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It is shown that in the iodination of N,N-dialkylamino-2-methyl-4-penten-2-ol and N,N-diethyl- 
amino-3-butene oxides the N-oxide group participates in the intramolecular cyclization of these 
compounds. N,N-Dialkyl-4-methyl-4-hydroxy-6-iodomethyltetrahydro-l,2-oxazine iodides were 
obtained by iodination of the former, whereas the latter under similar conditions gives N,N- 
d iethyl- 5- iodomethyltetrahydro-l,2-oxazo]inium iodide. 

Elee t roph i l i e  addi t ion to compounds  that con ta in  c a r b o n - c a r b o n  mul t ip le  bonds and b i func t iona l  g roups  
often p roceeds  with i n t r a m o l e e u l a r  pa r t i c i pa t i o n  of the l a t t e r ,  as a r e s u l t  of which va r ious  he te rocye l i e  s y s t e m s  
a re  fo rmed  [1]. The amino  group of a ' - p e n t e n y l a m i n e s  pa4rticipates p a r t i c u l a r l y  r e a d i l y  in these  r e a c t i o n s .  

The acldition of e l ee t roph i l i e  agents  to it p roceeds  with the fo rma t ion  of q u a t e r n a r y  p y r r o l i d i n i u m  sa l t s  [1-3].  

Con t inu ing  our  s tudy of the p a r t i c i p a t i o n  of va r ious  e l e c t r o n - d o n o r  groups  of u n s a t u r a t e d  compounds  in 
i n t r a m o l e c u l a r  cyc l i za t i on  r e a c t i o n s  that p roeeed  under  the inf luenee  of e l ee t roph i l i e  agen t s ,  it s e e m e d  of i n t e r -  
est to a s c e r t a i n  the pos s ib i l i t y  of the pa r t i e i pa t i on  of the N-oxide  group in these  r e a c t i o n s  and to d e t e r m i n e  the 
r e a c t i v i t y  of the N-oxide  group as c o m p a r e d  with the amino  group of u n s a t u r a t e d  a m i n e s .  

In this  connec t ion ,  we syn thes i zed  a n u m b e r  of N-ox ides  of N , N - d i a l k y l a m i n o - 2 - m e t h y l - 4 - p e n t e n - 2 - o l s  
and the i r  e s t e r s .  
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I, lla RJ = R2=C2Hs, Ra=H; b RI =i~2= - -  ( C H 2 ) a - - ,  Ra=H: c RI=R2= -CH2CH2OCH2CH2-, 
Ra=H; d I~1=1~2=--(C[-]2)5--, R3=CHaCO--; e RI=R2=--(CH2)6--, Ra=H; If 

R:=R.,=-tCH2)2-, Ra=H; g RI=C2Hs, R2=C6H~, Ra=H 

T e t r a h y d r o - l , 2 - o x a z i n i u m  sa l t s  a re  fo rmed  in a lmos t  quan t i t a t ive  y ie lds  in the iodinat ion of I Ia -e .  
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III aRj-R:=C..Hs. Ra=H: b RI_R2=-(CH:)s-, Ra=H; c RI=R2=-CH2CH2OCH~CH2-. 

Ra=H; d R , = R : = -  (CH2)5-, R3=CHaCO-; e R~=I%=- (CH2)6-, Ra=H 

The  LR s p e c t r a  of Id-g  and I Ia -e  (see Tab les  1 and 3) conta in  abso rp t i on  bands of double bonds at 1645 
em -1, of hydroxyl  groups  at 3400 em - t ,  and of the N ~ O  bond at 925 em -1 in I Ia -e .  

The IR s p e c t r a  of q u a t e r n a r y  p y r r o l t d i n i u m  and t e t r a h y d r o - l , 3 - o x a z i c ,  ium sa l t s  (see Tab le s  2 and 4) con-  
tain abso rp t i on  bands of a hydroxyl  group at 340 em -1 and b road  abso rp t ion  bands  at 2400-3000 em - t ,  which a r e  
e h a r a e t e r i s t i e  for q u a t e r n a r y  a m m o n i u m  sa l t s .  The a b s o r p t i o n  bands of N ~ O  bonds van i sh  in the IR spec t r a  of 
UIa-e ,  and new abso rp t i on  bands of NOC groupings  appear  at 10'23-1032 em -1. The abso rp t i on  bands of double 
bonds at 1645 em -1 a r e  absen t  in the I!R spec t r a  o f p y r r o l i d i n i u m a n d  t e t r a h y d r o - l , 3 - o x a z i n i u m  d e r i v a t i v e s .  
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TABLE 1. 

