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Abstract. M r=456 .7 ,  monoclinic, P2~/a, a =  
13.961(8), b - -  11.189 (6), c =  16.208 (9)A, f l =  
107.94 (4) °, V =  2408.7 ,~3, Z = 4, D x = 1.26 gcm -3, 
Mo Ka, 2 = 0.71079 ./t, /t = 0.8 cm -x, F(000) -- 
495.94, approximately 303K, R = 0 . 0 6 3 5 ,  1901 
unique observed reflections. The central 1,5-dioxocin 
ring adopts a tub shape to minimize non-bonded inter- 
actions between the two very bulky adamantane moieties. 
This conformation leads to bridgehead carbons that are 
shift inequivalent in the proton-decoupled ~3C NMR 
spectrum and explains the presence of the nine aliphatic 
NMR resonances observed for this molecule. 

Introduction. A sample of (1) was prepared by the 
thermolysis of (2) (Talley & Evans, 1984) in the melt at 
443 K. As (2) melted, 437 K, it acquired an orange 
color; continued heating resulted in the evolution of 
water vapor and the resolidification of (1) as a white 
solid with m.p. 500-501 K. 

(2) 

(1) 

The solution 13C NMR of (1) contained four 
resonances in the aromatic region and nine resonances 
in the aliphatic region. Since the ~3C NMR of (2) 
showed only seven aliphatic resonances in addition to 
four aromatic signals, the formation of an unusual 
structure or conformation was suspected. The field 
desorption mass spectrum of (1) confirmed that a dimer 
with a molecular formula of C32H360 2 had been 
formed. 

In order to establish unequivocally the structure of 
the dimer, we performed a single-crystal X-ray analysis 
of (1). 

Experimental. Rectangular thin plates obtained by 
crystallization from acetone. Data collected on Nicolet 
P3/F automated diffractometer, monochromated 
Mo Ka radiation, crystal dimensions 0.2 x 0.3 x 
0.05 mm. Lattice parameters from 12 reflections with 5 
to 14 ° 28. h = 0 to 15, k = 0 to 12, l = - 1 6  to 16, max. 
sin 0/2 = 0.54 A -~. Two standard reflections, 003 and 
112, monitored with s.d. in intensity of 1% in both 
cases. 3524 reflections collected; 1901 unique observed 
with F > 3a(F). Structure solved by direct methods 
using S H E L X T L  (Sheldrick, 1981). Refinement based 
on F. Hydrogen positions located by difference Fourier 
synthesis. In final stages of refinement, C--H bond 
lengths and H--C--H angles fixed at 0 . 9 6 A  and 
109.5 °. Fixed isotropic temperature factor of 0.06 A 2 
for all H atoms. All non-hydrogen atoms anisotropic. 
307 parameters refined, final R w = 0.0488, R = 0.0635. 
w - l =  aE(F) + (0.00026)FL In final difference Fourier 
map, max. and min. 0.24 and - 0 . 2 5  e A -3. Max. 

0108-2701/85/010140-03501.50 © 1985 International Union of Crystallography 
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Table 1. Atom coordinates (×104) and temperature 
factors (A 2 x 103) 

x y z Ueq* 
O(1) -429 (2) 6129 (2) 2193 (2) 38 (l) 
0(2) 1560 (2) 6319 (2) 3261 (2) 38 (1) 
C(I) -139 (3) 7081 (3) 1782 (2) 34 (2) 
C(2) 649 (3) 7827 (3) 2251 (2) 35 (2) 
C(3) 934 (3) 8733 (4) 1782 (3) 49 (2) 
C(4) 441 (4) 8915 (4) 908 (3) 60 (2) 
C(5) -365 (4) 8212 (4) 482 (3) 54 (2) 
C(6) -655 (3) 7290 (4) 914 (3) 45 (2) 
C(7) I011 (3) 5150 (3) 1954 (2) 35 (2) 
C(8) 1756 (3) 5846 (3) 2536 (2) 36 (2) 
C(9) 2667 (3) 6065 (4) 2411 (3) 47 (2) 
C(10) 2863 (3) 5640 (4) 1682 (3) 51 (2) 
C(I 1) 2138 (3) 5009 (4) 1077 (3) 49 (2) 
C(12) 1224 (3) 4773 (4) 1207 (3) 44 (2) 
C(13) 8 (3) 4938 (3) 2116 (2) 37 (2) 
C(14) 92 (3) 4314 (4) 2987 (3) 44 (2) 
C(15) 399 (4) 3001 (4) 2946 (3) 60 (2) 
C(16) -408 (4) 2333 (4) 2245 (3) 69 (2) 
C(17) -1421 (4) 2401 (4) 2421 (3) 81 (3) 
C(18) -1718 (4) 3710 (4) 2432 (3) 63 (2) 
C(19) -929  (3) 4361 (4) 3150 (3) 55 (2) 
C(20) -775 (3) 4241 (4) 1393 (3) 45 (2) 
C(21) -491 (3) 2910 (4) 1377 (3) 60 (2) 
C(22) -1803 (3) 4283 (4) 1554 (3) 57 (2) 
C(23) 1208 (3) 7576 (3) 3205 (2) 34 (2) 
C(24) 517 (3) 7631 (3) 3787 (2) 38 (2) 
C(25) 217 (3) 8927 (3) 3889 (3) 45 (2) 
C(26) 1140 (3) 9670 (4) 4344 (3) 47 (2) 
C(27) 1702 (3) 9156 (4) 5237 (3) 58 (2) 
C(28) 2023 (3) 7871 (4) 5116 (3) 53 (2) 
C(29) 1078 (3) 7129 (4) 4690 (3) 51 (2) 
C(30) 2131 (3) 8371 (3) 3632 (3) 41 (2) 
C(3 l) 2694 (3) 7864 (4) 4530 (3) 52 (2) 
C(32) 1823 (3) 9668 (4) 3767 (3) 48 (2) 

