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3IH MIMICS BASED ON BAKUCHIOL

ABSTRACY

~

Several derivatives of bakuchiol, a meroterpenoid

- from Psoralea corylifolia Linn., have been prepared and

evaluated for .inssct jpvenile hormone activity against

Dysdercus koenigii nymphs. Almost all of thess wers found
to be more active than the standard farnesyl. msthyl sther,

while some of these proved to be many times more potent,
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JH MIMICS BASED ON BAKUCHIOL

The extracts of many plants have bsen found to exhibit
juvenile hormone (JH) activity.1 Pet. ether sxtract of

sesds of Psoralea corylifolia Linn., was found by Joshi et al.2

to completely inhibit the metamorphosis of the red cotton

bug Dysdsrcus kosnigii. Treatment of the last instar nymphs

vith a 10 wg/nymph dose of the extract was found to rssult.
in the production of supernumerary giasnt nymphs which failed
to develop into mature adults and .eventually died, Lower
doses of the sams exfract producsed nymph~adults'mixturas
which never mated or laid eqgs. Even when the extract was
apnlied on freshly laid eggs the embryonic development of
the latter got disrupted indicatirig the potential ﬁsa, of.

the extract as a hormonal chemosterilant.

Bakuchiol (1)3-5 a meroterpsnold is the chisf constituent
of the seed extract and was found to be responsible for ths
JH activity exhibited by ths extract.6 -The compound
exhibited JH activity more potent than that exhibited by
the naturally occurring 3H mimic juvabion (2).7 The structure
of bakuchiol is reminiscent of certain synthetic JH mimics
(eege §,8 Q,B 39 2’10) incorporating a benzene ring in

the structure,



A survag1qf the structural modifications which tend
to enhance JH activity revealad that ths presence of
oxirane, methoxyl, ethoxyl, hydroxyl or halogen Punctions

enhanced the JH activity of a compound.

Keeping in visw the above considerations, bakuchiol
was transformed into compounds bearing the JH-activity
enhancing functional groups and their activity was evaluated

on the red cotten bug, Dysdercus kosnidii.

RESULTS

7

Liberal amounts of bakuchiol could ba isolated fairly

easily from the seeds of Psaraslea corylifolia i.irm.3 The

petroleum ether axtract of seseds contained bakuchiol as
the major component which could be obtained in purs form
by column chromatography of the extract over silica gsel

(overall yield, 1.6% on ths dry weight of seeds).

Eleven derivatives (2-4; 10-17) based on bakuchiol (1)
and four sach (19-22; 24-27), derived from 7,8-dihydrobakuchiol
methyl ether (18) and 7,8,16,17-tetrahydrobakuchiol methyl

sther (23) were synthasised.
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Alkylaticns of bakuchiol were carrisd out using
sodium hydride/THF with the appropriate alkylating agent12
and the alkyl sthers isolated in the usual manner. Dev
et al.” had prepared 7,8-dihydrobakuchiol by H /Pd-C/ELNH
method, Houever, 1t wass mors conveniently prepared by

reduction with sodium—ammoniaqs. t-Butanol was found the

best solvent for both selectivity as well as the completion
of the reaction, 7,8,16,17-Tetrahydrobakuchiol required
for the preparation of (23) was obtained by hydrogenation
of bakuchiol in ethanol over 5% Pd—EaCD3 batalyst,3

and the product purified by chromotography ovsr silver
nitrate impregnated silica gel (to sseparate the tetrahydro

product from some hexahydro product).

Selective epoxidation of the 2,3-olefinic linkags could only
be achisved by the action of molar squivalent of perbsnzoic

acid (PBA) in benzene solutian'?

while PBA in chloroform
or aq. peracetic acid gave, in general, complex mixtures.
The oxiranes were taken as the starting material For\?he
This was achieved by the reduction of the oxirane with

lithium aluminium hydride in tetrahydrafuran.15

The corresponding 2-methoxy derivatives were next
prepared by the O-methylation of the C-2 hydroxyl group

with sodium hydride and iodomethane in tetrahydrofuran.
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The 2-chloro dsrivatives (13, 20, 25) were obtained
by ths addition of the calculated smount of hy drogen
chloride to.the substrate, This wes achiaved by gensrating

HC1l in situ by addition of calculated amounts of acetyl

~chloride to a solution of absolute methanol in glacial -

acetic acid,.,

The structures of compounds thus synthesised are fully
borne out By their spectral (Uv, IR, PMR & Mass) ana analytical

data which have been summarised in Fables I-1V.
. ~



TAELE I. UV AND IR SPECTRA OF BAKUCHIOL DFRIVATIVES

!

