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Abstract - Optically active d-dimethylphosphorylethyl p-tolyl
sulphoxide (2a) was prepared by methylation of optically active
(+)-(S)-d-dimethylphosphorylmethyl p-tolyl sulphoxide and by
treatment of (-)-(S)-menthyl p-toluenesulphinate with dimethyl-
phosphorylethyllithium. In both reactions a substantial asymme-
tric induction at the &-carbon atom was observed and rationa-
lized. The structure of the major diastereoisomer of the sul-
phoxide 2a, Q+1570, m.p. 98-990C, having the (S)c(S)s-confi-
guration w was de ermined by X-ray analy51s C11H17045P ,0rthaorom-
bic, space, group P212121, a=24.080(3), b=7. 239(1) c=7. 754 (1)A,
V= 1351 64 A Dm=1.35 Mg-m-3, Dg= 1 357 Mg-m-3, F(000)=584.0,
H(CuKg)=3.13 mm-1. The structure was solved by direct methods
and refined to R=0.085.Racemic o -diethylphosphorylethyl p-tolyl
sulphoxide (2b) was obtained by oxidation of the corresponding
sulphide. The diastereoselectivity observed in this reaction
was rationalized based on the adapted Felkin’s model.

INTRODUCTION

a-Phosphoryl s;ulphoxides}‘6

synthetic and stereochemical studies. Owing to the presence of the phosphonate

are an interesting class of compounds useful in

moiety, d-phosphoryl sulphoxides undergo the Wittig-Horner reaction with carbonyl
compounds affording vinyl sulphoxidesa. The use of optically active d-dimethyl-
phosphorylmethyl p-tolyl sulphoxide (1) in the Wittig-Horner reaction leads to
optically active vinyl sulphoxidess. This reaction is general in scope and some
interesting applications for it have recently been found7.

From the stereochemical viewpoint it is obvious that o -phosphoryl sulphoxides
are chiral since they contain the chiral sulphoxide moiety. Moreover, in the case
of two different substituents at phosphorus and three different substituents at
thed -carbon atom (as shown below) two additional asymmetric centres at P and C
are present.
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This particular situation offers many possibilities for studies of asymmetric
induction, especially on the 4-carbon atom. In fact, a substantial extent of asy-
mmetric induction was observed6 in the Pummerer reaction of optically active sul-
phoxide 1 which resulted in the formation of the corresponding o-acetoxycv -phos-
phoryl sulphide with 24 to 45% of optical purity. In this case, a new chiral
centre on the &-carbon atom is created, while the chirality at sulphur disappears.

OAc CH
CHL0 CH,O0 RO 3
3TN * Ac,0 3TN Le A |
PCH28T01 —_— PCHSTol PCHSTol
eno” 1 en0”” | o 11
3 0 0 3 0 0 0
1 2
= a, R = CHy
*denotes optically active centre b, R = C2HS

In this paper, we wish to report the synthesis of o -phosphorylethyl p-tolyl
sulphoxide (g) containing two chiral centres on the sulphur and & -carbon atoms
and to discuss some aspects of asymmetric induction observed in the reactions
leading to 2.

RESULTS

Synthesis of d-Phosphorylethyl p-Tolyl Sulphoxide (2)

The title sulphoxide 2 was prepared by three different reactions A,B and
C shown below.

_ Mel 0
(RO),P(0)CHS(0)Tol Me i Me
A N | TolSOMen |
Me (RO),P(0)CHS(0)Tol ———— “CHP(B)(OR),
0 8
(RO)ZP(U)éHSTol -i-l—-—//)/ 2
C

The first approach to 2 involves methylation of the d-carbanion derived from
d-unsubstituted a-phosphoryl sulphoxide. In the second approach, we took advan-
tage of the fact that d-phosphonate carbanions react with sulphinic acid esters
to give d-phosphoryl sulphoxidess. Finally, the sulphoxide 2 was obtained by the
oxidation of the corresponding c-phosphoryl sulphide.

