0.32s 
0.86s 

4.78s 
0 . 5 2 ~ ,  
0.30s 

6.65 

8.16 
3.81 
2.85 

Isomer I 

Isomer 11 

Isomer I 

Isomer 11 

- 

Structure analogous to that 
above 

*Bridging tigand 

984 

984 

983 

983 

983 

270 
1008 

20 1 



?I 
0 

TABLE VII-cont. 

Coupling 
constant Refer- 

ences Remarks Formula No. Compound Solvent d (ppm) (HZ) 

C,d-i6Fe206S 972 ( 1 4 ' :  1,2-h2-CH=CH> CDCI, 
[Fe(CO),12(CH;=CH"S)* 

CDCI, 

CCI, 

H 
H \yn 
W n t i  
H" 
H 
H' 
H" 
HIU 

H 
H' 
H" 

H 
H' 
H" 

8.16 - 
3.82 - 
2.78 - 
5.70 - 
6.93 
6.34 
5.02 - 
8.85 

- 
- 

- 

- 6.95 
5.40 - 
8.90 - 

7.55m - 
4.04s - 
2.84s - 

*Bridging ligand 20 1 

Structure: 201 5 
0 

? 
z 
0 
P > z 
0 

H 
H 

Structure: 
H 

5 24 

T 33.5' 40 MHZ 



C,,H1 ,Fe2N06 976 (C,,H ,N)~Fe(CO),I, CCl, H 7.55m - 
H' 4.41s - 

CCI, H 7.55m - 
H' 4.25q - 

H" 1.20d - 

CCI, H 7.45111 - 
H' 4.32s - 
H" 2.45s - 

Structure: 5 24 

H I  

T 33.5' 40 MHz 

Structure: 5 24 
CH'; 

H I  

8 

T 33.5" 40 MHz 

Structure: 

> : z 

c) 
524 

T 33.5" 40 MHz A 
4 
L 
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H' 4.39s 
H" 7.73s 

CDCI, H 6.28, 
6.67, 
7.20, 
7.63 

H' 3.70s 
H" 5 4 3  
H"' 3.83 

100 MHz 

Structure: 

OCH? 

"@" H H 

5 25 

P 

C27H19- 

Fe,06P 

C13H8Fe206 

- 2.22, 
f Fe(PPh,XCO),I 3.48 

983 (1,2,3-h3 : 2-h1-C,H,)[ Fe(CO),l- - H 

HT2, 3.69 - 

4.42  - H-5 
H' 4.96 - 
H" 3.42s - 

- 
985 (h5:h'-l-C,H,CH'OCH';) CS, 

IFe(CO), 1 I Fe(CO),I H - p H - ,  4.95 

- 288 5 
F 

2,75111,3.09rn, 3.64rn in ratio 0 

s 

n 

351  ii Signals at 6 1.02d, 1'75q, 

3 : l :  I :1 :2  '2 

100 MHz 

526 

527 



P 
4 
P 

T A B L E  V I I - C O ~ ~ .  

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
-- - .~ - 

C,,H,Fe,O, 987 (1,2,3,4-h4: 1,4-h*-CH=CH- CDCI, H-,, H-, 6.78 - - 
CH =CH)I Fe(CO),l, H_,,H_3 6.31 - 

C,,H,,Fe,06 988 I 1,2,3,4-h4: I,4-h2-C(CH,)= CDCI, 
C(CH,)C(CH&C(CHJ- 
IFe(CO),l, 

C,,H,Fe,O,, 989 ( 1,2,3,4-h4: 1,4-h2-CH,0,CC= CDCI, 
CH’-CH’=CCO,CH,)- 
I Fe(CO),I , C6F6 

C,,H,,Fe,O,, 990 (1,2,3,4-h‘: 1,4-h2-CH,CH;02- CDCI, 
CC =CH”-CH”=CCO,C Hi- 
CH,)[Fe(CO),I, 

CHI,)[ Fe(CO),12 
C,,H,Fe,06 991 ( 1,2,tt,/l-h4:28-h2-1-C6H,CH,,= CDCI, 

H 2 .26~ ,  
2.06s 

H 3.74 
H’ 6.54 
H 3.82s 
H’ 6.64s 

H 1.28 
H‘ 4.20 
H“ 6.55 

X 341 5 

0 
E 

c1 
528 2 

% 
201 p 

U 

9 
529 2 

0 

C,,H,Fe,O, 992 (1,2,3-h3:2,3,4-h3-CH2=C= CS, H 4.70d, 5 1 . 8  *The four carbon atoms ofthe 3 19 
C* =CH,)I Fe(CO),1, 4.04d - triene are no longer linear 5 30 
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3 m T A B L E  Vll-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,,H,,Fe,O, 995 (h3:  h3-C,8H1b)IFe(CO)31, CDCI, H 4.43d 
H' 2.25t 
H" 2.79d 
H"' 7.22s 

CDCI, H 3.60 
H 2.71 
H 3.23 
H 7.22s 

C,J-!,,Fe,O,S 996 h3 : h3-C6H5C=C(C,H5)=SI- CDCI, H 
[ Fe(CO), 1 , 

H H 
CbH;"-C I \ 

100MHz H" H" 
H" 

CbH;"-C 7 \ c -H' 

Both isomers derived from 
1 -phenylallene and Fe,(CO), 

Structure: 

533 
.rJ 
.E 
z 
0 
7e 

5 
r 
0 > 
E 
> z 
U 
? 

5 
U 
> z 
I 

534 O 



C,,H,,Fe,O, 998 ( 1,2,6-h3 : 3,4,5-h3-C,H,,)- 
IFe(CO),I, 

1.2.3-trihapto-4.5.6- 535 
trihaptocyclohepta- 1 .35  
trienediiron (Fe-Fe) 
hexacarbon yl 

The xelectron system is considered 
to be divided into two adjacent 
ally1 groups, each of which 
forms a x-complex with one 
of the iron atoms. The complex 
is not fluxional, the spectrum 
being unchanged down to - looo 

cis- 1,2,6-trihapto : 3.43- 536 
trihaptocycloocta- I ,3,5-triene- 535 
diiron hexacarbonyl. In contrast 803 
to the above complex this is 
assigned a skew structure which 
rapidly oscillates between the 
two enantiomorphic forms: 

(CO),Fe- Fe(CO), 

2: 

3 
0 > 
-1 > 
0 z 
0 
A 

$ 
fl 
n 

n > 
A 

z < r 
0 
0 

r 
m 
5 
$ 
v, 

P 
4 
4 



T A B L E  VII-cont. P 
4 
00 

~~~~ ~ ~ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (Hz) Remarks ences 

C , ,H,Fe,NO , 99 9 (C,H ,XCN)I Fe(CO), I - Not reported 

C,,H,Fe,N,O, 1000 (C8H,)(N3)IFe(CO),I, - Not reported 

IC19H14- 1001 {(C,H,XC,H,N)IFe(CO)312}t - Not reported 
Fe2N0,] 

ic3zH24- 1002 {( C,H,)l P(C,H,),l I Fe(CO),l, It - Not reported 
Fe,O,PI 

C,,H,Fe,O, 1003 (1,2,6-h3 : 3,4,5-h3-C8H8)- - 

IFe(CO),I, 
- n.a. 

- 536 

Neutral azide complex 536 ? 

3 
A fluxional molecule giving a 536 2 

0 s non-averaged spectrum at 
-20". lBF,l- salt 

536 - 3 More rigid than the pyridine 
adduct and shows a 3 
non-averaged spectrum at 37O. n 
IBF,l- salt 

> 
C,H, = cyclooctatetraene 519 $ 

? Signals at 6 5.8,4,6,4.  I ,  2.5,of 
3 equal intensity 

Structure originally proposed was 0 
E! > the 1,2,3-h3 :4,5,6-h3-isomer, 

VU.:  Z 
0 

(CO),Fe-Fe(CO), 
/ I  

in equilibrium with the cis-h4 :h' 
isomer (see 1004) 



C,,H,Fe,O, 1004 (1,2,3,4-h4: 5,6,7,8-h4-C,Hs)- - n.a. 
lFe(CO),I, 

The structure now regarded as 
most likely is that ofthe 
1 ,2,6-h3 : 3,4,5-h3-isomer, viz,: 

5 3 5  
1040 

by analogy with C,H,,Fe,(C0)6 
(see 998) and C,H,Ru,(CO), 

cis-isomer, viz.: 5 19 

Signals at 6 5.0,4.0 
tramisomer, viz.: 519 

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 

z 
5 

0 z 
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365 

H“ 7 . 4 h  - 

Structure: 

z 
5 

\ ‘*, 4 CH’C,H’; CHk.., 
3,. i r 

, A  ‘**. 
C,H’;CH CH;, 

r 
CI 
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C,,H ,,Fe,06 10 I2 (h4 : h4-C,H ,,,)I Fe(CO),l, C6D6 H 
H' 
H" 
H"' 

H'" 

H 
H' 
H" 
H"' 
H'V 

5.27s 
5'62d. 
5.3od 
7,35d, 
7.26d 
3.43d 
5 .Sod, 
4.26d 
5 ' 50% 
5.02d 

- Isomer I I I :  

5.21 
1.47 
0.05 

-0 .13 
2 .03  

5.41 
1.41 
0 .07  

-0.25 
1.74 

4 

Two diastereoisomers of 303 $ 
structure: 

Isomer I 

rn cn 

Isomer I 1  
60 and 100 MHz 
The isomers have identical spectra 

in solvents other than benzene 
P 
co 



P 
00 m 

T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

CISH loFe20, 10 13 (h4 : h4-C,H,,0)[Fe(CO),], cs, H 
H' 

H" 
H"' 
H 'V 

C6D6 H 
H' 
H" 
H " I  

H 'V 

H 
H' 
H" 
H"' 
H'V 

2.41d 
0.50d 

0.48dd 
1.93d 
6 .  lm 

2 .22  
-0.05 
-0.03 

1.40 
5 . 7 2  

2.31 
0.03 
0.03 
1.45 
5.61 

- Two diastereoisomers, having 3 I9 
- identical spectra in solvents 

other than benzene, of structure: 
JH,*H,, ,  2 . 5  
JH*,,HIV I 
JH,*HIV 9 

H 
I 

H 0 
I II 

J H H ~ V  1.5 H t / c\c/c\c/c \H t 

H"' H,,, 

Isomer I q - 

- 
Isomer I1 'i 60 and 100 MHz 

- 
- 

303 
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P 
00 
00 

T A B L E  VII-COM. 

Coupling 
const ant Refer- 

ences Solvent 6 (ppm) (Hz) Remarks Formula No. Compound 

10 16 (0,1,2,3-h4 : 4 3  ,6,7-h4- 
O=CH-CH=CH-CH= 
CH-CH=CH-C,H;) 
I Fe(CO), 1, 

101 7 (0,1,2,3-h4 : 4.5,6,7-h4- 
O=CH-CH=CH-CH= 
CH--CH=CH-p-C6H4CH3) 
IFe(C0),I2 

1 

CDCI, 

CDCI, 

CD30D 

7.42s - 
5.5-5.9m - 
8.70 5 2 . 3  1 1  
7 . 7 3  J3.4 = J4.5 8 .5  
5.5-5.9m - 
2.59d 56.79 
2.78bs - 

7.42s - 
5.47-5.87 - 
1.25dd 52.38 
2.42t J3.4 9 
5.41-5.87 J4,3 9 
2.2Od 56.78 

1.50 
2.39 
5.44 
5 .17  
2.07 
2.10 
1.38 

7-Phenylhepta- 
2,4,6trienaldiiron 
hexacarbonyl 

7-p-Toly hepta-2,4,6- 
trienaldiiron hexacarbonyl 

Two diastereoisorners of the 
hydrochloride 

Isomer I 

100 MHz 

313 
z 
3 
5 
n 

0 
2 
? 
B 
n 

313 $ 
> 
z 
Q 

? 

P 
5 
> 
Z 
0 

309 



1019 (~4:h4-C,1H,60)1Fe(C0),1, C6D6 

1020 (1,2,3,4-h4: 7,8,9,IO-h4-Cl0Hl~)- CDCI, 
I Fe(CO), I 

Isomer 11 

2,3,4,5-Tetramethyl-6,7- 539 
dimethylenecyclohepta-2.4- 
diene- 1-one diiron hexacarbonyl. 
Signals at b 1.64d, 1.50d, 0.64s 
(CH, protons in ratio 1 : 1 : 2, 

0.78s, 0.55 (CH, protons) 

deca-2,4,7,9-tetraenediiron 
hexacarbonyl 

J 2.4 Hz), 2.0% 1.03~, 

Octahaptobicyclol4.2.2l- 540 

Structure: 54 I 

100 MHz 



e 
0 

T A B L E  VIi-~ont.  

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

1022 (h4:h4-CloHlo)(Fe(CO),I, 

1023 (h4: h4-CI0H Fe(CO), I, 

1024 ( h4 : h4-C I ,H ,,O)[Fe(CO),1, 

CHCI, 

CD,Cl, 

- n.m. 

Structure: 542 

3 Structure: 543 

0 
Reference CH2C12 (6 5.3) 

100 MHz 



2.98b - 
2.84b - 

CI8Hl2Fe2O, 1025 (h4 : h4-C,,H ,,O)IFe(CO),l, CDCI, H 

5.33-5.1 5m - H' 
H" 2.68b - 

H"' 4.874.55* J 1 I 
- n.m. 1026 ( 1,2,3,4-h4-5,6,7,8-h4- - 

1027 (h4 :h4-C,,HI4)IFe(CO),I, - H 1.72 - 

c 16H id)[ Fe(CO),I, 

H' 2.92 - 
H" 5.18 - 
H"' 1.10 - 

5.44 - 
HB 3.34 
Hc 1.67 - 

H D  2.66 - 

1028 (h': h4-C,6H,6)~Fe(C0)312 CDCI, HA 
- 

395 Structure: 

hm, 5 *AB quartet 2- 

pheny lnaphthalene 0 

358 2- 
3 H' H' 0 

0 
C,,H,, = 9,10-dihydro-2- 1049 2 

Structure: 

Structure: 363 0 

C 2 

w Structure: 363 



T A B L E  vII--cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences .a 

3 
H-2, H-4 3.83 J(”C2-H2)188.8 Structure: 545 3 
H-3 3.79 J(”C3-H,) 187.4 R 

g 

c ,,H6Fe206 1030 (h‘ : h4-C,H6)\Fe(CO),] CCI, 
c, 

Fe(CO), 5 

Structure: 
T 40° 

so2 H 5.33s 
H’ 5.60s 
H“ 7.26s 

F 
c, 

2 
546 

? 
3 
0 
5! > 
2: 
0 



N
M

R
 

D
A

T
A

 O
N

 O
R

G
A

N
IC

-M
E

T
A

L
 C

A
R

B
O

N
Y

L
 C

O
M

PL
E

X
E

S 

0
 

E1 
f- 

z m
 

x 
x

h
 

X
X

X
 

m
 

m
 

P
 

493 



LbS :sJawos!  OM^ 

W68. I 
PF0E.E 
WS0.9 
W0L.E 

S8S.Z 
so1 .z 

WS9.E 
PPSt.9 

PL6.S 
WZL.1 

SLS. I 
SLO.2 
Pb9. I 

(PZE.0 

9-H 
5- H 
v-H 
z-H 
,,,H 
,, H 
,H 
H 

9-H 
'-H 
v- H 
2-H 

,d,H 
.H 
dH 
H 



v

1037 

1038 

I039 

1040 

1041 

1042 

(h’-C5H5Xl-h’-2,3-h2-COCH’= CDC1, 
CH’;)I Fe(CO),I I Fe(CO), 1 

H 5 . 0 0  - Reference hexa- 
H‘ 4.74 - methyldisiloxane 
H“ 4.74 - 
H”’ 7.14-1.10 - 

F-2, F_, 122.0 - 
F-,, F-, 157.4 - 

F-A 146.2 - 

- - H 1.28 

trans-H 
J p ~ 5 5 . 0 ,  1.0 *Relative to C6F6 
I J P P  11 75 

cis-H 
*Relative to C6F6 

1 H -5.82t Jp~44.7 
F -105.8* 

I H -5.60t JPH 41.8 
F -144.4*, JFF 8.5 

-106.6 

H 1.38, - Two isomers 
1.28 

223 

z 
223 B 

!2 
-1 * 
0 z 

130 

$! 
$ 

549 ti 

548 5 
r 
n 

2 

0 
5 

5 

i- 
cl 
0 

r 
130 !? 

c3 

I88 

.P 
\o 



P T A B L E  VII-cont. 
~ ~ ~~ 

Coupling 
constant Refer 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

1045 Fe,(CHC,H;XCO), CCI, H 

(CDl),CO H 

1046 (h2 :h2-C5F6)lFe(CO),I, - - 
1047 Ih2:h2-C,H4(0CH;CH';)21- C6H6 H 

I Fe(CO), 1, H' 

H' 

H' 

H" 
1048 (h2 :h2-C,H8)IFe(CO),12 C6D6 ma. 

986 p 

Hexafluorocyclopentadiene 551 5 
1,l -Diethoxycyclopentadiene 413 
*Centre of AB quartet 

Spirol2.41hepta-4.6dienediiron 35 1 
octacarbonyl. Signals at 6 1.32t, 
2,43t, 3.95t, 4.22t.in ratio 
1 : l : l : l  
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C12H,As,- 1057 (hZ :h2-AsCH2)IA~(CH,),]- (CD,),CO ma. 
Fe30, IFe(CO),l, 

C,,H,,Fe,O, 1058 (h2 : h2 :h3-C ,2H1,)[Fe(CO)3]3 C,D, H 
H' 

Structure: 550 

Signah at 6 3.26s, 2,34s, 1.76 
(JZ.I), 2.42,in ratio 3:3: I : I 

Structure: 303 

c, 
0 

r m 
c 

363 v) ?2 
HB 
H c  
HD 
HE 

3.60 
3.13 
2.71 
1.55 



TABLE VII-cont. ul 

Q 

Coupling 
Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
constant 

C,,H6Fe30, 1060 (h2 :h4 : h4-C8H6)[Fe(CO)3], CDCI, H 5.71d 
H’ 6.73d 
H-2 3-8Md 

H-3 6.67m 
H-4 6.43m 

H-5 3.47dd 

C I ,H,Fe,O,S 106 1 Fe,(H)ISCH‘ (CH’;), I(CO), CDCI, H -22.9 
H‘ 3.0b 
H” 0.91d 

C,3H,,Fe30,S 1062 Fe,(H)[SCH;CH”(CH;”),](CO), CDCI, H -23.1 
H‘,”’ 3-1 

CI3H,,Fe3O,S 1063 Fe,(H)lSC(CH;),](CO), CDCI, H -22.8 
H’ 1.06 

JHH, 5.2 
- 
J2.3 6 .1  

53.4 4.4 
J4.5 6.1 

’2,4 1.5 

J1.5 1.5 

- 
J 7 . 3  
J 7.4 

Structure: 5 29 
r, 

2 
VJ 100 MHz 
> z 
W 

p-Hydrido-p-isopropylsulphido- 553 p 
triiron nonacarbonyl 

T 38O 100 MHz B 
P > 

p-Hydrido-p-sec-butylsulphido- 5 5 3 8 
triiron nonacarbonyl 

T 38O 100 MHz 

p-Hydndo-p-rerf-butyl 553 
sulphidotriiron nonacarbonyl 554 

T 3 8 O  100 MHz 



C IlH,Fe3N0 I064 Fe,(H)IC N(CH;), KCO) - H -17.8s - 
- H' 4.0s 

- C,,H,,As,- 1065 Fe,{IAs(CH,),l,C,F,XCO),, - Not reported 

F4Fe3010 

(c) Tetrairon derivatives 
C24H,,Fe40, 1066 (h5-C,H,),Fe4(CO?, CHCI, H 

CF,CO,H H 

C,,H,,Fe406P2 1067 (h5-C JH,)4Fe,[P(C6H J)2C= C6D6 H 
CP(Cf,H&,I(Co)f, 

C5,HJ6Fe40,, 1068 (h4:h4 :h4 :h4-C,Hs6)[Fe(CO),I, - Complex 

(d) Pentairon derivatives 
C,,H,,Fe,O, 1069 (h5-CSHJ),INL : hJ : h s :  hJ :hJ :C,O- CDCI, H 

(C,H,),~Fe,(CO), 

- 4.84s 

5.09 

4,39d, J& 1.8 
4.22s 

- 

3.95, - 
4.46 - 

Structure: 5 5 5  

Structure: 

p-Carotenetetrairon 558 
dodecacarbonyl v) 

Tetra ferrocen yl 559 
cy clopentadienoneiron 
tricarbonyl ul a 



v, 
0 
h2 

TABLE VII-cont. 

Coupling 
constant Refer- 

ences Remarks Solvent 6 (PPm) (Hz) Formula No. Compound 

559 C S , H , ~ F ~ ~ O ~  1070 (hs-C,H,),~C4Fe(C,H,)1- CDCI, H 3.92, - Structure: 
Fe,(CO), 4.25 - 

QFe Fe(CO), 

Structure: 559 ? 
H 4.19, - 

4.35 - 



(e) Heptairon derivatives 
C,,H,,Fe,O, 1072 IC4Fe(Fc),lFe2(CO)~ CDCI, n.a. Tentative structure: 559 

o=c- 7e(CO), 
I 

C,,H,,Fe,O, 1073 IC,(Fc),l,Fe,(CO), CDCI, n.a. 

o=C-Pe!(co), 

Signals a td4.32~,3.41~,4.3lm,  

Tentative structure: 559 
in ratio 5 : 5 :8  

Fc 
I 

Signals at d 4.18s, M o t ,  4.77f in 
ratio 5 : 2 :2 

(f) Mixed iron-transition meml complexes 
- - C 1,HSCo- 1074 (hs-CSH,)Fe(CO),HgC~CO), CDCI, H 5.03 

FeHgO, 
- 100 MHz C,,H,CoFe,O, 1075 (hJ-CsH,)CoFe,(CO), - H 5.23 

136 

560 
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cn 
0 m 

T A B L E  VII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) (H4 Remarks ences 

C,&,FeNiO, 1086 [C,(CH,),]FeNi(CO), 

C,,H,FeO,,Re 1087 {4-h’-[Re(CO),l-3,4-hz- 
[Fe(CO),I~H,$O$H’=CH’’] 4 

C I 6H ,,Fe06- 1088 (hJC,H,)zRh,Fe(CO), 
RhZ 

- H 2.31, 
1.87, 
1.60 

H 
H’ 
H“ 8.85 

- 

- H 5.50 

Structure: 517 
.a 

@) 
I 

[One ofthe products obtained j 
from tetramethylcyclobutadiene 0 

nickel chloride and Fe(CO),I 2 * 
Reference 223 

hexamethyldisiloxane 
? 

100 MHz 
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TABLE VII-cont. VI 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,,H,FeO,Ru 1092 (C,H,)Ru(CO),FdCO), - Not reported - Proposed Structure: 563 
~~~ 