Esters --j CD ~ "OR 

-DI ~ (mm) 

/ 
/ v / C ~ H ~  / I 

~ g / - , , \  I H / lm--111 1,s462 1,00o~ 
/ C6Hsl / (I) / I 

l-N,N-Dialkylamino-2-methyl-4-penten-2-ols and Their 

1Rspee- Found Calc. 
Empiricall I I ~ru..,, I ~  

formula _-77---- S-m:V-- 

C~aH=aNO= 6,6 55,04 62 65,33 1650 - -  69 

T A B L E  2 .  2 - I o d o m e t h y l - 4 - m e t h y l - 4 - h y d r o x y ( e a r b o m e t h o x y ) p y r -  
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181--182: 
154--155 
194--196 
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Empirical 
formula 

Found, 

N] I 

Calc., 
9 

IR spectrum, cm -1, 

+ 
N I OH >N< 

3000--2900 
r 

C,aH~aI2NO 2,9 52,96 2,92 52,971 -- 

C,2H=aI2NO 13~1[56,3 lad 156,3 13340 l 
CsH,sI2NO [3,7153,8 [3,5 [64,2 [3350 
C:,H=,I,NO (a,o(53,2 12,9 t53.6 {3330 

3000--2500 
3000--2400 
3000--2800 

C=O 

1720 

* R e c r y s t a l l i z a t i o n  f r o m  a c e t o n e -  m e t h a n o l .  

TABLE 3. N-Oxides of l-N,N-Dialkylamino-2-methyl-4-penten- 
s  OR3 

2 - o l s  a n d  T h e i r  E s t e r s  ~ ~/R, 
O / NR 7 

1-13 

IIa 
IIb 
llc 
Iki 
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C~H~ C~H~ 
- {CHDs- 

-- CH:CH2OCHaCH.~- 
- I CI-12) s -  
- (CH2)6- 

CHaICO - 

I iN, % ] IRspectrum, cm-I  I~  
Empirical ~ 1  . . . .  j 

mp,~ formula == ~ c=c ,: o OH C=O 

- -  CIoH2[NO~ 7,8 7,6 1645 I' 926 13350 --  

74--75 C,oH,oNO3 7,0 [7,0116501 935 , - -  50 
IC,aH2~NOa 6,02 6,8[1520l 920 ,720,47 

930 ~ - , 6,5 5.6 1650 ]3.~0] 

* Crystallization from carbon tetrachloride. 

The stereochemistry of the iodination of lla-e has not yet been studied. 

The participation of the oxygen atom of unsaturated N-oxides in their heterocyclization reactions is also 
confirmed by the fact that N,N-diethylamino-3-butene does not react with iodine under the conditions of iodina- 
tion of unsaturated N-oxides. This behavior of the latter in the iodination reaction should evidently be explained 
by the energic disadvantageousness of the formation of a four-membered ring, whereas N-oxide IV obtained 
from it forms a tetrahydro-l,2-oxazolinium salt (V) in good yield under these conditions. 
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T A B L E  4. 4 - M e t h y l - 4 - h v d r o x y - 6 - i o d o m e t h y l t e t r a h y d r o - l , 2 - o x a -  
C H ~ . ~  H 

z i n i u m  Iod ides  I +.1/~, 
ICH2/~"-O~ N\R2 

IIIa 
IIIb 
I l lc  
I l Ie  

RI I~: 

CelI5 Call., 
- (CH2)a- 

- CHeCHaOCH_~CHe- 
--(CH.,_Js-- 

rap. ~ 

136--137" 
{50--!51t  
144--145 
155--15~i 

Found, % 
Empirical 
formula 

' i 
C:oHzII2NOz 27,2 4,6 
CnH21I_~NO.2 29,2 4.6 
C~.:H,9[2NOa 26,5/4. l 
C,:H~aleNO: 130,715.:0 

Calc., % I IRcmSpectrum'-I , 

C ! , I I NOClt'N, I Oil 
t , I I I 

�9 ,odlo o 34oo 
 .71 6.ol, o.  llO O!a39o 
4,2155,7 I02511048[3390 
4.9[54,.4 ]03011060 33~0 

* Recrystallized from acetone-methanol. 
~-Also obtained by iodination of lid. 

EXPERIMENTAL 

The PMR spectra of D20 and CF3COOH solutions of the compounds were recorded with a spectrometer 
with an operating frequency of 80 MHz and hexamethyldisiloxane as the external standard. The [R spectra of 

KBr pellets of the compounds were recorded with a UR-10 spectrometer. 

