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Conformat ional  invest igat ions  in the s e r i e s  of cyc lopropane  de r iva t ives  have been conducted r a th e r  
widely for  compounds in which in ternal  ro ta t ion  occurs  around the C - C c y c l  bond, espec ia l ly  for  a romat ic ,  
unsatura ted ,  and carbonyl  de r iva t ives .  Here  the main  attention has  been d i rec ted  toward the invest igat ion 
of the s t e r i c  conditions of conjugation with the par t ic ipa t ion  of the t h r e e - m e m b e r e d  ring. In pr inc ip le  such 
an in te rac t ion  is a lso  poss ib le  for  he t e roa tomic  de r iva t ives  of cyclopropane .  However ,  v e r y  few data on 
the s t e r i c  s t r u c t u r e  have been obtained. For  cyc lopropylamine  [1] and cyclopropylphosphine [2], c h e c k e r -  
board  conformat ions  a r e  rea l ized ,  and both h e t e r o a t o m - h y d r o g e n  bonds have a gauche-or ien ta t ion  re la t ive  
to the C 1 - H  bond. In such a conformat ion,  conjugation of the unshared  e lec t ron  pa i r  of the he t e roa tom 
with the orb i ta l s  of the a toms of the t h r e e - m e m b e r e d  r ing is poss ib le  [2]. We were  in te res ted  in inves t i -  
gating the s t e r i c  s t r u c t u r e  of cyc lopropane  de r iva t ives ,  containing other  he te roa toms ,  in pa r t i cu la r ,  cyc lo-  
propyla lkyl  e t he r s .  

We de te rmined  the dipole momen t s  (DM) of a number  of 1 ,1 -d iha lo -2 -a lkoxy-cyc lopropanes  (I)-(IV), 
fo rmed  in the addition of d ich lo ro-  and d i b r o m o c a r b e n e s  to alkylvinyt  e the r s  
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(l)--(IV) (V) 
R = C~I~, X = CI(1); B]= C~Hs, X = Br(II); 

R = C4Hg-n, X = Cl (Ill); R = C4H~-n, X -- Br (IV) 

Under the condition of a . c h e c k e r b o a r d .  or ienta t ion  of the bonds, three  conformat ions  with t r a n s -  
and g a u c h e - a r r a n g e m e n t  of the alkoxyl group and the gemina l  C - H  bonds are  poss ib le  for them (Fig. 1). 
The po la r  halogen subst i tuents  d is rupt  the s y m m e t r y  of the molecule ,  making the energy  of the two gauche-  
conformat ions  different ,  but at the s a m e  t ime  pe rmi t t ing  an invest igat ion of the ro ta t ion  of the alkoxyl 
groups by the method of dipole m o m e n t s .  In the ca lcula t ion of the momen t s  of va r ious  s t e r i c  s t r u c t u r e s  
according  to a v e c t o r  additive scheme,  a s ignif icant  role  is played by the c o r r e c t  se lec t ion  of the moment s  
of the bonds and groups  used.  It is known that a change in the hybr id iza t ion  of the carbon a toms changes 
the po la r i ty  of the bonds fo rmed  by them;  in pa r t i cu la r ,  a definite se t  of additive values  was obtained by 
cyclopropane  de r iva t i ve s  [3]. 

H H H 
Tram Gauche -I Gauche-2 

Fig.  1. Poss ib le  conformat ions  of cyc lo -  
p ropyla lky l  e t he r s .  

Since it does not include C r i n g - O  bonds, the i r  po la r i ty  mus t  be de te rmined .  
A s imul taneous  de te rmina t ion  of it and the unknown con-  
fo rmat ion  of the molecu les  is  poss ib le  on the bas i s  of the 
data  of two methods - DM and the K e r r  effect .  However ,  
the K e r r  constants  (KC) of compounds (I)-(IV) depend on 
the in ternal  rota t ion around the C - C  bonds in alkyl r ad i -  
cals ,  without influencing the moment ,  but changing the 
an iso t ropy  of the po la r izab i l i ty  of the molecu les .  T h e r e -  
fore ,  we conducted a joint cons idera t ion  of the data of 
the two methods for  the bicycl ic  e the r  7, 7 -d i ch lo ro -2 -  
oxabicyclo[4, 1,0]heptane (V), in which the closing of the 
r ing l imi ts  the n u m b e r  of poss ib le  rota t ional  i s o m e r s .  

