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A B S T R A C T  

"£n~,e c o n f o r m a t i o n a ]  p rope r t i e s  o f  l , l ' -cazbonylbL~azir ichr ,e  (2)  have  b e e n  studded by  
M N D O  ca lcu la t ions .  ~. s t ruc~are  wi~h C=-symmet~--y has  b e e n  f o u n d  as t h e  m o s t  stab'.e con-  
f o r m a t .  C=~-st-ructu~s c o r r e s p o n d  to  c o n f o r m e r s  o f  h igher  energy .  T h e  X- ray  s~rueture 
analys~s conflxvmed the  zheoret2eal  resul tm T h e  f o l l o w i n g  s'-~uctur-e] p a r a m e t e r s  have  been  
f o u n d :  C=O 12"_1(2) ,  C--~N 1 389(~_),N---C(rmg) 1 . 4 5 5 ( 2 ) a n d  1 .460(2) ,  C--C 1 . 4 8 5 ( 2 ) A ,  
O--C---N 123 .5(1) ,  C - -N- -C( r tng )  120 .2 (1 )  and  121 6(1)  °, Lors,_'onal angle ~ = 83 8tl)" °. 
Subs t i t ue , - t  e f f ec t s  o n  t h e  s t r u c t u r e  o f  t he  lz i r idhne r ing  axe discussed 

LNTRODUCTION 

The bonding system of urea and i~3 simple derivatives, O=C(NR¢)2, may be 
described as an acceptor (C=O) bound to ~wo dono] groups (NRz). Wh,_le the 
parent compound, urea, O=C(NH2)2, is p]anar in the crysr~Lline strafe [2], the 
molecule probably has a nonplanar st~.actIAre in the gas phase [3]. Although 
NR=-groups  s h o w  an  e n h a n c e d  d o n o r  c a p a c i t y ,  a n o n p l a n a x  s t r u c t u r e  can  be 
a x p e c t e d  f o r  t e t r aa ]ky]  demvat lves  d u e  to  s t e ~ c  r epuJs ion  o f  t h e  s u b s t i t u e n t s .  
A c c o r d i n g l y ,  an  e l ec t ron  d i f f r a c t i o n  analysis  o f  t e t ~ m e ~ h y ! u r e a  (i~ r e v e ~ e d  
a ~v~,,ctu~e o f  C2-symmet~y with pyrarn,dal am+no gl oups [ 4 ] .  

Vibrational spectroscopy combined ~ h  a normal coordinate analysis led 
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* A u t h o r  t o  w h o m  c o - ~ e s p o n d e n c e  ~hou2d be  addressed .  

o o 2 2 - 2 8 6 o / 8 5 / ~ o 3 . 3 e  © 1 9 8 5  E lsev ie r  Scie,-ce P u b ] i s h e ~  B . V .  



5~  

,C~pel! a nd  L a a n e  t o  s u g g e ~  C2~-structuxe 2 a  f o r  ! , l ' - c a r b o n y l - b i s a z S d r H n e  (2)  
; 5 ] .  A l t h o u g h  t he  ze la t lve  l ow  d o n o r  c a p a c i t y  o f  t h e  azLridine ~:ng is wel l  
k n o w n  [ 6 ] ,  a s t r u c t u r e  such  as 2a  w i t h  c o m p l e x l y  r ~ m o v e d  n ] ~ - c o n j - g ~ t l o n  
: s u n  i l~ely .  T h e r e f o r e ,  w e  s t u d i e d  t h e  c o n f o r m a t i o n a l  p r o p e r t i e s  o f  2 b y  
* ' ,NDO [7 ]  c a l cu l a t i ons  and  d e t e r m i n e d  t h e  m o l e c u l a r  ~ ruc~u~e  b y  X - r a y  
d t l f r a c ~ o n .  

EXPE RL~I ~.-~NT.kL 

General 

T h e  *H-N_MR s p e c t r , , m  was  r u n  o n  a H i t a c h i / P e r k m - E l m e r  R 2 4  s p e c t r o m -  
e t e r  w i t h  t e t r ~ r n e t h y ! s i l a n e  as i n t e r n a l  ~ a n d a r d .  F o r  t h e  mass  s p e c t r u m  a 
F m r n g a n  M A T 3 1 2  was  used .  T h e  e l e m e n t a l  analys is  was  ca r r i ed  o u t  o n  a 
H e r a e u s  E A 3 0 1  C,H,N-P.nalyzer .  T h e  m e l t i n g  po in¢  is u n c o r r e c t e d .  

