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ISOMERIZATION OF I-CYANO-I- 

TRIMETHYLSILOXY-2-PROPENE AND ITS 
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M. G. Voronkov, N. A. Keiko, 
T. A. Kuznetsova, V. V. Keiko, 
E. O. Tsetlina, and V. A. Pestunovich 

UDC 542.952.1:547.1'128 

In the cyanosilylat ion of 2-ethoxyacrolein  we previously observed the i someriza t ion of 1 - c y a n o - l - t r i -  
methy ls i loxy-2-e thoxy-2-propene  (I) under the effect  of an Nold~ Speier catalyst,  as well as  in the absence of 
the catalyst  upon heating [1]. In the present  investigation we examined the possibil i ty of the i someriza t ion of 
1 -cyano- l - t r ime thy l s i l oxy -2 -p ropene  (IV) [2] obtained as  a resul t  of the action of t r imethylcyanosi lane on 
aerole in  in the p resence  of var ious  catalysts:  

CN 

H B CH D-OSi(CH3)~ 
\ / 

CH~=CHCHO + (CHs)aSiCN ~ C=C 
/ \ 

(II) (III) Hc H A 
(IV) 

Unlike I, compound IV does not i somer ize  ei ther  upon heating (2 h ,  169~ or under the effect of the 
Speier catalyst ,  colloidal nickel, ZnI2, or pyridine under the same conditions. It has previously been noted 
that (~-heteroatomic fi, T-unsaturated ni t r i les  a re  capable of prototropic  i someriza t ion under the action of 
amines ,  on whose s t ruc tu re  and nature the rate  of the conversion is  dependent [3]. In fact, in the case of IV, 
i somer iza t ion  is  induced by small  amounts of piperidine,  diethylamine, and t r ie thylamine.  
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The s t ruc tu re  of the i s o m e r  formed,  viz. ,  1 - c y a n o - l - t r i m e t h y l s i l o x y - l - p r o p e a e  (V), is supported by the 

spec t ra [  cha rac t e r i s t i c s ,  which differ  f rom the data for  IV. For  example ,  the IR spec t rum of V shows intense 
absorp t ion  bands of the C-~C (1647 cm -1) and C = N (2235 cm -1) bonds, which a r e  cha rac t e r i s t i c  of conjugated 
sy s t ems  and differ  f rom the ve ry  weak corresponding bands for  IV (compare  [3]), while the band at 3100 
(--= CH s) i s  absent .  The p a r a m e t e r s  of the P1VIR spec t rum of V unambiguously support  i ts  s t ruc ture .  

The fact that  I [1] undergoes  i somer iza t ion  with g r e a t e r  ease  than does  IV is  apparent ly  due to the + C 
effect  of the OR group, whose concerted influence with the e l ec t ron -accep to r  action of the CN group provides  
for the appearance  of a single conjugated s y s t em in 1 - c y a n o - l - t r i m e t h y l s i l o x y - 2 - e t h o x y - l - p r o p e n e ,  which is  
energet ica l ly  considerably  more  favorable .  The i somer iza t ion  of IV to V i s  also accompanied  by the f o r m a -  
tion of a conjugated sys tem,  but the geminal  subst i tuents  have an opposing influence on the polar izat ion of the 
double bond, and t he r e  is  apparent ly  no significant gain in energy  in the sys tem.  

React ions  with an excess  of a secondary amine re su l t  in fur ther  convers ions  of i s o m e r  V to fo rm the 
corresponding amides  of propionic  acid and N-subst i tuted aminos i lanes .  The hydrocyanides  of the amines  
used, as  well as f ree  hydrocyanic  acid, fo rm in smal l  amounts  according to the scheme 

OSi(CHs)a HYR_, [ /OSi(CH~)a 1 0 / * II eXC@~S I-INR, 
(iV) --~ CHsCH=C CHzCH.,C--CN --~ CHsCH,CNRz + (CHs)sSiCN ' (CIIs)aSiNRz ~ HCN. HNRz 

