
i .  

. 

3. 

4, 

5. 

6. 

7. 

TABLE 4. Kinetic Constants of the Interaction of S-~-Benzylmer- 
captoethyl Esters of Phosphorus Thioacids RRIP(O)SCH2CH=SCH2Ph 
with Cholinesterases 

Com- 
pound 

(i) 
(rI) 

(l id 
(IV) 
(v) 

(vI) 
(vii) 

(viii) 

Me 
Me 
Me 
Ph  
CeH~l 
EtO 
BuO 
CgHi30 

R' 
k a , 

l i t e r /  
m o l e  �9 
r a in  

AChE 

Ki, r I Ki, s 
k a , 

l i t e r /  
m o l e  �9 
min 

EtO 
BuO 
C6HtiO 
EtO 
EtO 
EtO 
BuO 
C6H~30 

2,5.10 7 
2,5.10 7 
8,3.t0 ~ 
6,7-t0 4 
t,8.10 z 
1,6.10 ~ 
2,5.10 5 
4,3.10 4 

m o l e s / l i t e r  

4,i . iO-~ 
8,4.i0-7 
4,6.t0-7 
2,0.10-5 

4,5.10 -7 
2,2.10 -7 

2,2.10 -9 
2,4.10-e 
t,6. t0 - s  
5,5.t0-~ 

7,5.10-7 
1,7.10-6 

BuChE 

KL r Ki, s 

moles  t l i t e r  

5,8. t0 5 
5,3.10 7 2,8.10-9 
3,8.10 6 4,0. t0 - s  
t,4. t0 8 6,6.10 -8  
5,6.t0 ~ t , 7 . t 0 - s  
1,7. t0 8 
2,4.t0 7 6,5.10 -8 
5,9:10~ 2,6.t0 -8 

7,3.10 -1~' 
6,7.10-8 
t,1.10-7 
4,2.t0-6 

2,0.10 -9 
3,8.10 -9 

*Reversible components of inhibition could not be determs 
with sufficient reliability. 

LITERATURE CITED 

M. Kh. Berkhamov, L. I. Zakharova, L. G. Grineva, V. M. Kuzamyshev, G. G. Ol'khovaya, 
M. Kh. Bekanov, R. S. Agabekyan, N. N. Godovikov, and M. I. Kabachnik, Izv. Akad. Nauk 
SSSR, Ser. Khim., 879 (1981). 
A. P. Brestkin and N. N. Godovikov, Uspekhi Khim., 47, 1609 (1978). 
L. G. Grineva, G. G. Ol'khovaya, V. M. Kuzamyshev, M. Kh. Bekanov, A. Z. Taubulatova, 
T. M. Musukaeva, M. Kh. Berkhamov, and N. N. Godovikov, in: The Chemistry of Physiologi- 
cally Active Substances [in Russian], Vol. 2, Nal'chik (1978), pp. 9-13. 
V. A. Yakovlev and R. S. Agabekyan, Biokhimiya, 31, 258 (1966). 
V. A. Yakovlev, Kinetics of Enzymatic Catalysis [in Russian], Nauka, Moscow (1965), p. 

115. 
A. P. Brestkin, R. I. Volkova, N. N. Godovikov, M. I. Kabachnik, and N. A. Kardanov, 
Izv. Akad. Nauk SSSR, Ser. Khim., 622 (1973). 
V. M. Kuzamyshev, Dissertation [in Russian], Moscow (1977). 

SYNTHESIS AND PMR SPECTRA OF FUNCTIONAL METHYLCYCLOHEXA(HEPTA, 

OCTA)SILOXANES AND THEIR STRUCTURAL ISOMERS 

N. N. Makarova and B. D. Lavrukhin UDC 542.91:543.422.25:547.1'128 

We have earlier reported the synthesis of functional methylcyclotetra(penta-, and hexa)- 
siloxanes, by the stepwise condensation of methyltrichlorosilane with dimethylsilanediol, 
1,3-dihydroxytetramethyldisiloxane, and 1,5-dihydroxyhexamethyltrisiloxane [i]. The reac- 
tion between l,l,7,7-tetrachlorohexamethvltetrasiloxane and 1,3-dihydroxytetramethyldisilox- 
ane (DHMS) has given 2,8-dichloro-2,4,4,6,6,8,10,10,12,12-decamethylcyclohexasiloxane. In con- 
trast, reaction of l,l,5,5-tetrachlorotetramethyltrisiloxane with 1,5-dihydroxyhexamethyl- 
trisiloxane (DHMTS) is more complex. It appears that intramolecular cyclization takes place 
by two routes to give both 2,6-dichloro-2,4,4,6,6,8,8,10,10,12,12-decamethylcyclohexasiloxane 

and its structural isomer. 