1084,

1040

Structure A rme) ‘;‘%4 (e . .
~CH=CH, | ~Cti=CH~ others
.2 262(22930) 916 972 | 1610, 1525, 1252, 1180, 1040, 825
3 265(17750) 910 | 970 | 1605, 1505, 1242, 1170, 1120, 1046
4 . | 266(22926) 905 970 | 1602, 1504, 1459, 1245, 1110
10 | 262(23120) 916 | 972 | 1610, 1530, 1252, 1180, 1040
1 265(18326) 910 962 | 1602, 1502, 1240," 1170, 1110, 1040
12 265(22570) 308 968 | 1602, 1505,.1460, 1375, 1240, 1170, 1110 -
13 262(15220) 915 972 | 1605, 1510, 1246, 1175, 1035, 740
14 262(24590) 910 | 970 3400.f 1615, 1510, 1246, 1175, 1035’
.15 262(25166) 900 - | 960 | 1596, 1500, 1238, 1166, 1070, 1025
16 264(15923) 900 960 | 3330, 1600, 1500, 1240, 1162, 103%
17 | 265(29812) o0s | 70 | 3330, 1600, 3500, 2235, 62
18 . 230(6547) 3 280(1940) 920 - | 1615, 1510, 1460, 1250, 1.78, 1045
- . 287(1637) ' I
19 231(4050); 278(1830) | 920 - | 1615, 1510, 1465, 1246, 1042
20 230(6869); 280(1954) 920 - | 1615, 1518, 1250, 1049, 730
= 287(1639) : ,
21 225(4930); 279(2071) . 920 - 3430, 1616, 1512, 1470, 1245, 1044
22 230(5341); 27901910) | 920 | - | 1618, 1515, 1470, 1253, 1090, 1050
23 230(5532);'231(1973)' - - | 1615, 1515, 1470, 1245, 1180, 1045
= , 288 (1655) \ .
2;- 227 u;'m), 278(1793) - - 1614, 1510, 1465, 1380, 1250,1180, 1043
é 230(2702) 280(1581) - - | 1620, 1518, 1472, 1252, ngz, 1049, 730
26 229(5369); 281(1494) - - | 3600, 1612, 1510, 1470, 1248, 1176, 1040
27 228(2516) 5 282(628) - - | 1610, 1510, 1465, 1365, 1380, 1245, 1178,

),



TAKIE I1. PMR SPECTRAL CHARACTERISTICS® OF BAKUCHIOL DERIVATIVES

Y= ;
Stru-| 4u,aa'BB' | A7 28 : _ Ar-te
‘cturel  (Av/0) ) 2H,AB~q | 3HABC~ |C-3(H) |C-6{Me) | C-2({Ve's) or Other signals
J=16cps type (s) Ar-0CH,R