(VII) (VIII) (IX) 
\CN " \NR~ _1 R = C2I-I5 (a), Rz= (--CH~--)s (b) 

(v) (vi) 

The i somer iza t ion  product,  viz . ,  o~-tr imethyls i loxycrotononitr i le  (V), probably r e a c t s  with the excess  of 
the secondary amine  to fo rm an unstable adduct (VI). The dissociat ion of the la t ter  produces  N-subst i tu ted 
amides  of propionic acid and t r imethylcyanos i lane ,  which undergoes an exchange reac t ion  with the excess  of 
the amine  to fo rm VIII and IX. The possibi l i ty  of an exchange react ion was conf i rmed by a specia l  synthes is  
of aminos i lanes  f rom cyanosilane.  The addition of amines  to the double bond of the q- t r ia lkyls i loxyCrotononi -  
t r i l e  takes  place in accordance  with the polar izat ion,  which is  de te rmined  by the + C effect  of the t r i a lky l -  
si loxy group. Thus,  the effects  of the t r imethyls i loxy  group apparent ly  predominate  among the competing 
effects  of the subst i tuents .  

In the case of the inadequate f reeing of the acrole in  f rom the at tendant  propanal ,  the react ion mixture  
may contain ~ - t r ime thy l s i loxybu ty ron i t r i l e ,  which can be isola ted by p repa ra t ive  gas  chromatography,  in 
addition to the compounds indicated. 

For  compar i son ,  we ca r r i ed  out the reac t ion  of I and i ts  i s o m e r  with piperidine.  The react ion proceeded 
in analogy to that descr ibed  for IV. The corresponding amide  of q -e thoxypropion ic  acid (X), N- t r ime thy l s i l y l -  
piperidine (Vl/Ib), and piperidine hydro cyanide (IXb) were  isolated.  

E X P E R I M E N T / k L  

Tr imethylcyanos i lane  was synthesized according to [4], bp 117~ nD 2~ 1.3916. All the reagents  were  
dist i l led in a cur ren t  of dry nitrogen immedia te ly  p r io r  to the i r  introduction into the react ion.  The GLC of the 
react ion products  was ca r r i ed  out on a Khrom-3  ins t rumen t  at 90 and 170~ The column was 4.6 m x  10 m m ,  
the sorbent  was XE-60 on Chromaton N-AW-HMDS (0.25-0.5 ram), and the detec tor  was a ka tha romete r .  The 
IR spec t ra  were  obtained on a UR-20 s p e c t r o m e t e r  in the case of liquid m i c r o l a y e r s .  The PMR spec t ra  of 
10-30% solutions in CCI 4 were  recorded  on a Tes l a  BS487B spec t rome te r  (80 1VIHz) re la t ive  to cyclohexane. 
The chemical  shifts  (in the ~- scale) were  m easu red  with an accuracy  of • 0.01 ppm. 

Addition of Tr imethy lcyanos i l ane  to Acrole in  in the P re sence  of an Old Speier Catalyst .  A 24.8-g portion 
of III was added dropwise  to  a mix ture  of 14.01 g of  II, 0.02 g of hydroquinone, and 0.3 ml  of an old Speier  
ca ta lys t  with s t i r r ing .  After  being heated (2 h, 120~ the mixture  contained 92.2% of  the 1,2-addition product  
(IV), according  to the GLC data,  with bp 69~ (17 ram). Compound IV was isola ted by p repa ra t ive  gas  ch roma-  
tography,  nD s~ 1.4175, d42~ 0.8846. Found: C 53.91; H 8.43; Si 17.99; N 9.01%; MR 44.29. Calculated for 
C?ttlsSiON: C 54.14; H 8.43; Si 18.08; N 9.02% MR 44.37. IR spec t rum (z,, em-1): 760 s, 856 v. s, 973 s, 1038 s, 
1090 v. s, 1145 s, 1250 v. s, 1352 m, 1423 m, 1643 w, 1695 v. w, 2253 v. w, 2905 m, 2960 v. s, 3100 w. PMR 
spec t rum (I", ppm): 9.81 (s, CHsSi), 5.08 (doublet of t r ip le ts ,  CHD), 4.70 (m, HC) , 4.51 (m, HB) , 4.15 (m, HA): 
3 T t r a n s _ l ~ l  s x c i s - o  o ~AB - ~ " ~ "  ~ A C - ~ ' ~ '  2jgem=~w 1.8, sj,~u~ = 4.5, 4 j , ~  = ~  1.5, 4j~,~ = 1.0 Hz. 