C,,H,FeO,,- 1093 Fe(Ru),(H),(CO),, - 
Ru,, 

C,H,,FeO,W 1094 (h5-C,H,)(CH'=CH''C0C6H~')- CDCI, 
I Fe(CO), I I W(CO),l 

Fluxional system giving one sharp 
signal at ambient temperatures 

H -18.7s - 564 

H 5.39 - Structure: 223 _ ~ _  
H' 8 .14)  JHvHrr  10.0 
H" 4.19 
H"' 7.98, 

7.44 

Reference hexamethyl disiloxane 



T A B L E  V I I I  
Ruthenium complexes 

Coupling 
constant Refer- 

ences 5 Formula No. Compound Solvent 6 (PPm) (Hz) Remarks 
0 > 
4 

0 z 
( I )  MONOHAPTO LIGANDS > 
(a) Monocarbonyl derivatives 

C,,H,,BN,ORIJ 1 (I-h'-2-C6H,. N=N. C6H;)Ru- (CDJZCO H-3 6.30 - Structure 565 
0 > 6.93 - I(C,HJ'JJ3BHI(CO) H -4 

r 

z 
4 r 
0 
0 

H' 1.20 - r m 

trans-arrangement of phosphine 566 cn 

Other signals at 6 6.02t, 7.27d. 1.74 - H-5 
5 
5 

-6 8.29 - and 7.17d 

ligands indicated since H gives 
a triplet due to coupling with 
two equivalent phosphorus 
atoms 

(n 
0 
W 

I C45H18- 2 (I-hi-4-CN C6H4CH3)Ru(H) CDCI, H -5.5t JPH l 9  
CINOP,Ru (Cl)IP(C6H5),I2(CO) 

C45H3,- 3 (I-hl-4-CN C,H,CH,)Ru(H)- CDCI, H -5.4t J P H 1 8  
CINO,P,Ru (oclo,)l P(C6H&l2(co) 
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8 (l-h'-2-C6H4N=NC6H;)R~(CI)- CDCI, 
(CsH';NXCO)z 

C,,H,~N,QRU 11 ( I-h1-2-C6H,N=NC6H;)Ru- CS, 
I 0-C( CH;)zO I(CO), 

H" 7 . 8 8 ~ ~  
7. ~OS, 
7.20s 

H-3 -7.2 
H-4 7.48 
H-5 7.95 
H-6 8.27 
H' 7.18 
H" 8.68 
H-I 7.02 
H-4 7.24 
H-5 7.81 
H-6 8.32 
H' 7.54 
H" 9.42, 

8.7-8.4 

H-3 6.32 
H-4 6.77 
H- 5 6.97 
H-6 8.04 
H' 7.56 
H" 7.924, 

7.324, 
6.24t 

H-I 7.08 

H-5 7.90 
H-6 8.18 
H' 1.37 
H" 1.47s 

H-4 7.71 

565 

565 

C'*8Nz= -P 
C,H,N, = pyrazol- 1 -yl 565 

565 

z 
I 
2 
0 

a- 
0 z 

: 
$ 
a- 

B 

6 

;s 
8 
5 

4 a- 
r 
cl 
a- 

0 z 

r 

8 
VI 
L 

c. 



TABLE VIII-cont. 

Formula No. Compound Solvent 6 (Ppm) 

Coupling 
constant 

(Hz) 

CI9Hl6N2O,Ru 12 ( I-h1-2-C6H,N=NC6H;)Ru- CC14 H-3 
[O<(CH;)-CH"k' H-4 
C(CH;)-Ol(CO), H-, 

H-6 

H' 
H' 

7-18 
7.64 
7.84 
8.12 
7.33 
1.74s, 
1 -59s 
4.82s 

7.08 
7.54 
8.00 
8.26 
7.6-7.18 
7.28 

-6.Ot' 
-7.3tt 

(c) Tricarbonyl derivatives 
C2,HI,BrO,PRu 15 Iu-~~-I,~-CH,CH'C~H,P(C,H,)J- CDCI, H 2,03d, 

Ru(Br)(CO), 1.76d 
H' 3.9q 

J 7.5 
J 7 . 5  

- .- 

Refer- 
Remarks ences 

565 - 
Q 

4 
6 

E : 
565 

0 
2 m 
1 
U 
? 

Perchlorate 566 5 
* cis-arrangement of CO ligands 9 

'p z t frans-arrangement of CO ligands 
Phosphine ligands trans orientated 0 

in both isomers since H gives a 
triplet due to coupling with two 
equivalent phosphorus atoms 

- 267 



C~,H,,CIO,PRU 16 fn-h1-1,2-CH,CH'C6H,P(C6H,),I- CDCI, 
Ru(CIXCO), 

(2) DIHAPTO LIGANDS 
(a) Monocarbonyl derivatives 
C40H,,CI02P2R~ 17 (h2-0=C-CH2CH;)Ru(CI)- - 

[P(C6H';),I2(CO) 

(b) Dicarbonyl derivatives 

CHCI, 

CHC1, 

CzoHZzF402P2Ru 20 (h2-CF2=CFz)Ru[P(CH3),C6H;l2- CDCl, 
(CO), 

H 

H' 

H 
H' 
H" 

H 
H' 
H" 
F 
F' 

H 

H' 
F 
F' 

H 
H' 
F 

1,97d, 
1.77d 
4.14q 

+4.45q 
+5.27t 
-2.14m 

4.57dm 

7.32m 
1.64t 

211.0 
105.3, 

98.5 

5.57m 

3.7od 
208.6 
104.1 

1.72t 
7.31m 

115.2t 

267 

z 

0 
I 
5 

n-bonded acyl complex * 
Relative to CH2Cl, (!) at 100 MHz 567 

z 
s 
2 

phosphine ligands j :  
100 MHz 9 

cis-carbonyl ligands; trans- 272 $ 

%- 

0 * 
94.1 MHz r 

: z 

n 
trans-carbonyl ligands; cis-P 272 

ligands 0 
100 MHz 5 

B !z 
r 94.1 MHz 

ciscarbonyl ligands; trans- 272 
phosphine ligands 100 MHz 

94.1 MHz VI 
c, 

W 



TABLE VIII-cont. ul 
L 

Coupling 
constant 

Formula No. Compound Solvent 6 (PPd (Hz) 

CIOH~P,O,P,RU 2 I (h2-CF,=CF,)R~[P(OCH,),J2- CHCI, F 113.2 Jgeml80 & 20 
(CO), J l m M  -39.6 

J& 10.0 
JPF,,,,, 59.0 
JPF,,, 12.2 

CDCI, H 3 . W  JPH 12,5 
113.2 JPF 46.5, F 

26.1 (?) 

C &lsCIF,- 22 (h2-CFCI=CF~)R~IP(OCH3),]~- CDCI, H 3.76, Jp" 12.0 
OSP~RU (CO), 3.12 JPH 12.0 

F 122.0 J P F , , ~ ~  46 .0  
JPF~,, 7.5 

F' 104.8 Jgem I63 .O 
95.1  Jtron.44.0 

J& 7.5 
JPF;,~, 61 .O 
JPF:, 14.0 

Refer- 
ences Remarks 

trans-carbonyl ligands; cis-P 
ligands 

94.1 MHz 

Poorly resolved spectrum 

trans-carbonyl ligands; cis-P 
ligands, 100 MHz 

94.1 MHz 

Comparison of the I9F coupling 
constants with uncoordinated 
chlorotrifluoroethylene and with 
the corresponding osmium com- 
plex indicates a more substantial 
change in the geometry of the 
C,F,CI ligand coordinated onto 
0 s  compared to Ru and suggests 
that even with extreme bonding 
situations (i.e. two o-bonded 
structures) there are still gradu- 
ations in bond type dependent on 
the nature of the metal 

212 
P 
9 
2 
R 

568 

-3 
g 

212 2 
569 tj 

? 



C ,6H2,F,0,P2R~ 26 (h2-CHF=C F;)RuIP(OCH;),- 
CCH$CHF’12(CO)2 

C I ~ H ~ ~ F , O , P ~ R U  27 (h2-CF2zCF2)Ru[P(OCHJ,- 
CCH;CH’{l,(CO), 

CDCI, 

CHCI, 

CDCI, 

CHCI, 

- 

CDCI, 

CDCI, 

CDCI, 

H 

F 

F’ 
F ” 

H 
H’ 
H“ 
F 
F‘ 

H 

H’ 
F 
H 
F 

H 
H’ 
H“ 
H”’ 
F 
F’ 

H 
H‘ 
H” 
F 

3.67d, JPH 11.5 
3.62d JPH 11.5 

99.0 Jgem 183.0 

192.7 - 
JPF,,, 60’o 

- 67.8 

5.04m J ~ ~ 6 2 . 0  
4.25m - 
1.41m - 

206.7 
104.6, Jgem 166.0 
94.5 

3.70 quint. J ~ ~ e 7 . 0  
JPH 7.0 
- 1.28t 
- 114.2 

3.97 quint. JPH 7.0 
114.2 JPF 45.7 

25.8 
5 .50~1  JHF 62.0 
4.18d J p ~ f  4.5 
1.20m - 
0.82m - 

209.0 - 
104.6, Jgem I64 .O 
97.5 
4.20d J p ~ 4 . 0  
1.3 
0 .8  

- 
- 

115.5 JpF 49.0, 
30.0 

truns-carbonyl ligands; cis-P 
ligands. 100 MHz 

94. I MHz 

trans-carbonyl ligands: cis-P 
ligands. 100 MHz 

94.1 MHz 

100 MHz 

trans-carbonyl ligands; cis-P 
ligands. 100 MHz 

94.1 MHz 

100 MHz 

212 

z 
272 $ 

U 

> 
0 z 
0 

570 > 

5 

$ 

5 
5 

568 
n > 

272 o 

r 

z 
5 

5 
E 

n 
0 

r 

568 ’ 
VI 
c 



v, 

m 
L TABLE VIII--cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C2,H22F,N2- 28 [h2-C(CN)CF,=C(CN)CF,1Ru- CDCI, 
O ~ P ~ R U  IP(OCH2),CCH;CH'J2(CO)2 

C20H22F,N,- 29 Ih2-C(CN),=C(CF,)2IRu- CDCI, 
08P2Ru 1 P(OCHJ,CCH;CH;12(CO)2 

C26H22F12- 32 I I ,4-h2-C(CF3)=C(CF3)- CDCI, 

[P(CHI)$~H;],(CO)~ CHCI, 
02P2Ru C(CF,)=C(CF,)~RU- 

H 4.36d, JpH 4.5 

H' 1.3 
H" 0.8 
F 98.7s, 95.0d JPF 6.0 

4.3od 
- 
- 

H 4.38d, J p H  4.5 
4.3od 

H' 1 . 3  - 
H" 0.8 - 
F 54.4d JPF 11.5 

H 3.64d Jp" 12.0 
F-,,  F_, 119.0 - 

F-, 124.7, Jgem 190.0 
94.7 

H 3.65t J ~ H  11.5  
F 58.0qt JFF 9.0 

JPF 1.0 
64.2qt JFF 1.0 

JPF 5.0 

H 1.67t J ~ H  7.0 
H' 7.28111 - 
F 65,6m, - 

50,2111 - 

100 MHz 

100 MHz 

568 

568 

5 70 

trans-carbonyl ligands: cis-P 272 
U ligands. 100 MHz 

94-1 MHz. C,F, = hexafluoro- ? 

B 

derivative 0 

cyclobut- 1 -ene 5 
l-Rhodiocyclobut-3ene-2-one 297 > 

Z 

100 MHz 
I9F signals at 94.1 MHz 

I-Rhodio-cyclopent-2,3-diene 297 

100 MHz 
I9F signals at 94.1 MHz 

derivative 



C,,H,llF12- 33 I l,4-h2-C(CFl)=C(CFl)- CDCI, 
0,P2Ru C(CF])=C(CFJ]Ru- CHCI, 

I P(oc H,),lXCO), 

Cl ,H22F609P2R~ 37 [h2-O=C(CFj)21R~IP(OCH3j- 
CCH;CH;],(CO), 

(c) Tricarbonyl derivatives 
C23HI,OIPRu 38 [n$-h2-l,2-CH,=CH’C6H4P- 

(C~HJ~IRU(CO)I 

- 

CDCI, 

CDCI, 

C6D6 

H 
F 

H 
H’ 

HI)* 
H”’ 

H 

H’ 

H 
H’ 
F 

H 
H‘ 
H“ 
F 

HCi.5 

Hiram 

H’ 

3.66t 
54,6q, 
52.3q 

1.9m 
2.84m 

5.5od, 
5.1od 

+ 4 , 8 3 ~ *  

-2.08mt 

1.9Ot 
7.60m 

75.7s 

4.30d 
1.3 
0.8 

68.6d 

2.45rn 

1.62td 

3.96 sext. 

l-Rhodio-cyclopent-2,3diene 

100 MHz 
derivative 

94.1 MHz 

* Overlaid by aromatic proton 
signals 

Upfield from CH,C12 (!) at 
100 MHz 

t Downfield from CH2C12 (!) 
n-bonded acyl complex 

94.1 MHz 

100 MHz 

297 

51 z 

tl 

* 
0 z 

567 8 
* 
3 
(? z 

272 3 
r 
0 * 
7El 

z 
4 r 

5 
3 

568 

B 
P 
m 

51 
v) 

VI 
c. 



TABLE VIII-cont. 

Formula No. Compound Solvent 6 ( P P d  
- 
C,,H,,F,~O,PRU 39 [ I,4-h2-C(CFJ=C(CFJ- CDCI, H 1,75d, 

C(CF3)=C(CF3)lR~[P(CHJ2- 1.7od 
C6H;l(CO), H' 7.30m 

CHCI, F 56.7m, 
53.6m 

(3) TRIHAPTO LIGANDS 
(a) Dicarbonyl derivatives 
C , H ~ , O ~ R U  40 (h'CH ~ ~ C H ' ~ C H ~ ~ R U ( C O ) ~  CSZ H s p  1.88 

&mi 1.26 

H' 4.32 
H:yn 3.34 
Hbn,j 2.26 

o-C~H,CIZ Hsyn 1.78 
Hanri 1.18 
H' 4.23 
H';Y. 3.28 
H& 2.19 
Hsyn, H:yn 2.53 
Hanri, H'hi  1.73 
H' 4.21 

(b) Tricarbonyl derivatives 
C6H5BrO3Ru 4 1 (h3-CH,-CH'-CHJRu(Bf~CO), - Hsyn 4.03 

Coupling 
constant Refer- 

(Hz) Remarks ences 

J ~ H  10.0 Mixture of stereoisomers 297 
JpH 13.0 100 MHz ? - 

9 
3 

E 
3 
3 J H H ' ~  

JHH;,." 1.5 
JHH, 11.5 Two equivalent TI-ally1 groups %- 
JHH small asymmetrically bonded to tj 

- 94.1 MHz 
n 

0 

- 

100 MHz 571 - 
0 

ruthenium 

? 

5 72 
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VI TABLE VIII-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPd (H4 Remarks ences 

(b) Dicarbonyl derivatives 

C,,H,F,,O,PRU 46 I 1 ,2,3,4-h4-C6(CF,)JRu- CDCI, H 3.85d Jp” 11.0 
IP(OCHJ,I(CO)z 

F 56.9111, 
53.3~1,  
49.2m 

(c) Tricarbonyl derivatiws 
C,H,O,Ru 4 7 (h4-C 4H JRu(C0) 3 - H 4.13 - 

C IIHsO,Ru 48 (1 ,2,3,4-h4-C,Hs)R~(CO), CHZCI, H-,,H-, 4.12 
H-pH-1 4.88 
H-5,H-B 6.12 
H-6,H-T 5.83 

CACF,), = hexakistrifluoro- 297 .a 
methylbenzene 9 

2 equivalent to 6F) n 
Not assigned (each signal 

94.1 MHz E 
.=1 

C,H, = cyclobutadiene 54 g 
Cyclooctatetraene n 

L 

fs 
a t d 5 . 2 1 ~  574 g 

0 

T -130’ 514 $ 
At -109O, three signals at & 

U 5.97b, 4.88, and 4.12 in ratio 
2 : l : l  ? 

At -9S0, two signals at 6 5431b, 

5 
U 

4.69b in ratio 1 : 1. 
At room temperature one signal 

Examination ofthe 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,Zshifts 
(EA = 9.4 kcdmol.) 5 76 



C ,,HyNO,Ru 49 ( l,4J,6-h'-8-C8HyCN)R~(CO)3 - 

C,,H,,NO,Ru 50 I 1,4,5,6-h4-8-C8Hy(CH;N02)]- - 
Ru(CO), 

Not reported 

H-I 2.52: 

H- 2 5.48dd 
H - 3  5.66dd 
H-, 5.02dd 
H- 5 4.49t 
H-6 5 4 4 m  

H-8 3,14111 
H-7 2.07d 

H' 4.01d 

C ,,H8F6N20,Ru 5 1 (4,5,6,7-h4-C,,H8F6NJRu(CO), CDCI, H-, 3.32 
H-,  5.55 
H - 3  6.40 
H-4 4.40 

H-5 4.92 
H-6 4.74 

H-8 1.73 
H-7 4.05 

F 63.2, 
58.8 

Structure: 517 

5 1 . 2  4 . 0  Structure: 5 77 
'1.9 4'0 
J2.3 

5 3 . 4  4 .0  
54.5 9 . 0  
J5,6 9'0 

100 MHz J5.6 7 ' 5  
J6,, 12.0 
J7.s 8.0 
JI.8 8 . 0  
5F.F -13.2 
JFH 4 . 8  

x 
B 
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H -4 

H-5 

H-7 
H - 6  

H' 

3.43 Wt. J4.5 7 
J4.6 1 . 5  

5.36 Wt. 55.6 4.5 
4.97m J6,71 
6.40dd J5.7 2 
2.35s - 

60 and 100 MHz 

CDCI, H-,  
H-2 
H-I 

H-4 
H-5 

H-7 
H-8 

H-6 

F 

3.27 J1.2 6 .0  

6.31 53.4 9 .0  
5.64 J2., 1 1  .O 

4.25 J4.5 10.0 
4.62 J5.6 8'o 
4.92 J6.7 9'0 
4.92 57.8 9 .0  
1.85 J,,* 10.0 

71.4,70.1 JFF -11.2 
JFH 2 .0 ,1 .4  

- 4.61s 
1.26111 - 

4.48s - 
7.24m - 

100 MHz 

100 MHz 

4 

F 

579 

Tetraphenylborate 519 
100 MHz VI 

!2 



VI 

P 
TABLE VIII-cont. h) 

Coupling 
constant Refer- 

ences 6 (PPm) (Hz) Remarks Formula No. Compound Solvent 

IC,IH,O~RUI+ 59 [(hJ-C8&)R~(CO),1+ 

H-3 ~ 5.68dd J3,,3.9 

H-49H-5 5.06comp. - 
Isolated as the tetrafluoroborate 

100 MHz 
or hexafluorophosphate 

H-6 
H-7 3 . 7 h  - 
H-8 4.41q J7.8  8.0 

CDJN H 2 . 0  - 
H’ 3 .O - 
H“ 5.3 - 

1.1 

Structure: 577 

H”‘ BF; - 
H2 

HIPI 

Ru(CO)3 
(6) MIXED LIGANDS 
(a) Pentahaptolmonohapto 
(i) Monocarbonyl derivatives: 
IC,,H~~O,PRUI+ 60 ((h’-C,H,)Ru[h’-C(CH;)”OHI- SO2 H 5.49s - 

IP(C,H‘;,)J(CO))+ H’ 2.93s - 
H“ 1.8-1.35 - 

Tetra fluoroborate 172 

? 



Tetrafluoroborate 172 

Tetra Iluoroborate 



VI 

Q\ 
TABLE VIII-cont. t3 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPrn) (Hz) Remarks ences 

(i) Dicarbonyl derivatives: 
66 (h'-C,H,)Ru(h'-CH;CH''=CH~~ CDC13 H 5.14s - 

(CQ2 H' 

2.41dd 
H" 6.16m 

67 (h'-C,H,)Ru(h'-CF=CF'-CF;)- THF F 163.9 
(CO), F' 85.3 

Fl' 65-6 

68 (h5-C,H,)R~(l-h1-C6FJo(0)2 THF F-2 96.3 
F-, 116.6 
F-, 134.6 
F-, 132.3 
F-, 92.6 

H! 1 4.45 
69 (hJ-C5H5)RU( 1 -h'-C,H;XCO), (CHJZCO H 5.56 

HL2, H', 6.61bd 
Ht3, HL4 6.17bs 

cs2/ n.m. 
Toluene-d, 
(3: 1) 

60 and 100 MHz 

94. I and 56.4 MHz 

C6F9 = Perfluorocyclohex-I -me 

94.1 and 56.4 MHz 

231 ?1 

r 
3 
0 
7c 

459 .=r 
P 

z 

3 

459 3 

tl 
? 

