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It has been repor ted  [1-3] that chemical  shifts for methyl group protons can be cor re la ted  with geomet r i -  
cal s t ruc tures  in cyclosiloxanes containing a CIt 3 and a C6H 5 group,  or  an H atom and a CH 3 group,  as subst i -  
tuents at the si l icon atom. In fact ,  it has been shown that the chemical  shift (CS) can be ra ther  prec ise ly  p re -  
dicted through a sys tem of increments ,  each describing the number ,  orientation,  and distance of separat ion 
of the various substituents re lat ive to the CH 3 group. 

It was the aim of the present  work to identify the s t e r eo i somers  of methylphenylvinyl-substi tuted cyclo-  
s i loxanes,  and, at the same  t ime,  review the principles basic to analyses of this kind. Study was made of 
s ix-  and seven-membered  siloxane rings with various numbers of methylphenyl and methylvinyl radicals  a t -  
tached to the Si a toms.  These compounds were prepared by heterofunctional condensation of methylphenyl- 
silanediol,  or  ~ ,  w-dihydroxymethylphenylsi loxanes,  with a ,  w-dichloromethylvinylsi loxanes,  or  methylvinyl-  
dichlorosi lane,  according to the following react ion scheme:  

' Me Me Me Me Me Me Me Me 

HO--|-- SiOl--SiOH + Cl--l--SiO|--SiCl --l--SiO|--  SiO--]SiO ]--SiO 
\ I / I \ ,  / I \ I / I I 

. Ph n Ph Vi ~nVi Ph n P h  Vi mVi  

n = O ,  m = i  (I); n = i ,  m = O  (II); : n = 2 ,  m = O  (IlI); n=-=O, m = 2  (IV); 
n = i ,  rn=i  (V) 

The react ion with n = 0 and m = 0 yields 1 ,3,  5 ,7 - te t ramethyl -1 ,5-d iphenyl -3 ,7-d iv iny lcyc lo te t ras i loxane  
(VI) [4], a compound differing f rom (V) insofar  as the phenyl and vinyl radicals  a re  attached to Si atoms located 
at the extremities of a ring diagonal. 

Elementary  analyses ,  and cer ta in  proper t ies  of the chromatographical ly  pure compounds,  a re  shown in 
Table 1. 

E X P E R I M E N T A L  

The 1H NMR spect ra  of 1070 solutions of compounds (I)-(VI) in CCl 4 were obtained with a Hitachi--Perkin--  
Elmer  R-20 spec t romete r ,  operating at a frequency of 60 MHz with TIVIS as an internal standard.  Chemical 
shifts (5) were measured  in ppm. 

1 ,3 ,5 -Tr ime thy l - l , 3 -d iv iny l -5 -pheny lcyc lo t r i s i l oxane  (I). To a solution of 18.0 g (0.23 mole) of pyr i -  
dine dissolved in 180 ml of abs. ether there  was added dropwise f rom separate  funnels at 0-10~ 17.5 g (0.11 
mole) of methylphenylsilanediol dissolved in 80 ml of ether and 25.8 g (0.11 mole) 1 ,3-bis  (methylvinylchloro)- 
disiloxane dissolved in 50 rnl ether.  The result ing mixture was agitated for  3 h at 20~ fi l tered,  the solvent 
evaporated off with a water asp i ra to r ,  and the residue distilled under oil-pump vacuum. 

1 ,3 ,  5 -Tr imethyl -1 ,3-d iphenyl -5-v inylcyc lo t r i s i loxane  (II). Proceeding s imi la r ly ,  solutions containing 
57.7 g'(0.20 mole) of 1 ,3-bis  (methylphenyloxy)disiloxane dissolved in 250 ml ether and 28.0 g (0.20 mole) 
methylvinyldichlorosilane dissolved in 60 ml ether were added simultaneously and dropwise to a solution con- 
taining 31.4 g (0.40 mole) of pyridine dissolved in 150 ml ether.  
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TABLE 1. Physicochemical  Constants for Compounds (I)-(V) 

K 

(i) 

(H) 

(III) 

(IV) 

(V) 

