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SYNTHESIS AND REACTIONS OF SOME 3-CYANO—-4-METHYLCOUMARINS

Hassan M. F. Madkour

Chemistry Department, Faculty of Seience, Ain Shams

University, Cairo, A. K. Egypt

Abstract— o-Hydroxny ketones (1) were converted into I-cyano-
4~methylcoumaring (I1) viae condensation with ethyl cyanoacetate
in presence of piperidine or ammEnium acetate as a catalyst. The
behavior of compound (11} towards Grignard and Michael reactions
was investigated. The reactions of J-acetylcoumarin (ITI}  with
hydrazines under different conditions were carried out to give
the hydrazone (IVY a), phenylhydrazong (IV b} and pyrazole (V)
derivatives. Also, the 4~sityryl derivatives (V1) were obtained
by condensation of II with different aromatic angd heterocyclic
aldehydes. A one pot synthesis of Michagl product (VII) from the

reaction of YI with malononitrile was described.

The condensation of an equimolar amount of I-chloro-2-hydrosyacetophenone,
Semethyl-Z~hydroxyacetophenone, I-acetyl-l-naphthol and Z2-acetyl-4-bromoe-
I=naphthel and ethyl cyanoacetate in presence of a basic catalyst such as
piperiding or ammonium  acetate afforded the 4-methyl-T-cyanacoumarins
(11 a—c r@%p@ﬁtivalyul The coumarin (Ila) ig prepared by Just stirring
ofF the reaction mixtwre at room  temperature whereas other counarins
(L] b)) can be obtaingd by refluxing the reaction mixture in benzene

containing acetic acid and ammonium acetate.
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The 1r spectra of 11 a-d exhibited well defined absorption bands at 2220~
2240" and 1730-1740 attributable to Q CN and ¥ €0 of coumarin. The 1H-—nmr'
nf Ila showed the following signals at & 7.20-7.B0O (m, ZH, ArH) and 2.80
(8, 3IH, CHE)' Also, the 1H-—nmr' of Ile showed the following signals at
& 2,20 (s, 3H, CHﬁ) and 7.60-8.20 (m, &H, ArH). The mass spectrum of
compound (IIb) exhibited the molecular ions with m/z 199 which ig  the
parent peak caorresponding to the molecular ion M+, 175 (1% attributable
to EMMCN]+, 174 (18) due to EM_CHEC=C~CN]+ and 65 (7)) attributed to
ECHEC=CDN]+. The author extends this work by the conversion of cyano group
of the cyamnpcourmarin (IIa) into acetyl function by treatment of Grignard
reagent. The reaction of Ila with methylmagnesium imdidez gave I-acetyl-b-
chlaro~4-methylcoumarin (III) in 58Y% vield. Ir spectrum of 111 showed
characteristic absorption bands  at 1760 and 1730 attributabie to 9 £0 of

acetyl ant YCO of coumarin. TherlH—nmr of IIl hag the following signals at

¥ In cmm1 throughout the paper
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& 1.%0 (s, TH, COCH.), 2.60 (s, TH, CH,C=C-) and 7.00-7,50 (m, 3H, ArH).
] = !

3

The author tends to study the relative reactivity of the carbonyl group at

pogition 3 and that of coumarin nucleus at position 2.3 Thus, the conden-

sation of compound (IT1) with hydrazine hydrate or phenylhydrazine in

boiling ethanol produted a hydrazone or a phenylhydrazone (IV a,b), respe-

ctively. The ir of IV displayed absorption bands attributable to Yy CD of

coumarin at 168%-1475,YC=N at 16401650, ))NH2 (doublet) at 3480 and 3410

(Far IV aj, Y NH at T450  (for IV b). The 1H-—nmr' of compound (IV b))  exbi-

bited the following signals at & 2.65 (s, 6H, ECHE), 3.60 (s, 1H of NH) and
7.25~ 7.B0 (m, 8H, Ard).

While 3-acetyl—é~chloro-4-methylcoumarin (II1I) was allowed to react with

hydrazimne hydrate in boiling glacial acetic acid, a pyracole derivative

(V) was obtained.E The ir of the product (V) showed bands at 1620 ¢ Y C=N)

and 1590 (Y C=C) with disappearance of ¥ C=0 of acetyl group and Y =0 of

coumarin., The 1H—nmr of compound (V) exhibited signals at & 2.50 (s, &H, 2

CHE) and 7.20-7.90 (m, IH ArH).

