
224 C 2 8 H 1 8 N 2 0 2  

C6 0.9131 (6) -0.3943 (5) 0.2188 (5) 0.078 (2) 
C7 0.8542 (5) -0.3279 (5) 0.3043 (4) 0.0744 (14) 
C8 0.7903 (5) -0.2080 (4) 0.2936 (4) 0.0623 (13) 
C8A 0.7835 (4) -0.1505 (4) 0.1942 (3) 0.0489 (11) 
O1 0.6297 (3) 0.1307 (3) 0.0594 (2) 0.0601 (8) 
02 0.8465 (4) 0.2761 (3) 0.0720 (3) 0.1012 (14) 
C20 0.7126 (6) 0.2584 (5) 0.0551 (4) 0.0636 (13) 
C21 0.6102 (6) 0.3612 (4) 0.0286 (4) 0.083 (2) 
CI' 0.3086 (5) 0.0501 (4) 0.4077 (4) 0.0596 (12) 
C2' 0.2211 (5) -0.0689 (5) 0.3494 (4) 0.0670 (13) 
C3' 0.2758 (5) -0.1479 (5) 0.2665 (4) 0.0651 (13) 
C4' 0.4176 (5) -0.1090 (4) 0.2418 (3) 0.0579 (12) 
C4'A 0.5097 (4) 0.0126 (4) 0.2995 (3) 0.0478 (11) 
C5' 0.6592 (5) 0.0556 (4) 0.2709 (3) 0.0492 (11) 
C6' 0.7454 (5) 0.1734 (4) 0.3280 (3) 0.0539 (11) 
C6tA 0.6970 (5) 0.2563 (4) 0.4162 (3) 0.0481 (11) 
N7' 0.7897 (4) 0.3699 (3) 0.4682 (3) 0.0513 (9) 
C7'A 0.7405 (5) 0.4439 (4) 0.5521 (3) 0.0468 (10) 
C8 ~ 0.8338 (5) 0.5674 (4) 0.6103 (3) 0.0578 (12) 
C9 t 0.7865 (5) 0.6421 (4) 0.6951 (4) 0.0651 (13) 
CI0 t 0.6446 (6) 0.6004 (5) 0.7273 (4) 0.0700 (13) 
Cll t 0.5528 (5) 0.4844 (4) 0.6728 (3) 0.0628 (13) 
CI1A 0.5972 (5) 0.4035 (4) 0.5837 (3) 0.0493 (11) 
N12' 0.5020 (4) 0.2881 (3) 0.5290 (3) 0.0503 (9) 
CI2A 0.5511 (4) 0.2161 (4) 0.4465 (3) 0.0448 (10) 
C12B 0.4552 (4) 0.0913 (4) 0.3844 (3) 0.0466 (10) 
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Abstract 
The X-ray determination of the title compound, 3,3- 
dimethylpentanedinitrile, CTH10N2, was performed in 
order to characterize an intermediate product. The 
compound crystallizes in the C2/c space group, with one 
molecule in a general position and another molecule on 
a crystallographic twofold rotation axis. 

Table 2. Selected geometric parameters (t{, o) 
C41A---C12B 1.401 (5) N7'--C7'A 1.345 (4) 
C4~A---C5 ' 1.460 (5) C7~A---CI 1A 1.419 (5) 
C5'---C6' 1.356 (5) CIIA--NI2' 1.365 (5) 
C6'---C6tA 1.424 (5) NI2C--CI2A 1.323 (4) 
C6'A--N7 t 1.334 (4) CI2A--C12B 1.462 (5) 
C6tA---C 12A 1.433 (5) 

Ref inement  on F 2 for all reflections except  for 2 with very 
negative F 2. 

Data collection: XSCANS (Fait, 1994). Cell refinement: 
XSCANS. Data reduction: XSCANS. Program(s)  used to solve 
structure: SHELXS86 (Sheldrick, 1990a). Program(s)  used 
to refine structure: SHELXL93 (Sheldrick, 1993). Molecular  
graphics: SHELXTL/PC (Sheldrick, 1990b). Software used to 
prepare material for publication: SHELXL93. 