O 

2i 

28 

55 

47 

5"9 

~ go 
~9 ~ d4 

~ e  

i ! 
80-83 (t) 1,0135, 

t50-t52 (1) t,063C 

t80-183 (t) ' I t011J 

109-tt'1 (1) t,0270 

4RZ__4~K /9~ H ~'7K~ 

t,47t0 

t,5095 

t,52681 

t,4688 

( 11009 

85,t0 298,3 Cl3H2oSi~03 
84,54 308,5 

100,81 354,2 C~7Hz2Si303 
t00,20 358,5 

t38,28 ,488,t Cv~H30Si~O~ 
t38,82 494,7 [ 

107,0t 384,__..~t CleHx6Si~O~ 
t07,50 394,6 
122,17 436,2 ~.J4oog;,n, 

444,4 

Found/ca lculate d 

C H Si 

27,52 6,49 50,37 
27,31 6 ,53 50,60 
56,33 6,t4 ] 23,70 
56,94 6,t8 
58,34 6,t2 
58,25 6,10 
48,32 6,57 
48,68 6,64 
54,12 6,32 

23,49 
22,25 
22,70 
28,49 
28,46 
25,i8. 
25,26 

1 ,__33, 5 , 7 - Te t r ame thy l -1 ,3 ,  5- t r iphenyl-7-vinylcyclote t ras i loxane (III). Proceeding s imi la r ly ,  solutions 
containing 37.4 g (0.09 mole) 1 ,3 ,  5 - t r ime thy l -1 ,3 ,  5- t r iphenyl -1 ,5-d ihydroxyt r i s i loxane  dissolved in 1 90 ml 
ether and 12.4 g (0.09 mole) methylvinyldichlorosi lane dissolved in 25 ml ether were  added simultaneously and 
dropwise to a solution containing 13.9 g (0.18 mole) pyridine dissolved in 140 ml ether.  

1_ 3 , 5 , 7 - T e t r a m e t h y l - 1 , 3 ,  5- t r iv inyl-7-phenylcyclote t ras i loxane (IV). Proceeding s imi lar ly ,  solutions 
containing 6.2 g (0.04 mole) methylphenylsilanediol dissolved in 60 ml ether and 9.2 g (0.04 mole) 1 ,3 ,  5 - t r i -  
me thy l -1 ,3 ,5 - t r i v iny l -1 ,5 -d i ch lo ro t r i s i l oxane  dissolved in 20 ml ether were added simultaneously and drop-  
wise to a solution containing 6.3 g (0.08 mole) pyridine dissolved in 60 ml ether.  

1 ,3 ,  5, 7 -Te t ramethy l -1 ,7 -d iphenyl -3 ,5 -d iv iny lcyc lo te t ras i loxane  (V). Proceeding s imi la r ly ,  solutions 
containing 16.5 g (0.06 mole) 1 ,3-b is  {methylphenyloxy)disiloxane dissolved in 25 ml ether were added s imul-  
taneously and dropwise to a solution containing 9.5 g (0.12 mole) pyridine dissolved in 100 ml ether.  

1 ,3 ,  5, 7 -Te t ramethy l -1 ,5 -d iphenyl -3 ,7 -d iv iny lcyc lo te t ras i loxane  (VI). Proceeding s imi la r ly ,  solutions 
containing 15.4 g (0.1 mole) methylphenylsilanediol dissolved in 75 ml ether and 14.1 (0.1 mole) methylvinyl-  
dichlorosi lane dissolved in 30 ml ether were added simultaneously and dropwise to a solution containing 15.8 g 
(0.2 mole) pyridine dissolved in 150 ml ether.  

D I S C U S S I O N  O F  R E S U L T S  

NMR identification of the various s t e reomet r i c  forms of the organocyclosi loxanes involved an analysis  of 
the positions and intensities of the CH 3 group proton signals.  Analysis in the present  case  was ca r r i ed  out on 
mixtures of the i somers  of the compounds. Here one must calculate the CS's for  the CH 3 protons of the indi- 
vidual s t e r e o i s o m e r s ,  obtain the most  probable values of the i somer  ra t ios ,  and then compare  the actual spec-  
t ra  with superposit ions of the calculated spect ra .  

The additive scheme of calculating CH 3 group proton shifts requires  fur ther  discussion [1-3] before 
being applied to compounds (I)-(VI). 

