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Data collection 

Enraf-Nonius  CAD-4 
diffractometer 

0/20 scans 
Absorption correction: 

~p scans (North, Phillips 
& Mathews, 1968) 
Train = 0.127, Tmax = 0.178 

10 786 measured reflections 
5037 independent reflections 

3815 reflections with 
I > ~r(/) 

Rmt = 0.033 
0max = 29.97 ° 
h = 0 ---~ 21 
k = - 2 0  ~ 20 
l = 0 ---~ 22 
3 standard reflections 

frequency: 120 rain,  
intensity decay: 0.82% 

Refinement 

Refinement on F 
R = 0.045 
wR = 0.054 
S = 1.880 
3815 reflections 
209 parameters 
H atoms riding [ C - - H  

0.95 A; U(H) = 1.3Ueq(C)] 
w = 4FoZ/[o'2(Fo z) 

+ 0 .0004F 4] 
(A/cr)m~ = 0.029 

Apmax = 1.36 e ,~-3 
Apmin = - 0 . 2 3  e ,~-3 
Extinction correction: 

isotropic (Zachariasen, 
1963) 

Extinction coefficient: 
9.2 (4) x 10 -8 

Scattering factors from Inter- 
national Tables for X-ray 
Crystallography (Vol. IV) 

Tab le  1. Selected geometric parameters  (,4, 

II--~l 2.094 (4) 
I2---C8 2.083 (4) 
O I---C9 1.209 (4) 
O2--C 10 1.423 (4) 
C9---C 12 1.479 (5) 
C9---C 13 1.479 (5) 
CI0---CI I 1.527 (6) 

I I---C I---C2 116.1 (3) 
11--C1--CI3 122.6 (3) 
I2---C8--C7 116.4 (3) 
I2---C8--C 12 122.2 (3) 
C 12----C9--C 13 115.3 (3) 
O2---C10---C11 110.4 (3) 
O2--C 10--C14 107.0 (3) 
O2--C 10--C 15 111.9 (3) 

C 13---C9---C 12----C 11 36.3 (5) 
C 12--C9---C 13----C 14 -37.4 (5) 
C 14--C 10--C I I----C 12 -37.8(5) 

o) 

C1~-CI4 1.534 (5) 
C 10---C 15 1.489 (6) 
CI 5--C16 1.185 (6) 
C16--C17 1.440 (7) 
C17--C18 1.345 (8) 
C 17--C 19 1.486 (9) 

cI l---c lO--C 14 110.8 (3) 
Cl 1--c10--c15 108.1 (3) 
c 14--c lO---c15 108.7 (3) 
ci0--c15--c16 174.2 (4) 
c 15--c 16----c 17 178.1 (5) 
Cl 6----c 17---c 18 120.2 (5) 
c 16---c 17----c 19 115.5 (5) 
c 18---c 17----c 19 124.3 (5) 

Cl 1--c lO---c 14--c 13 37.8(5) 
c I o----c I 1-4212----c9 2.0(5) 
c9---C 13----c 14---c 10 -1.8(5) 

The two largest peaks in the final difference map, both of  
density greater than 1 e ,~-3, were located less than 1,4, from 
the two I atoms. 

Data collection: CAD-4 Operations Manual (Enraf-Nonius,  
1977). Cell refinement: CAD-4 Operations Manual. Data re- 
duction: MoIEN (Fair, 1990). Program(s) used to solve struc- 
ture: MULTAN80 (Main et al., 1980). Program(s) used to re- 
fine structure: MolEN. Molecular graphics: ORTEPII (John- 
son, 1976). Software used to prepare material for publication: 
MolEN. 

f r o m  the  D i v i s i o n  o f  R e s e a r c h  R e s o u r c e s ,  N a t i o n a l  In-  
s t i tu tes  o f  Hea l t h  and  M B R S  g ran t  # G M 0 8 2 4 7 .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: CF1169). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

In  the  t i t le  c o m p o u n d ,  C14H22N4, the  t e t r azo le  r ing  is 
f u s e d  w i t h  the  e i g h t - m e m b e r e d  r ing  o f  the  h i m a c h a l - 2 -  
ene  ske l e ton ,  w h i c h  is in a trans c o n f o r m a t i o n .  

t Alternative name: (7aS,11aS)-4,5,6,7,7a,10,11,11a-octahydro-7,7,9- 
trimethyl-2-benzazocino[ 1,2-d]tetrazole. 
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Comment 
Two sesquiterpenic hydrocarbons, a-  and /3-himachal- 
ene, are the main constituents of Atlas cedar (Cedrus 
atlantica) essential oils described by several authors 
(Joseph & Dev, 1968a; Plattier & Teisseire, 1974). 
In order to enhance the value and usefulness of the 
Atlas cedar essentials oils, we have undertaken a 
major program of research on this Moroccan natural 
product (Benharref, Bernardini, Fkih-Tetouani, Jacquier 
& Viallefont, 1981). 

