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Abstract - A econvenient, high yield, two step smthesis of 3-allyl-
eoumaring and their benzo derivatives is deseribed from Z-hydroxybenzail-
dehydes. The benzaldehydes (2a-j)} on veaction with phosphorane 3
provide F-ethyl-d- allyleinnamates (4a-j} in high yields. These esters
(d4a-j) on thermal or photochemical cyclisation give 3Z-allyleoumarine

{6a~g}.

Several 3-alkenylcoumarins (la-e) have been isolated from matural sources -3 This ring system

is also present in some pyranocoumarins.4 Though a number of methods are available for
5.6

preparation of 3-substituted coumarins only two routes are reported for the synthesis of

3-alkenylcoumarins’ .

1 R R’ g’
a H OCHy H
b H OCH3 DCHq
¢ H OH 0CH3
d OH OCHy H

1 e OCH3 0CH3 H

Both these routes utilize preformed coumarins as starting compounds and either invalve several
steps or provide 3-alkenylcoumarins n very low yields. Thus, the first methud8 requires
7-hydroxycoumarins, which on allylation followed by abnormal Claisen rearrangement gives
3-alkenyl-7-hydroxycoumarins in small amounts. The second rmathod7 employs 4-hydroxycoumarins,
which on allylation followed by Claisen rearrangement provides 3-allyl-4-hydroxycoumarins.
These are then converted to 3-allylcoumarins via tosylation of 4-OH group followed by reductive
detosylation. We report herein a simple and general approach for the synthesis of 3-allyl-

coumarins which does not require preformed coumarins and provide 3-allylcoumarins in high
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yields {Scheme I). In our method the ortho-hydroxybenzaldehydes (2a-j) were reacted with
phosphorane (3} in dry benzeme. A mixture of esters 4 and § was expected from this reaction,
however, the hydroxy esters (4a-j) whose sterecchemistry will be described later were formed

exclusively.
3-allylcoumarins (6a-f) and their benzo derivatives {6h-j}.
achieved by keeping their benzene solution under sunlight.
only by photochemical cyciisation while coumarins 6d,
cyclisation from esters 4d, 4h and 4§ respectively.
phosphorane
yield,

Stereochemistry of E-Ethylof-Allylcinnamates {4a-j) - It

In case of Zg,

is well

These esters were then cyclised efther thermally or photochemically to give
The photochemical cyclisation was
Coumarin 6 was obtained from 4j,

6h and 6i were obtained only by thermal

when it reacted with

3 in refluxing benzene (for 3 h) the final product 6g was cbtained directly in 80%

established that Wittig

reaction of stable phosphorane with carbonyl compounds provide a mixture of £ and Z isomers of

the olefinic compounds, the E isomer being the major one.
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TABLE 1 : PREPARATION OF ESTERS 4

Compd. Reaction Vield  mp R :
Mo, conditions % 0 Viem ) H MR (CDCT./TMS )
time/temp {Solvent) & topm;
43 1 K/ r.t. 97 - 1700 (C=0) 1.27 [+, 3, J=THz, CHpCHqls
2370 (OH) 3.18 (br.d., 2H, J<6Hz, CHy-CH=CH,); 4.18

{Heat) (g, 2H, J=THz, CHpCHy); 4.8-5.1 {(m, 2H,
CH; ~CHeCHy)y 6.6-0.1 (m, 1M, CHy-CH=CHp):
A.5-7.2 (m, 5H, ArHy and OH, exch.); 7.78 (s,