Syn thes i s  o f  2 

17 .0  g (172  r e t o o l )  p h o s g e n e  in  1 5 0  m l  abs.  t o l u e n e  a re  a d d e d  d r o p w i s e  t o  
a ~ z r r e d  s o l u t i o n  o f  l td.0 g ( 3 7 2  m : n o l )  azndd ine  a n d  8 0 . 8  g (800  r e t o o l )  tr i-  
e ~ h y ! a m m e  m 150  rnl abs.-q-~luene. T h e  t e m p e r a t t t r e  o f  t h e  s o l u n o n  is ma in -  
r a i n e d  b e l o w  --5°C.  A f t e r  s t i r r ing  f o r  mn a d d i t i o n a l  3 h a t  r o o m  t e m p e r a t u r e ,  
t h e  s o l u t i o n  is f i l t e r e d  a n d  dmt i l led  u n d e r  r e d u c e d  pressure .  Yie ld  13 .1  g (68%)  
M p.  ( f r o m  n - p e n t a n e )  39  4 0 ° C  (liz. [8 ]  3 9 - - 4 1 ° C ) .  F o u n d :  C 53 .48 ,  H 7 . 0 9 ,  
N 25.10~o, calc for CsHsN:O" C 53.56, H 7.19, N 24 98% ~H-NMR (CI~CI3): 

= 2.3 ppm s. MS: rn/z = 112, 70, 56, LI2. 

X-ray s tructure analysis ~ 

D u e  to  t h e  low m e l t i n g  p o i n t  o f  2, t h e  X - r a y  analysis  was  e x e c u t e d  a t  a 
t e m p e r a t u r e  o f  - - 1 0 5 ° C .  T h e  c rys ta l s  have  m o n o c l m i c  s y m m e t r y  and  b e l o n g  
t o  space  g r o u p  C2/c. A c r y s t a l  o f  2,  ~-i~h *he dLrnen~ons  0 .51  X 0 .~4  X 
0 . 4 0  rnm,  s e ~ e d  in a glass capilla_,-y, was  m e a s u r e d  c r  a S y n t e x  f o u r - c i r c l e  
d i [ f r a c t o m e t e r  us ing  g r a p h i t e  m o n o c h r o m i z e d  MO-K~ r a d i a t i o n  2 ~ e n t y  re-  
f l e c t i o n s  have  b e e n  i n d e x e d  b y  an  a u t o m d e x m g  m e t h o d  us ing  t h e  Nico le t -  
P 3 - p r o ~ ' ~ m .  U m t  cel l  d i m e n s i o n s "  a = 8Z28b(3)  A, b = 1 1 . 1 4 8 ( 4 )  £ ,  c = 
6 .~,66(2)  A, a = 7 = 90  °, ~ = 1 1 4 . 5 4 ( 3 )  °- V o l u m e  o f  t h e  u m t  ce!!11 - 5 7 6 . 9 ( 4 )  A 3, 
D x = l - 1 3 g c m  - 3 , Z = 4 .  

A set  o f  6 6 0  i n d e p e n d e n t  r e f l e c t i o n s  has  b e e n  c o l l e c t e d  b y  t h e  20:co scan  
m e t h o d ,  20ma x = 55 °, v n t b  va r i ab le  scan speeds  o f  w h i c h  5 9 5  w e r e  t r e a t e d  as 
o b s e r v e d  (Fo ~ 3.5 X a (F0) ) .  T h e  c o o r d i n a t e s  o f  all n o n - h y d r o g e n  a t o m s  
w e r e  d e t e r m i n e d  b y  d i r e c t  m e t h o d s  a n d  r e f i n e d  using t h e  S H E L X T L  p ro -  
g ram s y s t e m  [9 ]  o n  a N O V A  3 / 1 2  (Da t a  G e n e r a l )  c o m p u t e r .  T h e  p o s i t i o n s  

*Additional material to tb_~s pa~er can be ordered at the !?aehinformat,onszent_-uxm 
Energie-Fhys,k-.'vlathematlk, D-75i4 Eggeust~in-Leopoldshalen 2, F.R G. Please ouote 
reference No. CSD-51420, the names of the authors and the title of the paper. 
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of t h e  h y d r o g e n  atorn.~ w e r e  o b t a i n e d  f r o m  a d i f f e r e n c e  F o u r i e r  s y n t h e s i s  a n d  
r e~_ned  w i t h  i s o t r o p i c  t ~ m p e r a t u r e  f a c t o r s .  

