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1-Isopropyl-8,8-dicyanoheptafulvene, CIaHI2N2, crystallizes in orange plates, space group P2de, with 
dimensions a=7.16 (1), b=13.26 (1), c=12.42 (1) A, fl=103.8 (1) °, and Z=4. The structure was 
solved by the symbolic addition method and refined by the full-matrix least-squares method. The final 
R value was 0"114. The seven-membered ring adopts a deep boat conformation, but lacks an exact m 
symmetry owing to the unsymmetrical intramolecular overcrowding effect. 

Introduction 

In the previous paper (Shimanouchi, Sasada, Kabuto 
& Kitahara, 1974), we showed that in the dicyanohep- 
tafulvene system the ring conformation of the molecule 
is rather flexible, since the 1,6-dimethyl derivative (Ib) 
takes a deep boat form by the steric effects of sub- 
stituted methyl groups. 

a 1 

CN 

(I) 
(a) R'=R~-H 
(b) R1-R2=CH3 
(c)R'oH, R2-CH(CH3)2 

The present study of 1-isopropyl-8,8-dicyanohepta- 
fulvene (Ic) was undertaken to examine the possible 
effects of the asymmetrical substitution on the con- 
formation of the molecule. 

Experimental 

1-Isopropyl-8,8-dicyanoheptafulvene (1-isopropyl-8,8- 
dicyanomethylenecycloheptatriene) (Ic) crystallizes 
from a benzene-cyclohexane solution in the form of 
orange plates. The unit-cell dimensions were deter- 
mined from zero-layer Weissenberg photographs about 
the b and c axes, calibrated with superimposed A1- 
powder lines. The crystal data are: C13H12N 2, M.W. 
196.3, m.p. 81-82°C. Monoclinic, a=7.16+0.01,  b=  
13-26_+0.01, c=12.42_0.01 /~, fl=103.8+0"1 °, U= 
1145.1 A a, Din= 1.13 gcm -a (by flotation), Dx= 1.14 g 
cm -s, Z = 4 ,  F(000)=416, 9=5.39 cm -1 (Cu Kct). Ab- 

A C 30B - 10" 
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sent spectra, 0k0 when k is odd and hOl when I is odd. 
The intensity da ta  were collected from equi-inclina- 

tion Weissenberg photographs  at room temperature  
for the layer lines from 0 to 9 about  the b axis and 
f rom 0 to 8 about  the c axis, using Cu K~ radiation. 
The cross sections of  the crystals used, perpendicular  
to the rotat ion axes, were 0.2 × 0.2 mm for the b axis 
and 0.3 × 0.25 mm for the c axis. The intensities were 
estimated by visual comparison with a s tandard scale 
prepared  with the same crystal. Out  of 2290 indepen- 
dent reflexions recorded (about  83.4% of the Cu K~ 
sphere), 908 were too weak to be measured. Correc- 
tions for Lorentz and polarization effects were made 
as usual and those for the spot-size variat ion in the 
high-layer photographs  by the method of  Phillips 
(1954). The correction for absorpt ion was omitted. 

S t r u c t u r e  d e t e r m i n a t i o n  

The crystal structure was solved by the symbolic ad- 
dition procedure (Karle & Karle,  1966), using the pro- 
gram S O R T E  (Nakatsu ,  1967). The E map synthesized 
with 427 reflexions showed all the non-hydrogen atoms 
as the prominent  peaks. The structure was refined by 
the block-diagonal matrix least-squares method. When 
the R value reached 0.156 using anisotropic tempera-  
ture factors, a difference synthesis was calculated with 
the reflexions with sin 0/2 < 0.45. This revealed all the 
hydrogen atoms, and we concluded that  the methyl 
groups do not rotate in the crystal. All the hydrogen 
atoms were then included in further full-matrix least- 
squares refinements; the positions and the individual 
isotropic temperature  factors of  the hydrogen atoms 
were allowed to shift, the seven strong reflexions af- 
fected by secondary extinction being excluded. The R 
value was 0.114 for the observed reflexions without the 
seven strong reflexions. When these were included, 
R = 0.117. The weighting scheme was w = [ 1 + 0.285([ Fol 
- 19)] -~ for IF,,[ > 19.0, w =  1.0 for [Fo[ < 19.0 and w = 0  
for the unobserved reflexions. The atomic scattering 