Addition of Tr imethylcyanos i lane  to Acrole in  in the P re sence  of a F resh ly  P r e p a r e d  Speier Catalyst .  A 
12.4-g port ion of III was  added dropwise to 7 g of II, 0.02 g of hydroquinone, and 0.02 ml of  a f reshly  p repa red  
Speier cata lys t  with s t i r r ing .  Af ter  being heated (2 h, 106~ the reac t ion  mixture  contained 75.6% IV, a cco rd -  
ing to the GLC data. 
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Addition of Trimethylcyanosilane to Acrolein in the Presence of Colloidal Nickel (NiCI2/SiH.): A 0.13-g 

portion of NiCI 2 and an 8.6-g portion of triethylsilane were boiled for 2 h until colloidal nickel formed [5]. 
After cooling, the triethylsilane was decanted, and one third of the NiCl2/Siil was transferred to a reaction 
flask with II and hydroquinone. Then 12.4 g of III were added dropwise with stirring. After being heated (5 h, 
i86~ the reaction mixture contained 71.3% IV according to the GLC data. 

When the original acrolein is not adequately freed of propanal, an attendant reaction product with any 
of the catalysts cited is ~-trimethylsiloxybutyronitrile (7-19%) (isolated by preparative gas chromatography), 
nD 2~ 1.4078, d42~ 0.8703. Found: C 53.05; H 9.45; Si 17.12; N 9.20%; MR 44.57. Calculated for C~HisNOSi: 
C 53.45; H 9.16; Si 17.86; N 8.91%; MR 44.84. The IR spectrum does not show a band in the region of the 
absorption of the C-~C bond, and the unconjugated CN group displays very weak absorption (2245 era-l). PMR 

spectrum (~-, ppm): 9.85 (s, SiCH3), 9.03 (m, CH3) , 8.34 (m, CH2) , 5.81 (t, CH, 3JCHCH2= 7 Hz). 

Isomerization of l-Cyano-l-trimethylsiloxy-2-propene (IV) in the Presence of l>iperidine. A 6.08-g 
portion of IV, 0.02 g of hydroquinone, and 0.04 ml of piperidine were boiled for 2 h at 171~ According to the 
GLC data, partial isomerization took place, and the mixture contained isomer V in a 22.2% concentration. The 
l-cyano-l-trimethylsiloxy-l-propene was isolated by preparative gas chromatography. 

Isomerization of IV in the Presence of Triethylamine. A 5-g portion of IV, 0.02 g of hydroquinone, and 
0.2 g of triethylamine were boiled for 6 h at 170~ Distillation yielded 4.1 g (82.0%) of V, bp 64-65~ (17 mm)~ 
nD 2~ 1.4235, d42~ 0.8811. Found: C 54.20; H 8.84; Si 17.68; N 8.97%; M:R 44.92. Calculated for CII-II3SiON: 
C 54.14; H 8.43; Si 18.08; N 9~ MR 44.37. IR spectrum (u, cm-l): 755 s, 855, v. s, 1020 s, 1090 s, 1175 s, 
1225 s, 1255 v. s, 1335 s, 1380 m, 1647 s, 2235 s, 2965 v. s. PMR spectrum (~-, ppm): 9.73 (s, CH2Si) , 8.38 

(d, CH3) , 4.49 (q, CH, 3JCHCH3 = 7.2 Hz). 