T h e  r e f i n e m e n t  c o n v e r g e d  t o  _;~ = 0 . 0 3 8 ,  R ~  = 0 . 0 4 4 ,  ~-* = a : ( F )  + 2 . 6  × 
! 0  -~ X F ~. T h e  ~_nal e l e c t r o n  d e n s i t y  d f f f f e r e n c e  m a p  s~how~fl n o  p e ~ k ~  hig~her 
t h a n  0 . 3 3  e A -~. 

M_~rDO CALCU~A_TiO NS 

B e s i d e s  2 a  a s e c o n d  c o n f o r m a ~ o n  o f  C2~-s~u-nmet ry  is p o s s i b l e ,  a l l  a t o m s  
e x c e p t  h y d r o g e n  a t o m s  b e i n g  c o p l a n a r  ( 2 b )  In  a d d i t i o n  v w o  c o n f o r m a t i o n s  
w i t h  p y ~ . m l d a l  N - a t o m s  m u s t  b e  c o n s i d e r e d :  2 c  b.~s C2- a n d  2 d  h a s  Cs - sy rn -  
m e r r y .  T h e  c o n f o r r - ~ t i o n s  c a n  b e  c h a r a c t e r i z e d  b y  t h e  a n g l e  ~ gb~mg t h e  t o r -  
s i o n  o f  t h e  a z i r i d i n e  r i n g s  v e r s u s  t h e  C = O - b o n d  (F ig .  1 ) .  2 a  ha~ ~ = 0 °,  i n  2 c  
s h o u l d  b e  c l o s e  t o  - ~ 9 0  ° a n d  iv_ 2 d  c l o s e  t o  +-90 °. 

0 0 0 
. II It 

T h e  c ~ c , , l n t e d  h e a t s  o f  f o r m a t i o n  f o r  2 a  co 2 d  a~e s n m m a r i z e d  in  T a b l e  1, 
The  values refer  to  ~rucLu.res w-ith comple te ly  opt~_.mLZed geometri_c pa..~m- 
et~rs. 

S t r u c t u r a l  p a r a m e t e r s  c a l c u / a t e d  f o r  2 c  a r e  g i v e n  m T a b l e  2 .  T h e  d a t a  i n d i -  
c a t e  2 a  b e i n g  t h e  less  s t a b l e  o n e  o f  t /ae c o n f o r m a t i o n s  5tuckied. r t s  e n e r g y  
e x c e e d s  2 b ,  t h e  s e c o n d  c o n f o r m e r  o f  C 2 , - s y m m e t r y ,  b y  1 5  k c ~  t o o l  -~ . T h e  
c o n f o r m e r s  o f  l o w e r  s y m m e t r y ,  2 c  a n d  2 d .  h a v e  a p r o n o u n c e d  h i g h e r  s t a -  
b i l i t y  t h a n  2 a  a n d  2 b .  T h i s  is w h y  2 s h o u l d  h a v e  l o w e r  s y m m e t r y  t h a n  C2~ 
in  c o n t r a d i c t a o n  t o  t h e  p r e ~ o u s l y  ass ' ,~med o n e  [ 5 ] .  2 c  is m o r e  s t a b l e  t h a n  
2 d  b y  3 .5  k c a l  m o I  -~, in  c o n j u n c t i o n  w i t h  t h e  h i g h e r  c h p o l e  m o m e n t  a n d  
s ~ r o n g e r  s r e n c  i n t e r a c t i o n s  m t h e  C ~ - f o r m  I n d i c a t e d  b y  t h e  M N D O  r e s u l t s ,  

Fig. 1 E, efin~_Llon o f  the cor~on~ ~. angle ; o f  

T A B L E  1 

Heats  o f  fon-n aria n ~ H f  (kcal tool-* ) and ckpole m o m e n t s  g (D) o f  several confo rmat ions  
of  2 calculated by  the  MNDO me~hod 

Confon~ner ~t-tf 

2a 49.22 3.24 
2b 33.97 4.24 
2c 20.80 2.73 
2 d  24 31 4 0 1  
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2 ~ho-old p r e f e r  a ~ r . , c t u z e  wi,*h h~gh n / ~ - c o n j u g a t i o n  w h i c h  doe__~ n o t  d i f f e r  
s u b s t a n t i a l l y  f r o m  1. T h e  p h o t o e l e c ~ o n  s p e c t r a  o f  1 a n d  2 [ 1 0 ]  aze in  a ~ e e -  
m rant v ; l th  t h e s e  a s s u m p t i o n s .  

