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The Crystal Structure of Cyclopropanecarbohydrazide* 
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The crystal structure of cyclopropanecarbohydrazide has been determined and refined, using 
three-dimensional Fourier and least-squares methods. The crystals are monoclinic with a 0 = 
9.813±0.005, b 0 = 4-847±0.005, c o ----- 11.660±0.005 A, and fl = 97 ° 43 '±5 ' ;  the space group is 
P21/c, and there are four molecules in the unit cell. The molecules are held together by chains of 
NH • • - O hydrogen bonds running parallel to the b axis and by a network of weak NH • • • N 
bonds running along the twofold screw axes which relate the terminal nitrogen atoms. The value 
1.48±0.02 A for the C-C distance between the cyclopropane and earbonyl groups suggests the 
presence of a fairly strong conjugative effect. 

Introduction 

Cyclopropanecarbohydrazide (I) contains three struc- 
tu ra l ly  interesting groups. 

H2C 0 
\ H 
C H - C - N H - N H  2 

/ 
H2C 

(I) 

First ,  the  cyclopropane ring is of special note because 
in m a n y  reactions it tends to behave like an olefinic 
double bond and to in teract  with a t t ached  conjugated 
systems.  Cyclopropanecarbohydrazide affords a good 
oppor tun i ty  for observation of this conjugative power 
in a system a l ready known to display marked  reso- 
nance effects. Secondly, one welcomes the  chance to 
observe the amide g roup- -which  has been the object 
of much investigation in these labora tor ies - - in  such an 
unusual  environment .  The presence of the relat ively 
unstudied hydrazide group represents the thi rd  major  
point  of interest.  

Experimental  

The synthesis of cyclopropanecarbohydrazide has been 
reported in the l i terature (Roberts,  1951). The crystals 
used in this invest igat ion were furnished by  Prof. 
J .  D. Rober ts ;  they  were in the form of near ly  square 
needles, the needle axis being parallel to b. Needles 
approx imate ly  1 ram. in length and 0.2 × 0-2 mm. in 
cross-section were used for Weissenberg photographs  
about  the b axis;  for photographs  about  the a axis, 
the crystals  were cut to form cubes approx imate ly  
0.2 ram. on an edge. Since the samples exhibi ted a 
tendency to sublime a t  room tempera tures ,  it was 
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necessary to moun t  them in thin-walled glass tubes 
during exposures of any  length. 

Zero- and first-layer-line Weissenberg photographs  
around the a and b axes yielded the  conditions for 
non-extinct ion;  the  absence of hO1 reflections with 1 
odd and 0k0 reflections with k odd indicated the space 
group P21/c-C~h. These Weissenberg photographs,  
together  with a ro ta t ion photograph  around the b axis, 
gave initial values for the cell constants.  Accurate  
values for a0, Co, and fl were subsequent ly  obtained 
from a least-squares t r ea tmen t  of several high-angle 
reflections recorded on a S t raumanis - type  rota t ion 
photograph  about  the  b axis, using Cr K a  radia t ion;  
b o was determined from an Okl Weissenberg photo- 
graph calibrated on the basis of the previously 
determined values of c o and ft. The values found were: 

a 0 = 9 . 8 1 3 ,  b 0 - - 4 . 8 4 7 ,  c 0 =  11.660/~, f l = 9 7  ° 43', 
(~(Cr Ka) = 2.2909 A ) .  

The es t imated probable errors are approx imate ly  
±0.003 A in the axial lengths and approximate ly  ± 3 '  
in the angle ft. On the  basis of four molecules in the  
uni t  cell, the calculated densi ty is 1.21 g.cm.-a;  the  
observed densi ty---determined by flotation in mixed 
solvents-- is  approximate ly  1.23 g.cm. -a. 

Photographs  were taken  around the a and b axes 
(layer lines 0-3 and 0-4, respectively) using the 
multiple-film Weissenberg technique with nickel- 
fil tered copper radia t ion;  intensities were es t imated 
visually with the aid of a calibrated intensi ty strip. 
The m a x i m u m  Bragg angle observed corresponds to 
sin 0cu ~ 0.97; owing to the rapid fall off of in- 
tens i ty  with sin 0, corresponding to a high tempera-  
ture  factor,  only 711 of some 1300 possible reflections 
were actual ly  recorded. 

The usual Lorentz and polarization corrections were 
made,  and the corrected intensities were normalized 
to an a rb i t r a ry  scale by applying the appropr ia te  film 
factors  determined by  cross-correlation between the  
various sets of films. Final  values for reflections ap- 
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pearing more t han  once were obtained by subjectively 
weighting the separate  observations according to their  
es t imated reliabilities. Absorption and extinction cor- 
rections were neglected, a l though it appears  t ha t  a 
number  of the larger observed intensities have been 
reduced by the  la t ter  effect. 

The major i ty  of the calculations were carried out by 
punched-card  methods on s t andard  IBM equipment ;  
two final s t ructure-factor  and least-squares calcula- 
tions were made  on the Ins t i tu te ' s  Da t a t ron  digital 
computer ,  using a program developed here by  Paster-  
nak  (1956) for space group P21 and subsequent ly  
modified to accommodate  space groups of the class 
2/m. 

D e t e r m i n a t i o n  o f  t h e  s t r u c t u r e  

A molecular configuration was postula ted for which 
the terminal  ni trogen a tom was coplanar with the amide 
group and in the cis position with respect to the C-N 
bond;  the plane of the cyclopropane ring was taken  
to be normal  to the  plane of the  amide group. I t  was 
then observed tha t  placing the proposed molecule in 
the unit  cell such tha t  the C-O bond was parallel to 
the  b axis (thus allowing a system of N H . . .  O 
hydrogen bonds to be formed along the b axis) would 
account very  well for the  b-axis ident i ty distance. 