C(1) C(H) ~(12' 1136(6) 
C(1) - ;2( " -  Q ' T  ;098(6)  
C(12)-C('1 ~- C(13) 1C98(7) 
C(:3)-Cq£- H,6) ' :2~,)  
C(t',)-Ua2)- H',7~ '1~(5) 
C(1;)-C(12',. ,+9) ~"~5) 

/ ¢  k~) 

• 06,.~ . . . .  ' " ' J ~ " "  "228(5 '  ,"'~¢ " " 

C(n)-,7-'a3}- ~(12) ~10(5~ 
C(1!)-C(13~- H~'I) 'H' .5) 
C(lt)-C(13)- H(12) l'O(&) 
H(10)- C(:3)- H(12) 109(6) 

Fig. 1. Bond distances (/~,) and angles (°). The corresponding 
e.s.d.'s, given in parentheses, refer to the last decimal posi- 
tions. 

i 

i 

Fig. 2. Thermal ellipsoids of atoms drawn at the 50 % prob- 
ability level except for the hydrogen atoms. 

Table 1. Final atomic parameters  with their e.s.d.'s 
(a) Heavy atoms 

The anisotropic temperature factors are expressed in the form: 
exp { - (Bnh z + B22k 2 + B33l z q- Blzhk + B13hl+B,3kl)}. Positional parameters are x 104, thermal parameters x 105. 

x y z Bll B22 B33 B12 Bt3 
N(1) 8597 (10) -25  (5) 6312 (5) 4126 (197) 704 (45) 1054 (57) -216 (148) 1160 (169) 
N(2) 5635 (9) 586 (5) 2913 (5) 3399 (171) 958 (52) 1070 (57) -847 (152) -557 (160) 
C(I) 9946 (7) 2634 (4) 5763 (4) 1760 (I 15) 438 (36) 600 (40) 256 (101) 334 (109) 
C(2) 9773 (10) 3557 (5) 6209 (5) 3113 (177) 499 (42) 772 (52) 124 (139) 802 (158) 
C(3) 8392 (13) 4351 (5) 5834 (8) 4402 (253) 510 (50) 1217 (80) 890 (179) 1867 (238) 
C(4) 7378 (11) 4486 (6) 4782 (9) 2523 (183) 695 (57) 1883 (115) 813 (164) 1998 (238) 
C(5) 7437 (9) 3885 (6) 3839 (7) 1719 (134) 809 (59) 1155 (72) 238 (138) 135 (156) 
C(6) 7919 (8) 2907 (5) 3826 (6) 1646 (125) 725 (52) 834 (55) -57  (120) -74  (129) 
C(7) 8534 (7) 2239 (4) 4794 (4) 1267 (101) 563 (41) 595 (41) 5 (102) 288 (104) 
C(8) 7919 (7) 1260 (4) 4707 (5) 1538 (110) 405 (36) 717 (45) -54  (100) 236 (112) 
C(9) 8322 (9) 555 (5) 5611 (6) 2241 (147) 534 (44) 889 (57) -187 (126) 587 (144) 
C(10) 6655 (9) 891 (5) 3703 (5) 2067 (137) 608 (46) 847 (54) - 159 (124) 82 (144) 
C(ll) 11717 (8) 1978 (5) 6241 (5) 2206 (138) 539 (44) 571 (45) -87  (120) -344 (125) 
C(12) 12282 (12) 1955 (8) 7515 (6) 2736 (195) 1141 (77) 852 (65) -116 (202) 450 (181) 
C(13) 13458 (12) 2349 (8) 5791 (8) 2906 (198) 1221 (87) 1027 (73) 779 (211) 1390 (193) 

9 2 3  

396 (85) 
-419 (87) 
-99  (61) 

- 290 (75) 
- 7 4  ( 9 7 )  
746 (134) 
979 (108) 
403 (81) 

27 (62) 
- 209 (62) 
- 145  ( 8 3 )  
- 1 4 9  ( 7 8 )  

- 0 ( 6 6 )  
467 (110) 
561 (126) 



H. S H I M A N O U C H I ,  Y. S A S A D A ,  C. K A B U T O  A N D  Y. K I T A H A R A  1275 

(b) Hydrogen atoms 
Table  1 (cont.) 

