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Abstrm%-Rohustin (Ma) occurring in the roots of Dcrris robusta has hccn synthesised from 
monoO-mcthylphloroghrcinol (20) as follows. Hocsch condensation with homopipcronitrile (21) gave 
2.4dihydroxybmcthoxyphcnyl 3.4mcthylcnedioxyhenzyl ketone (22) which on reaction with 2- 
hydroxy-2-methyl-3-butenc in the presence of borontriRuoridc&rate afTorded S-C-(U) and 3-C-(23) 
pretty1 derivatives. These on cyclodehydrogenation with DDQ fdlowed by cotunarin condensation with 
ethyl chloroformate yieidcd robustin (310) and isorohustin (32) respectively. Model CXPhWntS with 

nuclear prenylation of 2&dihydroxybmethoxy-phenyl henry1 ketone (1). follo~cd by oxidative 
cyclisation and either courmarin or isollavonc condensation have yielded new isopentmylatul 4- 
hydroxy-3-phcnylcourarins or isoflavones. 

Five 4-hydroxy-3-phenyl coumarins were isolated 
by East, et 01.’ from the roots of the Indian tree 
&m’s robrtsfa; they are robustic acid, its methyl 
ether, robustin. its methyl ether. and derrusin. Of 
these, derrusnin’ being only an oxygenated 
derivative, and robustic acid. and its methyl 
ether’ have been synthesised.’ Since robustin and its 
methyl ether were isolated only in milligram quan- 
tities, evidence regarding their structures was li- 
mited to their UV and IR spectra which suggested 
that robustin was possibly the piperonylic analoguc 
of robustic acid. This suggestion was supported by 
partial synthesis;’ hydrolysis of natural isoflavone 
robustone methyl ether (30) gave desoxybenzoin 
(29) which by reaction with methyl chloroformate 
afforded robustin (3ln) identical with a natural sam- 
ple. As robustone was synthesised’ involving oxida- 
tivc cyclisation of another natural isoflavone ciz 
derrubone, it was considered a synthetic proof of the 
constitution of robustin and its methyl ether. In the 
present work, the dcsoxybenzoin (29) itself has been 
unambiguously synthesised which completes the 
total synthesis of robustin and its methyl ether. As 
the projected synthesis of 29 requires difficultly ac- 
cessible 2.4-dihydroxy - bmethoxyphenyl - 3.4 - 
methylcnedioxybenzyl ketone (22) as a starting ma- 
terial. consideration was given to the various steps 
involved in the projected synthesis first on a simpler 
model uir 2.4 - dihydroxy - 6 - methoxy - phenyl 
benzyl ketone (1). 

7’0 whom all correspondence should bc addressed. 

Z+Dihydroxy-Gmethoxy phenyl benzyl ketone’ 
(1) was subjected to prenylation in two different 
ways: (i) with prenyl bromide in the presence of 
methanolic alkali and (ii) with 2 - hydroxy - 2 - methyl 
- 3 - butene in the presence of BF,-etherate. Both the 
reactions gave the same two crystalline products A 
(m.p. 13%340) and B (m.p. 93-947 albeit in different 
yields; the latter method yielded more easily purifia- 
ble products and in better yields than the former. 
Both these products were suggested as isomeric 
monoprenyl derivatives by their elemental composi- 
tions and NMR data which further indicated the 
presence of a C-prenyl unit in the ring A. Thus there 
were signals of intact phenyl group, a singlet of only 
one aromatic proton of ring A, a singlet of methylcne 
flanked by keto and phenyl groups, a doublet of 
benzylic methylenc. a triplet of mcthinc proton and 
doublet of gem dimethyl group at an unsaturated 
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centre (Experimental). One of them is, therefore, a monochroman (8); whereas the former gave two 
3-Gprenyl derivative and the other a S-C-prenyl de- monochromans 9 (showing positive ferric reaction) 
rivative. To prove which is which, A and B were and 10 (having no ferric reaction). Chroman struc- 

partially methylatcd in the 4 position to A’ and B tures at all the three compounds (8 to 10) were 
respectively and then subjected to treatment with established by their NMR spectra which showed 

formic acid. Since A’ yielded chroman 6 but B’ characteristic pairs of triplets (Experimental). It 

underwent noreaction, A and A’ were identified as 3- may be noted that in both the prenylation reactions, 