In order to better elucidate the structure of the sulphoxides 2 formed, as
well as to determine stereochemistry of the reactions A and B, we used optically
active (+)-(S)-d-dimethylphosphorylmethyl p-tolyl sulphoxide (l)5 and (-)-(S)-
-menthyl p-toluenesulphinate (2)8 as the reaction substrates. Thus, quenching
the lithium salt of (+)-(S)-1 (generated from 1 in THF at -789C) with methyl
iodide gave sulphoxide 2a as a mixture of two diasterecisomers. Since they show
different chemical shifts in > P {H} NMR spectrum, it was possible to determine
easily the diastereoisomeric ratio. The major diastereoisomer of 2a, &i]0+157°,
mp. 98-99°C, was isolated from the mixture by preparative chromatography and
crystallization from hexane. Its configuration was established by X-ray analysis
(see the next section) as (S)C(S)S'

Treatment of (-)-(S)-menthyl p-toluenesulphinate (3) with the lithium salt
of dimethyl ethanephosphonate (4) affords a mixture of the same diasterecisome-
ric sulphoxides (S)C(S)s-gg and (R)C(S)S—gg. Similar reaction between (-)-(S)-3
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and the lithium salt of diethyl ethanephosphonate (5) resulted in the formation
of the diastereoisomeric sulphoxides 2b. Based on the spectral data, it is quite
reasonable to assume that the predominant diastereoisomer of 2b, P$]0*132°,

mp. 79-80°C, isolated from the mixture has also the (S)C(S)s—configuration.

The third synthetic approach to 2 involved oxidation of d-diethylphosphoryl-
ethyl p-tolyl sulphide (6) to the corresponding sulphoxide 2b. In this case, ho-
wever, we used racemic sulphide 6. It was oxidized by hydrogen peroxide in metha-
nol and by sodium metaperiodate in acetone. Both oxidizing agents gave a mixture
of racemic, diastereoisomeric sulphoxides 2b. Some experimental details concer-
ning the synthesis of 2 are collected in Table 1.

Table 1. Synthesis of d,-phosphorylethyl p-tolyl sulphoxides 2

Product
Method/Substrate

No Yield Predominant Isomeric
isomer (5'31 ppm) ratio
P
A, (+)-(5)-1 2a 70 (8)p(8)g-2a, 24.7 3:1
B, (-)-(8)-3 23 85 (8) (S)g-2a, 24.7 2.4:1
B, (—)—(S)-Z 2b 92 (S)C(S)S—ZE, 22.1 2.45:1
C, (£)-¢ 2b 95 (R)o(R)g/(8)(S)g-2b, 22.1  2.5:1°

a using HZOZ/MeOH; 3.1:1 ratio was observed using NaIOa

Determination of the Crystal and Molecular Structure of (S)c(S)s-o-Dimethylphos-
phorylmethyl p-Tolyl Sulphoxide (2a)

In order to explain the steric course of the reactions A,B and C it was
desirable to know the absolute configurations at sulphur and 4-carbon in the
formed diastereoisomeric sulphoxides 2. Since the methylation reaction (A) of
(+)-(S)-1 occurs without bond breaking at the chiral sulphinyl centre, it is
obvious that in both diasterecisomeric sulphoxides 2a the chirality at sulphur
is the same as that of (+)-(S)-1 i.e. S.

In this context, we should note that the reaction B leads also to the sulpho-
xides 23 with the S-configuration at sulphur as a result of inversion at the sul-
phinyl centre in (—)-(S)—zs.

