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THE CHEMICAL SHIFT OF TWO-COORDINATE
PHOSPHORUS, 112

HETEROCYCLES

KONSTANTIN KARAGHIOSOFF and ALFRED SCHMIDPETER

Institut fiir Anorganische Chemie der Universitiit Miinchen, MeiserstraBe 1,
D-8000 Miinchen 2

(Received October 9, 1987)

A compiiation of the chemical shifts of two-coordinate phosphorus in fully unsaturated cyclic
compounds is presented. (Acyclic as well as partly unsaturated cyclic compounds are covered in Part
I). Data are arranged according to the ring size and to the neighbours to the phosphorus in the ring.
&>'P tends to lower field in the series C, N. P for the neighbouring ring members; the whole range
extends roughly from 8°'P = 470 to 0 with most of the shifts between 300 and 50. Parallels to 8sC
and 8"N in heterocycles with CH and N, respectively, in place of P are shown.

Compounds of two-coordinate phosphorus(1II) derive their stability from either
one of two effects: Bulky substituents can prevent the formation of di- or
oligomers with phosphorus of co-ordination number three. Or two-coordination
can be made the intrinsically more stable alternative by including the phosphorus
into a delocalized m-system.> The acyclic and not fully unsaturated cyclic
compounds covered in Part I of this review belong to the one or other group. This
second part covers two-coordinate phosphorus heterocycles of maximal unsatura-
tion; they belong to the second group alone. As a consequence their *'P chemical
shift range (extending essentially from 6°'P =470 to 0) is considerably smaller
than the range in Part I (extending essentially from §°'P =600 to —300)." In the
majority of the compounds of this part the two-coordinate phosphorus partici-
pates in a cyclic (4n + 2)7-system. In some cases the cyclic delocalization may be
debated. Some borderline cases are included here although they are already
contained in Part I.

Some *'P chemical shifts of two-coordinate phosphorus in both acyclic and
cyclic compounds have been collected in recently published books.**

ORGANIZATION OF THE 6*'P COMPILATION
The compilation (Table I) is meant to include all pertinent data reported up to
summer 1987. The compounds are arranged according

(1) to the ring size,

(2) to the nature of the ring members adjacent to the phosphorus,

(3) to the remaining ring members,

(4) to the number of the substituents at the ring,

(5) to the nature of these substituents.
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218 K. KARAGHIOSOFF and A. SCHMIDPETER

For (2) and (3) the ring members are ordered according to the PSE: C, N, P, O,
S. Two different locations may result for a ring containing two non-equivalent
two-coordinate phosphorus members; in such a case the ring is found at the
second location. The same principle of order as before applies to the a-atom of
the substituents: H, C, Si, Ge, Sn, N, P, As, Sb, O, S, F, (l, Br, I.

Condensed systems are treated together with the parent phosphorus hetero-
cycle. o- and m-complexes are also included (in contrast to Part I even if the
phosphorus two-coordination is not preserved in the complex formation).

The scheme below shows the known delocalized monocyclic systems of
two-coordinate phosphorus ordered as in Table I according to points (1) to (3). It
starts with three- and four-membered rings which may be regarded as 47-systems
(triphosphirenide, phosphete and 1,3-diphosphete) and which are known only as
n*- and n*-complexes, respectively. Almost all the five- and six-membered
heterocycles can be considered as 6x-systems.® Two eight-membered rings
already contained in Part I are not repeated here.
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6P RANGES

In Figure 1 the phosphorus chemical shifts of Table I are classified according to
the immediate surrounding of phosphorus and to the ring size. The other ring
members and the substituents prove to be of similar influence however; thus only
broad and overlapping ranges result. Four of them are enough populated to allow
some statements nevertheless: Phosphorus is less shielded in six-membered rings
than in five-membered rings, as shown for the CPC case. A nitrogen instead of
carbon as neighbour also causes a phosphorus shift to lower field, as shown by the
five-membered rings with CPC, CPN, and NPN fragments; a much more
pronounced downfield shift is caused by phosphorus neighbours.
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FIGURE 1 The chemical shifts **P from Table I arranged according to the ring members adjacent
to phosphorus and to the ring size.

The effect of an a-substituent on 8°'P is similar to that in the acyclic case’; the
2,5-dimethyl-1,2,3-diazaphospholes provide a representative example for it:’

Me
N 1
/
Me —N\ = R
P
R 8%p R 8*'P R 5%p R 8%p
PSF, 275 POPh, 252 P(CN), 257 C(CF,),0H 237
PSFCI 269 PO(OMe), 247 PCl, 249 SPh 236
PSCl, 251 PBr, 249 H 229
PS(OMe), 254 PPhCl 243 Me 226
PSBr, 249 PPh, 241 Br 217
PSCIMe 249 PMeCl 240 Cl 212

PSCIPh 248 P(OMe), 240 NHPh 172
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SVC/*P AND §"N/*'P CORRELATIONS

The properties of the phosphorus heterocycles discussed here suggest bonding
situation comparable to that of the parent compounds in which a CH unit
occupies the site of phosphorus. On this assumption the effects of the molecular
environment on the chemical shift of this carbon and on 6°'P in the correspond-
ing phospha derivative should parallel each other. For 37 pairs of compounds
identical except for the CH/P replacement 6°C and 8°'P data were found
available.® They are plotted in Figure 2 and clearly demonstrate the expected
parallel between the carbon and phosphorus chemical shift. P responds,
however, much more sensitive (almost five times as strongly) to the effects than
8C. The shown 6C/*'P correlation is closely related to the one found for
methylene and phosphinidene compounds in Part 1.

50
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150

53%p

250 200 150 100 S0

FIGURE 2 Correlation of 8>'P in two-coordinate phos;;horus heterocycles gfrom Table I) with §'°C
of the CH unit replacing the phosphorus in otherwise identical heterocycles.® A linear dependency is
found (correlation coefficient 0.980): 813C = 0.2056>'P — 86.5.

A specific example for the parallel response of §>C and 6°'P is provided by
the two-step protonation of the pyrazole and of the 1,2,4-diazaphosphole anion.
The PC-4 as well as the *'P resonance shifts to lower field in both steps. Here
again the effect on the former is much smaller than on the latter:

R H . H H
N=N * “N=N t H “n-N7
s13c-a 103 105 109
+ HY H\N_ + ' R - %

te
/f\\
O
b
/f\\
©

N=N
B
s3lp 68 83 95

The comparison between nitrogen and phosphorus chemical shifts in cor-
responding aza- and phospha-heterocycles is somewhat hampered by the lack of
6N data. The pairs available® are plotted in Figure 3.
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FIGURE 3 Correlation of 6*'P in two-coordinate phosphorus heterocycles {from Table 1) with 6'°N
of the specific nitrogen replacin§ the phosphorus in otherwise identical heterocycles.” The straighl line
is taken from a broader 6'°N/3'P correlation.'” Its slope is much steeper than that of the 6 °C/*'P
correlation: 8N =0.756°'P — 209.

ACKNOWLEDGMENTS

We thank all colleagues who made unpublished data available to us. Thanks are also due to the Fonds
der Chemischen Industrie for its support.

REFERENCES

1. Part I: S. Lochschmidt and A. Schmidpeter, Phosphorus Sulfur 29, 73 (1986).

2. 3'P NMR Spectroscopy, Part 14.—Part 13.: A. Schmidpeter and K.-H. Zirzow, Phosphorus Sulfur
36, 15 (1988).

3. A. Schmidpeter and K. Karaghiosoff, Nachr. Chem. Tech. Lab. 33, 793 (1985); A. Schmidpeter,
Phosphorus Sulfur 28, 71 (1986).

4. Phosphorus-31 NMR Principles and Application, D. G. Gorenstein, Ed., Academic Press, New
York 1984.

5. Phosphorus-31 NMR Spectroscopy in Stereochemical Analysis, J. G. Verkade and L. D. Quin,
Ed., VCH Pubilishers, Deerfield Beach 1987.

6. In its complex (see Table I) P is regarded as 6x-system. Solid K,P, contains planar rings of P
H.-P. Abicht, W. Hénle and H.-G. von Schnering, Z. Anorg. Allg. Chem. 519, 7 (1984); they
may consequently be viewed as 10z-systems. Complexes of cyclo-P, (x=3—6) have been
reviewed by: O. J. Scherer, Nachr Chem. Tech. Lab. 35, 1140 (1987).

7. 1. H. Weinmaier, G. Brunnhuber and A. Schmidpeter, Chem. Ber. 113, 2278 (1980). J. Hogel,
A. Schmidpeter and W. S. Sheldrick, Chem. Ber. 116, 549 (1983). J. Hogel and A. Schmidpeter,
Chem. Ber. 118, 1621 (1985). W. Rasch and M. Regitz, Synthesis 1984, 591.

