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Abstract - The cycloaddition of diphenylnitrilimine to a series 

of coumarins occurs with the same regioselectivity in all cases, 

regardless the nature of the substituent present, to yield the 

corresponding 3a,9b-dihydro-4-oxo-lH-benzopyrano[4,3-c]pyrazoles 

Aa-f. Dehydrogenation of 4a yields 4-oxo-lH-benzopyranoL4,3-c]- 

pyrazole 2. In ethanolic sodium ethoxide eolution, the reaction 

between coumarin and diphenylnitrilimine precursor, namely 

N-phenylbensohydrasidoyl chloride 1, affords no cycloadducts, 

out yields o-(8-ethoxycarbonylvi.nyl)phenyl W-phenyibenzohydra- 

sidate 10. The regiochemistry of the cycloadducts Aa-f and the - 
reaction sequence leading to 10 are outlined. The structures of - 
the products have been established by spectroscopic methods and 

independent syntheses wherever possible. 

INTRODUCTION 

Previous syntheses of the 4-oxo-lH-benzopyrano[4,3-clpyrazole fused ring system have 

employed the cyclisation of the hydrazone derivatives of 3-acyl-4-hydroxycoumarins. 4-6 

The other reported method involving the condensation of hydrasines with 3-acyl-4- 

chlorocoumarins 7 was recently shown to be an implausible one. 6 Furthermore, although 

diazoalkanes usually add to alkenes to give the corresponding pyrasoline derivatives, 

their reactions with coumarins were reported to give 4-alkylcoumarins. 8-12 

In the present study the title compounds have been synthesized by the 1,3-dipo- 

lar addition of diphenylnitrilimine to coumarin and some of its substituted deriva- 

tives with the two fold objective of preparing compounds with biological activity 

and of studying the regiochemistry of the process. The coumarin system was considered 

an attractive platform for this study because : (a) coumarin derivatives are well 

known for their biological properties, (b) being structurally related to styrene 

derivatives, the use of coumarins in 1,3-dipolar cycloadditions will shed some light 

on the effect of the presence of electron-donating and electron-withdrawing groups 

in direct conjugation with the dipolarophilic double bond on the regioselectivity 

in these reactions. 
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RESULTS and DISCUSSION 

The cycloaddition of coumarin Aa to diphenylnitrilimine 2, prepared in situ from 

N-phenylbenzohydrazidoyl chloride 1 in benzene in the presence of triethylamine, 

was carried out at 80°C for 2 h. The sole product obtained was found to be the 

cycloadduct ia (Scheme 1) The other regioisomer ?a was not identified in the reactior 

mixture as evidenced by TLC analysis. The product 4a can be dehydrogenated to pyra- 

zole derivative 5 by treatment with chloranil in refluxing xylene (Scheme 1). Proof 

of the structures of ?a and 2 was obtained from their elemental analyses, spectral 

data (pmr and ir) (see Experimental), and their independent syntheses. On the basis 

of the coupling constant between 3a and 9b protons in $a (J - 12 Hz), the latter 

cycloadduct was assigned the cis-configuration. 13,14 

The regiochemistry of the cycloadduct ia was established by its identity with 

an authentic sample prepared by refluxing 3-benzoylcoumarin phenylhydrazone 1 in 

acetic acid for 6 h (Scheme 1). To confirm it further, the dehydrogenation product 

2 was independently prepared as follows. 3-Benzoyl-4-hydroxycoumarin 1 15 was conve- 

rted to its phenylhydrazone derivative !j, followed by cyclization in ethanolic 

hydrogen chloride (Scheme 1). 
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When the reaction of coumarin ?a with N-phenylbenzohydrazidoyl chloride 1 was 

carried out in ethanol in the presence of sodium ethoxide, the cycloadduct 4a was 

not obtained, the acyclic hydrazidate ester 10 was formed instead. The structure Of - 
the latter product follows its physical and spectral data (see Experimental). The 

sequence leading to N from ?a and 1 under these conditions is outlined in scheme 2 



This sequence together with the structure of 10 were established by the alternate - .r 
synthesis of the latter product from ethyl o-hydroxycinnamate" and J_ in ethanol 

in the presence of sodium ethoxide (Scheme 2). In the Light of this finding, the 

fractious of other courses Jb-f with the ~ydrazid~y~ chloride _1 were studied in 

benzene in the presence of ~~iet~~~am~ne+ 

Thus, under such conditions, 6-methyl- and 7-methoxy-coumarins, Jb and zc react 

readily with I and afford the cycloadduets ib and $I respectively (Scheme 3). In 

these casesJ the dihydrutetrazine derivative 11 was identified in the reaction mix- - 
ture as a by product. The latter is ~~d~ub~~dly resulted from the dimerization of 

diphenylnitrilimine involved as an intermediate in these reactions. 

