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

H a s s a n  M. F .  Madkour  

Chemistry Department. F a c u l t y  of Science.  A i n  Shams 

U n i v e r s i t y ,  Ca i ro ,  A.  R. Egypt 

Abstract- o-Hydroxy i:etones (1 )  were conve r ted  i n t o  3-.cyano-- 

4-methylcoumarins (11)  "in condensat i o n  w i t h  e t h y l  cyanoaceta te  

i n  pr-esence of p i p e r x d i n ~  or  ammonium acet 'ate as  a catal.yst:.. T ~ E ?  

behavior  of compound (11) t:owat-ds Gr igna rd  and Michael  reactions 

was i nvest iga ted.  The t -eact ions of 3-acetylcoitmar-ir, (111) with 

hydr-a2:ines under d i f f e r - e n t  r :nndit>ons were cal-r- ied o ~ r t  t o  g i v e  

the  hydrazone ( I V  a ) .  phenylhydrazone (1.V b)  and pyt-azole ( V )  

d e r i v a t i v e s .  e l so ,  t h e  4-st:yryl deb-rvat lves ( V I )  were o b t a i n e d  

by condensat ion of I I w i t h  d i f f e r e n t  a romat ic  and hetet-ucyc:lic: 

aldehydes. A one p o t  syn thes i s  0.6: Michael  pr.od~lct ( V I : I l  f rom t h e  

r e a c t i o n  of V I  w i t h  m a l o n o n i t r i l e  was descr ibed.  

The condensatron of an eqi.iImolar amount of 5--chlot-a-2-hydr-oi:yar:csl.ophenonr. 

5--"\ethyl-2-.hydr-o::yacetophenorle. 2-acety l -1--naphthol  and 2 ~ - a c e t y I ~ - 4 - ~ b ~ - t ~ ~ ~ o ~ -  

J-naphthu:L and e t h y l  r :yannacetate i n  presence 0.6 a bas ic  i .a ta ly? i t  such as 

r l i p e r i d i n e  or anmonirlnl ace ta te  aFfor-ded t h e  4-methyl--'::.-r:yanacor.tmarinis 

(1;:  a - d i  r-estpec:tivt,lv. ' The collmarln ( I r a )  i s  p repared by ,i,,st s t i r r i n g  

f . a  a n  : L I  a t  r'c~am tenlpet-atitre whereas c ) t  her corimavinr;, 

I I :I b - 4 )  can tic: ot?i.al.nc':'I by r V F 1 i u : : i n q  t h ~ '  r e a c t i o n  m i v t u r ~ ?  I n  benzene 

c n n t a ~ r i i n g  ace t l i :  ac i r l  ancl ammonium aceta te .  
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The ~ r '  s p e c t r a  of I 1  a-d e x h i b i t e d  w e l l  de f lned a b s o r p t i o n  bands a t  2220- 

t 
224C and 1730-1740 a t t r i b u t a b l e  t o  3 CN and 3 CO o.F coumarln. The ' ~ - n m r  

of I I a  showed t h e  f o l l o w i n g  s i g n a l s  a t  6 7.3:)--7.81:) ( m ?  3H. At-H) and 2.80 

1  
(s,  3H, C H 3 )  Also,  t h e  H-nmr o f  I I c  showed t h e  f o l l o w i n g  s i g n a l s  a t  

6 ' "" ,. ~ 1 . 1  ( s .  ?H. CH,) and 7.60-0.50 (m,  6t1. t i .  The mas+ spectt-um o f  
-, 

compound ( I I b )  e x h i b i t e d  t h e  m o l e c ~ ~ l a t -  i o n s  w i t h  m/;: 119 which i s  t h e  

+ 
pat-cnt peak: cor respond ing t o  t h e  m o l e c ~ ~ l a r  i o n  M , 173 (19 )  a t t r i b ~ ~ t a b l e  

+ 
t o  I:M-CNI+, 134 ( 1 8 )  due t o  CM-CH,C=C-CNI and 65 (171 a t t r ' i b l u ted  t o  

-, 
+ 

CCH,C:=CCNI . The a ~ ~ t h o r  eb:tends t h i s  wori; by t h e  conve rs ion  o f  cyano g1-oilp 
.., 

n f  t h e  cyanocour-marin ( I I a )  i n t o  a c e t y l  f u n c t i o n  by t rea tmen t  o f  Gr igna rd  