Positional parameters are x 10 3. 

x y z B(A z) 
H(I) 1084 (11) 373 (6) 702 (7) 5"1 (1"8) 
H(2) 821 (11) 484 (7) 649 (7) 5.7 (2.0) 
H(3) 626 (12) 512 (6) 467 (6) 5"9 (2-0) 
H(4) 709 (9) 422 (5) 299 (5) 2"8 (1.4) 
H(5) 800 (9) 250 (5) 296 (5) 3.4 (1.5) 
H(6) 1131 (10) 131 (6) 599 (6) 3"6 (1.7) 
H(7) 1104 (12) 182 (6) 782 (7) 5.2 (1.9) 
H(8) 1287 (10) 266 (6) 779 (6) 3"4 (1-6) 
H(9) 1332 (12) 138 (6) 780 (7) 5-0 (1"9) 
H(10) 1310 (11) 233 (6) 490 (7) 5"2 (1"9) 
H(11) 1385 (13) 310 (8) 605 (7) 6"3 (2"5) 
H(12) 1486 (12) 179 (6) 614 (7) 5"5 (1.9) 

factors  used were taken  f rom International Tables for 
X-ray Crystallography (1968). The  final a tomic  coor-  
dinates  and  the t empera tu re  factors  are given in Table  
1 with thei r  s t anda rd  deviat ions .*  

* The structure-factor tables have been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 30334 (10pp.). Copies may be obtained 
through the Executive Secretary, International Union of 
Crystallography, 13 White Friars, Chester CH 1 1 NZ, England. 

O N 
o c  ~ , ' , , ~  

C sinl~ 

~-- c - ] 

I .  

The c o m p u t a t i o n s  were carr ied  out  on a H I T A C  
5020E c o m p u t e r  in the Univers i ty  of  T o k y o  and  on a 
H I T A C  8700 c o m p u t e r  in T o k y o  Ins t i tu te  of  Tech- 
nology.  The  p rog rams  in the Universal  Crysta l lo-  
graphic  C o m p u t a t i o n  P rogram System (1967) were 
used with some modif ica t ions .  The  p rograms  XFMLS  
for  ful l -matr ix  least-squares ref inement  (Ashida,  1971) 
and  DEAM for  p lo t t ing  of  the the rmal  el l ipsoids 
(Takenaka ,  1972) were also used. 

Results and discussion 

The bond  lengths and  angles are given in Fig. 1. Figs. 
2 and  3 show the the rmal  ell ipsoids of  the a toms  and  
the crystal  s t ructure  viewed a long  the a axis. Shor t  
in te rmolecu la r  distances are listed in Table  2. There  
are no abno rma l ly  shor t  contac ts ;  so it is unnecessary 

Between 

Table  2. Short intermolecular distances 

Atom in Atom 
position A in position Distance (~) 

Between heavy atoms shorter than 3.5 ~. 
N(I) C(8) B 3.466 
C(9) C(9) B 3.462 

heavy and hydrogen atoms shorter than 3.0 A. 

Between 

N(1) H(4) C 2.78 
H(2) N(2) C 2.90 
H(7) C(6) C 2.83 
C(4) H(3) D 2.89 
H(1) N(1) E 2.60 
H(9) C(5) F 2-94 
H(I 1) N(2) F 2.93 
N(2) H(9) B 2.91 
H(4) N(2) G 2.70 

hydrogen atoms shorter than 2-5/~,. 
H(7) H(5) C 
H(3) H(3) O 

Position* General coordinates 
A x, y, z 
B 2 - x ,  )7, l - z  
C x, ½-y,  ½+z 
D l - x ,  l - y ,  1 - z  
E 2-x ,  ½+y, "~-z 
F l + x ,  ½-y,  ½+z 

±+ G l - x ,  2 y , { - z  

2"40 
2"17 

J { 
Fig. 3. Crystal structure viewed along the a axis. * These are also indicated in Fig. 3. 

j -  

C(9) , ' i ~ l ~  ~t N(1) ~N(2, 

5 q ~ 0 ;  . ~  ,3,~;.~ y c~,..o 

" h  . . . . .  ~ ~ b _  _ /_ . . . .  l N0) ~ N(2~ 
- C¢~--~r~2,Vc:72,:~,-,~5 . . . . . . . . .  . 6 , ~ , ~  " / h -  ~,, ~=,,~ ,. c,6~ 

13719* ~ 14(6) 

(a) O) (c) 
Fig. 4. Molecular conformation (a) viewed along the line C(I). .  "C(6); (b) viewed along the vector between C(7) and the mid- 

point of C(3)-C(4). (c) Torsion angles about the exocyclic double bond. 
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to consider any serious effects of  them on the molecular 
conformation.  