(i) Projection studies 
A Pa t t e r son  projection on to (010) showed a 

significant elongation of the peak a t  the origin along 
the direction [101]. The length and direction of this 
peak elongation, along with the  very large value of 
the 202 reflection, were consistent with a trial  struc- 
ture in which the C-O bond was parallel to b 0 and the 
principal molecular axis was along the [101] direction. 
Trial parameters  were calculated and adjus ted until 
rough agreement  was obtained for the strongest  hO1 
te rms;  the signs of several other terms were deter- 
mined with the aid of H a r k e r - K a s p e r  inequalities 
(Harker  & Kasper ,  1948). When  it was felt t h a t  the 
signs of the larger terms were probably  correct, an 
hO1 Fourier  map  was made,  using fourteen of the 
stronger reflections. The resulting projection was very 
well resolved considering the fact  tha t  so few terms 
had  been used and especially in view of the fact  t ha t  
an incorrect model had  been assumed;  tha t  is, the 
molecule had  been ro ta ted  180 ° from its correct 
orientation, the terminal nitrogen atom being placed 
where the  cyclopropane ring turned out to be and 
vice versa. All the a toms were easily located on the 
Fourier  projection; the assumption tha t  the C-O bond 
was approximate ly  parallel to the b axis was borne out 
by  the appearance of a region of high electron densi ty 
a t  the assumed C~, 0 position. The surprisingly good 
resolution presented strong evidence of the val idi ty 
of the s t ructure.* The (010) projection was refined by 

* At this stage of the investigation, further supporting 
evidence for our trial structure was found in a preliminary 

Fourier  and difference maps  unti l  the pa ramete r  
changes led to only very small changes in the overall 
agreement  between observed and calculated s t ructure  
factors. The final Fourier  projection on to (010) is 
shown in Fig. 1. 
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Fig. 1. Final hO1 Fourier map. Contours are at approximately 
1 e./k -u intervals, beginning with the zero contour (dashed). 

At  this  point,  a t tent ion was tu rned  to the  (100) 
zone. A Pa t te r son  projection and several electron 
density projections were computed until  resolution and 
s t ructure-factor  agreement  was obtained. The difficult 
problem in this zone became apparen t  as the projec- 
tion refined; as can be seen in Fig. 2, the  projected 
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Fig. 2. Final Okl Fourier map. Solid contours are in approx- 
imately 1 e.A -2 intervals, beginning with 3 e.A -2. The zero 
contour is dashed. 

molecule has a pseudo plane of symmet ry  due to the  
similari ty of the projected hydrazide and cycle- 

investigation by Jensen & Lingafelter (1953) of some n- 
aliphatic acid hydrazides. The Fourier projections of these 
compounds and of cyclopropane carbohydrazide were quite 
similar and the b identity distances were essentially identical, 
indicating a similarity in packing. 



D.  B.  C H E S I ~ U T  A N D  R .  E .  M A R S H  415 

p ropane  groups.  Thus ,  the  ag reemen t  of the  s t ruc tu re  
fac to rs  w i th  k + l  o d d - - w h i c h  were genera l ly  weaker  
t h a n  the  t e r m s  wi th  k + l  e v e n - - w a s  v e r y  sens i t ive  to  
smal l  changes  in  a tomic  pa ramete r s .  The  r e f inemen t  
was  s topped  wi th  an  Okl R-fac to r  of 0.32. 

D u r i n g  these  p ro jec t ion  s tudies ,  Hoe rn i  & Ibers  
(1954) form fac tors  a n d  a single isotropic  t e m p e r a t u r e  
fac to r  were used. M c W e e n y  (1951) f -curves  were used 
for t he  subsequen t  t h ree -d imens iona l  work,  w i t h  t he  
excep t ion  of t he  f ina l  ca lcu la t ions  on the  D a t a t r o n  
d ig i ta l  computer ,  for which  Berghu i s  et al. (1955) fa rm 
fac tors  were used. 

(ii) The three-dimensional s tudy 

The  th ree -d imens iona l  t r e a t m e n t  consis ted of abou t  
twe lve  s t ruc tu re - fac to r  l eas t - squares  cycles, four  dif- 
ference maps  a n d  two l ine Four ie r  syn theses .  The  least-  
squares  t r e a t m e n t  (in which  on ly  t he  d iagona l  t e rms  
of the  n o r m a l  equa t ions  were calcula ted)  progressed 
v e r y  s lowly;  a l t h o u g h  the  ag reemen t  be tween  cal- 
cu la t ed  and  observed  s t ruc tu re  fac tors  con t inued  to 
improve ,  the  p a r a m e t e r s  did no t  converge rap id ly .  
The  slow ra t e  of r e f inemen t  was,  we believe,  p r i m a r i l y  
due  to large errors in the  y pa ramete r s .  Thus ,  the  y 
p a r a m e t e r  for a t o m  Ca der ived  f rom the  (100) projec- 
t i o n - - 0 . 6 8 3 - - d i f f e r e d  b y  abou t  0.57 A f rom the  f ina l  
va lue .  I t  is a p p a r e n t  t h a t  w h e n  p a r a m e t e r s  are in error  
b y  a large a m o u n t  t he  shi f t s  i nd i ca t ed  b y  a n y  refine- 
m e n t  m e t h o d  in wh ich  on ly  t he  assumed  pos i t ion  is 
inspec ted  will  be far  too small .  I n  the  p resen t  case the  
r e f i n e m e n t  was speeded b y  the  ca lcu la t ion  of a three-  
d imens iona l  difference m a p ;  b y  th i s  means ,  no t  on ly  
t he  slope a t  t he  a s sumed  pos i t ion  b u t  also t he  ap- 
pea rance  of ne ighbor ing  regions  was  inspected.  