X-RAY STRUC _-FU"RE ANALYSIS 

T h e  b o n d  l eng ths  a n d  angles  are  ~ v e n  m T a b l e  2 ,  t h e  a t o m m  c o o r d i n a t e s  
are  h s t e d  in Tab l e  3. T h e  n u m b e r i n g  o f  t h e  a t o m s  is as s h o w n  in Fig.  2. 

Wl~h r e ga rd  t o  c o n f o r r n a t l o n  t h e  M N D O  resu l t s  axe c o n f i r m e d  b y  zhe  
X - r a y  analys is :  t he  m o l e c u l e s  possess  c o n f o r m a h o n  2 c  also in t h e  c ry s t a l l i ne  
s ta te .  T h e  c o n f o r m a t l o n a l  ang le  ~ is 8 3 . 8  °. T h e  e x p e r i m e n t a l  b o n d  l e n g t h s  o f  
t h e  hea~"y a t o m s  are  m a g r e e m e n t  w l t h  t h e  c a l c u l a t e d  ones  w ~ h i n  0 . 0 3  A. 
H o w e v e r ,  it  s h o u l d  be  n o t e d  t h a t  t h e  s l lmmaxized  M N D O  b o n d  l eng ths  are  
l o n g e r  t h a n  t h o s e  de r i ved  f r o m  t h e  X - r a y  s~udy.  Concern~__g b o n d  angles,  t he  
ch f f e r ences  are  0 .6  ° f o r  O - - C - - N  a n d  a b o u f  6" f o r  t he  C- -N- -C( r ing) -ang les .  
T h e  t o r s i o n a l  angles  O - - C - - N - - C ( r i n g )  dhffer  b y  a p p r o x n n a t e l y  1 and  6 °. 

TABLE 2 

Bond lengths (A) and angles (°) of  2 determined by MNDO cakulauons and by X-ray 
anaJysis 

Parameter X-ray a MNDO 

B o n d  ~ g t h ~  
0(1)---C(1) 1 211(2) i 225 
C(1)--N(1) i.3S9(!) 1.422 
N(1)--C(2) 1 460(2) 1.477 
N(1)--C(3) 1.455(2)  1.477 
C(2)--C(3) 1.485(2) 1.519 
C(2 )--H(2a) 0.967(16) 1 101 
C(2 ~--H(2b) 0.975(15) 1 101 
C(3)--H(3a) 0 937(17) !.!00 
C(3)--H(3b) 0.984(18) !.!01 

AngLes 
O( 1}--43(1.~-N(1) 123.5(1 ) 122.9 
C(1)--N(1)--C(2) 121.6(1) 127.2 
C(1 )--N(1)--~(3) 120.2(1) 126.4 
C(2 :--N(1)--C(3) 62.2(1 ) 61.9 
N(1 i--C(1)--N(I') 1] _- 0(i) 114 2 
N( 1)--C(2)--H(2 a) 115.5(11) 120.I 
N(1)--C(2 )--H(2 h) I13 8(11) I15.1 
N(1)--C( 3)--H(3 a) 112.4(15) 120.8 
N(1)--C(3)--H(3b) 115.4(11) 115.0 
H(2a)--C(2)---H(2 b) 118.9(12) 111.2 
H(3 a)--C(3)--H(3b) 118.6(15) I!i.0 

O(1)---C(1)--N(1 V--C(2 ) 120.3(1) 121.1 
O( I)--C( 1)---N (I)---C(3) 47.4(1) 41.2 
~, 83 8(1)  S !  2 

aStandard devia%ions a_re given in parenthe~e~ 
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Fract ional  coordinates  of 2 a 

x /o  y / b  z l~: 
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0 ( 1 )  0 0 .5554(1)  0.25 
c ( 1 )  0 0 4468(2)  0.25 
N(1)  0 8466(1)  0 .3780(1)  0 1639(2)  
C(2) 0.8002(2)  0 2932(1)  0.2947(2~ 
C(S%. 0 .6968(2)  0 .4053( ! )  0 .2149(3)  
H(Y.a) 0.7500(23~ 0 .2181(15)  0 .2258(25)  
H(2b )  0 .8837(24)  0 . 2 9 2 6 ( ! 3 )  0 .4450(26)  
H(3a)  0.5883(27~ 0 4028(14)  0 .0942(31)  
H(3b)  0 . 7 1 6 9 ( 2 ! )  0 4699(16)  0 .3202(26)  

as~and~rd devL~tlons axe gxven in parenthese~ 

2 
eL2~l F'~b ) 