Next, the reactions of 3-acetyl-, 3-benzoyl-, and +ethoxycarbonyl-coumarins 

zd-f with 1 were examined in an attempt to investigate the effect of the presence of 

an electron withdrawing group at C3 in coumarin on the regioselectivity in cyclo- 

additions. "rhus, treatment of sd with _l_ in reffiuxing benzene in the presence of 

triethylamine afforded the cycloadduct id in 32% yield together with the dihydro- 

tetrazine derivative 11 (60%) (Scheme 3). Similarly, - compounds _Ije and 3f react with 

J_ under similar conditions and yield the corresponding cycloadducts $e and qf but 

in lower yields (23% and 28%) respectively. The assigned structures ad-f were suppa- 

rted by analytical and spectral data fpmr and ir) (see ~x~erim~~t~l~ * The rqio- 
chemistry of these cyclu~dd~~ts was established by co~~~ris~n of the chemical shifts 

of their 9b protons with those of 4-CH and 5-CH of the related pyrazoline derivatives 

obtained from diphenylnitrilimine and ethyl cinnamate and a,B-unsaturated ketones 17 

(Table 1). As shown in this table the similarity between the chemical shifts of the 

9b-proton in ad-f and the 5-43 in 4-eth~~y~~r~ny~- and 4-a~ety~-substituted deriva- 

tives of 1,3*~-tri~beny~pyr~~o~~~es 13 and 15 respectively, F - substantiates the assig- 

ned regiochemistry of the cycloadducts Q&-f. 

The regioselectivity observed in the studied reactions of coumarins ?a-f with 

diphenylnitrilimine can be rationalized in terms of the frontier molecular orbital 

(FMO) theoryl* as follows. The FM0 enertiies 18 and coefficients 19 of diphenylnitril- 

imine are given in literature, The coefficients and energies of E'MOs of ~o~ar~~ 3a 

and its 3-substituted derivatives zd-f are calculated in this work by the HuckeJ. 

molecular urbital (HMO) method. 20 The results are summarized in Table 2. Taking the 

values of the Coulomb integral a = - 10.5 eV and the resonance integral 8 = -3.8 eV, 

the values of the energies of the highest occupied and the lowest unoccupied molecula 
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Table 2. Orbital coefficients and energies of FMOs of 

coumarins. 

HOMO LUMO 

X 
a3 a4 

r: a3 a4 
E 

H 0.51 0.24 a + 9.7286 0.31 -0.53 a - 0.4016 

COCH3 0.45 0.16 a l 0.7766 0.21 -0.59 a - 0.2576 

COC6H5 0.46 0.17 a l 0.7686 0.16 -0.54 a - 0.2276 

COOC2H5 0.46 0.16 a + (r.7736 0.24 -0.60 a - 0.2916 
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Scheme 4. Interaction scheme of Diphenylnitrilimine (DPNI) with 

coumarin and some of its 3-substituted derivatives. The 

FM0 energies and coefficients of DPNI are given in 

literature18#lg and those of coumarins were estimated by 

HMO method. 
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orbital6 of 

scheme, the 
, 

the coumarins studied will be as shown in Scheme 4. As shown in this 

energy difference (EizNI - Etzumarin) HO 
is less than ~Ecoumarin - B;;NIl, 

and accordingly the reactions are controlled by HOMO(DPN1) - LUMO(coumarin) intar- 

action. Furthermore, the data in scheme 4 indicate that the largest and the 6malleet 

orbital coefficients in diphenylnitrilimine HOMO are on the terminal anionic nitrogen 

and the cationic carbon atoms, respectively. The LDMO of coumarin (or it6 3-substi- 

tuted derivative) has the largest and the smallest orbital coefficient6 at C4 and 

C3 respectively. Thus, according to the greatest energy gain principle, the cyclo- 

addition will proceed in such a manner that union occurs between C4 of coumarins 

(?a-f) and the terminal nitrogen atom of diphenylnitrilimine, and between C3 of 

coumarine and the cationic carbon terminal of diphenylnitrilimine, leading thus to 

the observed regiochemical results. 

It should be noted that the cycloadducts prepared may adopt either conformation 

16 in which the group R' is pseudoequatorial, - or conformation 17 in which the aryl - 
group i6 pseudoequatorial. For the cycloadducts ia-f, conformation 16 (where R - - 
acyl or ester group, and R' = H) will be less favourable because it Contain5 the 

equivalent of a 1,3-diaxial interaction between the pseudo-axial acyl (or ester) 

group and N-phenyl group. 