Condensation of JI-cvano-4-methylcoumarins (1] a-c) with aromatic or hetero-

-
cyclic aldehydes in presence of |::'1|:veanr'J'.t:J:ine‘q-"‘J

vielded Z-cyano-4-styryl-
coumarins (VI a-m) (see Table 2). The ir of the styryl derivatives showed
strong absorption bands at 2220-2240, 17001730, 1990-1620, and 1100-11%0
dus to YCEN, YOO of coumarin, ¥ 0=C and Y ~0- n Fespectively,

The mass spectrum of VIb ghowéd &haracteristic molecular dions with m/z
values Ffolliowed by % of abundance ¢ 342(M+, G4, 341(M*—1, 1000,
315(M+~HCN, &), 137(M+~C8H6C1, S56). The M+Z peak is (&7%) relative to the
molecular ion peak, M+3 (F.9) and M+4 (1,7), The intensity &7% of the M+2

peak demonstrates that tweo chilorine atoms are in the structure which




HETEROCYCLES, Vol. 36, No. 5, 1993 951

agreed well with the proposecd structure. The lenmr spectrum nf VI £

displayed the following signals at & 2.68 (s, IH, CH_, attached to the

benzene nucleus), J.18(s, 3IH, QCH.) , 6.27 (dy T= 9 Mx, 1H, CH§<§§>CﬂmCHML
6.50¢d, J= 9 Hz, 1H, CH30<::>C5=CH~). and at &.68-7.21 (m, 7H, Ark). Also,
the lenmr af VI j showed the #pllowing signals at & 4.70 (d, I 8 Hz, 1M,
mCH=C§—<::> Yo 7010 (d, J= 8 Hz, 1H, ~Cﬂ=CH-<::>) and st 7.80-8.30 (m,
11H, ArH}.

Benzolc leoumarin derivatives (VII a-e) are sasily obtainable by refluxing
of cyanopcoumarin (11a) with arylidenecyancacetate in  ethanol containing
few droaps of piparidine.4 The structures given +For compounds (VIT a-e)
were elucidated from their analytical data together with their ir and mass
apectra. The ir spectra showed absorption bands at 2400 ang 3300, 2B20-
2200, 1720-1700 and 1600-1590 cm™ ! attributable to ) NH., which appears as
two bands tue to NH asymmetric and NH symmetric stretching, ¥ OGN, } CO of
coumarin and } C=C respectively.

THe mass spectrum of VI b showed the following molecular ions  with m/:z
values follawed by % of abundance:; 361 (H+, 2&), 380 (M+w1. 100) and 382
(M++1. &) . The M+2 peak is (84,5 %) relative to the molecuwlar ion peak,
MES (F.é) and Mr4 (1.7). The intensity of the M+2 peak 1!lustrates that
twy chlorine atoms are in the structure assigned.

The formation of the product (VII) probably proceed viae Michael addition
pathway of the reactive methyl functiorn of Il to the highly activated
double bond of the arylidenecyanoacetate to vield the open ochain  FMichael
adduet (VITI) which underwent cyclization to give the cyclic intermediate
(IX), The latter is assumed to proceed elimination of carbhoethoxy group to

afford the final isolated product (VIIID).
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The compounds (VII a«-e) were also obtained by heating of the styryl

derivatives (VI a-e) with malononitrile in boiling ethamnol conteining &
catalytic amount of piperidiné. The formation of VI a-e omn the reaction
of VI a=e with malonomitrile is a satisfying chemical evidence For the
structure assigned to the products (VII a-e).

EXFERIMENT

All melting points reported are uncorrected. I+ spectra were recorded on &
Beckmann IR-20 and fye Unicam spectrophotometers using RBEr Wafer technigue.
The 1Hwnmr spectra were determined on & Varian T-60 using TMS as the

internal standard and CRCL, as a solvent and all chemical shifts are in
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ppin downfield from TME. The mass spectra were recorded on a  AEL
mass spectrometer at 70 eV, The physical data of new synthasised
are listed in Tables 1-T.

