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Abstract 

Bis(phenylazo)stilbene, (1), undergoes facile cyclo- 
addition reactions with acetylenic and olefinic di- 
polarophiles to give the corresponding cycloadducts. 
The cycloadducts of (1) with dibenzoylacetylene 
(DBA), trans-l ,2-dibenzoylethylene (trans-DBE) and 
acrylonitrile (AN) have been unambiguously identifed 
through X-ray crystallographic analysis as, formally, 
5,6-dibenzoyl-2,3a,4,6a-tetraphenyl-2,3a,4,6a-tetrahydro- 

1 , 2 , 3 , 4 - t e t r a a z a p e n t a l e n e  [C42H30N402 ,  (5)] ,  2,3a,4,6a- 
tetraphenyl-2,3a,4,5,6,6a-hexahydro- 1,2,3,4-tetraazapenta- 
lene-6-carbonitrile [C>H23Ns, (6a)] and 5,6-dibenzoyl- 
2,3 a,4,6a-tetraphenyl-2,3 a,4,5,6,6a-he xahydro- 1,2,3,4-tetra- 
azapentalene [C42H32N402, (6b)], in each of which there 
is a delocalized double bond over atoms N1, N2 and N3 
[ N I ' " N 2 " " N 3 : N I ' " N 2 / N 2 " " N 3  1.297 (2)/1.305 (2), 
1.308(2)/1.302(1) and 1.298(1)/1.298(1)A for (5), 
(6a) and (6b), respectively]. In (5), the C(O)C~,H5 sub- 
stituent on C6 is almost fully conjugated with the 
C 5 ~ 6  double bond [O2~32--C6-----C5 torsion angle 
166.4 (2)°]. Compounds (5), (6a) and (6b) are examples 
of a new class of heterocyclic compounds. 

Comment 
Several suggestions have been made concerning the 
structures of the oxidation products of bisphenyl- 
hydrazones and bisbenzoylhydrazones of 1,2-diketones. 
These include a dihydro-l,2,3,4-tetrazine structure (von 
Pechman, 1897) and a bisazoolefin structure (Stolle, 
1926; Grammaticakis, 1947) for the oxidation prod- 
ucts of 1,2-diketone bisphenylhydrazones, whereas enol 
derivatives have been suggested as the oxidation prod- 
ucts of bisbenzoylhydrazones of 1,2-diketones (Curtin 
& Alexandrou, 1963). A suggestion has also been made 
(Bauer et al., 1964) that certain ortho-bisazo compounds 
containing electron-withdrawing groups attached to one 
of the azo groups exist in the meso-ionic form. It 
has been reported (Angadiyavar et al., 1971; Suku- 
maran et al., 1972) that the oxidation products of 
bisphenylhydrazones of several 1,2-diketones undergo 
facile 1,3-dipolar cycloaddition reactions with acetyl- 
enic and olefinic dipolarophiles to give adducts such as 
(4), (3a) and (3b). 
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In view of the unusual structural features of these 
adducts, it was felt necessary to verify these structures 
through single-crystal X-ray analysis. 

Preliminary X-ray analysis of (1) confirmed the 
structure as the open form of the bis(phenylazo)alkene 
with trans geometry. However, we were unable to 
obtain crystals that could yield publication-quality data 
(Ramaiah et al., 1997). By contrast, the structures 
of the representative cycloadducts of (1) with DBA, 
trans-DBE and AN were found to be the unusual 
rearrangement products (5), (6a) and (6b), respectively, 
instead of the earlier proposed structures (4), (3a) and 
(3b). 

Compounds (5) and (6a) crystallize in the triclinic 
space group P1, while (6b) crystallizes in the monoclinic 
space group P21/n. All three compounds contain the in- 
teresting tetraazapentalene skeleton and are examples of 
a new class of heterocyclic compounds. The bicyclic 
tetraazapentalene framework has bridgehead atoms C3a 
and C6a substituted by phenyl groups. The 'butterfly 
angle' formed by the intersection of the two almost pla- 
nar five-membered tings is 67.71 (4) ° in (5), 64.58 (3) ° 
in (6a) and 76.11 (4) ° in (6b). 

Though the structures may be represented as hav- 
ing localized bonding N 1 - - N 2 ~ N 3 ,  the bond dis- 
tances indicate delocalization of the double bond. 
The N I"'N2 and N2""N3 distances are equivalent to 
each other within experimental error [NI"" N2/N2"'" N3 
1.297 (2)/!.305 (2), 1.308 (2)/1.302 (1) and 1.298 (1)/- 
1.298(1)A; NI'"N2""N3 123.8(1), 123.0(1) and 
123.2 (1) °, for (5), (6a) and (6b), respectively]. 