IH, -CH=C).
b 4 h/r.t. 93 87  1670(C=0" 1.32 (t, 34, J=7Hz, CHpCHy); 3.25 (br.d., 2H,
- 3270{QK) J=6lz, CHy -CH=CHp); 3.78{5,3H,00%3 3; 6.28
{Nujo1) {q,2H,J=7Hz CHyCHy); 4.95-5.25(m, 2H, CHp-CH=CHp};
5.75-6.18 (m, 1H, CHp-CH=CHp); 6.22 (s, 1, OH,
exch.); 6.5(m,2H,ArH); 7.21(d, 1H, J=9Hz ArH);
7.88 (s, 14, -CH=C).
¢ 4 htr.t. 94 80 1700 (C=0) 1.33{t,3H,J=7Hz,CHzCH3 }; 3.01(br.d,2H,d=6Hz,
3280(CH) CHy -CH=CHp); 3.78 (s,3H,0CH3); 4.27 (q,2H,
{Nujol} J=7Hz, CHpCH3): 4.85-5.12 (m,2H,GHy-CH=CHy );
5.38 (s, 1H, OH, exch.); 5.6-6.058 [m, IH,
CHy-Ch=Cils ), 6.43 (d, LH, J=9Hz, ArM); 6,52
{d, 1H,J=%Hz, ArH): 7.12 (t,1H, J=0Hz, ArH):
7.44 (s, 14, -CH=C}".
d 4 hir.t, 98 - 1710 (6=0) 1.28(1,30,d=7Hz, CHpCH3): 3.15 (br.d, 2H,
3380 {0} d=bHz,  CHy-CH=CHp): 3.8 (s, 3H, OCHz); 4,18 (q,
(Neat) 20,05 7He, WpCHel: 4.85-5.15 (m, 2H,CHp-CH=CHp);
5.65-6.1 [m, 2H, CHp-CH=CHp and OH, exch.);
6.6-6.92 (m, M, ArH); 7.76 {s, 1M, -CH=C)P,
e 1 h/reflux 99 - 1680 (C=0) 1,29 (t,3H,J=7Hz, CHpCHal; 2.22 (s, 3H, CHy):
3350 (OH) 3.15 (br.d, 2H, CHy-CH=CH); 4.18 {q, 2H, J=7Hz
{Neat) CHoCH3); 4.85-5.1 (m, 2H. -CHo-CH=CHp);
5.65-6.1 {m, 1K, CHp-CH=CHp); 6.45-6.8 (m, 3,
ArHp and OH, exch.): 7.08 {d, LH, J=BHz, ArMH);
7.79 (s, M, CK=C)
f. 3 h/reflux 90 98 1675 (C=0) 1.32 {t, M,J=THz, CHplH3); 2.12 (s, 3H, CH3);
3260 (DH) 3.26 {br.d, 2, CHy-CH=CHp}; 3.8 (s,3H,0CH3)
{Nujol) 4,28 (g, J=THz, -CH,CH3); 4.95-5.28 (m, 2H,

~CHp~CH=CHsl: B.78-6.76 (m,?H, -CHp-CH=CHp and
OH, exch.): 6.41 (s, 1M, Arll}; 7.09(s,1H,ArH);
7.88 (5,11, -CH=C),
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Table 1 :

Contd.

Compd.  Reaction Yield mp R -1 1
No.  conditions % ey Mlem ) H MR (CDC13/TMS)
time/temp (Soivent) &¢ppmy
ah & hir.t. 87 103 1685 (C=0) l.38(t.3H,J=7Hz,CH2Cﬂal; 2.98 (br.d, 2H,

3300 (o) J=6Hz, wCﬁZ—CH=CH2); 4,29 (q, 24, J=7Hz,

{Nujol) CH; -CH3); 4.7-4.98 (m,2H,-CHy-CH=CHp };
5.42-5.93 {m,2H,-CH,-CH=CHy and OH, exch.};
7.02-7.7 im, 7H, Aril; and -CH=C).

i 7 h/rot. 75 75 1680 (C=0} 1.34 {t,34, J=THz, CHyCH4); 3.2{br.d, 2H,
N 3350 (OH} J=6Hz, Chp-CH=CHp); 4.3 (g, 2M, J=7Hz, CHpCH3):

{Mujol} 4.93-5.24 (m, 2M. -CHp-CH=CHs}; 5.74-6.24 (m, ZH,
~CHp-CH=CHy and OH, exch.); 7.17-7.84 (m, 5H,
Arkl: 7.94 {s, 1H, -CH=C); B.24 (m, 1H, ArH).

i 1 h/r.t. 87 64 1680 (€=0) 1.32 {t, 3H, J=7Hz, ~CHpCHy); 3.32 (br.d, 2H,

1260 (OH) J=6Hz, -GHz-CH=CHg); 4.3 (q, 2R, J=THz, CHpCH3);

{Nuyol) 5.0-5.3 (m, 24, CH» -CH=CHp); 5.81-6.3 (m, 2H,
-CHaCH=CHp and OH, exch.); 7.17-8.1 (m, 74, Arkg
and -CH=C}.