I n  t he  ea r ly  s tages  of r e f i nemen t  an  isotropic  or a 
s ingle  an iso t ropic  t e m p e r a t u r e  fac tor  was used to  com- 
p e n s a t e  for the  t h e r m a l  mot ions  of the  a toms.  W h e n  i t  
was fel t  t h a t  t he  errors  in  the  ca lcu la ted  s t ruc tu re  
fac tors  due  to  t e m p e r a t u r e  an iso t ropies  were cam:  
pa rab le  w i th  those  due  to incorrec t  pos i t iona l  para-  
meters ,  i nd iv idua l  an iso t ropic  t e m p e r a t u r e  fac tors  
were in t roduced .  These  t e m p e r a t u r e  fac tors  were of 
t he  fo rm 

Ti  = exp ( - B  sin 2 0 / F ) e x p  ( - a h 2 - f l k ~ - ? 1 2 - ( 3 h l ) .  

The  form of th i s  express ion leads to  some simplifica- 
t ion  in  t he  ca lcula t ions ;  i t  implies  t h a t ,  for each a tom,  
one axis  of the  t e m p e r a t u r e - f a c t o r  el l ipsoid is para l le l  
to  the  b axis.  This  s impl i fy ing  a s s u m p t i o n  was m a d e  
on ly  a f te r  s t u d y  of a th ree -d imens iona l  difference m a p  
ind i ca t ed  i t  to be a p p r o x i m a t e l y  val id.  The  t empera -  
tu re - fac to r  p a r a m e t e r s  were or ig ina l ly  ca lcu la ted  us ing 
a leas t - squares  m e t h o d  (Davies  & Blum,  1955) a n d  
compared  f a v o r a b l y  w i t h  va lues  c o m p u t e d  f rom the  
difference m a p  (Cochran,  1951); t h e y  were subse- 
q u e n t l y  ref ined b y  a second leas t - squares  t r e a t m e n t .  
F i n a l  va lues  for t he  coefficients of the  t e m p e r a t u r e  
fac tors  are l is ted in  Tab le  1. 

Tab le  1. Temperature parameters 

(a) Anisotropic temperature factors in the expression 

Ti = exp ( -- cci h2-  fli k2 -  ?i 12- (Sihl} 

(All values have been multiplied by 10 a) 

C 1 C 2 C 3 C 4 O N 1 N 2 
a 13.8 12.2 17.5 8.7 21-5 15.8 15.8 
/~ 18.5 33.0 83.2 58.3 17-0 27.9 39.7 
? 9.5 8.9 7.1 10.4 14.0 8.2 6.4 

0.i --4.5 --2.1 --3.2 --6.0 - - i . I  --6.3 

(b) Values of /2 ~ (A ~) for the major axes of the temperature 
factor ellipsoids 

e 1 represents the larger of the two axes el, e2, which lie in the 
ac plane; eb is the axis parallel to be. / (ee, a) is the angle the 

axis e 2 makes with the lattice vector a 0 

C 1 C 2 C 3 C 4 O N 1 N 2 
Q 0.075 0.083 0.091 0.080 0.134 0.083 0.094 
e 2 0.058 0.041 0.044 0.036 0.072 0.051 0.032 
eb 0.022 0.039 0.099 0.069 0.020 0.033 0.047 

/_ (e2, a) 52 ° 48 ° 73 ° 29 ° 53 ° 69 ° 65 ° 

1 / 

G > 

Fig. 3. A schematic representation of the relative magnitudes 
of thermal anisotropy in the cyclopropanecarbohydrazide 
molecule viewed down [010]. 

Tab le  2. Fina l  positions parameters 

(Values in parameter units) 

x y z 
C 1 0.1973 0.7845 0.4908 
C 2 0.3007 0.6492 0.5764 
C 3 0.3263 0.7698 0.6977 
C a 0.4306 0.8001 0.6181 
O 0-1840 0.0332 0.4867 
N 1 0-1227 0.6084 0.4210 
N 2 0.0124 0.7016 0.3374 

HI(Ce) 0.301 0.435 0.568 
H9(C3) 0.334 0.647 0.772 
H a(C3) 0.265 0"940 0-721 
H 4 (C4) 0.521 0.691 0.636 
H 5 (Ca) 0.453 0.984 0-585 
H6(N1) 0.133 0.409 0.438 
H~(N2) --0.067 0.815 0-367 
Hs(N2) 0.021 0.877 0.286 
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Table 3. Observed and calculated structure factors 

The three columns in each group contain the values, reading from left %o right, of l, lOFo, and lOFt 

oo_.j ~o..._~.~ ~.z..J 
o .... 2160 -8 4/~ -37 -9 29 -29 -IO 30 hl 
2433 447 -6 39 -29 -8 A/~ -42 -9 53 -58 

-& 31 41 
6 119 92 -~ :~ <22 

10 87 68 2 6 ~ . - 6 0  -4 -135 -5 7 1 - 7 3  
12 68 56 ,~ 9 6 - 8 ~  -3 <19 17 -~ 23 13 

-2 84 -78 -3153153 
lO__, ~, -~ ~ - ~  -21 

-12 51 59 - "o 
-i0 62 -60 -2 70 -83 1 80 -73 55 
-8122-112 O 55 63 2 I47-15& 1 96 91 
-6119 1o~ 2 45 50 3 89 -77 2164195 ; %, 159 ~ <3~ -31 
-4112 -76 4 <31 -27 55 <38 39 
-2378317 6 <22 -18 5110-112 
o 283 273 io.o.~ 
2" 36 24 7106 iO~ 6 25 -21 

284258 -2 31 37 8 l k9  -175 7 77 -90 
181167 O 43 44 9 36 23 8 <31 -3 

8 75 60 2 29 16 ~ l O ' ~ I  3~' 
ii 56 63 10 <27 -12 01J~ -9 42 -37 12 39 -21 

20_J~ i h9 -60 -8 68 67 
-12 <31 -15 2 67 64 -7 <24 IO 
-IO 67 -45 3201 -203 -6 70 72 22/, 
-8 <40 57 h 26 26 -5 35 33 -IO 38 43 

-61~ <20 i0 -3 93 - -8 <46 -35 
-2 701-960 7 157-i~9 -2 89 -7 26 -2~, 
0230 -208 8 90 -i05 -1191 -211 -6 68 -62 
2239178 9 86 -84 O <19 ii -5 59 -64 