1} 0
g %“3 é
\““: NG
(MeO)ziCH{/// Tol A (Meo)zicn/// ol
0 0
(+)-(8)-1 28
inv inv
1 . _ )
(Me0),P(0)CH, g (Me0) ,P(0)CHCHy
N B
Tol \bMen

(-)-(8)-3
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Therefore, the absolute configuration at thed -carbon atom in 2a could be
easily deduced from a simple X-ray analysis by internal comparison of two chiral
centres. With this end in mind, we determined the crystal and molecular structure
of the major diastereoisomer of the sulphoxide 2a, [d.]D+lS7°, mp. 98-99°C

p 24.7 ppm by X-ray diffractometric technique. The structure has been solved by
direct methods and refined by full-matrix least-squares to the final value R =
= 0.085,

C6H4-CH3
H
S
CH3
0
(CH30),P0
Fig.1. Three-dimensional view of (+)-(S)C(S)51g§ Fig.2. Newman projection around the C(3)-S b

The molecular structure of the sulphoxide 2a investigated with the numbering
system is shown in Fig.l. As it is seen from Fig.l, the absolute configuration
at the d-carbon atom is S. Thus, the major diastereoisomer of 2a obtained in
both reactions A and B has the (S)C(S)S-configuration. Fig.2 shows the Newman
projection around the C(3)-S bond which clearly reveals that the sulphoxide 2a
adopts the conformation with the antiperiplanar arrangement of the dimethoxyphos-
phoryl group at C(3) and p-tolyl group at S.

The geometry at phosphorus and sulphur is close to tetrahedral and bond di-
stances and angles show no significant variations from the expected values9.

DISCUSSION

The results presented above show that in all of the three reactions affor-
ding the sulphoxide 2, a great extent of asymmetric induction is observed.
However, whereas the reactions A and 8 involve asymmetric formation of a new
chiral carbon centre under the steric control of the chiral sulphinyl group,
in the reaction C asymmetric induction, which occurs during the oxidation reac-
tion at sulphur, is controlled by a chiral &-carbon centre.

It is generally accepted that the stereochemistry of the reactions ofel -li-
thiosulphoxides with various electrophilic agents depends upon the nature of
the latter. Thus, protonation of &-lithiosulphoxides occurs with retention,
while methylation with methyl iodide occurs with inversion of configuration at
the & -carbon atomlu. Assuming the same steric course of methylation in our case
and taking into account the fact that the sulphoxide (S)C(S)s-gg is preferential-
ly produced in the reaction A, the following rationale may be proposed. The sul-
phoxide (+)-(S)-1 exists most probably in a favourable conformation in which the
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bulky dimethoxyphosphoryl group at carbon and the p-tolyl group at sulphur in an
antiperiplanar orientation. This conformation has been found by X-ray analysis for

a closely relatedd -diphenylphosphorylmethyl phenyl sulphoxidez

. Moreover, an ana-
logous conformation has also been assumed for t-butyl benzyl sulphoxide for which
a very high stereoselectivity of the formation of o ~lithioderivative and its
reactions with electrophiles was observed. In full analogy with the latter case,
the abstraction of the pro-R hydrogen atom in (+)-(S)-1 should be favoured for
stereoelectronic reasons leading to the (R)C(S)S—lithioderivative of 1. Its sub-
sequent reaction with methyl iodide takes place with inversion at carbon giving

(S)C(S)S—gg as shown below.

o
.
.
o
.
.
o,
*

(+)-(5)-1 (R (S)g (5 (5)g-22

(:)= (Me0),P (D)

In contrast to the reaction A discussed above, the formation of a new chiral
s-carbon in the reaction B takes place during a typical nucleophilic substitution
at sulphur in (-)-(S)-3 by thed -phosphonate carbanion. The diastereoselectivity
observed in this reaction may be explained in terms of diastereoisomeric transi-
tion states I and II (or sulphurane intermediates if the addition-elimination
mechanism is operating) with different free energies. Most probably, the forma-
tion of the transition state I leading to the sulphoxide (S)C(S)s—gg, is energe-
tically favoured since the non-bonding repulsive intereactions between the sub-
stituents on two reacting centres (carbon and sulphur) are smaller as compared
with those in II.