Eeaction of o-Hydroxyketones with Ethyl Cvanecacetate; Synthesis of

953

ME P02

products

S-Cyanc—

4-mepthylcounaring (I1 a-dr:

Method (A Formation of Ila
A mirture of S9-chloro-2-hydroxyacetophenone (la) (1.70 g, G.01 mal
eyanpacetate (O.81 g, ©.01 mol) and piperiding (0.5 ml) was stire

h at room temperature. The reaction mixture was poured onto hyor

Yo ethyl
ed for 1

ochloric

acid (50 mly 1 NY and the solid was collected by filtration, washed with

water, dried and Finally recrystallized from ethanol to aff
(1.90 g, 87 %r.

Method (b): Formation gf II b-ds

A solution of the appropriate ketore (0,01 mol) and cyanoatetate

0,01 mol)y in benzene (100 ml) containing ammonium acetate (2.00 g,

ord  Ila

(0.81 g,

26 mmol)

angd acetic acid (2.00 ml) was refluded for & h using a water separator,

The salution was cooled, the Il b-d were precipitated, collected by filtr-

ation as white crystalline solid which was recrystallized from the

solvent.

frroper

lodide;

Farmation of I-Ocetyl=bd-chloro-4d-methylooumarin (IT13:

An ethereal solution of IT a (2.19% g, 0.01 mol) was  added dropwise to

met hylmagnesium iodide (5,00 g, 0.0F mol) in dry pther (100 ml) withim 13

min, The reactiom mixture was refluwed on a water bath for 4 h then poured

into HC1 (50 mli 1M and the solid material that deposited was collected
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by filtration and recrystallirzed to give II!l (1.3%7 g. S8 4.

Feaction of III with Hydrazines; Formation of IV:

A solution of acetylcoumarin (II11) (2.35 g, ©.01 mol) and hydrazine hydrate
(0.64 g, 0.0Z mol) or phenylhyrazine (2.16 g. 0.92 mol) in ethanol (50 ml)
was refluxed for 4 h. The reaction mixture was left to cool, them poured

onto HCL (30 mly 1 N and the so0lid separated out was collected by Filtr~-

ation, washed with water, dried and recrystallized to give the hydrazone

or phenylhydrazone (IV a,b) respectively.

-

Beaction of 3-fAcetyl-6t-chloro=~4-methylcoumarin (II1) with Mydrazine Hydrate,

in Glagial Acetic Acidy Formation pf the Pyrazole Derivative (V)@

A solution of acetylcoumarin (11D (2,39 gy ©.01 mel) and hydrazine
hydrate (0.96 g, 0.03 mpl) in glacial AcOH (30 ml) was refluxed for & h.
The reaction mixture was allowed to cool down, then poured into water., The
solid that deposited was collected, dried and finally recrystallized, +to
vield V (1,65 g, 72%).

Condensation of Z-Cyvanp-4-~methylcoumarions (IT a-d) with pldehydes;

Symthesis of 4-Btyryvicoumaring (VI a-m):

A mixture of an equimolar of J-cyano-4-methylcoumarin {(0.01 mol) and the
appropriate aldehyde (0,01 mol) and few drops of piperidine in ethamnol (30
ml) or dimethylformamide (20 ml) (For VI f-m) was heated under reflux for
2 b (For VI oa-e) or heated for 4 h on a water bath at 100°C (for VI f-m).
The condensation products which separated upon cooling were collected and

recrystallirzed from the proper solvent to give the 4-styryl derivatives (VD)
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Feaction of &-Chlorp~-Z-cvano~4-methylooumarin (Ila) with Arvlidenencyang-

acetate Derivativesy Svnthesis of Benzolclcoumarins (VII a-g):

A solution of cyanocoumarin (Ila) (Z2.19 g, 0.01 mol) and arylidenecyanoac-—
etate derivatives (0.01 mol) in ethanol (20 ml) containing few drops pipe-
ridine was refluxed for 3 h. Most of the solvent was distilled off, and
the solid was collected and recrystéllized.