227-191 iO <29 37 1 186-188 -4 25 -2 
126122 ii <26 12 2 73 -64 -3 82 63 

8 66-48 12 <26 19 3 1 2 8 - 1 2 4  -2 80 74 
33 13 "o ~ I g - ~ i ~  i0 iii-102 lIE 5 <22 -9 

6 <25 -28 1 46 47 
~0~ -12 31 16 7 <29 27 

-iO <35 43 -IO 33 27 ~ 4 1 4 9 1 5 2  
-8 96 -81 -9 <29 12 5 <36 -6 
-6111 -84 -8 42 -20 -9 <29 -12 6 50 -52 
-4 267-247 : ~ < ~  ~ -8 66 57 7 ,21 -16 
-2525-598 -6 -7 <29 -ii 8 <23 -4 
O 26 -30 -5 58 -51 -6 48 36 9 <22 15 
2 hlO -453 -k  70 -62 -5 22 -20 1u 26 34 1 ~ - ~ z  : ;  13.-128 -4 63 60 11 <25 36 

466 606 -3 &O -30 12 26 -22 
1~ 195-176 "o ~ 4~ ~2~ :i 35 

105 I120 <21 
1 69 9O 0 52 -54 32/, 
2 3 3 5  -431 i 55 -47 -9 30 2~. 
3167 -189 2 57 -69 18 55 60 

-12 <33 26 4 85 86 3108-i00 
-iO <32 -40 5166-171 4 74 73 -7 30 27 
-8 &2 25 6 <24 8 -6 <32 -16 :~ 2~ ~I  ~ 1~0, -91 ~ 79 -72 132158 -5102 -83 

-55 -& 37 -27 
-2 59 -55 9 79 -59 -3 114 -I16 
O <16 8 IO 85 86 71J -2 35 -23 
2 1 5 1  -135 -- -1 17 -10 

108 -87 21_J -6 51 53 0198-237 

<28 -26 2 59 54 
10 42 -28 IlO 65 -81 3 61 6 0 3  132 134 

-9 89 67 "-~ 33 -36 4 26 12 
50~ -8 37 24 -i 72 70 5 I00117 

-7 149 120 0 73 75 6 93 -96 
-10 <27 3 -6 82 72 i 36 35 ~ 6 6 - 6 2  

- 8 1 0 2  80 -5121 iii ~ 40 ~ - 26 33 
-6181151 -4 78 -65 3 41 -31 9 hl -53 
-4 ~3227 -3 60 -44 & 54 59 I0 29 21 
-2 189 162 -2 303 339 5 42 -44 
0 98 92 -1 39 36 6 <29 14 
2 <19 -5 O 113-132 -9 30 32 
4 53 -52 1139169 814 -8 <23 24 
6 2 6 5 2 4 9  2 48 -37 -- 
8 i4913l* 3201212 -4 36 -31 -7 <25 25 

10 30 -38 h 172181 -3 <29 19 -6 72 -80 
5215, 210 -2 68 85 -5118 -131 

60__~ 57 -53 -i 56 53 -4 36 45 
-iO <27 -6 7 36 h0 O <29 14 -3108-121 
-8 55 -52 8 <40 -15 I 62 53 -2 <16 3 

55-55 ~ 88_1023 -i 51 61 
-6 79 62 19 53 50 <33 0 97-91 
-4 i17 97 I 90102 
-2 5~ -50 
o 1~ 159 ~ ~ 70 54 -~ 
2 96 91 -iO <26 -2 4 <19 -3 

6812~ <21 
< 50 7 46 -50 

IO <47 15 8 30 -24 
9 42 -hA 

- lO <40 -31 5 ~  
-8 ~ -66 -8 <23 -18 
-6 49-42 :~ < ~  16 
-4 88 -72 22 
I2 hl 39 -5 <22 15 
O 11o i~o -~ <19 19 
2 71 -55 -3 (18 
4 I47-152 i2  2/+ 21 
6 66 -OQ -1 21 -28 

o 37 -30 
1 94 -98 
2 <19 1 

5 68 -73 
<25 
<26 -3~ 

4 42 -42 

-9 52 31 -2 <29 -28 
-8 76 89 -1 <30 2 
I7 iO1 92 v 36 -43 
-6131-138 1 29 26 
I 5 60 ~5 
-4 216 -252 i0,I,~ 
-3 62 -59 0 39 52 
-2 46 -39 
-i 98106 O24 
o 82 77 
1229315 0205 -225 
2 /,2 -36 1 123 -135 

~69 ~Z~ 2 189 195 
& <23 -i0 3 89 -82 
651653151 , 132 i/,5 

72 5 45 50 
7 79 71 6 76 -60 
8 84 -80 424 -10 
9<35 -7 ~ <35 155 
i0 <29 -15 9 <36 

l o  <33 -13 
ii '(,32 6 
1~ <32 -4 

-8 27 28 -iO 45 45 -11 33 35 
-7 63 68 -9 <35 12 -10 <17 -16 
-6 <23 -26 -8 <37 5I -9 31 30 
-5 <23 19 -7 27 -29 -8 <18 -8 
-~. <21 1 -6 45 38 -7 23 17 
-3 50 -60 -5 27 29 -6 <38 30 
-2 88 ii0 -4 32 22 -5 IO1 93 
-i 53 -62 -3129139 -& <33 5 
O <24 -14 -2 22 6 -3 90 95 
1 53 -55 -i 69 61 -2 33 23 
2 <21 12. O 62 53 -I 64 79 

<2~ ~ 1 52 -55 O <23 iO~ 
2 1 1 3 1 1 7  96 

5 60 6~ 3<33 i 2<29 i~ 
6 < 2 1 - 2 1  4 64 69 3 57 43 

<22 23 5 4i 3/t 58 4 64 
40 /,15 6 <45 -44 5 42 28 

7 <37 15 6 63 58 
Z.~ 8 <,35 -16 7 67 65 

9 35 42 8 48 39 
-/~ 42 54 9 35 32 

29 17 

-9 IA 15 
-8 <i~ -I 
-7 <1 -I 
-6 <17 15 
-5 38 37 
-4 <18 13 
-3 51 61 
-2 <18 -5 
-I <21 18 
O 29 29 
1 39 31 
2 33 25 
3 29 25 
&. 26 28" 
5 <16 5 
6 32 3:) 
7 31 22 