T -75' 
60 and 100 MHz 

6 
464 2 

h'-C,H; = cyclopenta-2,4dien- 1 -yl 3 
T -82' 465 
Low temperature studies indicate 

that rearrangement of the hl- 
C,H; ring occurs predominantly 
by 1 f-shifts 



C ~ , H , F ~ N ~ O , R U  74 (h5-C5H5)R~I 1-h1-3,4-C6F3(CN),1- THF 
(CO), 

H 4.91 
H' 2.12 

H 4.63 
H' 2.06 

3.76d 

H 5.01 
H' 2.16 
HZ, 4.16t 

F-2, F-, 104.25 

F-], F-, 164.3 

F-4 162.5 

F-2 68.9 
F-5 136.35 
F-6 85.9 

H 5.28s 
H!3 6.85 
H!, 7.22 
H! 7.60 
H!6 7.70 
H" 7.31 

T -4OO 464 

Migration of the metal round the 
a-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: 6 4432s (HI, 
2,Ols(H'), 5.89btt11d 5.67b(H") 

94.1 and 56.4 MHz 459 

94.1 and 56.4 MHz 459 

565 
581 



v, 
h) TABLE VIII-cont. 00 

coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,H,,O,Ru 76 (h5-C,H5)Ru(COCH;XCO)2 CDCI, H 5.28s - - 172 
- 

- 
F H' 2.38s 

5 
H 

CF,CO,H H 5.64s - 
- H' 3.02s 

C&,F,O,Ru 77 (h5-C,Hs)Ru(COCFJ0(O)2 THF F 81.35 - 94.1 and 56.4 MHz 459 g 
459 5 

g 
C12H,F,NO2Ru 78 (h5-C,HS)Ru(4-h'-C,F,NXCO)2 THF F-,, F-, 11 1.2 J2.3 28.9 94.1 and 56.4 MHz 

4.5 2.5 

(b)  Pentahaptoltrihapro 
C&H,,ORu 79 (h'-C,H,)Ru(h'-CH;--CH''- CDCl, H 4.99s 

CH;XCO) H' 2.894 
1.25d 

H" -4m 
H 5.14s 
H' 3.03d, 

1.77d 
H" -4m 

J 1 1  

J 11 

Isomer A 
60 and 100 MHz 

Isomer B 

(7) MISCELLANEOUS COMPLEXES 
(a) Monocarbonyl derivatives 
IC,,H2,0P2Rul+ 80 {Ru(H)[P(C2H5),CH2CH2P- CDCI, H -9.4 JPH 2o Tetraphen y lborate 

(C&J&CO))+ 100 MHz 

r 

* 
231 

? 

49 1 



'3 3H 50- 81 
AsClOP,Ru 

C17H58- 82 
AsCIOP2Ru 

C35H54- 83 
AsCIOP,Ru 

~~,,H,,N~oP,Ru 84 

C3,H,6CIOPlRu 85 

C,,H,,CIOP,Ru 86 

C,,H,,CIOP,Ru 87 

C,,H5,CIOP3Ru 88 

C,oH3,0P3Ru 89 

H -8.46 

H -8.29 

H -8.56 

H -12.33 

H -7.1 

H -6.90 

H -7.14 

H -1.5 

H -8.02, 
-6.80 

1.42 
H' 

trans-P ligands; trans-CO and 

T 34O 
Cl ligands 

rrans-P ligands; rruns-CO and 

T 34' 
CI ligands 

trans-P ligands; fruns-CO and 

T 34O 
CI ligands 

trans-CO and C1 ligands 
T 34O 

trans-CO and C1 ligands 
T 34O 

trans-CO and CI ligands 
T 34O 

rrans-CO and CI ligands 
T 34O 

H cis 

582 

582 

z 
0 

U 
582 3 

0 z 
583 

9 z 
582 5 

5 

$ 
582 CI 

582 J 
r 
CI 

582 
w 

k 
584 

VI 
h) 

w 



v, 
w 
0 

TABLE VIII-cont. 

Coupling 
Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C,,H,,BrOP,Ru 90 Ru(H)(Br)[P(CH';),C6H5I3(CO) CHCI, H -7.0 JPH, 26.5 H cis to Br and CO ligands; Br 9 17 

constant 

7 and CO ligands fruns to each JPH,,,,, l3  
3 H' 1,82t, JPH' other 

1.73t, JPH'3 
1.2W JPH* 7 z 

8 
3 

H' 1.76t, & ~ ' 3  
1.73t, JPH- 3 
1.2W J p ~ ' 7  

C6H6 

Cz5H14CIOP3R~ 91 R U ( H ~ c ~ ) ~ P ( c ~ ~ ) ~ ~ ~ ~ ~ ~ ~ ( ~ ~ )  CHCI, H - 6 . 6  JPH, 26.5 H cis to GI and CO ligands; 917 j 
cl CI and CO ligands truns 
k 

1'10d JPH, 7 * 
C6H6 H' 1,71t, JpH' 3.5 U 

1.15d JpHr 7.5 ? 

JpH,, 114.5 2 

JPH,,,,, 
cn H' 1.73, - 

z 

Cl,H,6CIOP3R~ 92 Ru(HXCI)[P(C,H,),C,H,I,(CO) C6H6 H -6.82 JPH, 24.5 T 34O 582 8 

582 5 
0 

C,,H,,CI0P1R~ 93 Ru(HXCI)IP(CH,),C~HJ- C6H6 H -6.80 J~H, 25.0 T 34O 
[P(C,H,),C6H,],(CO) JPH,,, 15.0 

Cl,H5,CIOPlR~ 94 RU(HXCI)[P(CH,),C~H,I- C6H6 H -6.72 JPH,~ 25.5 H cis to CO and CI ligands; CO 582 
I P(C,HJ,Cc,H5Iz(CO) JPH,,-, 112.0 and CI ligands truns 

T 34O 

C,3H,oCIOP,Ru 95 Ru(HXCI)[P(C4H9),C,H5J1(CO) C6H6 H -7.10 JpHC1, 26.0 H cis to CO and C1 ligands; CO 582 
J~H,,,,, 110.0 and CI ligands truns 

T 34O 



(b) Dicarbonyl derivatives 

C,,H,,02P2Ru 99 Ru(H),IP(C,H5),1,(CO), 
C,,H, ,CIO,P,Ru 100 Ru(HXC1)I P(C6H5), I2(CO), 

C,,H,~O,P,RU 101 RU(H)2[p(c,H,),1,(co), 

(c) Tetracarbonyl derivalives 
C,H,O,Ru 102 Ru(H,)(CO), 

(d) Pen facarbony1 derivatives 
fC,HO,Rul' 103 IRu(HXCO),I+ 

(8) COMPLEXES CONTAINING TWO OR 

C6H6 H 

C6H6 H 

CDCI, H 

H 

H 

H 

- 

- 
- 

H - 

H - 

rORE RUTHENIUM AT0 

C2,H,,CI,N4- 104 f(I-h'-2-C,H4N=NC6H;)Ru(C1)- CDCI, H-3 
O,RU, (CO),l, H -4 

"-5 

- 6  

H' 

-6.18 

-6.20 

-8.67* 

-6.69t 

-8.481 

-4.53t 

-7.65 

-7.62 

-8.0 

H cis to CO and CI ligands; CO 

T 34' 

H cis to CO and CI ligands; CO 

T 34O 

H cis to CO and H ligands 
f H cis to H and trans to CO 

ligand 
100 MHz 

and CI ligands trans 

and CI ligands trans 

- 

- 
100 Mhz 

T -3OO 

S 
7.10 
7.48 
7-96 
8.20 
7.42 - 

582 

582 
z 
5 
5 
s 

585 

* 
0 

586 3 
587 ' 

g 
588 5 

F 
n 
P 

586 5 
588 z 

s 
n 
0 

589 5 
r 
rn x 
c1 

565 

VI 
W 
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C,,HloO,,R~, 117 {~h~-1,3-C6H~(CH;),1Ru}(C)- 
!Ru(CO),1,lRu(CO),l,(CO) 

CDCI, H 5.23, 
5.30, 
5.50 

H' 2.22 

CDCI, H 5.30 
H' 2.23 

THF H -6.90t 

CHCI, F _ , , F _ ,  121.7 
F-3, F-, 156.2 
F-4 146.1 

Proposed structure: 

(Carbidotetradecacarbonyl 
toluenehexarutheniurn) 

100 MHz 

Structure analogous to above 

Structure analogous to above 

5 96 

z 
5 

2 

$ 

0 > 

0 z 

0 > 

rn 

596 p 

z 
.e r 
cl 

596 0 

rn 

-4 

$ 

6 

1010 5 
1018 % 

130 

VI 
w 
ul - 
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"L.1 I- - Z09 - 

- Z09 H dHI 

0.ZI 'Hdf P69.E 
E9.9"df lI9.LI- 

,H 
H '13a3 

IH 
H 'na3 

3 
"1.91- 

'"I .L I- 

- 
- H dHI 

- Z09 H 9a93 "S.91- - 

4H 
H '13a3 

"S9.S I - - H dHI 

H 9a93 "8.91- - - Z09 

H 9a93 
H 'D2H3 

H 03'('H3) 
H 'OS'H 
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TABLE I X  
Osmium complexes 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (H4 Remarks ences 

(1) MONOHAPTO LIGANDS 

CDCI, H 

H' 
F 

THF H 

TH F H 
H' 

CCI, H 

CCI, H 

6.82qm 

3.76t 
57.7qt, 

54.6q 

2 , 6 1 ~ ,  
2.37s 

-0.23d, 
-0.37d 

0 . 1 4 ~ ,  
-0.23d 

O.OOd 
-7.94q 

0 .7% 

0.86s 

0.78s 

J H F  11.2, 
JHP 1.0 

P ligands trans to each other, 
(CO) ligands cis to each other 

JHSp 10.6 
JFF 14.0 
J H p  ~ . ~ , J H F  11.2 
J F F  14.0 

- Isolated as magnesium bromide 
salt with five THF molecules 
of solvation 

- 

JHH2.4 - 
J p H  8.5 
- - 
JPH 8.4  

J ~ ~ s 2 . 4  
J H H  I 2.4 

569 

60 7 
939 

607 

607 

60 7 
939 

608 

608 
939 
607 



ul 

8 TABLE IX-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

- - C6D6 H 0.11s 
- - TH F H 0.05s 

C,H,,O,Os 10 OS(CH,CH;)~(CO), CCI, H I.05m J 7 . 5  - 
H' 1.73m J 7 . 5  

c,&H,oO,Os 11 Os(COCH,CH;),(CO), CCI, H 
H' 

H 
H' 
H" 

H 
F 

H 

F 

2.71q 
0.89t 

4.50drn 

7.35m 
1.85t 

3.70d' 
117.5 

3.7 Id', 
3.66db 

123.0d' 

3 608 
607 R 

f*: 

608 $ 
P 

J 7  - 608 c) 

5 7  G 
L 
0 

JHF, 64.0 P ligands trans, (CO) ligands cis 569 
+Hr 8 .0  
- 

tl 

J"p 12.3 * 100 MHz 569 $ 
JPF + JpF  5 1.5 

JpH 12.0 * 100 MHz 569 

J F F ~  35.0 t trans coupling 
8.0 !j cis coupling 

J p F  32.0$ 
<0.2$ 

'i: 

P ligands trans, (CO) ligands trans 

t 94.1 MHz 

P ligands cis, (CO) ligands trans 



C ~ ~ F ~ O , O S P ~  15 (h2-CHF=CF2)0~[P(OCH;),I2- 
(CO), 

C21H22F6- 17 Ih2-C(CF~)2=O]O~lP(CH1)2- 
O,OSP2 c6H;l2(co)2 

( 3 )  TETRA HAPTO LIGANDS 
C,,H8O,OS 18 (1,2,3,4-h4-C8H8)Os(CO), 

F' 115.0t, 
99.8t 

(CDACO H 5.70dm 
H' 3.754 

3.55d 
CDCI, F 57.0dm 

F 205 comp. 
101 comp. 

CDCI, H 3.63t 
CH2C12 F 5 5 .  It 

CDCI, H 1.93111 
H' 7.37111 

CHCl, F 66.2d* 

JFOF, 178.0 
J p ~ o  53.0.1: 

(0.29 

JHp 11.0 
10.0 

JHF,, 66.0 P ligands cis, (CO) ligands fruns 569 

JHp 12.0 100 MHz 569 
JPF 2.7 94.1 MHz 

P ligands rrans, (CO) ligands cis 

- P ligands cis, (CO) ligands trans 569 

J P F , , ~  4.0 

- 
* I9F chemical shift of free 

ligand 77.2, relative to CFCI, 

J I , 2  = J3,4 9.0 C8H8 = Cyclo-octatetraene 609 
J1.* = J4.J 9.7 
J , , ,  = J2.4 0.5 
'2.1 5 ' 0  
J5,6 = J7., 12.1 

T -100' 
100 MHz 

J5,7 =Java  0.7 One singlet at ambient tempera- 610 
ture (b 5.22) 

'6.7 8'o 

0 z 

wl 
P 
c. 
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C,,H200,0~, 22 [1,4-h2-{[h4-C4(C6H,),10s(C0)2}- - . H 7,05m, - 
os(co),los(co)4 6.80m - 

(6) MISCELLANEOUS 
(a) Mono-osmium complexes 
C,,H,,N,OOsP, 23 

IC IIH2,00sP21t 24 

C ~ ~ H S ~ O ~ O S P ~  25 

C , ~ H , ~ O ~ O S P ~  26 

C,,H290,0sP 27 

C2,H,,0,0sP 28 
[C19H22- 29 

IC,HO,Osl- 30 

10,0sP21+ 

C4H2040s 31 

C,H,,GeO,Os 32 

[Os(PEt2CH2CH2PEt3(H)(CO)lt CDCI, 

lOs(HXCO),I- THF 

H 

H 

H 

H 

H 

H 
H 
H' 

H 

H 
H 

H 
H' 

-12.85t 

-10.4 

-9.42t 

-7.65t 

-8.97 

-8.00d 
2.52t 
7.40m 

- 10.24~,  
-10.62s' 

-8.73s 
-8.84s 

-9.11 
0.68 

612 Structure: 

Ph 

0 z 
- 583 

Isolated as the tetraphenylborate 491 3 
100 MHz 

9 

H 
0 

586 ;;i 

1018 n 
F 
> 

586 
U z 613 $ 

Isolated as the iodide 586 c, 

569 0 
5 * Not always observed 607 r 

939 B 
c1 

- 

- 613 
939 

100 MHz 101 I 

ul 



E TABLE IX-cont. 

Coupling 
constant Refer- 

6 (ppm) (Hz) Remarks ences Formula No. Compound Solvent 
___-- 

C,H,,O,OsSi 33 Os[Si(CH,),l(H'XCO), - 

C,HCl,O,OsSn 34 Os(HXSnCl,XCO), CH2C12 

C,H,oO,OsSn 35 OslSn(CH,),I(H'XCO), - 

[C5H050slt 36 [Os(HXCO),]+ H2S04 

(b) Di-osmium complexes 
C8H2080s2 37 [Os(CO),(H)I, C6H6 

H 
H' 

H 

H 
H' 

H 

H 

0.56s - 100 MHz 
-9.03s - 

-8.37s J(Is9Sn-H) 136 cis-isomer 
J("'Sn-H) 129.5 

100 MHz 0.47s - 
-9.62s - 

614 
940 

94 1 

614 

-8.2s - Isolated as the hexafluorophos- 589 
phate. 100 MHz 

-10.11s - Possible structure: 616 

co co co co 
\ /  \ /  
f \  / o r c o  oc-0s 

H CO H co 
* Centre of AA'XX' multiplet 6 16 
lJH0sP + JHOsP I= 18'5 HZ 

94 I - 
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TABLE IX-cont. 

Coupling 
constant Refer- 

Formula No. Corn poun d Solvent 6 (ppm) ( H 4  Remarks ences 
- . -  ____ 

-20.73d 

2.32d 
H’ -17,58q, 

- 18.33q 

3 \ /  cl 

.e/ ‘Os(PEt,)(CO), ti 

J p H  11.2 100 MHz using dimethyl sulphate ? 

4! 
(6 3.9) as internal reference 

* z - Isolated as the hexafluorophos- 942 0 
phate 

Isomer A 589 

Isolated as the hexafluoro- 

JpH 9.4 
J p H  9.4 
JPH 10.6 

JpH 18.9, 10.6 



z 0 

'H93 

L19 :a~nixui~ 1.91 Hdf PZL.91- 

S.6 Hdf K8.81- 
S.6 Hdf P1S.Z 
S.6 Hdf 'P7.L.Z 

zHN 001 

8 JJUOSI 

,H 

H 



T A B L E  IX-cont. % 

Coupling 
constant Refer- 

Formula NO. Compound Solvent 6 (ppm) (Hz) Remarks rnces 

IC2,H2,0,- 49 PCH;(C,H,),I(SC,H,)(H),- CH3N02 H* -1 5.8d. 
OS,PSI + (CO),Jt -18.01d 

H' 2.89d 
H t  -15.85d. 

H' 

H2S0, H' 
H 

CH,C12 H 
CDCI, H 

C6H6 H 

CCI, H 
C6H6 H 

- 1  8.05d 
2.89d 

2.31d 
-16,22d, 
-18.34d 

-10.7s 

-10.9s 

-11.6s 

4.73 
4 .O 

J ~ H  26.0 
JPH 14.0 
J 10-5 
JPH 26.0  

JPH 14.0 
J 10.5 

J 12.8 
JPH 27 
JPH l 3  

- 
- 
- 

- 
- 

Isolated as the hexafluorophos- 
phate 

Structure: 

6 I7 

* tr-form 
t /3-form 
100 MHz 
Dirnethylsulphate as internal 61 7 

100 MHz 
reference (6 3.9) 

- 618 

618 - 



H 2.31d J ~ H  10.0 Isomer A 
HI -7m - 

H2S04 

H" -19,3Ot, J ~ H  9.8 

5 89 

H" 

z - 19.98t JPH 7.0 I 
5 

reference U 
5 

Isomer B 
Dimethylsulphate as internal 

> 

H 2.734 JpH 10.5 

H" -19.14d. JPH 14.0 
- H' - 7m 

-19.77q JPH 18.8,8.7 

2.46q - 
1.18t - 

-17.12~, - 
- 18.87s - 

2.60 - 
1.50 - 

-17.5 - 

2.35m - 
1.50m - 
0.95t - 

-17.4s - 

Dimethylsulphate as internal 61 7 

100 MHz 
0 

> E reference 

$ 
I: Cyclic hydrido and thiol bridged 599 3 

structure proposed 
0 > 

Cyclic hydrido and thiol bridged 599 
z 
r 

structure, viz.: 4 

Cyclic bridged structure as above 599 Ct&OioOS3S 56 IOS(CO)~IJOS(CO),~(SC~H,XH') CCI, H 7.27s - 

ul 
P 
\D 

H' -17.0s - 



T A B L E I X-cont. 
? 

Refer- 5 
ences 0 

Ic 16H,0 &S3sI+ 57 ~OS~(SC~H,XH’)~(CO)~ ’ H2SO4 H’ 7.14m - Dimethylsulphate as internal 61 7 2 
-4 

Coupling 3 
constant 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks 
E 

- H’* - 1 6 . 8 8 ~ ,  reference (6 3.9) 
-19.55s - 100 MHz 5 

n 
r 
Gi 
> 
2: 
tY 
? 
3 
0 
E! 