AR

products gave satisfactery elemental analyses.
YMeasured 1n CCl4/TMS

TARLE 2 : PREPARATION OF 3-ALLYLCOUMARINS §é
Compd. Reactions cendifions mp R
No. Time/ Keeping in {°C) (Nujol) "H MMR {CDC13/TMS)
temp. {°C} sunlight
yield time/yield Yiew 4 (ppm)
12
F] 6h/180 25 h/90% 43 1725 3.34 {br.d.,2H, J=bHz, CHp-CH=CH2); 5.1-5.38
80% {m, 2H, CHZ-CH=Cﬂ2); 5.78-6.22 (m,lH,CHZCﬂ:CHz);
7.1-7.8 {m, 5H, Arfy and Cq-H
12
b 3h/180 23 h/74% 55 1725

67%

3.20 (br.d., 2H, J=6Hz, CH,-CH=CH;); 3.8 (s,
3H, OCKg); 5.0-5.30 (m, 2H, -CH-CH=CHy);
5.68-6.12 (m, 14, -CH,-CH=CH,); 6.65-6.78 (m,
2H, C.-H and Co-H): 7.21 (d, 1H, J=9Hz, CcH):

6 g™t 5
7.31 {s, 14, Cp-H).
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Table 2 : Contd.
Compd. Reactions conditions m,p TR 1
No. Time/ Keeping in ([ C} (Nujol) H NMR [CDClslTMS)
temp.{ €) suniight
yield time/yield V{cer 1) & {ppm)
Gg 1h/170 57 h/71% 80-81 1740 3.31 (br.d., 2H, J=6Hz, -CﬂE-CH=CH2); 3.9(s,
64% M, OCH,); 5.06-5.34 (m, 2H, CHp-CH=CHy);
5.76-6.22 (m, 1H, CH,-CH=CHy); 6.66
(d, 1H, J=%Hz, CG-H); 6.86 (d, 1H, J=9Hz, CS-H);
7.35 (t, M, J=9Hz, C;-H}; 7.84 {s, 1H, C4-H).
d Zh/250 - 77 1725 3.28 (br.d, 2H, J=BHz, —C_H?-CH=CH2); 3.95 (s,
B0% 3, OCKy); 5.0-5.54 (m, 2H, CHp-CH=CHp);
5.7-6.2 (m, 1H, CH,-CH=CH,); 6.8-7.25 (m,3H,ArH);
7.4 (s, IH, cq-H).
e 5h/180 21 h/68% 123- 1750 2.39 (s, 3, CH3); 3.2 {br.d, 2H, J=6Hz,
65% -124 CH pCH=CHp); 5.0-5.28 (m, 24, CHICH=CH,);
£.65-6.15 (m, 1H, CHZ—CB,=CH2); 6.8-7.4
(m, 4H, Art 5 and C4-H).
f 2h/180 18 h/80% 104- 1725 2.15 (s, 3H, CH3); 3.2 (br.d, 24, J=6Hz,
78% -105 Cﬂz-cH=[:H2); 3.82 (s, 3, OCHq);
5.0-5.25 (m, 2H, -CHp-CH=CH2); 5.68-6.20
{m, IH, CHZ—C);I=CH2); 6.72 (s, WM, Cg-H),
7.02 {s, 1, C-H); 7.25 (s, IH, C,-H).
9 - - 131 1710 3.3 (br.¢, 2dH, J=6Hz, -Cﬂz —CH=CH2]; 3.88 and
3.91 (s, 3H each 2 x DCH3); 5.1-5.37 (m, 2H,
-CHZ—CH=Cﬁz); 5.79-6.28 (m,lH,-CH2—0ﬂ=CH2);
6.3 {d, lH, J=2Hz, CE-H), 6.42 {d, 1H, J=2Hz,
CB-H); 7.7% (s, 1H, C4—H). B
h 1h/200 - 90 1710 3.31 {br.d, 2H, J=6Hz, —CﬁZ-CH=CH 2);
85% 4,9-5.38 {m,2H,-CH 2—CH=C_112); 5.61-6.38 {m, 1H,
CHZ-CL-I_=CH2); 7.12-8.156 {(m, 7H, Ar‘HE and C4—H)
i 1h/200 - 88 1710 3.36 (br.d, 2H, J=6Hz, -C_ljz-CH*CHz);
69% 5.,07-5.4 (m, 2H, -CHE—CH=Cﬂ2); 5.78-6.3 (m,
1H, -CH -Cﬂ=CH2); 7.20-7.92 (m, 6H, ArHg and
C4—H), §.51 {m, 1H, ArH }.
i - 28 h/86% 153 1715 3.26 {br.d, 24, J=6Hz, -C_I-I_Z—CH=CH 2); 4,9-5,26