7_~ 
-6 <14 9 
-5 35 42 
I ~  3~ I 3 7  

-I 26 26 -I0 31 32 ~ -3 <20 23 
0 <26 -32 -9 <28 19 -Ii 17 19' -2 50 -49 
1 <26 i28 -8 ~J, 49 -iO 49 -&6 -I <18 -2 
2 <26 22 -7 <23 8 -9 <35 -7 
3 <26 -15 -6 <24 iO -8 58 - 5~ 
4 36 55 -5 35 -35 -7 21 -17 
5 30 35 -4 30 24 -6 54 -49 

-3 <22 -9 -5 42 29 
82~ -2 36 32 -t, <42 -i/~ 

-3 27 ~o "o ~ < ~ - ~  :2' <43~3 -lO3~ 
-2 <30 12 1 30 23 -i 29 21 
-1 30 35 2 1 7 7 1 9 9  O 29 -2~ 
O <30 32 3109133 1126130 

,~ 61 "54 2 79-73 
o~ ~ < ~  19 3 128 127 

1 165-155 22 ,. 91-m 
2 ~,8 -40 7 31 -4) 5 <18 14 
3 42 -36 53/, "6 3636 -32 25 4 <23 -19 <18 7 
5 <20 3 -7 31 -37 9 33 22 
6 <23 lb. -6 <24 5 
7 <25 21 -5 69 -79 
8 75 79 It, 37 hO 
9 38 50 -3 <2~ 25 

-2 ~-7 -49 -9  23 -14 
-z 35 45 -8 48 - ~  
o <22 -13 .-~ 71 -61 

-i0 41 -45 1 <22 ik 21 -i/, 
-9 <33 22 2 41 39 -5 <46 -47 
-8 88 -88 3 <22 16 -4 <37 -4 

-3/, -2 38 -24 
-5 28-23 6 53 59 -1 53 35 
-~ 36 -31 7 33 -33 - <41 " -3 54 55 1<47 39 -2 105-lOl ~ 130-_~ 

-75 ~ 43 
"o~ '~ :Io~ -4 31-37  . 106-lO5 

67 -6~ 
1107 -3 <25 18 65 hl -31 

17 -17 -2 69 -89 
59 59 -1 38 - ~  78 2025 -1815 

4171-180 0 6 6 - 8 2  9 <iJ+ 16 
65 <31_1139 1 51-60 

116 2 33 -28 
7 47 -44 3 <26 6 
8 <24 -I h <25 -/* -9 18 -15 
9 <~. -2 ~ <25 -1~ -8 17 8 

< 24 -7 46 -40 
23#, 7 28 -35 -6 <18 10 

-10 <2~, 27 -5 <18 _ ~  
-9 < 24 i 73t -4 35 
-8 53 -49 -2 <26 -12 -3 59 -55 

-2 <16 4 27 -22 -i 31 -2/+ 
68 -75 O 48 -70 -io 11951 -12738 

-5 <23 3 1 29 -33 1 81 -78 
-4 21 -18 2 28 I35 41 30 -3133130 3 <25 19 38 -36 
-2 79 -70 4 31 -43 
-i 72 75 4 <17 1 

43 -38 0 31 22 8 ~  65 ~2 -33 1 43 32 
2 58 -59 -2 <23 2 ~ 33 -20 
3 <21 14 ~ 33 -2(> 
4 151-162 93~ 9 23 -18 
5 85 -i01 
6 78 -81 -2 25 32 

37 -45 3~ -32 o_~ :] <17 19 
<16 13 

9 27 43 O ~9 &7 -7 <20 i/t 
1 32 32 -6 <18 -8 
i 20 24 -5 <18 -1 

59 -45 -4 <17 8 
4 95 84 -3 33 -37 
5 99 -9O -2 55 54 
6 1 2 9 1 1 8  -1 5&. -52 
7 <26 -3 o 941OO 
8 60 52 1 23 15 
9 <24 2 92 89 

0 29 -31 
1 26 29 
2 <17 -6  

; ;  31 
18 

5 <16 5 
6 19 19 

-6  <13 -9  
-5 <1~ -12 

-2 27 -28 
-i <.18 -Ii 
O 26 -27 
1 <IA -11 
2 <IA -iO 

4 <1~ -13 

~t 
-I 19 -2% 
o <13 1 
1 <ii -4 

o_~ 
1106 -92 
2 <25 -?  
3 76 -71 
k <23 -12 

-5 38 30 
-4 <38 -23 
-3 <35 -25 
-2 66 -56 
-1 <31 -15 
o 64 -52 
3. <31 30 
2 35 -33 
3 90 -85 
A <25 lb. 