The seven-membered ring in the present molecule 
also adopts a deep boat form, as shown in Fig. 4(a). 
The angle 6~ is 37.3 ° and 62 19"5 °, the definition of 61 
and fiz being given in Table 5 in the preceding paper 
(Shimanouchi ,  Sasada, Kabuto  & Kitahara,  1974). fi~ 
is considerably smaller than the corresponding angle 
in (Ib). This also suggests that there is a tendency to 
preserve the planarity in (Ia). The degree of  bond alter- 
nat ion in the seven-membered ring is essentially equal 
to that in (Ib), which is discussed in detail in the preced- 
ing paper. 

The torsion angles in the ring are listed in Table 3. 
The largest torsion angle is observed in the C(1)-C(7) 
bond. Even the double bond, C(1)-C(2), has a signif- 
icant torsion angle of  5.5 ° . The bond-length difference 
between C(1)-C(2) and C(5)-C(6) may be attr ibutable 

Table 3. Torsion angles in the seven-membered ring 

c(7) [c(1) c(2)l c(3) 5.5 ° 
C(l) [c(2) c(3)l c(4) 23.5 
c(2) [c(3) c(4)] c(5) 0.5 
c(6) [c(5) c(4)l c(3) -25.9 
C(7) [C(6) C(5)] C(4) 1.2 
C(I) [C(7) C(6)] C(5) 44.7 
C(6) [C(7) C(I)] C(2) -47"8 
C(8) [C(7) C(l)] C(2) 138.9 
C(8) [C(7) C(6)1 C(5) -141.7 

to this torsion. With regard to the torsion angles, there 
is no mirror  symmetry passing through C(7), C(8) and 
the mid-point  of  the C(3)-C(4) bond, which seems to 
be the consequence of the intramolecular  steric effect 
of  the isopropyl group. 

The effect of  the intramolecular  overcrowding is also 
seen in the values for some bond angles; C(1)-C(7)-  
C(8) is 123.2 ° while C(6)-C(7)-C(8) is 118-6 ° and 
C(7)-C(8)-C(9) is 123.8 ° while C(7)-C(8)-C(10) is 
121.0 °. Al though the exocyclic angles at C(1) appear  
to contradict this, it has been pointed out that the 
bond angles about a trigonal carbon atom (R1RzC=X) 
are far from being equal and the smallest is almost al- 
ways the angle opposite the double bond (i.e. / R  I- 
C - R  2) (Ammon & Plastas, 1971). Therefore the ob- 
served C(7)-C(1)-C(11) angle (117.3 °) should be con- 
sidered to increase from the usual value (about 115 ° ) 
(Bordner, Parker & Stanford, 1972) by steric repulsion. 

Another  view of the molecule is given in Fig. 4(b). 
The dihedral angle between planes 4 and 5 in Table 4 
is 137.9 °, which is larger than the corresponding angle 
in (Ib). 

The intramolecular  approach of H(6) to C(9) is 
examined in detail. The present feature is different 
from that observed in (Ib) and the C(9)-N(1) bond is 
caught in a depression between the C(11)-C(12) and 
C(11)-H(6) bonds, as a result of  the gauche conforma- 
tion of  the isopropyl group to the seven-rnembered 

Table 4. Some least-squares planes 

The equations of the planes are expressed in the form Ix'+my'+nz'+p=O where x '=x+z  cos fl, y'=y and z'=z sin ft. 

Distances marked with an asterisk refer to atoms defining the plane. 