We here continue a study of the condensation of a,a,m,m-tetrachlorodimethylsiloxanes 
with DHMTS with a view to obtaining 2,6-dichlorooctamethylcyclohexa- and 2,10-dichlorotetra- 

decamethylcyclooctasiloxanes. 

The reaction products were found by PMR to consist of a complex mixture of products, 
a common feature of which was the possession of MeSiCI 2 groups (6Me ~ 0.8 ppm) and MeSiCI 
(6Me ~ 0.4 ppm) groups. In addition, the elemental analyses of the fractions presumed to 

A. N. Nesmeyanov Institute of Heteroorganic Compounds, Academy of Sciences of the USSR, 
Moscow. Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 3, pp. 652- 
659, March, 1986. Original article submitted February 9, 1984. 

596 0568-5230/86/3503-0596512.50 �9 1986 Plenum Publishing Corporation 



contain 2,6- dichlorodecamethylcyclooctasiloxane and 2,10-dichlorotetradecamethylcyclooc- 
tasiloxane were in agreement with the calculated values. In the mass spectra of the frac- 
tions of the products of the reaction between l,l,5,5-tetrachlorotetramethyltrisiloxane and 
i, i, 9,9-tetrachlorooctamethylpentasiloxane with DHMTS, the peaks of greatest mass were those 
with m/z 469 and 617 respectively, corresponding to the loss of a methyl group from the molec- 
ular ions of dichloromethylcyclohexa-(and octa-)siloxanes or their structural isomers. 

The PMR spectral data suggests that the condensation of ~,a,~,m-tetrachlorodimethylsilox- 
anes with DHMTS involves intramolecular cyclization by two routes, as follows: 

C12MeSiO(Me2SiO)nSi(Me)CI 2 @ H0(Me2siO)aH 

Me Me 

O'--~eO(Me2SiO) r~Me SIC19 " ~1-- ~ / Me 
~i2 0s\ \s~ 'Xo ..("> ("~ ~/I" ,L,,Mo 

M e /  ~ 0  0 / "  ~NMe / N  
~o M .  \ l o /  

(IIa,.b) / S  k 
Me Me 

(IIIa) (i) 

~\ si 
.M, o / I  o ~.. ~ o /1  Xo. ,~o 
Is/ ~ Xl _ . I /  M~ Xl 
", ] ' k  ,,S~i~O"~"M e2SiO) ~ ' -  Si--  S i  
3 N -  ~t~ / \ M.e / I  
m,e O. / 0 0 I 0 Me 

%/ \ U  
I I 

Ma (IVa, b) Me 

where n = l ( a ) ,  3(b). 

I n  o r d e r  t o  c o n f i r m  t h e  f o r m a t i o n  o f  compounds w i t h  t h e  p r o p o s e d  s t r u c t u r e  ( I I ) ,  i t  was 
attempted to obtain these compounds by direct synthesis (route 2) 

Si Si 

 koq>\v :r . 

l \  Si ~ C1Me2Si(OSiMe2)~_IC 1 ~ Si �9 ~iO(Me2MO)~_ISitde2C1 
I x  Me / ]  M o O \ l / O  ,,e . ~5o ~e 0 / 

s, \U  
I I Me Me 

(IIc,, d) {2) 
~o Me 
Si ~i 

�9 > S , i  8iO(Me2SiO)ntt-]- M~SiC13._.. > (Me2SfQ)nSi(Me)C1 ~ "ACeHa I \ Me / �9 

Me 0 I 0 N~SI t /  

t I 
Me Me 

(ue, f) (IIa, b) 

n = t (e,e), 3 (d, f). 