2_~ 

-5 77 67 
-4 <36 -32 
-3 68 61 
-2 <38 -21 
2 d ~  75 -18 ~ <38 % 

<37 
3 <36 -24 
4 C26 -i 

-5 37 3/+ 
-4 36 28 
-3 37 30 
-2 37 29 
-I 79 72 

0 <33 11 
i 80 81 
2 <31 -14 
3 <30 18 

38 -33 

o_~ 
0 <16 I0 

In  order to bet ter  picture the physical  effects from in Table 1; a schematic representat ion of the  implied 
which these parameters  are derived, the indicated atomic motions in the ac plane is sho~n in Fig. 3. As 
mean  square displacements (-f~2__ B/8~2)of  each a tom expected, the largest thermal  motion is t h a t  of the  
in the three principal directions were calculated (Waser, oxygen a tom in directions normal  to the C-O bond. 
1955). Values for these mean square displacements A final difference map  was calculated in order to 
and their  orientations relative to the a axis are given check on the positions of the hydrogen atoms.  This 
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map  showed very  few spurious peaks and the positions 
of most  of the hydrogen atoms were clearly indicated. 
These indicated positions checked closely with those 
calculated assuming te t rahedral  or tr igonal bond 
angles and the distances C-H,  N - H  -- 1.0 ~.  To in- 
spect more clearly the hydrogen atoms on the te rminal  
ni trogen atom, a section of the difference map  normal  
to the N - N  bond and at  a distance of 0.5 A from Nz 
was plot ted;  this showed two positive peaks positioned 
in accordance with a pyramida l  configuration and with 
the angle HT-Ng-H s = 85 °. The hydrogen-atom para- 
meters are listed in Table 2. These are the calculated 
parameters  for H1-H 5 (the hydrogen atoms bonded to 
carbon atoms). H6-- the  hydrogen bonded to N I ~  
showed up exceptionally well on the  difference map,  
and at a distance of 0.96 ra ther  t han  1.0 /~ from N1; 
accordingly, the observed ra ther  t han  the calculated 
parameters  are listed. The observed parameters  are 
also listed for H 7 and Hs, whose positions could not  be 
adequate ly  calculated. 

The hydrogen a tom contributions,  including an iso- 
tropic tempera ture  factor with B = 3.6 /~2, were in- 
cluded in the next  structure-factor calculation, with 
a result ing improvement  in R of 1%. A least-squares 
ref inement  was then computed, and indicated tha t  
fur ther  shifts in the 'heavy '  a toms were still needed. 
These shifts tended to move the atoms away from the 
hydrogens to which they  were bonded. Since the 
anisotropic tempera ture  factors had  been introduced 
prior to including the hydrogen atom contr ibut ions in 
the structure factors, it  seemed possible tha t  they  
might  have  been affected by  overlap of nearby  hy- 
drogen atoms. To check on this possible coupling, the 
second least-squares ref inement  of the tempera ture  
factors was undertaken.  Subsequent  least-squares on 
the posit ional parameters ,  however, gave negligible 
shifts. 

The f inal  posit ional parameters  are given in Table 2, 
and  in Table 3 are listed the observed and calculated 
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Fig. 4. Bond distances and angles in 
cyclopropanecarbohydrazide. 

structure factors. The f inal  R-factor was 0.13, ex- 
cluding the unobserved reflections. 

The bond distances and angles calculated on the  
basis of the parameters  of Table 2 are listed in Table 4 
and are shown in Fig. 4.* 

Table 4. Bond distances and angles 
Bond d (A) Angle (°) 
C1-C 2 1 .478  C2-C3-C a 59.7 
C2-C 3 1 .520  Ca-C4-C 2 61.5 
C2-C 4 1 .493  C4-C2-C 3 58-8 
C3-C a 1 .478  N2-N1-C 1 121.3 
C1-O 1.213" N1-C1-O 124-5 
C1-N 1 1.329 O-C1-C 2 121.9 
N1-N 2 1 .429  N1-C1-C~. 113.6 

C1-C2-C a 118-3 
C1-C2-C ~ 118"8 
C1-C2-N ~ 123.1 

* See footnote. 

D i s c u s s i o n  

(i) Accuracy of the structure 
The s tandard  deviat ions of the atomic parameters. 

were calculated using the weighted residuals from the 
least-squares t r ea tmen t ;  the average value was 
0.010 A. This leads to an average s tandard  deviation 
of about  0.015 ~_ in the bond distances and of about  
2 ° in the bond angles. 

(ii) Bond distances and angles 
The dimensions of the amide group have not been 

appreciably affected by  the presence of the terminal  
ni trogen or the conjugative effect of the cyclopropane 
r ing;  the angles and distances are essentially the  same 
as those found in simple peptides (Pauling & Corey, 
1953). The C2CION1 group is p lanar  with a m a x i m u m  
deviat ion of 0.002 /~; this  plane is approximate ly  
normal  to tha t  of the cyclopropane ring. N2 and M - -  
the midpoint  of the Ca-C 4 bond- -a re  0.08 A from th i s  
plane. 

The N1-N 2 bond distance of 1.429/~ is shorter t han  
tha t  corresponding to the generally accepted single- 
bond covalent  radius of 0.74 A for ni trogen (Scho- 
maker  & Stevenson, 1941). Although the difference in 
electronegat ivi ty between the two nitrogen atoms in 
cyclopropanecarbohydrazide might  lead to a small  
shortening of the N - N  bond, we feel tha t  the value of 
1.429 ~ lound in this compound presents evidence 
tha t  a bet ter  value for the 'normal '  n i t rogen-ni t rogen 
single-bond distance is in the range of 1.43-1.45 A. 
Collin & Lipscomb (1951) found the N - N  distance in  
crystal l ine hydrazine  to be 1.46 /~. 

The C1-C 2 bond is s ignif icantly shorter t han  the  
normal  single-bond distance of 1-54 /~. I t  appears  

* A simple treatment of the temperature factors (Cruick- 
shank, 1956) indicates a shortening of the C1-O bond length 
by approximately 0.02 /~ due to the differences in the magni- 
tudes of the anisotropic motion of these two atoms. Thus the 
'real' C1-O distance is approximately 1.23 /t~. It is felt that. 
similar corrections to the other bond lengths are not justified. 
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probab le  t h a t  th is  shor ten ing  is b rough t  abou t  by  the  
con juga t ing  power  of the  cyclopropane ring. I n  m a n y  
chemica l  reac t ions  the  cyclopropane group tends  to 
behave  like a double  bond;  in par t icu lar ,  when  it  is 
located nea r  an  u n s a t u r a t e d  l inkage such as a ca rbony l  
g roup  or an  olefinic double  bond,  the  resul t ing changes 
in  dipole momen t s ,  shifts  in absorp t ion  spectra ,  and  
reac t ion  proper t ies  of the  molecule  can be in t e rp re t ed  
o n  the  basis of the  con juga t ion  be tween the  cycle. 
p ropane  r ing and  the  u n s a t u r a t e d  l inkage.* In  Table  5 