EXPERIMENTAL 

Melting points (BOCkmonOScop unit) are uncorrected. IR spectra (XBr) were obtained 
on Zeiss Infrarot-spectrophotometer model IMT16, PMR spectra (CDCl ) were recorded 
on a Varian EM-390-90 MHz spectrometer. Chemical shifts 6 are give 2 in ppm down- 
field from internal standard tetramethylsilane. Microanalyaes were performed on 
Perkin Elmer elemental analyzer, model 240-B. Fluka AG silicagel G with 13% gypsum 
was used for TLC analysis. 

21 22 

j25 
The hydrazidoyl chloride 1 and substituted coumarins 3c , ld23, 3e24 and 

were prepared by standard methods. 
there purchased from BDH. 

Coumarin 2a and its 6zmethyl derivative b 

1,3-Diphenyl-3a,9b-dihydro-4-oxo-lH-benzopyrano[4,3-c]pyrazOleS ia-f. General 
Procedure - To a solution of coumarin or its derivative (5 mmol) and N-phenylbenzo- 
hydrazidoyl chloride 1 (1.15 g, 5 mmol) in benzene (50 ml) was added triethylamine 
(0.7 ml) and the mixtiire was refluxed for 2-3 h and then cooled. The reaction mixture 
was filtered to remove the precipitated triethylamine hydrochloride. The solvent was 
then evaporated to give the crude product. In some cases, chromatographic separa- 
tion on silicagel preceeded crystallization of the product. In this way the follo- 
wing compound6 were prepared. 

Compound ia htf mp. 175-176OC (ethanol), 65%, IR (XBr1 ; 1735 (C-O), 1230 
(lactone C-O-C) cm ; PMR (CDCl ) 6 4.5 (d, lH, J - 12 Hz), 4.7 (d, 1H. J = 12 Hz), 
7.0-8.0 (m, 14H) ppm. Anal. Cal2d. for C22H16N202: C, 77.6 ; H. 4.7 : N, 8.2 . 
Found : C, 77.6.; H. 4.7 ; N, 8.4 %. 

Compound 4b had mp. 174-175OC (ethanol), 35%; IR (XBr) ; 1760 (CO), 1220 
(lactone C-O-CT cm-l; PMR (CDCl,) 15 2.2 (s,3H), 4.45 Id, lH, J = 12 Hz), 4.75 (d, 
lH, J = 12 Hz), 6.8-8.0 (m, 13H) ppm. Anal. Calcd. for C23H1aN2G2: C, 77.9 i H, 
5.1 ; N, 7.9 . Found : C, 77.5; H, 5.0; N, 7.8 %. 

Compound 4c had mp. 181-182°C (ethanol); 40%; IR (XBr) v 1745 (CD), 1630 
(C=N) , 1280 (C=O-Cl, 1230 (Ar-0-C) cm-l; PMR (CDC13) 6 3.8 (6, 3H), 4.45 (d, lH, 
J = 10 Hz), 4.8 (a, lH, J = 10 HZ), 6.5-8.0 (m, 13H) ppm. Anal. Cal&. for 
C23H18N2G3 : C, 74.5: H, 4.9 ; N, 7.6 . Found : C, 74.4 ; H, 4.8 ; N, 7.7 8 

Compound 4d had mp. 182-183od (ethanol), 32%, IR (XBr) ; 1770, 1710 (CO), 1818 
(C=Nl, 1150 (lictone C-O-C) cm-l; PMR (CDC13) 6 2.3 (6, 3H), 5.23 (5, lH), 8.9-7.9 
(m, 14H) ppm. Anal. Calcd. for C24H18N203: C, 75.3 ; H, 4.7 ; N, 7.3 . Found : 
C, 75.2 : H, 4.6 ; N, 7.3 %. 



23%; IR IRBr) G 1775, 1670 K!=D), 
, 6.9-8.3 tm, 19H) ppm, Anal. Calcd. 

for C2gH2ON203 : C, 78.4 ; II, 4.5 t N, 6.3 . Found : C, 78.4 ; H, 4.5 : N, 6.3 %, 

4-135oc {et~~~ul), 23%; XR (Ker) G 1750, 1730 [C-O), 
7 Hz), 4.28 44# ZH, J - 

7 Hz), 5-38 (er, lNf, . fUE” ~25~2~N2~4 : C, 72,8 f 

6, Method A - A Hfxture 
of 4a (O-18 g, Tn dry xylens C30 ml1 was 
raf"ruxed for 12 h during which all 4a disappeared as evidenced by TLC analysis 
using silicagel as adsorbent and benzene : ethyl acetate mixture (9.5 : 0.2, v/v) 
respectively as eluent, Th reaction mixtu was ex~~a~t~~ with scrdium hydroxide 

