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Heteroorganic betaines
2.* X-ray diffraction study of betaines containing the *P—C—Si—S~ fragment
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The structures of three silicon-containing organophosphorus betaines containing the
*P—C—Si—S~ fragment were esiablished by X-rav diffraction study. Due to the attractive
zlectrostatic interaction between the anionic and cationic centers, the main chain adopts a
gauche conformation, whereas this chain in the S-ethyl derivative of the phosphonic sait
[Ph,P*—~CMe,~SiMe,SEt]Br™ adopts a rrans conformation. The changes in the geometric
parameters of betaines depending on the substituents at the phosphorus, carbon. and silicon
atoms were analyzed. The P—S bond can in principle be formed. resuiting in the closure of
the four-membered ring provided that additional steric hindrances at the silicon atom occur.

Key words: silicon-containing organophosphorus betaines containing the thiolate center,

X-ray diffraction study.

Previously,!=3 we have reported the synthesis of
betaines of the general formula R';PTCR*RISiR*R3S™
and demonstrated that their carbon analogs
RiPTCHMeC(C HyX-p).S™ (R = Et or Ph: X =
MesN)14 were formed as intermediates in the thio
Wittig reaction. In the present work. we performed X-ray
diffraction study of betaines Ph;P*CMeaSiMe,S™ (1),
Ef;P"CHMeSiPh>S™ (2), and (Me,N);PTCMe,SiMe,S™
(3) as well as of the product of ethylation of compound
1. viz., the (PhyP"CMe,SiMe,SEtT]Br™ salt (4) (the
preliminary results have been published previously, see

Table 1. Selected geometric parameters of betaines 1—3 and sal 4

Ref. 3). We also carried out a comparative analysis
of the structures of zwitterions 1—3 and betaine
R;P"CHMeC(C H,X-p)2S™ (R = Et; X = MeQ) (5),
crystallographic study of which has been performed
recently.®

Results and Discussion

The principal geometric parameters of the molecules
of betaines 1—3 and phosphonium salt 4 are given in
Tabte 1.

Compound Interatomic distances Bonds angles Dihedral angle
/A /deg P—C—Si—S§
P-C C-Si S-S P.S P—C—-Si C—Si-S /deg
PhyP*—CMe,~—SiMe,—S~ 1.825(4) 1.986(4) 2.048(2) 3.988(4) 115.6(2) 114.6(1) 56.1(2)
(n
Et;PT—CHMe—SiPh,—S~ 1.811(3) 1.934(3) 2.044(2) 3.681(4) 112.8(1) 114.7(2) 38.2(2)
(2)
(MeyN);P"—CMes—SiMe,—S~ 1.830(4) 1.979(3) 2.037(2) 3.980¢4) 115.7(2) 116.9(D 50.4(2)
3
[PhyPT—-CMe,—SiMe,—SEt]Br~- 0.5CsHsN  1.839(3) 1.833(6) 2.140(3) 35.010(3) 116.6(3) 107.3(2) 177.0(2)
(4)

* For Part |, see Ref 1.
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In the crystals, the *P—C~—Si—S™ main chains of
betaines 1—3 (Figs. 13, respectively) adopt a sterically
strained gauche conformation. which is apparently de-
termined by the intramolecular Coulomb attractive
P7...S™ interaction between the cationic and anionic
centers, This suggestion is confirmed by the fact that the
thermodynamicallv most faverable trans conformation is
realized in the case of salt 4 (Fig. 4). in which such
interaction is impossible. Steric strains in zwitterions
1-3 are manifested in the noticeable elongation of the
P—C and C-—Si bonds in the main chain (see Table 1)
compared to the average values (1.800 and 1.863 A,
respectively’) as well as in the substantial increase in the
C—Si—S~ bond angles at the silicon atom and in the
P—C-Si bond angles compared to the ideal tetrahedral
value (109.5°).

Fig. 2. Structure of betaine 2.

Fig. 4. Structure of the cation of salt 4.