* ct-form 0 

Structure: 

5 C6H5 

Ht 7,60111 - 
H’t -16.98, - 

-19.43 
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T A B L E  X 
Cobalt complexes 

Coupling 
constant Refer- 

No. Compound Solvent 6 (ppm) (Hz) Remarks ences Formula 

ul 
ul 
h) 

(c) Tricarbonyl derivatives 
C,CoF60,P 4 Co(CF,XPF;)(CO), 

4 .23b~ - 
-9.5 - 
59.5 - 
9.0 - 

4.21bs - 
-7.8 - 
57.6 - 
9.8 - 

Q 

4 
100 MHz 245 
Relative to CF,CO,H s 

5 
g 
3 
c, 

245 2 
5 
p 

Relative to CF,CO,H 

Relative to CF,CO,H CHCI, F-, -8.85 - 245 8 
58.3 - 
8.28 - F-5 

F-6 
0 

- F - 6 3 4 H ~  JPF 58 T 25' Relative to CCI,F, negative 652 
JFF 6 values to low field and positive 

F' 886 Hz JpF 1368 values to high field 
F -659Hz JPF 38 T -7OO cis-isomer 

F' 1 120Hz JpF 1373 
JFF3 } 



C ~ , H 2 , C ~ F 4 0 3 P  6 Co(h'-CF,CF;CH2CH'=CH';)- CDCI, 
IP(C,H;"),I(CO)3 

CnH2,- 7 CoIh'-CF,CF;CHZC(CH;)= CDCI, 
AsCoF,O, CH; I I AS(C,H;"),~(CO), 

F 

F' 

H 

H' 
F 
F' 

H 
H' 

H" 

H "' 
F 
F' 

H 
H' 
H" 

H"' 
F 
F' 

H 
H' 
H" 

H"' 
F 
F' 

-590  HZ 

635 Hz 

5.75tt 

7.45 
48.2 
121.1 

2.75td 
5.80m 

5,20d, 
5.05s 
7.40111 

51.1d 
101.2t 

2.65 
1 .9s  
4.90bs, 
4.83bs 
7.45m 

49.0s 
100.5t 

2.5t 
1.84s 
4.93bs, 
4.85bs 
7.4m 
50.9d 
100.7t 

T -loo trans-isomer 

- 

100 MHz 

653 
z 
B 
5 
U 

> 
654 0 

z 
0 
7rr 

94. I MHz 

F: 
100 MHz 

94.1 MHz 

100 MHz 

94.1 MH2 

654 2 
w 

Z 
8 
3 

654 

0 
0 

6 
r 
B 
B 

wl 
wl 
w 



ul 
ul T A B L E  X-cont. A 

Coupling 
constant Refer- 

Formula N 0. Compound Solvent 6 (PPm) (Hz) Remarks ences 
- 

CI,H,,CoF,O,P 9 COI~'-CF(CF;)CF';CH,CH'= CDCI, 
CH';lIP(C,H~'),I(CO), 

C~,H??COF,O,P 10 Colh'-CF(CF;)CF';CH,C(CH;)= CDCI, 
C H';ll P(C,H;"),I(CO), 

C,"HZ,CoFO,P I 1 Co(h1-3-CH,C,H,F)IP(C,H,)2I- CHZCI, 
(CO), 

C,,H,,CoF,O,P 12 CO(h1-COCHF2)IP(C,H;)31(CO), - 

C,,H,,CoFO,P 13 Co(h'-COCH,F)IP(C,H;),J(CO), THF 

H 
H' 
H" 

H"' 
F 
F' 
F" 

H 
H' 
H" 

H"' 
F 
F' 
F " 

F 

H 
H' 

H 

H' 

~~ 

3.2-2.6m - 100 MHz 
5.75m - 
5.2bs, - 
5.05bs - 
7.4m - 

145,9111 - 

94.1 MHz 

100 MHz 

65.7111 
98&lrn, 270 
76.0dm 
3.05-2.45m- 
1.85s - 
4.92bs, - 
4.82bs - 
7.4m - 

145.0111 - 
64.4  - 
98.0dm. JFSfF, 260 
76.5d 

+ 1.25 

94.1 MHz 

Relative to C,H,F - 

654 

7 

9 
5 
0 
R 

$ 
3 

654 c, 

2 
r 
i? 
U 
? 
3 
0 
W 
P z 
0 191 

655 

655 



(d) Tetracarbonyl derivatives 

C,HCoF,O, 14 Co(CF,CHFiXCO), C6H11 

C6F6 

(2) DIHA PTO LIGA NDS 
C,H,CoF,O,Sn 16 (h2-CF2=CF2)C~ISn(CHl)31(CO)4 CDCh 

(3) TRIHAPTO LIGANDS 
(a)  Monocarbony1 derivatives 

C,,H,,COOP~ 17 ( 1,2,3-h3-C,Hl~)C~lP(CH,)Ph~I,- C6De 
(CO) 

4.10dd J H F ~ ' ~  H 
F 69 .7  
F' 116.6 

J ~ p p  20.4,  11.8 
JHF, 60.1,  56.9 

656 

653 

f The difference between this z 
5 value and that reported above 

in C6HI2 seems too great to 
be due to a solvent effect 

0 z 
657 

0 a 
9 
2 
? 

658 

2: 

C,H,3 = cyclooctenyl 659 8 
100 MHz. TMS external 

;r; 

5 

C,,H,,CoOP, 18 ( 1  ,2,3-h1-C,H,,)Co(PPh,)2(CO) C,D, H- , ,H- ,  3.4m - C,H,, = cyclooctenyl 659 
H-2 4.5m - 100 MHz. TMS external 
CH, 2.3m, I .4m - 

(ratio 4 : 6) v1 
v1 

___ -ul 



VI 

QI 
T A B L E  X-cont. VI 

Coupling 
constant Refer- 

Compound Solvent 6 (ppm) (Hz) Remarks ences Formula No. 
-__.___ 

C~&$OO,P~ 19 ( I,2,3-hJ-C,H,j)Co[P(OPh),l,- C6D6 H_l ,H-3 4 . h  - C,H,, = cyclooctenyl 659 
100 MHz. TMS external 'FL 

5 
R 

(b) Dicarbonyl derivatives r 

4.7m - 
1.8m 
1.3m 

(CO) H-2 
CHZ - 

- 
X 

r: 

H' 
Hbnri 

H"' 
P 

2.17 

1.35 
4.42 

2.60 

1.57 
-41* 

2.06 

1.65 

4.21 
2.72 

1.41 
-64' 

3 
Hanri 2 

950 * 
H,n s /".. 

cl 

VJ 

> z 
0 

? 

4! 

4- 
Hexamethyldisiloxane reference 

8 * Trimethyl phosphate reference 

Hexamethyldisiloxane reference 950 $ 
660 

* Trimethylphosphate reference 



C,,H,8C~0,P 22 (b3-CH;2C(CH3)--CHCH;C6H;)- CDCl, H 
Co(PPh,XCO), H' 

H" 
C,,H,,CoO,P 23 (h3-CH jzCH'zCH. 0COCH;)- CDCI, Hsyn 

CO[P(C,H;")~I(CO), Honti 
H' 
H" 
H"' 

C,,H,oC~F40,P 24 (1,2,5-h3-CH,=CH'-CH';CF2- CDCI, H 

H' 
H, H" 

C F;)COI P(C,H;"),I(C O), 

H"' 

1.66 - 
3.18 - 
7.31 - 

5.76d J 1 . 5  
1.70d 511 .2  
4.66m - 
1.98s - 
7.4m - 

3.35dd J H H ~ . ~  
JHH, 2.0 

3.25bm - 
2.0-2.7 - 
comp. 

7.40m - 

Poorly resolved due to para- 66 1 
magnetic impurities 

100 MHz 

662 

z 
B 
U > 
-! 

654 
z 
0 

P 

n a 
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C,H,CoF,O, 

C,H,CoF,O, 

C,rJH,CoF,O, 

30 I I,2,5-h3-CH2=CH'CH';CF2CF'- CDCl, H 
(CF';)]Co(CO), H' 

H" 
F 

F' 
Fl' 

31 1 1,2,5-hJ-CH,=C(CH;)CH';- CDCIJ H 
CF,CF;]Co(CO), H' 

H" 

F 
F' 

32 [ I,2,5-h'-CH2=C(CH;)CH';CF2- CDCIJ H 

H' 
H" 

F 

F' 
F" 

CF'(CF'9lCo(CO), 

3.5-4.0111 

2.3-3 .Om 
4.65 

96.7 
105.3dm 

67.5111 
16 I .7bs 

3.5bs 
2.0s 
2.55d, 

2.30d 
107.4rn 
73.4dm 

3'95bs, 
3.77b~ 
2.0s 
2.5-3.05 
cornp. 

106,7dm, 
94.0drn ) 
67.6111 

162.4bs 

100 MHz 

100 MHz 

J p W ,  10.0 
J ~ F  21.0 
JH"F 2 I .O 

JFF* 9.0 
JFFv 210 94. I MHz 

JFF 45 

- 100 MHz 
- 

94.1 MHz JFF 230 
JFF- ,  10.0 

654 

r- 
C,,H,CoF,,O, 33 I I,2,7-h3-CH2=C(CH;)CH';- CDCI, H 4.0bs, - 100 MHz 654 $; 

B C(CF,)=C(CF;)-C(CF';)= 3.8bs - 
C(CF;,')lCo(CO), H' 2.0s - 

H" 2.8m - 
F 61.3q J F ~  14.0 
F', F" 57.5-59.2rn J ~ e p "  = 14.0 

VI 
VI 
\o 

F"' 5 2 . 8 ~ ~  JF,,F,,, 14.0 
_.___--- 



01 

0 
TABLE X-cont. o\ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (W Remarks ences 
- 

(4) TETRAHAPTO LIGANDS 
C,,H,,BrCoOP 34 [h4-C,(CbH,),1Co(Br)(PPh,)(CO) CDCI, H 7.24m - C,(C,H,), = tetraphenylcyclo- 666 .O 

butadiene 3 
C,,H,,CoIOP 35 [h4-C4(CH,),ICo(I)[P(C6H~)~I- CHZCIJ H 1.48d JpH3.8 Tetrameth ylcyclobutadiene 667 

E derivative. 60 and 100 MHz (CO) CDCI, H’ 7.4m - 

0 
C ~ H ~ C O I O ,  36 (h4-C4HJCo(I)(CO)2 - H 4.68s - Cyclobutadiene derivative 668 j 

C IoH, JOlO, 37 Ih4-C4( CHI),] Co(I)(CO), CDCI, H 1.81s - Hexamethyldisiloxane reference 669 3 
CI 

C,,,H2,BrCo02 38 [h4-C,(C,H,),]Co(Br)(C0), CDCI, H 7,40111 - - 666 $ 
- - C,,H,,BrCoO, 39 [h’-C,(pC,H,CH;),ICo(Br)(CO), CDCI, H 7.3 1 

H’ 2.33 

(5)  PENTAHAPTO LIGANDS 
(a) Monocarbonyl derivatives 
C~H,COI,O 40 (hs-C,H,)Co(l),(CO) CHCI, H 5.65 - 

C,H,CI,CoOSi 4 1 (h’-C,H,)Co(SiCI,)(H’)(CO) C6H,, H 5.13 - 
H‘ -13.33b - 

C#Z,CoOP 42 (hJ-C,H,)Co[P(C6H;),I(CO) CbH6 H 4.6Od - 
H’ 7.0-7.6 - 

C,H,Br,CoOSn 43 (hs-C,H,)Co(Br)ISn(CH;)Br,]- CDCI, H 5.47s - 

(CO) H’ I .70 JSnH‘ 56 

666 ’ 8 
P 
% 
0 

633 ’ 3 
40 1 
402 

918 
670 

67 I 



C8Hl tBr4- 44 (hs-C,H,)ColSn(CH~)Br,~,(CO) CDCI, 
CoOSn, 

C,,H,,CoOSn, 45 (h5-C,H,)ColSn(CH;),12(CO) CS, 

(b) Dicarbonyl derivarives 
46 (h’-C,H,)Co(CO), o-chloro- 

aniline 
C7H,CoOz 

4 7 (N-C ,H ,)Co(HgBr,),(CO), o-chloro- 
aniline 

48 (h5-C,H,)Co(HgCl,),(CO), o-chloro- 
aniline 

49 (hs-C,H,)Co(HgBr,XCO), 0-c hloro- 
aniline 

50 (h’-CSH,)Co(HgCl,XCO), o-chloro- 
aniline 

5 1 (h’-C,H,)Co(HgIJ(CO), o-chloro- 
aniline 

52 Ihs-C,(CH3),lC~(CO), cs, 
53 ~hs-C,H4CH;Si(CH;),~Co(CO), - 

CloH,,CoO,Si 54 Ih’-C,H,Si(CH;),ICo(CO), CS, 

H 
H‘ 

H 
H‘ 

H 

H 

H 

H 

H 

H 

H 

H 

H’ 
H“ 

H 

H’ 

5.42s 
1.74s 

4.70 
0.31 

4.63 

4.94 

4.87 

4.73 

4.87 

4.63 

1.89s 

4,8Ot, 
4.7Ot 
1.60 
0.00 

5,04t, 
4.74t 
0.13 

Reference hexamethyldisiloxane 

- 

67 I 

637 

z 

672 tl 
5 

5 
672 2 

673 p 
672 2 

9 
672 E 

3 
$ 

672 n 
P 

672 2 

0 
187 0 

$ 

s 
250 E 

i2 

208 

VI 
a\ 
c 



VI T A B L E  X-cont. 
~~ - ~ 

Coupling 
constant Refer- 

ences 6 (ppm) (Hz) Remarks Formula No. Compound Solvent 

C9H,Co02 55 (1 ,2,3,4,5-h5-C,H9)CO(CO)2 C6D6 =CH 
CH2 

(6) MIXED LIGANDS 
CZ.H~,COIOP 56 (h5-CsHs)C~COCH;MIb CDCI, H 

I P(C,H'(),I H' 
H" 

(a)  Monocarbonyl derivatives 
IC2820- 57 { ( h J - ~ , ~ , ) ~ o ( ~ ~ , ~ ~ ; ) -  (CD,),COor F 

F' 
CoF,O P 1 + fP(Ct.H,),I(CO))' CH,CN 

C,H,BrCoF,O 58 (hs-C,H,)Co(CF2CF;CF';XBr)- C6H6 F 
(CO) F' 

C,H,CICoF,O 59 (h5-C5H5)CO(CF2CF;CF';)(C1)- C,H6 F 
(CO) F' 

C,H,CoF,IO 60 (h'-C5H,)Co(CF2CF;CF';)(I)(CO) THF F 

F" 

F" 

F' 
F" 

C,HSCoF,IO 6 I (h5-C5H5)ColCF(CF;)21(I)(CO) CH2CI2 H 
F 
F' 

4.65 
I ,65, 
0.90 

4.77s 
3.37s 
7.5m 

60.8 

78.0s 

62.2bs 
114.3s 
78.9bs 

65.4bs 
114.5s 
89.3t 

+56 
+114,1 

+79.1 

5.63s 
+157,1 
+64.1 

J F F  245 Hexafluorophosphate 
JpF 12.3,32,9 

- 
J 10.4 

- 94.1 MHz 
- 
- 

I030 
'd 

r 
s 
0 

674 2 
0 .=r 
ic 

675 
cn 
> z 

676 
? 

676 
z 
0 

954 

954 



100 MHz 
94.1 MHz 

138 6.10s - 
- 

C I I H,CoF,,O, 62 (h5-C5H 5)Co(CF2CF,CF;?- (CH3)2C0 
(OCOC F;XCO) F 115.6, 

116.8 
F' 79.8 
F" 74.0s 

- 
- 

z 
6.08s - 138 % 

- U 
C,,H5CoFI2O3 63 (H-CIH5)C~(CF2CF2CF;)- (CHJzCO H 

(OCOCF'$FY')(CO) F 115.6, 

5 

$ 

- 116.8 
0 

F' 79.8 - 
F" 118.8 - z 
F"' 83.6 - 0 

C,,HSCoF,,O, 64 (hs-C5H,)Co(CF,CF;CF'$ CDCI, F 59.5q J11 138 
(OCOCF;"CH;~CF~XCO) F' 116.8, - 

5 
Il6.2t J 9  c 

E 

;r 

- 115.6 
F" 79.8t J l l  4 

F" 127.4 
F t I I  

n > 

65 {(h5-C,H,)Co(CF2CF;CF;)- (CH,),CO or F 56.8bq J F F  246 Perchlorate 675 2 
- n 

0 

- 
FV 81.5t J 9  

I C2,Hx- 
CoF,OPl+ [P(C6H5),I(CO) >' CH,CN F' 115d JFF, 11.4 

F" 74.8t 

C I ,H,COF, , I 0  66 (h5 -C ,H ,)Co(CFZC F;C F;C F;"- (C H 3)2CO H 5.90s - 954 5 
CF!VCFYCF~I XI)(CO) F 54.0 J F p  17 94.1 MHz E 

w F' 110.7 - 
F" 121.1 - 
F"' 122.1 - 
FIV 123.1 J ~ V F V I  10 
FV 126.5 
Fvl 81.8 

- 
vI - 
8 

100 MHz 
94.1 MHz 

94.1 MHz 



tn T A B L E  X-cont. m 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

i VJ 
- Two isomers 551 

z 
U 

C,F6 = hexafluorocyclopentadiene 

? C,,H,,CoO 70 (1,2,3-h3-C8H,,)Co(h4-C8Hi2)- Toluene-d, H-,, H-, 2.8m - TOO, 100 MHz 659 ~ 

TMS external 0 
U 

3.2m - C8HI2 = cycloocta-l,5-diene z 
0 

6.Ot - H-2 

C,H,, = cyclooctenyl F 
- (CO) 

=CHI 3,7m, 

ratio 2 : 6 :4  :6 CH,, CH; 2.5m,2.0m,- 
1.6m, 1.3m - 

(7) COMPLEXES WITH TWO OR MORE COBALT ATOMS 
(a) Dicobalt derivatives 
C,H&O~- 7 1 {Ih4-C4(C6Hs)41Co(CO)),(SCF3)2* CDCI, H 7.5-7.1 - 100 MHz 677 

F6°2S2 CH,CI, F 32.3 - * Bridging SCF, ligands 



C,,H,,Cl,Co,- 72 [(h’-C,H,)Col,[(GeC13,- CDCI, H 5.52 - 
FeGe,O, Fe(CO), I*(C0)2* 

C,,H,,Co,O,Sn 73 ((h5-C,H,)ColSn(CH;),1(CO)}, CS2 H 4.61 
H’ 0.75 

C I,H,CO~F,O, 76 CO~(CF,C,H)I(CO)~ CCI, H 6.51, 
6.32, 
4.02 

F 58.2, 
58.4, 
64.4 

CDCI, H 6 - 3 9 ~ ,  
6 , 2 8 ~ ,  
3.99s 

F 58.6, 
58.9, 
64.8 

* Bridging ligands 

- 

678 

637 

0 
953 z 

679 
n 

Structure proposed: 
. A  

0 CH-CH \ ‘C-CF, 5 

c1 



VI T A B L E  X-cont. P 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
___-- 

H 
H’ 

F 

H 

F 

F‘ 

H 
F 
F’ 

H 

F 

F’ 

H 
F 

1.65 
6.47, 
6.13 

57.25, 
57.32, 
60.85 

6.39~,  
4.01s 

61,4q, 
51.1q 
64 ,0~ ,  
57.8s 
6.59s 

62.4s 
58.4s 

6.51s 

61.8q, 
59.5q, 
55.4% 
52.2q 
57.6s 

1.28s 
59.2m, 
5 5 .  lm, 
50.5m 

Structure 

z Isomer I 

Isomer I 1  

nalo IS to th 

680 

a 
a 
3 
0 x 

8 above 679 

k 
0 

h 
> 

679 3 
953 p 

680 



CDC1, F 

CCI, F 

5 9 . l q  

52.09 

53.2, 
56.5,  
60 .4  

55.3 sept. 

2 .15s 
7.37171 

7.35171 

45.8s  

7,08171 

Structure analogous to that above 

Proposed structure: 

7 6 H 5  

Signals at b 1.45, I .56,5.50,  
7 .1-7,3, inratio6:6:  I :5 

C16H20C~,04  86 {Ih4-CH2=C(CH;)-C(CH;)= CHCI, H 2.16,  - - 
CH,ICo(C0)2}z 1.63 - 

H‘ 1.81 - 

6 79 
6 8  1 

953 

Z 

E 
680 

> 
-I > 
0 

681 Z 
0 

681 > 6 
3 

682 
1 

2 

> 
0 
?+ 

0 
Z 
.e 
r 
0 
0 

r 

E 
r w w 

357 

v, 
a 



vI 

% TABLE X-cont. 

Coupling 
constant Refer- 

No. Compound Solvent 6 (PPm) (Hz) Remarks ences Formula 

C14Fl,C~,0~ 87 I(h4-C,F6)Co(CO)2I, - not reported - C,F, = hexafluorocyclopentadiene 

C,,,H,,CI~CO~- 88 I(h4-C,H,)C~(CO)~1,Sn(CI), CDzCIz - - Norbomadiene derivative. One 
signal associated with the 
olefmic protons (6 4.18s) which 
split into two peaks of equal 
intensity at - 9 5 O  

0,Sn 

C,d-I,,Co,O,Sn 89 I(h4-C,H,)Co(CO),l,Sn(C6H,), CD,CI, - - Norbomadiene derivative. One 

C,,HBCo,O, 90 {[CHj<(CO)-CH,~Co(CO)2}z CDCI, H 3.61s. - Structure: 

olefinic signal (6 3.84) 

2.28s - 

C,,H,,Co,O,Si 91 lh5 :h’-C,H,Si(CH;),C,H,I- - H 5,12t, - - 
ICO(CO),l, 4.8Ot - 

H’ 0.38 - 

C,,H,,Co,OJP 92 (h’: h’-CH-3CH){ColP(C6H;),I- CS, H 5.03d JpH 2.9 - 
(c~~,)lco(co),l H’ 7.3m - 

551 

683 
?, 

3 
[ 
3 683 - 
F 
0 
3- 532 tj 

a 
? 
g 
0 
U 

0 

E 

E 

250 

684 
685 



C,,H,*As 2- 

Co,F,O, 

'3 I H2,Co205P 

C46H30As2- 

Co2F606 

C36H24C02- 

F6°6P2 

C46H3rJCo2- 
F6°6P2 

C8H2C0206 

C9H4C0206 

C9HCo2F,06 

99 (h2 : h2-CHxCH;)ICo(CO)J2 

100 (h2 : h2-CH3XF,)ICo(CO),12 

H 
H' 
H" 

- 

CDCI, H 
H' 

CHCI, F 

CHCI, F 

CHCI, F 
F 

cs2 H 

CCI, H 

H' 

CCI, H 
F 

1.1-7.6 
3.83 
1.32* 

1.92 
7.6m 

-15.1 

-13.4t 

-15.08 
-14.86 

-4.0s 

5.91 

2.75 

6.1 
- 1 1 . 1 s  

- T 30° 682 
- 
- threepeaksat6 1.19, 1.27,and 

- Tetramethylcyclobutadiene 669 
- derivative 

I Relative to benzotrifluoride at 686 0 

> 
JpF 9.4 Relative to benzotrifluoride at 686 p 

0 
T -3OO Relative to benzotrifluor- 686 6 
T -60' 'de at 94.1 MHz 

687 2 
J(l3=-H) Structure with C2usymmetry of 685 3 

* At T -50° this signal split into 

1.3linratio 1:1:2 

z 
56.4 MHz 5 

21 

56.4 MHz 

) *  2 c - 
- 

J("C-H) 222.3 100 MHz 

15.3 co-ordinated acetylene proposed F 
J H H  1 .O and vibrational frequencies c) 

compared to that of electron- 

hybridization (sp-wp') con- z 
firmed by J('IC-H) which is $ 

s 

> 
0 ically excited state. Change in 

c) 
0 intermediate between that of 

acetylene and ethylene 

687 100 MHz J( "C-H) 
220 k 2 

J("C-H') 132 

- 100 MHz 353 
- Relative to benzotrifluoride at 

I3 



VI 

d T A B L E X - C O ~ ~ .  