N,N-Substituted l-Amino-2-methyl-4-penten-2-ols (Ia-g). These compounds were synthesized by reaction 
of 2-methyl-2-allyloxirane with secondary amines in the presence of catalytic amounts of water. An exception 
to this procedure was Ig, for the formation of which refluxing of the starting reagents in methanol for 20 h was 
necessary. Amino compounds la-c were previously described in [2] ; the remaining compounds are presented 

in Table 1. 

The iodination of la-g was carried out in methanol solution at room temperature [2]. The cyclic products 
were obtained in quantitative yields and were recrystallized from acetone-methanol. Iodocyclization products 
Id-g are presented in Table 2; Ia-c were previously described in [2]. The PMR spectrum of, for example, 

N,N-d iethyl- 2- iodomethyl- 4-methyl-4- hydroxypyrrolidinium iodide c ontains the following proton s ignals (5) : 

-CH21 3.5, CH (ring) 4.2-4.9, and CH 2 (ring) 2.0-3.4 ppm. 

l-Piperidino-2-methyl-4-penten-2-ol Acetate (Id). This compound, with bp 61-62 ~ (i ram), d~ 2~ 0.9523, 
and nD2~ 1.4620, was obtained in 69% yield by refluxing l-piperidino-2-methyl-4-penten-2-ol and acetyl chloride 

in benzene for 10 h. IIR spectrum, cm-t: 1645 (C=C) and 1720 (C=O). Found: N 6.6%; MR D 65.04. ClaH2aNO 2. 

Calculated: N 6.2%; MR D 65.33. 

t-N,N-Diethylamino-2-methyl-4-penten-2-ol N-Oxide (IIa). A) A 25-mi sample of 33% hydrogen peroxide 
was added  d r o p w i s e  to 2.7 g (0.015 mole)  of Ia in 10 m l  of w a t e r ,  and the m i x t u r e  was  a l lowed  to s t and  a t  r o o m  
t e m p e r a t u r e  for  24 h. It was  then t r e a t e d  with  0.2 g of p l a t i n u m  b l a c k  to d e c o m p o s e  the  e x c e s s  h y d r o g e n  p e r o x -  
ide ,  a f t e r  which the p l a t i n u m  b l a c k  was  r e m o v e d  by f i l t r a t i o n ,  and the aqueous  so lu t ion  was t r e a t e d  with  two 
5 0 - m l  p o r t i o n s  of e t h e r  to r e m o v e  the  unchanged  In. The  aqueous  so lu t i on  was  vacuum e v a p o r a t e d  to ob ta in  a 
t r a n s p a r e n t  v i s c o u s  l iqu id ,  which  was  t r e a t e d  with two 2 0 - m l  p o r t i o n s  of a b s o l u t e  b e n z e n e .  The  b e n z e n e  was  
r e m o v e d  by vacuum d i s t i l l a t i o n  to g ive  a s l i g h t l y  y e l l o w i s h  v i s c o u s  l iqu id .  

N - O x i d e s  I I b - e  w e r e  s i m i l a r l y  ob ta ined  ( see  T a b l e  3). 

B) A m i x t u r e  of 2.5 g (0.026 mole)  of 2 - m e t h y l - 2 - a l l y l o x i r a n e  and 4.5 g (0.05 mole)  of N,N ' - -d ie thylhydroxyl -  
a m i n e  in 10 ml  of m e t h a n o l  was  r e f l u x e d  for  6 h, a f t e r  which  the m e t h a n o l  was r e m o v e d  in vacuo ,  and the  r e s i d -  
ua l  l iquid was t r e a t e d  with t h r e e  1 0 - m l  s a m p l e s  of d r y  benzene .  The  benzene  was r e m o v e d  by d i s t i l l a t i o n ,  and 
the  r e s i d u e  was e v a c u a t e d  with  an o i l  pump to g ive  1.3 g (50%) of p r o d u c t .  A c c o r d i n g  to the  r e s u l t s  of e l e m e n -  
t a r y  a n a l y s i s  and the I1R s p e c t r a  ( see  T a b l e  3), the  p r o d u c t  c o r r e s p o n d e d  to the  N - o x i d e  ob ta ined  by method A. 