8. The carbon chemical shifts were taken from: H.-O. Kalinowski, S. Berger and S. Braun,
BC-NMR-Spektroskopie, Georg Thieme Verlag, Stuttgart 1984. R. J. Pugmire and D. M. Grant,
J. Amer. Chem. Soc. 90, 4232 (1968). M. Begtrup, R. M. Claramunt and J. Elguero, J. Chem.
Soc. Perkin Trans. I, 1978, 99. E. Gonzales, R. Faure, E.-J. Vincent, M. Espada and J. Elguero,
Org. Magn. Res. 12, 587 (1979). P. Cabilido, R. M. Claramunt and J. Elguero, Org. Magn. Res.
22, 603 (1984). M. Bruix, J. de Mendoza, R. M. Claramunt and J. Elguero, Magn. Res. Chem.
23, 367 (1985). M. V. Sigalov, B. A. Trofimov, A. 1. Mikhaleva and G. A. Kalabin, Tetrahedron
37, 3051 (1981).

9. The nitrogen chemical shifts were taken from: L. Stefaniak, J. D. Roberts, M. Witanowski and
G. A. Webb, Org. Magn. Res. 22, 201, 209, 215 (1984).

10. A. Schmidpeter and B. Wrackmeyer, Z. Naturforsch., B41, 553 (1986).



ngs

d
€ =
LST €+ WIS =Y o -
dpop
Y d
£91 € s— €87~ fyg=x NECHO®HO4%ud)pd N\
€91 0z £~ yee— Yydg =X WD CHOd%Yd)Pd = “TIN X d-d4
u
TW
m/
0st FAf €6+ oI— £ SO (CHOd%4d)0D ag X / % d
0sT At €€+ 12— s=X ANOE(FHDAI%UA)OD = TN U
+
d
6vt 6 61— Le— INDHD%3“udNnd /N
6v1 I S+ €61~ NP HOTA™A)Pd 48 d - d
6v1 1 o1+ 91— SNOYCHORINI)IN = “TIN . Yrn
123 €1 - €le— SINDCHD I
6v1 u 61+ 97— SNDFCHD g ud)d
61 8¢+ 9T~ SNO(CHO I Ud)0D d
91 96¢— Yo0)dom m\ N 4
el Lgg- “OD)E3IWED)ON a
€€ e “00)dooW TW
SET 0LT— HOD)*aW DD = “TI
n 4 R v4,.9

sopAdo1010y snuoydsoyd 33euIpICoOp JO . @ SHIUS [edtway)

1478VL

TT0Z AJtenuer 62 6% :6T : I Papeo juwod

222



D

8L

68

68

e

¥s
14
¥S
125

9
143
9z
191

18

81—

SET+

o+

et

8LI+

891+

€5

(2%
66+
6+
L+
98+
-
6t+
8¢+
T+

mzﬂmOI@

- wnmcoux {811
o@
d

mzolm\ \W£

Q\VV HOud

+ '
d
n -
g3 @ d m_E
ng3
(FoW"D)1
mozwové
oo nes
xopdwos Y(CHO="HO)d00)d‘d d Iﬂ
xadwos (PHO="HO)4D00-%d % d
ng3
doop Ui

(GIN°H®D)2d = “TIN

1102 AJenuer 62 6% :6T : I Papeo jumod



Ie

01 9Z+ xadwod *(0D)od-d
44} €2+ xodwoo £4g-4
201 £8~ doag H B AN
Lz s+ xadwos *(OD)od-d
101 Ly— “0I)uN H SN SN
65 vi- xopdwos *(OD)M-d
65 - (loo)m H S SN
Ic 0g— SO0 ud H H
zel 85— (aW*D)ad H H SN
101 6c— (02N H H W
901 0L— daq H H H
101 92— HOONW="IN H=M H=4d H=J14
€€ 66+ bt ud ud ud
€€ 86+ 1 4d ud 4d
b4 €01+ I ud H yd
LS 06+ — xo[dwod-1:7  A0D)2d-d
901 191+ - xojduwioo-1:¢ %oom?.m
901 807+
901 LoT+ - xodwoo-1:7  HOD)oW-d
H N N ud
T yS+ 1 H ud ud H
09 85+ N¥(%4fud) H SN SN H
S0t LS+ eN H SN aN H
Ls 95+ - xapdwod-1:7 SHOD) 0D
101 w+ — xapdwod “(OD) U
101 L+ — xa1dwod mAOUVm:_Z
65 ‘85 00T— xapdwod *[f(0D)M]-d
8p1 ‘65 gg— x3dwod S(OD)M-d
8¢ 0g— xo1dwod (QD)1D-d
€€ 65+ T H SN AN
€€ 6L+ V1 ugq H H
¢ LL+ "Mm=W H=¥d H=d H=4
Wl vd .9

(-pruo2)
I 414VL

1102 AJtenuer 62 6% :6T

1Y papeo jumog

224



¢l
001
LZ
101
Lz
Lz
Lt
Lz
101
SL
Lz
SL
Lz
LS

(434
|84

199 G
6¢1-

(H'0D* D) TL—

(H*OS™D) 601 -

(H*OS" D) 821 —
pad) es—
‘pao) ss—

6v1—
Sy1-—

(HOS D) 611—
(H'OS D) 911—

Dap) ss- -

CDad) ¥s—
(H*0S®D) €271 -

65—
Dao) 8s-

05~
-
9T~
(rau
17—
12—
0z
12—
91—
99—
N.'
08—
Sv—
00C+

69—
SL—

(FaW*D)od

[}

H=d H= ¥

doeg
Ko7
“oD)un
SOo)uN
“HOD)uN
SO
R(ew)1U%
R(e%) 7%

doeq
R(e3)1%

doag
SO

CETNTICNITIITTA

“02)°d
(Sa°D)oq

(FHDUd-v-ON-7'1)2d

1102 AJtenuer 62 6% :6T

xa1dwod £45%°0s0%v

SN

xa1dwod £1H*0s0%V

H

H= 4
4d 4d
9N SN
AN SN
SN AN
SN N
N N
SN SN
N N
AN AN
SN N
N SN
IN SN
SN SN

x3dwoo-1:7 A(0D)ed-d

H SN
H SN
H SN

Y papeo jumog

SN

ud
ud

(*H°D4-¥)0D

4d0d

4dHDO=HIJ0D
SIWHO=HDO0D

14100

ngI*HO00

SNOD
OHO

SW(HO)HD

HO'HD
"

==ii==iies]

225



St 6v—
SL 75— H SN SN 3NOD
i (ANQ) 191—
w (NOSW) T¥1— xodwod €457 0$03v
(448 rI-— xo1dwos )
wl $S1— xadwod £15%0S0onD
w w 95+ 81+ xapdwoo-1:z ["D%(*ud®d)ndl-d ‘d
T 0 T+ €L— xajdwoo-1 : “ond-4d
YL se+ xsjdwos {"(Q)oud}-d‘d
L. e+ $9— x31dwos *(0D)od-4d
W 67+ ) xapdwoo (YO0 un]-d ‘d
(4 W+ L9— xapdwoo $(QD)unW-Id
W S Ly— - xaidwoo S(OD)M-Zd-(0D)ON-"d
w S Ly— v+ xo1dwod <(0D)M-?d-5(0D)1D-d
w S w- yI+ xopdwos 5(0D)OW-%d-5(0D)10-*d
W 9p— xodwod Y[F(Qo)MI-d ‘d
w S 8p— 19— xardwoo $(00)M-%d
W - xadwoo ¥(QD)oN]-d ‘d
w S £7— L9- xapdwos S(OD)oN-Td
ow pI+ xapdwod H5(0D)10)-dd
v s e+ 89— xadwos S(0D)10-%d
el 1€+ £9— xojdwoo £3g-4
£} (H*OS®4D) 9¥1—
w (fpadg) - H IN B H
wl ob1— xa[dwod £45°0S03V
w ge1— xa[dwod “4D0D0%V
a4l 601— xoidwod ¥30°0sOonD
(74} LE1- xopdwod DIV
171 (H*OS®3D) L£T~
SL yo—
12t Coan) 19— ud H H 4d
w1 4 R S Vd, ¢
(‘p1uoo)
13T1dV.L

TT0Z AJtenuer 62 6% :6T : I Papeo |juwod

226



jig
v

oy

YL
VL
yL
SL
SL
SL
L
L
SL
SL
SL
SL

o

Q.l
-

c9—
89—
L9—
69—
l—
L9—
L9—
L9—
€8—
(47
08—
YL—

y9—
99—

S6—

(A%
LS—
£6—
0s—

16—
-
L=
8'
1L—
08—
L9—

d
4 _ g
=
4doo 4
SN0D = A IN=1A : _ q
d
I\
ng3’ ¥4
¥
LTI d
b _ o
ad
AN =¥ . o
a]
ng:s
ND 9
HE0D
H'0D
4dod
SNOD 3| b
OHD ad
HON=HD ! o
LN(HO)D
IN(HO)HD R S
HO*HD = 4 SW=Y A4

1102 AJenuer 62 6% :6T : I Papeo juwod

227



L01 LS+

911 73+ .
441 ss—

Ak 9¢— xadwon 1g¥(OD)uN-4 /
zn ov+

+

o11 €L+

wl 4y Sl ¥d,.¢

("pruoo)
19719vVL

1102 AJenuer 62 6% :6T : I Papeo jumod



621
16
16
16

16
LIT
16
23
(4
43
43

-,

<.