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 ( P P d  (W Remarks ences 

10H3C02F306 

C10H6C0206 

I IH lOcoZ07 

101 (h2 :h2-CH,C%CF,)ICo(CO)j12 CCI, H 
F 

H 
H 

H 
H' 
H" 

H 
F 

2.70s 
52.09s 

2.64 
2.65s 

6.01s 
3.23s 
I , 5 0 ~  

6.45 
137.9d 
154.7t 
162.3t 

58.9q 
82.81~1 
74.9t 

4.5 
61.31~1 
81.1111 

680 
a 

- 

100 MHz 9 687 
680 

102 (h2 :h2-CH,CrCCH,)[Co(CO),12 CCI, 
CDCI, 

103 ICHSC(OCH;xCH;)2I- - 
CO,(CO)~ 

688 8 

104 (h2 : h2-CH~CC,F,)ICo(CO),12 CCI, 100 MHz - 

JFF 23 
JFF 23 
JFF 23 

> 689 . 
5 
E! > z 689 o 

105 (h2 : h2-C6F5C~CC6F5)IC~(C0),l2 CCl, Relative to CF,C02H at 56.4 
M H r  

Fortho 

Fmeta 
Fgara 

H 
Fortho 

Fmeta 

H 
H' 

H 
H' 

106 Ih2: h2-(p-C6F,0CH,)CX@- CCl, 
C ,F,OC H,)l I Co(CO),I, Relative to CF,CO,H 

- 

- 

107 (h2 :h2-CHsCOCH;)ICo(CO),12 CCl, 6.18s 
2.43s 

1.38s 
2.48s 

690 

690 108 [ h 2 :  h2-(CH,),CC=CCOCH;I- CCI, 
ICO(CO),l2 



n.a. C I ,Co,F,O, 109 (h2 : h'-C,F,)ICo(C O),] - 

C2,H,,Co2Fe206 1 10 (h2 :h2-FcC=CFc)lCo(CO),l2 CDCI, 

C ,,H,CO~F~- 1 1  1 Ih2: h2-CbH,Cz(F,N,PJI- C6H6 
N3°6P1 I Co(C0) 31 2 

C,,H,,Co,- 112 ( h 2 :  h2-(CH,),GeC~CGe(CH,),b CCI, 

C,,H,,Co,- 113 ( h 2 :  h2-(CH,),Ge~CSi(CH,),~- CCI, 

Ge206 ICo(C0),12 

Ge0,Si I CO(CO), 12 

C I ,H ,,Co20,Sn 1 I4 [ h 2  : h2-CHdSn(CH;),I- cc I, 
ICO(CO),12 

C,,H,,Co206Sn 1 I5 lh2:h2-(CHl)3CC~Sn(CH;)))- CCI, 
ICO(CO),12 

C,,H,,Co,- 1 16 [h2 :h2-(CH,),SiCSSn(CH;),l- CCI, 
0,SiSn I CO(CO), I2  

C,,H,,Co20,Sn2 117 [h2:h2-(CH3)3SnC~Sn(CHJ)31- CCI, 
ICo(C0),12 

H 4.24 

F 49.8 
F' 68.2 

H 0.47s 

H 0.55s, 
0.40s 

H 6'25s 
H' 0.42 

H 1.35s 
H' 0.43 

H 0.30s 
H' 0.42 

H 0.40 

C,F,= F 

F 6 F 2  - 
- 

Signals at 36.2,49.7,59.0, and 
89.7 ppm relative to benzotri- 
fluoride, in ratio 2 : 2 : 1 : 1 

- Fc = ferrocenyl 

F,N,P, = N--PF; 
\ /  \ 

JpF 910 N 
J ~ F  970 

PP, 1 
N=PF$ 

- 
J("'Sn-H) 53 
J("9Sn-H') 56 

- - 
J("'Sn-H') 55 
J(IIPSn-H') 58 

J("'Sn-H) 53 - 
J(ilQSn-H) 56 

69 I 

2 
;a 
c1 

559 3 
692 p 

0 
;a 

9 
? 

F 

5 

5 

690 

5 690 

690 E 
0 

r 
690 8 

c1 

Fd 
690 

690 
ul 
4 



T A B L E  -- X-cont. _. 
~ __ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

Ln 
4 
N 

C loC~2F60,  1 18 (h2 : h2-CF2=CF-CF=CF& - F 26.2b, J 75 Relative to benzotrifluoride at 283 
ICO(CO),l, 36.7d J 16.5 56.4 MHz 

CI4Hl2Co2O6 120 Ih4-C,(CH,)411Co(CO)21- CDCI, H 1.67s - Hexamethyldisiloxane as reference 669 
Ico(co)41 

C,Co,F407 121 (CFCF;)[Co(C0),l2(CO) CFCI, F 50.04 J 12 Structure: 
F' 70.8d J 12 

CI,&O~F~O, 123 (1,2-h':h1-CF2CF,)ICo(CO)412 - F 31.8 - 

94.1 MHz 
Structure: 

656 
103 I 

454 
455 

658 

0 a. zl 
a. z 
U 



(b) Tricobalt derivatives 

C18H,,Co101 124 [(h'-C,H,)Co(CO)13 c6H6 H 4.56 - Structure: 557 

5.55 - 

s 
Structure: 

B 
693 9 

n Structure analogous to that above 693 0 

r 

5.44 - CI,H1,CO]FO6 126 Ih6-l,3,5-C6H3(CHJ]I(CF)Ce CS, H 

C,,Hl,ColO, 127 [h6-l,2-C,H,(CH,)21(CCH;)o- - H 5.93, 
Ic0(c0)]l, 5.44 

I CO(C0) 312 5 

- B 
Structure analogous to that above 693 - 

H' 3.64 - 

C,,H,,CO,O, 128 [hfi'-1,4-C,H,(CH&I(CCH;)Co- - H 5.49 - Structure analogous to that above 693 

wl 
4 
w 

ICO(CO),l, H' 3.65 - 



u 
4 TABLE X-cont. P 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

H 
H' 
H" 
H 
H' 

H 

H' 

H 

H' 

H 

H' 

H 
H' 

H 
H' 

5.45 
2.36 
3.64 
5.91 
7.46, 
7.17 
5.62, 
5.86 
7.41, 
7.16 
5.49, 
5.86 
7.45, 
7.20 
5.33, 
5.65 
7.21, 
7.42 
5.49 
7.21, 
7.41 

5.34 
7.20, 
7.40 

Structure analogous to that above 694 
693 v 

693 
5 

Structure analogous to that above 
0 
R 

Structure analogous to that above 693 3 5 

h 
g 
0 

Structure analogous to that above 693 > 
z 
U 
? 
L 

Structure analogous to that above 693 0 : 
i 
0 

Structure analogous to that above 693 

Structure analogous to that above 693 



H 
H 

2.47 
2.56 

695 
95 I 

695 H 2.42 

z 
695 5 H 2. ~OS, 

2.46t 

2.65 

2.95 
3.19 

U 

951 3 
0 

695 

H 

951 

g 
695 J 

cl 
3.06 

3.10 

100 MHz 

100 MHz 

CDCI, 

CDCI, 695 $ 
951 -I 

695 c) 
F 

6 
951 

695 
4 
r 

695 
0 

695 5 
951 r 

695 c] 
B 

3.10, 
3.08 

2.60 

100 MHz CDCI, H 

H 

H 

H 

2.95 

3.15 

- 

100 MHz 

- 

CDCI, 

H 

H 

H 

7.22 

7.23 

7.15, 
7.48 



TABLE X-cont. 2 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 OPm) (Hz) Remarks ences 

695 
'd 

695 3 
695 

- 32 8 C,,BrCo,09 153 (CBr)[Co(CO),j, - "C +186,2 - 
C,,Co,FO, 154 (CF)IC4CO)311 - F - 4 4 . 5  - 658 - 4 

k 
C I ,Co,F,O, 155 (CC F,)ICo(CO),I, - F 50.3s - Structure: 656 ~ 

FF3 658 2 

C, ,HD,Co,O, 156 (CC HD,)ICO(CO)~I, 

C,,H,DCo,O, 157 (CCH,D)[Co(CO),I, 

C,,H,Co,O, 158 (CCH,)ICo(CO),I, 

CDCI, H 

CDCI, H 

CFCI, H 

C6H6 H 
CDCI, H 

- - 3.7s 

3.64 
3.10s 

- - 

J("C-H) 128 - 

656 

695 
696 
687 
953 
95 1 



I59 H J 9 . 5  458 
*953 

4.3q 
(4.41qY 
65.1t 

(66. l ty  

3.78q 
1.54t 

I.91m, 
3.65t 
1.16t 

3.67d 
2.2-1 .7m 
1.19d 

4.6 
3.75 

4.02s 
7.11s 

4.97 
4.41 

143.9rn, 

161.8m 
155.9t, 

7.23 

F J 9 . 5  

160 

161 

H 
H' 

H 

J 7.5 
5 7 . 5  
- 
J 7.0 
J 7 . 0  

J 5 . 5  
- 

688 z 
B 

688 $ 
el 
3- H' 

H 
H' 
H" 

H 
H' 

H 
H' 