* Equivalent isotropic U defined as one third of the trace of the 
orthogonalized U u tensor. 

A / a =  0.0. Scattering factors and f ' ,  f "  supplied by 
computer programs. 

Discussion. Final atomic coordinates for all non- 
hydrogen atoms are presented in Table 1, with derived 
bond lengths and angles presented in Table 2. A 
thermal-ellipsoid (50%) drawing containing the number- 
ing scheme employed is shown in Fig. 1.* 

The presence of  nine aliphatic resonances in the 
proton-decoupled 13C N M R  spectrum of (1) is 
consistent with the structural data. The central 1,5- 
dioxocin ring adopts a tub shape to minimize non- 
bonded interactions between the two very bulky 
adamantane moieties. While the two bridgehead car- 
bons adjacent to the alcohol moiety in (2) are shift 
equivalent, the bridgehead carbons adjacent to the 
oxygen in (1) are in different environments. One of  the 
bridgehead carbons is below the tub and one is above it. 
The chemical shift of each carbon within one adaman- 
tane is unique, and has an identical partner in the 
second adamantane ring. 

The typical dehydration product of  an o-hydroxy- 
benzyl alcohol derivative bearing a fl hydrogen 

* Lists of structure factors, anisotropic thermal parameters and 
H-atom parameters have been deposited with the British Library 
Lending Division as Supplementary Publication No. SUP 39761 
(15 pp.). Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 

Table 2. Bond 

O(I)-C(1) 1.380 
0(2)-C(8) 1.389 
C(1)-C(2) 1.404 
C(2)-C(3) 1.396 
C(3)-C(4) 1.386 
C(5)-C(6) 1.375 
C(7)-C(12) 1.398 
C(8)-C(9) 1.371 
C(10)-C(I  1) 1.369 
C(13)-C(14) 1.546 
C(14)-C(15) 1.538 
C(15)--C(16) 1.526 
C(16)-C(21) 1.520 
C(18)-C(19) 1.519 (6) 
C(20)-C(21) 1.543 (6) 
C(23)-C(24) 1.543 (6) 
C(24)-C(25) 1.532 (5) 
C(25)-C(26) 1.520 (5) 
C(26)-C(32) 1.528 (7) 
C(28)-C(29) 1.532 (6) 
C(30)-C(31) 1.534 (5) 

(A) and angles (o) lengths 

(5) o(1)-c(13) 
(5) 0(2)-C(23) 
(5) C(1)-C(6) 
(6) C(2)-C(23) 
(6) C(4)-C(5) 
(7) c(7)-c(8) 
(6) C(7)-C(13) 
(6) C(9)-C(10) 
(5) C(I I)-C(12) 
(6) C(13)-C(20) 
(6) C(14)-C(19) 
(6) C(16)-C(17) 
(7) c(17)-c(18) 

C(l 8)-c(22) 
C(20)-C(22) 
C(23)-C(30) 
C(24)-C(29) 
C(26)-C(27) 
C(27)-C(28) 
C(28)-C(31) 
C(30)-C(32) 