The p h y s i c o c h e m i c a l  c o n s t a n t s  o f  t h e  compounds ( I I )  a r e  shown in  T a b l e  1. 

I n  t h e  IR s p e c t r a  o f  ( I I a - f )  ( T a b l e  ! ) ,  i n  t h e  r e g i o n  c h a r a c t e r i s t i c  o f  Vas v i b r a t i o n s  
o f  t h e  S i -O bond ,  o n l y  ( I Y c )  showed b r o a d e n i n g  o f  t h e  a b s o r p t i o n  a t  1080-1090 cm - 1 ,  w h e r e a s  
in  t h e  o t h e r  compounds ( I I a ,  b ,  d - f )  t h e  band was s p l i t  t o  fo rm two maxima a t  1040-1050 and 
1050 cm - 1 ,  i t  b e i n g  o b s e r v e d  t h a t  as  t h e  number o f  Me2SiO u n i t s  in  t h e  s t r a i g h t  c h a i n  i n -  
creased there was an increase in the intensity of the absorption at 1090 cm -l. The IR spectra 
of (lla-f) also contained absorption for the Si--Me and Si-CI bonds and for the Si-CI 2 group 
at 1270, 460, and 560 cm -~, respectively. Thus, a characteristic feature of the IR spectra 
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of compounds of structure (II) [2,4,4,6,6,8,8-heptamethyl-2-(2,2,4-trimethyl-4,4-dich!orodi- 
siloxy)tetrasiloxane and 2,4,4,6,6,8,8-heptamethyl-2-(2,2,4,4,6,6,8-heptamethyl-8,8-dichloro- 
tetrasiloxy)tetrasiloxane] is the presence of two absorption bands {or ~as of the Si-O bond at 
1040-1050 and 1090 cm -I. 

The chemical shifts (CS) of the PMR spectra of compounds with structures (I) and (II) 
are shown in Table i. The spectra of the methyl protons of the cyclic moiety of the compounds 
of structure (II) are of a general nature. As a result of the symmetry of the molecule (the 
plane of symmetry is perpendicular to the plane of the ring and passes through Si 2 and Si6), 
fragments Si4Me 2 and SisMe 2 are enantiotopic. 

Me 

R = O(Me2SiO)nSiNeC~;(ONe~Si)~OH;(OMe2Si)~C1;n = l,a. 

They c o n t a i n  two p a i r s  o f  e n a n t i o t o p i c  m e t h y l  g roups  (MG) Me 4a, Me ~a, and Me 4b, Me 8b, which 
d i f f e r  in  t h e i r  s p a t i a l  r e l a t i o n s h i p  t o  t he  s u b s t i t u e n t  R (a s  a r e s u l t  of  i n a d e q u a t e  d a t a ,  
i t  was n o t  p o s s i b l e  t o  a s s i g n  t h e  s i g n a l s  t o  c i s -  o r  t r a n s - m e t h y l  g r o u p s ) ,  and a c c o r d i n g l y  
g i v e  r i s e  t o  two s i g n a l s .  The Mg a t  Si  ~ i s  i n v a r i a n t  t o  symmetry o p e r a t i o n s ,  and a l s o  c o r -  
r e s p o n d s  t o  two s i g n a l s .  The CS of  t h e  p r o t o n s  o f  t h e  two MG a t  S i 4 ( S i  ~) and Si  6 a r e  d i f -  
f e r e n t ,  and a r e  s p i n - c o u p l e d  t o  t h e  p r o t o n s  o f  t h e  gemina l  MG (4JHcSiCH = 0 .4  H z ) .  The 
s i g n a l s  f o r  t h e s e  MG a r e  q u a r t e t s .  The s i g n a l  f o r  t h e  p r o t o n s  o f  t h e  MG a t  Si 2 i s  a s i n g l e t ,  
s i n c e  no a d j a c e n t  p r o t o n - c o n t a i n i n g  g roup  i s  p r e s e n t .  Hence,  t h e  c y c l i c  m o i e t y  of  t h e  m o l e -  
c u l e  givesrise to a singlet for Me 2 and quartets for Me 4a,aa, Me4b, 8b, Me ~a, and Me 6b, with 
integral intensities 1:2:2:1:1. The signals for the linear region of the molecule (II) are 
singlets, since the MG in SiMe 2 are symmetrical relative to the plane of symmetry of the mole- 
cule. Assignment of the SiMe 2 signals for the linear portion of compounds (IIa, b) and (IId) 
was made allowing for the influence of the C1 atoms. The protons of the MG adjacent to the 
C1 atom experience a greater low-field shift. 