2  
leaqent;. The r e a c t i o n  of I I a  w i t h  methylmagnesit.lm l o d i d e  gave 3-acety l -6 -  

rh : lorc>-4--methy lco~.1mar in  (111) i n  58% y i e l d .  I r  spect l -un  of' 111 showed 

c h a t - a c t e r i s t : ~ ~  a b s o l p t i o n  bands a t  1760 and 1730 a t t t - i b u t a b l e  t o  9 CO OF 

a c e t y l  and S C O  oF coumarin. The '~-nmt- of 111 ha+ t h e  f o l l o w i n g  s i g n a l s  a t  

t I n  cm-I th roughout  t h e  paper 
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Scheme I 
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6 1.50 (5, ;H, CoCHJ), 2.60 (5, 3H, CH3C=C-) and 7.1:11:1-7.50 (m,  3H, ArH). 

The author  tends t o  study t h e  r e l a t i v e  r e a c t i v i t y  o f  t h e  carbony l  group a t  

7 

p o s i t i o n  3 and t h a t  o f  coumavin nucleus a t  p o s i t i o n  2." Thus. t h e  conden- 

s a t i o n  of compound 1111) w i t h  hydraz ine  hyd ra te  o r  pheny lhydraz ine  i n  

b o i l i n g  e thano l  produced a hydrazone o r  a phenylhydrazone ( I V  a,b),  respe- 

c t i v e l y .  The i r  of  I V  d i sp layed  a b s o r p t i o n  bands a t t r i b u t a b l e  t o  4 CO of 

coumar i n  a t  1685-lb75,jc=N a t  1640-1630, 9 N H ~  (doub le t )  a t  5480 and 5410 

( fo r  I V  a ) ,  3 NH a t  3450 ( f o r  I V  b ) .  The ' ~ - n m r  of compound ( I V  b )  e x h i -  

b i t e d  t h e  f o l l o w i n g  s i g n a l s  a t  6 2.65 (s,  bH, 2CH3). 5.60 (5 .  1H of NH) and 

7.25- 7.80 (m, 8H, ArH). 

While 3-acetyl-6-chloro-4-methylcoumarin (111) was a l l owed  t o  r e a c t  w i t h  

hydraz ine  hyd ra te  i n  b o i l i n g  g l a c i a l  a c e t i c  a c i d ,  a p y r a z o l e  d e r i v a t i v e  

I V )  was obtained. '  The i r  o f  t h e  product  ( V )  showed bands a t  1620 I 3 C=N) 

and 1590 ( 9 C=C) w i t h  disappearance of 9 C=O o f  a c e t y l  group and 9 C=O o f  

coumarin. The '~-nmt-  of compound ( V )  e x h i b i t e d  s i g n a l s  a t  6 2.50 (s,  bH, 2 

CH ) and 7.20-7.90 (m, 3H f irH). 3 

Condensation o f  3-cyano-4-methylcoumarins (11  a-c) w i t h  aromat ic  o r  hetet-o- 

4 = 
c y c l i c  aldehydes i n  presence of ~ i p e r - i d i n e  ' J  y i e l d e d  3-cyano.-4-styryl-  

coumar~ns ( V I  a-m) (see Table 2 ) .  The i r  of t h e  s t y r y l  d e r i v a t i v e s  showed 

s t rong  a b s o r p t i o n  bands a t  2220-2240, 1700-1750. 1590-1620. and 111:10-1150 

due t o  ~ C Z N ,  JCO o f  coumarin. 9 C=C and 9-0- . r e s p e c t i v e l y .  

The mass spectrum o f  VIb showmd characteristic molecular  i o n s  w i t h  m/z 

+ + 
va lues  fo l l owed  by % o f  abundance : 342lM , 54 ) ,  341 ( M  -is 1I:Kl). 