(!!%I and the orga ic layer was co cted, dried over ~~~y~~~u~ sodflrm 
and then ~~lter~~ Xylene was eva ated and the oil residue solidified 

crude solid was collected d 
mixture -to iv@ 6 in 6~% yield, mp. 

crysta~l~~~d from @shalom-chlorof~~ 
2~2-233~C, IR fKBr) w 1730 (CO), 1615 [~~~~ * 

1215 Ic-O-Cl ixr~; PMR ~~~~~3~ d 6.9-8,s Im, ArHt p 
C, 78.1 : H, 4.1 8 N, 8.3 . Found : C, 78.2 ; H, 4. 

a Anal, Calcd, for C22Hy4N202: 

Method B - A mixture of 3-benzoyl-4-hydroxycoumarin 815 (1.33 g, 5 mm011 and 
ph~nylhydraz~n~ (0.6 g, 5,s ~~~) in ethanol, (30 ml) was &fluxed for 1 h and coaled, 
The Frecip~tat~d ~ydraz~~ was collected and was added to 4% et~a~~l~o hydrogen 
chloride. The mixture was refliuxed for El h. After ~v~~~~t~~n of the solvent, the 
solid residue wa crystallized from ethanol-~hlorofo~. The pure crystalline product 
had mp. 232W an was identical in all respects fmp,, mixed mp. and spectra) with 2, 

Cyclization of ~-b~nz~yl~~~marin ~~enyl~ydrazo~~ - 3-Benzoylcoumarin phenyl- 
hydrazone (I.,7 g, 5 rnmo1) was dissolved in acetic acid (30 ml) and the solution w&s 
refluxed for 8 h, then cooled. The mixture was poured on crushed ice with sti 

precipitated solid was collected and dried, Cr~~~all~%atiu~ from ethanol 
ruduct ~~a~~i~~~ in all ~~s~~~ts Imp., mixed mp., and spectra) with 4a. 

Preparation sf the hydrazidate ester 10. Method A - To an et~~nol~~ sodi 
ethoxide solution ~pre~a~~~ by ~isso~v~~~ akin metal to,115 gr 5 Gove in a 
lute ethanol (SO ml) was added ~o~a~~~ 3s (0.73 g, 5 01) and the rnix~~~e was 
heated on water bath to effect dissolutian of coumarin. To the resulting hot yellow 
solution was added the chloride 1 (1.15 g, 5 mm011 and the mixture was refluxed for 
3 h and then cooled. TLC analysis using silicagel as adsorbent and the solvent 
~~~~~ : toruene, ethyl a~~~a~~ and acetic acid in the ratio 24 : 8 : 1 ~v~v~ 5+x%- 
~~~~ive~~ as eluenr ~~d~~~~~d the ~r~~~~~~ oif two major pxoducts, The first of these 
waB identified as 1,3~4,6-~~t~a~hen~l 
acid) (Lit, mpa 203-204oC)26, mixed m 

~4-dihydrot~t~~zi~~ 11, mp. 203°C facetic 

~~~~~~~s~~ of 2,S-diphenyltetrazwle2 
with an authentic sample prapased from 

~b~~~~ no depression, 
The second product had mp. 140-14loC (methanols and was id~n~i~~~~ as o-fib- 

ethoxycarbonylvinyl)phenyl N-phenylbenzohydrazidate 10, 55%, IR (KBr) u 3320 (NH), 
1695 (Co), 1630 (C==C) or (C=N), 1245, 1260 (C-O-C) cm-l; PNR (CDC13) 6; 1.3 (t, 3NI 
J = 7 Hz), 4.3 (q, 2H, J = 7 Hz), 6.9-7,9 [m, 15R) Anal. Calcd, foY e24~22~~~3 : 
C, 44.6 ; H, 5-7 ; N, 7.2 e Found : C, 74.3 ; H, 5,s : @ 7.0 %* 

Method B - Ethyl o-h~~rox~ci~narna~~ CO.384 gr 1). prepared fxom coumarin 
ethoxide in ethanollfi, was added to an ethanolic Sodom ethoxide 
ared from sodium metal ~~.~47 g, 2 ~~~~ and absolute ethanol (40 ml), 
mixture was added the c~lo~i~~ 1, IO.461 g, 2 mmol) and the mixture . 

wan refluxed for 1 h and left at room temperature overnight, then filtered. Work up 
of the reaction mixture as in method A, yielded 
in all respects imp*, mix-e 

ter l.0, identical 
spectra) with the pro by rn~t~od A. 
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