23

49

01

$01

96+
6+
Yo+
v6+
66+
W01+
L6+
i+
96+
98+
6t
1485
86+

8L+

1y

09—

ud
ud
ud
ud

I IrnTnAEAEER

n

9

aofesfic il ol offenifiesifenip=

ud 3N

AN nqu
N g
N IN
H SN
H W
ud BN
H oo
IN LONIS
ud H
1 H
N H
H LIS
=4 H= 4 H

1102 AJenuer 62 6% :6T : I Papeo jumod

(=9
[
o~
d d
¥y b
ad aJ
q d
d d
d d
¥y o
dpad dpag



1102 AJtenuer 62 6% :6T

© v pspeo |umog

Ya
0z 8y 99+ 7+ g
vo 10%a% ¢ 1 -oud=0
N
N\ /
0z 191+ 4d ND
(174 91+ SN ND d
0z 091+ ud 100 g J| q
0z 91+ SN Wat00 v \ 4
(174 SLL 9T+ 102+ 9o 4doD N
0z 6LT+ ud 4dod N/
0z v8I+ N 4doD
0z S8T+ H=_d udod = A
¥6 69+ ud m/
v6 oL+ ngy leA/l N
6 9L+ M=y N
16 901+ ud ud YH?DID ud
16 Wi+ ud ud "H’DO+F ud
16 SOT+ yd ud ud ud
16 101+ ud ud YH° D0 N
S6 1L+ YH* DO+ OISO ud SN
<6 w+ ud SISO ud oW
S6 L+ ud 4d0DO ud W
6 sL+ ud SN0D0 ud N
$6 9+ YHPDOSN+ HO ud SN
S6 €9+ ud HO ud oW
16 01+ ud ud ud SN
. dd o'e
] r d,. 9 Vd,9
(‘puos)
197dVL

230



€9 ve L=
€9 9 [
1244 LT 7+

8C1

29
9
0s
6
(14
6%
6v
6¥
14
9
9
9
871
29
9 091+
6f
9

L+
88+
8L+
98+

18+
S8+

8L1+
8L1+
POT+

vL+

v+

601+
T+
9T1+
LTT+
9L+

69+

60T+

LL+
w+
99+

€L+
€Lt
LL+

IN ngs

H YHDID Y
H YHPDOINY
H ud
H ngy
H M
H= wwm N = NM—
SISO folIS
SANISUIN SoNIS
NN = 8 W ="
ud /'S
ud SNOD
aNs N
OIS N
SINISC00 N
H°0D N
ud oW
SN SN
r N
NN H
xapdwod S(0D)1D-d
ud H
ng: H
SN H
H DY
H IN
H=24 H= ¥

TT0Z AJtenuer 62 6% :6T : I Papeo |juwod



91 LOT+ H H AINOD
9p1 86+ H H N'H*O-C
991 8+ H H HN=(3IN)D
91 (°H®D) o1+
9T (FIDHD) so1+ H H YH?DON-
9p1 €01+ xadwos *POIV-(ZIN
9p1 68+ xa[dwod *4g-(ZIN
126 66+ H H ud
9p1 €I+ H H 0™
9vi y6+ H H (oNN)(CWNO)HD
op1 6+ H H S| d
991 L6+ xoidwos S4g-(ZIN ¥ A J|m q
991 (suanjo1) 98+ =N
91 CI0*HD) ¥8+ Ny
Ob1 TPl “LLT (IOHD) €8+ H=Y H=14 H= ¥ T
o1 90+ ud d
o1 89+ ng LN mlﬂ\ /\wlm
o1 89+ H=Y N-N
19 95+ ud d
19 L+ SN X 3
19 08+ H=4 s
6 €8T+ ud SOMWISO HPDId-v
651 0cT+ ud ud H D19
6S1 AtAS ud ud YH* DO
6ST SIz+ ud ud YHoDOW d N
651 T+ O CHD)IN ud yd b \ P
651 e+ *(HOIN ud 4d s
6ST ArAS ud ud ud o
651 LT+ W ud ud S
671 12T+ ud=_4 ngr= o ud =4
wy ddp S O vd, ¢
('pruo2)
1919VL

TT0Z AJtenuer 62 6% :6T : I Papeo |juwod

232



Lzl
9sT
Lzt
L1
Ll
LTl
¥
811
|14 74
LTl
4!
LTl
69
69
69
91
69
(4
6C1
06
%6
6C1
611
06
9Tl
811
91
811
91
LT1¥vTl
9zt
0zt
9l
Ei48
91
91
91
9r1
91
9l
91
91

L+

86+

96+

L8+
90T+

YL+

YL+

L9+

69+

$9+

SL+

6L+

98+

96+
wI+
€1+
vOT+

v6+

£6+

16+

S8+

L8+

€8+

66+

18+

08+

88+

8L+

18+

L8+

L+

L+

v8+
oL+

86+

6+
(IDHD) pOT+
(“1D*HD) 101+
801+
101+
6T+
(0D vOT+
(suano1) 701+

INCOD
YJHNOD
440D

ud

SN0 (*HD)
PV-1
BHEDPNW-T
:m~

ng?

AN

a
4gg(1dI—=PIND)PNUS

erfie s eoilfsoffelieofie ol offv ol sl offcrfieole oflacfiforifealicolip

I EWIEIT T

1102 Autenuer 62 6% 6T

g’ 0D
ud
O'HPDON-T
agrtoND
SHDPN-T
"ONO
ngI“HD
ng?

14t

0
=

T EEnNTIT DEX

W pspeo [umog

2= nieriiesfiesiericcfieriiesiies)

g
S3£3

SN

IOZISNITITIITITES =

("H®DN-H)"0S
“qd(s)d
SIS

SIWHNOD
("H°OON-¥)0D
("H®D0W-+)0D

D020

4dod

233



74! L6+ ud ngy ud
I €8+ ngy ngy ud
621 88+ N ngy ud
0¢T 6+
% S6+ ngs SN 4d
% 96+ N SN ud
69 96+ a a ud
% 88+ N ud L]
9T s8+ YH®DON-¥ YHDON- IN

5T ‘06 68+ ud ud SN
0f1 L8+ ngy 4d SN
/3 18+ SN ud oW
oF1 9L+ HD € o N
Jka) 88+ 4d ngy 3N
528 £8+ ng; ngy oW
izt 8+ SN ngs &N
ST 19 95+ LyT+ YEdN)(S)8a OIS H
sz ST+ OIS LIS H

SST“06 PET+ LIS SIN°0D H
STI 81T+ 13200 10D H
ST1 €I+ 1300 ZONNOD H
S1L Wi+ 120D 4doD H
06 9 L+ I+ %(an0)(0)%a ud H
06 9 LT+ Ti+ 4d(eGWOX0)%d ud H
06 ¥S €L+ ETT+ “4d(0)% ud H
06 66+ 10D ud H
06 SOT+ 4dod 4d H
06 9L+
Wi vL+ 4d ud H
4 S6+ AIN0D V-1 H
4 0T+ 4dod PV-1 H
O.va S + T ;lmwu 1 ﬁmwo E
L 06+ yd*os ng? H
fkas ¥ £+ 111+ d(0)4d ngy H
L L6+ Ll tfe’e) ngy H
w1 ddp 8 ¢ vd,.¢

(‘puoo)
1974VL

1102 AJtenuer 62 6¥ 6T

v papeo junog

234



o1
P4

91

91

L
Lo
L
Wl

¥4
X4
LT
oY
174}
L
Ly
L
L
ozt
£4!
1 ‘6
0€1 ‘26

9ol

€8

CH?D) s11+
CIDHD) L1T+

Y+

€01+
66+
L0T+
001+
L81+
8L1+
s6+
901+
ort+
ort+
6v1+
01T+
LI+
601+
LT+
06+
S6+
L8+
08+
06+
8L+

ud
SN

uqd

nyg;
Z(E1dINNS)%d
“aIS

ngz

ud

ud

ngz

4d’os
YdHNOD
4d

N

:mu
YH?DOOW-
ud

ng;

1

SN

1 -|~co

1102 AJtenuer 62 6% :6T

ngs
ng?
ng:
ngz
oIS
0 TUN
ud
ng;
ud

ud
ngis
ng?
ng;
:mh
3N
YHPDOMNY
yd

ud

ud

ud

1 —mmU

© v pspeo |umog

{(eM0)(0)%d
“no)(0)%d
“4d(0)%d
D%
SIS
SIS
4doo

% (0%
INOD
SWOD
SNOD
SNOD
SNOD
SNO0D
SNOD
ud

ud

ud

ud

ud

ud

235



%1 €6+ D H ("H*D°ON-+$)00
91 6L+ o} ud 4d a
o1 6+ "0 W ud X AN
91 w6+ YOSH H ud - A V
91 01+ vad H 4d JN-N
o1 98+ vad SN SN me a
o1 18+ D N IN 1
91 56+ D=X H=,4 H=
6 86+ ud d
6 co+ ngy g |A N
6 LS+ 14! N-N
v6 £9+ SN =Y =
d
L 8+ nd3 l% N
N-N
v\ NH
(o}
d N
ng3— % S O &
Lot 86+
N-N
0
d
ng3 IA A
LTt 16+ 9N =¥ N-N ¢
[8) d
d
ngi— A
N-N
Piaf 96+
o}
w1 ddp 0.&&5@ <m_m©