+ 
315(M -HCN. 9 6 ) ,  1 : 7 ( ~ + - ~  H C1, 5 6 ) .  The M+2 peak i s  (67%) r e l a t i v e  t o  t h e  

El 6 

molecular  i o n  peak, M+J (9.9) and M+4 (1 .7 ) .  The i n t e n s i t y  67% o f  t h e  M+2 

peak demonstrates t h a t  two c h l o r i n e  atoms a r e  i n  t h e  s t r u c t u r e  which 



agreed w e l l  w i t h  t h e  proposed s t r u c t u r e .  The l ~ - n m l .  spectrum o f  V I  f 

d i sp layed  the  f o l l o w i n g  s i g n a l s  a t  6 2.68 (s .  3H. CH_, at.tachcd t o  t he  

benzene nuc leus) ,  L 18(s ,  3H. OCHT), 6.27 (d .  J-; 9 l-.lxl 1H. c ~ @ ~ = c H - ~ .  

6.51:1(d, J =  9 Hz, I ,  CH,@~=C~-I-), and a t  6.68-7.21 ("1. 71-1. t i .  Alan. .J 
- V 

t.he '~-nmr- of V I  j showed t h e  f o l l o w i n g  s i g n a l s  a t  6 6.7C (d. J= D  H::, 1H. 

-CH=Ctj- 0 ) . 7. 10 (d ,  J =  8 Hz, 1H. -.CH=CH- 0 ) and a t  7. 80-8. 31:) (in. 0 0 
Rr?nzoCc:Icor.~mar-in d e r i v a t i v e s  ( V I I  a-e) a re  e a s i l y  obtainable by v e f l ~ ~ : . : ~ n g  

OF cyanocoumarin ( I I a )  w i t h  ary l idenecyanoaceta te  i n  ethano:. conta: in ing 

few drops o f  p i p ~ r i d i n e . ~  The s t r ~ ~ c t u r e s  g i ven  f o r  cc)mpounds ( V I I  a-e) 

were elucidated f rom t h e i r  a n a l y t i c a l  data toget  her wit.h t t l e l l '  I r  and mass 

spec t ra .  The i r  s p e c t r a  showed abso rp t i on  bands a t  541:lC and 33Ol:i. 2220-. 

q,..5c.,,j ,-. .. 1720-1700 and 1400-1590 crn-I a t t t - i b u t a b l e  t o  9 NIi-, which appears a s  

two bands due t o  NH asyrnmetr.ic and NIi  syrnmetr-lc s t . retching,  +CN. 9 CO of 

coilmar i n  and j C=C r e s p e c t i v e l y .  

T h e  mase, spectr-um 0.F V I  b  showed the  f o l l o w i n g  molecular  i ons  w i t h  m/z 

+ + 
va lue*  Fol lowed by % o f  abundance; 381 ( V l  I Zb), 380 ( M  -1 ,  100) and 30? 

(r1~lt+l. 68) .  The M + 2  peal: i s  (66.5 % )  v e l a t i v e  t o  t h e  molecular  i o n  pea l .  

F1.i:: (9 .61  and M4.4 ( 1 . 7 ) .  The i n t e n s i t y  0.1: t h e  h t 2  p e a l  i l l u s t r a t e s  that. 

twl::r ch lo r - ine  atoms a r e  i n  t h e  s t r i l c t ~ ~ r e  assigned. 

T h e  6o~~nsat.l or! 0.1: t hc pt-odilct ( V I S )  pl.obably proceed via Mlchael  a d d i t l o n  

pathway o f  the! i reac t ive  methyl  frrnctson nF I S  t.o t h e  h i g h l y  a c t i v a t e d  

double bonc.l of: t h e  avyl idenecyanoacetate t.o y l r l  d  t: he ooen chalr,  Michael. 

iidduct. ( V I I I )  which under-went. c y c l i z a t l o n  t o  g ~ v c ?  t h e  cyc l i c :  in te rmedia te  

( I X ) .  The l a t t e r -  i s  ass~~rned t o  pr-oceed e l i m i n a t i o n  o f  c a r b o e t h o ) : ~  yrnup t o  

a f i o r d  t.he i i n a l  i s o l a t e d  product  ( V I I I ) .  
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CEU 
I 