In genera l ,  the CS's of these  protons depend on both the electronic s t ruc ture  and local effects f rom the 
fields of the ring and substituent bonds. The role played by individual factors  in fixing the proton CS's in the 
nonequivalent CH 3 groups of the s ix -membered  cyclosi lazanes ,  compounds s imi lar  to the cyclosi loxanes,  at 
least  f rom the point of view of the analysis  eontemplatedhere ,  has been discussed in [5]. There  it was shown 
that the CS's between protons of CH 3 group which differ only in geometr ica l  position a r e  largely determined 
by the local fields of the ring substituents and bonds, these,  in turn,  being fixed by the position of the point of 
conformational  equilibrium. The effect f rom the ring bonds will differ f rom zero only if the conformational  
energies of the substituents a re  different,  and the point of conformational  equilibrium shifted toward one or  the 
other of the two conformers .  The effect of the local fields on the CS's of the cis and t rans  CH 3 group protons 
is also determined by the conformer  content, but in such way that it cannot be descr ibed in t e rms  of a single 
set of Ahci s and Ahtran s values.  

The local ring bond fields will not contribute to the CS's of the CH 3 protons when the conformer  energies 
a re  identical,  and the substituent contribution to the cis and t rans  CH 3 group CS average  out to a constant value. 
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T A B L E  2. Contr ibut ion of the  Vinyl  Group  to  the  Chemica l  
Shift of the  CH 3 Group P ro tons  in the  Organocyc lo s i l oxanes  

Compound AS, I'~S2c~ [ As21~ans [As3cis [Asatrans 

I I Cyclotrisiloxane 0,076 0 0,015 - 
Cyclotetrasiloxane 0,06 0,004 0,0i9 " -0~006 0,006 

T A B L E  3. F r a c t i o n s  of  the  
Var ious  I s o m e r s  in the  Methyl -  
pheny lcyc lo t r i s i l oxanes  (I) 
(It = Vi; R '  = Ph) and (II) (R = 
Ph; R '  = Vi) 

Isomer n~ 
No. Configuration 

R 

r 1 
Me Me 

R 

2 R ~ l e  
I 1~ I Me 

Me 

3 R ~ l e  

0,25 

0,25 

0,50 

* n is the mole fraction of the isomer 
in the mixture. 

T A B L E  4. I s o m e r  Rat ios  in the  Methy lpheny lv iny lcyc lo te t r a s i loxanes  
(III) OR = Ph;  R '  = Vi) and (IV) (R = Vi; R t = Ph) 

Isomer Isomer Configuration n Configuration 
No. No. n 

0,i25 

0,i25 

Me R 

�9 4 M ~ M e  

R R 
Me .B 

5 R ~ M e .  

Me R 
Me R 

6 M e . M e  

R Me 

0,250 

0,i25 

0,250 

2 

Me Me 

M e ~  R 

R R 
R I Me 

M e ~ B  

R R 

M0 Me 

_4/ R Me 

0,i25 

F r o m  this  i t  can  be concluded that  the  subs t i tuents  will con t r ibu te  addi t ively  to  the  CS's  only if t h e r e  is no 
d i f f e r ence  in the  con fo rma t iona l  energ ies  of the subs t i tuen ts  at  the  r ing  Si a toms .  

Study of the  s i x - m e m b e r e d  o r g a n o c y c l o s i l a z a n e s  [5] has shown that  the  d i f f e rence  in confo rma t iona l  
i n t e rac t ions  amounts  to  no m o r e  than  0.1 k c a l / m o l e ,  even in the  c a s e  of g roups  d i f fer ing as  r ad ica l ly  in s i z e  
as  the  CH 3 and the  Cell 5. In fac t ,  the  confo rma t iona l  in t e rac t ions  a r e  so  s l ight  tha t  a shif t  in the  pos i t ion  of 
the  point  of confo rma t iona l  equ i l ib r ium has no app rec i ab l e  effect  on the CS. Thus the  s p e c t r a  of the  me th y l -  
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Fig. 1. Experimental  and calculated methyl proton spect ra :  a) 1 ,3 ,  5 - t r imethy l -1 ,3 -d iv iny l -5-  
phenylcyc!otr is i loxane (I); b) 1 ,3 ,5 - t r ime thy l -1 ,3 -d ipheny l -  5-vinylcyclotr is i loxane {II); c) 1 ,3 ,  5 ,7-  
t e t r ame thy l -1 ,3 ,  5- t r iphenyl-7-vinylcyclote t ras i loxan e (III); d) 1 ,3 ,  5 ,7 - t e t r amethy l -1 ,3 ,  5- t r ivinyl-  
7-phenylcyclotetrasi loxane (IV); e) 1 , 3 ,5 ,7 - t e t r ame thy l -1 ,7 -d ipheny l -3 ,  5- divinylcyclotetrasiloxane 
(V); f) 1 ,3 ,5 ,7 - t e t r amethy l -1 ,5 -d ipheny l -3 ,7 -d iv iny lcyc lo te t r a s i loxane  (VI). The numbers attached 
to the lines in the theoret ical  spec t ra  correspond to the order  numbers in Tables 3-6. 

phenyl-substi tuted cyclot r is i lazanes  shows the same  ordering of signals as the hypothetical spect ra ,  but with 
equality of the conformational  energies of the substi tuents.  