A. E .  Arbuzov Insti tute of Organic and Phys ica l  Chemis t ry ,  Kazan '  Branch  o f t h e A c a d e m y  of Sciences  
of the USSR. T r a n s l a t e d  f r o m  Izves t i ya  Akademi i  Nauk SSSR, Se r iya  Khimicheskaya,  No. 2, pp. 331-334, 
February ,  1975. Original  a r t i c le  submi t ted  May 28, 1974. 

�9 1975 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, microfilmmg, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $t5.00. 

266 



0 Clm ~Lz 

A B C D 

Fig. 2. Poss ib le  conformat ions  of 7 ,7 -d i ch lo ro -2 -oxab i -  
cycloheptane:  A, t~) ha l f - cha i r ;  C) ant i -boat ;  D) syn-boa t .  
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Fig. 3. Dependence of the squa res  of the dipole moment s  on the K e r r  con-  
s tants  of the c o n f o r m e r s  A-1 of 7 ,7 -d ich loro-2-oxabicye loheptane  in the case  
of va r ia t ion  of the moment  of the C - O  bond f rom 0 to 1.40 D (notations of the 
c o n f o r m e r s  the s a m e  as in Fig. 2). 

Fig.  4. Relat ionship between the squa re s  of the dipole moments  and K e r r  con-  
s tants  of cyc lop ropy la lky le the r s  (II). I) T rans ,  II) gauche-I ,  III) gauche-2  
conformat ions  re la t ive  to the C(r ing)-O bond; t, g, g,) conformat ions  re la t ive  
to the O - C s p 3  bond. 

The conformat ions  of the s i x - m e m b e r e d  r ings,  condensed with t h r e e - m e m b e r e d  rings,  a re  of g rea t  in- 
t e r e s t ,  s ince  s tabi l i ty  of the boat f o r m  has  been detected for them [4]. No such invest igat ions were  con-  
ducted for  he t e rocyc l e s .  

Four  poss ib le  conformat ions  of the molecule  of (V) were  cons idered  (Fig. 2). T h e i r  DM and KC 
were  calculated using the p a r a m e t e r s  of cyclopropane  der iva t ives ,  cited in [3, 5]. The DM of the C - O  
bonds were  a s sumed  equal to 1.40 D (from the exper imen ta l  value of the moment  of t e t r ahydropyran  [6]); 
the po la r izab i l i ty  of the C - H ,  C - C ,  and C - O  bonds is ci ted in [7]. The DM and KC of poss ib le  confor -  
m e r s  of (V) calcula ted with the indicated value of (C-O)  are  cited in Table  1, together  with the e x p e r i -  
menta l  va lues .  As can be seen, the DM is close to that calculated for  a ha l f -cha i r ,B ,  but all  the calcula ted 
KC differ  f r o m  the expe r imen ta l  value even in sign. For  an analys is  of the po la r i ty  and po la r izab i l i ty  of 
(V) we used the assumpt ion  indicated above of a change in the momen t  of the C - O  bond when a ca rbon  
a tom iS inse r t ed  into the cyc lopropane  r ing.  The change in the squa re s  of the DM and KC of the confor -  

m e r s  A-1 in the case  of va r ia t ion  of the momen t  of this bond in (V) f r o m  0 to 1.40 D is given in Fig.  3. 
The m o l e c u l a r  DM are  p rac t i ca l ly  independent of the value of r e (C-O) ,  while it influences the i r  KC g rea t ly .  
A c o m p a r i s o n  of the calculated data with the expe r imen ta l  data  p e r m i t s  us unambiguously  to a s s ign  the ha l f -  
cha i r  conformat ion  B to (V) and s imul taneous ly  to de te rmine  the moment  of the C r i n g - O  bond; it is equal to 
0.2 D. 

