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A CONVENIENT TWO-STEP SYNTHESIS OF FALLYLCOURARINS AND THEIR 

BENZODERlVATlVES 

Raghao S. Mali*,  Santosh G. T i l v e ,  Suresh N. Yeola,and An i ta  R. Manekar 

Department o f  Chemistry, Un ive rs i t y  o f  Poona, Pune 411 007, I n d i a  

Abstmct  - A convenient, high y ie ld ,  two step synthesis of 3-a l ly l -  

coumarine Md t h e i r  benzo dsr iuat ives  i s  described fmm 2-hydp~ucyben?ai- 

dehydes. The benzaldehydes (Za-jJ on reaction with phosphor- 5 

E-ethy2-G a l l y l c i n m a t e s  1-J i n  high y i e l d s .  These e s t e r s  

1 a - j )  on t h e m o t  or photochemiml cyc l i sa t ion  give 3-allylcacmarins 

l a ) .  

Several 3-alkenylcoumarins I-) have been i s o l a t e d  from natural T h i s  r i n g  system 

i s  a l s o  present i n  some pyranocoumarins? Though a numkr o f  methods are a v a i l a b l e  f o r  

p repara t ion  of 3 -subs t i tu ted  coumarins 5'6 on ly  two routes are repor ted f o r  the synthesis  o f  

7-9 
3-alkenylcoumarins . 

Both these routes u t i l i z e  p r e f o n e d  coumarins as s t a r t i n g  compounds and e i t h e r  invo lve  several 

steps or prov ide  3-alkenylcoumarins i n  very low y i e l d s .  Thus, the  f i r s t  method8 requi res 

7-hydroxycoumarins, which on a l l y l a t i o n  fo l lowed by abnormal Cla isen rearrangement g ives 
7 

3-alkenyl-7-hydroxycoumarins i n  small amounts. The second mthod employs 4-hydroxycoumarins. 

which on a l l y l a t i o n  fol lowed by Cla isen rearrangement provides 3-allyl-4-hydroxycounarins. 

These are then converted t o  3-a l ly lcoumar ins v ia  t o s y l a t i o n  of 4-OH group fo l lowed by reduc t i ve  

de tosy la t ion .  We repor t  here in a simple and general approach f o r  the synthesis  o f  3 - a l l y l -  

coumarins which does not requ i re  p r e f o n e d  coumarins and p rov ide  3-a l ly lcoumar ins i n  h igh  



" - 
h H H -lCH=CH)-2 - 

i -lCH=CH)-2 H H - SCHEME I 

j H -lCH=CHI-2 H - 

yields (Scheme I ) .  in our method the ortho-hydroxybenzaldehydes I2a-j) were reacted w i th  

phosphorane (1 )  i n  dry benzene. A mixture o f  esters 4 and 2 was expected from t h i s  reaction, 

however, the hydroxy esters 1x1 whose stereochemistry w i l l  be described l a t e r  were formed 

exclusively. These esters were then cycl ised e i t he r  thermally or  photochemically t o  g ive  

3-allylcoumarins (6a-f) and the i r  benzo der ivat ives I-). The photochemical cyc l isa t ion  was 

achieved by keeping t h e i r  benzene solution under sunlight. Coumarin J was obtained from 5, 
Only by photochemical cyc l isa t ion  while coumarins 66, and fi were obtained only by thermal 

cycl isat ion from esters 46, s a n d  2 respectively. I n  case o f  9, when i t  reacted w i th  

phosphorane 3 i n  ref luxing benzene ( fo r  3 h) the f i na l  product 3 was obtained d i rec t l y  i n  80% 

yield. 