Effect of Malononitrile on 4 8Styryl Derivatives (VI a-e) Fgormation of

Benzolelecoumarin (VII a-e):

Malononitrile (1.32 g, 0.02 mol) was added to the styryl derivative (VI)
(0,015 mol) together with few drops of piperidine in ethanpl (30 ml). The
reaction mixture was refluxed for 2 h and the solids obtained after conce-
ntration were collected, washed with ethamel and Ffinally recrystallized

from suitable solvent to give the benzolclecoumarin derivatives (VII a-e).
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Table 1: Physical data of synthesised products (II-v)

Compd R, R, R, Crystallization mp° C Analysis

No . - Solvent (% vield) Found/Calacd (%)
C H N

Ila C1 H H E {87) 187-18% CIIH&NOEDI 60,34 2,60 &,22
60,14 2,73 6.38

Ilb CH3 H H E (79} 202-204 ClEH‘?NDE 72.50 4,90 7.21
72.%6 4,92 7.03

Ilc M ~CH=CH-CH=CH~ T (74) 282-287 CiSHQNDE 76,84 4,00 5,75
76,59 T.82 5.99

Ild Br ~CH=CH-CH=CH- E (72) 205-207 CiﬁHaNOEBF 87,11 .71 4,19
S7.37 2,94 4.4%

I11 E (S8 120-122 ©,Hg0,Ci &0, 7T TLIR -
&n. B4 E,80 -

IVa E (84> 200-201 CIEHllNED?Cl 57,60 3,45 11.07
S7.49 T,39 11,18

IVb E (74) 255-256 CyoH NAOLCl 66,07 4,50 8,65
6616 4.59 8.38

% B (72} 225227 ClEH?N2001 bHl.86 T.BC 11,96
61.94 S.84 12,02
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Physical data of synthesised products

(VI a-m)

957

Compd

No.

Crystallization
Solvent (%4 yield)

Found/Calcd (%)

N

Via

VIb

Vic

VId

Vie

VIF

Vig

Vih

VId

Ci

Cl

cl

Cl

Cl

CH.,

14

CH.,

GH..,

*y 4~0CH, 00, Hy

-

(83

{74)

(22

(90)

(88)

DMF (8%9)

{(7&)

(72

zeC

Cy gy NO,C1

CIBH?NQ cl.,

&l

C,oH, NO_C1

18

1 O, HoNOS ]

16 8

) CogyHy NO-,

C19H12N0261

C17F11N0 &

1754

r2

L]

[

i8]

HNOL B C1

[

4. 03

4,33

L 4,41

4,87

430

4.61
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Table 2 f{gont,)

<

Ii H —-CH=CHCH=CH- Can DMF (70) 269-270 C__H wN02 B1.55 4.21 4,03
~

vy -t

VIE MW ~CH=CHCH=CH- Q“CHSDC H DMF (68) 272-273 €

&Ha 2_::H ND 78.42 4,37 I.81

VI1 H —CH=CHCH=CH- 2Z-thienyl A (72) 248250 Cvo“11NDﬂS 72.350 3.58 4.48

VIm H ~CH=CHCH=CH- 2-naphthyl DMF(&6&) 284-286 [3,.,‘:I*'|15!\1CI,.1 g83.81 3.97 3.42
e -

Table 7: Fhysical data of synthesised products (VI a-m)

Compd Ar Crystallization mp°C Analysis

No. Solvent (% yield) Found/Calcd{%)
c H N

Vila 3,4—DCH2006H1 B (Bl)* 1z C HilN Uqu s4.44 2.84 7,12
64,53 2,82 7.17

VIIb EHC186H4 B (93 313315 CﬂnHinN D Cl b3.19 2,62 7.32

&2.99 2.862 7.8

VIIic Q*CH7DCéH4 B (8% 287-288 CﬂiHlTN D L1 67.07 E.I9 7.39
646,97 T.45 7,44
VIiid Q—BFC6H4 B O(F1) =11 Cﬂ“HinN U LBRCL 96062 2.28 4,467

Xk

VIile 2—-furyl B (79 2EO0-262 C, oHuN. D C} 44.74 2,55 B.12

g%

&4.19 2,67 B.I2

¥ Yields are based on reactiomn Il with arylidenecyanoacetate.

¥¥ E= ethanol, T= toluene E= benzene, DMF= dimethylformamide, A= acetone
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