C-prenyl derivatives (2 and 5 respectively) and B and 3.5-d&CC-prenyl derivative 4 was also formed but 

B’ as S-C-prenyl derivatives (3 and 7 respectively). isolated only as an oil which on acid treatment 

This conclusion was further supported by acid afforded crystalline bischroman (11) as established 

cyclisation of 2 and 3, the latter yielded only one by its NMR spectrum. 
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The above C-prenylated desoxybenzoins 5.2 and 
3 could be converted with ethyl chloroformate into 
corresponding 4-hydroxy-3phenylcoumarins 12, 
13. and 14 respectively as established by their UV 
and IR spectra. Cyclodehydrogenation of 2 and 3 
with DDQ yielded corresponding chromenes 15 and 
16. the structures of which were established by the 
presence of characteristic pairs of doublets for the 
oletinic protons of the pyran ring in their NMR 
spectra (Experimental). These chromenes 15 and 16, 
could finally be converted into corresponding 4- 
hydroxy-3-phenyl coumarins 17 and 19 respectively 
and 15 into the isoflavone lgin the usual manner. 

Next the synthesis of robustin itself was attemp 
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ted. The Hoesch condensation of mono-O-methyl 
phloroglucinol (28) with 3,4_methyknedioxybenzyl 
cyanide (21) yielded 2+dihydroxybmethoxy- 
phenyl-3,4-methyknedioxybenzyl ketone (22) as es- 
tablished by its NMR spectrum which showed the 
expected signals. Prenylation of 22 with 2-hydroxy - 
2-methyL3butene in the presence of BF,-etherate 
gave two crystalline products identified as 3-C- 
pretty1 (23) and 5-Cprenyl (24) derivatives. The 
monomethyl ether (2S) of the former gave on acid 
treatwnt the chroman (24); whereas the 
monomethyl ether (27) of the latter was recovered 

WM. 
Oxidative cyclisation of 23 with DDQ yielded the 
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angular pyrano desoxybenzoin (28); whereas that of 
24 afforded linear pyrano desoxybenzoin (29) which 
proved identical in m.p. and NMR spectrum with the 
desoxybenzoin isolated earlier by hydrolysis of 
robustone methyl ether (30). Since 29 could be 
converted into robustin (3111) as done earlier.’ the 
synthesis of robustin (31s) and its methyl ether (31b) 
may be considered complete. The angular pyrano 
desoxybenzoin (28) and 3-C-prcnyl desoxybenzoin 
(23) have also been converted into corresponding 6 
hydroxy-?-phcnyl coumarins 32 and 33 respectively. 
The former coumarin (32) may he named as 
isorobustin. 

EXP?XILWENTAL 
Unless otherwise stat& m.p.s are uncorrecrcd; NMR 

spccrrd were recorded in CDCI, with a Varian A-60 
spccrrometer using TMS as an internal reference standard; 
JighI pctrokum had boiling range 6&W’; silica gel was used 
for column chromaIography and TIC; solvcnI systems for 
TLC were : (A) benzene: EIOAC (9: I) (B) benzene : Ii& 
petroleum (3: I) (C) bcnzene:EtOAc (19: I) (D) 
bcnzcne:McOH (4: 1) (El bcnzenc:EtOAc (3:2) (R 
bcnzene:McOH (9: I) (G) bcnzene:EIOAc (I:l) (H) 
benzene : EtOAc (4: I); R, values are those Iaken on TLC. 