The functional methylcyclohexa(hepta, and octa)siloxanes were synthesized by the conden- 
sation of l,l,9,9-tetrachlorooctamethylpentasiloxane or l,l,ll,ll-tetrachlorodecamethylhexa- 
siloxane with dimethylsilane or DHMDS. The compounds isolated were identified from their 
PMR, IR, and mass spectra and their elemental analyses as 2,6- and 2,8-dichloromethylcyclo- 
hexa(hepta, and octa)siloxanes of structure (III). 

It is noteworthy that in the previously published IR spectra of dichloromethylcyclo- 
tetra(penta-, and hexa)siloxanes [I], and those of the newly-obtained dichloromethylcyclo- 
hepta(and octa)siloxanes, only one absorption band is present in the Vas Si-O region, this 
being shifted from Iii0 cm -l in 2,6-dichloro-2,4,4,6,8,8-hexamethylcyclotetrasiloxane to 1070 
cm -l in 2,8-dich••r•2,4,4,6,6,8,••,••,•2,•2,•4,•4,•6,•6-tetradecamethy•cyc•••ctasi••xane be- 
ginning with dichlorodecamethylcycloheptasiloxane a shoulder appears at ii00-iii0 cm -l. A 
similar shift of the Si-O absorption has been observed previously-in methylcyclosiloxanes 
[2]. 

The CS of compounds of structure (III) have been reported [3]. The PMR spectra showed 
that the fractions isolated consisted of compounds of structure (!II) only, no structural 
isomers of these compounds containing MeSiCI 2 groups having been formed. 

The PMR spectra of the model compounds synthesized (lla, b) and (Ilia, c) enabled the 
products of the reactions of l,l,5,5-tetrachlorotrisiloxane and l,l,9,9-tetrachlorooctamethyl- 
pentasiloxane with DHMTS to be identified. It was shown that compounds of structure (II) 
were formed [compounds (lla, b)]. The molar proportions of these compounds lay between 0.08 
and 0.15, this proportion increasing as the chain length of the initial ~,~,w,~-tetrachloro- 
dimethylsiloxane increased. 

Hydrolysis of the dichloromethylcyclohexa(hepta, octa)siloxanes affords the respective 
dihydroxy-compounds, shown in Table 2 [compounds (llld-f)]. 

Hence, the condensation of ~,~,~,~-tetrachlorodimethylsiloxane with DHMTS involves two 
separate intramolecular cyclizations, resulting in the formation of the dichloromethylcyclo- 
siloxanes and their structural isomers heptamethyl(dichloropolymethylsiloxy)cyclotetrasilox- 
anes, the separation of which by conventional methods is difficult. Our results show, how- 
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ever, that dichloromethylcyclosiloxanes of varying ring sizes can be obtained by reacting 
e,~,m,m-tetrachloropolydimethylsiloxanes with dimethylsilanediol or DHMDS. In this case, 
intramolecular cyclization to give the structural isomers (pentamethyl(dichloropolymethyl- 
siloxy)cyclotrisiloxanes) does not occur. 

EXPERIMENTAL 

PM_R spectra were obtained in CDCI~ + CCI 4 solution on a Bruker-WP-200SY I\~MR Fourier spec- 
trometer, and IR spectra on a UR-20 spectrophotometer. Mass spectra were recorded on an AEI- 
MS-30 instrument (England), with the DS-50 data treatment system. The ionizing electron 
energy was 70 eu emission current I00 mA, temperature of direct introduction system 30~ 

l~l~ll~ll-Tetrachlorodecamethylhexasiloxane (Ia). To a solution of 119 g (0.80 mole) 
of MeSiCI~ in 250 mi of dry ether was added with stirring and cooling at -5~ over 4 h 42 g 
(0.122 mole) of 1,7-dihydroxyoctamethyltetrasiloxane and 22.8 g (0.244 mole) of aniline in 
250 ml of dry ether. The precipitated aniline hydrochloride was filtered off, and the sol- 
vent removed. Distillation of the product (67 g) gave 50.7 g (70.0%) of (Ia). The physico- 
chemical constants and the CS for the PMR spectrum are not shown in Table i. 

l,l,9,9-Tetrachlorooctamethylpentasiloxane (Ib) was obtained similarly, and its physico- 
chemical constants have been reported previously [I]. 

