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Abstract - The cycleaddition of diphenylnitrilinine to & series
of coumaring occurs with the same roqloselectivity in all cuses,
regardless the nature of she substituent present, to yield the
corresponding 3a, sb-dihydm-i-oxo-ul-bemopyuno [l. 3-c ’Pl'raznlu
Aa-f. Dehydrogenation of 4a yields 4-oxo=1iH-kenzopyrone {4, 3-c |-
prrazole 6. In ethanolic sodium ethoxide solution, the reaction
between coumarin and diphenyinitrilining precursor, namely
N=phenylbenzohydratidoyl chloride 1, offords no cycloaddycts,
out ylelas o- lﬁ-ethoxycubonylv:nyuphcnyl N=phenylovnzotiyira-
zidate 10. The regiochemistry of the cycloadducts da-f and the
reaction sequence leading to 20 ‘are outlined. The atructures of
the products have been establishked by spectroscopic methods and
independent synth a wherever gossible,

INTRODUCTION

Frevious syntheses of the d-oxo—llz-bcn:opyuno[A,J-c]pyuzole fused ring systes have
enployed the ¢yclization of the hydrezone derivatives of 3-ncy1-4-hydrox'yeounn:ins."‘
Thé other reported method involving the condenszation of hydrazines with 3-acyl-4-
chlorocoumarins’ was recently shown to be an {mplausible ong. Furthermore, although
diazoalkones uwilly 2dd to alkenes to give the corresponding pyrazeline derivatives,
their reactions with coumaring were reported to give d-alkylcoumarins.®

In the present setudy the title compounds have been synthesized by the 1,3-dipo-
lar addition of diphenylnitrilimine to coumsrin and some ©f 1ts substituted doriva~-
tives with the two fold objective of preparing compouhds with biological activity
and of studying the regiochemistry of the process. The coumarin system was considered
an attractive platform for this study because : (a) courarin derivatives are well
knewn for their bioiogical proporties, (b) being structurally related to styrene
derivatives, the use of coumarine in l,3~dipolar cycloadditions will shed socme light
on the effect of the presence of electron-donating and electron-withdrawing groups
in direct conjugation with the dipalarophilic double bond on the regioselectivity
in these reactions.
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RESULTS and DISCUSSION

The eycloaddition of coumarin Jo to dxphenylnsusupint 2, prepared in situ from
N-pheny!bﬂnzohyduudoyl ehloride ] in benzene in the pyesence of triethylamine,
was carxied out ot g0°¢ tor 7 h, The sole product obtained was fourd to be Lhe
cycloadduct 4o (Scheme 1) The other regioisomer Sa was not identified in the reaction
nixture as evidenced by T2 analysis. The product 48 can pe dehydrogonated to pyra-
zole @eorivative € by treatment with ehloranil in refluxing xylene (Scheme 1). Proot
of the structures of &a and & was obtained from thoir elemental analyses, spectral
datn (pmr and ir) (see Experimentally and shelr independont syntheses. on the basis
6f the coupling constant batween 1s and 9b protons in &a (3~ 12 Mz), the lattey
cycloadduct was assigned the cia=configuration. i

The regicchemistry of the cycloadduct 4 was established by its identity with
an authentic sample pregared by refluxing l-bonzoyicoumarin phenylhydrazone 7 in
acesic actd for & h (Schere 1). Te confirm it further, the dehydrogenation product
£ was indepandently prepared as follows. :-sen:oyl-d-hydmxycomnn 8" was conve-
rred to its phenylhydrazone derivative 9, followed by eyclization in ethanolic
hydrogen chioride {Scheme 1}.
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When the reaction of coumarin 3a with N-phcny).bentohydnudoyl chloride 1 was
carried out in ethanel in the presence of sodium ethoxide, the cycloadduct 4a wWas
aot ohtained, the acyclic nydgazidate ester 10 was formed inutead. The structire of
the 1atter product follows ity physical and spectral data {seo Experimentall. The
seguence leading to 10 from 3a and ) under these conditions is outlined in scheme 2.
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/ This sequenco together with the structure of 10 were ostablished by the alternate
y/’ synthesis of the latter preduct from othyl o-uydroxycinnaaatc“ and 1 in ethamol

in the presence of sodium ethoxide (Scheme 2). In the Jight of this finding, tho
reactionn of othor couwmarins JIb-f with the hydrazidoyl chioride 1 were studied in
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Thus, under such conditions, é-methyl- ond 7~-methoxy~coumarins, 3b and 3o react
readily with 1 and afford the cycloadducts 4b and dc respectively (Scheme 31, In
these cases, the dihydrotetrazine dersvative 11 was identified in the resction mix-
ture a8 o by product. The lattor is undoubredly rosviteéd from the dimerization of
diphenylonitrilinmine involved 53 an intersadiate in thess reactions.