A decrease in the "P—C—Si—S~ dihedral angle in
zwitterion 2 compared to those in structures 1 and 3 is
accompanied by a decrease in the P...S distance and in
the C—Si bond as well as by a reduction in distortion of
the P—C~Si angle. which is indicative of the tendency
for the closure of the four-membered ring. Apparently,
the P and S atoms are brought into proximity due to the
higher steric strain at the silicon atom and lower steric
hindrances at the carbon atom of the main chain. It is
not inconceivable that the introduction of even bulkier
substituents at the silicon atom and the attachment of
electronegative groups at the phosphorus atom provide
favorable conditions for the formation of the thiasila-
phosphetane structure. This suggestion is confirmed by
the available evidence for the noticeable effect of the
substituents on the stability of oxaphosphetanes 82
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Table 2. Principal crystallographic data for betaines 1—3 and salt 4

Parameter 1 2
Molecular formula C,3H,,PSSi CygH4, PSS
M 394.6 360.55
Crystal svstem Orthorhombic Triclinic
Space group P2,2.2, Pl
alA 9.881(5) 6.860¢2)
b/A [3.5325%8) 8.887(2)
c/A 15.691(9) 9.631(
o/deg 90 117.24¢1)
B/deg 90 102.60(1)
v/deg %0 97.53(1)
VIAR 2097(2) 491.1(2)
V4 4 1
7/C —120(2) —120(2)
egierg cm™? 1.250 1.219
Bman/deg 27 7
Neetto N e ® 3195, 1916 2033, 2018
(c /> 3c(M
R factors R =10.032, R, = 0.044,
R, = 0.034 wRy = 0.111

3 44
Cy 1 H;yN;PSS;j [Ca5H;2PSSITFBr - 0.5CsH; N
2955 542.6
Monoclinic Monoclinic
P2 /n P2 /n
94234 11.585(3)
15.048(5) 14.758(6)
11.901(4) 15.780¢6)
90 90
92.88(2) 90.42(2)
90 90
1683(1) 2700(2)
4 4
2002) -120(2)
1.165 1.335
28 26
5210, 2130 5884, 2530
(c 1> 33a(y) (c /> 3ally)
R = 0.066, R =10.043,
R, = 0.036 R, = 0.038

¢ Sotvate with pyridine

b N is the number of measured reflections and N’ .q is the number of reflections used in the structure refinement.

The structures of organosilicon betaines 1—3 are
similar to the structure of their carbon analog
Et;PFCHMeC(CyHOMe-p),S™ (5).% This similarity
consists in the gauche conformation of betaine 5. the
elongation of the P—C bond (1.845(7) A). and the dis-
tortion of the angles at the atoms of the "P-—-C—C—S~
main chain (98.7(6)—117.6(3)°) as well as in the fact
that the *P—C-—E-—S" dihedral angles in zwitterions 5§
(47.7(5)°, E = C) and 1--3 (E = Si) have close values.

The C—S~ bond length (1.833 (6} A} in zwitterion
5 is close to the standard value (the average C—S bond
iength is 1.820 A7), whereas the Si—S~ bond lengths in
betaines 1—3 are smaller than the average length of the
Si—S single bonds (2.145 A).7 The P...S distance
(3.109 (5) A) in betaine 5 is within the sum of the van
der Waals radii (P—S is 3.6 A)!® and is substantially
smaller than those in betaines 1—3. Apparently, this
difference results from the shorter C—C and C—-S§~
bonds in the main chain of zwitterion 5 compared to
the C—Si and Si—S~ bonds in betaines 1—3 as well as
from the higher steric overcrowding at the C atom in
zwitterion 5 compared to the Si atom in compounds
1—3. Therefore, the closure of the four-membered ring
in betaines 1—3 and 5 is hindered primarily by the
geometric factors.

Experimental

The syntheses of the compounds under study have been
described previously. !

X-ray diffraction study. The unit cell parameters of all
compounds and the intensities of independent retlections were
measured on an automated four-circle Siemens P3/PC
diffractometer (A\(Mo-Ka) radiation, graphite monochromator,

6/28 scanning technique). All structures were solved by the
direct method and refined by the full-matrix least-squares
method with anisotropic thermal parameters for nonhydrogen
atoms. In the crystal of salft 4, the pyridine molecule of solva-
tion was revealed from the difterence Fourier syathesis. This
molecule occupies a special position (an inversion center),
which indicates that the molecule is disordered over two sites
with equal occupancies. However, we failed to unambiguously
determine the position of the nitrogen atom, and hence. all
three independent atoms of the ring were refined as carbon
atoms. The hydrogen atoms were placed in geometrically calcu-
lated positions and refined isotropically with fixed positional
(the riding model) and thermal paramerers. All calculations
were carried out on an 1BM PC/AT-486 computer with the use
of the SHELXTL PLUS program package (PC Version 4.07!
{compounds 1, 3. and 4) or PC Version 3.0!2 (compound 2)).
The principal details of X-ray diffraction studies are given in
Table 2. The complete tables of the bond lengths and the bond
angies. the atomic coordinates, and the equivalent isotropic
thermal parameters of the nonhydrogen atoms in the structures
of 1—4 have been deposited with the Cambridge Structural
Database.

We thank Professor E. Vedejs for placing at our
disposal the preprint of his paper.8
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