Isomerization of IV in the Presence of Diethylamine. A 3.5-g portion of IV, 0.02 g of hydroquinone, and 
1.6 g (0.022 mole) of diethylamine were boiled for 2 h at I06~ According to the GLC data, the concentration 
of V in the mixture was 66.8%. 

Reaction of IV with Piperidine. A 20.44-g portion (0.24 mole) of piperidine was added with stirring to 
18.6 g (0.12 mole) of IV and 0.02 g of hydroquinone. An increase in the temperature of the reaction mixture 
was observed. After heating (2 h, 94~ the following compounds were isolated and characterized: i. N- 
Cyclopentamethylenepropionamide (VIIb), 14.95 g (88.4%), bp 74.5~ (i ram), nD 2~ 1o4790, d42~ 0.9808. Found: 
C 68.70; H 10.70; N 9.94%, MR 40.84. Calculated for CsHIsNO: C 68.04; H 10.70; N 9o91%; M:R 40.95. IR 
spectrum (u, cm-l): 815 w, 850 m, 895 w, 1018 s, 1070 s, 1142 s, 1225 v. s, 1255 s, 1375 m, 1440 v. s, 1475 
v. s, 1645 v. s~ 2860 v. s, 2940 v. s~ 2980 v. s. PMR spectrum (~', ppm): 9.00 it, CH3CC=O) t 8.44 (m, 

N" . Hz). 2. Piperidine hydrocyanide (LXb), un-  , 7.75 (q, c  c=ol, 6.61 Im,  _ \ J  _ 

stable  co lo r less  c rys t a l s ,  which readi ly  sublime.  Found: C 64.05; H 10.66; N 25.10%. Calculated for C6H12N~: 
C 64.24; H 10.78; N 24.97%. IR s pec t rum  (u, cm-1): 860 m, 930 m,  947 m, 1030 s, 1080 rn, 1160 m, 1280 w, 
1390 m,  1435 s,  1464 s, 1690 s,  2090 w, 2155 w, 2425 s, 2523 v. s, 2638 s, 2745 s, 2815 m. PMR spec t rum (% 

ppm): 8.51 (m, [ \c /  ~ ,7 .31 (m, --x 7.02 (common singlet ,  (HCN.HN~//, The position of the las t  

\H~C H2 

signal is  sens i t ive  to dilution and changes in the t empe ra tu r e ,  making it  poss ible  to evaluate the weakly ex-  
p r e s s e d  sal t  format ion.  The weak-f ie ld  signal cha r ac t e r i s t i c  of I-IC = N  in the a l te rnat ive  fo rmamide  s t ruc tu re  
is  not p resen t  in the spec t rum.  3. An 8 -ml  fract ion with nD2~ 1.4.380, in which the p resence  of N- t r ime thy l -  
s i ly lpiper idine  was es tab l i shed  by compar i son  with a s tandard with the aid of GLC and PMR. PMR spec t rum 

H C CIt x 2 ~ 

Reacgon  of IV with Diethylamine.  A 12.14-g port ion (0.16 mole) of diethylamine was added with s t i r r ing  
to a mixture  of 12.89 g (0.08 mole) of IV and 0.02 g of hydroquinone. A strong inc rease  in the t empe ra tu r e  of 
the reaction was observed. After heating (2 h, 87~ the following compounds were isolated by distillation 
and characterized: i. N-Diethylpropionamide (VIIa), 5.85 g (51.72%), bp 88.5-89~ (I0 mm), nD 2~ 1.4425, 
d42~ 0.8961. Found: C 63.80; H 11.78; H 12.63%; MR 38.18. Calculated for CTHIsNO: C 65.07; H 11.7; N 12.38%; 
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38.35. IR spec t rum (u, cm-1): 795 m, 895 m, 1100 s, 1150 s, 1220 s, 1250 v. s, 1383 s, 1432 v. s, 1465 
v. s, 1647 v. s, 2355 w, 2935 v. s ,  2975 v. s~ PMR spect rum (T, ppm): 8.97 (t, NCCH3, 3JNCH2CH =6 Hz), 
8.87 (t, CH3COO), 3JCH~CH3=6 Hz), 7.74 (q, CH2CO) , 6.69 (q, NCH2). 2. Diethylamine hydrocyani~e (IXa), 
unstable color less  c rys ta l s ,  which turn brown and decompose when brought into contact with the a i r .  IR 
spec t rum (v, cm-1): 1030 w, 1050 s, 1145 s, 1180 s, 1260 s, 1320 m, 1370 s, 1450 s, 1615 m, 2075 m, 2820 
v . s .  PlVIR spec t rum (T, ppm): 8.97 (t, CH3), 7.88 (s, {HCN.HN~),7.43 (q, CH2N , 3JCH2CH2=7.0 Hz). 3. The 