The Si--O--Si angle in the organocyclotet ras i loxanes (~140 ~ [6]) is considerably g r ea t e r  than the Si--N-- 
Si angle in the organocyclot r is i lazanes  (117% [7]), and the distance between the substituents is accordingly g rea te r  
as well. Since the nonvalent in teract ions ,  which a re  determinant  in fixing the conformer  stabil i t ies,  fall off 
rapidly with increasing distance of separat ion,  it would seem that the conformational energies would be a 
much less significant fac tor  in the organocyclotet ras i loxanes than in the organoc: /clotr is i lazanes.  The confor-  
mational contribution cannot be of appreciable magnitude, even in the organocyclotr is i loxanes ,  for the ring 
folding there  is slight [6, 8]. 

Thus it can be concluded that it is possible to use an incremental  scheme for calculating the CS's of the 
CH 3 group protons in cyclosiloxanes with various sets  of substituents at the Si atom. The one requirement  
here is cer ta inly that the substituents be no l a rge r  than the C6H 5 group. 

These requirements  a re  satisfied by our compounds (I)-(VI), each of which contains CH3, C5H6, or  
CH= CH 2 groups.  We have, the re fore ,  calculated the CS's through an additive scheme of the form: 

6 ---- 50 + A61+ s s AS~h.nj 
i j 

Here A51 is. the contribution to the CS's of the CH 3 group protons f rom substituents attached to the same Si 
atom; ASi vl is the contribution to the CS's of the CH 3 group protons f rom CH---- CH 2 groups attached to a neigh- 
boring St atom in cis or  t rans  orientation to the CH 3 group (A52cis or  a52Lrans), or  to a distant Si atom in cis 
or t rans  orientation to the CH 3 group (A63cis or  A63trans); ni is the number of vinyl groups in the ith position, 

and ~ h5~ h. nj is a s imi la r  t e r m  for the contribution f rom C6H 5 groups.  
3 
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TABLE 5. I somer  Ratios in 1 ,3 ,5 ,  7 -Te t ramethy l -1 ,7 -d ipheny l -3 ,  5- 
divinylcyclotetrasi loxane (V) 

IsOril~ r 
No. �9 Configuration n Isomer Configuration No. n 

�9 Ph  Vi  

P,.h~Me~ 

Me Me 
Ph Me 

Phi_. Vi 
Me Vi 

Ph Vi. 

Ph Me 

0,125 

0,125 

0,25O 6 

Me Me 

Me M e 

Me Vi �9 

0,250 

0,i25 

0,i25 

TABLE 6. I somer  Ratio in 1 , 3 , 5 , 7 - T e t r a m e t h y l - 1 , 5 - d i p h e n y l - 3 , 7 -  
divinylcyclot etrasi loxane (VI) 

Isomer Configuration n Isomer Configuration n 
No. No. 

2 

Ph Vi 

V i ~  Me 

Me Me 

Ph Me 

Vi Me 

0,125 

0,125 

0,250 

P h  Me 

Me ~ h  ~ Vi 

Ph Vi 

0,250 

0,250, 

The set  of CsH s group increments  developed in [3] was used for  calculating the signal positions for  com-  
pounds (I)-(VI). The corresponding set of vinyl group increments  was obtained f rom the spect ra  of the hepta- 
methylvinylcyclotetrasi loxane,  the is omers ,  1 , 3 ,3 ,  5 ,7 ,  7 -hexamethy l -1 ,5 -  and 1 ,3 ,  5, 5, 7 ,7 -hexamethy l -1 ,3 -  
divinylcyclotetrasi loxane,  and 1,3,  5 - t r imethy l -1 ,3 ,5 - t r iv iny lcyc lo t r i s i loxane .  Data a re  summar ized  in Table 
2. 

The most  t rustworthy value available for  the organocyclotr is i loxanes is the difference in the vinyl group 
contributions to the CS's of the cis and trans CH 3 groups (AStran s -- ASci s = 0.015 ppm). The vinyl group 
shielding of the c is -CH 3 group protons was a rb i t ra r i ly  set  equal to zero ,  assuming the effects of the CH2==CH 
and C6H 5 groups in the cyclotr is i loxanes to be identical [3]. 