-+ \
2 [6.96(4:43) | 6.06 |4.85-6.05| ~5.1 | 1.18 | 1.56,1.651| 3.78(3H,8) -
3 [6.92(4.59) | 6.04 |4.85-6.05| 5.1 | 1.18 | 1.56,1.65| 3.94(qJ=7)
4 |6.9114.55) 6.05 | 4.82-6.00] a5.1 1.18 | 1.55,1.65{ 3.83(t,J=6) -
10 |6.98(4.43) | 6.10 }.4.88-6.02] 2.52 123 | 120068 | 3.77(3m,8) -
11 [6.90(4.55) | 6.08 | 4.85-5.97 257 ) 1.2 LA7(6H | 3.95{q,=7) -
12 |6.91(4.55) { 6.05 [ 4.85-6.00 2tz | 1.20 116(6m | 3.850t,3%6) | -
13 |6.95(4.45) | 6.00 | 4.85-6.05 TN e | Lisaem 3.76(H,s) -
14 |6.95(4.53) | 6.08 . | 4.85-6.05) -~ | 118 | 1.13(ew) | 3.75(34s) -
15 [6.95(4.53) | 6.08 |4a.85-6.05] ~ | 1.18 | 1.06(6m | 3.7743m8) | Me(c-2): 3.07(s)
26 |6.92{4.5n | 6.05 |4.85-6.00] =~ | 1.17 | 1.12(6m | 3.94(g3=7) -
17 |6.91(4.57 | 6.05 |4.856.00, =~ | 117 | L.13(em | 3.85(t,3=6) -
18 |6.79(2.76) | - 2.85-6.00( ~5.1 | 1.10 | 1.57,1.65( 3.68(3H,s) | ArCHp: 2.40(m)
19 [6.81(2.69) | - 4.80-5.90| ~2.45| 1.04 | 1.20,1.23| 3.7L(3H,s) | Arcipt 2.40(n}
20 {6.80(2.79) | - 4.75-5.90) =~ | 1.03 | 1.52t6w | 3.73(3m,8) | ArcHy; 2.406m)
21 |6.82(2.65) | - 4.80-5.95! - | 1.03 | 1.15(68) | 3.73(3m,8) | ArCHy: 2.42(m)
22 |6.79(2.69) | - 4.75-5.90) - | 1.01 | L.06(6m) | 3.70(3H,9) &rg(sgizf;ag o
23 |e.e1(2.79) | - - 5.05 | 0.85 | 1.60,1.67| 3.7L(3,3) | ArcHy: 2.40(x)
- {£,3:7) . - ’
2 682279 | - - n2.45 | 0.90 | 1.23,1.25| 3.74(3#,8) | AxCHp: 2.43(m)
é_s 6.83:(2.?5] - N - 0.88 1.5;4(681 3.72(3H,8} | AxCHy: 2.38(m)
26 | 6.81(2.75) | - - - Lo | Linem | 37209 | Ao 2.30m
27 | 6.83(2.7%) | - { - - 0.88 | 1.10(5H) | 3.73(34,s) Q_’f‘?@iz)zig.lﬁ“)l -

-

3chemical shifts in pom; s{singlet), titriplet), glguartet), mimdtiplet)
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“TARIE. IV, PHYSICAL PROPERTIES AND ELIMENTAL ANALYSES
~ OF BAKUCHIOL DERIVATIVES

t

co

| yl 25 25° Analyses
ot e o Fomd (W cate. ™)

' c R o B )
2 CygHiged-  133-35/0.4° 1.5402° .
3 Cogflog® 7 144-45/0.1% 1.5338  429.47(L.7) 8420  9.78 s 9.92
4 Ca3M3z00 140-42/0.2% 1.5294 +26.62(3.6) 85.00 10.09  84.51 10.13
10 CgHp0;  '190-95/0:2  1.5300 +33.84(2.5)  79.27- 9.26 - 79.68 9.15
1 Cogligg0z  180-98/0.4 1.5314 +34.03(3.6) (B0.04  8.97  79.95 9.39
12 Cyfia®z  178-84/0.1 1.5228 ' 425.55(3.1)  B0.69 9.3 60,21 9.0l

~1 gyl .- LsM n5.BEY - - - - -

u Cyofizg0;  175-80/0.3 1.5340° #35.40(1.3) * 78.81 10.14  79.12 5,78
15 CogiyPy 155-66/0.3 1.5231° +33.37(L.3) 79.3% 1016  79.42 9.9
16 Cyiy¥y 16-90/0.1 15328 HM3.20LD 7981 999 79.42 9.9
1 CppHy0p  184-90/0.3  1.5292 $29.17(4.6)  80.11  9.69  -79.70 10.19
18 Cogipgd  144-46/0.6% 1.5130° 49.90(2.7)  84.20 9.90  83.77 10.35°
15 Crgfipdp  165-70/0.3 L5076 +16.7305). - 78.70 9.3  79.12 9.78
20 CigHpg0Cl - 1.5078 +11.69(L.1) - - P
2 Cigfia®,  175-80/0.3 15095 421.722.0) 7813 997 70.57 0.41
2 Cogfia0y  165-70/0.6 Lage® 414.95(2.7) 7875 1042 78.90 10.59
23 Cpoiyg®  142-44/1.0% 1.5032 10 (8296 1050 3.5 1.0l
;_;' | gy  10-45/0.2 L5140 30 77 993 7857 0.4
25 Cyoiymoct - 1.5015 30 - - -
26 ¢ G0y 170-75/0.2 1.5018 30, [ e 1049 . 78.03 11.00
21 Coglia0;  140-45/0.1 14921 10 78.72 10.93 7838 1.8

boiling points. The remaining entries indicate the tap. of the bath ’

(bulb distilliations).
By ese measurements are at 30%.
Cgpecific :otatium in chlorofoun solution.