Stereochemistry o f  E-E thy ld -A l l y l c innamates  ( 4 a - j l  - It i s  wel l  established that W i t t i g  

reaction o f  stable phosphorane with carbonyl canpounds provide a mixture of E and Z isomers o f  

the o le f i n i c  compounds, the E isomer being the m j o r  one. In our hands when hydroxyaldehydes 
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TABLE I : PREPARATION OF ESTERS ta 

Compd. R e a c t i o n  Y l e l d  m p IR 
NO. c o n d i t i o n s  % l o c i  J i c r n - ' i  

t i rne / temp I S a l v e n t I  
-- 

'H NMR lCOC1 31TMSl 
&(PP% 

1.27 i t ,  3H, J=7Hz, CI12CH21; 

3.14 i b r . d . ,  2H, J=6Hz, C$-CH=CH.II; 4.18 

i q ,  2H, J=7Hz, W2CH31; 4.8-5.1 im, ZH, 

Cli2 --CH=CH?); 5.6-G.1 in, I H ,  CH2-CpCH2 1; 
6 .5 -7 .2  im, 5H, At.4 and OH. exch.1; 7.78 i s ,  

lH, -CH.Cl. 

1.32 i t ,  3H, J=7Hr,  CH2CJ31; 3.25 1br.d. .  ZH, 

J=6Hr ,  CH2 -CH=CH2i; 3.78is,3H,0CH3 ); 4.28 

lq ,2H,J=7Hz,C~CH31;  4.95-5.25im, ZH, CH2-CH=CH2i; 

5.75-6.18 Im, lH ,  CH2-CH=CH21; 6.22 i s ,  lH ,  OH, 

exch.1: 6.5irn,2H,ArHl; 7.2116, IH, J=9Hz,ArH) ;  

7.88 (s, IH, -CH;C). 

1 .33 i t ,3H,J=7Hz,CHZC~1;  3.Ol ibr .d,2H,J=6Hz, 

CH2 -CH=CH21; 3 .78  ls,3H,0CH31; 4.27 iq,2H, 

J=7Hr ,  CL12CH31; 4.85-5.12 irn,2H.CH2-CH=CH2): 

5 . 3  i s ,  lH ,  OH, exch.1: 5.6-6.05 im, I H ,  

CH2-CH=CH21; 6.43 i d ,  LH, J = 9 H r ,  A & ;  6 .52  

I d ,  IH,J=9H2, A r H l :  7.12 I t , I H ,  J=9Hr,  ArH l ;  

7.44 i s ,  IH, -CJ=CI". 

1.28i t ,3H,J=7Hz, CH?C!431; 3.15 i b r . d ,  2H, 

= 6  L+-CI!=CH21: 3.8 i s ,  3H, 0CH31; 4.18 i q ,  

%II ,J=7l i r ,  LtlZCH31: ,i.85-5.15 im, 2H,CH2-CH=CH2); 

5 .65-6 .1  im, 2H, CH2-CH.CH2 and OH, exch. I; 
6.6-6 .92  im, 3H, A r H I ;  7.76 i s ,  l H ,  - c H . c ~ ~ .  

1.29 i t ,3H,J=7Hr,  CH2Ckf31; 2.22 i s ,  3H, CH31; 

3.15 ib r .d ,  2H, CH2-CH=CH21; 4.18 l q ,  2H, J=7H2 

CH2CH31: 4.85-5.1 im, ZH. -CHZ-CH=C&l; 

5.65-6.1 im, lH ,  CH2-CH;CH21; 6.45-6.8 im, 3H, 

ArH2 and OH, exch.1; 7.04 I d ,  IH, J-8H2, A r H l ;  

7.79 i s ,  lH ,  C P C )  

1.32 i t ,  3H,J=7Hz, CH2CH31; 2.12 i s ,  3H, CH3); 

3.26 i b r . d ,  2H, Ctj2-CH=CH2); 3.8 is,3H,0CH31; 

1.28 i q ,  J=7Hr, - C t l ~ C I l ~ l ;  4.95-5.28 is, 2H, 

-CH7-CH=CH?I: 5.78.-6.l6 lm.711. -CH7-CH;CH2 and 

OH, e r c h . 1 :  6.41 i s ,  111. P r l l l ;  7.0915,1H,ArHI: 

1.88 is.! l i . -CH.Cl.  



Table 1 : Cantd. 