The action of HC1 on a mixture of a-  and /3- 
himachalene in acetic acid leads to only one com- 
pound, 3,7-dichlorohimachalane, which on recrystal- 
lization from methanol yields 3-chlorohimachalane, (1) 
(Joseph & Dev, 1968b; Sasaki, Eguchi & Torut, 1971; 
Gelebe & Kaye, 1996). According to these authors, 
and as indicated below, the ozonolysis of (1) followed 
by a dehydrohalogenation leads to two sesquiterpenic 
ketones, (2) and (3). There are no data in the literature 
concerning the reactivity of (2) and (3), and we have 
studied the behaviour of these two compounds with re- 
spect to sodium azide. The action of two equivalents of 
NaN3 on (2) or (3), in the presence of trifluoroacetic 
acid, leads to a 70% yield of (4) or (5), respectively. 
These compounds have been identified by mass spec- 
trometry and NMR (IH and 13C). 

O N'/N'N 

NaN 3 
CF3CO2H 

C l ~ ~  (a) O_~ 3 " (2) (4) (b) -HC1 N~N-N .o 
~ NaN3 

(1) CF3C(~2 H 

(3) (5) 

The present crystallographic study of compound (4) 
allows us to assign the stereochemistry of the junction 
of the two tings in compounds (4) and (5) as trans. 
Several structures including a tetrazole ring are given in 
the Cambridge Structural Database (Allen & Kennard, 
1993), but only a few of them correspond to a tetrazole 
ring fused with a five-, six- or seven-membered ring. A 
disordered occupancy of the N and C atoms located 
at the junction of the two tings is described in the 
structures of cyclopolymethylenetetrazoles, in the case 
of tfirnethylene, pentamethylene and butylpentamethyl- 
ene (Ward, Wei, Smetana & Popov, 1979). The present 
structure is the first example of a tetrazole ring fused 
with an eight-membered ring. The eight-membered ring 
is composed of two planes and a twisted fragment: 
the planes [C6, N7, C8, C9 (r.m.s. deviation 0.011 A) 
and C1, C6, C9, C10 (r.m.s. deviation 0.082,~,)] make 
an angle of 113.7(2) ° with one another. Atoms C l l  

and C12 are displaced by 0.526(3) and -0 .216 (2) ,~, 
respectively, from the C1, C6, C9, C10 plane. The 
tetrazole ring [N7---C8--N4 N3mN2 (r.m.s. deviation 
0.007 ~,)] is essentially in the plane of the C6---N7m 
C8--C9 fragment, with a dihedral angle of 3.0 (2) °. C1 
and C4 are in the plane of the C2:=C3 double bond 
(C1---C2--C3--C4 r.m.s, deviation 0.019,~), with C5 
0.583 (3) and C6 -0.171 (2) .~ from this plane. 

c10 

c9t ~ 
7 ,x~Cll  c14 

C4 tJ  

Fig. 1. The molecular structure of the title compound with displace- 
ment ellipsoids drawn at the 50% probability level. 

Experimental 

Crystals suitable for X-ray analysis were prepared by slow 
evaporation at room temperature from a hexane solution. 