In (5), the C(O)C6H5 substituent on C6 is almost fully 
conjugated with the C5~-----C6 double bond [O2==C32-- 

C ~ C 5  166.4 (2) °, which is a measure of the degree of 
conjugation according to Jones et al. (1995)]. However, 
the C(O)C6H5 substituent on C5 is rotated away from 
the plane [O1==C25--C5==C6 112.1 (3)°], indicating 
14% c o n j u g a t i o n .  

The largest deviation from the tetrahedral angle at the 
bridgehead positions is observed at C3a in compound 
(6a) [N3- -C3a- -N4 109.1 (1), 113.8(1)and 109.6(1)°; 
N1- -C6a- -C6  110.3(1), 107 .6(1)and 106.8(1) °, in 
(5), (6a) and (6b), respectively]. 
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Fig. 2. View of a molecule of (6a) with 50% probability ellipsoids. 
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Fig. 1. View of a molecule of (5) with 50% probability ellipsoids. Fig. 3. View of a molecule of (6b) with 50% probability ellipsoids. 
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In  (6a) ,  the  N a t o m  o f  the  ca rbon i t r i l e  g r o u p  is 
i n v o l v e d  in a l o n g - r a n g e  i n t e r m o l e c u l a r  in t e rac t ion  wi th  
a H a t o m  a t t a ched  to C5  [ H 5 B . . . N 5  i 2 .610  ~, and  C 5 - -  
H 5 B . . . N 5  i 161.6";  s y m m e t r y  code :  (i) - x - 1 ,  l - y ,  

- z ] .  
In  (6b),  the  to r s ion  ang le  C 2 5 - - C 5 - - C 6 - - C 3 2  is 

1 4 1 . 8 ( 1 )  °, i nd i ca t i ng  a trans g e o m e t r y  for  the  two  
b e n z o y l  subs t i tuen ts .  T h e  H a t o m s  c o n n e c t e d  to C5 and  
C 6  w e r e  loca ted  and  re f ined  in o rde r  to c o n f i r m  the 

trans conf igu ra t i on .  It is t he re fo re  e v i d e n t  that  the  cyc lo -  
add i t i on  o f  (1) to t r a n s - D B E  p r o c e e d s  in a s t e reospec i f i c  
m a n n e r ,  l ead ing  to the  t rans-adduct  (6b).  

Al l  b o n d  ang le s  and  d i s t ances  are wi th in  the  a c c e p t e d  
ranges .  N o  u n u s u a l  i n t e r m o l e c u l a r  n o n - b o n d e d  con tac t s  

w e r e  o b s e r v e d  in the  crysta l  lat t ices.  

Compound (6a) 
Crystal data 

C29H23N5 
Mr = 441.52 
Triclinic 
PT 
a = 9.2081 (1) ~, 
b = 10.9620 (1) 
c = 13.2238 (l)  * 
ct = 67.053 (1)° 
3 = 84.532 (1)° 
"~ = 68.754 (1)° 
V = 1143.98 (2) ~3 
Z = 2  
D, = 1.282 Mg m -3 
D,,, not measured 

Mo Ka radiation 
A = 0.71073 ,~, 
Cell parameters from 7825 

reflections 
0 = 2.0-22.5 ° 

= 0.078 m m - i  
T = 298 (2) K 
Rectangular 
0.40 x 0.35 x 0.20 mm 
Light yellow 

Experimental 
Compounds  (5), (6a) and (6b) were prepared according to the 
procedures described by Sukumaran et al. (1972). Diffraction- 
quality crystals were mounted on glass fibres in random 
orientations. 

Compound (5) 
Crystal data 

C42H30N402  

Mr = 6 2 2 . 7 0  

Triclinic 
P T  

a = 10.6443 (1) .A, 
b = 10.9621 (1) ,~, 
c = 16.1129(2) ,~ 
a = 86.010 (1) ° 
/3 = 81.937 (1) ° 
3' = 61.998 (1) ° 
V = 1643.59 (3) ~3 
Z = 2  
D~ = 1.258 Mg m -3 
Dm not measured 

Mo Ko~ radiation 
A = 0.71073 ~, 
Cell parameters from 8192 

reflections 
0 = 2.0-23.7 ° 
# = 0.079 m m -  
T = 298 (2) K 
Prism 
0.45 x 0.33 x 0.25 mm 
Yellow 

Rim = 0 .031  

0max = 28  ° 

h = - 1 4 - - ,  14 
k = - 1 5  ~ 15 
l = - 2 1  ---, 22 

(A/cr)m,x = 0.001 
Apma× = 0 . 1 6 0  e ,~-3 
Z~prnin = - 0 . 2 0 6  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for  
Cr3'stallography (Vol. C) 

Data collection 

Siemens CCD diffractometer 
SCanS 

Absorption correction: none 
15 512 measured reflections 
7891 independent reflections 
5237 reflections with 

I > 2o(/)  

Refinement 

Refinement on F 2 
R[F 2 > 2cr(F2)] = 0.047 
wR(F 2) = 0.129 
S = 1.032 
7868 reflections 
433 parameters 
H atoms not refined 
w = 1/[cr2(Fo) + (0.0628P) 2 