Reaction of (Ib) with DHMTS. To i00 ml of dry ether were added simultaneously with stir- 
ring and cooling at -5~ 58.2 g (0.125 mole) of (Ib) in 250 ml of dry ether and 30 g (0.125 
mole) of DHMTS and 23.3 g (0.250 mole) of aniline in 250 ml of dry ether. After a few days, 
the solid was filtered off, and the solvent removed. Fractionation of the product (75.6 g) 
gave: ii g (13.9%) of (Ib), bp 80-83~ (4.10 -2 torr), 19 g (24.4%) of a product bp 120-123~ 
(3"10 -~ torr), which from its PMR spectrum was a mixture of 2,10-dichlorotetradecamethy!cyclo- 
octasiloxane and (IIb) in a ratio of 1:2 respectively, mass spectrum (m/z): 617 [M - CH3] +, 
563 [M - C1 - HCI] +, 471 [563 - Me2SiO2] +, 415 [563 - Me2SiO~] +, 401 [415 - CH~] +, 327 [401 - 
Me2SiO] +, 241 [Me6Si302CI] +, 167 [Me~Si20CI] +, 147 [MesSi20] +, 73 [Me~Si]+; and 9.4 g (11.9%) 
of (IVb), bp 140-142~ (1.10 -2 torr), nD 2~ 1.4058. Found, %: C 30.30; H 7.61; Si 37.91. [M - 
CH3] + = 785. C~0H60SilzO12. Calculated, %: C 30.00; H 7.50; Si 38.50. Mol. wt. 801.6. 

~8-Dichloro2,4,4~6,6,8~10~10~12,12,14,14~16,16-tetradecamethylcyclooctasiloxane (IIIc). 
To 150 ml of dry ether was added simultaneously with stirring at ~20~ 44.5 g (10.082 mole) 
of (Ia) in 250 ml of dry ether and 13.8 g (0.082 mole) of DHMDS and 15.4 g (0.165 mole) of 
aniline in 250 ml of dry ether. After two hours, the solid was filtered off and the solvent 
removed. Fractional distillation of the product (51.3 g) gave 7.8 g (15.1%) of (IIIc). For 
the physicochemical constants, see Table 2, and for the chemical shifts of the methyl pro- 
tons, see [3]. 

Compounds (IIIa, b) were obtained similarly by the reaction of (Ib) with dimethylsilane- 
diol, and (Ib) with DHMDS. 

Hydrolysis of (IIIc). To 0.16 g (9 mmole) of water and 0.84 g (9 mmole) of aniline in 
i0 ml of ether was added 2.4 g (3.8 mmole) of (IIIc) in 15 ml of ether, with stirring at 
~20~ After two hours, the solid was filtered off and the ether removed. Fractionation 
of the product (2.25 g) gave 1.5g (66.5%) of (IIIf). For physicochemical constants, see 
Table 2. 

Compounds (IIId) and (IIIe) were obtained similarly. 