Prenylation of 2+dihydroxybmethoxy phrnylbcnzyl 
kfonr (I) 

(i) Using 2-hydroxy-2-methyl- 3-butcne. Toan ice-cold 
soln of 1 (30) in dioxan (2s ml) BF, etherate (1.8 ml) was 
added slowly with shakinn followed by 2-hydroxy - 2- 
mcIhyl-3-ln&ne (I .6 ml) indioxan (IO ml). Thh; whd; mix- 
Iure was shaken (I h) 81 room temp. diluIcd wiIh moist 
erhcr (3OOml) and the eIhereal cx1rac1 washed with 
Ice-cold waIcr. dried over Na,SO.. conccntrarcd and the 

residue subjected IO cdumn chromatography. The cdumn 
was cluted successively with (i) benzene: light petrdeum 
(I : 19) (ii)benzenc: lighr pctroleum( I : 9)(iii)bcnzcne: IighI 
petroleum (2:3) and (iv) benzene alone. when four frac- 
tions A IO D were obmincd. 

Fraction -A was obtained as an oil ( 100 mg). green ferric 
reaction; R, 0.6 (solvent A). Treatment wiIh forrmc acid 
(20 ml) yielded 11 which crystalliscd from McOH as whirc 
needles, m.p. 125-26”: negaIive ferric reacIion: R, 0.5 

(solvenr A); NMR: 6 I.31 (I c. I?“. I-(CH,)C(). I.69 

and 2.62 (?I. J = 6H7.. llH. 2-CHr<‘Hr). 364 (Is. 3”. 
I-OCH,-1.4.12 (Is. 2”. l-CC&&-) and 7.27ppm (Is. 5 
aromatic H. C.H.-l (Found:C. 76.3: H. 7.6. C,,H,O. re- 
quircs: C. 76.1: H. 7.7%). Therefore the oil should-be 3.5 
di-C.C-prcnyl derivative (4). 

Fracrion B crysmlliscd from benzene: Ii& petroleum 
mixture yielding 2 (300 mg). HS pale yellow needles. m.p. 
13S34”; R, 0.50 (solvent A): green ferric reacIion; NMR: 
6 I.83 (1 broads. 6”. l-(CH,),C=), 340 (Id. J - 7.5 Hz. 
2”. l-C&-,. 3.83 (Is. 3”. I-(KH,). 4.34 (Is. 2”. I- 
CGCH,). 5.31 (II. J = 7.5 Hz.. I”. I-CH-). S.91 (Is. I 
aroma& H a1 position 5) and 7.26 ppm (Is. 5 aromatic H. 
C.H,-) (Found : C, 74. I : H. 7.0. C,H,,O. requires : C. 73.6; 
H. 6+%). 

Fracrion C pvc 3 (Ooomg) which crys(alliscd from 
benzene: light pcetrdeum mIxIure as whiIe plates. m.p. 
9S94”; R, ~~QS(solvent A); pcen ferric reacIIon; NMR:.b 
I.78 (I broads. 6”. I_(CH,hC=). 3.36 (Id. J = 8.5 Hz. 2”. 
I-&-). 3.70 (Is. 3H---l-&L-,. 440 (1s. 2”. 
I-CO-C&,. 5.30 (II. J = (1.5 Hz. I”. I CH-,. 6.22 (Is. I 
aromaric H in posirion 3) and 7.24 ppm. (Is, 5 aromaric H. 
C.&l (Found : C. 73.3; H. 6.9. C,H,,O. requires: C, 73.6; 
H. 6@6). 

Fro&on D on crystallisation from benzene afforded 
the startin material (I .3g). 
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(ii) Using prenyl bromide. The ketone 1 (30) was 
dissolved in abs. methanolic KOH (3.0~ in 3S ml) and the 
resulting soln cooled and treated with pretty1 bromide 
(4.5 ml) slowly whik shaking. After keeping the mixture 
for 20 h at room temp. it was diluted with ice-cold water. 
acidified and the who+e mixture extracted with ether. The 
ether residue on column chromatography and elution with 
solvents in the same order as in the Ant method tp~e four 
fractions A to D identical with those obtained above, albeit 
m diRerent amounts: Fraction A t IO0 n@. B (300 rug). C 
WOmg) and D (1.88). 

2- Hydroxy-ttGdimethoxy-3-C-prmyl phmyl WY1 
kerone (5) 

3-C-Prenyl ketone (2.200 m8) was rcfluxcd (3.S h) with 
Me,SO, (O%Ri ml) in the presence of anhyd K,CO, (10) aad 
acetone (25 ml). Acetone was removed. water ad&d and 
solid Altered. The product (S. 2ootng) crystalhscd fmm 
MeOH as white nccdks. m.p. I l3- 14’: I+ 0.60 (solvent B); 
dark green ferric reaction; NMR: 6 I.72 and I.82 (2s. 6H. 