Campd. R e a c t i o n  Y i e l d  m p IR 
NO.  c o n d i t i o n s  % (OCI diem-'1 ' H  NI4R (cOCl3lTMS) 

t ime l t emp  ( s o l v e n t )  ~ ( P W  

a h  - 6 h l r . t .  87 103 1685 i c - 0 1  1.38(t,3H,J=7Hz,CH2Cfi31; 2.98 i b r . d ,  2H, 
3300 (OH1 J=6Hz, -C! -CH=CH,I: 4.29 i q ,  2H, Jz7Hz, 

2 
( N U J O ~  I C j 2  -CH31; 4.7-4.98 Im,ZH,-CH2-CH=C&); 

5.42-5.93 (m,2H,-CH?-CH;CH2 and OH, exch.); 

7.02-7.7 Im, 7H, Ar l lg and -CH=C1. 

i - 7 h l r . t .  75 75 1680 iC=O1 1.34 it,%, J=7Hz, CH2CH31; 3 .2 i b r . d ,  2H, 

3350 (OH) J=6Hi ,  Cfii-CHzCH21; 4.3 ( q ,  ZH, J=7Hz, CH2CH31; 

i N u j o l  i 4.93-5.24 i m ,  214. -CH2-CH=CH21; 5.74-6.24 im, ZH, 

-CH~-CH=CHZ and OH, exch. I; 7.17-7.84 ( m ,  5H, 

ArHI;  7.94 i s ,  lH, -CH;CI;  8.24 i m ,  lH ,  A rH l .  

1 1 h l r . t .  87 64 1680 (c=Ol  1.32 It, 3H, Ji7Hz, -CH2CB1; 3.32 ( b r . d ,  ZH, 
3260 (OH) J=6Hr, -Cj2-CH=CH21; 4.3 (q ,  2H, J=7Hz, CbCH31; 

( N u ~ o l )  5.0-5.3 (rn, 2H, CH2 -CH=Cfi2l; 5.81-6.3 im, 2H, 

-CH2Cfi=CH2 and OH, exch.1; 7.17-8.1 (m, 7H, ArH6 

and -C i=C l .  

" P I 1  p r o d u c t 5  gave s a t i s f a c t o r y  e lementa l  ana l yses .  

' 'Measured i n  CClqlTMS 

-- - 
CTied. Reac t i ons  c o n d i t i o n s  m p IR 
NO. Fme/ Keeping i n  IYC1 iNu j01 I 1~ MIR ICOCI3/TMSI 

temp.i°C1 s u n l i g h t  
y i e l d  t i m e l y i e l d  d I c K 1 l  6Ippm1 

12 
hp 6 h l 1 8 0  25 h/90% 43 1125 3.34 lbr.d.,ZH, J=bHz, CH2-CII=CH21; 5.1-5.38 

804 101. 2H, CH2-CIl=CH21; 5.78-6.22 lrn,lH,CH2CH=CH2 1; 

7.1-7.8 In,, 5H, ArH4 and C4-Hi 

& 3 h l 1 8 0  23 h l74X 5512 1725 3.20 1br.d.. 2H, J=6Hi ,  CH2-CH=CH21; 3.8 ( 5 ,  

67% 3H, 0CH3); 5.0-5.30 im, 2H, -CH2-CH=CH21; 

5.68-6.12 im, lH ,  -CH2-CH;CH21; 6.65-6.78 im, 

2H, C6-H and C8-H); 7.21 i d ,  lH ,  J-9Hz. C5Hl: 
b 

7.31 i s ,  l H ,  C,-H) 
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temp.i0t)  s u n i i g h t  
y i e l d  t i m e l y i e l d  V ( c n r l l  

3.31 (br.d., 2H, J=6Hz, -CH2-CH=CH2); 3.9(s, 

3H, 0CH31; 5.06-5.34 im, 2H, CH2-CH=Ct121; 

5.76-6.22 im, l H ,  CH2-CH=CH21; 6.66 

(d ,  lH ,  J=9Hz, C6-HI; 6.86 (d,  lH, Jz9Hz, Cg-H); 

7.35 it, lH, J=9Hz, C7-HI; 7.84 i s ,  lH, Cq-H). 