Comment 

The title compound, (I), was synthesized following the 
procedure previously described by Equi, Brown, Cooper, 
Ner, Watson & Robins (1991). The compound is an 
intermediate in the procedure used to obtain 3,3-di- 
methylpentanediamine from 3,3-dimethylglutaric acid. 
In the first reaction step, the acid function was protected 
with a mesylate (phenyl methanesulfonate) group (yield 
83%). The product was then reacted with NaCN in 
DMSO to give the dinitrile compound. This last product 
was isolated by extraction according to Equi et al. 
(1991). A yellow liquid was obtained, from which a 
white solid appeared after distillation on a Kugelrhor 
apparatus (80 K/0.5 mmHg). 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: BM1035). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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".... N ~ c ~ c ~ N  

(I) 

There are 12 molecules in the monoclinic unit cell 
of the C2/c space group, eight of which occupy general 
positions, while the other four possess a crystallographic 
twofold rotation axis passing through the central atom, 
C33. The bond distances and angles within the mol- 
ecules are in good agreement with expected values. 
All C- -H distances are in the range 0.96 (2)-1.02 (2)A,, 
while the C - - C - - H  bond angles range from 105.7 (12) 
to 112.8(10) ° and the H---C--H angles range from 
102.4 (16) to 114.3 (16) ° . The environment of the central 
C atom deviates slightly from tetrahedral; the C--CH2 
and C---CH3 bond lengths average 1.538 and 1.520,~,, 
respectively, while the CH3--C--CH3 and CH2---Cm 
CH2 angles also show a marked difference, with values 
of 110.5 and 105.1 ° , respectively. The two groups of 
atoms Ni l ,  C l l ,  C12, C13, C22, C21, N21 (r.m.s. 
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d e v i a t i o n  0 .002~ , )  a n d  C 1 3 ,  C14 ,  C 1 5  a re  p lanar .  T h e  

d i h e d r a l  a n g l e  b e t w e e n  t h e s e  p l a n e s  is 89 .9  (1) °. A t o m s  

N 3 1 ,  C 3 1 ,  C 3 2  a n d  C 3 3  o f  the  m o l e c u l e  in a spec ia l  

p o s i t i o n  a re  a l so  cop lana r .  

Nal  
C 2 1 T  

C 1 5 ~  ~ _ ~ ' ~ C 1 4  

C12 I 

C! 1 ~ 

N3I  

Fig. 1. ORTEPII drawing (Johnson, 1976) of the two molecules in 
the title compound and the atom-numbering scheme adopted. The 
ellipsoids are drawn at the 40% probability level, while the H atoms 
are represented by spheres of arbitrary size. 

A%o%o 

¢ 

 k:4 
B 0 ~ % o\' 

Fig. 2. Stereodiagram showing the relative disposition of the 3,3-di- 
methylglutaronitrile molecules within the unit cell. 

Experimental 

Crystals were obtained from tetrahydrofuran solution and the 
crystal used in the diffraction analysis was obtained directly 
after distillation of  the solvent. The crystals are air sensitive at 
room temperature and decompose  at low temperature (173 K) 
over  a period of  a few days. 

Crystal data 

C7H10N2 Cu K a  radiation 
Mr = 122.17 A = 1.5418 ,~, 
Monoclinic  Cell parameters  from 25 
C2/c reflections 

a = 18.148 (2) ,~, 0 = 20-21 .5  ° 
b = 10.424 (2) ,~, # = 0.486 m m - 1  
c = 12.115 (2) 2~ T = 223 (5) K 
/3 = 90.15 (2) ° Transparent plate 
V = 2292.0 (7),~3 0.38 x 0.27 x 0.09 mm 
Z = 12 Colourless 

Dx = 1.062 Mg m -3 

Dm not measured 

Data collection 
Enraf -Nonius  CAD-4 

diffractometer  
w/20 scans 
Absorption correction: 

none 
8077 measured reflections 
2183 independent  reflections 
1804 observed reflections 

[1 > 2o-(/)] 