TIT--\‘“I .W No I( 0 

& O1 
0 

29 

a: R = H. Robustin 
b: R=Mc 

I-fCH,),G). 3.35 (Id. J - 7 Hz., 2H. l-C&- of prenyl 
unit), 3.94 (Is. 6H. 2-OCH,). 440 (Is, ZH, I-CO-C)?,). 
5.28 (It. J = 7 Hz. I-CH.-), 6.02 (Is, I aromatic H at 
position 5) and 7.32 (Is. 5 aromatic H. C&i.-) (Found: C. 
73.8; H. 7.2. C,,H,.O. requires: C. 74.1; H. 7.1%). 

S,7-Dimtthoxy-2.2-dimethyl-&phmocylchroman (6) 
The above ketone (5, 50 mg) was dissolved in warm 

formic acid (ltl ml) and left at room temp (I h). The yellow 
soln was then poured over ice-cold water and the whde 
mixture extracted with chloroform. The organic layer was 
dried over NarSO.. evaporated and the solid (6) crystal- 
liscd from McOH as white needles (40 II&. m.p. 147-W; 
R, 0.81 (solvent A): negative ferric reaction: NMR: 6 I.27 

(Is. 6H, lXy,hC<). 1.72. 2.W (2~ J = 6Hz. 4H. 

lCIjAT&). 3.73-3.82 (I broad s. 6H. 2-OCl$-). 4.03 
(IS. 2H. l-CSC&). J.80 (Is. I aromatic H at position 6) 
and 7.25 ppm (Is. 5 aromatic H. C.&-j (Found: C. 74.0; H. 
7.1. CkH,,O. requires: C. 74.1; H. 7.1%). 



24% A. C. JAW n al. 

2-Hydroxy-4.6,dimcthoxy-5-Cprcnyl phrnyl betuyl 
ketone (7) 

The S-C-prenyl ketom (3.200 mg) was retlwcd (4 h) wiIh 
Me,SO. (0.06 ml) in the presence of ignited K,CO, (10) and 
acetone (30 ml). The product II) crvstalliscd from McOH 
as white plates. m.p. 8&l’; R, &Uisolvcnt B); light green 
ferric reacrion; NMR: 6 1.72 and 182 (2s. 6H. 
l_(CH,),C-). 3.34 (Id. J = 6.5 Hz. 2H. -C&- of prenyl 
unit). 3.95 (Is. 6H. 2-oCH,-). 4.40 (Is. ?H, I-CO-CH,-). 
5.28 (It. IH. I-CH=). 6.05 (Is. I aromatic H a~ posirion 3) 
and 7.32 ppm (1s. 5 aromatic H. C&L-) (Found: C, 74. I ; H. 
7.1; C,,H,.O. requires: C. 74. I; H. 7. IS,). On hearing with 
formic acid (2 h). it was recovered unchanged. 

7- Hydmxy-S-mrthoxy 2.2-dimcthyl - bphmacylchromon 
(8) 

S-C-Prenyl kerone (3. 80 mg) was warmed with formic 
acid (IS ml; 0.5 hr) on a water bath and then left at room 
temp (3 hr). The product was passed through silica gel and 
eluIcd with light pcrroleum when the chroman 8 was 
obtained. II crystalliscd from McOH as white needles 
(SO mg). m.p. 5>54”; green ferric reaction; R, O~SO(soIvenI 

C); NMR: 6 I.31 (s. 6H. I-tCH,),C<). I.76 and 260 (21. 

J = 6 Hz,4H. I-C&CHr).3.8tls.3H. I-OCH,).4.32(ls. 
2H. I-CO-CH,). 5.82 (Is. 1 aromatic H at position 8) and 
7.21 ppm (Is. 5 aromatic H. C.H,-) (Found: C. 73.1; 
H. 6.4. C,H,rO. requires: C. 73.6; H. 68%). 