H 0 M 0
Me\\\ | H ~.“\ I
Comemmnn s§aemmmeeen OMen D e L
Tol Tol
I 11

= (Me0),P(0)

Finally, we would like to comment briefly the stereochemical aspects of the
reaction C involving the conversion of sulphide é to diastereoisomeric sulphoxi-
des 2b. Asymmetric oxidation of sulphides to sulphoxides has a long historyll.
However, the most relevant results to our work are reported by Mishihata and
Nishio12 who investigated the oxidation of optically active d -phenylethyl p-
-tolyl sulphide to the corresponding diastereoisomeric sulphoxides. In accord
with the results of the above-mentioned authors, our results cannot also be ex-
plained in terms of Cram’s principles of steric control of asymmetric inducti-
on13. However, adaptation of the Felkin’s modell'1 to the reaction investigated
allowed us to explain reasonably the predominant formation of the (RR/SS)-isomer
of 2b (Scheme shows the oxidation of one enantiomer of 6 only). Thus, oxidation

of the conformer 6’ is preferred and leads to (S5).(S)g-2b.
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g i * y
® G

(8)(S)g-20 (P)= (Et0),P(0)  (S) (R)g-2b

EXPERIMENTAL SECTION
Methylation of (+)-(S5)-Dimethylphosphorylmethyl p-Tolyl Sulphoxide (1)

To a solution o6f (+)-(5)-d-phosphoryl sulphoxide (1), Lx]D*laa, (1.31 g¢,0.005
mol) in tetrahydrofuran (10 ml) a solution of n-butyllithium (4 ml, 0.0055 mol)
in hexane was added at -78° under nitrogen atmosphere. The reactian mixture was
stirred at this temperature for 15 min and then a solution of methyl iodide

(2.84 g, 0.02 mol) in THF (3 ml) was added. The mixture was warmed slowly to

room temperature and quenched with aqueous ammonium chloride. The aqueous layer
was extracted with chloroform (3 x 10 ml). The chloroform solution was dried and
evaporated to give a crude product (gg) in 70% yield. According to 31P NMR it
consists of two diastereoisomers with 31p 24.7 and 23.4 ppm in a ratio 3:1.
Purification by preparative chromatography (eluent CClaheﬂmnol 3.5:1) and crys-
tallization from hexane afforded one pure diastereoisomer of (gg), §31p 24.7 ppm,
L*]o*157° (c,1.7 acetone), m.p. 98-99°C.

lh-NMR (CDC1;) 1.32 (dd,3,CHy-CHP, 3,
2.8 (m,l,CH3-Cﬂ); 3.76 (d,3,C§3UP, Iph
7.35 (Asz,a,aromatic). Anal.Calcd. for CllH170
Found C, 48.03 H, 6.12 P, 11.32.

7.0 Hz, Jp, 15.0 Hz); 2.42 (s,3,CH3C.H,);
11.30 Hz); 3.81 (d,3,CH50P, 3o, 10.85 Hz)

,PS C, 47.82 H, 7.20 P, 11.21

Preparation of &-Phosphorylethyl p-Tolyl Sulphoxides (2) from (-)-(S)-Menthyl
p-Toluenesulphinate (3)

To a solution of the 1lithium derivative of ethylphosphonate (0.01 mol) prepa-
red as above, a solution of (-)-(S) menthyl p-toluenesulphinate (3) (1.47 g,
0.005 mol) [aJD-202° (c,1.2 acetone) in 10 ml of THF was added at -78°. After

15 min the reaction mixture was warmed to -20°C and quenched with ammonium chlo-
ride. After the usual work-up the crude product was purified by chromatography.

(+)-(5)g(S)g-Dimethylphosphorylethyl p-Tolyl Sulphoxide (2a)

Crude product was obtained in B5% yield, as a mixture of diasterecisomers in a
2.37:1 ratio and pure major diastereoisomer ( 31p 24.7 ppm) was isolated.