Tab l e  5. Bond lengths for carbon-carbon single bonds 
between conjugating systems 

Standard deviations are quoted where available 

Compound d (A) a (A) Reference 

1,3-Butadiene 1.47 - -  Bastiansent 
Diphenyl 1.48 - -  Bastiansen (1949) 
Benzoic acid 1.48 0.016 Sire et al. (1955) 
Nicotinamide 1.524 0.017 Wright & King 

(1954) 
1,3,5-Triphenyl- 1-51, 

benzene 1.48, 1-50 0.03 Farag (1954) 
:Salicylic acid 1.458 0.009 Cochran (1953) 
Oxamide 1.542 0.006 Ayerst & Duke 

(1954) 
Oxalic acid Ahmed & Cruick- 

dihydrate 1-529 0.020 shank (1953) 

"~ Private communication quoted by Allen & Sutton (1950). 

a re  l is ted some dis tances  for  c a r b o n - c a r b o n  single 
bonds  loca ted  be tween u n s a t u r a t e d  or con juga t ing  
sys tems .  Whi le  the  ana logy  be tween mos t  of these 
compounds  and  cyclopropanecarbohydrazide is far  
ffrom complete ,  i t  is in te res t ing  to no te  t h a t  the  
m a g n i t u d e  of the  shor ten ing  is abou t  the  same. Using 
Pau l ing ' s  n o t a t i o n  (Paul ing,  1940), a C-C dis tance  of 
1.48 A corresponds  to abou t  10 -15% double -bond  
charac te r .  

I f  the  C1-C ~ bond  conta ins  some doub le -bond  
charac te r ,  one would expec t  t h a t  the  Ca-C~-C 4 angle 
in the  cyclopropane r ing would be s l ight ly  grea ter  t h a n  
'60 °, and  t h a t  the  Ca-C 4 bond d is tance  would be the  
largest  in  the  ring. The  opposi te  effect is, in fact ,  ob- 
served.  However ,  i t  is fel t  t h a t  t he  uncer ta in t i e s  in the  
bond  lengths  are such t h a t  the  differences in the  r ing 
d i s tances  and  angles in cyclopropanecarbohydrazide 
a re  of doub t fu l  significance.~: The  average  d is tance  of 

* For a list of references on this topic, see Roberts 
(1951). 

:~ I t  has been pointed out to us by Prof. Roberts that there 
is evidence from solvolysis rate studies indicating that a 
possible stabilization of the bonded amide-cyclopropane sys- 
tem might result from a configuration in which the planes of 
the amide group and the cyclopropane ring are not normal 
~o one another (Roberts, Bennett & Armstrong, 1950). The 
nature of this stabilization might be expected to produce 
~symmetry in the ring bond lengths. Although the sense of 
the asymmetry observed in the cyclopropane ring in cyclo- 
propanecarbohydrazide is in agreement with these predictions, 
~he value observed for the dihedral angle--89 ° 22"--is so close 
±o 90 ° as to make any such effect of doubtful significance. 
On the basis of Walsh's (1949) model of cyclopropane, one 
-~ould predict the dihedral angle to be 90 °. 

1.50 /~ is no t  un reasonab le ;  t he  genera l ly  accep ted  
va lue  for cyclopropane i tself  is 1.52/~,  while in spiro- 
p e n t a n e  (Donohue,  H u m p h r e y  & Schomaker ,  1945) 
cent ra l  d is tances  of 1-48 A are repor ted .  S imi lar  shor t  
d is tances  are found  in Feis t ' s  acid (Peterson,  1956). 
I n  e thy lene  oxide and  e thy lene  sulfide (Cunn ingham 
et al., 1951), and  the  analogous  n i t rogen  c o m p o u n d  
(Turner,  F iora  & Kendr ick ,  1955), one f inds  C-C dis- 
tances  of 1.47, 1.49, and  1.48 /~ respect ively .  

(iii) Hydrogen bo~utz 
The hyd rogen  bond dis tances  and  angles ace l is ted 

in Table  6. E a c h  oxygen  a tom has  associa ted wi th  i t  

Table  6. Hydrogen-bond data 
Bond d (A) H N . . .  X (o) 

N1H G • • • O 2.94 6.7 
Nell s • • • N" 3.16 10.1 
N2H ~ • • • O 3-26 19.9 

two hyd rogen  b o n d s - - o n e  ' s t rong '  bond  along the  b 
axis f rom an a -n i t rogen  and  a long, weak in t e r ac t ion  
( approx ima te ly  in the  (010) plane) wi th  a t e rmina l  
n i t rogen  a tom.  The ma in  bond  is shown as a b roken  
line in Fig. 5; the  long N H - . .  O bond  (and the  

bo 

l 
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Fig. 5. A view of the structure along the a axis. The broken 
line shows the strong NH • • • O hydrogen bond. 

N H . . .  N bond)  is shou~n as b roken  lines in Fig. 6. 
The  long N 2 H . . .  O d is tance  (3.26 /~) and  the  asso- 
c ia ted angle are such t h a t  the  bond  mus t  be con- 
s idered a ve ry  weak l ink.  

The 3-16 A dis tance  for the  N H - . .  N bond  in 
cyclopropanecarbohydrazide is a l i t t le  larger  t h a n  the  
average  va lue  of 3.11 /~ found  in a t a b u l a t i o n  of 
N H .  • • N dis tances  by Rober t son  (1953). The  
N H . . .  N bonds  l ink t e rmina l  n i t rogens  across the  
twofold  screw axis, fo rming  a zigzag chain of hyd rogen  
bonds  up  the  b axis. I t  is in te res t ing  to  no te  t h a t  
c rys ta l l ine  hydraz ine  (Collin & Lipscomb,  1951) has  
non -bonded  n i t rogens  re la ted  by  a twofold  screw axis 
jus t  as in th is  case; in hydraz ine  the  d is tance  is 3.19 A. 
A l though  no  direct  observa t ion  of the  posi t ions of the  
hyd rogen  a toms  was made  in Collin & Lipscomb ' s  
de t e rmina t ion ,  the  conclusions a t  which t h e y  a r r ived  
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Fig. 6. A view of the structure along the b axis. The broken 
lines show the NH • • • N and the long NH • • • O hydrogen 
bonds. 

lead to the same sort of N - . "  N hydrogen bonding 
as was found in cyclopropanecarbohydrazide.  