A r C k C - C O O C 2 H 5  - HCOOC2H5 

piperidine 

c1&c00c25 0 cycl izat ion c1&~~0c2H5 

0 

The compcruncis ( V I I  a-e) we1.e a l s o  o b t a i n e d  by h e a t i n y  o.F t h e  s t y r y l  

dei.ivat.ives ( V I  a - e )  w i t h  m a l o n o n i t r i l e  i n  b o i l l n y  e thano l  cori t .alning r 

c a t a l y t i c  amount o f  p i .per- id ine.  The f o r m a t i o n  oT' V I  I a--e on t h e  , -eac t ion  

o+ V1 a-e w i t h  m a l o n o n x t r l l e  i s  a s a t i s f y i n g  chemlca l  ev idence fot- t h e  

str-uc:t.i.w-e ass iyned t o  t h e  p roduc ts  ( V I I  a--e). 

E:YI::'EF.: I MEN7 

A l l  m ~ : l t i . n g  p o i n t s  I - e ~ o v t e d  a r e  uncor rec ted.  I r  s p e c t r a  wer-e recorded on a 

Rrclmanri IfL::C and i:'yi: I!nicanl spectr-ophotometers u s i n g  IMI. W+YF:IZI. techniq l le .  

The 'ti-nmr s p e c t r a  wet-6) determined on a V a r i a n  T-bO us ing  TMS as t h e  

i n t e r n a l  s tanda rd  and CDCI, as a s o l v e n t  and a l l  chemical  s h i f t s  a r e  i n  
., 
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clpin d o w n f i e l d  f rom TMB. The mass s p e c t r a  were recorded on a FIEL MEi-902 

mass spect rometer  a t  71:) eV. The p h y s i c a l  da ta  of new syn thes i sed  prodrrcts 

a r e  l i s t e d  i n  Tab les  1-J. 

Weaction o f  o-Hvdt-oxvketones w i t h  E t h v l  C:vanoi~.cc~.tat.e; S y r i t h ~ ~ s ~ s  of  1-..Cvanc1: 

4 - - i n e t h m u m a ~ - i n s  ( I 1  a--d): 

Method ( A ) :  Format ion  o f  I I a  -- 
A m i x t u r e  of 5-chlor-o-2-hydr-o>:yacetophunone ( l a )  (1.71'1 Q. I:r.I: i l  s o l ) .  e t h y l  

rcyarioacetate (i:,.R1 Q, 1:1.01 mol)  and p i p e r i d i n e  ( 0 . 5  m i )  war. s t i r ' t - ed  f o  1 

h a t  r-oom ternpet-ature. The r -eac t ion  mi : : tu re  was prriur-ad or7t.o hydr.c~chl.ot-lr:: 

acid ( 5 0  m l :  1 N)  and t h e  s o l i d  was ~.:ol.lectel:l iiy + l i t r a t i o n ,  washed w i t h  

water-, d r - ied  and f i n a l l y  r-ec:t-ystal1i:ed ft-om e thano l  t o  aT:+orci 113 

(1.9lLl Q, 07 % ) .  

Method ( b )  : F o r m a t i d  11 I -d :  

FI s o l u t i o n  o f  t h e  a p p r o p r i a t e  ketone (0 .01  mol )  and cyanoacetete ( 1 3 .  01. g. 

10.01 mo l )  1n benzene (100 m l )  con ta i r i i r i g  ammonluin a c e t a t e  (2 .00  y .  26 mmol) 

anci acetic:. a c i d  (2 .00  m l l  was r -e f luxed f o r  d h u s i n g  a water separ-ator .  

The r m l u t l o n  was cooled,  t h e  11 tl-d were p l - e c i p l t a t e d ,  collected tly f : i l t r - -  

a t l o n  as w h i t e  c r y s t a l l i n e  s o l i d  whici'l was f -er : : i -yz; t i%l l i~ei : l  fr-on1 t h e  [lr'olJer' 

so:LveriL. 

min. The r -eac t i on  mi,:tui-e was r'E2+1U:.;etj on a wat:er ba th  .For 4 h t h e n  [:IoLII.P~ 

~ n t o  HC1 (5r:I m l ;  I N )  and t h e  s o l i d  ma te r - i a l  t h a t  depos i ted  was c o l l e c t e d  
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by f i l t r a t i o n  and r e c r y s t a l l i z e d  t o  g i v e  111 (1.37 g ,  50 % ) .  