(‘puo2)
1 919V.L

TT0Z AJenuer 62 6% :6T I Papeo jumog



BB8E8EREE

ol

(117§
4
0€T V21
oSt
9sT
811
811
P4
4
9zl
811
9zl
811
9l
0tl
9t
0el
Wi
b4
ia!
9¥1

Litt+
9w+
Lie+
e+
1T+
81T+
0T+
81T+
61T+

€81+
8LI+

8L+

8+
YL+
L+

21+
99+
L8+
£8+
(IDHO) 2L+
GO oL+
L+
6L+
69+
w+
L+
9+
89+
(Ca®o) 89+
(fonfoL) 69+
(HOongY) L9+
(FIDHD) 69+
8+

SNNCHD
ng

=T
&

Q

£
By
IEZEEnS

ngy

ngz

PV-1

ngi

FOINIS

ngs
THODA19Y'T
SO

qd
STHOON-T
ngfoND
S DN-T
HBIND
ngItHO
-—mu

141

ngs

H=2

TT0Z AJtenuer 62 6% :6T @I Papeo juwod

It
~

HDHON)9Y'T
SO

SOW

"B
*HODV

ud

ud

qd
Ud
ud
ud
Yd
Ud
4d
qd

d
mmlﬂ Jlmm
N-O

237



$1 761 60T+ oW H SN
ort L $9+ S9T+ H o) ‘yd¥d d
ovi 85T+ H 100 OIS I—¢ “N-.¥
v 9ze+ H | ng v\_/ ¢t
6l 052+ ngi*0D H H N
801 0Te+ W= H=,4 H= ¢
d
2 IZ
I
4 =y D—N
1o%44
d
ng? —# “N-H
d
nga—~~ “N-H
81 o1z+
99 8€T+ 3N°0D SINC0D SONIS
99 LT+ ud 4d0D0 N
9 STT+ aW‘0D SNY0D N
99 €2+ ud 13F0D SN
99 0£T+ SN SWOD W
99 0£T+ H 19°0D AN
99 S07+ 4d0D0 ud N
9 9ZT+ 1300 ud N
" 44r ohg 9 Vd, 9
(pru0)
1d71dv.L

1102 AJtenuer 62 6% :6T

© v pspeo |umog

238



122
¥S1
238
81
¥ST
08
yS1
¥ST
$S1
¥ST
121}
121}
PST
$ST
89
ol
€1
(31
95
Ll
JA
L1
ovl
ovt
ovt
Is1
123
161
801
9¢
IL
€L
€L
€L
1L
€L
€61
(394
391
(391

L9
€8
88
1L
9
19
YL
6L
8¢
1z
w
4
91

[43

6C

LS
91
ST

LS

9¢+
9+

£9+

€1+
S1+
L1+

i+
9e+

LyT+
8¥i+
(G740
wet
6vT+
YT+
ove+
6vc+
e+
ove+
v+
ove+
LST+
T+
i+
Wi+
LeTt
g+
9+
€T+
[3Y Ay
Sye+
YA
092+
Ay Al
8¢C+
8¢+
ST+
e+
67T+
861+
€91+
91+
set+
$OT+
LEC+
8¢T+
SLT+
ol +
we+

N
SN
N
N
N

R

SN

SN

S

3N

N

SN

SN
SINCOD
IN

ud

N

SN
SN°0D
190D
150D
SN

SN

IN

IN

“Gmo)(0)%d
oud(s)4d
DSN(S)4d
R% ()3
agdq
DY
xsdwiod $(0D)10-4d
%
xopdwod S(O)1D-U
Yowo0)9da
Pud¥d
1D d
ANDY4a
yd¥q
UdHN
SNOD
HEAD)HO)D
ngy
3N

xordwods €4g

x3dwod [DCOWNV-(IN
xo[dwoo-1: 7 A(yJ9and-4
xardwoo S8 g%rgig-sio-4
xopdwoo SFIGHOM -
xoidwos S8 glagg-suen-(1)N
xapdwod *(Fyd®dhd-d

xapdwod Sg@gOpg-suen-()N
xspdwos Y(QD)od-d

xapdwos s"H OHQD)IA-d
xadwon *(Q0}M-d

xordwos S(OD)D-d

TT0Z AJtenuer 62 6% :6T : I Papeo |juwod

SN
N
IN
AN
S
N

SN

SN
N
SN
SN
SN
3N
N
N
IN
SN

H

H

g%
NS
SNOD
NYHOT
ud
NOPHOHD

239



N
49 POZ+ ~ \znmz
=N
ot 89 99+ L9T+ SN°OD aN°0D RF o
ot 29+ IN°0D SN°0D EaNIS
Syl LyT+ ud 4d SoWIS
ras W+ W (“‘H°"'D-OHNOD SWOD
u opT+ SN YJHNOD SIW0D
6 YT+ SN fDOHNOD ANOD
9 orz+
€l g+ W 1g ud
€T1 90z+ SN ) ud
81 ¥l 1T+ 9T+ SN Wd(0)%d ud
(1] €T+ IN O'HPO(OH-?) 1 ud
o1 €T+ N H T ud
o1 8CC+ SN SHO-1 ud
1 0zz+ N ngItHD ud
ocl 617+ W ngs ud
1 622+ N 1d1°HD ud
139 a+ N SN ngs
XA LIT+ N q I
€21 T+ N o) W
9 9€T+ N 4ds SN
9 T+
€U LET+ N NS 3N
St U 9€— SSZT+ N a2 0% N0)%d W
¥s1 SL 9¢— T+ S LNDYOHN0) oW
St 8 - SvT+ N Z1g(s)%d SN
¥S1 $6 95+ ST+ SN 10(s)%d W
ST S0t 06+ 692+ SN 104(S)%d SN
¥S1 T £6+ SLT+ SN i (Y SN
¥S1 18 08+ 99z+ xadwod $(0D)1D-*d
¥S1 (8 8+ $5T+ N H(oMN0)(S)%d SN
nl 49 ofg ¢ vd, ¢
(‘pruoo)
1 414dV.L

1102 AJtenuer 62 6% :6T

© v pspeo |umog

240



9¢
9¢
9¢
81
95
Ly
141
il
¥S1
81
9s
Ly
st

st

st
€51
(48
621

€1

¥SL
123
¥S1
¥St

144

St

34

(43

$8
88
8¢
12

(4%

LST+

€T+
Ly+
£S5+
68+

0eT+
1€+
e+
e+
6TC+
8¢+
[AY Ay
1€7+
0eT+
0T+
T+
1€+
1+

Y0T+

1€+
8¢T+
€2+
6CC+

I+

v+
(A4
8YT+
e+

11+

1q SN
D N
g 3N
D oW
g W
D SN
f1gaom 9aN
OEIN 9aN
T oW
D 3N
g SN
D N
D=X SN =Y
SN
SN
H=

1102 AJtenuer 62 6% :6T

4ds N
qds IN
NS SN
d(0)4%4 oW
N IN
SN SN
H W
H IN
H N
“4a(0)a H
H SN
H N
H=4 H
1%
xo[dwod *(OD)1D-d
H
ngr=_¥
S
S
—=X

© v pspeo |umog

EJ
2]

pesferfieaticoliesfien

=

s=lie-fenib

241



e4? vET+ 1900 H SN H
#r1 0£T+ 00 H H oW
22! €67+ = 5{00) H H H d
42! €67+ 19°0D H H H m|4\ St
! S 8g— 87T+ Tyg¥y H W H S /
89 991 €71+ W+ 4oag H H H N
w1 4 8E~ Lez+ “ua®d H H H 2N\ /18
d! S61+ H N H H
2a! Y61+ H H N H 28
vl S61+ H H H SN
9 S61+ H=Y H=4 H=4d H=
m ~
144! 81+ ud ud 4\ N
89 €81+ SIS W N l\ﬁ
89 661+ N =4 H=4 q "
T z
d
¢
9 61+ —
N
s
d
89 €12+ SN SNS z /z.. .
1 T+ ud 44 ;€
89 S8T+ H ud N
89 607+ H= 4 oW =Y 28
10 d
73 602+ W H - Z IZINm
zst 6T+ H= W= =/
+ N\
-
11 AT {: O 49aN 3N N
11 O o & 7 Qan S SN
81 Sy £E+ 87T+ D N da(0)%a ud H
. dd 2|
s \ i Vd, @
('pruod)
1d71dvVL