(iv) Molecular packing 

Views of the s t ructure along the  a and b axes are 
shown in Figs. 5 and 6. As can be seen in Fig. 6, the 
molecules form a sheet-like structure,  the sheets being 
oriented parallel  to the (105) plane. In  view of the 
b I - H . . .  N hydrogen bonds joining the  te rminal  ni- 
trogen atoms, these sheets are perhaps bet ter  described 
as a two-molecule-wide r ibbon running along the b 
axis in the (105) plane. The atomic motions  shown in 
Fig. 3 show a remarkable  degree of agreement with 
the  type  of thermal  vibrat ions one would expect in 
this s t ructure;  they  can be described as a superposi- 
t ion of a molecular mot ion  normal  to the sheets and 
the  atomic oscillations to be expected in the free 
molecule. 

Near ly  all the intermolecular  distances are compat- 
ible with the values predicted by Paul ing 's  (1940) van 
tier Waals '  radii. The distances between C3- and C 4- 
type  atoms related by a screw axis (see Fig. 6) repre- 
sent the shorter  non-bonding C-C distances in the  
s t ructure;  they  are 3.92, 3.76, 3.99, and 4.23 /~, the 
last  two values corresponding to the C3-C~ and C4-C~ 
intermolecular  contacts.  Tha t  these lengths are es- 
sent ial ly  equal to twice the van der Waals '  radius for 
an  unrestr icted methy l  group is indicat ive of a ra ther  
loose packing, an effect one might  expect with the  
relat ively large thermal  mot ion found in the crystal. 

The authors  wish to  t h a n k  Prof. J .  D. l~oberts for 
providing the crystals used in this invest igat ion,  and 
for helpful discussions. 

R e f e r e n c e s  

AHMED, F . R .  & CRUICKSHANK, D. W . J .  (1953). Acta 
Cryst. 6, 385. 

ALLEN, P. W. & SUTTOn, L. E. (1950). Acta Cryst. 3, 46. 
AYERST, E.M.  & DUKE, J. R. C. (1954). Acta Cryst. 7, 

588. 
BASTIANSEbl, O. (1949). Acta Chem. Scand. 3, 408. 
BERGHUIS, J . ,  HAAI~IAPPEL, I. J. M., POTTERS, M., LOOP- 

STRA, B. 0. ,  VEEI~-ENDAAL, A . L .  & MACGILLAVRY, 
C.H. (1955). Acta Cryst. 8, 478. 

COCH-aA~, W. (1951). Acta Cryst. 4, 408. 
COCHRAN, W. (1953). Acta Cryst. 6, 260. 
COLLIN, R. L. & LIPSCOlVIB, W. N. (1951). Acta Cryst. 4, 

10. 
CRUICKSHANK, D. W. J. (1956). Acta Cryst. 9, 757. 
CUNNINGHAM, G.L. ,  BOYD, A . W . ,  MYERS, ]:~.J. & 

GWINN, W . D .  (1951). J.  Chem. Phys. 19, 676. 
DAVIES, D. R. & BLUM, J.  J.  (1955). Acta Cryst. 8, 129. 
DONOHUE, J. ,  HUMPHREY, G. L. & SCttOMAKER, V. (1945). 

J.  Amer. Chem. Soc. 67, 332. 
lVARAG, M. S. (1954). Acta Cryst. 7, 117. 
HARKER, D. & KASPER, J. S. (1948). Acta Cryst. 1, 70. 
HOERNI, J. A. & IBERS, J. A. (1954). Acta Cryst. 7, 744. 
HUGHES, E . W .  (1941). J.  Amer. Chem. Soc. 63, 1737. 
JENSEN, L. H. & LINGAPELTER, E. C. (1953). Acta Cryst. 

6, 300. 
MCWEENY, R. (1951). Acta Cryst. 4, 513. 
PASTERNAK, R. A. (1956). Acta Cryst. 9, 341. 
PAL~LING, L. (1940, reprinted 1948). The Nature of the 

Chemical Bond, pp. 175, 189. I thaca:  Cornell Univer- 
sity Press. 

PAULING, L. & COREY, R. B. (1953). Proc. Royal. Soc. 
B. 141, 10. 

PETERSON, D. R. (1956). Chemistry and Industry, 904-905. 
ROBERTS, J .  D., BENNETT, W. & ARMSTRONG, n .  (1950). 

J.  Amer. Chem. Soc. 72, 3329. 
ROBERTS, J. D. (1951). J.  Amer. Chem. Soc. 73, 2959. 
ROBERTS, J. D. & MAZUR, R. H. (1951). J.  Amer. Chem. 

Soc. 73, 2509. 
ROBERTSON, J.  M. (1953). Organic Crystals and Molecules, 

pp. 243-5. I thaca:  Cornell University Press. 
SCHOMAKER, V. & STEVENSON, D . P .  (1941). J.  Amer.  

Chem. Soc. 63, 37. 
SIM, G. A., ROBERTSON, J. M. & COODWIN, W. H. (1955). 

Acta Cryst. 8, 157. 
TURNER, T. E., FIORA, V. C. & KENDRICK, W. IV[. (1955). 

J.  Chem. Phys. 23, 1966. 
WALSH, A.D.  (1949). Trans. Faraday Soc. 45, 179. 
WASER, J. (1955). Acta Cryst. 8, 731. 
WRIGHT, W. B. & KING, G. S. D. (1954). Acta Cryst. 7, 

283. 