Reac t i on  of 111 w i t h  Hvdrazines: Format ion  o f  I V :  

A s o l ~ l t i o n  of acety lcoumar in  (111) (2.35 g, 0.01 mol) and hyd raz ine  hydra te  

(0.64 g. 0.02 mol)  o r  Phenylhyr-azine (2.16 g, O.l:12 mol)  i n  e t h a n o l  (51:) m l )  

was r e f l u ~ e d  f o r  4  h. The r e a c t i o n  m l x t u r e  was l e f t  t o  coo l .  t hen  poured 

o n t o  HC1 (30 m l ;  1  N) and t h e  s o l i d  separa ted ou t  was c o l l e c t e d  by T i l t r -  

a t i o n ,  washed w i t h  water, d r i e d  and r e c r y s t a l l i z e d  t o  g i v e  t h e  hydrazone 

01. phenylhydrazone ( I V  a, b )  r e s p e c t i v e l y .  

N c a c t i o n  o f  3 - A c e t v l - 6 - c h l o r o - ~ e t h v l c o u m a r i n  (1111 w i t h  Hvdrazine Hvdrate. 

i n  G l a c i a l  Ace t i c  Acid: Format ion o f  t h e  Fv razo le  D e r i v a t i v e  ( V ) :  -- 

A s o l u t i o n  of acety lcoumar in  (111) (2.35 g ,  0.01 mol) and hydraz ine  

h y d r a t e  (0.96 g, 0.03 mol) i n  g l a c i a l  AcOH 3  1  was r e f l u x e d  f o r  6  h. 

The r e a c t i o n  m i x t u r e  was a l l owed  t o  c o o l  down, t hen  poured i n t o  water .  The 

s o l i d  t h a t  depos i ted  was c o l l e c t e d ,  d r i e d  and f i n a l l y  r e c r y s t a l l i z e d ,  t o  

y i e l d  V (1.65 g, 72%). 

Condensation o f  3-Cvano:z-methvlco~~mat~ir~s (11 a-d) w i t h  A ldchvdes i  

Syn thes i s  o f  4-Styrv lco~lmar. ins ( V I  a-m): 

fi m i x t u r e  of an equimolar o f  3-cyano--4-methylcoumar-in (O.I:11 mol)  and t h e  

appr-opt- iate aldehyde (0.01 mol)  and few drops o f  p i p e r i d i n e  i n  e thano l  (30 

m l )  or. dimethylfor~mamlde ( 2 0  m l )  ( f o r  V I  f - m )  was heated \under- r.ef1i.l:: fot- 

2 h ( . F w  V I  a -e)  o r  heated FOI '  4 h  on a  water. ba th  a t  ~ I : I O ~ C  ( fo r  V I  6-m). 

T h e  condensat ion p l .uduct~i  which separated upon c o o l i n g  were c o l l e c t e d  and 

I ' e c r y s t a l l i z e d  f rom t:he propiel s o l v e n t  t o  g i v e  t h e  4 . - s t y r y l  d e r i v a t i v e s  ( V I )  
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Reaction of 6-Chloro-~-cvano-4-mettivlcoun1ar in (I la) wi trvlidenencvann-. 

acet-ate Derivatives: Synthesis of BenzoCclcoumarins (VII a-c): 

A solution of cyanocoumarin (IIa) (2.19 g, 0.1:ll moll and arylidenccyanoac- 

etate derivatives (0.01 mol) in ethanol (30 ml) containing few drops pipe- 

ridine was refluxed for 3 h. Most of the solvent was distilled off, and 

the solid was collected and recrystallized. 

Effect of Malononitrile on 4 Stvr-vl Derivatives (VI a-e) Formation 06 

HenzoCclcoumarin (VII a-e): -- 
Malononitrile (1.32 g, 0.02 mol) was added to the styt-yl derivative (VI) 

(1:1.1:115 moll together- with Few drops of piper-idine in ethanol (30 ml). The 

r-eaction mixture was refluxed for 2 h and the sol.ids obtained after come-.. 

ntration were collected, washed with ethanol and finally recrystallized 

from suitable solvent to give the benzoCclcoumarin derivatives (VII a-e). 
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Table 1: Physical data o f  synthesiscd products (11-V) 