Refinement 
Refinement  on F 2 
R(F) = 0.0430 
wR(F 2) = 0.1215 

S = 1.065 
2183 reflections 
184 parameters  
H atoms refined isotropically 
w = 1/[o-2(Fo 2) + (0.0698P) 2 

+ 0.4242P] 
where  P = (Fo 2 + 2F~)/3 

(A/o-)max = 0.002 

Rim = 0.038 
0max = 69.81 o 
h = - 2 1  ---0 22 
k = - 1 2 - - 0  12 
l = - 1 4  ~ 14 
6 standard reflections 

moni tored every 400 
reflections 

intensity decay: 5.88% 

Apmax = 0.139 e A - 3  
Apmin - - 0 . 1 3 4  e ~ - 3  
Extinction correction: 

SHEL~L93 
Extinction coefficient: 

0.0033 (4) 
Atomic  scattering factors 

from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Tab l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (t~ 2 ) 

Ueq = (113)~i ~jUija 7 a 7 ai.aj. 
x y z Ueq 

Nil 0.05425 (8) 0.20873 (15)  0.92698 (12) 0.0711 (4) 
CIi 0.10631 (7) 0.17140(13) 0.96903(11) 0.0506(4) 
Ci2 0.17203 (7) 0.12179 (14)  1.02416 (12) 0.0475 (3) 
C!3 0.15853 (6) -0.00804 (11)  1.08093 (9) 0.0383 (3) 
C14 0.13574 (10) -0.1089 (2) 0.99643 (13) 0.0572 (4) 
C15 0.09953 (9) 0.0059 (2) 1.16961 (12)  0.0581 (4) 
C22 0.23291 (7) -0.04459 (14)  1.13354 (13) 0.0497 (4) 
C21 0.22999 (8) -0.16682 (14)  1.19244 (12) 0.0529 (4) 
N21 0.22711 (9) -0.26200 (14)  1.23766 (14) 0.0789 (5) 
N31 0.16009 (7) 0.4503 (2) 0.09330 (12) 0.0734 (4) 
C31 0.11508 (7) 0.50472 (14)  0.13864 (11) 0.0505 (4) 
C32 0.05719 (8) 0.57357 (14)  0.19697 (13) 0.0509 (4) 
C33 0 0.4836 (2) 1/4 0.0386 (4) 
C34 0.03725 (10)  0.4021 (2) 0.3373 (2) 0.0750 (6) 

Tab l e  2. Selected geometric parameters (/~, o) 
NI 1--C11 1.141 (2) C22~C21 1.461 (2) 
C11---C12 1.460 (2) C21--N21 i.135 (2) 
C!2---C13 !.538 (2) N31--C31 1.137 (2) 
C!3---C14 1.524 (2) C31--C32 !.457 (2) 
Ci3---Ci5 !.526 (2) C32---C33 !.541 (2) 
C13---C22 i.539 (2) C33--C34 !.514 (2) 

NI I--C11--C12 178.8(2) C21---C22--~ 13 112.7(I) 
C14--C13--C15 110.4 (1) N21---C21---C22 179.3 (2) 
C11--C12--C!3 112.7(1) N31---C31--~32 179.6(2) 
Ci4-4213---C12 110.5 (1) C31---C32--C33 113.0 (I) 
CI5---C13--C12 !10.1 (1) C34---C33--C32 109.4(1) 
Ci4---CI3--C22 110.1 (1) C34i---C33--C32 ' 109.4 (1) 
C 15---C! 3----C22 110.4 (1) C34---C33---C32 ~ 110.5 (1) 
C12--C13---C22 105.2 (1) C32--C33--C32 ~ 105.0 (2) 

C 11---Ci 2---C 13---C14 61.1 (2) C 12---C 13--C22--C21 179.6(1) 
C11---C12---C13--C15 -61.2 (2) C31---C32--C33---C34 ~ -60.1 (2) 
Cl I---C12---Cl 3--4222 179.9 (1) C31---C32--C33--C34 63.4 (2) 
C14---C!3---C22---C21 -61.3 (2) C31---C32--C33---C32 ~ - 178.0 (2) 
C 15--C13---C22--C21 60.9 (2) 