+ 0.11P] 
where P = (Fo + 2F,?)/3 

Data collection 

Siemens CCD diffractometer 
scans 

Absorption correction: none 
13 224 measured reflections 
4909 independent reflections 
3396 reflections with 

I > 2o'(/) 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.045 
wR(F 2) = 0.130 
S = 1.015 
4907 reflections 
308 parameters 
H atoms not refined 
w =  l/[cr2(F,~) + (0.07P) 2] 

where P = (F,~ + 2F,2)/3 
(A/cr)m~x < 0.001 

Compound (6b) 
Crystal data 

C42H32N402 
Mr = 624.72 
Monoclinic 
P21/n  

a = 11.1257 (1) ,~, 
b = 15.4692 (2) ~, 
c = 18.7765 (1) 
/3 = 91.135 (1) ° 
V = 3230.91 (5) ~3 
Z = 4  
D, = 1.284 Mg m -3 
O,,, not measured 

Data collection 

Siemens CCD diffractometer 
,~ scans 
Absorption correction: none 
30 368 measured reflections 
7796 independent reflections 
6251 reflections with 

I > 2o(/)  

R,nt = 0.039 
0m,, = 26.99 ° 
h = - 1 2  ~ 12 
k =  - 1 5 - - ~  15 
/ =  -18----* 18 

Apm,, = 0.202 e ~ - 3  
Apmio = -0 .213  e ~ - 3  
Extinction correction: 

SHELXTL-Plus (Sheldrick, 
1995) 

Extinction coefficient: 
O.O28 (3) 

Scattering factors from 
International Tables for  
Cr3"stallography (Vol. C) 

Mo Kcr radiation 
A = 0.71073 ,~, 
Cell parameters from 8192 

reflections 
0 = 2.0-20.0 ° 
/~ = 0.080 m m -  
T = 223 (2) K 
Rectangular 
0.44 x 0.34 x 0.20 mm 
Yellow 

Rim = 0.035 
0m~ = 28 ° 
h = - 1 5  ----, 15 
k = -21  ---, 21 
1 = - 2 5  ---, 26 
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Refinement 

Refinement on F 2 
R[F ~- > 2o'(F2)] = 0.043 
wR(F 2) -- 0.106 
S = 1.019 
7782 reflections 
441 parameters 
H-atom treatment mixed (see 

below) 

w =  l/[o'2(F,~) + (0 .0451P) 2 
+ 1.0P] 

where P = (F,~ + 2F,2)/3 
( / ~ / O ' ) m a x  -" 0.001 
Apm~ = 0.248 e ,~-3 
Ap~,~ = -0.230 e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 
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Preliminary examination and data collection were performed 
using a Siemens CCD automated single-crystal X-ray diffrac- 
tometer, using graphite-monochromated Mo Ka radiation. In- 
tensity data were collected using w scans and a double-pass 
method was used to avoid spurious peaks. The first 50 frames 
of data were recollected at the end of the data collection to 
monitor crystal decay. No absorption corrections were applied 
to the data. Non-H atoms were refined anisotropically to con- 
vergence. Only the H atoms connected to C5 and C6 in the 
case of (6b) were refined freely. Other H atoms were treated 
as riding [Ui~,,(H) = 1.2Ucq(C) and C--H = 0.95 ,~.]. 

For all compounds, data collection: SMART (Siemens, 
1995); cell refinement: SAINT (Siemens, 1995); data reduc- 
tion: SAINT; program(s) used to solve structures: SHELXTL- 
Plus (Sheldrick, 1995); program(s) used to refine structures: 
SHELXTL-PIus; molecular graphics: SHELXTL-PIus; software 
used to prepare material for publication: SHELXTL-Plus. 
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Abstract 

The title compound, C15HI7F3N202, is a C-protected 
N-substituted ~-enamino acid derivative. Bond lengths 
suggest 7r conjugation between the oxazoline (4,5- 
dihydro-l,3-oxazole) ring and the enamine double- 
bond moiety. Intramolecular hydrogen bonding is found 
between the N atom attached to the aromatic ring and 
the heterocyclic N atom. Because of steric hindrance 
between the aromatic ring and the trifluoromethyl group, 
the plane of the former adopts an almost perpendicular 
position with respect to the oxazoline ring plane. 
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Comment 

Acyclic 13-enamino acid derivatives (Bartoli et al., 
1995) have been used frequently as intermediates in 
the synthesis of natural products and other synthetic 
compounds possessing biological activity. They are 
regarded as important building blocks in the synthesis 
of alkaloids (Cook et al., 1994), 13-amino acids and 
3-1actams (Bartoli et al., 1994), among others, and 
they have also been applied with success in asymmetric 
syntheses (Potin et al., 1990; Ando et at., 1994). 
Furthermore, if such compounds contain F atoms, they 
are even more attractive for use in the fields of medicinal 
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