Compd A1 R2 R3 Crystallization mp" C Analysis 
No. Solvent ( %  yield) Found/Calcd(%) 

C H N 

I I a  C1 H H E (87) 187-189 CII H6N02C1 60.34 2.60 6.22 

IIE H -CH=CH-CH-CH- T (74) 282-283 C _H NO- 76.84 4.00 5.75 
i d  9 L 

IId Hr --CH=CH-CH=CH- E (72) 205-207 C15ti8NU2Hr 57. 1 1  2.71 4.19 

57.37 2.54 4.45 

IVa E (84) 3X-201 C1,H N,O,Cl 57. 60 3. 45 11. 0 7  
6. 1 1 A. 2 

57.49 5.39 11.18 
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T a b l e  2: P h y s i c a l  d a t a  of s y n t h e s i s e d  p r o d u c t s  ( V I  a-m) 

Compd Rl R2 R3 A r  C r y s t a l l i z a t i o n  mp0c 
No. S o l v e n t  ( %  y i e l d )  

A n a l y s i s  
Found /Ca lcd (%)  

V I a  C l  H H 3,4-0CH,0C6H3 H ( 8 3 )  296-298 C ti .N04C1 64.39 3 .01  4 . 0 5  
L 19 1C1 

64.49 2.84 3 . 9 8  

V I b  C1 H t i  e-C1C6H4 E, ( 9 4 )  302-303 C18H9N02C12 63.16 2.72 4.20 

6 Y X !  2 .63  4 .10  

V I c  C1 H H e-CH30C6H4 H ( 9 2 )  243-244 C H Nfl,C1 67.37 3 .65  4. 30 
19 12 

67.56 3 .55  4. 1 5  

V I d  C1 H H e-BrC6H4 H ( 9 0 )  J l  l - Z l 3  Cl8WqNU2HrC1 55.68 2 .39  7 . 7 6  

55.89 2 . 3 Y 7 . 6 2  

V I e  C1 H t i  2 - f u r y 1  H ( 0 5 )  220-221  c ti NO C ]  . 68.21 2 .96  5 .  1 2  

68.11 2.84 4 .97 

V I f  CH3 H H e-CH30C6H4 A ( 8 8 )  223-225 C H NO., 76 .66  5.01 4. 5 3  3:) 115 .., 

76.70 4 .73 4 .41  

V I g  CH_ H H e-C1C6H4 DMF ( 8 9 )  294-296 CI9Hl2NO2C1 '70.75 7 .81  4.42 

70 .91  3 .73  4 .35 

V I h  CH5 H H 2 - t h i e n y l  A ( 7 6 )  175-~377  C17H11N0,S 69 .81  3 .6b  4.61 

69.62 3 .73  4.77 

V l i  CH3H H Z - f ~ l r y l  R ( 7 2 )  .3C,<, 
C1.7H1 lNn3 7S.82 3 .81  5.27 
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Table 2: ( con t . )  - 
V I j  H -CH=CHCH=CH- C H DMF(70) 269-270 CT7H NO 81.55 4.21 4.03 

6  5  LL 13 2  

81.73 4.02 4.33 

V I C  H -CH=CHCH=CH- g-CH-OC H DMF(68) 272-273 C,7H15N03 78.42 4.37 3.81 a 6 4  L.. 

78.18 4.25 3.96 

VI1  H -CH=CHCH=CH- 2 - t h i e n y l  A (72)  248-250 C2*H1 N02S 72.50 3.58 4.48 

72.44 3.34 4.25 

V I m  H -CH=CHCH=CH- 2-naphthyl.  DMF(b6) 284-286 CZ6HL5N02 83.81 3.97 3.62 

83.65 4.02 3.75 

Table 3: P h y s i c a l  da ta  of syn thes ised p roduc ts  ( V I  a-nl) 

Compd A r  C r y s t a l l i z a t i o n  mpOc 
No. So lvent  ( %  y i e l d )  

Ana lys i s  
Found/Calcd(%) 
C H N 

N  Y i e l d s  a r c  based on r e a c t i o n  I 1  w i t h  ary l idenecyanoaceta te .  

X I  E= ethano l .  T= to luene  H= benzene. DMF= d~methy l fo rmamide,  O= acetone 
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