3.28 ibr.d,  2H, J=6Hz, -Cti2-CH=CHzl; 3.95 (5,  

3H, 0CH31; 5.0-5.54 im, ZH, CH2-CH=CH2); 

5.7-6.2 im, lH ,  C ~ ~ - c p C H ~ ) ; 6 . 8 - 7 . 2 5  (m,3H,ArHI; 

7.4 i s ,  lH, C4-HI. 

2.39 (5,  3H, CH3); 3.2 (br .d ,  2H, J=6Hr, 

CH2-CH=CH21; 5.0-5.28 im, 2H, CHtH=CH I; 
2 -2 

5.65-6.15 im, l H ,  CH2-CH.CH21; 6.8-7.4 

In. 4H, ArH3 and CCH). 

2.15 i s ,  3H, CH31; 3.2 i b r . d ,  2H, J=6Hz, 

CK2-CH=CH21; 3.82 i s ,  3H, 0CH31; 

5.0-5.25 h, 2H, -CH2-CH=C&I; 5.68-6.20 

lm, lH, CH -CH=CH ); 6.72 (s, lH, C8-HI, 
2 -  2 

7.02 (s, lH, C5-HI; 7.25 ( s ,  lH ,  C4-HI. 

3.3 (br.d, ZH, J=6Hz, -Cti2 -CH=CH21; 3.88 and 

3.91 ( s ,  3H each 2 x CCH3); 5.1-5.37 (m, ZH, 

-CH -CH=CH I; 5.79-6.28 im,lH,-CH2-CH.CH2); 
2 -2 

6.3 i d ,  lH, Je2Hz, C -H), 6.42 (d ,  lH ,  J=2H2, 6 
C -H); 7.79 (s, lH ,  C4-HI. 

8 

3.31 ib r .d ,  2H, J=6Hr, -CH2-CH=CH21; 

4.9-5.38 Im,ZH,-CH 2-CH=C12); 5.61-6.38 im, lH ,  

CH -CH=CH I; 7.12-8.15 im, 7H, ArH6 and C4-HI 
2 -  2 

3.36 ib r .d ,  2H, J=6Hz, -C12-CH'CH2); 

5.07-5.4 in, 2H, -CH2-CH=CH21; 5.78-6.3 im, 

lH ,  -CH -CH=CH I; 7.20-7.92 im, 6H, ArH5 and 
2 -  2 

C -H), 8.51 ( m ,  IH ,  ArH I. 
4 

3.26 ibr.d,  2H, J=6Hr, -CH2-CH=CH2); 4.9-5.26 

im, 2H, -CH2-CH=Cy2); 5.5-6.3 in, lH ,  

-CH -CH=CH 1; 7.0-7.72 im, 7H, ArH6 and C4-HI 
2 -  2 

' A l l  p r o d u c t s  gave s a t i s f a c t o r y  e l emen ta l  ana lyses.  

Measured i n  CDC13 + CC1 ITMS. 



2a-j reacted w i th  phosphorane the E-isomer of e t h y l d - a l l y l c i n n a m a t e s  were formed exc lus ive ly  - 

i n  87-99% y i e l d  (except i n  case o f  c, where the y i e l d  was 75%). The stereochemistry of these 

1 esters has been es tab l i shed  on the bas is  o f  t k i r  H-NMR propert ies.  The o l e f i n i c  proton i n  a l l  

these compounds appeared as a s i n g l e t  a t  about 67.5. These values were c l o s e r  t o  t h e  

calculated1'  value ( 6  7.81 for  E isomerf t1.  The ca lcu la ted  va lue  for  the o l e f i n i c  proton i n  the 

1 
2-isomer (I) was found t o  be 6 6.23. The H-NMR proper t ies  thus ind ica ted  t h a t  the  e s t e r s  

formed were the c-isomers ( 5 1 .  

The phosphorane 3 requ i red  f o r  the synthesis  of coumarins 6a-j was prepared fmm the  e a s i l y  
11 

avai lab le phosphorane . Thus, the phosphorane L was reacted w i t h  a l l y l  b m i d e  i n  chloroform 

t o  give s a l t  8 which on reac t ion  w i th  2 N sodium hydroxide furnished the stable phosphorane 2 i n  

75% overa l l  y i e l d .  