(+)-(5)c(S)s-Diethylphospharylethyl p-Tolyl Sulphoxide (2b)

Crude product as a mixture of diastereoisomers in 3 ratio 2.45:1 was obtained
in 82% yield. The ratio was determined the intergration of signals in >LP NMR

spectra 22.1 (major) and 20.4 ppm.
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IH NMR (COC15) 1.06-1.49 (m,9,CHy
3.31 (2xdq,1,CH-P, Jp, 17.61 Hz, J,
(m,4,CH,0P); 7.31 (A,B,,4,aromatic).
After column chromatography (eluent benzene/acetone 10:1) pure major diastereo-

isomer of (2b) was obtained, m.p. 79-80°C(after crystallization from ethyl ether).
(] 5+132° (c,2.4 acetone) e MR (CHC1;)  22.1 ppm; 'H NMR{PIR)
(COC15) 1.31 (d,3,CH4-CHP(0), 3y, 7.04 Hz); 1.33 and 1.35 (dt,6,CHy-CH,0 Iy,
Hz); 2.41 (s,3,CH5-C.H,); 2.89 (q,1,CHy-CH, 3y, 7.33 Hz) 4.17 and 4.22 (dg,4,
CH}CEZU, JHH 7.04 Hz); 7.41 (AZBZ,A,aromatic). Anal.Calcd. for CISHZlUQPS C,51.30;
H, 6.95; P, 10.18; Found C, 51.43; H,7.01 P,10.32.

-CH,D and CH5-CH); 2.41 (s,3,CH
7.33 Hz and Jp,, 18.48 Hz, J

~C Hy); 2.90 and
7.33 Hz); 4.08

3

H HH

7.04

Oxidation of (¥)-Dimethylphosphorylethyl p-Tolyl Sulphide (§)

To a solution of sulphide (6) (0.57 g, 0.002 m) in 3 ml of acetone and 1 ml of
water a solution of sodium metaperiodate (0.45 g, 0.0021 m) in water was added
within 1h at -5 to 0°C. The reaction mixture was stirred at 0% for 4h and allowed
to stand at 5°C for 3 days. The precipitated sodium iodate was filtered off.

After removal of acetone the water solution was extracted with chloroform. Chloro-
form extract was dried over anhydrous MgSO4 and evaporated to give the sulphoxi-
de (2b) as a mixture of two diastereoisomers ( 31p 22.1 and 20.4 ppm) formed in

a 3.1:1 ratio.

To a stirred mixture of sulphide (6) (0.57 g, 0.002 mol) in methanol (10 ml)
and optically active amyl alcohol (200 mg), hydrogen peroxide was added at once.
Progress of the oxidation was controlled by P NMR spectra. When the reaction was
complete, water (50 ml) was added to the reaction mixture. The agueous phase was
extracted with chloroform (3 x 20 ml) and organic extract was dried over magne-
sium sulphate. Evaporation of chloroform afforded pure sulphoxide (gg) as a dia-
stereoisomeric mixture in a 2.5:1 ratio.

X-Ray Analysis of the Sulphoxide (S)s(S)g-2a

Preliminary unit cell parameters were obtained from Weissenberg photographs and
were refined from diffractometric measurements. The intensity data were collec-
ted on a SYNTEX P2l four-circle diffractometer (CuK, radiation, graphite mono-
chromator). Measurements were carried out in the 8 -26 scan mode for 26 115°.
932 independent reflections were collected and 928 of them were considered to

be observed |I$36| and included in the refinement. The intensity data were redu-
ced to structure factors by the application of Lorentz and polarization factors,
no correction for absorption was applied. The structure was determined by direct
methods with SHELX 76 (Sheldrik 1976) and refined by full-matrix least-squares
method with anisotropic temperature factors for all non-hydrogen atoms. The H
positions were refined with a group isotropic temperature factors. The final

R value was 0.085. The positional parameters and anisotropic temperature factors
for non-hydrogen atoms are given in Table 2, and in Table 3 hydrogen atoms po-
sitional parameters with isotropic temperature factors are given. Bond diastan-
ces and angles with their standard deviations are given in Table 4 and 5.
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Table 2. Positional parameters (xlOa) and temperature parameters for non-hydro-

