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Abdnct-The synthesis of 3,4diphenyl-3,4dichlorocyclobutanodicar~x-I, 24anilides (new chloroderiva 
tives of truxinic acid) is reported. Structure elucidation based on IR, MS, ‘H NMR, “C NMR, Raman, and X-ray 
analysis clear up structural ambiguities as well as revealing the compound to be @-stereoisomer. A radical 
combination of two molecules of benzoylacetanilide in the presence of POCI, is postulated. 

Since the isomeric diphenylcyclobutanodicarboxylic 
acids known as truxillic and truxinic acids, were isolated 
from the leaves of Erythroxylon coca,‘*’ many syntheses 
of their derivativeq3 as well as numerous structural 
investigations concerning their stereochemistry, have 
been carried out. Very little, however, is known’ about 
the synthesis of derivatives containing chlorine atoms in 
the cyclobutane ring. 

In the previous paper’ we ascertained that derivatives 
of benzoylacetanilide in the presence of the excess of 
POCI, yielded the compounds of that type. On the basis 
of IR, ‘H NMR, MS and UV spectra we established that 
two molecules of benzoyiacetanilide reacted with each 
other, having methylene and benzoyl carbonyl groups 
involved in the reaction. POCI, not only led to this 
thermal cyclization, but also caused the substitution of 
OH groups by chlorine atoms. There are two possible 
pathways of ring closure: “head to head” leading to the 
truxinic (A) acid derivatives, and “head to tail” providing 
truxillic (B) acid derivatives. 

The reaction led to a single isomer, out of six truxinic 

tData have been deposited with C.C.D.C. 

and five truxillic acid derivatives possible,6 according to 
TLC followed by ‘H and “C NMR measurements (Table 
I). 

Of the eleven possible isomers, only the seven with 
twofold symmetry were allowed by the latter, and IR and 
Raman spectra (Table 2) determined on the solid phase 
eliminated’ the truxillic derivative with a centre of 
symmetry. 

Mass spectra were unhelpful, and X-ray analysis was 
therefore needed. 

X-RAY ANALYSIS 

A crystal suitable for single crystal X-ray diffraction 
was obtained by slow evaporation of dimethylsulphoxide 
solution of compound 1. Attempts to crystalize the 
product from other solvents like chloroform led to crys- 
tals in form of whiskers. 

Crystal data for C30H24Cl2N202. C2HsOS 
F. W. = 985.599; orthorhombic, a = 9.259(2) A, b = 

24.911(3)A, c = 25.934(3) A, V = 5981 A’; dobl = I.25 g 
cm-‘, d,,, = 1.318 g cme3, Z = 8; F (000) = 2480; space 
group Pbca; p(MoKa) = 2.75 cm-‘. 

Data collection and reduction. The data were 

1 I?‘. R2= H 
2 R’*Cl. R2.H 

3 R’= H, R2=CI 

Fig. I. 
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Table I. “C and ‘H NMR data for compound 1 

No Intensity g[ppm] Phltiplicity Assignment 

'HNNR 1 10.02 8 28 NH 

; 
6.9:&70 m 20 Ii aromatic 

. 8 2 H alicyclic 

a 

Table 2. Raman and IR data for compound I 

Enman cm" IE cm-' [I Raman am" IE cm-' [ 1 

455 m 
475 m 
495 m 

;;z :” 
570 W 
600 w 
620 v 
650 v 
700 V8 
755 a 

840 w 
a60 w 

:5; YW 

E “L 

IE : 
104OW 
lo80 v 
1110 VW 
1160 w 
1180 w 

IGO w 

1255 m 

1375 m 

v, weaki VW, very weak; vvw, very very weak; m, medium8 

mw, medium weak; 8, strong; va, very strong. 

measured on CAD4 diffractometer using graphite 
monochromated MoKa radiation. 6356 reflections up to 
B = 22” were collected. There were 3487 independent 
reflections of which 385 with F <2 were suppressed 
during structure refinement. The data were corrected for 
Lore&, polarization, and absorption effects. 

Structure determination and refinement. The structure 
was solved by direct methods using programs SHELX 
76’ and all non-hydrogen atoms of the molecule and the 
solvent, crystallizing with the molecule in the ratio l:l, 
were localized from E-map. Hydrogen atoms of anilide 
groups were localized from difference Fourier map, 
others were placed in calculated positions and refined 
with isotropic thermal parameters. Full matrix least- 
squares anisotropic refinement converged at R = 0.059 
and R, = 0.030. Reflections 200 and 020 suffering from 

extinction were omitted in the last cycles of refinement. 
Final coordinates of non-hydrogen atoms and hydrogens 
of anilide groups, the anisotropic temperature factors, 
and the H atom positions together with thermal 
parameters are deposited with C.C.D.C. The final list of 
observed and calculated structure factors is deposited 
with the British Library, Lending Division. 

RESULTS AM) DISCUSSION 

The molecular structure of the studied compound is 
that of /3-truxinic acid derivative as shown in Fig. 2. 

Deviations from the least squares plane throush the 
cyclobutane ring atoms are given in Table 3. Both 
hydrogen atoms of the molecule form hydrogen bonds, 
one to the oxygen of solvent and another to the oxygen 
of neighbouring molecule; details in Table 4. 



Course of the reaction of two molecules of benzoylacetanilide 3505 

Fig. 2. Bond lengths (A); the estimated standard deviations in parentheses 

Table 3. Deviations from least squares plane (AY established by the first four atoms in the list 

CI (o.II), c2 (-am), C3 (O.lO), ~4 (-O.ll), C5 (l-46), 

NI (l.52), 01 (2.40), Cl1 (l-79), Cl1 (2.62), C21 (1.22), 

~31 (-0.84), @+I (-l-50), ~6 (0.671, N2 (O-48)) 02 (1.36)) 

Cl (1.13) 

“The equation of the plane: 7.23x - 14.73~ + 5.20~ = - 1.07 

Table 4. Hydrogen bond lengths 

oxygen In position 

Nl ..... ..o 3 0.5+x, 0.5-Y* 1-z 2.795 

N2 ..... ..o 2 0.5+x, 99 0.5-z 2.959 

There is no intramolecular hydrogen bond in the 
product; it would be expected to exist if there was 
respective intermolecular linkage by hydrogen bond 
between two molecules of substrate. 

CONCLUSIONS 

The reaction of two molecules of benzoylacetanilide in 
an excess of boiling POCll leads to 3.4diphenyl3,4 
dichlorocyclobutanodicarbox-1,2dianilide in the form of 
its B-stereoisomer. Its structure indicates a “head to 
head” course of this reaction and hence this proceeds by 
radical mechanism. That seems to be in accordance with 
the concept of the capto-dative substituent effects in 
syntheses with radicals.9 The molecule of the substrate 
that takes part in cycloaddition contains two sub 
stituents, at the same double-bonded carbon, that can 
both act as electron-donors or acceptors. 

EXPERIMENTAL 

“C NMR spectrum of 1 was recorded in DMSOd6 with TMS 
as internal standard on Varian 25.2 MHz spectrometer (Labora- 

tory for Organic Chemistry E.T.H., CH-8006, Zurich). Raman 
spectra for compounds 1-3 were recorded at 4880 A excitation in 
solid phase on Cary 82 apparatus (Regional Laboratory of Phy- 
sicochemical Analysis and Structural Research, Krak6w). 
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