Next, the reactions of 3-adetyl=, J<bongoyl-, and J«ethnxycarboenyl-coumaring
38-f with | were examined in an otrompt to investigaté the cffect of the prosence of
an electron withdrawing group at €! in couwmarin on the regioselectivity in cycio-
additicns. Thua, treatment of ga with 1 in refluxing bentene in the presence of
triethylamine afforded the cycloadduct &4 in 32V yleld together with the 2ihydro-
tetrazine derivative 11 (60V} {(Scheme 3). Similarly, compounés 3e and 3f react with
1 under similar conditions and ylold the corresponding cycloadducts 4¢ and 4f but
in lower yields (23% and 8%) respectively. The assighed structures 1d-f were suppo-
rted by analytical and spectral data fpmr and ir) (sco Expersimental). Tho fegio-
chemistey Of these cycloadducts was established by conparisos of the chemical shifts
of their 9b protons with those of &-Cif and 5-CH of the related pycazeline derivatives
obtained from diphenyiniirilisine and ethyl cinnamate and &,B-unsaturated kgtonctl
(Table 7). As shown 1 this table the snimilarity between the chemical shifts of the
9buproton in 4d-f and the 5-CH in 4-ethoxycarbonyl- and 4-acetyl~substituted deriva-
zives of 1,3,5~triphenylpyrazolines 13 and 15 respectively, substantiates the assig-
ned regiochomistry ©f the cycloadducts dd-f,

The regioselactivity observed in the studied reactions of coumsrins Ja-f with
diphenylnitrilinine can be rationalized in terms of the fronstier molecular orbital
(FMO) :hnory!a as follows. The FMO enezgiesls and coelfxczent|19 of diphenylnitril-
imine are given in literature. The coofficients ard encrgies of FMOs of coumarin 3a
ord its 3-substituted derivatives 3d-f are calculated in this work by the Muckel
molecular orbital (MO} netbod.zo The results are sumparized in Table 2. Taking the
values of the Coulemd integral o = < 10.5 eV and the resonance integral & = -1.8 oV,
the values of the énergies of the hiohest occupled and the lowest unoccupied molecular
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orbitals of the coumaring studied will be a4 shown in schema 4, As shown in this
UCHW: the energy difference (E::gm - Y.L’gw.ﬂ”l i3 less than lt'c‘g_."n - :é'gm),
and accordingly the reactions are controlled by HOMO(OPNI) - LUMD [coumarin) inter-
action, Purthermorse, the date in meheme &4 indicate that the largest and the smallest
orbital coefficients in diphenylinitrilimine MOMO are on the terminal anlonic nitrogen
and the cationic carbon stoms, respectively. The LUMO of coumarin (or its J-substi-
tuted derivative) has the largest and the smallest orbital coefficients at Cé and
C3 yespectively. Thus, accerding to the greatest energy gain principle, the cyclo-
addstion will proceed in such a manner that union cccurs betweon €4 of coumarins
(Ja-f) and the terminal nitrogen atom of diphenylnitrilimine, and between €3 of
coumarins and the cationic corbon terminsl of diphenylnitrilimine, leading thus to
the obseorved regiochemical results,

1t should be noted that the cycloadducts propared may adept either confarmation
36 in which the group R' is preudoequaterial, or conformation 17 in which the azyl
group is pseuvdoequatorial, For the cyelpadduces 4a-f, conformation 16 (where R =
acyl or ester group, and R* = H) will be leso fovourable becauss it contains the
equivalent of a 1,3-djaxial interaction between the peevdo-axisl acyl lor ester)
group and N-phenyl group.
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EXPERIMENTAL

Melting points (Bockmonoscop unit) are uncorrected. 18 spectra (KBr) were obtained
on 20iss Infrarot-gpectrophotometer model IMT1G, PMR spectra {CpCl,) ware recorded
on a Verisn EM-350-90 Mi: spoctrometor, Chemical shifts § axe givefi in ppm down=
field from internal ptandard tetramecthylsilanc. Ricroanalyses were pezformed on
Perkin Elmer elomental anslyzer, model 240D, Fluka AG silicagel G with 13\ gypsum
was used for TLC analysis.