Plane 1 2 
l -0"9171 -0"8589 
m -0"2825 0"3472 
it 0.2814 0.3766 
p 3"973 0'820 

Deviations of atoms (A) 
C(I) -0.022* C(1) 0.000" 
C(2) 0-019" C(6) 0.000" 
C(5) -0.019" C(7) 0.000" 
C(6) 0.023* 

C(2) 0.848 
N(I) 2.195 C(5) 0.756 
N(2) 1.834 C(8) -0.134 
C(3) 0"398 C(9) -0"066 
C(4) 0-371 C(10) -0.238 
C(7) 0"461 N(1) -0"005 
C(8) 1.178 N(2) -0"311 
C(9) 1.730 
C(10) 1.533 
C(ll) -0.647 
C(12) -0.231 
C(13) -2"205 

3 
--0"7937 
-0"5810 

0"1804 
5"482 

C(2) -0"001" 
C(3) 0"002* 
C(4) -0"002* 
C(5) 0"001" 

C(I) 0"410 
C(6) 0.475 

4 5 6 7 
-0"7173 -0"9610 -0"9061 -0"8809 
-0"3747 --0"2648 0"2942 0"2881 

0"5875 -0"0799 0"3042 0"3756 
1"088 5-753 1"617 1"152 

C(I) - 0.020* C(4) 0.002* 
C(2) 0.021" . C(5) - 0.005* 
C(3) -0"010" C(6) 0"005* 
C(7) 0"009* C(7) - 0"002* 

C(4) -0-525 C(I) -0"930 
C(6) -0.899 C(3) -0.450 
C(I 1) -0"163 C(8) 0.749 

C(7) 0.000* C(I) 0.000" 
C(9) 0.000" C(6)  0.000" 
C(10) 0.000" C(8)  0.000" 

N(1) 0-041 C(2) 0.781 
N(2) 0"041 C(5) 0.687 
C(I) - 0.147 C(7) 0.048 
C(6) 0.045 C(9) 0.122 
C(8) -0.038 C(10) -0.061 

C(I1) - 1-026 

Plane 
1 
2 
3 
4 
5 
6 

2 
37.3 

Interplanar angles (o) 

3 4 5 6 7 
19.5 21.7 21.0 33.5 33"7 
56.8 45"0 45.3 5"8 3"6 

26.8 25.6 52.9 53.2 
42"1 44"1 41.9 

39.8 42.3 
4'4 



H. S H I M A N O U C H I ,  Y. SASADA,  C. K A B U T O  AND Y. K I T A H A R A  1277 

ring atoms. The intramolecular H(1) . . .H(8)  contact 
is2.1 A. 

The torsion angle about the exocyclic double bond 
can be seen in Fig. 4(c). A larger torsion is observed 
in C(9)-C(8)-C(7)-C(1). The sense of the torsion is 
compatible with the repulsion between a cyano and 
the isopropyl group. The C(8) atom lies 0.038 A above 
the plane of the adjacent carbon atoms, plane 6 in 
Table 5, while the C(7) atom deviates 0.048 A from 
plane 7 in the opposite sense. The exocyclic double 
bond is bent downward to the bow plane, as is that 
in (Ib). 

The combined effect of the deviation from planarity, 
the bond-angle distortions and the slight torsion of the 
double bonds lead to the minimum non-bonded C. • • H 
distance of 2.31 A [C(9). . .H(6)].  In connexion with 
the low-field shift of the methine proton [H(6)] signals 
(6=3.35 p.p.m, in acetonitrile at room temperature) 
in the n.m.r, spectrum, this C . . . H  approach may 
provide some information about the magnetic anisot- 

5.0 

1-Isopropyl-8, 8-dicyanoheptaf ulvene ( Ic)  
. . . . . . . .  2-Isopropvl-8,8-dicyanoheptafulve ne 

4.0 

3.0 

,,,°-°,.. 

..--: . , '~ 

/ 
i/ 

2.0 
200 300 400 500 

Wave length ( nm) 
Fig. 5. Ultraviolet absorption spectra in methanol. 

ropy of the cyano group (Shimanouchi, 1964). The 
methyl groups all have the usual staggered conforma- 
tion. 

It is well known that the molecular distortion caused 
by overcrowding has a pronounced effect upon the 
UV absorption spectrum in certain aromatic systems. 
The effect is characterized by bathochromic and hyper- 
chromic displacements of the longer wave-length max- 
ima, and a diminution of fine structure in these regions 
(Mosby, 1953). In the present molecule no batho- 
chromic shift is evident and hypochromic displace- 
ment is observed in the longer wave-length region as 
shown in Fig. 5, which shows the non-planarity of this 
version of the non-benzenoid aromatic system. 

The authors are indebted to Dr M. Oda for the 
sample. 
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