Calculat ions were  p e r f o r m e d  for  (I)-(IV) with this value.  For  the ethyl e the r s  (I) and (II) it is poss ib le  
to calcula te  the KC. Rotat ion around the O--CH2CH 3 bond. while not influencing the DM, leads to three  KC 
for  the t r ans  (t) and two gauche (g, gD or ienta t ions  of the C r i n g - O  and CH2CH 3 bonds.  The re la t ionship  
between the squa re s  of the DM and KC [8] for  (17) is cited in Fig. 4. It is evident that this corapound in 
CC1 a is r e p r e s e n t e d  by a mix tu re  of c o n f o r m e r s  with a 0.2 content of gauche-2 .  The se lec t ion  of the second 
f o r m  on the bas i s  of the expe r imen ta l  data  is imposs ib le ,  but the obvious s t e r i c  hindrance of the t r a n s -  
c o n f o r m e r  fo rces  us to give p r e f e r e n c e  to g a u c h e - ! .  It should be noted that the bes t  a g r e e m e n t  of the 
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TABLE 1. Po la r i ty  and Polar izabi l i ty  of Dichlorooxa-  

m K.1012 CorlforlTla - I 
tion '~J., D 

--32 i C I 4,32 --54 D 2,52 

bicyclo [4,1,0 ]heptane 

Conforma- ',~-, D 
tion 

A 2,13 
B 2,88 

m K'iOZ2 

--143 
--155 

TABLE 2. 
Compounds 

C o m p o u n ~  Ar 

(1) I 4,160 (II) 2,134 
(III) 3,6ii 
(IV) i,706 
(V) 11,109 

Dipole Moments and K e r r  Constants of the Investigated 

Ad/A~ 

--0,243 
--0~064 

--0~t5 

AnD/A~ 

--O,024 
0,026 

0341 

,) 

--0,i09 
0,it6 

--0,058 
--0,t94 

0,i72 

AB/Aa~ 

76,741 
18,210 

52~20 

~, D 

i ,86 
1,59 
i ,84 
t,62 
3,04 

mK.iO ,, 

90 
34 

62 

calculated and exper imenta l  data is achieved in the case  of a gauche-conformat ion of the chain C r i n g - O  
-CH2CH 3. Analogous resu l t s  were obtained for  (I). The DM cor responds  to a 0.4 content of the gauche-2 
fo rm (/~trans 1.31, Pgauche-1 1.22,ttgauche_ 2 2.47, #exp 1.86 D). The butyl e thers  (III) and (IV) have DM 
that p rac t ica l ly  coincide with those found for  the ethyl analogs (Table 2), which is an indication of identity 
of the conformat ions  re la t ive  to the C r i n g - O  bond. 

E X P E R I M E N T A L  M E T H O D  

The compounds (I) and (III) were  produced according to the methods of [9, 10]. 

1,1-Dibromo-2-ethoxYCYClopropane (II). (II) was produced by the addition of d ibromocarbene  (from 
CHBr 3 and t-BuK) in pentane to ethylvinyl e ther  at - 1 0  to 0 ~ The isolat ion and purif icat ion by the usual 
methods for  adducts of ca rbenes  were conducted as rapidly as possible and without access  to light, since 
the product  is unstable, yield 25~c; bp 62-63 ~ (8 ram); n~ 1.5060; d~ ~ 1.8003. Found: C 24.30; H 3.29; 
B r  65.85%; MR 40.26. CsHsOBr 2. Calculated: C 24.60; H 3.20; B r  65.607c; MR 40.97. 

1 ,1-Dibromo-2-butoxycyclopropane  (IV). Analogously to (II), f rom vinylbutyl e ther  we obtained (IV) 
with a yield of 20~c, bp 28-30 ~ (0.15 ram); n~ -5 1.4172. In the IR spec t r a  of (II) and (IV) the bands of the 
double bond were absent;  tes ts  with KMnO 4 are  negative.  Found: C 30.85; H 4.40; Br  58.767c. CTH12OBr 2. 
Calculated: C 30.88; H 4.41; B r  58.2~c. 

The adduct (V) was produced analogously, yield 687c, bp 87 ~ (13 ram); 1122.5 1.4955; cf. [11]. 
D 

The dipole moments  and K e r r  constants were  de termined  in CC14 at 20 ~ analogously to [5]. The ex-  
per imenta l  data are  ci ted in Table  2. 

C O N C L U S I O N S  

1. The dipole moment  of the C - O  bond, containing a cyclopropane carbon atom, was de te rmined .  

2. 1 ,1-Dihalo-2-a lkoxyeyclopropanes  in CCI 4 a re  r ep resen ted  by two conformers  with a gauche-or ienta t ion 
of the sys tem H - C r i n g - O - R .  

3. 7 ,7-Dichloro-2-oxabicyelo[4,1,0]heptane exis ts  in a ha l f -cha i r  conformation.  
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