~ ( ] a J ~  N( ) h t  ) 

t 2 a )  

Fig 2 

DISCUSSION 

It is appropriate to compare t~.e structure para~:eters of 2 with those of 
similaz mo)ecules, especially wlth I. Since most da~ to be cited here are 
from eleclTon d~ffractlon or nncrowave spectroscopy, certain deviations in 
~hhe s~ructuze par-d_meters axe due to dlfferent states of the compounds and 
methodical effects The C=O bond in 2 (1.211 fk) is shorter than in I [4] 
(!.9.40 4) and m N-acety]~ridine [II] (3, 1.226 A). The s.,m.e holds for the 
C--N bonds between carbonyl and sm~no groups: the corresponding values 
for !, 2 and 3 are 1.397, 1.389, and 1.446 A. "l'he C--N bond lengths in zhe 
az,ridine rings of 2 (1.455 and 1.4S0 A) are nearly she same as in the di- 
methy]~mino groups of i (1.46! A), but should be better compared ~-~th 
that one in the three, rnembered rings of S (1.485 A), aziridine [12] (1.485 A) 
or !,l:bisA~vidine [13] (4, 1.457 A) 

The ring C---G bend distam_ce of 2 (1.485 A) is in the same range with the 
corresponchng values of 3, 4 and azirid:~ne, i.484, i.500 and 1.481 A As a 
fLnal ex~LTnple rne~o-l,4-dl~.~dmyl-2,3-butanedio| [!4] (5) is quo%ed. In an 
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0 OH 

3 4 5 

X-ray analy~_s the followLng boncl distances of the ~zirichne ~gs  have been 
f o u n d :  C ~ N  1 . 5 0 0  a n d  1 . 5 ! 0  A,  C - - C  1 . 4 6 3  A .  

T h e r e  s e e m s  t o  b e  a c o r r e l a t m n  o f  t h e  s t r u c t u r ~  p a r a m e t e r s  o f  s u b ~ i t u t e d  

~ T m d i n e s  w i t h  t h e  ~ e c ~ o n i c  p r o p e r t i e s  o f  t h e  s u b s t ~ u e n t s  s i m i l R r  t o  ~he  
c y c l o p r o p a n e  r i n g  [ 1 5 ,  1 6 ] .  D u e  t o  i n t e r a c t i o n  b e t w e e n  ~Ale W a l s h  3 e ' - o r b i t a l  
o f  t h e  c y c l o p r o p m ~ e  r i n g  a n d  t h e  ~ * - o r b ~ t a l  o f  a s u b s t i v u e n t ,  t h e  C ( 2 ) - - C ( 3 )  
b o n d  is ~ h o r t e n e d  a n d  t h e  C ( 1 } - - C ( 2 )  a s  w e l l  as  t h e  C ( 1 ) - - C ( 3 )  b o n d  ~s 
l e n g t h e n e d .  T h e  a b o v e - m e n t i o n e d  b o n d  i e n g t b s  s e ~  t o  L n d i c a t e  a s i r ~ i ! ~ r  
t r e n d  f o r  N - . ~ u b s t ~ t u t e d  a z i r i ~ h n e s  T h i s  b e c o m e s  q t u ~ e  e v i d e n t ,  w h e n  t h e  

d a t a  o f  2 a n d  5 a r e  c o m p a r e d  z 4 t h  t h o s e  o f  u n s u b s t i t u t e c l  a z i r i d i n e ,  a l t h o u g h  
t h e  c o n f o r m a t i o n  o f  2 f a v o t u ~  L n t e r a c t ~ o n  o f  t h e  d o u b ! e  b o n d  w i t h  ~ he  m t r o -  

g e n  e l e c t r o n  l o n e  p a r r  i n s t e a d  o f  t h e  W a l s h  o r b i t a l  [ 1 7 ] .  
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