Symmetry code: (i) - x ,  y, ½ - z. 
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The structure was solved in the P 1 space group and MISSYM 
(Le Page, 1988) was used in order to detect a higher symmetry. 
The unit cell was ultimately found to be monoclinic. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: locally 
modified NRC-2 (Ahmed, 1968). Program(s) used to solve 
structure: SHELXS86 (Sheldrick, 1985). Program(s) used to 
refine structure: SHELXL93 (Sheldrick, 1993). Molecular 
graphics: ORTEPII (Johnson, 1976). Software used to prepare 
material for publication: SHELXL93. 

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates, complete geometry, least-squares-planes data and torsion 
angles have been deposited with the IUCr (Reference: BKl139). 
Copies may be obtained through The Managing Editor, International 
Union of Crystallography, 5 Abbey Square, Chester CH1 2HU, 
England. 
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Abstract 

The cation of the title salt, C17H28NJ.CIO4-, is built 
up of two quinolizidine moieties and has a trans-A/B 
and cis-C/D configuration. All four rings adopt chair 
conformations. The protonation that takes place at the 
N 16 atom and subsequent creation of an intramolecular 
N+--H .- -N hydrogen bond causes inversion of the N 16 

configuration compared with that of the free sparteine 
base. The perchlorate anion is disordered. 

Comment 
Sparteine is the most common among bis(quinolizidine) 
alkaloids isolated from lupine plants. Since the quino- 
lizidine skeleton occurs in a number of natural 
compounds, sparteine is widely used as the model 
for studying the factors influencing the conforma- 
tional/configurational changes. In this paper, we present 
the results of an X-ray structural analysis of 2-cyano-2- 
methylsparteine perchlorate, (I). 

H 

c,o4 

(I) 

It has been shown that protonation of the free base 
is likely to cause inversion of configuration at the 
N16 atom. Generally, free bases of sparteine deriva- 
tives have a trans configuration (boat-chair conforma- 
tion) of the C/D fragment, while the cations show 
a cis/chair-chair combination, e.g. sparteine (Skolik, 
Krueger & Wiewitrowski, 1970) and the sparteine 
cation (Borowiak, Bokii & Strutchkov, 1973), and 
2-phenylsparteine (Boczori, 1981; Katrusiak, Figas, 
Katuski & Lesiewicz, 1989) and its cation (Kubicki, 
Borowiak & Boczori, 1991). The A/B fragment was 
found to be trans/chair-chair in the free base as well as 
in the cation. Due to its thermodynamic stability, it is not 
susceptible to configurational/conformational changes. 

The title compound is another example of this ten- 
dency. All four rings adopt chair conformations, with 
the asymmetry parameters (Duax & Norton, 1975) 
showing greater distortions from ideal values for the 
central B and C rings than for the terminal A and 
D ones. The A/B junction is trans [C2- -N1- -C6- -  
C5 -57.3(5) and C7---C6---N1--C10 of 51.9(4)°], 
while the C/D junction is cis [ C 9 - - C l l - - N 1 6 - -  
C17 49.8(4) and C12- -Cl l - -N16- -C15  51.8(5)°]. 
The intramolecular N16+--H16 ...N1 hydrogen bond 
[H16...N1 2.23 (4), N16...N1 2.841 (5)A and N16--  
H16...N1 124 (3) °] stabilizes this system. This bond is 
signifcantly weaker that the one found in the 2-methyl- 
sparteine cation [N.. .N 2.710 (7) ,~; Katrusiak, Hoser, 
Kaluski & Boczofi, 1980] and in the 2-phenylsparteine 
cation [2.742 (4) ,~,; Kubicki, Borowiak & Boczori, 
1991 ]. The protonation causes significant changes in the 
N--C bond lengths; the weighted mean values for atoms 
N 1 and N 16 are 1.490 (3) and 1.513 (5) ~,, respectively. 
All other bond lengths and angles are typical, with a 
weighted mean value for the Csp3--Csp3 bond length of 
1.520 (2) ,~,. 
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