The ready a v a i l a b i l i t y  o f  the stable phosphorane having a l l y l  group and super ior  overa l l  y i e l d s  

makes the present method a t t r a c t i v e .  

EXPERIMENTAL 

A l l  W l t i n g  points  are uncorrected. 'H-NMR spectra were recorded on a Perk in-Elner  R-32, 90 Mir 

instrument, Chemical S h i f t s  are expressed i n  bfppm) d a r n f i e l d  fmm TMS as an i n t e r n a l  standard. 

I R  spectra ( y i n  c n - l l  were recorded on a Beckman IR-20 i n f r a r e d  spectrophotometer. 
max 

Preparation o f  Phosphorane 3 

A so lut ion of a l l y l  bmmide (3.47 g, 2.87 m o l l  i n  ch loroform (5 m l )  was added t o  a s o l u t i o n  o f  

triphenylethoxycarbonylmthylidenephosphoranel' (1, 10 g, 2.87 m m l )  i n  ch loroform (20 ml). The 

reaction m ix tu re  was re f luxed  f o r  8 h and the solvent  was removed under reduced pressure. Ether  

(20 n l )  was added t o  the o i l y  res idue and c w l e d  t o  0%. It was then scratched t o  get a whi te 

s o l i d  * i c h  was f i l t e r e d  and washed w i t h  benzene. It was r e c r y s t a l l i z e d  from chlorofom-hexane 

t o  give t h e  s a l t  8 (12.7 g, 94%1, m p 150-15l0i.  Anal. Calcd. CZ5HZ602 PET : C, 63.97; 

H, 5.58. Found : C, 63.94: H, 5.60%. 

The above s a l t  (81 d issolved i n  water ( 1 M  ml)  and benzene (100 ml)  was added t o  i t .  I t  was 
0 

then made a l k a l i n e  ( a t  25 C) w i t h  2N NaOH. The benzene l a y e r  war separated and the  aqueous 

layer  was ex t rac ted  w i th  benzene (100 m1). The canbined benzene l a y e r  was d r ied  (Na2SOq1 and 

the so lven t  removed under reduced pressure t o  get a crude product. I t  was r e c r y s t a l l i s e d  from 

benzene-hexane t o  fu rn ish  phosphorane 3 (8.20 g, 78%). m p 1 ~ 2 ~ ~ .  Anal. Calcd. C25H2502P : 

C ,  77.30; H, 6.48. Found : C, 77.45; H, 6.53%. 

General Procedure f o r  the Preparat ion of Hydmxy Esters l 4 a - j l  

A mixture of o-hydmxybenzaldehyde (1, 0.01 ml ) and phosphorane (3, 0.01 m l )  i n  benzene f 2 h l l  

was e i t h e r  s t i r r e d  or re f luxed  according t o  tk cond i t ions  mentioned i n  Table1. The so lven t  

was removed under reduced pressure and the res idue obtained was chromatographed over s i l i c a  ge l  

using hexane-ehtyl acetate (90 : 10) as eluent, t o  fu rn ish  compound 9. The s o l i d  products 
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(4b,c , f ,h- j l  were r e c r y s t a l  l i s e d  from hexane-dichloromethane and the l i q u i d s  (u) wem 

analysed as such ( these capounds  got c y c l i s e d  during d i s t i l l a t i o n s ) .  

General Procedure f o r  3-Al ly lcoumar ins ( 6 a - j )  

The hydroxy es te rs  ($1 w r e  e i t h e r  heated as s u h  i n  n i t rogen  atmosphere o r  d issolved i n  benzene 

and kep t  i n  s u n l i g h t  accord ing t o  the c m d i t i o n s  nentioned i n  Table. The res idue obta ined,  

e i t h e r  d i r e c t l y  o r  a f t e r  removal of the so lven t  w s  chromatographed over s i l i c a  gel  u s i n g  

hexane-ethyl ace ta te  (95:s) as e luent ,  t o  get 3-a l ly lcoumar ins (61. The coumarin 6f was 

r e c r y s t a l l i s e d  from hexane w h i l e  the other 3-a l ly lcoumar ins vere r e c r y s t a l  l i s e d  f rom hexane- 

ch lo ro fo rn .  
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