presence  of N-tr imethyls i ly ldie thylamine (VIIIa) was determined by comparison with a known sample with the 
aid of GLC. 

React ion of 1 -Cyano- l - t r ime thy l s i loxy-2-e thoxy-2-propene  (I) with Piper idiner  An 8.52-g portion 
(0.1 mole) of piperidine was rapidly added to 7.8 g (0.04 mole) of I, which was synthesized according to [1], and 
0.02 g of hydroquinone. The following compounds were isolated and charac te r ized  af te r  heating (2 h, 116~ 
and distil lation: 1. N-Cyelopentamethylene-2-ethoxypropionamide (X), 7.02 g (96.82%), bp 78.5~ (1.5 mm), 
nD 2~ 1.4720, d4 ~~ 0.9959. Found: C 64.12; H 10.04; N 7.41%; MR 52.09. Calculated for C10ttlgNO2: C 64.82; 
H 10.33; N 7.56%; MR52.03. tR spec t rum (~, em-1): 852 m, 950 m, 1008 m, 1115 v. s, 1165 s, 1230 s, 1245 s, 
1365 s, 1445 v. s, 1640 v. s, 2855 v~ s, 2930 v. s, 2972 v. s. PMR spect rum iT, ppm): 8.83 (t, OCCH3) , 8.69 

(d, CI-I3COO), 8.44 (m, "CH~ , 6.62 (q, OCH~), 6.49 (m,[~ / |,5.87 (q, CH); 3JCH2CH3=7.2, ~JOCH2CH3-- 
/ \ 

7.2 Hz. 2. N-t r imethy!s i ly lpiper id ine  (VIIIb), 2.01 g (32.68%), bp 158~ nD 2~ 1.4418, d42~ 0.8370 (compare 
the data in [6]). 3. Color less  unstable c rys ta l s  of piperidine hydrocyanide were  sublimed into a t rap  during 
the vacuum disti l lation. 

Reaction of 1 -Cyano- l - t r ime thy l s i l oxy -2 -e thoxy- l -p ropene  (XI) with Piperidine.  An 8.09-g port ion (0.1 
mole) of piperidine was rapidly added to 9.46 g (0.05 mole) of Xi, which was synthesized according to [1], and 
0.02 g of hydroquinone. Heating (2 h, 1i6~ and distillation yielded 5.22 g (53.3%) of X and 2.65 g (41.53%) of 
VIIIb Crysta ls  of piperidine hydrocyanide were  collected in a trap.  

C O N C L U S I O N S  

1. Cyanosilylated acro le in  and 2-ethoxyacrolein  i s0mer ize  in the p resence  of secondary amines  and 
reac t  with an excess  of the la t te r  to fo rm der ivat ives  of propionamide and N-substi tuted aminosi lanes .  

2. Unlike 1 -cyano- l - t r ime thy l s i loxy-2 -e thoxy-2 -p ropene ,  1 -cyano- l - t r ime thy t s i loxy-2 -p ropene  is  
thermal ly  stable and does not i somer i ze  under the action of the Speier catalyst ,  colloidal nickel, ZnI2, or 
pyridine.  
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