Acidcyclisorion of 2.Cdihydroxy - bmtthoxy - 3-C-pnnyl 
phrnyl -benxylketotu (2) 

Formation of 5 - hydroxy - 7 - methoxy - 2.2 - dimethyl - 
bphcnacylchroman (9) and ifs &phenacyl isomer 
(10). The desoxybenzoin (2. 200 mg) was warmed with 
formic acid I20 ml; 0.5 h) and Ihcn IefI at room Iemp for 
4 h. The product on TLC showed IWO spots. Hence the 
mixture was separaIcd by column chromatography and 
eluring successively by ti) IighI petroleum and (ii) benzene. 
when two fracrions A and B wcrc obtained. 

Fracfion A crystalliscd from McOH yielding 9 as white 
crystals (8Omg). m.p. 95-W”. green ferric reaction ; R, 

0.79Isolvcnt A); NMR: 6 I.32 (Is. 6H. I-fCH,):C<). 189 

and 2.61 (21 J - 6Hz. 4H. I-C&CH,). 3.80 (Is. 3H, 
I-OCH,). 4.34 (Is. 2H, I-CCrCH,). 5.85 (Is, 1 aromatic H 
a~ position 8) and 7.25ppm (Is. 5 aromatic H, CJ+) 
(Found: C. 74.1; H. 7.3. C,H,,O. requires: C. 73.6; H. 
689G). 

Fracfion B crystdlised from McOH affording 16 as 
white nccdks (60 mp). m.p. 192-93’; ncgativc ferric rcac- 
tion; R, 0.5 (solvent E); NMR: d I.36 (Is. 6H. 

I_(CH,)>C<). I.81 and 264 (21. J - 6Hz. 4H. 

IX&-C&). 3.64 (Is. 3H. I-DC&). 4.36 (Is, 2H. 
I-C&Q&). 5.87 (1s. I aromaric H at position 6) and 
7.27 ppm I Is, 5 aromatic H. CH,-) (Found: C. 73.8: H, 7.0 
C,H,,O. rcquircs; C. 73.6; H. 6.8X). 

4 - Hydroxy - 5.7 - dimcthoxy - 8C - prenyl - 3 - 
phcnylcoumorin (12) 

A mixture of 3-C-prcnyl ketone (5. IoOmg). ethyl 
chloroformate tO%ml), anhyd K,CO, (Ig) and acc~onc 
(2Oml) WS rchxcd (3 h). poured over water and 
acidified. The product was crystalliscd from McOH when 
rhc cwmarin (12) was obtained as white shin* nccdks 
(SO mg). m.p. 20&P: R, 0.58 (solvent D); vz 1710 cm ’ 

GO) (Found: C. 71.9; H. 6.2 C,H,,O, requires: C. 72.1: 
H. 6X%). 

4.7 - Dihydroxy - 5 - mcthoxy - 8 - C - prmyl - 3 - 
phenylcoumorin (13) 

A mixture of 3-C-prcnyl ketone (2. IOOmg). ethyl 
chloroformate (0.10 ml). anhyd K,CO, (10) and acetone 
(IO ml) was rcfluxcd (3 h). The resuhinp solid was hydrol- 
yscd with 4% Na,CO, aq on a water bath (I h). The 
mix~urc was ccx)lcd and acidified when 13 was obtained. II 

crystalliscd from McOH as while crystals (40 mg). m.p. 
241-P; R, 0.65 (solvent D); Azy” 322 and 242 nm; vzp 
1670cm ’ (C=O) (Found: C. 71.3; H. 5.7. C,,H,O, rc- 
quircs: C. 71.6; H. 57Sr,). 

4.7 - Dihydroxy - 5 - methoxy - 6 - C pnnyl - 3 - 
phcnylcoumarin (14) 

S-C-Prcnylkcronc (3. 100 mg). cIhyl chloroformate 
(0.1 ml). anhyd K,CO, (Ig) and aceIooc (2Oml) was 
rcfluxcd (3.5 h). The producr 14 crystalliscd from McOH 
as white silky needles (4Om.g). m.p. 231-32”; R, 060 
tsolvcn1 D); AZ’” 322 and 243 nm; vZY 1670 cm ’ (C=(J) 
(Found: C. 71.1; H. 5.9. CIzH,O, requires: C. 71.6: H. 
5.7%). 