1102 AJtenuer 62 6% :6T

© v pspeo |umog

242



i

1448

1448

89
441

8888

448

144}

Le
oy
Sv
¥S

54
0L

92—
€—
-

9T+
Yo+
S—

Wi+

L81+

00¢+

L61+
L61+

ove+
e+
[a7Ad
SeT+

8¢+
8¢T+
[4XAs

1102 AJtenuer 62 6% :6T

© v pspeo |[umog

ID°HD
D
D'HO =14

243



tl ovT+ YOI ud SN X H N-2K
yr1 6£T+ vad 4d “ONN s /
e} 067+ tad =X 1|00 = o ud=_d Nm
528 9+ YH?ONOV NN
92 6vZ+ ud SONN
Pyl S67+ xodwod £3d- (N a
44! €67+ xajdwoo 1gn) A—Z N
1 00€+ 1300 ud S /
£l 0LT+ YH°DON-¥ ud s
vl LST+ YHPOOIN¥ ud q
£vl 0sz+ ud ud ¢
89 91T+ H ud
! 08+ |00 = oW =
nm N
4\ N-Y
1/Ad
et SLI+ D N'H*D-C X N
89 L8T+ YOS =X SN =Y / /
v 4\& /Z
89 8LI+ ~OSN ~/
ATNs
Sl
d
Z N
w1 8T+ SO 4
W 8T+ H=Y4 Z“.ﬁ \@7 Lt
S
Wi 47 R Yd .9

(pruoo)
19714V.L

TT0Z AJtenuer 62 6% :6T : I Papeo |juwod

244



wl Y4 992+ SLZ+ Ud

4! £z o7+ 087+ SW=1Y
ngz
At €81+
821 ‘¥l LT+ ngy SNOD
81 181+ ne HY'YT
8Tl 1L1+ ng? YH?DD' 01y
96T ‘8T1 69T+ ngy ud
871 SLT+ ng/ “HO=HUL
8Tl 91+ ngy nep
brAl SLI+ ng: EONISTHD
821 ‘vl 9L+ ngy NO'HD
ss1 T+ SINIS ud*HD
95T oLT+ ngy 4d*HD
811 €81+ SON N
¥ PLT+ pv-1 W
91 081+ "HPDIN-1 W
8¢ S8T+ ngrOWD oW
811 8LI+ 5 e oW
74! SLT+ *H DSW-1 W
81l SLI+ H*D N
811 6LL+ fatcie} N
811 81+ 99gHD N
971 181+ ngrrHO W
821 ‘vl LT+ ngy W
811 08T+ ugs N
9zl 9LT+ 11 IN
FraRE7al 191+ ngs H
611 8T+ H ud
LT $8T+ H= ¥ SN = A

1102 AJenuer 62 6% :6T : I Papeo jumod

245



L9 00€+ *(*HD)N ““°IN
L9 106+ HN ““9NN d
9 667+ SCHOIN N7 N
L9 10€+ 9AN /,
L9 00€+ i/
L9 00E+ TuN S—nCy
L9 10+ (UI*HD)PWN N
$9 00€+ ZONN = “UN
st 9T+ 3 AN
59 79T+ SaN‘H JONTON
9 9T+ BWNH =W I
NO ON
S 65 YOg+ o1g+ oIS £INISS H—Z g
8 Vs M1+ 081+ OISO = A fINISO = A £ 4=
g g
S
d a
m|4 d
d
b
191 op+ £e+ ngi=4 a4
s
d
a4 Ym
wd
Yq
ngr—¢# g
T 15 75T+ 657+ € "
LENAT K i
ng1
wi 44y R Vd, 0

(‘pruoo)
I1H14dV.L

1102 AJtenuer 62 6% :6T

© v pspeo |umog

246



1548
Syl

86
86
86
86
86
86
86
86
86
86
86
86
86
86

L9
L9

144!

i
14!
144!
6¢1
9

i

€97+
16T+

90T+
STet+
87T+
9eT+
€T+
Le+
97T+
9T+
8T+
97T+
9¢T+
[{¥as
Tt
8€T+

08¢+
8L+

[£X4s

0SZ+
yee+
61+
€T+
yeT+
seT+
orct+

xordwoo 39-(6)N
xo(dwod f4g-(E)N
xo[dwod 4g-(E)N
xopduiod Sag-(EIN

xopdwod f3g-(EN

xopdwos f3q-(EIN

YOS =X
NO ND
NO ND
NO ND
ND NO
ND NO
ND NO
H= NN = N

TT0Z AJtenuer 62 6% :6T : I Papeo |juwod

4d

44°HD

LWHO(*HD)

ngs
141

id
1a

H=Y

SONIS
OO HD
4dOD*HD
Y4HD
SN

H

SHN

247



ODYL

OIS+

L4 b q

8ET OV (mosz+ 897+ s W P Y d
oa)1> (O)oe+ N7 "N=d —” "N-®H

8¢l (Owis (@eve+ oLT+ — ud =y n = z\
OD1> O)sz+ Nozz 7 oW

8¢cl OVv)e (a)vve+ 0LT+ —=A SN=1d

€T 81 09+ SLT+ NN 4yd(s)%d

€1 €z 89+ oL+ ZONN BN(S) U

8€T 69 6v+ LT+ “ONN “4q9d

8€1 63 vp+ T+ 2NN L

8€1 6LT+ N fONUS

<1 182+ NS EONIS

8¢l SLT+ S9N SaNIS

6L 08Z+ ud SIS

0¢ SyT+ 4d 4d

0 Svz+ qd’HD ud

9t €T+ xaydwod [pCoNny-4

€L 1+ we+ xopdwoo fg¥gtigmg-suen-(pN

€L LE+ SHT+ xardwos g% g4opd-suen- (KN

€L 91 61+ 61+ xoidwod Sg9gtigd-s-4 F

€51 85T+ xa1dwos S(OD)ON-d 2

€51 182+ xapdwod (0D)1D-d

0g 152+ xordwos £3g

9% 95T+ ud N

o¢ 0ST+ 4dHD SN

0g 95T+ ng SN

0g SST+ %1 W A

LE1 yST+ W IN N 2|Nm

S 05T+ SNS H vN N

8¢T 9T+ LN H q

6L 6T+ ud= o H=24 S

iy s 28g, 0 vd,. ¢

(‘prioo)
19714vV.L

TT0Z AJtenuer 62 6% :6T : I Papeo |juwod



14}

61

8y 08y

114

6L

0¢
0g
0g
0g¢

1 sS
€L

€L 0
L

394

341

LEl

6L

14744

e1+
yi+

L1+
9e+

yeo+

0L+

€e+

8¢+

6ve+

LST+
19¢+
SYAd
09T+

1€+

e+
Syt
Tic+
9T+
L97+
STE+
LST+
1474

44°HD

ud

4d°HD

ng
x3jdwoo-1:Z H(*4a¥dhd-d
xajdwod £(fyd®dhd-d
xo1dwos 379 glagid-suen-(p)N
xardwos TygIglagid-s-4
xojdwioo S33IU0OPd-suen- ()N
xadmod $(QD)oW-d
xaydwod S(O2MO-d

N

ud=

1102 AJenuer 62 6% :6T : I Papeo jumod

_fostao  naa®od®mo-n” “o
ng3
a
€ig-87 Yo
‘ng3
v
a
.Hm.rZ\ //mm
SN
PN
Yoty ¥-N” "N-8
g=N
*w Du
a
H-N" Sn
iy,
N
ud
ud
W
oW
oW
\m//
K
-
W ¥ q
5
H- ¥ T

249



df\d
| Y
9¢1 €51+ W d¥a
(3"ew%0) 54
d
£z oLy+ 1 a? Na
+ \ i
d=d
(gadq) €5 ¥
T
(vv)  sos- ¥ mm\\m/m
av)  v- J-
€7 av) 8- 29¢+ Sse+ =d
14 PN
_'1ote H-NY S
i LIg+ +m m
d
Caga-n% s
vl YOZ+
6 091+
d
£ S
- o
L6 792+ T N m
w1 44 R ¥d,.9
(‘pruod)
1d71dV.L

1102 AJtenuer 62 6% :6T



74 ozz+ xadwos *(OD)ONW-N ‘d

8¢ 8yT+ xa)dwod *(OD)ION‘d
.74 602+ xadwod S(0D)1D-d
8T L6T+ apLIopyRoIpAY
1 81+ H SN SN H N'H*DC
(1] vETH xardwod Y OD)(eW H D)UN-d
011 65T+ xordwioo YOD)dOuUN-d
8¢ W+ x2)dwod (OD)M-d
£01 181+
14 681+ H N N H ud
A 8.1+ H SN SN H S*H"DC
(4 €L+ H SN N H OH"DT
val 181+ H SN S H ngy
1€ 861+ ud H H ud ud
I¢ 861+ Ud H H g g
1€ 661+ ud H H ud oW
(8 LT+ H g H ud H
(8 INCAT | D H 4d H
8 g€lz+ H HO H ud H
88 81+ H H N YH2DID H
88 981+ H H SN HODAy H
88 681+ H H SN YHZDOYW-¥ H
88 881+ H H SN YHPDOWY H
98 wz+ H H ngI00 ud H
£ 881+ H H SN S H
STL z+ H HO H H 1T°0D
ST1 €2+ H HO H H H“0D
SIT szz+ H HO H H ZINNOD
1€ 861+ H ud H H 4d
L8 60z+ H H H 4d H
r4 102+ H H H H ud
szt e+ H H H H ngy
9161 " Ut H=4 H= H=,4 H=.4 H
el 162— N SN
el £87— IN H
SET s8T— H=x H