C(8)-O(2)-C(23)  
O(1)-C(1)-C(6)  
C( I ) -C(2 ) -C(3 )  
C(3)-C(2)-C(23)  
C(3)-C(4)-C(5)  
C( I ) -C(6 ) -C(5 )  
C(8)-C(7)-C(13)  
O(2)-C(8)-C(7)  
C(7)-C(8)-C(9)  
C(9)-C(I0)--C(11) 
C(7)-C(12)-C(1 ]) 
0(1)-C(13)-C(14) 
O ( I ) - C ( I  3)-C(20) 
C(14)-C(13)-C(20) 
C(13)-C(14)-C(19) 
C(14)-C(15)-C(16) 
C(15)-C(16)-C(21) 
C(16)-C(17)-C(18) 
C(17)-C(18)-C(22) 
C(14)-C(19)-C(18) 
C(13)-C(20)-C(22) 
C(16)-C(21)-C(20) 
0 (2 ) -C(23) -C(2)  
C(2)-C(23)-C(24)  
C(2)-C(23)-C(30)  
C(23)-C(24)-C(25) 
C(25)-C(24)-C(29) 
C(25)-C(26)-C(27) 
C(27)-C(26)-C(32) 
C(27)-C(28)-C(29) 
C(29)-C(28)-C(3 I) 
C(23)-C(30)-C(3 I) 
C(3 I ) -C(30)-C(32)  
C(26)-C(32)-C(30) 

1.487 (5) 
1.484 (4) 
1.389 (5) 
1.529 (5) 
1.372 (6) 
1-405 (5) 
1.520 (6) 
1.378 (7) 
1.381 (6) 

• 546 (5) 
• 529 (7) 
• 529 (8) 
• 523 (6) 
• 533 (7) 
• 536 (6) 
• 544 (5) 
• 538 (5) 
• 530 (5) 
• 535 (6) 
• 526 (7) 
• 549 (6) 

C(1)-O(1)-C(13)  117.5(3) 117.2(3) 
O(1)-C(1)-C(2)  119.7 (3) 118.8 (3) 
C(2)-C(1)-C(6)  121.5 (4) 116.5 (3) 
C(1)-C(2)-C(23) 120.5 (3) 122.8 (3) 
C(2)-C(3)-C(4) 121.8 (4) 120.2 (5) 
C(4)-C(5)-C(6) 119.9 (4) 120.0 (4) 
C(8)-C(7)-C(12)  116.0 (4) 120.1 (4) 
C(12)-C(7)-C(13)  123.7 (3) 118.7 (4) 
O(2)-C(8)-C(9)  119.4 (3) 121.9 (4) 
C(8) -C(9) -C(I0)  120-3 (3) 119.6 (4) 
C(10)-C(I  1)-C(12) 120.2 (4) 121.9 (3) 
O(1)-C(13)-C(7)  107.3 (3) 104-2 (3) 
C(7)-C(13)-C(14)  114.4 (3) 107.7 (3) 
C(7)-C(13)-C(20)  114.9 (3) 107.6 (3) 
C(13)-C(14)-C(15) 109-6 (4) 109.2 (3) 
C(15)-C(14)-C(19) 109.1 (4) 110.4 (3) 
C(15)-C(16)-C(17) 110.4 (4) 108.0 (4) 
C(17)-C(16)-C(21) 109.9 (4) 108.7 (4) 
C(17)-C(18)-C(19) 109.5 (3) 109.5 (4) 
C(19)-C(18)-C(22) 110.0 (4) 110.2 (4) 
C(13)-C(20)-C(21) 112.0 (3) 109-6 (4) 
C(2 I ) -C(20)-C(22)  106.9 (4) 110.0 (4) 
C(18)-C(22)-C(20) 109.6 (3) 107.0 (3) 
O(2)-C(23)-C(24)  105.0 (3) 113.0 (3) 
O(2)-C(23)-C(30)  107.7 (3) 116.3 (3) 
C(24)-C(23)-C(30) 107.2 (3) 110.3 (3) 
C(23)-C(24)-C(29) 109.7 (3) 108.6 (3) 
C(24)-C(25)-C(26) 110.5 (3) 111.3 (3) 
C(25)-C(26)-C(32) I07.3 (3) 110. I (3) 
C(26)-C(27)-C(28) 108.4 (3) 108.7 (3) 
C(27)-C(28)-C(31) 110.1 (4) 109.0(3) 
C(24)-C(29)-C(28) 110.2 (3) 109.0 (3) 
C(23)-C(30)-C(32) 111.9 (3) 107.2 (3) 
C(28)-C(31)-C(30) 110.8 (3) 109.9 (3) 

C17 C19 C29 
;18 ~ 7  

C16~C15  ~ C 1 4  C 24 (~IV),,-,,=-~J~ ~,,,__ / ~  

C21( ~ ~ ~ 01 02 

Cll C10 

Fig. 1. Thermal-ellipsoid (50%) drawing containing the numbering 
scheme employed. Hydrogens have been omitted for clarity. 