29 The hydrazidoyl chloride 12, and substitutod coumaring gc”. T gc“ and
377 were prepared by standserd methods. Coumarin Ja and {15 6-rmethyl derivative 3b
were purchased from 2D,

l.!-Mphcnyl-h.9b-d1hydru-4-oxu-ln-ban:opynm;i,J-c]pynwle. 4a-f, General
Procedure - To a solution ¢f cowmarin or ita derivative (5 "mmol) and N-phenylbento-
hydrazidoyl chloride i (1.15 g, 5 mmel) in benzene (50 ml) was added triethylamine
(0.7 mL} and the mixture was vefluxed for 2-3 h and then coplied, The reaction mixture
was filtered to remove the precipitated triethylamine hydrochloride. The solvent was
then evaporated to give the crude product. In sone cases, chromatographic sepaxrs-
tion on silicacel preceecded oxystallization of the praduct, In this way the follo-
wing compounds were preparod.

Compound 43 ha¢ mp. 175-176°C {ezhanol), 65%, IR (Kir) v 1735 (C=0), 1230
(lactont Co0-C] cm by PWR [EDCH.1 4 4.5 (&, 1B, I = 12 N2}, 4.7 (4, I, I = 12 Hz),
7.0-8.0 (m, 14K} ppm. Anal, Coldd. fox Chalt, M,0,: C, 77.6 1 Wi 4.7 ¢ N, 8.2,
Found : €, 77.6'; H, 4.7 ) 8, B.A %,

Compound 4b had mp. 174-175%C (othanel), 3%%; IR {XBr) v 1760 (co), 1220
(lactone C=0=C1 cm=3; PMA ICDC13} & 2.2 18,3H), 4.45 (4, 1H, 3 = 12 Hz), 3.75 {4,
IR, 9 » 12 Hz), 5.8-8.0 Im, 13uj ppm. Anal. Caled, fo¥ cnnnuzozx ¢, 7.9 1 N,
$,1 ; N, 7.9 . Found : C, 77,5: I, £.0: N, 7.8 \.

Compound 4c had mp, 181-1829C (ethanol): 40%:; IR [KBr} w 1745 (CO), 1630
{CaN), 1280 (C=0~C), 1230 (Ar-0-C] cn=1: PMR (COCLlg) € 3,8 (s, JH), 4.45 {d, IH,
S = 10 H2), 4.8 (4, 1N, J » 10 Hx}, 6.5-8.0 (m, 13H) pgm. Anal. Calcd. for
CaaflygNz03 3 €, 74.51 N, 4.9 1 N, 7.6 , Found § C, 74.4 ; M, 4.8 : N, T.7 VN

Compound 44 had mp. 1£2-1830C (ethancl), 32\, IR (XBr) v 1770, 1710 (CO), 1618
(C=N), 1150 (lactone C-D-C| em~1i TMA (COCl3) 4 2.3 (s, 3H), 5.23 (s, 1B}, 6.9-7.9
{m, 14N} ppm. Anal. Calcd. for G, M N 0.: €, 75,3 1 W, 4,74 %, 7.3 ., Found :

C, 752 § H, 4.6 ¢ N, 7.3 W,
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Table 2 Orbital coefficients and ennxgies of PMOs of
coumaring.
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Conpound 4o had mp. 180-1819C (ethannll, 23%: IR (XBr) % 1778, 1670 (Cs0),
3239 (C-0-C) cm~l: PHO (OD{1x) & %.35 (s, TN, 6.9-8.3 (m, 381 ppm. Anal, Caled.
for CzoRagN203 ¢+ €, 78,4 & 0, 4.5 : M, 6.3 . Found 1 C, 78.4 1 M, &.5 ; N, 6,2 0,

Compound 4f had mp, 134-30S9C (ethanol), 20%: 1X (XBr) ¥ 1750, 1730 (C=O} ,
1230, 1180 (0-D-C) em~l; rME (COTYs) 6 1.15 (t, 3N, Je 7 Hz), 4.28 {q, 2H, I -
7 Hz), 5.38 (s, 1B}, €.8-7,9 (=, l}.u’ ppn. Anal. Calcd, for CpslaeNafg ¢ €, 72,8
K, 4.9 ; 8, 6.8 . Found : ¢, 72.7 0, 4.8 PN, 6.9y,