gen atoms, Beq =82 (Ull-Ulz-Uu)l/3
Atom X Y z B, (A%)
eq

P 1957(1) 3356(4) 3676(3) 2.47(12)
S 1485(1) 7036(5) 2966(4) 3.28(14)
01 1562(4) 2620(15) 5133(11) 4.19(44)
02 2070(4) 1474(18) 2773(10) 4.00(44)
03 2449(3) 4383(14) 4258(9) 3.08(37)
04 1085(5) 6913(18) 4438(10) 5.46(58)
Cl 1551(7) 3546(23) 6782(13) 4.20(56)
C2 2430(7) 1361(26) 1311(18) 5.62(80)
C3 1543(5) 4715(18) 2139(14) 3.05(54)
Ca 998(5) 3787(18) 1677(14) 3.40(55)
[ 1112(5) 7987(18) 1173(12) 2.78(52)
Cé 1351(4) 8117(22) -435(12) 2.77(56)
c7 1056(5) 8862(22) -1794(15) 4.14(69)
c8 524(5) 9544(17) -1566(12) 2.61(53)
c9 297(5) 9512(19) 78(14) 3.20(62)
Cl0 587(S) 8746(19) 1483(16) 3.64(63)
Cll 212(6) 10352(24) -3052(17) 5.05(74)

Table 3. Positional parameters (xlOA) and temperature parameters for hydrogen

atoms
Atom
H1l 1305(7) 2408(23) 7257(13) 9.7(16)
H12 1328(7) 4824(23) 6976(13) 9.7(16)
H13 1949(7) 3597(23) 7473(13) 9.7(16)
H21 2305(7) -27(26) 980(18) 9.7(16)
H22 2868(7) 1381(26) 1600(18) 9.7(16)
H23 2347(7) 2272(26) 238(18) 9.7(16)
H31 1750(5) 4798(18) 906(14) 8.8(52)
Hal 730(5) 4783(18) 1060(14) 9.7(16)
H42 806(5) 3305(18) 2852(184) 9.7(16)
H&3 1066(5) 2633(18) 820(14) 9.7(16)
HE1 1770(4) 7634(22) -633(12) 5.1(17)
HT1 1244(5) 8918(22) -3058(15) 5.1(17)
H91 -110(5) 10094(19) 285(14) 5.1(17)
Hi01 408(5) 8739(19) 2761(16) 5.1(17)
Hi12 -192(6) 10685(24) -2533(17) 9.7(16)
H113 177(6) 9183(24) -3910(17) 9.7(16)
372(6) 11525(24) -3755(17) 9.7(16)

Lists of structure factors and anisotropic thermal parameters and bond lengths
involving H-atoms are available from the Cambridge Crystallographic Data Centre
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Table 4. Bond lengths (R)

P - 0(1) 1.570(10) C(3) - c(a) 1.517(18)
P - 0(2) 1.556(10) C(5) - C(6) 1.376(14)
P - 0(3) 1.469( 9) c(8) - c(7) 1.385(17)
P - C(3) 1.838(12) C(6) - C(7) 1.381(17)
S - C(3) 1.804(13) c(8) - C( 1.387(15)
S - 0(4) 1.496(11) c(9) - C(10) 1.407(17)
S - C(5) 1.793(11) €(5) - c(10) 1.400(16)
0(1) - Cc(1) 1.444(15) c(8) - c(11) 1.494(18)
0(2) - c(2) 1.429(17)
Table 5. Bond angles (°)
0(2) - P - 0(1) 97.6(5) c(a) -c(3) -P 112.6(9)
0(3) - P - D(1) 116.1(5) c(a) -~ cC(3) -5 115.4(9)
0(3) - P - 0(2) 116.1(5) c(¢) - cC(5) -8 121.3(9)
c(13) - P - 0(1) 108.7(5) c(10) ~ c(5) - S 118.1(8)
c(3) - P - 0(2) 105.7(5) c(10) -~ c(5) - C(6) 120.4(10)
C(3) - P - 0(3) 111.4(6) c(9) -~ c(8) - C(7) 118.4(10)
c(3) -5 0(4) 105.4(7) c(11) ~ c(8) - c(7) 120.4(10)
c(5) -5 0(4) 107.0(6) c(11) - c(8) - c(9) 121.2(11)
C(5) - S - C(3) 96.9(6) c(7) ~ c(6) - C(%5) 120.2(10)
c(l)y -o0(1) - P 119.4(9) c(6) ~ C(1) c(s) 121.2(10)
c(2) -0(2) - P 120.8(10) C(10) - Cc(9) - C(8) 121.6(11)
S - C(3) -pP 108.0(6) c(9) - c(10) - c(5) 118.0(10)
ACKNOWLEDGEMENTS

This work was financially supported by the Polish Academy of Sciences
within the project CPBP 01.13.