TT0Z AJtenuer 62 6% :6T : I Papeo |juwod

251



L1t 681+ ngr  -AN0D ng’ ngs ng/s

€6 80z+ ud H ud SIN'0D 3IN°QD
091 917+ ud H ND H ud
091 SIz+  ud H SIN°0D H 4d
s€ 991+ xopdwod [ny-4
s€ 91+ xo[dwod [DNY-4
¥9 Wi+ xo[dwod 40208V -d
LL 6LI+ xapdwos-1:7 “HLODNN-d
LL 6LT+ xadwiod-1:Z (AOD)IN-d
LL 9t £ET+ 091+ x3(dwod Y (*HDPW-2-0) d]IN-d
LL 06 8T+ L91+ xadwod “(*qq®d)IN-d
LL 9 v+ ST+ xordwoo *(MHD)Ed(CHO="HD)IN-d
LL 6LI+ xa[dwod (LaD)IN-d
(1]88 9pZ+ xodwos {OD)(GN H D) UN-d
(1]4 £ve+ x3[dwod {(QD)dDVN-d
6¢ OLT+ x9jdwod-1:7 *(0DIM-d
6 95T+ xajdwos S(OD)M-d
6€ 161+ x9[dwoo-1:Z "(0D)ON-d
6€ 081+ xajdwod *(QD)ON-d
6¢ LT+ xoidwoo-1:Z "(00)10-d
6¢ 361+ xo[dwod <(OD)10-d
18 8L+ ud H ud H ud
LL L1+ xopdwod (LAD)IN-d
LL LT+ xo]dwod-1:7 (AOD)N-d
L 6L1+  ud H ngy H u4
091 161+ ud H NO®HD H ud
091 8L1+ ud H Z/*HD H 4d
¥9 8ET+ xa1dwod £3D0D08V-d

ud H 4J°HD H ud
9 gET+ x3dwios £I50008V-d

ud H SN H ud
(L 181+ ng H ud H ngy
6C 6L1+ ngs H ngz H ngy
SST S1z+ H N oW H LINIS
8T Soz+ x3pdwios *{OD)MN ‘d
8T 191+ x9jdwos S(0D)M-d
Wy 4y 9.9 vd,.0

(‘pruoo)
1319vV.L

TT0Z AJtenuer 62 6% :6T : I Papeo |juwod

252



(281
A48

£y

i

9L

YOI *LTT
4

011

‘LE

44
48

011

67+

01—
8—

05—
m'
p+
£+
96+

L+

80T+

981+

861+
0+

ud
ud

doup
f(0D)ON
j(el)le)
H(ek)}e)
$00)1D

GW'H DU =

Ud
ud

1102 AJtenuer

6Z 67 6T ' W pspeo [umod

X d yd
%4d - +
YOIV =X
yd
dooa
ud H 4d 4d b1 c¥
ud H ud ud 9
ud H qd 4d
ng/ H ng? ngy d vm
xojdwon *(0D)1D-d
H SN N ud q
xordwos QD) (PN HED)UN-d 4
TN H=,4 W=4d N=4 Ud = ety
m ( 9 Hﬂ H)
d — az
Ud =
©(My95) 87
ud
m g
55\
3d
a
ud ud ud
LE ud ne/

253



ud d
7
601 981+ N _O
maouvuo
|
Ydg
1 €01+
uuﬁoov
ud d
o
1 881+ Y _
m,/ 4d
v e+ |00 Z
8 L61+ H=Y
q

X

a4 _ nga
LI 907+ ‘./ Id
w1 e S B ¥a,.9

(pru02)
137149V

110z Alenuer 6z 6% :6T

I papeo jumog

254



yel

1z

8ST

(4

0L

€8

£6
£6
€6
£6
€6
£6

) o¢
Ov) s¥
av) 6

) 85+
(4) 65+

9te—

we+

€97+

96+

ST+

L8T+

Ste+

191+
€91+
091+
191+
191+
£9T+
€91+
€91+

a [} [e)
W™ DOW 12 W

_T1otv

ng3

<m
z

adx
nga d ng2

sm“umNAoovoz.LWMMMM\

¢ (Comun) moNAzNwE

nda
tao =y 4o . de
X
I7 a7y
d
~
£,
Ud” N7 Tua
YHPDONY ud "HDID
4d ud HDID a4, _d._ .4
HPOINY 4d HODINY & _w
ud ud "HPDINY N
YHPDIN-Y ud ud
ud ud ud o¥
N V-1 O
IN=Y ndr=y =4

TT0Z AJtenuer 62 6% :6T : I Papeo |juwod

255



19: 49 29 January 2011

Downl oaded At:

256

K. KARAGHIOSOFF and A. SCHMIDPETER

REFERENCES CONCERNING THE 8°'P COMPILATION (Table I)

U b

=X-CIERE-

J.-M. Alcaraz, A. Breque and F. Mathey, Tetrahedron Lett. 23, 1565 (1982).
J.-M. Alcaraz, B. Deschamps and F. Mathey, Phosphorus Sulfur 19, 45 (1984).

. J.-M. Alcaraz and F. Mathey, Tetrahedron Lett. 25, 4659 (1984).
. Th. Allspach, M. Regitz, G. Becker and W. Becker, Synthesis 1986, 81.

R. Appel and R. Moors, Angew. Chem. 98, 570 (1986); Angew. Chem. Int. Ed. Engl. 25, 567
(1986).
R. Appel, C. Casser, F. Knoch and B. Niemann, Chem. Ber. 119, 2915 (1986).

. R. Appel, M. GroBe-Bley, H. Souady and W. Steglich, Phosphorus Sulfur 30, 757 (1987).
. R. Appel and R. Moors, unpublished results.
. B. A. Arbuzov, E. N. Dianova and E. Ya. Zabotina, Izv. Akad. Nauk SSSR, Ser. Khim. 1984,

1182.

. B. A. Arbuzov, E. N. Dianova, E. Ya. Zabotina, Yu. Ya. Efremov, R. L. Korshunov and R. Z.

Musin, Zh. Obshch. Khim. 55, 1464 (1985); J. Gen. Chem. USSR 55, 1304 (1985).

. B. A. Arbuzov, E. N. Dianova and E. Ya. Zabotina, Zh. Obshch. Khim. 55, 1471 (1985); J.

Gen. Chem. USSR 55, 1310 (1985).

. B. A. Arbuzov, E. N. Dianova and E. Ya. Zabotina, Izv. Akad. Nauk SSSR, Ser. Khim. 1986,

169.

. B. A. Arbuzov, E. N. Dianova and E. Ya. Zabotina, Izv. Akad. Nauk SSSR, Ser. Khim. 1987,

633.

. A.J. Arduengo III, C. A. Stewart, F. Davidson, D. A. Dixon, J. Y. Becker, S. A. Culley and

M. B. Mizen, J. Am. Chem. Soc. 109, 627 (1987).

. A. L Ashe, J. Am. Chem. Soc. 93, 3293, 6690 (1971).

. A.J. Ashe, R. R. Sharp and J. W. Tolan, J. Am. Chem. Soc. 98, 5451 (1976).

. N. Ayed, R. Mathis, F. Mathis and B. Baccar, C. R. Acad. Sci. Paris, Ser. C, 292, 187 (1981).
. N. Ayed, unpublished results.

. Yu. V. Balitskii, V. V. Negrebetskii and Yu. G. Gololobov, Zh. Obshch. Khim. 51, 475 (1981).
. R. K. Bansal, A. Schmidpeter and K. Karaghiosoff, unpublished results.

. K. Barlos, H. N6th and B. Wrackmeyer, J. Chem. Soc., Dalton Trans. 1979, 801.

. A. R. Barron and A. H. Cowley, Angew. Chem. 99, 956 (1987); Angew. Chem. Int. Ed. Engl.

26, 907 (1987).

. M. Baudler, D. Diister and D. Quzounis, Z. Anorg. Allg. Chem. 544, 87 (1987).
. G. Becker, W. Becker, R. Knebl, R. Schmidt, U. Weber and M. Westerhausen, Nova Acta

Leopoldina 59, 55 (1985).

. G. Bertrand, unpublished results.
. P. Binger, R. Milczarek, R. Mynott, M. Regitz and W. Rdsch, Angew. Chem. 98, 645 (1986);

Angew Chem. Int. Ed. Engl. 25, 644 (1986).

. A. Breque, F. Mathey and C. Santini, J. Organomet. Chem. 165, 129 (1979).
. A. Breque, C. Santini, F. Mathey, J. Fischer and A. Mitschler, Inorg. Chem. 23, 3463 (1984).
. T. Bundgaard, H. 1. Jakobsen, K. Dimroth and H. H. Pohl, Tetrahedron Let. 15, 3179 (1974).

. Charbonnel and J. Barrans, Tetrahedron 32, 2039 (1976).
. Charrier, H. Bonnard and F. Mathey, J. Org. Chem. 47, 2376 (1982).
. Charrier, H. Bonnard, F. Mathey and D. Neibecker, J. Organomet. Chem. 231, 361 (1982).