1,3-biphenyl-4-oxo-1¥-benzopyrano [4,3~clpyrazole E. Method A = A Mixture
of 4a [0.18 g, 5 mmaol) and chioranil (0,15 5., 6 mmol) in dry xylene (30 ml) was
refluxed for 12 » during which all %a disappeazed as evidenced by TLT enalysis
using silicagel am adsorbent and héhzene ;3 ethyl acesate mixture. (9.% | 0.2, wivy
respectively as eluent, The reaction mixture wos extracted with sodium hydroxide
solution (5%) and the organic layer was collected, dried over anhydrous scdius
oulfate, and then filtered. Xylene was evaporated and the oil residue solidified
on cooling, The crude solid wan collected and crystallized from ethanol-chloroform
mixture to give £ in 60% yiold, mp. 232-2236C, IR (KBr) w 1736 (€01, 1615 (C=g),
1215 {€-0-C) ea=T; BMR |CODC13) 4§ 6,9-8,5 (m, Aril) ppm. Anal. Celed. for S PLIPLPEPT
C, TBLI 7 ¥, 4.1 ; N, 4.7, Fourd 1 C, 78.2 ; ¥, 4,21 N, 8.2 %,

Hethod 8 = A mixture of J-benzoyl-4-hydroxycouwsarin 615 (1.33 g, 5 meol) and
phenylhydrazine (0.6 o, 5.5 mrol} In ethansl {30 nl) was Tefluxed for 1 h and cooled.
The precipitated hydrazone was collected and was added to 44 ethanolic hydroaen
chloride. The mixture was refluxed for  h. Aftor eyaporation of the selvent, the
s0lid residuc was crystallized from ethancl=chloroform. Tho pure crystalline preduct
had mp, 2320C and waa identical im all respedts (mp., mixed mp, and spestra) with £,

Cyclization of J-benzoylcoumarin phenylinydrazone - 3-Beszoyleoumarin phenyl-
hydrazone (1.7 g, S mmol) wos dissolved 1n acetic acid (33 nll and the solution was
refluxed for @ B, then coolod, The mixture was poured on crushed fce with stirrving.
The precipitated solid war collected and dried. Crystajlizasien from ethanol gave
@ product identical in all respects (mp., mixed mp., snd spectra) with .

Freparation of the hipdrazidate euter 10, Method A - To an ethanolic sodiun
ethoxide solution (prepared by disgolving sodium metal (0.11% g, S mmol) in ebso~
lute ethanol (S0 ml) was added coumarin 3a 10,73 g, 5 mmol) and the mixture was
heated on water bath =0 effect dlasolution of cowiarin. Te the resulting hot vellow
solution was 3dded the chlorida ! (1.05 5, 5 mmoll and Tho mixture wao rafiuxed for
2 h on¢ then cooled. TIC analysis using silicagel au adsorbent and the $olvent
systen 1 toluene, ethyl scctate and aceric acid in the ratio 24 § 6 : 1 (viv) res-
pectively as oluent indicated the presence ¢f two major products, The first of these
wag identified as 1.3.4.6~5§traphcnyl—l.4-ﬂ$hydrownutnc i1, rp. 203°C (acetic
acid). (Lit. mp. 203-2040C)25, miyxed « with an suthentic gsample prepared from
thermolysis of 2,5~diphenyltetrazolelf showed no depression.

The second product had mp, 140-1419C (methanpl) and was idontified as o=(f-
ethoxycarbonylvinyl) pheayl N-phonyibenzohydrazidate 106, 55%, IR (XBr) v 3320 (Nw),
1695 (CO), 3630 (CwC) or [(CaN), 1245, 1260 [Cv0-C} ch-i; PN2 (CDClgl 61.3 {t, 3K,
J= 7 Mz}, 4.3 fq, AW, 2 = T ne), 6.9-7.9 ik, 150 ppm, Anal, Caled. for CigHagNpOy 1t
C, 74:6 1 B, 5.7 3 N, 7.2 , Yound 1 €, T4.3 3 K, 5.5 N, 7.0 V.

Method 3 - Bthyl o-hydroxycinnamate (0,384 g, 2 mmol), prepared from coumarin
33 and sodium ethoxade i cthienoll®, was addad to an ethanclic sediun ethoxide
solution, prepared from mopdium metal 10,047 g, 2 maol) and ebsolute ethencl {40 ml).
To the stirred mixture was oSded the chloride 3 (0.461 g, 2 mmol) and the mixture .
was refluxed for I h and left At room temperature overnight, then filtered. Werk up
of the reaction mixture aw above in method A, yielded 65% of the ester 10, identical
in 81l respects Imp., mixed mp,, spectrs) with the product obrained by method KA.
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