The  i od ina t i on  of I I a - e  was  c a r r i e d  out in the  s a m e  way as  the  iod ina t ion  of I a -g .  Data  on the  q u a t e r n a r y  
t e t r a h y d r o - l , 2 - o x a z i n i u m  s a l t s  I I I a - e  a r e  p r e s e n t e d  in T a b l e  4. In the  PMR s p e c t r u m  of, for  e x a m p l e ,  IIIb, the 
fo l lowing  p r o t o n  s i g n a l s  (6) a r e  r e s o l v e d :  1.67 (CH a) s i n g l e t ,  3 .7 -4 .2  (CH2), 1 .8 -2 .3  (C-CH 2 and CH2I) , and 4.5 
ppm (OH). 

1 - N , N - D i e t h y l a m i n o - 3 - b u t e n e  N - O x i d e  (IV). Th i s  compound was ob ta ined  by me thod  A by ox ida t ion  of 2.2 
g (0.016 mole)  of 1 - N , N - d i e t h y l a m i n o - 3 - b u t e n e .  Workup  gave  1.5 g (63%) of W as  a v i s c o u s  l iquid .  IR s p e c t r u m ,  
c m - t :  920 ( N ~ O )  and 1645 ( C = C ) .  Found :  C 67.0; H 12.0; N 9.9%. CsH17NO. C a l c u l a t e d :  C 67.2; H 11.9; 

N 9.8%. 

I i 1 3  



N,N-Die thyl -5- iodomethyl te t rahydro- l ,2 -oxazol in ium Iodide (V). This compound, with mp 127-128 ~ 
(acetone-methanol),  was obtained in quantitative yield by iodination of IV by the method used to iodinate IIa-e.  

IR spect rum,  e m - l :  1010 (NOC), 1050 (CNO), 3000-2500 (~N--). Found: N 3.7; I 63.6%. CsH1712NO. Calculated: 
N 3.7; I 63.9%. 

1, 

2. 
3. 
4. 
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ATRANES 

XLVIII.* KINETICS AND MECHANISM OF THE HYDROLYSIS 

OF i- (~-CHLOROA LKYL)SILATRANES 

M. G. Voronkov, I. S. Emel'yanov, 
V. M. D'yakov, V. Yu. Vitkovskii, 
L. V. Kapranova, and V. T. Baryshok 

UDC 547.895'245 : 542.938 : 541.127 

T he kinet ie s of the hydrolys is of 1- (~-c hlor oalky 1) s i latranes Rsi (OCH2CH2). [OCH (CH3) C H2]a-. N. 
(where R = C1CH2, C12CH, and CH3C1CH , and n= 1-3) at 25~ in neutral  and acidic aqueous and 
aqueous alcoholic media With H~O, 2H20 , and H2180 were studied. The rate  of hydrolysis  in acidic 
media is considerably higher than in neutral  media. The introduction of methyl groups in the 3, 
7, and 10 position of the atrane r ing and an increase  in the electronegativity of the substituent 
attached to the silicon atom lower the ra te  of hydrolysis .  According to the mass  spec t romet r ic  
data, the t r ie thanolamine formed during hydrolysis  in H2180 does not contain laO, which indicates 
hydrolytic cleavage of the S i - O  bond ra ther  than the O - C  bond. 

In order  to ascer ta in  the effect of the nature of the substituent attached to the silicon atom in the atrane 
r ing on the hydrolytic stability of the molecule,  we studied the hydrolysis  of 1- (~-chloroa lkyl )s i la t ranes  with 

the general  formula RSi (OCH2CH2),,[OCH (CH3) CH2]3-~N, (where R = C1CIt2, C12CH and CH3C1CH , and n = 1-3) by 
polarography.  

The s i la t ranes  were hydrolyzed at 25 ~ in dilute acidic and neutral  aqueous and aqueous alcohol solutions. 

The react ion ra te  in neutral  media was calculated from a f i r s t - o r d e r  equation [2], since H~O is the reagent  
and the change in its concentrat ion with respec t  to the substrate  is insignificant; the rate  in acidic media was 
measured by a second-orde r  equation [3] because of bonding of HC1 with the react ion products.  

The ra te  constants for the hydrolysis  of 1-(chloromethyl)s i la t rane in water and in 25 and 50% (by volume) 
aqueous ethanol increase  rapidly as the water concentrat ion increases  both in neutral  and acidic media (Table 
1). 

* See [1] for communicat ion LXVII. 

Irkutsk Institute of Organic Chemis t ry ,  Siberian Branch,  Academy of Sciences of the USSR. Translated 
f rom Khimiya Geterotsikl icheskikh Soedinenii, No. 10, pp. 1344-1346, October,  1976. Original ar t icle  submitted 
February  7, 1975; revis ion submitted January 20, 1976. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $Z50. 

1114 