Signal intensities were calculated f rom the number  of equivalent CH 3 groups in the i somer  and the most 
probable i somer  distribution in each compound. Only stat is t ical  factors  were taken into account in determin-  
ing the i somer  populations, which is to say that the problem was t reated as one of determining the number of 
combinations of a symmet r i ca l  Si atoms leading to the given configuration. Energetic factors  were not taken 
into account here  since it would seem that the substituents a re  so far  separated in the organocyclosiloxanes 
that s te r ic  hindrances would no longer affect the formation of the various i somer ic  fo rms .  The resul ts  of 
these calculations a r e  summar ized  in Tables 3-6. 
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The spec t r a  of compounds (I)-WI) obtained f r o m  these  calculat ions a r e  shown below the exper imenta l ly  

developed spec t r a  in Fig.  1. The s ignals  for  the  C H 3 group protons of the Me~iPh and Me}iVi f ragments  a r e  indi- 
I I 

cared by dashed and full l ines ,  r e spec t ive ly .  The calculated s p e c t r a  give a good r ep resen ta t ion  of the genera l  
a spec t s  of the s p e c t r a  of compounds (I)- (VI). The m a x i m u m  deviat ion between the signal  posit ions in the two 
types  of s p e c t r a  is no m o r e  than 0.03 ppm. These  f igures  la rge ly  r e f e r  to the ent i re  s ignal  group.  Thus in the 
calculated s p e c t r u m  for  compounds <i) and (II), al l  of the proton signals  for  the CH 3 groups of the Me~iPh f r a g -  

J 
ment  a r e  moved upfield by 0.02-0.03 ppm,  compar i son  being with the posi t ions in the exper imenta l  spec t rum.  
The separa t ion  of s ignals  within the group is maintaned m o r e  c lose ly .  The actual  s ignal  ra t io  is a lso  close 
to the ca lcula ted ,  as can be c l ea r ly  seen  f r o m  the spec t r a  of the organocyclo t r i s i loxanes  and the s epa ra t e  
components  in the s p e c t r a  of the o rgano te t ras i loxanes .  

Thus ana lys i s  of the s ignal  posi t ions and intensi t ies  in the 1H NMR spec t r a  of the organocyclooxanes can 
be success fu l ly  c a r r i ed  out by assuming  s t e r i c  in teract ions  to be of minor  s ignif icance in the ground s ta te  of 
the molecule  and in the r eac t i ve  t rans i t ion  s t a tes .  

C O N C L U S I O N S  

1. Cer ta in  methylphenylvinylcyclosi loxanes  have been synthes ized.  

2. Study of the PMR s pec t r a  of mix tu res  of the s t e r e o i s o m e r s  of the organocyclos i loxanes  shows that 
s t e r i c  in te rac t ion  is of l i t t le  s ignif icance in the ground s ta te  and in the reac t ive  t rans i t ion  s ta tes  of these  
compounds.  
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A S Y M M E T R I C A L  U N B R I D G E D  N I T R O G E N  

16.* THE OPTICALLY ACTIVE N-ALKOXYISOXAZOLIDINES 

AND THE STRUCTURE OF THE TETRAAMIDE OF 

2-METHOXYISOXAZOLIDINE-3,  3, 5 ,5-TETRACARBOXYLIC ACID 

V.  F .  R u d c h e n k o ,  O.  A .  D ' y a c h e n k o ,  
I .  I .  C h e r v i n ,  A .  B .  Z o l o t o i ,  
L .  O.  A t o v m y a n ,  a n d  R .  G .  K o s t y a n o v s k i i  

UDC 541.65:541.6:547.786 

The high configurat iona!  s tabi l i ty  of the ni t rogen a tom in the N-alkoxyisoxazol idines  has been demon-  
s t ra ted  by separa t ing  the g e o m e t r i c a l  i s o m e r s  and studying the i somer i za t ion  of the dimethyl  e s t e r  of 2 -methoxy-  
5 -cyano isoxazo l id ine -3 ,3 -d ica rboxyl ic  acid [2], and other  de r iva t ives  [3]. This work has laid the basis  for 
synthesizing the f i r s t  optical ly ac t ive  N-alkoxyisoxazol idines  with a s ingle a s y m m e t r i c a l  cen ter  on the ni trogen 

* See [1] for  Communicat ion 15. 
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