5 - Hydroxy - 7 - mtthoxy - 2.2 dimrthyl - 6 - 
phrnacylchmmene (IS) 

To a soln of 3-C-prcnyl ketone (2. 200 mg) in dry 
bcnzcnc (25 ml) was added DDQ (18omg) and the 
resulting soln hcared on a water bath (1 h) when colourlcrs 
hydro-quinonc scparatcd OUI. II was fihcrcd whik hot and 
the residue washed with dry bcnzcnc. The filIr4Ic was 

distilled to remove the solvent and the residue chromatog- 
raphcd. Elution with light pctrokum gave 15 (150 mg) as 
yellow needles, m.p. I IbIT’: green ferric reaction; R, 0.8 

Is&en1 C); NMR: 6 I..30 (Is. 6H. I-tCH,),C(). 3.82 (IS. 

3H. I-OCH,). 4.30 (Is. 2H. I-C&C&-). 544 and 668 
(2d. J = 10 Hz each. 2H at posirions 3 and 4). 5813 (Is. I 
aromatic H at position 8) and 7.25 ppm. (Is. 5 aromaIic H. 
C.H.-) IFound: C. 73.7; H. 5.9. C,H,O. requires: C. 74.0; 
H. 6.2%). 

4 Hydroxy - 5 - mrthoxv - 6’.6’ - dimcIhy1 - 3 - phtnyl 
pyrano (2’.3’:7.8) coumarin (17) 

The chromcnc (15. IoOmg). ethyl chloroformare 
to.07 ml) and acetone (10 ml) were reduxcd together with 
anhyd K,CO, on a water bath (4.5 h). 17 crystalliscd from 
McOH as white shining nccdks (4Omg). m.p. 202-Y: R, 
0.52 (solvent Jr); AZ” 313 and 266nm: vzp 1675cm ’ 
(GO) (Found: C. 72.3; H. 5.2. C,,H,,O, rcquircs: C, 723; 
H. 5%). 

CHydroxy-Smcthoxy - 6”.6”-dimczhyl-3 - phenyl pyrano 
(2”.3” : 74) cowan’n (19) 

To a soln of the S-C-prcnyl ketone (3. 15Omg) in dry 
bcnzcm (I25 ml) was eddcd DDQ t 100 mg) and ~hc whole 
soln hcatcd on water bath (1 h). The product was 
chromatographcd and clution with light-pctrokum gave 
16 as yellow oil (100 mg): light green fcmc rcacrion; R, 

0.75 (solvent A); NMR: 6 I48 (Is. 6H. l_(CH,):C<). 3.ft2 

(Is. 3H. I-OCH,). 4.30 (Is, 2H. I-CO-CH,-), 544 and 
668(1(2d.J- lOHzcach.2Hat3and4positions). 5.92 (Is. 
1 aromatic H at position 8) and 7.29 ppm (Is. 5 aromatic H 
of phcnyl ring). II was directly convcmxi into coumarin 
(19) by heating with ethyl chloroformaIc (OG9 ml). anhyd 
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K,CO, (10) and acetone (IO ml) on a water bath (3.5 h). 
The product crystalliscd from acetone as white silky 
needles (IOOmg). m.p. 231-35”: R, 0.S (solvent F); AZ:::” 
302 and 242 nm: V; 1675 cm ’ (GO) (Found: C. 72.3: H. 
5.0. C,,H,.O, requires: C. 72.0; H. S2%). 

5- Methoxy-6” : 6” dimerhyl pyrano (2”.3” : 7.g) isoJ?aconr 
(18) 

A soln of 15 (120 mg) in ethyl formate (20 ml) was 
added slowly whik shaking to a flask containing pow- 
dered Na (I20 mg) and ethyl forrnate (20 ml) at 0” during 
Ih. After keeping in fridgc (I2 h), water was added and the 
whole mixture cxtractcd with ether. ‘lh dried ether 
residue was rcfluxcd with Ac:O (IO ml). 0.S h). poured 
into water and the solid crystallised from McOH when 18 
was obtained as shining nccdks (50 mg). m.p. 16S-W; R, 
0.77 (solvent G); A:.‘” 20s and 265 nm: ~2 l64cm ’ 
(C-O) (Found: C. 74.9: H. 5.4. C,,H,,O. requires: C. 715.4. 
H. 5.4%). 