O =

C
. C. Charrier, H. Bonnard, G. de Lauzon and F. Mathey, J. Am. Chem. Soc. 105, 6871 (1983).
C

. Charrier, N. Maigrot, F. Mathey, F. Robert and Y. Yeannin, Organometallics 5, 623 (1986).
. C. Dash, J. Eberlein and H. Schmidbaur, Synth. Inorg. Met.-Org. Chem. 3, 875 (1973).
. C. Dash, H. Schmidbaur and A. Schmidpeter, Inorg. Chim. Acta 41, 167 (1980).

AR

. J. Deberitz and H. N&th, Chem. Ber. 103, 2541 (1970).

. J. Deberitz and H. N6th, Chem. Ber. 106, 2222 (1973).

. J. Deberitz and H. Néth, J. Organomet. Chem. 49, 453 (1973).

. B. Deschamps, J. Fischer, F. Mathey and A. Mitschier, Inorg. Chem. 20, 3252 (1981).

. B. Deschamps, J. Fischer, F. Mathey, A. Mitschler and L. Ricard, Organometallics 1, 312

(1982).

. B. Deschamps, F. Mathey, J. Fischer and J. H. Nelson, Inorg. Chem. 23, 3455 (1984).

. K. Dimroth and H. Kaletsch, J. Organomet. Chem. 247, 271 (1983).

. L. Dulog, F. Nierlich and A. Verhelst, Phosphorus 4, 197 (1974).

. E. Fluck, G. Becker, B. Neumiiller, R. Knebl, G. Heckmann and H. Riffel, Angew. Chem. 98,

1018 (1986); Angew. Chem. Int. Ed. Engl. 25, 1002 (1986).

. E. Fluck, G. Becker, B. Neumiiller, R. Knebl, G. Heckmann and R. Riffel, Z. Naturforsch.

B42, 1213 (1987).



19: 49 29 January 2011

Downl oaded At:

47
48
49
50
51
52
53
54
55
56
57
58

59.
61.
62.
63.
65.
67.
68.
69.
70.
7.
72.
73.
74.
75.
76.

77.
78.

9.
80.
81.
82.

83.

CHEMICAL SHIFTS OF TWO-COORDINATED PHOSPHORUS 257

. P. Friedrich, G. Huttner, I. Luber and A. Schmidpeter, Chem. Ber. 111, 1558 (1978).

. W. Giith, E. Niecke and H. Westermann, Phosphorus Sulfur 30, 798 (1987).

. J. Heinicke and A. Tzschach, Tetrahedron Lett. 23, 3643 (1982).

. J. Heinicke, A. Petrasch and A. Tzschach, J. Organomet. Chem. 258, 257 (1983).

. J. Heinicke and A. Tzschach, Phosphorus Sulfur 25, 345 (1985).

. J. Heinicke, Tetrahedron Lett. 27, 5699 (1986).

. M. Hesse and U. Klingebiel, Z. Anorg. Allg. Chem. 501, 57 (1983).

. P. B. Hitchcock, M. J. Maah and J. F. Nixon, J. Chem. Soc., Chem. Commun. 1986, 737,

. J. Hogel, A. Schmidpeter and W. S. Sheldrick, Chem. Ber. 116, 549 (1983).

. 1. Hogel and A. Schmidpeter, Chem. Ber. 118, 1621 (1985).

. S. Holand, F. Mathey, J. Fischer and A. Mitschler, Organometallics 2, 1234 (1983).

. S. Holand, C. Charrier, F. Mathey, J. Fischer and A. Mitschler, J. Am. Chem. Soc. 106, 826

(1984).

S. Holand, F. Mathey and J. Fischer, Polyhedron §, 1413 (1986).

. S. Holand, unpublished result.

K. Issleib and R. Vollmer, Tetrahedron Lett. 21, 3483 (1980).

K. Issleib and R. Vollmer, Z. Anorg. Allg. Chem. 481, 22 (1981).

K. Issleib, unpublished results.

. H. Kanter and K. Dimroth, Tetrahedron Lett. 16, 541 (1975).

K. Karaghiosoff, J.-P. Majoral, A. Meriem, J. Navech and A. Schmidpeter, Tetrakedron Lett.

24, 2137 (1983).

. K. Karaghiosoff, H. Klehr and A. Schmidpeter, Chem. Ber. 119, 410 (1986).

K. Karaghiosoff, W. S. Sheldrick and A. Schmidpeter, Chem. Ber. 119, 3213 (1986).

K. Karaghiosoff, C. Cleve and A. Schmidpeter, Phosphorus Sulfur 28, 289 (1986).

S. Kerschl, B. Wrackmeyer, A. Willhalm and A. Schmidpeter, J. Organomet. Chem. 319, 49

(1987).

J. Kobayashi, H. Hamana, Sh. Fujino, A. Ohsawa and I. Kumadaki, J. Am. Chem. Soc. 102,

252 (1980).

J. G. Kraaijkamp, G. van Koten, K. Vrieze, D. M. Grove, E. A. Kiop, A. J. Spek and A.

Schmidpeter, J. Organomet. Chem. 256, 375 (1983).

J. G. Kraaijkamp, G. van Koten, K. Vrieze, D. M. Grove, G. Abbel, C. H. Stam and A.

Schmidpeter, Inorg. Chim. Acta 85, 133 (1984).

J. G. Kraaijkamp, D. M. Grove, G. van Koten and A. Schmidpeter, Organometallics, in press.

G. de Lauzon, B. Deschamps and F. Mathey, Nouv. J. Chim. 4, 683 (1980).

G. de Lauzon, B. Deschamps, J. Fischer, F. Mathey and A. Mitschler, J. Am. Chem. Soc. 102,

994 (1980).

H. Lehmkuhl, R. Paul, C. Kriiger, Y.-H. Tsay, R. Benn and R. Mynott, Liebigs Ann. Chem.

1981, 1147.

H. Lehmkuhl, R. Paul and R. Mynott, Liebigs Ann. Chem. 1981, 1139.

Ch. L. Liotta, M. L. McLaughlin, D. G. Van Derveer and B. A. O’Brien, Tetrakedron Lett. 25,

1665 (1984).

L. Lopez, J.-P. Majoral, A. Meriem, Th. N°'Gando M’Pondo, J. Navech and J. Barrans, J.

Chem. Soc., Chem. Commun. 1984, 183.

J. Luber and A. Schmidpeter, J. Chem. Soc., Chem. Commun. 1976, 887.

G. Mirkl, Angew. Chem. 18, 907 (1966); Angew. Chem. Int. Ed. Engl. 5, 846 (1966).

G. Mirkl and K.-H. Heier, Angew. Chem. 84, 1066 (1972); Angew. Chem. Int. Ed. Engl. 11,

1017 (1972).

G. Mirkl and D. Matthes, Angew. Chem. 84, 1069 (1972); Angew. Chem. Int. Ed. Engl. 11,

1019 (1972).

. G. Mirkl and K.-H. Heier, Tetrahiedron Lett. 15, 4501 (1974).

. G. Mirkl, G. Adolin, F. Kees and G. Zander, Tetrahedron Lett. 18, 3445 (1977).

. G. Mirkl and K. Hock, Terrahedron Lett. 24, 5051 (1983).

. G. Mirkl and K. Hock, Tetrahedron Lett. 24, 2645 (1983).

. G. Mirkl and K. Hock, Chem. Ber. 116, 1756 (1983).

. G. Mirkl, E. Seidl and 1. Trotsch, Angew. Chem. 95, 891 (1983); Angew. Chem. Int. Ed. Engl.
22, 879 (1983). )

. G. Miirkl and I. Trotsch, Angew. Chem. 96, 899 (1984); Angew. Chem. Int. Ed. Engl. 23, 901
(1984).

. G. Mirkl and G. Dorfmeister, Tegrahedron Leit. 27, 4419 (1986).

. G. Markl and S. Pflaum, Tetrahedron Lett. 27, 4415 (1986).

. G. Mirkl and G. Dorfmeister, Tetrahedron Letr. 28, 1093 (1987).

. G. Mirkl and S. Pflaum, Tetrahedron Lett, 28, 1511 (1987).

. G. Mark! and G. Dorfmeister, Tetrahedron Ler. 28, 1089 (1987).



19: 49 29 January 2011

Downl oaded At:

258

96.
97.
98.
99.
100.
101,
102.

103.
104.

- 105.
. F. Mercier and F. Mathey, J. Organomet. Chem. 263, 55 (1984).

107.
108.

109.
110.
111.
112.
113.
114.
115.
116.
117.

118.
119.
120.

121.
122

123.
124.

125.
126.
127.
128.
129.
130.
131
132.

133.
134,

135.
136.
137.
138.
139.

140.
141.

K. KARAGHIOSOFF and A. SCHMIDPETER

J.-P. Majoral, R. Kraemer, Th. N’Gando M’Pondo and J. Navech, Tetrahedron Lett. 21, 1307
(1980).