Juveniles Hormone Activity

The agtivity of these gompounds has been tested on
4 hr. old last instar nymphs of red cotton bug, Dysdercus
koenigii, using 10, 1.0 and 0.1 ug of sach compound in
acetane as’ a topical application and svaluating the results
in terms of inhibition of metamorphosis., Farnesyl methyl
sther was used as a ?e?erence compound, ° Summery of thsse

results is given in Table V,
7

From an analysis of the JH-activity data (Table V),
it is clear that bakuchiol (1) providss a valuable model
for JH-mimics. Ethers (2, 3, 4) are more potent than the
corresponding free pheﬁul (1), 2-hydroxy (14, 21, 26) are
more potent than the 2-methoxy (15, 22, 215anaIQQUes.
2,3-Epoxy derivatives (10, 19. 24) arse in general; more

potent than the corresponding 2-chloro’(1§, 20, 25),

2-hydroxy (14, 21, 26) or 2-methoxy (15, 22, 27)analogues, -

Both A?

and’zgé appear to be sssential.for good activity
(2-4 and 10-17 as compared to 18-27). 2,3-Epoxybakuchiol
IprOpyl ather (12) is most potent of the compounds investi-
gated in the present study‘and deserves further déta%led

exploration of its activity in other systems.



TARLE V. JUWENTIE JORINE ACTIVITY OF SOMF
BAXUCHIOL DERIVATIVES .
- * i
‘ Dose/nymph
Campound 10 1 0.1
‘ Score?
Farnesyl methyl ether 1.5 0.0 - o
2 . 4.0 1.4 - .
3 4.0- 4.0 1.5
4 4.0 3.4 0.0
10 4.0. l.t; -
n 4.0 4.0 2.0
12 - 4.0 a0 2.8
13 , 4.0 1.5 -
LY 4.0 23.7 -
15 1.0 0.7 -
16 4.0 4.0 1.# |
17 2.0 4.0 ©a.2
18 1.5 v 0.0 -
19 4.0 - 0.1 -
20 4.0 0.0 ’ -
21 3.1 0.3 -
2 2.7 0.0 -
23 1.5 ‘ 0.0 -
TR 4.0 S s
2 3.0 | 0.0 - y
26 © 2.5 0.3 | - "
21 1.8 0.0 =
Bakuchiol® 3.0 1.0 -

85ore represents the mean of
replicates of 15 nymphs each.

two experiments,

Nymphs which success

scored as: nommal adults (0), adult mysphs (1), intermediates {2),
sixth instar nymphs (4). ) .

beyam ref. 8

fully moulted were characterised and

nymph-adults (3), ond



EXPERIMENTA AL

For general remarks, see Chaptsr I1I, Experimental.

Purity of each new compound was ascertained by thin
layer chramatography of the material on 0.3 mm layers of
silica gsl (solv., 204 EtOAc in benzens, unless stated to

the contrary. -

Bakuchiol (1)

Whole seeds (670 gms) of Psorales corylifolia Linn.

(with pericarp intact) uafe extracted with pet. ether
(68-80) in a soxholst aDD;ratus. Removal of solvent
furnished the extract'(16.2”gms).~‘Bakuchiclluas obtained
by chromatography of the extract on silica gsl (11,

117 gmsj columng 11 x 2 cm) and fpliowing fractions were

p—

collected,.