142 C32H360 2 

is the corresponding o-hydroxystyrene. Since the 
product of this type of dehydration would have been a 
very strained bridgehead olefin, the unusual dehydra- 
tion product (1) was formed. 
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Structure of 3-(o-Hydroxyphenyl)- l-phenyltriazene 1-Oxide, C12HllN302 
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Abstract. M r=229.0, monoclinic, P2Jn, a= 
6.569(2), b=11 .870(4 ) ,  c = 1 3 . 8 8 9 ( 4 ) A ,  f l=  
94.95 (2) ° , V=1078 .9  (6) A a, Z = 4 ,  D m=1 .38  
(flotation in aq. KI), Dx=  1.41 Mg m -3, MoKct, ~, 
= 0.71073 A, /~-- 1.06 mm -~, F(000) = 480, room 
temperature, final R =0 .040  for 1449 independent 
reflections. The structure establishes the N-oxide form 
of triazene and reveals both intramolecular N - H . . .  
O = 2.476 (2) A and intermolecular O - H . . . O  = 
2.738 (3)A hydrogen bonds. The molecules are nearly 
planar, with the phenyl ring on N(1) further out of the 
plane than that on N(3). The C - N  bond lengths are not 
equal. 

Introduction. The hydroxyphenyl or alkylphenyl tri- 
azenes, used as potential analytical reagents (Purohit, 
1967; Chakraborti & Majumdar, 1977) and complex- 
ing agents (Datta & Sharma, 1983), have been shown 
from IR spectra to exist predominantly in the tauto- 
meric N-oxide form (Mitsuhashi, Osamura & 
Simamura, 1965; Chakraborty, Behera & Zacharias, 
1968) with the consequent presence of a ~ N H  
group. But the NH stretch appears displaced to 
comparatively much lower energies, one at 3240- 
3280 cm -1 and another at 3200 cm -1, the displace- 
ments being caused in the former by intra- and the latter 
by intermolecular hydrogen bonds. The latter band is 
found to be absent when CH3, C1 and O C H  3 groups are 
present in ortho positions of the phenyl ring, possibly 
because steric hindrance prevents formation of inter- 
molecular hydrogen bonds (Behera & Zacharias, 
1971). In order to confirm the N-oxide form and the 
nature of the hydrogen bonding, it was considered 
worthwhile to investigate the structure of such triazenes 
having ortho substitutions. In our first communication 
(Sarkar, Khalil, Saha & Talapatra, 1983) we reported 
the structure of 3-(o-carboxyphenyl)-l-phenyltriazene 
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1-oxide in which the N-oxide structure and both types 
of hydrogen bonds were found. The present study 
reports the structure of 3-(o-hydroxyphenyl)-l-phenyl- 
triazene 1-oxide, which was prepared by coupling 
diazotized o-aminophenol with phenylhydroxylamine. 

Experimental. Deep-brown crystal (from ethanol), 
0.35 × 0.22 × 0.20 mm; Enraf-Nonius CAD-4 
computer-controlled four-circle diffractometer, gra- 
phite-monochromatized Mo Ka radiation; h = 0-_+7, 
k -- 0-13,  l - -  0 -16;  least-squares cell parameters 
from 25 carefully selected reflections from all octants in 
reciprocal space. Scattering factors for non-hydrogen 
atoms from International Tables for X-ray Crystal- 
lography (1962), for H atoms from Stewart, Davidson 
& Simpson (1965). 1997 _+hkl with 20<  50 °, 1449 
independent, 548 with I < 2tr(/) of which 178 have zero 
intensity, Lp correction, absorption ignored, Rl,t = 
0.078. Structure solved by direct methods 
(MUL TAN78; Main, Hull, Lessinger, Germain, 
Declercq & Woolfson, 1978) and Fourier technique. 
Non-hydrogen atoms anisotropic full matrix, H atoms 
[both H(5) and H(6) from AF synthesis, others, 
associated with benzene ring, calculated from trigonal 
geometry around C atoms] isotropic. Max. and min. 
heights in final difference Fourier map _+0.2eA -3, 
max. d/a 0.485, av. A/a 0.065, final R = 0.040 for 198 
parameters, R w= 0.062. Block-diagonal approxi- 
mation, ~w(AF) 2 minimized, w = 1/a2(F) with tr(F) 
=Ri/IFol (Seal & Roy, 1981). Standard deviation of 
observation with unit weight = 0.290. Burroughs 6700 
computer (Regional Computer Centre, Calcutta), 
modified versions of MAMIE and BLOCK from the 
XRAY ARC program system (Vickery, Bright & 
Mallinson, 1973).:I: 

~. Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 39754 (12 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey Square, Chester CH l 2HU, England. 
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