C. Malavaud, L. Lopez, Th. N’Gando M’Pondo, M. T. Boisdon, Y. Charbonnel and J. Barrans,
ACS Symp. Ser. 171, 413 (1981).

C. Malavaud, Th. N’Gando M’Pondo, L. Lopez, J. Barrans and J.-P. Legros, Can. J. Chem. 62,
43 (1984).

L. N. Markovskii, V. D. Romanenko, A. V. Ruban and S. V. Iksanova, Zh. Obshch. Khim. 52,
2796 (1982); J. Gen. Chem. USSR 52, 2465 (1982).

F. Mathey, J. Organomet. Chem. 139, 77 (1977).

F. Mathey, A. Mitschler and R. Weiss, J. Am. Chem. Soc. 100, 5748 (1978).

F. Mathey, J. Organomet. Chem. 154, C13 (1978).

F. Mathey, Tetrahedron Lett. 20, 1753 (1979).

F. Mathey, F. Mercier, F. Nief, J. Fischer and A. Mitschler, J. Am. Chem. Soc. 104, 2077
(1982).

F. Mathey, J. Fischer and J. H. Nelson, Struct. and Bonding 55, 178 (1983).

F. Mercier, S. Holand and F. Mathey, J. Organomet. Chem., 316, 271 (1986).

V. V. Negrebetskii, L. Ya. Bogelfer, R. G. Bobkova, N. P. Ignatova and N. I. Shvetsov-
Shilovskii, Zh. Strukt. Khim. 19, 64 (1978); J. Struct. Chem. USSR 19, 52 (1978).

F. Nief, C. Charrier, F. Mathey and M. Simalty, Tetrahedron Lest. 21, 1441 (1980).

F. Nief, C. Charrier, F. Mathey and M. Simalty, J. Organomet. Chem. 187, 277 (1980).

F. Nief, C. Charrier, F. Mathey and M. Simalty, Nouv. J. Chim. 5, 187 (1981).

F. Nief, C. Charrier, F. Mathey and M. Simalty, Phosphorus Sulfur 13, 259 (1982).

F. Nief and J. Fischer, Organometallics §, 877 (1986).

H. Néth, unpublished results.

P. Pellon and J. Hamelin, Tetrahedron Lert. 27, 5611 (1986).

L. D. Quin and W. L. Orton, J. Chem. Soc., Chem. Commun. 1979, 401.

M. Regitz, W. Rosch, Th. Allspach, U. Annen, K. Blatter, M. Hermesdorf, J. Fink, H. Heydt,
U. Vogelbacher and O. Wagner, Phosphorus Sulfur 30, 479 (1987); K. Blatter, W. Rosch, U.-J.
Vogelbacher, J. Fink and M. Regitz, Angew. Chem. 99, 67 (1987); Angew. Chem. Int. Ed. Engl.
26, 85 (1987); G. Maas, J. Fink, H. Wingert, K. Blatter and M. Regitz, Chem. Ber. 120, 819
(1987).

M. Regitz and Th. Allspach, unpublished results.

M. Regitz and M. Hermesdorf, unpublished results.

M. Regitz and W. Rdsch, unpublished results.

R. M. G. Roberts, I. Silver and A. S. Wells, Inorg. Chim. Acta 119, 1 (1986).

R. M. G. Roberts, J. Silver and A. S. Wells, Inorg. Chim. Acta 119, 165 (1986).

W. Rosch and M. Regitz, Synthesis 1984, 591.

W. Rosch and M. Regitz, Angew. Chem. 96, 898 (1984); Angew. Chem. Int. Ed. Engl. 23, 900
(1984).

W. Rosch and M. Regitz, Z. Naturforsch. 41b, 931 (1986).

W. Résch, U. Vogelbacher, Th. Allspach and M. Regitz, J. Organomet. Chem. 306, 39 (1986).
W. Résch, U. Hees and M. Regitz, Chem. Ber., 120, 1645 (1987).

W. Rosch, Th. Facklam and M. Regitz, Tetrahedron 43, 3247 (1987).

W. Rosch, H. Richter and M. Regitz, Chem. Ber., 120, 1809 (1987).

W. Rosch and M. Regitz, Synthesis, 1987, 689.

G. V. Roschenthaler and A. Schmidpeter, unpublished result.

E. Roman, A. M. Leiva, M. A. Casasempere, C. Charrier, F. Mathey, M. T. Garland and
Y.-Y. le Marouille, J. Organomet. Chem. 309, 323 (1986).

O. J. Scherer, H. Sitzmann and G. Wolmershduser, J. Organomet. Chem. 268, C9 (1984).

O. J. Scherer, H. Sitzmann and G. Wolmershiuser, Angew. Chem. 97, 358 (1985); Angew.
Chem. Int. Ed. Engl. 24, 351 (1985).

0. J. Scherer, J. Schwalb, G. Wolmershduser, W. Kaim and R. GroB, Angew. Chem. 98, 349
(1986); Angew. Chem. Int. Ed. Engl. 25, 363 (1986).

Q.. )Scherer and Th. Briick, Angew. Chem. 99, 59 (1987); Angew. Chem. Int. Ed. Engl. 26, 59
(1987).

A. Schmidpeter, J. Luber and H. Tautz, Angew. Chem. 89, 554 (1977); Angew. Chem. Int. Ed.
Engl. 16, 546 (1977).

A. Schmidpeter and H. Tautz, Z. Naturforsch. B35, 1222 ().

A. Schmidpeter and K. Karaghiosoff, Z. Naturforsch. B36, 12/3 (1981).

A. Schmidpeter and H. Klehr, Z. Naturforsch. B38, 1484 (1983).

A. Schmidpeter and A. Willhalm, Angew. Chem. 96, 901 (1984); Angew. Chem. Int. Ed. Engl.
23, 903 (1984).



19: 49 29 January 2011

Downl oaded At:

142.
143.

144,
145.
146.
147.
148.
149.
150.
151.

152.

153.
154.
155.
156.

157.
158.
159.
160.
161.

162.
163.
164.

CHEMICAL SHIFTS OF TWO-COORDINATED PHOSPHORUS 259

A. Schmidpeter, Ch. Leyh and K. Karaghiosoff, Angew. Chem. 97, 127 (1985); Angew. Chem.
Int. Ed. Engl. 24, 124 (1985).

A. Schmidpeter, K. Karaghiosoff, C. Cleve and D. Schomburg, Angew. Chem. 97, 125 (1985);
Angew. Chem. Int. Ed. Engl. 24, 123 (1985).

A. Schmidpeter and K. Karaghiosoff, unpublished results.

A. Schmidpeter and H. Klehr, unpublished results.

A. Schmidpeter and A. Willhalm, unpublished results.

H. Schmidt and K. Issleib, Wiss. Z. Univ. Halle 32, 41 (1983).

J. Svara, A. Marinetti and F. Mathey, Organometallics 5, 1161 (1986).

M. di Vaira, L. Sacconi and P. Stoppioni, J. Organomet. Chem. 250, 183 (1983).

M. di Vaira, M. Peruzzini and P. Stoppioni, J. Chem. Soc., Daiton Trans. 1984, 359, .

A. V. Vastlev, L. V. Vitkov, N. P. Ignatova, N. N. Melnikov, V. V. Negrebetskii, N. 1.
Shvetsov-Shilovskii and L. S. Khaikin, J. Prakt. Chem. 314, 806 (1972).

J. H. Weinmaier, J. Luber, A. Schmidpeter and S. Pohl, Angew. Chem. 91, 442 (1979); Angew.
Chem. Int. Ed. Engl. 18, 412 (1979).

J. H. Weinmaier, H. Tautz, A. Schmidpeter and S. Pohl, J. Organomet. Chem. 185, 53 (1980).
J. H. Weinmaier, G. Brunnhuber and A. Schmidpeter, Chem. Ber. 113, 2278 (1980).

Y. Y. C. Yeung Lam Ko and R. Carrié, J. Chem. Soc., Chem. Commun. 1984, 1640.

Y. Y. C. Yeung Lam Ko, R. Carrié, A. Muench and G. Becker, J. Chem. Soc., Chem.
Commun. 1984, 1634,

P. Binger, R. Milczarek, R. Mynott and M. Regitz, J. Organomet. Chem. 323, C35 (1987).

C. Bordieu and A. Foucaud, Tetrahedron Lett. 28, 4673 (1987).

G. Mirkl, E. Eckl, U. Jakobs, M. L. Ziegler and B. Nuber, Tetrahedron Let:. 28, 2119 (1987).
K. Dimroth and H. Kaletsch, Chemn. Ber. 120, 1245 (1987).

M. Driess, D. Hu, H. Pritzkow, H. Schiufele, U. Zenneck, M. Regitz and W. Résch, J.
Organomet. Chem. 334, C35 (1987).

O. J. Scherer, Nachr. Chem. Tech. Lab. 35, 1140 (1987).

P. Dapporto, L. Sacconi, P. Stoppioni and F. Zanobini, Inorg. Chem. 20, 3834 (1981).

G. Mirkl, G. Y. Jin and E. Silbereisen, Angew. Chem. 94, 383 (1982); Angew. Chem. Int. Ed.
Engl. 92, 370 (1982).