Chrnmatoﬁram
Fr. No. - Eluent Vol. of eluent Wt/gms
v Pet., ethar (60-80) 100 x 8 ml - 041231
2 54 ether in pat. ether 100 x 3 ml 0.0047
3 25% ether in pet. ether 100 x 11 ml 13.1265
4 50% ether in pet, sther 100 x 3 ml 042661
5 Ether 100 x 6 ml . 2.4052

Total 15,9256

90



Fraction 3, a mixture of three compounds was re-chroma-

tographed on silica gel (IIA, 180 gms, columnj 42 x '3 cm).

Chromatogram
Fr. No, Eluent
1 Pet. ether (60-80)
2 5¢ sther in pet, ether
3 10% ether in pet. ether
4 '25% ether in pet. ether

5 Ether

Fraction 3 was distilled 184°(bath)/4 mm to give

Vol, of sluent/ml Wt./gms
530 x 8 -
100 x 12 -
100 x 8 10,3974
100 x 4 1.4321
100 % B 2.7211
“Total .

14,5506 gms.,

bakuchiol' (1) as golden yellow o0il (1.67% overall yisld)

having spectral characteristics identical with those repcrted

earlier.3 Dev et 31.3 had reported an ovsrall yield of

7.2% bakuchiol {(on the dry wsight of seeds).

The louw

yield obtained in the present study may be due to the fact

the seeds were in storage for a long time bsefore being

extracted,



7,8-Dihydrobakuchiol

Sodium pleces (1.3 g; D.D56 g atom) were added to =
stirred solution of t-butancl (50 ml) and liquid ammonia
. (300 ml). The deep blue solution was stirred for 10 mins.
followed by cautious addition of solid NH,C1 (2.0 gms).
gmmonia was allowed to evaporate to half the volume when
the reaction mixture was cautiously diluted with watler
(50 ml). After leaving the solution overnight at room
temperature it was extracfed with ether (25 x 4 ml) and
the ether extract washed with water (25 x 8 ml) and brine
(25 x 2 ml), Solvent removal gave a reddish ‘oil which
vas distilled to éive pure (tilc solvent, 40% diethyl ether
in hexane) 7,B-dihydrobakuchiol® (4.32 g; yield, B6%).

-

7,8,16,17-Tetrahydrobakuchiol ' '

Bakuchiol (2.77g) dissolved in absolute ethanol (25 ml)
was hydrogenated over 5% Pd-CaCl, (372 mg) at 730 mm
pressure and at 299 until two equivalent of hydrogen (560 ml)
was absorbsd. The product which contalned some hexahydro~-

bakuchiol was purifisd by column chromatography (0% AgND,-

510,, 100 gj column, 24 x 3.5 cm).



Chromatogram
Fr. NO. Eluent vol. of eluent/ml ) WUt./gms
1 Pet. sther (63-80) 200 x 5 | -
2 54 Ether in pet. ether 200 x B 0.B8102
3 107 ether -in pet. sther 200 x 20 1,8414
4 Ether 500 x 2 3.0021
Total 2. 6537

Fraction 2 was identified as hexahydrobakuchicl while
Fraction 3 was pure (flé: 57 AgND;-S10,3 'solvent: 207

sther-hexane) ?,8,16,17—tetrahydr0bakuchiol3 (1.84 g) .-

Alkylation of phenols

The following is illustrative of the gensral procedurse
followed for al¥ylation of bakuchisl (1) and its dihydro

-~

and tetrghycdro derivatives.

Bakuchiol (3.2 g3 12.5 mmols) dissolved in dry THF
(180 ml) was injected inté a suspension of sodium hydride
(6.0 g‘aa oil dispersion;iwashed(uith ether; NaM, 3.0 g;
130 mmol) in THF (10 ml) and ethyl iodide (20.28 gm,

130 mmol), The mixture was stirred at room temperaturs

-



for 0.5 hr and at reflux for 6 hrs, The excess hydride
was decomposed Byrcautious additlon of water (20 ml)., The
organic laysr wss separated and the aqusous layer extracted
with sether (25 ml x 3). The combined organic laysr was
washed with water (20 ml x 3) and brine (15 ml x 2), dried
(N32384§ and freed from solvent to give a residue which on
distillation gave bakuchiol ethyl ether {3.72 g§ yield 91%).
Methyl and n-propyl iodide uere used for the preparation

of the correspanding‘alkyl ethersy yields varied B7-91%.