H 
H 
F 

I62 

163 

I64 

165 

CCI, 
cl 
3- 354 

4 
r 

CCI, 
C6H6 

JFF 18 cl 
0 

695 E 5 
I66 H 

697 C ,~H7C0,OI0 I67 IC@-C6H,COCH;)II CO(CO), I, CDCI, H 
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TABLE X-cont. 
~~~~~ ~ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
-cr 

C,J4,,Co0P3 184 Co(H)IP(CH,)Ph,l,(CO) 

C,,H,,CoOP, 185 Co(H)(PPh,),(CO) 

- 

- 

Ether 

c6D6 

THF 

TH F 
C6H6 

CH,CN 

H 

H 

H 

H 

H 

H 
H 

B 

6.53 - 

6.93 - 

- I  1.4 - 

-13.5q JPH 

-13 .h  JPH 

-12.3q JPH 48 
or 41 (?) 

24,1d* - 
l l .6dz 
(ratio I :2) 

External TMS 

External TMS 
- 

Tetramethylammonium salt 
* Relative to BF,.OEt, at 

32 MHz 

e 
695 3 

x 
695 

3 
cl 

700 $ 
%. z 701 0 

702 ? 

B 
659 

z 
0 

659 
703 
704 

77 
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TABLE XI 
Rhodium complexes 

~ ~ ~~~~~ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
~ ~ ~~~~~~~ 

(1) MONOHAPTO LIGANDS F 
(a) Monocarbonyl derivatives 3 
C38H33As2- I 

C39H33As2- 2 

C,,H,,Br,- 3 

CI,ORh 

CI,O,Rh 

OP,Rh 

C18H25C12- 4 
OP,Rh 

Rh(COCH;XAsPh,),(CI),(CO) H' 1.53d JpH 2 

H 1.63m 

-1 
J p H  5.4 
JRhH2-2 
J 8.0 

J ~ H  5.0 
JRhH2' 
J 8.0 

J p H  5.0 

JRhH2.1 

Mixture of both compounds 620 3 
0 
x 100 MHz 

5 
T 34O 621 p 

n 
; 

T 34O 
> z 

621 0 
P 
z 
0 
P 
5 

Phosphine ligands trans-orientated 622 6 
Two isomers obtained by the 

and C1 cis 

action of acetyl chloride on 
RhCI(PPh,), 

Two further signals at b 2.58 and 
3.26 indicates the presence of 
two isomeric acetyl complexes: 
Rh(CH,XCI),(PPh,),(CO) $ 
Rh(COCH,XCl)2(PPh,)2 



4.0 J 7  Since rhodium(I11) i s  normally 623 

> 2  

CDCI, H 
H' 1.24 - hexacoordinate n is probably 

Cl.+H],F,OPzRh 7 Rh(CF,CHF~)IP(C,H,),I,(CO) - H 5'oott JHF,,9 lo0 MHz 624 
J H F , ~ ~  T 35" 

F -74,83b* - * Relative to C6F6 at 94. I MHz z 
21 F' -34,20d* - 

8 Rh(CzF4H)(PPh])z(CIXH)(CO) - H 

H 

F 
F' 

H 
H' 
H" 

H 

H' 
H" 
HI,' 

H 
H' 
H" 
H 
H' 
H " 

-12.6 - 

5.62tt JHF,,9 
JHF~SS 

-83.9b* - 
-28.6d' - 

1.9 5 7 . 5  
0.76 L 

2.15t9 JpH4.5 
2.02t 

2.82 J p H  6.2 
JmH3.3 

1.31 - 
4.37,4.25 - 
1.97t, 5 8 . 2  
1.9Ot 

24 -3 .9  - 
6.5-8.2 - 
2.13,2,30 - 
2.7-3.9 - 
6.1-1.1 - 
2.05.2.30, - 
2.37 

Unstable 625 

100 MHz 624 
0 

T 3S0 
*Relative to C,F6 at 94. I MHz 

> 
Phosphorous ligands Irons- 623 f 

5 

orientated and CI cis-orientated 
T 34' 3 

F 
T 34" 

I00  MHz 626 6 
c, 

100 MHz 626 

!=2 



ul 
P 

T A B L E  XI-cont. 00 

Coupling 
constant Refer- 

ences 6 (ppm) (Hz) Remarks Formula No. Compound Solvent 

C43H41C12- 14 
OP,Rh 

C39H33C12- 15 

C4,H,,0P,Rh 16 

CS8H,,OP,Rh 17 

C4,H,30,0,RhS 18 

OP,Rh 

C34H31C12- 19 
OP,Rh 

C,,H,,Br,- 20 
0,P2Rh 

C,9HH,,CI,- 21 
O,P,Rh 

C,,H,,AS,- 22 
CI,ORh 

H 
H' 
H" 

H 

H 

H 

H 

H 
H' 
H" 

H 
H' 

H 
H' 

H 
H' 
H" 

2.9-3.9 - 
6.6-8.1 - 
2.12,2.32, - 
2.38 

5.7-3.4 - 

3,81t* 5 7  
1.26d 51 
2.42dd J 11,2.5 

1.69s - 
2.28t J 8.2 

1.57s - 
2,16t, 5 8 . 0  
2 . l l t  

3.01m - 
0.46d 5 6 . 0  
2 . 0 8 ~ ,  - 
2.00s 

100 MHz 

56.5 MHz 

100 MHz 

l00MHz 

100 MHz 

100 MHz 
* Further split by coupling with 

T 34' 

I1P and lo3Rh 

T 34" 

626 
a 
9 
s 

622 

627 $ 
5 

627 

627 

41 

62 1 

62 1 

T 34' 62 1 

P 

9 
3 
0 er 

0 

CI 

L 



(b) Dicarbonyl derivatives 
C2,H,,F,O2PRh 25 

C44H30F5- 26 
02P2Rh 

C,,H,,F,- 27 
N02P2Rh 

C46H30F3- 28 
N202P2Rh 

C43H30F4- 31 

C44H30F3- 32 

02NP2Rh 

N202P2Rh 

H 3.1 Id 
H' 2.04s 

H 3-00 
H' 1.48 
H" 4.42 
HII, 1.83~, 

1 . 7 5 ~  

H 5.09tt 
F -73,20b* 
F' -34.55d' 
Fortho 33.8 
Fmro 86.6 
Fparo 86.8 
F_2,F_, 32.0 
F-3,F-S 60.0 

F- 2 -3.2 
F-5 58.0 
F-6 15.5 

F 65.2, 
34.9 

H 2.93q 
H' 0.74t 

F-,,F-, 2 2 4  
F_,,F_, 40.0 
F-3 17.5 
F-5 23.3 
F-6 11.8 

T 34O 

T 34O 

100 MHz T 35O 
Relative to C,F, at 94.1 MHz 

Relative to CF,C02H at 56.4 
and 94.1 MHz 

Relative to CF,C02H at 56.4 

Relative to CF,C02H at 56.4 

and 94.1 MHz 

and 94.1 MHz 

Relative to CF3C02H at 56.4 

T 35O 100 MHz 

and 94. I MHz 

Relative to CF,C02H at 56.4 

Relative to CF,C02H at 56.4 

and 94.1 MHz 

and 94.1 MHz 

62 1 

62 1 

2 
3: a 
U 

> 
z 
0 

628 $ 

628 8 
cl 

3 
624 

$ 

628 ii 
$ 

2 
628 

cl 
0 

624 5 
!i 

628 

628 

VI 
00 



v, 
00 
Q\ 

T A B L E  XI-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

71.1 
16.2 

-36.6 

5.40tt 

-113.2b 
-40.90d 

0.8-1.5 
0.83 

H", H"' 0.0-0.6 
HI" 2.15 

- 
- and 94.1 MHz 

Relative to CF,CO,H at 56.4 

JH F,, 
J H F , ~ ~  T 35O 

Relative to C6F6 at 94.1 MHz 

- 
- 

H" 

T 60° 
* Centre of AB quartet 

628 
a 

9 
z 
cl 

0 
624 

g 
c 

1007 ~ 

5 

cl > z 
z 
U 
? 

E > z 
0 

47 

629 



C,,H,,AsZ- 39 (C,H,ORh)(CI)IAS(C6H;),Iz(CO) CDCI, 
CI0,Rh 

(b) Dicarbonyl deriratives 
C,H,oCIOzRh 40 Rh(h2-C6H,Jo(I)(C0)z - 

H 2.16s - 
H' 4.47b - 
H" 6.976 - 

6.39d - 
HtII 2.33s - 
H 1.66, 1.47, - 

0.76 
H' 7.42 

H 4.90111 - 

H 4,88111 - 
H' 3.10b - 
H" 1.95d 56 .0  

629 

2 

A 1 -rhodiacyclopentan-2-one 630 5 
100 MHz 

Y derivative 
-I * 
0 z 
0 Signalsat62.56,2.22,and 1.13, 357 

z 
Signals at 6 2.3b, 1.57, 1.42, 928 2 

* 
r 
0 * 

100 MHz T 35O 631 5 
Other signals very broad P 

0 
0 

T 35' 100 MHz 631 5 
Higher field signals very broad 

in ratio 2 :6 : 2 E 
1.39, 1.20, 1.08and0.93 2 

ti 

(b) Dicarbonyl derivatives 
C,H,OzRh 44 Rh(h3-CH~~CH'--CHJCO)z CDCI] 632 - 



wl 
00 
00 

T A B L E  XI-cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

(4) PENTAHAPTO LIGANDS 
(4) Monocarbony1 derivvltives 
C6H,120Rh 45 (hJ-C5H,)Rh(1),(CO) CHCI, 

CI8H3,OPRh 46 (h5-C,H,)RhIP(n-C,H,),I(CO) C6H6 

4 
5 

633 

918 

634 -3 
E 

5.91 

5.41t 

H 

H 

H 5.28 T 40° 60 and 100 MHz 

1.81 H' 

H" 

H 

H' 

7.43 

6.43 

2.36 

3. z 
634 U Ic 14H16' 48 {(h'-C,HS)RhIP(CH;),C6H,I- CDCl, 

BrOPRh]+ (BrXCO))+ 
Isolated as the bromide. T 40' 

* Normally 5-0.4, but not 
60 and 100 MHz 

resolvable 

T 30-40° 
100 MHz 

? 
3 
0 u s 

635 8 C,,H,@PRh 49 (hs-C,H5)RhIP(C6H;)J(CO) CDCI, 

C6H6 

CCI, 

C&1404PRh 50 ( hJ-C ,HJRhIP(OC H;),I(CO) C6H6 

H 5.14t 

H 5.28 918 

7.3 

5.44 

3.49d 

H' 

H 918 

H' 



CIlH1404PRh 51 (h5C,H,)Rh[P(OCH&CCH';1- CdH, 
(CO) 

C,H,CI,ORhSi, 53 (h5-C,H,)Rh(SiCI,),(CO) CDCI, 

C8H11C14- 54 (h5-C,H,)Rh[Si(CI),CH;],(CO) CDCI, 

C,H,140RhSn 5 5  (h'-C,H,)Rh(SnI,XI)(CO) CDCI, 

C,,H,,ORhSn, 56 (h5C,H,)Rh[S~(CH;),I2(CO) CS, 

ORhSi, 

(b) Dicurbonyl derivatives 

C,H,O,Rh 57 (h5-C,H,)Rh(CO), C6H6 

C,,H,O,Rh 60 (h5-C,H,)Rh(CO), cs2 

H 

H' 
H" 
H 
H' 
H" 

H 

H 
H' 

H 

H 
H' 

H 
"C 

H 

H 

H' 

5.51dd 

3.7od 
-0.175 

5.27 
7.28 

-1l . lb  

5.79 

5.674 
I .27d 

6.00 

5.18 
0.32 

5.12d 
105.2 

2.05d 

5.43, 
5.22t 
0.16 

- 
Relative to CS, (0.0 ppm) 

Structure: 

T 30° 

918 

636 2 
*r 
U 

636 5 
636 2 

636 8 * 
637 2 

c, 

918 $ 
580 2 
638 6 
250 5 

r 
c1 
0 

5 

639 
B 
l.2 



ul 
\o 
C 

T A B L E  XI-COW. 

Coupling 
constant Refer- 

Remarks ences 
. __-__ 

Formula No. Compound Solvent 6 ( P P 4  (Hz) 

H 1.14t 52.4 100 MHz 627 
5 

Cl,Hl,NORh 64 (h5-C,H,)Rh(C~NC6H;,)(C0) C6H6 

H 2.09q 
H' 0.81t 

H 5.15 

H' 0.82 

H" 1.65 

H"' 6.92 

H 5.48d 
H' 1.37 

H 1.95 
H' 2.79s 

J7.5 
J 7.5 

JHRho. 

100 MHz 627 

4 T 40° 634 
60 and 100 MHz T 
Tetraphenyl borate 0 

L 
v) 

> z 
U 
? 

918 B 
s z 
0 

638 

[CI6Hl6F3- 66 {(h5-C,H,)Rh(COCF3)[P(CH;),- CDCI, H 5.13 JHRho'4 T 40° 634 
OzPRhl+ c,H;l(Co))+ JpH 1.2 60and 100MHz 

H' 1.73 J H , ~  I Tetraphenylborate 

H" 6.90 - 
JPH, 11.5 



CDCI, 

CDCI, 

(6) MISCELLANEOUS COMPLEXES 
C,,H2,CIN2- 69 Rh[N(C,H,)=CH-CH'=CH"- - 

ORh C~HS~~(C~XCO) 

C ,J-I,,OP,Rh 70 Rh(PEt,),(H)(CO) C6H6 

C,lH,,OP,Rh 7 1 Rh(PEt,Ph),(HXCO) C6H6 

H 
H' 
H" 

H 

H' 
H" 

H"' 
H 

H' 
H" 

H"' 

H 

H' 

H" 

H 
H' 
H" 

H 

H 

6.34 
2.59 
7.56 

6.08 

2.52 
2.39 

7.52 
5.32 

2.42 
1.87 

6.93 

5.12 

1.68 

6.89 

8.68 
8.25d 
8. IOd 

-11.3 

-10.7 

T -20' 
Isolated as the Chloride 

T 0' 634 
60 and 100 MHz 
Isolated as the bromide 

T 40' 634 
Isolated as the tetraphenylborate 

T 40° 
60 and 100 MHz 

634 

389 - 

640 

640 



ul 
\D T A B L E  XI-cont. 

Coupling 
constant Refer- 

ences 6 (wm) (Hz) Remarks Formula No. Compound Solvent 

C3,H,,OP3Rh 72 

C,~,,OP,Rh 73 

c 17H 1.1- 80 
CIN0,Rh- 

Rhl N(C,H,)=CH-CH= 
C H  .C,H,I(CIXCO), 

C6H6 

C6H6 

CDCI, 

CH,CI, 

CH,CI, 

C6H6 

C,H,CH, 

CDCI, 

CH,CI, 
C6H6 

CDCI, 

H 

H 

H 
F 

H 

H 

H 
H 

H 

H 
H 

H 

-11.2 

-9.9 

2.01d 
78.63 

-9.8Q 

-9.69qd 

-9.27b 
-9.15 

-9.02q 

n.a. 

-9.63b 

-9.lb 

8.18t 

100 MHz 

TOO 100MHz 

T -35' 100 MHz 

T3S0 100MHz 

T ISo 100 MHe 

Signals at 6 0.80t (JPH 5). 2.15s, 
2 . m  (JPH I), 3.08~, 3.82s 
(OCHJ 

100 MHz 

T 35' 100 MHz 

640 

640 
.cr 
? 
2 

641 

B 
642 * 3 

.I 
643 cl 

640 $ 
a- 

644 $ 
? 

642 

620 
B 
z 
0 

64 3 

389 



C,,H,,O,P,- 81 RhlP(C6H,),l,lSn(CH;),l(CO), CDCI, 
RhSn 

(7) DI- AND TRI-RHODIUM COMPLEXES 
C,,H,,CI,04Rh2 82 

C,H,CI,O,Rh, 83 [Rh(h2-CH2=CH2XCO)12(Cl~ CDCI, 

(Rhl 1,4-h2-CO(CH,),1(CO)} ,(CI): - 

C6H6 

C,,H,,CI,- 84 {lRh(h2-C(CH,),=CH'-C(CH';)2- CSD6 
04Rh2 CH;"OH Iv I(co)},(cIY, 

C I4H l,CI,O4Rh, 85 IRh(h4-C,H,0XCOXC1)I, CDCI, 

H 
H' 

H 
H 

H 

H' 
H" 

H"' 

H 'V 

H 
H' 
H" 
H"' 
H'V 
H" 

7. I9 
0.14 

n.a. 

3.91 
3-41 

1 , 6 4 ~ ,  
1.62s 
3.58s 
1.43s, 
0.65s 
3,44d, 
3.54d 
6.24b 

4.13bs 
3.15bs 
4.46bs 
4.90bs 
2.93m 
2.26m 

Signals at 6 3.6,2.72, 1.65 

T 34O 
* Bridging C1 ligands 

100 MHz 
Bridging CI ligands 

645 

Structure: 
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TABLE XI1 
Iridium complexes 

Coupling 
constant Refer- z 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 5 
U 

(1) MONOHAPTO LIGANDS 
(a) Monocurbonyl deriwises 
C,,H,,Br,- 1 Ir(CH,XBr),IP(CH;),Ph12(CO) 

IrOP, 
C6H6 H 

H' 

C6H6 H 
H' 

C6H6 H 
H' 

C6H6 H 
H' 

0.76t JPH 5.4 
2,04t, J.8.0 
1.75t J *  8.6 

0.64t J p ~ 5 . 3  
1.94t. J.8.2 
I -66t J *  9.0 

* 
-I a- 
0 

trans-orientation of P ligands, 759 
CH, trans to one Br and cis to 

J *  = Separation of outer lines of 
the other ? 

3 
triplets 9 s 
CHI rrans to one CI and cis to 
the other * 

6 J *  = Separation of outer lines of 
triplets z 

;r 

6 

1 
trans-orientation of P ligands, 759 $ 

0 

0 

trus-orientation of P ligands, 759 
CH, trans to Br and cis to CI 

triplets 
J *  = Separation of outer lines of 

E 
trans-orientation of P ligands, 759 

CHI rrans to I and cis to CI 
J* =Separation of outer lines of 

triplets u, 



T A B L E  XII-COYZ~. ul 
v) 

Coupling 
constant Refer- 

ences Remarks 
I 

Formula No. Compound Solvent (ppm) ( H d  
. ._. 

c ,*H2J2- 
IrOP, 

C28H29- 
BrCllrOP, 

C28H29C12- 
IrOP, 

C,8H22CI,- 
IrOP, 

19H24AS2- 
C1,IrON 

C19H24C12- 
IrNOP, 

6 Ir(CH,XBrXCIXPPh,CH;)*- CDCI, H 
(CO) H' 

H 
H' 

7 Ir(CH,XCI),(PPh,CH;),(CO) CDCI, H 
H' 

0.98t J p ~ 5 . 5  
2.32t, J '7-8 
2 . m  J* 8.6 

0.36t - 
2.49t - 

1,96t, J * 8 . 0  
1.89t J* 9.4 

1.72s - 
2 .03~ ,  - 
1.94s - 

1.31t J p ~ 5 . 9  
2.2Ot, J*8.4 
2.071 J* 1.2 

trans-orientation of P ligands, 
CH, trans to one I and cis to the 
other 

J' = Separation of outer lines of 
triplets 

Isomer resulting from trans 
addition of CH,CI to trans- 
IIr(BrXPPh,CH,),(CO)~ 

Isomer resulting from trans 
addition of CH,Br to trans- 
lIr(CIXPPh2CH3),(CO)1 

Product of trans addition of 
CH,CI to trans-lIr(C1)- 

trans-orientation of P ligands, 
(PPhKH3)dCO)I 

CCI, trans to one CI and cis to 
the other 

J' = Separation ofouter tines of 
triplets 

trans-orientation of As ligands, 
CH,CN trans to one C1 and cis 
to the other 

trans-orientation of P ligands, 
CH,CN trans to one CI and cis 
to the other 

triplets 
J* = Separation of outer lines of 

759 

z 
a 
z 
0 

760 9 
r 
0 > 
Q 
> 760 z 
b 
p 

P 
759 

> z 
0 

759 

759 



11 Ir(CH,CH,Br)(Brh[P(CH;),- CDCI, 
Ph I,(CO) 

12 lr(CH,CH'ClCH;XCI),- CDCI, 
1P(CH;"),Ph12(CO) 

15 Ir(CH,CH,OCH;XBr),- C DCl, 
I P(CH';),PhI,(CO) 

16 {Ir[CH,CH2P(CH,),Phl- CDCI, 
(Br),[P(CH;),Ph I,(CO))+ 

I7 Ir(h'-CrCCH,XPPh,),(CO) C6H, 

H 2.95m, 
I .98 

H' 2.28t, 
2.17t 

H 1.5-2.0 
H' 3.38m 
H" 0.83d 
H "' 2,17t, 

2.Iot 

H 1.8-2.4 
H' 1.14s 
H" 2.18t, 

2.03t 

F 63.7t 

H 2.85m, 
1.6m 

H' 2.96s 
H " 2.26t, 

2.09t 

H 1.86d 
H' 2,32t, 

2.06t 

H 1.48s 

- 
- 
J* '7.8 
J* 8.6 

- 
- 
JH*H,* 6.5 
J'9 .6  
J *  9.6 
- 
- 
J* 8.6 
J* 8.6 

Jp ,  10.0 

- 
- 
- 
J* 8.4 
J* 8.4 

J P H  14 
J*  7.6 
J*  1.4 
- 

J*  = ' J p H  + ' J P H  76 I 
Br ligands cis to each other, z 

5 
5 would give a doublet) > 

phosphine ligands trans since H' 
gives a triplet (ifthe phosphine 
ligands were mutually cis, H' 0 

T 34O 762 2 
0 

(i.e. separation of the outer peaks 
3- 

J*  = Z J P H . ~ ,  + ' J p H w  

0" 
of the 1 : 2 : I triplets) 2 

'? 
T 34O 762 3 
J *  = 'Jp" + 'J pH, ,  

0 
3- 

Relative to CCI,F (0.0 ppm) at 454 ti 
z 94.1 MHz 4 
r 

761 n 
0 z z 
k 
D 

Isolated as the bromide 
J *  = ,JPH + ' J ~ H  

76 1 

100 MHz 627 



VI 

00 
T A B L E  XII-cont. \o 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
_. 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Ir(h'-eCCH,XPPh,),(CO) 

IT[ h '-=C (CH,),OH' 1(PPhJ2- 

CDCI, 

C6H6 

CDCI, 
CHCI, 

C6H6 

C6H6 

C6H6 

C6H6 

C6H6 

CDCI, 

C6H6 

C6H6 

H 

H 

H 
F 

H 
H 

H 
H 

H 
H' 

H 
H' 

H 
H' 
H 
H' 
H 

H 

1.54t 5 2  

1.86t J 1.5 

1.29 52 .5  
+6.95* J 1 4  
+9,86* J 1 . 5  

5 2  1.53 
1.52 
1.40s - 
1.41 - 

1.98q J 7 . 5  
0.62t 57 .5  

2.28q J 7 . 5  
0.79t J 7.5 

2.03q 57 .5  
0.47t J 7.5 
2.04q 3 7 . 5  
0.61t J 7 . 5  
0.76s - 

J 2.5 

1 

1.10s - 

100 MHz 763 
'FI 

T 35O 

100 MHz 627 3 
627 $ 

*Relative to trifluoromethylbenzene x 

5 at 35O at 94.2 MHz 

T 35O. 100 MHz 763 - 
627 100 MHz 

100 MHz 627 
T 35O. 100 MHz 763 

100 MHz 627 5 
? 

100 MHz 627 5 
763 2 

> 
100 MHz 627 5 

100 MHz 627 

c) 

100 MHz 

100 MHz 

627 
163 
627 



C42H371r04P2s 

C51H4,1r0P2 

C,2H&IIrO,- 
p* 

CI,IrO 
2 d 2 7 A s 2 -  

C20H27- 
BrCIIrOP, 

2@ 27c12- 
IrOP, 

C 2 d 2 6 A s 2 -  
c1,p 

33 Ir[hl-CH,CH'=CH;](Br)- 
(CI)IIP(CH;"),I,(CO) 

C6H6 

C6H6 

- 

CHCI, 

CHCI, 

CHCI, 

CHCI, 

CHCI, 

H 
H' 

H 

H 
H' 

H 
H' 
H" 
H"' 

H 
H' 
H" 
H"' 

H 
H' 
H" 
H"' 

H 
H' 
H" 

H 

H' 
H" 

0.94s - 
0.74s - 

-8.83 J 15.5 

3.9q - 
- 1.It 

2.5d J 8.0 
5 . 5 5  quint. - 
4.3d - 
240s, - 
1.90s - 

2.0-2.7 - 
5.4m - 
4.2m - 
2.22t, J * 8 . 4  
2.08t J* 9.0 
2.0-2.7 - 
5.48111 - 
4.25 sext. - 
2,52t, J* 8.0 
2.03t J* 8.8 

2.70s - 
4 .43~ ,  4.10s - 
2.10s. 1.93s- 

3.7od, - 
3.02d 
5 . 3 9 ~ , 4 , 8 6 ~ - -  
1.77s. 1.72s- 

100 MHz 627 

627 

- 764 

- 

z 

Trans orientation of As ligands, 765 cI 

> 
0 z 

B 
5 CH,CH=CH, trans to one CI 

and cis to the other 
T 34O 

Trans orientation of P ligands, 765 
CH,CH=CH2 rrans to Br and 

J* = Separation of outer lines of 

T34O 765 cl 

cis to CI $ 

i 

i5 triplets. T 34O 4 

F 
J * = 2 J  pH,,, -+ 4JJ,,,,, > 

z 
4 r 
cl 

trans-orientation of As ligands, 765 0 

r 
5 CH,C(CI)=CH, trans to one C1 

and cis to the other 
T 34O 
cis-orientation of As and CI ligands 765 



s T A B L E  XII-COnt. 

Formula 
- -  

C,oH,,CI,- 
IrOP, 

C21H29As2- 
CI,IrO 

C21H29Br2- 
IrOP, 

'2IH29- 
BrCIIrOP, 

No. Compound Solvent 

37 Ir(h'-CH2C(CH;)=CH'~l(Cl),- 
[As(CH;"),Phl,(CO) 