Crystal data 

C14H22N4 Mo Ka radiation 
Mr = 246.36 A = 0.71073 ~, 
Orthorhombic Cell parameters from 25 
P212121 reflections 
a = 9.582(1) .~, 0 = 11-16 ° 
b = 10.495 (2) ,~, # = 0.070 mm- 
c = 13.498 (3) ,~, T = 294 K 
V = 1357.5 (7) ,~k 3 Cube 
Z = 4 0.45 x 0.45 x 0.45 mm 
Dx = 1.21 Mg m -3 Colourless 
Dm not measured 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
0/20 scans 
Absorption correction: none 
1631 measured reflections 
1454 independent reflections 
1259 reflections with 

I > 2.5o'(/) 

Rim = 0.067 
0max - 25 ° 
h = 0 ---~ 11 
k = 0 ---~ 12 
l = 0 ---* 16 
3 standard reflections 

frequency: 120 min 
intensity decay: 0.8% 
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Refinement 

Refinement on F 
R = 0.048 
wR = 0.068 
S = 1.829 
1259 reflections 
164 parameters 
H atoms fixed 
w = 4Fo21[o'2(Fo 2) 

+ 0.0036Fo 41 
(A/o')max ----- 0.019 

Table 1. Selected geometric parameters (,;t, 
N2--N3 1.300 (4) N7---C6 
N2--N7 1.345 (3) N7---C8 
N3--N4 1.354 (4) C 1---C6 
N4---C8 1.301 (4) C8--C9 

N3--N2--N7 106.1 (2) C6---C I--C 12 
N2--N3--N4 III.0 (2) N7--C6----C I 
N3--N4---C8 106.1 (3) N7---C6---C5 
N2--N7--C6 122.0 (2) C 1---C6---C5 
N2--N7---C8 107.9 (2) N4--C8--N7 
C6---N7--C8 130.1 (2) N4---C8--C9 
C2---C 1---C6 109.3 (2) N7---C8--C9 
C2---C I----C 12 110.3 (2) 

Apmax = 0.14 e ,~-3 
Apmin = -0 .13 e .~-3 
Extinction correction: 

isotropic (Zachariasen, 
1963) 

Extinction coefficient: 
0.25 x 10 -5 

Scattering factors from Inter- 
national Tables for X-ray 
Crystallography (Vol. IV) 

o) 

1.459 (3) 
1.352 (4) 
1.536 (3) 
1.484 (5) 

116.8 (2) 
111.7 (2) 
108.7 (2) 
112.3 (2) 
108.9 (3) 
127.8 (3) 
123.2 (3) 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). Cell 
refinement: CAD-4 Software. Data reduction: SDP (Frenz, 
1985). Program(s) used to solve structure: MULTAN80 (Main 
et al., 1980). Program(s) used to refine structure: SDP. 
Molecular  graphics: ORTEPII (Johnson, 1976). Software used 
to prepare material  for publication: CIF VAX in MoIEN (Fair, 
1990). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: CF1161). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The regioselective synthesis, spectrometric data (1H and 
13C NMR, and MS) and the X-ray crystal structure 
determination of the title compound, C12H15BrN202, are 
reported. In spite of the presence of a Br atom ortho 
to the bulky a-aminonitrile group, normal molecular 
dimensions have been found. 

Comment  
The title compound is a member of the a-aminonitrile 
family of derivatives, which are useful building blocks 
for the development of new synthetic methods in the 
field of a-amino acids (Davis, Portonovo, Reddy & 
Chiu, 1996), aminoamides (Taillades, Rossi, Garrel, 
Marull & Commeyras, 1996), thiadiazoles (Weinstock, 
Davis, Handelsman & Tull, 1967), imidazole deriva- 
tives (Matier, Owens & Comer, 1973) and oxazoles 
(Verschave, Vekemans & Hoornaert, 1984). In the 
course of the present investigations directed towards 
the preparation of a series of polyhalogenated deoxy- 
benzoins, the a-aminonitrile (II) was synthesized. 

0 CN I I  
M e O ~ H  1) Br 2, CHCI 3. 323 K M e O ~ N / M e  

MeO"J" t J ~  2) NaCN,Me2NH.HCI, r.t. MeO ~,~,~-,Br "Me 

(I) (II) 

Taking into account that only the crystal structure 
determinations of a couple of aliphatic a-aminonitriles 
of type (II) have been reported (Parfonry, Tinant, 
Declercq & Van Meerssche, 1986; Parfonry, Declercq, 
Tinant & Van Meerssche, 1988), the X-ray structure of 
the title brominated aromatic a-aminonitrile, (II), was 
determined in order to expand the structural knowledge 
of this synthon. 

Within experimental limits, the aromatic ring is es- 
sentially planar, with the methoxy groups at C6 and C7 
slightly displaced out of the ring plane [deviations of 
0.185 (5) and 0.115 (5) ,~ for C 10 and C9, respectively]. 
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