Epoxidation of 2,3-plefinic linkage

Epoxidations were carried out as illustrated helou.
A chilled solution of perbenzoic acid (0.97 g; 7.0 mmol)
in benzene (23 ml) was added dropuwise to bakuchiol ethyl
ether (2.0 g; 7.0 mmol) and the solution was kept 0-5°C
for 14 hrs. The mixture was diluted with ether (10 ml)
and washad with water (5 ml), agusous sodium carbonate
(5%3 15 ml x 3), water (25 ml x 4) and brine (25 ml x 2).
It was dried (NaZSDa), frz=ed from solvent and the residue
wss purified by 1 DCC16 (5102, 250 g3 column, 25.0 x 4.7 cm;
solvent, 11% EtOAc. in benzens) and distilled to give purs

2,3-epoxybakuchiol ethyl ethsr (1.77 g; yield, BS5%)



Reduction of 2,3~epoxy derivatives to 2-hydroxy compounds

The following is illustrative of the gsneral
procsdure used for the reduction of 2,3-spoxybakuchiol
derivatives to the corresponding 2-hydroxy compounds.
2,3-Epoxybakuchiol methyl sther (1.45 é; 5 mmol) 'in THF
(5 ml) was added dropuise t0 a stirred suspension of LAH

(6.19 g3 5 mmol) in THF ( 5 ml) at D3 ‘under N, blanket

2
and the mixture was st}rred for 0.5 hr at UOC; and at

reflux for 4 hrs. The ex;ess hydride was decomposed with

a saturated solution of Rochells salt (25 mil). The organics
were separated and agusous portion,extracted with sther
{25 ml x 3). The combined organic layer was washad with
vater (25 ml x 5) and brine (25 ml x 2) and dried (Na,S0,).
Removal of solvent gave a colourless viscous residue uhlch

was distllled to give pure 2-hydroxybakuchinl methyl

ether as a colourless oil (1.22 g3 yield 87%).

O-Methylation of 2-hydroxy derivatives

O-Methylation of 2-hydroxy‘derivativss was typically
éarried out as follous, 2~Hydroxybakucéiol methyl ether
(D.288g3 1 mmol) in dry THF (5 ml) was injected slowly
(10 mins) with stirring to-a suspension of sod. hydride
(4.8 g, 0il dispersion washed with ether; NaH, 2.4 g,

100 mmol) in THF (5 ml) and methyl iodide (2 ml) under

i



(S
<

N2 blankét. The mixture was stirred for 1.5 hr at room

. temperature and 1,0 hr at reflux. The sexcess hydride uwas
decomposed with water (40 mlj added dropuiss. The aqueous
layer was Beparated and extracted with ether (20 ml x 2).

The combined organic laysrs were washed with water (30 ml x 3)
and brine (25 ml x 2), dried (NaZSDd) freesd from solvent and
residues distillsd to give 2-methoxy bakuchiol methyl sthar

as a colourless oil (0.274 g; yield, 91%), homogenous by

tlc (solvents 40% diethyl ether in hexane).

Addition of HC1 to bakuchiol derivatives

Addition of HCl across the 2,3~double bond of bakuchiol
derivatives was typically carried out as fDlluus; Acetyl
chloride (0.39 g; 5.0 mmol) was added to a solution of
absoluts methanol (0,16 g3 5.0 mmol) in glacial acsetic
acid (10 ml) at 16-17°C and the mix&urea was allowed to
stand for 0.5 hr. This solution (1 ml: 0.5 mmol HC1) ‘was
added to bakuchiol methyl ether (0.135 g; 0.5 mmol) at 0°C
and the solution allowed ‘to stand at 0-5°C for 14 hrs.

The reaction mixture was diluted with water (5 ml) and
extracted with sther {10 ml x 3). The sther extract was
washed .with agqueocus sodium bicarbcnate‘(S%; 10 ml x 2),

water (20 ml x 6) and brine (10 ml x 2), dried (NEZSDé)



and freed from solvent. The residue (0.15 q) was purified
"by IDCC (‘3102“, 20g3 column, 25 x 1.5 cm; solvsnt, 20%
EtDARc in benzens) to give purs (tle) 2-chlorobakuchiol
methyl ether (0.121 g; yield 79%.).

97.
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