REFERENCES

1. Part XLIV of the series Organosulphur Compounds:
Part XLIII: M.Mikotajczyk, W.Perlikowska and J.Omelaniczuk, Synthesis, in press.
2. d-Phosphoryl Sulphoxides V: M.Mikotajczyk, W.Midura, M.W.Wieczorek and
G.Bujacz, Phosphorus Sulfur, in press.
3. M.Mikotajczyk and A.Zatorski, Synthesis, 669 (1973).
4. M.Mikotajczyk, S.Grzejszczak and A.Zatorski, J.0rg.Chem., 40, 1979 (1975).
5. M.Mikotajczyk, W.Midura, S.Grzejszczak, A.Zatorski and A.Chefczyriska,
J.0rg.Chem., 43, 473 (1978).
6. M.Mikotajczyk, A.Zatorski, S.Grzejszczak, B.Costisella and W.Midura
J.0rg.Chem., 43, 2518 (1978).
7. R.W.Hoffmann and N.Mack, Tetrahedron Letters, 2237 (1976);
.W.Hoffmann et al., Chem.Ber., 113, 831 (1980);

R

J.M.Akkerman, H.De Koning and H.O0.Huisman, Heterocycles, 15, 757 (1981);
G.Solladie and G.Moine, J.Am.Chem.Soc., 106, 6097 (1984);

C.Maignen, A.Guessons and f.Rouessac, Tetrahedron Letters, 25, 1727 (1984).




2976

8.
9.

10.

11.

12.
13.

14,

M. MIKOLAJCZYK et al.

H.Phillips, J.Chem.Soc., 127, 2552 (1925).

D.E.C.Corbridge, The Structural Chemistry of Phosphorus, Elsevier, Amsterdam,
1974, pp 262, 264.

T.Durst, R.R.Fraser, M.R.McClory, R.Viau, B.BSwingle and Y.Y.Wigfield, Can.J.
Chem., 48, 2148 (1970);

.Durst, R.Viau and M.R.McClory, J.Am.Chem.Soc., 93, 3077 (1971);

.Viau and T.Durst, J.Am.Chem.Soc., 95, 1346 (1973);

.Durst and A.Molin, Tetrahedron Letters, 63 (1975);

.Rauk, E.Buncel, R.Y.Moir and S.Wolfe, J.Am.Chem.Soc., B7, 5498 (1967);

Y ==

.Nishihata and M.Nishio, J.Chem.Soc., Perkin II, 1730 (1972);
.F.Biellmann and J.J.Vicens, Tetrahedron Letters, 2915 (1915); 467 (1978);
.Lett, S.Bory, B.Moreau and A.Marquet, Bull.Soc.Chem.France, 2851 (1973);
.Bory, A.Marquet, ITetrahedron Letters., 4155 (1973); 1597 (1975);
.Chassaing, R.Lett and A.Marquet, Jetrahedron Letters, 467 (1978).

See for example: M. Mikotajczyk and J.Drabowicz, Topics in Stereochem., 13,
333 (1982).

K.Nishihata and M.Nishio, J.Chem.SOc., Perkin II, 758 (1973).

D.J.Cram and F.A.Abd Elhafez, J.Am.Chem.Soc., 74, 5828 (1952);

D.J.Cram and K.R.Kopecky, J.Am.Chem.Soc., 81, 2748 (1959).

M.Cherest, H.Felkin and N.Prudent, Tetrahedron Letters, 2199 (1968).

A ®MUuU X V- VW A