CHCI, 

CHCI, 

CHCI, 

CDCI, 

CHCI, 

- 
H 
H' 

H" 

H 
H' 
H" 

H 
H' 
H" 
HWI 

H 
H' 
H" 
H"' 

H 
H' 
H" 

H"' 

Coupling 
constant Refer- 

ences 

2.5-3.7 0Ct.- cis-orientation of P and CI ligands 765 

Remarks 6 (ppm) (Hz) 
- ._-___ 

5.33d, J 2 . 5  ycr 

3 4.81d - 

- camp. - T 34O 

2.53t J ~ p 6 . 3  
4.43,3,91 J<  1 
2,17t, J.8.2 
2.07t J *  8.8 

2.51t - 
1.22s - 
4 , 2 1 ~ , 4 . 0 8 ~ -  
2.32t, J* 8.0 
2.1% J* 9.0 

ai 
trans-orientation of P ligands, 765 

CH,C(CI)=CH, trans to one CI 

triplets 3 

3 

-3 

5 

and cis to the other 
J*  = Separation of outer lines of 

c) 

T 34O 765 $ 

? 

W T 34O 162 ; 
z 
0 

5 
J* = 2JpHu, + 4JpHw 

2.47t J ~ H  6.8 T 34O 765 

4.16~,  - P ligands mutually trans, organic 
3.94s - ligand truns to Br ligand 

1.21s - J* = 'JPH,,, + ' Jp~rn  

2.25t J *  8.2 
2.10t J* 8 .4  



C21H29As2- 4 1 Ir[h'-CH,C(CH;)=CH: 
C121r0 As(CH;"),Ph],(CO) 

CHCI, 

CHCI, 

CHCI, 

CDCI, 

H 
H' 
H" 
HI18 

H 
H' 
H" 

Hftl 

H 

H' 
HI' 

H "' 

H 
H' 

H" 

34sept.* - 
2.33s - 
4.73s - 

Complext 

2.44t J p ~ 6 . 4  
1.23s - 
4.12s, - 
4.00s - 
2.18t J '8.2 
2.07t J* 8.8 

3.41d, JHH8.8 
3.16d I 
4.7s: - 
4.56s 
1.73S, - 
1 .68~ ,  - 
1 .64~ ,  - 
1.61s - 

6.48bs - 
l . l l q ,  - 
1.69q - 
2,23t, - 
1.94t .- 

- 

T 34" 765 
*Non-equivalent methylene H's 

TProbably four overlapping doublets 
P ligands mutually cis, CI ligands 
mutually cis, organic ligand 
trans to one P ligand 

T 34O 765 

CI ligands mutually cis, P ligands 

Organic ligand trans to one CI 

= 2 J p ~ ~ u  + 4 J p ~ ~ u  

trans 

ligand 

*Some poorly resolved tine 765 
structure 

As ligands and CI ligands mutually 
cis, organic ligand trans to one 
As ligand 

T 34O 762 

o\ 
0 
c 



i3 T A B L E  XII-cont. 

Coupling 
constant Refer- 

No. Compound Solvent 6 (ppm) (Hz) Remarks ences Formula 

2 I H29C12- 
IroP, 

C21H29As2' 
C1,lrO 

C4LlH,,CI,- 

C,,H,,CI,- 

IrOP, 

IrOP, 

C42H17C12- 

IrOP, 

2 I H  27"2- 
IroP, 

C44HI6CIl- 
IrOP, 

43 Ir[h'-CH=C(CH;),](CI),- 
IP(CH'~),Phl,(CO) 

44 Ir[h'-CH=C(CH;),I(CI),- 
lAs(CH;),Phl,(CO) 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

C6H6 

- 

H 
H' 

H" 

H 
H' 

H" 

H 
H' 

H 
H' 
H" 

H 
H' 

H 

H 

6.15bs 
1 ' IOq, 
1.67q 
2.09t, 
1.84t 

6.19bs 
1.22d, 
1.7od 
1.95% 
1.75s 

5.18m 
3.54m 

5.28m 
3.95m 
1.25111 

5.30m 
I .07d 

I ,92t, 
1.23t 

8.10-7.70, - 
7.70-7.30, - 

T 34O 

CI cis, P ligands trans, organic 
ligand trans to one C1 ligand 

Orientation of ligands as above 

Orientation of ligands as above 

trans-orientation of P ligands, 

762 

a 
9 
B 

762 8 
3 
.3 
c, 

766 2 
> z 

766 ' 
P 

5 
766 

z 
0 

759 
C ~ H ,  trans to one CI  and cis to the 

J *  = separation of outer lines of 

Two isomers present 767 

other 

triplets 



H' 

H 

H 

H 
H' 

H 
H' 

H 
H' 

H 
H' 

H 
H' 
H" 

7.30-6.70 - 
4.84, 
4.70 

3.6 

3.8 

1.74s 
1,96t, 
1.88t 

1.84s 
I .90t, 
1.8lt 

1.58s 
I .9&, 
1.81t 

1.71s 
1,85t, 
1.75t 

1.65 
2.16q* 
7.55111 

- 
- 
- 

- 

- 
J* 8.8 
J* 9.8 

- 
J* 9.0 
J* 9.8 

- 
J* 8 .2  
s* 9.0 

- 
J* 8.8 
J* 9.2 

- 
JPH,- 5 
- 

- 768 

trans-orientation of P ligands, 759 2 
0 
ZI 

COCH, trans to one Brand cis 
to the other 

9 
triplets 3 

COCH, trans to CI and cis to Br 
$ 

3 

J* = Separation of outer lines of 

0 
trans-orientation of P ligands, 759 5 

4 

J* = Separation of outer lines of 
0 
9 

trans-orientation of P ligands, 759 $ 
J* = Separation of outer lines of r 

0 
0 

trans-orientation of P ligands, 759 5 

triplets 

COCH, trans to Br and cis to CI 

triplets 

COCH, trans to one CI and cis 
to the other 

triplets 

triplets 

E 
er 

J* = Separation of outer lines of 

*Quartet formed by overlapping 769 

z? 
U ____ w 



?? T A B L E  XII-COW. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

‘2gH29- 
BrC11r02P2 

c29H29c12- 

Ifi2PZ 

C20H27As2- 
C121r02 

5 5 Ir(C OC H ,)(Br)(CI)I P(Ph),- CDCI, H 

H‘ 
CH;12(CO) 

0.70~’~ - 
0 . 8 0 ~ ~  - 
2.58t - 

0.70s - 
2.58t - 

3.33q - 
0.94t - 
1 .74s, - 
1.59% - 
1.54% - 
1.45 - 

‘Mixture of isomers in which the 760 

0 COCH, ligand is fruns to the CI 
or the Br ligands 3 

- 760 2 
x 

‘Since each methyl group gives a 770 4 5 
3 separate resonance neither As-Ir 

bond lies in a plane of symmetry 
through the molecule and the two 
AsMe,Ph ligands are in different 
environments. The structure must z 
therefore be (I) or (11): 

n > z 
9 

U 
> 

co I * .XI  
EtCO- Ir-L‘ 

L/ I 
CI 

co ’ ,L’ 
EtCO- Ir -CI ,.co I .- CI 

1.  
EtCo- Ir -CI 

T, 
P 
9 z 
0 



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 

z 
5 
W 
-I 

thermodynamically stable form > 
(111) > 

Structure (I) (see above) where 770 2 
L = AsMe,Ph and 
L' = AsMePh,. Not isolated 
since it is rapidly converted into 

P 
$ 
$ 
5 

6 

the more stable form (Ill) (see 
above) 

Structure (1) (see above) where 770 g 
n > 

L = L' = AsPh,Me. Not isolated 

(see above) 

therefore the Me signal of  the 
labile ligand L' 

since rapidly converted into (111) 

*Temperature dependent and is z 
4 
r 
n 
0 

Trans orientation of P ligands. 759 $ 
E 
E 

COCH,CH, trans to one CI and 
cis to the other 

triplets 
J *  = Separation of outer lines of 

C,,H,,As,- 58 lr(COCH,CH;XCI),IAs(CH~,- 
CI,IrO, Phl[As(Ph),CH;"](CO) 

C,&,,As,- 59 Ir(COCH,CH;XCI),IAs(Ph),- 
CI,IrO, CH;l,(CO) 

C,&,,CI,- 60 Ir(COCH,CH;XCI),~P(CH'~),- 
IrO,P, Phl ,020) 

C,,H,,IrO,P, 6 I Ir(COCH,CH;)(PPh,),(CO) 

CDCI, 

CDCI, 

C6H6 

CH,CI, 

H 
H' 
H" 
H"' 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 

3.26q - 
0.92t - 
1.63s. 1.39s- 
1.83s - 

1.81q J 7 . 2  
0.13t 5 1 . 2  
2.11t, J.9.4 
2.03t J *  9.4 

2.30q J7.25 
0.05t J 7.25 

T 35O 
100 MHz 

624 
0. 
0 



m a T A B L E  XII-COnt. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (wm) (Hz) Remarks ences 

62 Ir[COCH(CH;)21(CI)2[P- CDCI, H 2.59111 - - 769 c 21 €4 29c 12- 

IT02P2 a (CH'&Ph],(CO) H' J H H , ~ . ~  

2,18t, JPH" 5.6 5 

5 
=.1 

H H' 5 

C,H;12(CO) H' 2.16t, J p ~ 9 4 . 7  t; 

2 a o t  

63 ( h  '-COC,H,)Ir[ P(C.jH 5& CDCI, H 0.8m - COC,Hs= $Q 929 
5 0'34d 1 - 

H" 

C41H35C12- 
Ir02P2 (CI),(CO) H' 2.62tt - 

H 

C2.H 27CI2- 64 Ir(COC,H,XCI)2[P(CH;)2- CDCI, H 7 . lm - - 769 c) 
P 

P 
H" 7.5m - z 

CI 

H' I.9St, J* 9.0 trans-orientation of P ligands, 759 ? 

- Ifl2P2 
2.96t 

C6H6 

?i 1.66t J *  9 .0  PhCO trans to one CI and cis to 
the other cr 
triplets 0 

J* = Separation of outer lines of P 
Z 

1014 

C2,,HH,,As2- 66 Ir(CH2C02CH;)(CI)21As(CH';)2- C6H6 H 2.49s - rruns-orientation of As ligands, 759 
C121r0, Ph 1 2(C0) H' 3.37s - CH2C02CH, ?runs to one CI 

H" I . 93~ ,  - and cis to the other 
1.97s - 



68 Ir(C0,CH3XPPh,)2(SCXCO) C6D6 

69 I~(CO~H)(CI),IAS(CH~)~- - 
Ph 12(CO) 

H 
H’ 
H” 

H 

H 

H 

H 
H’ 

H 
H’ 

H 
H’ 

H 

H’ 

2.25t J p H  6.8 
3.36s - 
2,16t, 5.8.8 
2.06t J *  9.4 

- 3 .os 

2.00, - 
1.96 

2,16t, J*9 .2  
2.09t J *  9.0 

3.29 - 
2.0, - 
1.92 - 

3.55s - 
1.75t J *  8.8 

3.24s - 
2.14, J*9 .0  
2.01t J *  9.0 

3.81q, J 7 . 0  
0.97t 57 .0  
2.0 - 

trans-orientation of P ligand, 159 
CH2C02Me trans to one CI and 
cis to the other 

triplets 
J *  = Separation of outer lines of 

2 - 771 
0 > 

0 
As ligands trans, carboxy group 

T 34O 

J *  = 2 J p ~  + ‘J~H 
P ligands trans, carboxy group 

trans to one CI 
T 34O 

As ligands rrans, carboxy group 

772 
trans to one CI z 

772 

5 
z 
rn 
1 

772 
cl trans to one Cl 3- 

T 34O z 
0 z J *  = ’JPH, + ‘JpH, 772 ;r 

P ligands trans, carboxy group 
trans to one CI 
T 34O 

in J *  = 2 J p ~ . +  ‘ J p ~ r  772 X 

T 34O 

Stereochemistry as above 772 
T 34O 

Stereochemistry as above !2 

rn 
0 



T A B L E  XII-COW. o\ 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
___ _._ - . 

C20H2,Cb 75 Ir(CO,CH,CH;XCI),IP(CH';)~- - 
IrO,P, PhJ,(CO) 

C2,H,,CI,- 76 Ir(CO,Ph~CI),IP(CH,),PhI,(CO) - 
IrO,P, 

(b) Dicarbonyl derivatives 
C,H,CI,IrNO, 77 Ir(CH,XCl),(C,H;NXCO)), CDCI, 

H 
H' 
H" 

H 

H 

H' 

H 
H' 
H" 

H 
H f  
H" 

H, H' 
H" 
H 
H' 

3.74q 
0.98t 
2,15t, 
2.01t 
2.2ot 
2.19t 

1.76*, 
1.52. 
8.87 

2.79q 
1.92t 
2 .oo 
2.61q 
1.77t 
2.05s 

2.15m 
8.56m 
3.14q 
1.7t 

J *  = 'JJPHV + 'JJPH,, 
Stereochemistry as above 
T 34O 

J *  = 2 J p ~  + 'JPH 
Stereochemistry as above 
T 3 4 O  

*Mixture of isomers 

772 
? 

772 [ 
r 

-2 
3 

L 
769 0 

> z 
v1 

710 
? 

B 
U 710 p 
z 
0 

769 



81 

82 

83 

84 

85 

86 

87 

(c) Tricarbonyl derivatives 
C,4H201r0,P 88 Ir(COCH2CH;)(PPh,XCO), 

(2) DIHAPTO LIGANDS 

CH2C12 

CDCI, 

C6H6 

CDCI, 

CH2CIz 

C6H6 

CDCI, 

C A N  

CHzC12 

gH6 

C29H30C1,- 89 (h2-CH2=CH2)lrlP(Ph)2CH$]2- CDCI, 
IrOP2Sn (Sn CI,XCO) 

H 2.89q 
H' 0.89t 

H 2.8m 
H' 1.41t 

H 1.51s 

H 2.20s 
H' 7.27m 

H 2.66q 
H' 0.45t 
H 2.90q 
H' 0.73t 

H 3.7q 
H' I.2t 

H 2.93 
H' 7.34 

H 2.52q 
H' 0.35t 
H 2.97q 
H' 1.03t 

H 2.0b. 
1.05b 

H' 2.44t 

T 35O 
100 MHz 

*Two bridging CI ligands 

100 MHz 
- 

T35O 
100 MHz 

T 35' 
100 MHz 

T 34O 



m 
0 

T A B L E  XII-eont. * 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

c 13 ,,C~,- 90 (b2-CH,=CH,)Ir(PPh,),(SnCI,)- 
IrOP,Sn (CO) 

c zPH,6C1F,- 9 1 ( bZ-CF,=CF,)lr( CI)[P(C,H,),- 
IrOP, CH;l,(CO) 

CDCI, H 1,75b, 
0.9b 

T 34O 114 
P 
r 
E 

115 

0 
7i 

E 

CDCI, H 
H' 
F 

1.40~11 
1.95d 

1 5 5 . 5 ,  
166.0 

j 
To high field of CCI,FCCI,F 176 3 C,,H,,CIF,- 92 (bZ-CF2=CF2)Ir(CI)(PPh3)2(CO) 

IroP, 

C,,H,,IrN,OP, 93 (hZ-CH(CN)=CH(CN)lIr- 
(PPh,)z(HXCO) 

CDCI, F 46 dt, 
64 dq 

J 154,41 
J 159,50,31 cl 

177 ~ 

z a 

G CH,CI, H -11.13 

cis-orientation of P ligands, CI and 

J* =Separation of lines of doublets 

759 ? 

9 
CO trans B 

> z 
100 MHz 778 

CHCI, H 2.15d, 
2.08d 

J*  11.9 
J*  11.6 

CDCI, H 
H' 

1.34 
2.17d, 
2.0od 

5 3 . 1 ,  
57.9 

F 
94.1 MHz 

C,,H,,CIF,- 96 [b2-C(CN)CF,=C(CN)CF,IIr- 
IrN,OP, (CIXPPhiMCO) 

CH,CI, F 5 3 , 5 d ,  
58.0d 

778 
94.1 MHz 



C19H10C1F6- 
IrN,O,P, 

C31H26C1F6- 
IrOP, 

C,,H,,ClIrO 

JSH26C1F12- 
IrOP, 

C,,H,,CIIrO,- 
p2 

C,,H,,CIIr09~ 
p2 

39H 32c13- 
IrOP,Sn 

97 fh2-C(CN)CF,=C(CN)CF,lIr- 
(COl P(OW),I ,(CO) 

98 ( 1  ,6-h2-C6F&oI)fP(C6HJ~- 
CH;I,(CO) 

99 (h2-C,H12),Ir(CIXCO) 

CFCI, 

CHCI, 

CDCI, 

CDCI, 

F 53.8d 
58.M 

H 7.4 
H' 2.06 
F-1, F-, 168.6 
F-,,F-, 181.2 
F-3, F-, 124.4 

H-$, H_, 4.47bm 
H-,, H-, 2.26bm 
H-,, H-, I.71bm 
H-6 

H 7.4511 
H' 2.25t 
F 48,06q* 

5 1,86q*, 
56,9m* 

H 3 , 5 6 ~ ,  
3 . 5 2 ~ ~  
3.25s 

H' 8 G 7 , l m  
H" 2.25t 

H 3 .25~ ,  
3.37s 

H' 7.8-7.2111 

H 4.60 

7 
C7H'2= 0 3  I 2  - 

*In ratio of 3 : 3 : 6 respectively 

- 

T 34O 



T A B L E  XII-cont. E 
h, 

Formula No. Compound 

C31H26C1F6- 
IrOP, 

C41H10C1F6- 
IrOP, 

IrOP,I+ 
[C31H32- 

C30H26C1F1- 
IrNO,P, 

C40H 3OCIF 1- 

IrNO,P, 

C40H11F6- 

IrOP2S 

C3,H3,- 
Ir0P,S2 

C41H10C1F6- 
IrOP,S 

Solvent 

CDCI, 

CH,CI, 

CDCI, 

CDCI, 

CDCI, 

- 

CH2C12 

H 
H' 
F 

F 

H 

H 
H' 
F 

F 

H 

H 

F 

Coupling 
constant Rrfer- 

b (ppm) (Hz) Remarks ences 
.- 

7.35111 
2 .  lot 

51.7q, 
54.4q 

-14 .2~*,  
- 16 .7~*  

1.34d 

7.3m 
2.6t 

75.5s 

79.9s 

-10.51t 

-1  1 .O 

57.5q, 
61.3q 

779 

? 

3 
z 

'Two isomers, signals to high 116 2 
8 field of CCI,F .CCI,F 

Isolated as the tetraphenylborate 761 - 3 
J' = 'JpH + 'Jp" 5 

94.1 MHz > 

0 
100 MHz 641 $ 

z 
U 

94.1 MHz 

100 MHz 

64 I 

78 1 

100 MHz 78 I 

175 
94.6 MHz 
*Bonding occurs to the C=S group 

of the thioketen ligand 



(3) TRIHAPTO LIGANDS 
1 13 ((h3-CH2CH'CH,)Ir(CI)- CHCI, 

[As(CH';),Ph],(CO))+ 

I14 {(h3-CH2CH'CH2)Ir(CI)- CHCI, 
[P(CH';),PhI,(CO)}+ 

1 15 (h'-CH,CHCH,)Ir(PPh,),(CO) C6H6 

H 

H syn 
H anti 
H' 
HI' 

H syn 

H anti 

H' 
H" 

H 

H syn 

H onti 

H'Lnti 
H' 
H"' 
H'" 

H :yn 

4.901*, 
2.23?, 
1.61t 

4.04 
2.82 

1.77s, 
1.72s 

n.m. 

4.27 

2.99 

n.m. 
2.05d, 
1.99d 

4.40m* 
1.82 v.b.* - 

357 *Two bridging CI ligands 

C8HI, = cyclooctene 
*Oletinic protons 
tMethylene protons z 

5 
T 34O. Isolated at the 

tetraphen y lborate 
H' 

/+HSW1 

Hmri 

T 34O 

Isolated as the 
J *  = PH" + 'Jp~sr 

hexafluorophosphate 

T35". 100MHz 
*Broad AX, spectrum. temperature 

and solvent dependent 

769 
E w 



o\ 

P 
T A B L E  XII-cont. Y 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 ( P P d  (Hz) Remarks ences 

1 17 {[h3-CH,C(CH;)CH,11r(C1)- 
[AS(CH'$~P~I,(CO)} 

I 18 [h'-CH,C(CH;)CH;]Ir(Br),- 
(AsPh,XCO) 

121 [h3-CH2C(CH3CH';]Ir(CI),- 
(C,H;"N)(CO) 

CHCl, 

CDCI, 

CDCI, 

'bHb 

CDCI, 

4,30 
3.06 
2.54 
1 , 9 2 ~ ,  
1.88s 

4.1s 
3.5b 
4.21s 
3.35d 

n.m. 

4.11s 
3.4b 
4.00s 
3 . ld  
2.49s 
1.68m 

JHH 1 T 34O 165 
Isolated as the 

hexafluorophosphate 
J H H - 1  

L 

- 

- 
5 3  

5 3  
- 
- 

2.68b, 1.35 - 
2.30 - 

T 35O 
100 MHz 

169 

169 

63 1 

169 



IC 21 H29- 
CIIrOP21+ 

C2,H2,C121rOP 

C4,H,,IrOP2 

C,,H,,lrOP, 

C42H1b1r0P2 

C44H431r0P2 

122 {Ih'-CH2C(CH;)CH2]Ir(CI)[P- CHCl, 
(CH'<),PhI,(CO)}+ 

124 I h1-CH2C(CH,)CH2]Ir- C6H6 

(PPhi)$O 

126 Ih1-CH2C(CH3)CHCH; IIr- C6H6 

(pph3)2(c0) 

H ' h i  3.7s 
H' 2.74s 

8.43 H"' 

H syn 4.08 

Hanri 3.04 
H' 2.46 
H" 2.02d, 

1.96d 

H I .86 

H 4.23m 
H' 2.09b 

H 2.06 
H' 1.99d 

H 2.34 
H' I.2ld 

J *  = 2JpH,, + ' J p ~ u  765 
z 
5 

Isolated as the 0 

hexafluorophosphate 5 s 
0 z 

- 769 0 
0 

9 
5 
0 

5 > 
T 35'. 100 MHz 631 
Temperature dependent > z 

0 
T 35O. 100 MHz 631 2 
Methyl signal unresolved, other r 

signals broad 

T 35 O .  100 MHz 

c) 
0 

5 
631 

x 

T 35O. 100 MHz 63 1 



o\ 

o\ 
- TABLE XII-cont. 

Coupling 
constant Refer 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
__- - __ - - __  - -_ -___ ._ - -- 

(4) TETRAHAPTO LIGANDS 
[Cz,H,,- 128 {(h4-CH,CH'CH'CH,)Ir- 

IrOP,I+ [P(CH';),Phlz(CO)}+ 

[Cz3H3z- 130 {[h'-CH,C(CH~)C(CH'$CH,]- 
IrOP,l+ IrlP(CH;I),Phl,(CO))+ 

CDCI, H 

H' 

H" 

H 

H' 

H'f 

CH,CI, H 

2,4m, 
0.3m 
5,86111, 
5.25 
2.08d, 
2.05d, 
1.75d I 
2,45111, 
0.35m 
5.9m, 
5.3m 
2,12d, 
2,07d, 
1.77d 

2.6~1,  
0.4m 

4.9m 
2.43d 

1,96d, 
1.86d, 
1.53d 

2,49111, 
0.3m 

Isolated as the tetrafluoroborate 

Isolated as the perchlorate 

T 34O 
Isolated as the tetraphenylborate 

Integral intensities in ratio 
1 : 1 : 2 respectively 

Isolated as the tetraphenylborate 
T 34O 



H' 
H" 
H"' 

( 5 )  PENTAHAPTO LIGANDS 
C,H,l,lrO 13 1 (h5-CsHs)lr(1),(CO) CDCI, H 

2.27d 
1.66q 
1,97d, 
1.84d, 
1.46d, 
1.39d 
2,51m, 
0.7-0. Im 
2.34d 
1.76q 
2.13d, 
2 . m ,  
1.62d, 
1.56d 

CDCI, H 4.97 - 
H' 8.1-6.9 - 

n.m. 
7.56 

-14.42 

1.91s 

2.28s 
2.00s 

I .97s 
3.24s 

z 
5 

0 z 
0 

> 6 

B 
F 

f 
782 L, 

- T 40° 100 MHz 783 8 
- Isolated as the tetraphenylborate 

- - 638 2 
5 

JPH 25 G 
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(b) Monohapfoldihapto 
C,,H,,IrP209 143 Ir[ht-C(C0,CH,)=CHC02- 

CH,l[h2-C(C02CH,) 
C(CO2CH,)l(PPhi)2(CO) 

C4,H,,F61rOP2 144 Ir(h1-C~CH,)(1,4-h2-CF2- 
CF'=CF'CF2XPPh3),(CO) 

- 

CDCI, 
CHCI, 

C6H6 
CHCI, 

CDCI, 

CDCI, 

CDCI, 

H 

H 
F 

F' 

H 
F 

F' 

H 

H 
F 

H 
H' 

3.60,3.42, - 
3.32.3.23 - 

147t  J 2 . 5  
+39,1dd, J 144,42 
+29,6dd J73,23 
+99.6comp. - 

1.47t 5 2 . 5  
+2,73q, J 1 0  
+5.22q J10 

+I04 comp. - 
+124comp. - 

1.68t J 2.5 

1 ' 74t J 1.6 
-10.25 cornp., J 6 ,  3 
-11.8comp. 

1.52t J 2 . 5  
2.03 - 

