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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 si]icon-containing organophosphorus betaines containing the 
§  fragment were established by X-ray diffraction study. Due to the attractive 
electrostatic interaction between the anionic and cationic centers, the main chain adopts a 
gauche contbrmation, whereas this chain in the S-ethyl derivative of the phosphonic salt 
[Ph3P'--CMe2--SiMe2SEt]Br- adopts a trans 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 principie be fnrmed, resulting in the closure of 
the lbur-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, 1-3 we have reported tile synthesis of  
betaines of  the general  formula RJ;P+CR-~R3SiR4RSS - 
and  d e m o n s t r a t e d  that  t he i r  ca rbon  ana logs  
R 3 P + C H M e C ( C r H 4 X - p ) 2 S  - (R = Et or  Ph: X = 
Me2N) t,4 were formed as intermediates  in the thio 
Wittig reaction. In the present work. we performed X-ray 
diffraction study of  betaines Ph3P*CMezSiMe2 S -  (1), 
E t sP+CHMeSiPh2  S -  (2), and (Me2N)3P+CMe2SiMe2S - 
(3) as well as o f  the product  of  ethylat ion of  compound  
1. viz., the [Ph3P~CMe2SiMe2SEt+]Br  - salt (4) (the 
prel iminary results have been published previously, see 

Ref. 5). We also carried out a comparat ive  analysis 
of  the s t ructures  o f  zwi t te r ions  1 - -3  and be ta ine  
R3P*CHMeC(CrHaX-p )2S  - (R = Et; X = MeO) (5), 
crystallographic study of  which has been performed 
recently. 6 

Results and Discussion 

The principal geometr ic  parameters  of  the molecules  
of  betaines ! - - 3  and phospbonium salt 4 are given in 
Table 1. 

Table 1. Selected geometric parameters of betaines 1--3 and salt 4 

Compound Intemtomic distances Bonds angles Dihedral angle 
/~  /deg P--C--Si--S 

P--C C--Si Si--S-  P...S P--C--Si C--Si--S /deg 

Ph3P*--CMe2--SiMe2--S- 
(1) 

Et3P+--CH Me--SiPh2--S - 
(2) 

( Me2N )3 P+--C M ea--SiM e?--S- 
(3) 

[Ph3P+--CMe/--SilMe2--SEt] Br - .  O,5CsHsN 
(4) 

1.825(4) 1.986(4) 2.048(2) 3.988(4) 115.6(2) 114.6(t) 56.1(2) 

1.811(3) 1,934(4) 2.044(2) 3.681(4) 112.8(I) 114.7(2) 38.2(2) 

1.830(4) 1.979(3) 2.037(2) 3.980(4) 115.7(2) 116.9(I) 50.4(2) 

1.839(5) 1.933(6) 2.140(3) 5.010(5) 116.6(3) 107.3(2) 177.0(2) 

* For Part I, see Ref. I. 

Translated from Izvestiya Akademii Nauk. Seriya Khirnicheskaya, No. 5, pp. 931--934, May, 2000. 

1066-5285/00/4905-0929 $25.00 ,,~ 2000 KIuwer Academic/Plenum Publishers 



930 Russ. Chem.BulL. VoI. 49, No. 5, ,Via);, 2000 Khrustalev et al. 

In the cry, stals, the + P - - C - - S t - - S -  main chains of 
betaines 1--3  (Figs. 1--3. respectively) adopt a sterically 
strained gauche conformation,  which is apparently de- 
termined by the int ramotecular  Coulomb attractive 
P~.. .S- interaction between the cationic and anionic 
centers. This suggestion is confirmed by the fact that the 
thermodynamical ly  most favorable 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--S t  bonds in the main chain (see Table I) 
compared to the average values (1.800 and 1.863 .~, 
respectively 7) as well as in the substantial increase in the 
C - - S t - - S -  bond angles at the silicon atom and in the 
P - - C - - S t  bond angles compared to the ideal tetrahedral 
value (109.53). 

c•C 4} C( 

Fig. 1. Structure ofbetaine 1. 

Fig. 2. Structure of betaine 2. 
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Fig. 3. Structure of betaine 3 
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Fig. 4. Structure of the cation of salt 4. 

A decrease in the + P - - C - - S t - - S -  dihedral angle in 
zwitterion 2 compared to those in structures I and 3 is 
accompanied by a decrease in the P...S distance and in 
the C--St  bond as well as by a reduction in distort ion of  
the P - -C- -S t  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 a t tachment  of  
electronegative groups at the phosphorus a tom provide 
favorable condit ions for the formation of  the thiasi la-  
phosphetane structure. This suggestion is confirmed by 
the available evidence for the noticeable effect of  the 
substituents on the stability of  oxaphosphetanes,  s,9 
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Table 2. Principal crystallographic data tbr betaines !--3 and salt 4 