(m, 2H, -CHZ-CH=C_|‘12); 5.5-6.3 (m, 1H,
-CHZ-Cﬂ=CH2]; 7.0-7.72 {m, 7H, ArH and LK)

2 A11 products gave satisfactory elemental amalyses.
b Measured in ohct, + CC1, /IMS.
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2a-j reacted with phosphorane 3 the E-isomer of ethyl<« -allylcinnamates were formed exclusively
in 87-99% yield {except in case of 4i, where the yield was 75%). The stereochemistry of these
esters has been established on the basis of their 1H-NMR properties. The c¢lefinic proton in all
these compounds appeared as a singlet at about & 7.5. These values were closer to the
calcutated '° value (§7.8) for E isomer(4). The calculated value for the olefinic proton in the
Z-isomer (5) was found to be $6.23. The 1H-NMR properties thus indicated that the esters
formed were the E-isomers (4a-j).

The phosphorane 3 required for the synthesis of coumarins 6a-j was prepared from the easily
available phosphorane 1”. Thus, the phosphorane 7 was reacted with allyl bromide in chloroform
to give salt 8 which on reaction with 2 N sodium hydroxide furnished the stable phosphorane 3 in
75% overall yield.

The ready availability of the stable phosphorane having allyl group and superior overall yields
makes the present method attractive.

EXPERIMENTAL

A1l melting points are uncorrected. 1H—NI‘-1R spectra were recorded on a Perkin-Elmer R-32, 90 MHz
instrument, Chemical Shifts are expressed in &({ppm) downfield from TMS as an internal standard.
IR spectra ( yp in em™') were recorded on a Beckman IR-20 infrared spectrophotometer.

max
Preparation of Phosphorane 3

A solution of allyl bromide (3.47 g, 2.87 mmol1) in chloroform (5 mi) was added to a solution of
triphemﬂethox).'ca:r'!:ony1rrnf_xthyl1‘deneplwsphm-ane1‘l (7, 10 g, 2.87 mmel} in chloroform (20 ml}. The
reaction mixture was refluxed for & h and the solvent was removed under reduced pressure. Ether
{20 ™) was added to the oily residue and cooled to 0C. It was then scratched to get a white
s01id wnich was filtered and washed with benzene. It was recrystallized from chloroform-hexane
to give the salt 8 (12.7 g, 94%), m p 150-151°C. Anal. Caled. CogHag0p PBr : C, 63.97;
H, 5.58, Found : C, 63.94; H, 5.60%.

The above salt (8) dissolved in water (150 ml) and benzene {100 ml) was added to it. It was
then made alkaline (at 250{2) with 2N NaOH. The benzene layer was separated and the agueous
layer was extracted with benzene (100 ml}. The combined benzene layer was dried (ruzsoq) and
the solvent removed under reduced pressure to get a crude product. It was recrystallised from
benzene-hexane to furnish phosphorane 3 {8.20 g, 78%), mp 122%. Anal. Calcd. CoghngloP ¢

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

General Procedure for the Preparation of Hydroxy Esters (4a-j)

A mixture of o-hydroxybenzaldehyde (2, 0.0 mol} and phosphorane (3, 0.01 mol) in benzene (20mi)
was either stirred or refluxed according to the conditions mentioned in Table 1. The solvent
was removed under reduced pressure and the residue obtained was chromatographed over silica gel

using hexane-ehtyl acetate (90 : 10} as eluent, to furnish compound 4a-j. The solid products
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{4b,c,f,h-J) were recrystallised from hexane-dichloromethane and the Tiquids (4a,d,a) were
analysed as suwch {these compounds got cyclised during distillations).

General Procedure for 3-Allylcoumarins {6a-j}

The hydroxy esters {4) were either heated as such in mitrogen atmosphere or dissolved in benzene
and kept in sunlight according to the conditions mentioned in Table 2, The residue obtained,
either directly or after removal of the solvent was chromatographed over silica gel wusing
hexane-ethyl acetate {95:5) as eluent, to get 3-allylcoumarins {(6). The cowmarin 6f was
recrystallised from hexape while the other 3-allylcoumarins were recrystallised from hexane-

chloroform.
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