- 771 

-# 

2 

Relative to tri fluoromethylbenzene 3- 

Two non-equivalent CF, groups 0 

100 MHr 627 ;a 
0 

4 > 
z 

at 35' and 94.2 MHz 

100 MHz 
Relative to trifluoromethylbenzene 

Two non-equivalent CF, groups 
at 35O and 94.2 MHz 

100 MHz 

100 MHz 
CF, non-equivalent 
Relative to trifluoromethylbenzene 

at 35O and 94.2 MHz 

100 MHz 627 
m 
c. 



T A B L E  XII-cont. i3 
0 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 ( w m )  (Hz) Remarks ences 

(c) Monohapto/pentahupfo 

['3IH27- 153 
IrOPl+ 

C,,HIBIlrO 154 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 

CH,CI, 

H 
H' 
H" 
H 
H' 
H" 
H 
H' 
H" 

H 
H' 
H" 

H 
H' 

H 
H' 
H" 

H 
H' 
H" 

H 
H' 

6.05 JpH 1.2 
1.15 JpHr 5 . 1  
7.58 - 
6.05 JpH 1 . 1  
1.13 JpH, 5 . 1  
7 .51  - 
6.02 JpH 1.2 
1.16 JPH, 5 .O 
7.57 - 
6.02 JpH 1.1 
1.53,2.93 - 
7.60 - 
6.21  JpH 1.0 
7.63 - 
6.00 JPH 1.1 
1.13 - 
7.60 - 
5.83 JpH 1 1 
3.10,4.16 - 
7.64 

2.08 - 
1.33 - 

Isolated as bromide with 0.5M 783 a 

T 40° 

Isolated as chloride with 0.5M 

T 40° 

Isolated as iodide with 0.5M 

CH2CI, solvent of crystallization 9 
2 
z 

3 CH2C12 solvent of crystallization 

F 
CH,CI, solvent of crystallization cl 

T 40° b 
Isolated as iodide with 0.5M 783 2 

C H Q ,  solvent of crystallization tl 
T 40° ? 

Isolated as iodide 783 
E( s. T 40° 

Isolated as iodide with 0.5M 783 3 
T 400 

CH2C12 solvent of crystallization 

Isolated as iodide 
T 40° 

783 

- 784 



C,,H,,F,IIrO 155 [hs-C,(CH,),IIr(CF,XIXCO) H 
F 

C,,H,,F,IIrO 157 [h5-C,(CH,),IIr(CF,CF;CF';)- CH,CI, H 
( W O )  F 

F' 
F" 

C,,H,,CIIrO 158 Ih'-C,(CH,),lr(hl-C,H;XCIXCO) CDCI, H 
H' 

CI8H,,ClIrO 159 [hJ-C,(CH,),11r(h1-p-C6H;CH';t CDCI, H 
(C~XCO) H' 

H" 

C,,H,,BrCIIrO 160 [h5-C,(CH,),lIr(h1-p-C6H;Br)- CDCI, H 

IC,,H,,IrO,l+ 161 {[h5-C,(CH,),llr(CH;XCO),)f (CD,),CO H 
H' 
H" 

(CNCO) H' 

[Cl,H,81r0,1+ 162 { [h5-C,(CH,),IIr(CH;XC0),)+ CDCI, H 
H' 

[C,,H,,F,- 163 {[h~-C,(CH,),~Ir(CF,CF;IXCO),}t(CD,),CO H 

F' 
IIrO,l+ F 

(7) MISCELLANEOUS IRIDIUM COMPLEXES 
(a) Monocarbonyl derivatives 
C,,H,,As,- 164 Ir(Cl),~As(CH;),Ph],(H~CO) C6H6 H 

C1,IrO H' 

2.21 
5 .OS 

2.16 
70.5q 
82.3t 

2.18 
65.6q 

115.3q 
79.4t 

1.73s 
7. IOm 

1.77s 
7,05q* 
2.29s 

1.77s 
7.20b~ 

2.24s 
1.16s 
7,35,6,88tn- 
2.30s - 
1.06s 
2.48 - 

65.7 - 
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 frans, CI cis 

784 

784 

2 

5 
z 

784 

4 > 
638 

0 
ia 

638 $ 

638 5 
3- 
r 

638 
P 

5 

8 
3 

638 r 
c) 
0 

784 5 
E 
GI 

786 
Q\ 

-t;' 



m 
h) 

T A B L E  XII-cont. h) 

Coupling 
constant Refer- 

ences Remarks Formula No. Compound Solvent 6 (ppm) (Hz) 
- __._ . 

ICz5H14- 
AsCIIrOP,)+ 

Cl7Hll 
ClGeIrOP 

C17H24- 
ClIrOP, 

C25H14- 
ClIrOP, 

C,,H,,- 
BrIrOP, 

C2,H,,BrD- 
IrOP, 

166 Ir(CI)(GePh,~PPh,~HXCO) C6D6 

167 Ir(CI)[P(CH~)zPh~,(H),(CO) C6H6 

168 Ir(Cl)(P(CH;),Phl,(H)(CO) - 

169 Ir(Br)(PEt2Ph),(H),(C0) C6H6 

170 Jr(BrXPEt2Ph),(DXH)(C0) ' C6H6 

H 
H' 

H" 

H 

Ha 
Hb 

H' 

H 
H' 

Ha 
Hb 

Ha 
H b  

-10.7 
1.83t, 
1.69t 
1.06s 

-8.50 

-18.36 
-7.58 

1.89t, 
1.86t 

-9.2 
1,84t, 
1.64t, 
1.19q 

-18.29 
-8.73 

-18.30 
-8.75 

J *  = 'Jp,+ 'Jp" 
P ligands trans, C1 and CO ligands 

Isolated as the tetraphenylborate 
trans 

0 .5M C,H,, 
Solvent of crystallization 

trans-orientation of P ligands, 
Ha trans to c l ,  Hb cis to CI 

J *  Separation of outer tines of 
triplet 

Two P ligands trans, CI and CO 

Isolated as the tetraphenylborate 
ligands trans 

trans-orientation of P ligands, 
Ha trans, and Hb cis, to Br 

trans-orientation of P ligands, 
Ha trans, and Hb cis, to Br 

787 

?r 

r 
B 
rl 

788 E 
9 

n 

3 
759 s 

e 
v) 

> z 
U 

? 
781 5 

E! 
h 
0 

159 

159 



171 Ir(CI),IP(CH~),~,(HXCO) 

172 Ir(CI),(PEtj),(HXCO) 

H -16.6 
H' 1.74 

H -9.2t 

H -1 5.98t 
H' 1.65, 

I .53 
H" 0.92t 

H - 16.24t 
H' 1.19t 

H -15.75 
H' l.lt 

H -16.36 
H' 1.27t 

H -16.46t 
H' 
H" 1.29, 

1.25 

H -16.26 
H' 1.374 

1.31 

H -16.26 
H' I .39t, 

1.32 

Jp~12.9 
JpH 4.2 

J P H  16.0 

J p ~ 1 0 . 8  
J*  8.7 
J* 7.1 
J t  14.6 

J P H  10.6 
J t  12.6 

JpH 10.65 
J t  13.7 

JpH 10.7 
J t  14.0 

J P H  10.9 
J* 7.6 
J t  13.3 

Jp~ll.7 
J t  13.2 
J t  13.1 

J P H  11.9 

JT 13.1 
J t  13.2 

P ligands frans, CI cis 

P ligands frans, CI frans 

P ligands trans, CI cis 
J t  = ?IPH + ' J p H  

P ligands trans, CI cis 
Jt  = ?IPH + ' J ~ H  

P ligands trans, CI cis 
J t  = 'JpH + ' J P H  

P ligands frans, CI cis 
J* = ' J P H  + 4 J p ~  
J t  ?IPH i ' J ~ H  

P ligands frans, CI cis 
J t  = ' J P H  + ' J ~ H  

P ligands trans, CI cis 
J ' b = ] J p H +  ?IPH 

786 

789 

f 

5 

e 

790 ?J 

U 

P 

790 0 

E z 
790 F 

z 
> 
c1 > 

790 2 
r 

3 
790 

4 

s 
% 

790 3 
790 

o\ 
N 



Q\ 

P 
T A B L E  XII-conl. hl 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (PPm) ( W  Remarks ences 

H -15.5t 
H' 1.91, 

1.88 
H" 1.22t 

H -15.79 
H' 1. l t  

H - 15.78t 
H' 1.27t 

H - 15.78t 
H' 1.29t 

H -9.74dt 
H' 1.9Ot, 

1,67t, 
1.49 

H -15.3 
H' 2.00, 

1.93 

P ligands trans, Br cis 790 
J *  = 'JPH + ' J~H 

Jt = 'JPH + 'JPH 

a 
3 
z 

P ligands trans, Br cis 790 

$ Jt = 'JPH+ 'J~H 

790 p P ligands trans, Br cis 

P ligands trans, Br cis 790 h * z 
U 

Two P ligands trans, Br and CO 787 p 

c) 
Jt = 'JPH + ' JpH 

Jt = 'JPH + 'JJPH 

ligands trans 
J *  = 'JPH + 'J~H 3 

P 
3- z 
0 

Isolated as the tetraphenylborate 
*Large P-H coupling is 

characteristic of a P in 
fram-position to hydrogen (H) 

Smaller coupling to other two 
equivalent P nuclei 

P ligands trans, Br cis 786 



C27H27- 
BrCIIrOP, 

C17H23C12- 
IrOP, 

C41H16- 
BrlrOP,S 

CIIrOP,S 
C4,H16- 

186 

187 

188 

189 

190 

191 

192 

193 

194 

Ir(Br)(CI)[P(Ph),CH,],(HXCO) CDCI, H 2.6Ot, - P ligands trans 
2.57t - Two isomers 

C6H6 H -15.7 JPH 12.3 P ligands trans, CI cis 
H' 1.88, J p ~ r 4 . S  

1.81 J p ~ ' 4 . 6  
C6H6 H -8.7 J ~ H  17.5 P ligands trans, CI trans 

H' 1.80 J p ~ ' 4 . 2  The hydride ligand gives a signal 
to considerably higher field 
(-13 to -18) when tram 
orientated with respect to a 
hydrogen ligand than when it is 
cis to a halogen (-6 to -10) 

CDCI, H 2.48t - - 

100 MHz 

- H -12.w JPH 16 220 MHz 

c6D6 H -10.30 Jp" 21.3 

H' 2.1, 1.95 - trans-isomer 
H" 2.3m - Isolated as the [B(C,H:"),]:- salt 

7.2s HI11 

C6D6 H -1 1.32 Jp~13.5,22.O 100 MHz 

c6D6 H -1 1.76 J p ~ 1 3 . 0  100 MHz 

- H -15.2t JPH 12.0 P ligands rrans, H and Br 

- H -16.lt JPH 12.0 P ligands trans, H and CI 

- H -1 lq JPH l4 

ligands trans 

ligands trans 

I60 

786 

0 

760 L 
j: 

F 
P 
E 

$ 

791 2 
792 

0 z 

n 
0 

791 5 
791 ff 
793 g 
794 

794 
o\ 
h, 

- v I  



a\ 
h) 
o\ 

TABLEXII--cont. 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

C4,H,,IIrOP2S 195 Ir(IXPPh,)2(SPh)(HXCO) - H -13.1t P ligands trans, H and I 

P ligands trans, H and Br 

P ligands trans, H and CI 

P ligands trans, H and I 

P ligands trans, H trans to 

ligands trans 

ligands trans 

ligands trans 

ligands trans 

one SC,F, ligand 

794 
Ir 

794 9 C4,H,,BrF,- 

C43HI w - 5 -  

IrOP,S 

IrOP,S 

IIrOP,S 

IrOP,S, 

C4,H4,CIIr04- 
P,Si 

C41H31F5- 

C49Hl I F10- 

196 Ir(BrXPPh,),(SC,F,XH)(CO) - H -14.8t JPH 1 1.1 

197 lr(CIXPPh,)2(SC,F,XH~CO) - H -15.7t J P H  11.4 

198 Ir(I)(PPhJ,(SC,F,XHXCO) - H -13.lt 

0 
794 g 

> z 795 u 

199 Ir(PPh,),(SC6F,),(HXCO) CH,CI, -13.2t H 

200 Ir(CI~PPh,),~Si(OEt),l(H~CO) CH,CI, 
CHCI, 
C6H6 

201 Ir(CIXPPh,)2(SnCI,XHXCO) CH,CI, 

H 
H 
H 

H 

-7.0 
-6.34 
-6.1 

-9.9 

? 
K 
0 

z 
0 

796 C17H3,C14- 
IrOP,Sn 

IrO,P,Sn 

BrIrOP,Sn 

CIIrOP,Sn 

C40H37C14- 

'40H40- 

C40H40- 

56.5 MHz 

H -9.9t JPH 10 56.5 MHz 796 

797 

797 

P ligands trans, H and Br 
ligands cis 

H 
H' 

H' 
H 

- 
-0.03s 

-0.09s 
-8.8 

204 Ir(CIXPPh,)2~Sn(CH;),](H~CO) CDCI, 
C6H6 



4 IH 46- 205 
ClIrOP,Sn 

C45H42- 206 
CIIrOP,Sn 

C,,H2,CllrOP2 207 

CDCI, 

C6H6 

CDCI, 

H' 
H 

H' 
H" 
H 

H 

- - 6.07 
-10.4 - 

797 

- 
JpH, ,  9 

P ligands trans, H cis to CI 
and trans to Sn ligand 

797 7.32111 
1.8t 

-5.3 

-19.45 
1.68 

z 
5 'bH6 

C6D6 JPH 13.8, 13.2 
J H H ~ . ~  
J ~ s ~ ~ r 8 . 4  
JpHv7.5 
- CI ligand 

JPH15 
JPH l5  

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 

P ligands trans, H ligands cis, 
one H cis and the other trans 
to the CI ligand 

J p ~ 1 8 . 7  
J p ~ 1 3 . 9  
J H H 5 . 1  

P ligands trans, H ligands cis to 
each other, one being cis and the 
other trans to the I ligand 

J ~ , ~ w 7 . 8  
JpHt7.2 
- 

788 p 
-1 > 
0 z 

H' 

H" 

H 

0.89 

-7.3t, 
-18.4t 

0 

796 8 
5 
(? 

c ,,H 22- 208 
CllrOP, 

CH,CI, 

i 
788 5 C,,H,,IIrOP, 209 C6D6 H -10.2, 

-17.5 cl 
> 

6 z 
.e 
r 

H' 

H" 

H 

1.73 

0.84 

- 1  1.31, 
-11.80 

cl 
788 5 

r 

C16H4,-  210 
GeIrOP, 

C6D6 JHH4 
JPHrram l4  cis to both P ligands, and one H 
JPHci~19 '2  
- other P ligand 

P ligands cis, one H ligand 

trans to one and cis to the 

GeMe, ligand cis to both H's 
H' 0.83 

C6D6 H 
H' 
H" 

788 - 
0.93 
1.54d 



T A B L E  XII-cont. Q\ 

k2 

Formula No. Compound Solvent 

Coupling 
constant 

(Hz) 
Refer- 

Remarks ences 
- ~- ._ _ _ . _  ~~ 

C4oH.i 
GeIrOP, 

C33H4,- 
GeIrOP, 

C4,H.i 
GeIrOP, 

['UH35- 
IrOP,I+ 

[C40H4,- 
IroP,I+ 

C6D6 

- 

C6D6 

- 

CDCI, 

H 

H' 

H 

H 

H 

H' 
H" 

H 

H' 

H 

-9.50. 
-10.50t 

0.80 

-10.04, 
- 10.827 

1.38 

-9.77* 

-10.86t 

1.11 
1.28 

-9.6 to 
-12.8 

1.89t 
1.18q 

-9,03q*, 
-1  l .6 t  

P ligands cis, one H* cis to 788 
both P ligands, and one H t  798 a 
trans to one and cis to the 

both H's 
other. GeMe, ligand cis to 2 

$ 

3 
One H* cis to both P ligands, 788 2 

and one H t  cis to one and trans 
to the other P ligand 

s 
0 
?- 220 MHz 788 t; 

P ligands cis 798 p 
z 
U *H cis to both P ligands (8 lines) 

? t H  cis to one and trans to the 

z 
other P ligand (8 lines) 

GeMe, ligand cis to both H's B 
L Isolated as the tetraphenylborate 787 o 

Two of the P ligands mutually 
trans 

One H cb to all three P ligands and 
one H cis to two and trans to the 
other P ligand 

100 MHz 799 
Two P ligands mutually trans 
*H cis to three P 



C31H32C13- 
IrOP2Sn 

C43H32FS- 
IrOP,S 

[C18H68- 
IrOP,Sl+ 

C45H43- 
IrOP,Si 

C,,H,,- 
IrOP,Si 

21 8 Ir(PPh,),(SnCI,)(H),(CO) 

2 19 Ir(PPh,X(SC,F,XH),(CO) 

- 

CH,CI, 

CH,CI, 

CDCI, 

- 

- 

H' 

Hb 

Ha 

H 

H 

H 

H 

H 

1.81t, 
1.60d 

-9.4qd 

-10.7td. 
-1 1.9td 

-9.9t, 
-12.5t 

-7.9td. 
-15.0td 

-9,95t, 
-14.05t 

-10.0, 

-1 1 .o 

-9.5. 

-10.7 

f H  cis to two P and trans to one P 
Isolated as the tetraphenylborate 

100 MHz 78 1 

Hb 
Ph,P I... I *.,Ha 

Ir 
Ph,P3' I 'P2Ph3 

C 
0 

Isolated as the perchlorate 

56.5 MHz 796 

- 794 

Isolated as the perchlorate 

- 935 

77 1 

- 935 



Q\ 

0 
TABLEXII-cont. w 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 
-. -. 

- H -10.2, JHH4 223 Ir(H),~P(C,H,),I,ISi- - C43H4,- 
IrO,P,Si (OC,H,),I(CO) JPH 22,17 

-11 .5  JpH 110.5, 
18.5 

H 1.68t J* 8 . 6  C,*H22- 224 Ir(CI)[P(CH3),Ph1,(CS,XCO) C,H6 
C I I r 0 P , S 

(b) Dicarbonyl derivatives 
C,,H,,As,-IrO, 225 Ir(AsPh,),(HXCO), CH,CI, H -12.30s - 

H - I 1.40s - 
C6H6 

Structure: 

J *  Separation of  outer lines o f  
triplet 

T 35O 100 MHz 800 
The hydridodicarbonyliridium (I) 

complexes o f  formula 



23 0 IIR(AsPh,),(H),(C OM + CDCI, 

23 1 IrIP(Et),I,(H),(CO),}' CDCI, 

232 IrlP(i-C,H,),I,(H),(CO),)f CDCI, 

H 
H 
H 

H 

H 

H 

H 
H' 

H 

H 

H 

- 1  1.58t 
-10.99t 
-11.06t 

- 10.98t* 
-1  1.26t* 

-11.1 

-10.58t 

-10.5s 

-1l.4t 

-1l.8t 

J 17.5 
J 11.0 
J 18.5 

J 19 
J 35 

- 

J 3.5 

JpH 16.2 
J'i,,,16.8 
J'pH, 10.8 

- 

J P H  

J P H  l 5  

Ir(H)(CO),L, (where 
L = PPh,, P(C6H4FX, 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 ofthe 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 34O 
Isolated as the tetraphenylborate 
J* values are the separation of 

outer peaks oftriplets (or 
doublets) 

60 and 100 MHz 

60 and 100 MHz 
Isolated as the tetraphenylborate 

60 and 100 MHz 
Isolated as the tetraphenylborate 

z 
5 
P 
4 > 
0 z 
0 

> T1 
t. 

781 
rn 

800 2 
r 
n 

801 c 
0 z 
.e 
r 
n 
0 

799 $ 
B 
R 

799 

799 
m 
2 



a3 
h) 

TABLE XII-cont. w 

Coupling 
constant Refer- 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 

[C,,HIr,O,,]- 239 IIr,(HXCO),,l- 

CDCI, H -1  1.5t 

CDCI, H -l l .ot  

CDCl, H -10.4t, 
H' 2.20 

CDCI, H -10.3 

CDCI, H -9.8t 

- H 4.47 

H 4.5 

98%H2S04 H -20.0. 

JPH l5 

JPH l5 

JPH 15 

60 and 100 MHz 
Isolated as the tetraphenylborate 

60 and 100 MHz 
Isolated as the tetraphenylborate 

60 and 100 MHz 
Isolated as the tetraphenylborate 

60 and 100 MHz 
Isolated as the tetraphenylborate 

60 and 100 MHz 
Isolated as the tetraphenylborate 

Trimethylbenzylammonium salt 

100 MHz 
The neutral complex 1r4(CO),, 

becomes doubly protonated on 
dissolution in strong acid 

*Reference Me,SO, in H2S04 
(6 CH for Me2S0, taken as 3.9) 

799 

la 

9 
3 

199 

R 
799 5 
802 3 

r 
799 0 

P, 

> 
199 3 

? 

rA 

z 
804 0 

E 
*04 0 

600 



TABLE XI11 
Nickel, palladium, platinum, and copper complexes 

Coupling 
constant Refer- z 

Formula No. Compound Solvent 6 (ppm) (Hz) Remarks ences 5 
(1) MONOHAPTO LIGANDS 5 > 

Z 
IC,H,IAs,- 1 IPt(CH3)IAs(CH;),l,(CO)l+ (CD3),C0 H 0.65 J ~ ~ 6 2 . 4  T 36O 811 0 

I3CH; 10.0 JPtc 4 2  Isolated as the hexafluoro- > 

Opt]+ H' 1.75 J ~ " 2 4 . 8  trans-isomer 

8 I3CH3 -6.9 J ~ t c 4 7 0  25.2 MHz 

z "CO 178.7 J,, 1000 phosphate 

C31H30C103- 

PPt 
CDCI, H 5 . 5  COC 1J-1120CH3 = 812 

OCH, 

m 
1 

F 

(2) DIHAPTO LIGANDS 

C,.H*I,- 3 [(h2-CsH~)Ni(I)zlz(C0)2* CD,OD A,B, spectrum centred 5 3 . 5  C,H, = benzyne 805 
Ni,O, at -7.67 *Bridging CO ligands 

E 
w 



Q\ w 
P 

T A B L E  XIII-CO~?. 

Coupling 
constant Refer- 

Formula No.  Compound Solvent 6 (ppm) (Hz) Remarks ences 

(3) TRIHAPTO LIGANDS 
C,,H,,INiOP 4 (h'-CH,CH'CH,)Ni(IXPPh,)- CDCI, Hsyn 

(C 0) H anti 
H' 

H syn 

Hanti 
H' 

H syn 

H anti 
H' 

C,,H,,INiOP 5 (h3-CH,C(CH;)CH,)Ni(I)- C.J,CI Hsyn 
(PPh,XCO) H anti 

H' 

H syn 
H anti 
H' 

H syn 

H anti 
H' 

H syn 
H anti 
H' 

3.93 
3.28 
4.97 
3.98 
3.49 
4.89 
4.01 
3.53 
4.88 

3.45 
2.70 
1.48 
3.45 
2.76 
I .43 
3.45 
2.19 
1.36 
3.46 
2.82 
1.36 

- - 1  

T +20° 
100 MHz 

T + 5 O  

T-10' 

T +30° 
100 MHz 

T +loo 

T -10' 

T -20' 

a 
806 9 
807 

n 
h 

806 ? 

E 
B 
4 
0 



O2Pd2 

(4) PENZ 

7 I(h3-CH,C(CH;)CHJPd(C1)- 
(CO)l, 

4PTO LIGANDS 
C ,,H,,GeNiO 8 (h,-CsH,)NilGe(C,H;),I(CO) 

C,H,CuO 9 (~'-C,H,)CU(CO) 

C,,H,Co,NiO, 10 (h'-C,H,)NilCo3(C0),1 

C,,H10- 1 1 (h'-C,H,),Ni,(Fe(CO),] 

lC,sHloNi2- 12 {(h~-C,H,),Ni,[Mn(CO),I}- 

FeNi20, 

Mn0,I- 

(5) MISCELLANEOUS LIGANDS 
1c13H31- 13 IP~(ASE~,)~(H)(CO)I+ 

AsOPt] + 

IC,3H,,OP2- 14 [Pt(PEt,),(H)(CO)I' 
Ptl+ 

CDCI, H 

CHCI, H 

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 . 7 8  

T -78' 

T 34" 

T -77' 

40 MHz 

T -20' 

Isolated as the tetramethyl 
ammonium salt 

100 MHz 
trans-isomer 
Isolated as the perchlorate 

Isolated as the perchlorate 

809 

2 810 
z 
0 

809 5 
0 z 
0 

> 
135 p 

814 2 
cl > 

808 6 
0 

808 J 
r 

808 0 

5 r 
E 
E 

6 

i5 

t: 

cl 

813 

802 ~ 

w 
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