2~4,4~6~6~8~8-heptamethy~-2-(2~2~4-trimethy~-4~4-dich~r~disi~xy)cyc~tetrasi~xane 
(IIa). To 31 g (0.24 mole) of Me2SiC! 2 in i00 ml of dry ether was added 18.2 g (0.061 mole) 
of hydroxyheptamethylcyclotetrasiloxane and 5.7 g of aniline in 200 ml of dry ether. On the 
following day, the solid was filtered off, and the ether removed. Fractionation of the pro- 
duct (26 g) gave 22.1 g (92.0%) of (IIc) (physicochemical constants given in Table i). Com- 
pound (IId) was obtained similarly, by reacting heptamethyl(hydroxy)cyclotetrasiloxane with 
1,5-dichlorohexamethylsiloxane. To 1.08g of water (0.06 mole) and 6.5 g (0.07 mole) of 
aniline in 250 ml of ether was added with stirring over 1 h at 20-22~ 20.8 g (0.053 mole) 
of (IIc). The solid was filtered off, the ether solution washed with water, and the ether 
evaporated. Fractionation of the product (19.6 g) gave 14.8 g (74.8%) of (IIe). Physico- 
chemical constants and CS of the methyl protons given in Table I. 

Compound (IIf) was obtained similarly. 
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To 37.4 g (0.25 mole) of MeSiCI s in 200 ml of dry ether was added with stirring at 20- 
22~ 18.3 g (0.049 mole) of (IIe) and 4.5 g (0.049 mole) of aniline in i00 ml of dry ether. 
After a few hours, the solid was filtered off, and the solvent and excess MeRSiCI 2 distilled 
off. Fractionation of the product (19.6 g) gave 10.4 g (43.7%) of (IIa). (IIb) was obtained 
similarly. The physicochemical constants and the CS for the PMR spectra for (IIa, b) are 
given in Table I. 

CONCLUSIONS 

i. Condensation of ~,~,~,m-tetrachlorodimethylsiloxane with 1,5-dihydroxyhexamethyltri- 
siloxane involves two intramolecular cyclizations, resulting in the formation of dichloro- 
methylcyclosiloxanes and heptamethyl(dichloropolymethylsiloxy)cyclotetrasiloxanes, their 
structural isomers. The proportion of heptamethyl(dichloropolymethylsiloxy)cyclotetrasilox- 
anes increases as the length of the ~,~,~,~-tetrachlorodimethylsiloxanes increases. 

2. Difunctional methylcyclohexa(hepta-, and octa)siloxanes are obtained by condensing 
~,~,m,m-tetrachlorodimethylsiloxanes with dimethylsilanediol and 1,3-dihydroxytetramethyl- 

disiloxane. 

1. 

2. 
3. 
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REACTION OF [Pt(CO)2] n WITH TRIARYLPHOSPHINES 

N. K. Eremenko, S. S. Kurasov, 
E. G. Mednikov, and S. P. Gubin 

UDC 542.91:546:925:547.558.1 

We have previously obtained tetra- and pentanuclear clusters of Pt by reacting con- 
trolled amounts of triethylphosphine with a solution of platinum dicarbonyl in acetone [i], 
and we observed that the amount of NH 3 introduced into the system affected the selectivity 
of the reaction. We here report an extension of this method of synthesis to trianylphos- 
phines PAr s , and progress has been made towards an understanding of the mechanism of the 
reaction of [Pt(CO)2] n solutions with tertiary phosphines. 

EXPERIMENTAL 

All operations were carried out under CO or N 2. The platinum dicarbonyl solutions were 
obtained as described in [I]. In order to study the IR spectra of the solutions, the orig- 
inal aqueous-ethanolic solutions of platinum dicarbonyl containing NH~ were treated with 
the required amount of trioctylbenzylammonium chloride, followed by extraction with dichloro- 
methane. The extract was washed with water, dried over MgSO 4, the dichloromethane removed 
under reduced pressure, and the dry residue dissolved in tetrahydrofuran (THF). 

Preparation of Pt~(CO)6(PAr3)~. To an aqueous-acetone solution of [Pt(CO)2] n was 
added PArs(Pt/PAr 3 ratio = i:i), and the mixture was kept for one day under CO. The ace- 
tone was then distilled off under reduced pressure, and the residue recrystallized from a 
mixture of benzene and ethanol. The compound was purified by chromatography on a silica gel 

column, eluent benzene. 

Preparation of Pt~(CO)3(PAr~)~. To an aqueous-ethanolic solution of [Pt(CO)2] n was 
added a solution of PAr s (molar ratio Pt/PAr~ = 1:1.33), and the mixture stirred in air for 
0.5 h. The solid which separated was then filtered off and recrystallized from a mixture 

of acetone and ethanol. 
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