Parameter 1 2 3 4 a 

Molecular formula C,3H27PSSi C~0H2,)PSSi C~jH30N3PSSi [C25 H32 PSSi]§ Br- - 0.5CsHsN 
M 394.6 360.55 295_5 542.6 
Crystal system Orthorhombic Triclinic Monoclinic Monoclinic 
Space group P2!2:21 PI P2!/n P21/n 
a/A 9.88 I I 5) 6.860(2) 9 423(4) 11.595(5) 
b/A [ 3.525(8) 8.887(2) 15,048(5) 14.758(6) 
c/A 15.69 I(9) 9.631 (2~ 11.901 (4) 15.780~ 6) 
ct/deg 90 I 17.24( 1 ) 90 90 
]3/deg 90 102.60(1) 92_88(2) 90.42(2) 
7/'deg 90 97.53( I ) 90 90 
I,]/J, 3 2097(2) 491.1(2) 1685(I) 2700(2) 
Z 4 1 4 4 
T/~ -120(2) - 120(2) 20(2) - 120(2) 
dcaUg era-" 1.250 1.219 1.165 1.335 
0max/deg 27 27 28 26 
A,'retl ' N'rc flb 3195, 1916 2033, 2018 52t0. 2t30 5884, 2530 

I c [ > 3o(/)) (c [ > 3.5o(/)) (c / >  3o(DI 
R factors R = 0.032, R I - 0.044, R = 0.066, R = 0.043, 

R~ = 0,034 wR 2 = 0.1 l 1 R,,, = 0.056 R w --- 0.038 

" Solvate with pyridine 
bNrr fl iS the number of measured reflections and N're  fl is the number of reflections used in the structure refinement. 

The  s t ruc tu res  of  o rganos i l i con  be ta ines  I - - 3  are 
s i m i l a r  to t he  s t r u c t u r e  o f  t h e i r  c a r b o n  a n a l o g  
E t 3 P + C H M e C ( C 6 H 4 O M e - P ) 2 S  - (5). 6 This  s imi lar i ty  
consis ts  in the gmtche c o n f o r m a t i o n  of be ta ine  5. the 
e longa t ion  of  the  P - - C  bond  (1.845(7)  ,~), and the  dis- 
to r t ion  of  the angles  at the a t o m s  of  the * ' P - - C - - C - - S -  
main  cha in  (98 ,7 (6 ) - -117 .6 (3 )  ~ ) as well as in the fact 
tha t  the  ~ - P - - C - - E - - S -  d ihedra l  angles in zwi t te r ions  5 
(47.7(5) ~ , E = C) and  1- -3  (E = St) have close values. 

T h e  C - - S -  bond  length  ( I .833  (6) .-~) in z w i t t e n o n  
5 is close to  the  s tandard  value ( the  average C - - S  bond  
length is 1.820 ~7),  whereas  the  S t - - S -  bond  lengths  in 
be ta ines  1 - - 3  are smal le r  t h a n  the  average length o f  the  
S i - -S  s ingle  b o n d s  (2.145 /~).7 The  P...S d i s t ance  
(3.109 (5) A) in be ta ine  5 is wi th in  the sum of  the  van 
t ier  Waals  radii  ( P - - S  is 3.6 ,~)t0 and  is substant ia l ly  
smal le r  t h a n  those  in be t a ines  1 - -3 .  Apparen t ly ,  this 
d i f ference  resul ts  f rom the  sho r t e r  C - - C  and  C - - S -  
b o n d s  in the  m a i n  cha in  o f  zwi t te r ion  5 c o m p a r e d  to 
the  C - - S t  and  S t - - S -  b o n d s  in be ta ines  ! - - 3  as well as 
f rom the h i g h e r  steric ove r c r ow d i ng  at the  C a tom in 
zwi t te r ion  5 c o m p a r e d  to the  Si a tom in c o m p o u n d s  
I - - 3 .  There fo re ,  the  c losure  o f  the  f o u r - m e m b e r e d  ring 
in be ta ines  1 - -3  and  5 is h inde red  pr imari ly  by the  
geomet r i c  factors.  

Experimental 

The syntheses of ,'he compounds under study have been 
described previously I 

X-ray diffraction study. The unit cell parameters of all 
compounds and the intensities of independent reflections were 
measured on an aulomated four-circle Siemens P3/PC 
diffractometer (k(Mo-Kco radiation, graphite monochromator, 

0/20 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 salt 4, the pyridine molecule of solva- 
tion was revealed from the difference Fourier synthesis. 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 parameters. All calculations 
were carried out on an IBM PC/AT-486 computer with the use 
of the SHELXTL PLUS program package (PC Version 4.011 
(compounds 1, 3, and 4) or PC Version 5.012 (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 
angtes, the atomic coordinates, and the equivalent isotropic 
thermal parameters of the nonhydrogen atoms in the structures 
of 1--4 have been deposited with ~he Cambridge Structural 
Database. 

We t h a n k  Professor  E. Vedejs for p lacing at ou r  
disposal  the p repr in t  o f  his paper.  8 
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