2.4 - Dihydroxy - 6 - mahoxy phcnyl 3.4 - mrthyltne . 
dioxybenryl ketone (22) 

Phloroglucinol monc+mcthyl ether’ (20. Sg) and 21 (5.Og) 
were dissolved in dry ether (75 ml) and the soln treated with 
fused ZnCI, (I@. ‘The mixture was cooled 100” and a stream 
of dry HCI gas passed (4 h). After leaving it over night at 0”. 
the ketiminc hydrochloride scparatal as an oil. The upper 
layer of the ether was decanted of? and the oily liquid 
washed twice with dry ether. The residue was then treated 
with ice-cold water (75 ml) and heated on water bath (2 h). 
The product was cooled. extracted with ether and the 
residue sub)cctcd to column chromatography. The fraction 
clutcd with bcnrenc: light petroleum (3 : I) crystalliscd 
from benzene when 22 separated as white silky needles 
(2g). m.p. 13fL39’; reddish brown ferric reaction; K, 0.6 
(solvent H); NMR: d 3W.l (Is. 3H. I-OCH,): 4.?Y(ls. 2H. 
I-CO-CH:). S9g (Is. 2H. I-GCH&). 6.02 (Is. 2 
aromatic H at positions 3 and 5). 6.711 ppm (Is. 3 aromatic H 
at 2’. 5’. 6’ postlions of bcnzyl unit) (Found: C. 63.6; H. 46. 
C,.H,.O. requires: C. 63.6; H. 4.7%). 

Prenylarion of 2,Qdihydmxy . bmcthoxy phcnyl-3.4 
methylme - dioxybenzyl ketone (22) 

To an ice-cold soln of 22 (4g) in dry dioxan (200 ml) was 
added RF.-etherate (2 ml) slowly while shaking, followed 
by 2 - hydroxy - 2 - methyl - 3 - butcne (0. I9 ml) in dioxan 
(IO ml) in one lot. The whole mixture was shaken for I h 
at room temp and the product subjected IO cdumn 
chromatography. Successive elution with (i) 
benzene: hght pctrdeum (I : I). (ii) bcnz~nc: light pct- 
roleum (2 : 3). and (Iii) 100% benzene gave three fractions 
A to C. 

Fraction A crystallised from benzene: light petroleum 
yielding 23 (300 rng) as yellow nccdks. m.p. 15>56”: R, 
0.61 (solvent H): brownish green ferric reaction; NMR 6 
I.74 and I.77 (2s. 6H. I-(CH(,),C=). 3.36 (Id. J 7 7.5 Hz. 
2H. I-Cl&- of prenyl unit). 3.112 (Is. 3H. I-OCH,). 4.24 
(Is. 2H. I-CO-Q&). S.30 (It. J - 7.S Hr.. IH. l-C+). 
S.92 (Is. 3H. l-CWZH,-0 and one aromatic H d phenyl 
ring) and 6.72 ppm (Is. 3 aromatic H of benryl unit)(Fwnd 
C. 68.2; H. 6.4. C,,H,,O. requires: C. WI: H. 6.0%). 

Fracfion E crystalliscd from benzene: light petroleum 
givmp t( (0.20) as white plates, m.p. lOti”; R, 0.58 
(solvent H): light green ferric reaction; NMR: I I .82 (Is. 
6H. t+ZH,),C=). 3.42 (Id. J - 7.5 Hr. 2H. I-C&). 3.g2 
(Is. 3H. 1-CLCH,-,. 440 (I. 2H. I-CWCH,-). 5..36 (It. 
J = 7.5 H7. IH. l-CH=,. 6.05 (Is. 2H. l-O-C&-G,. 6.34 

(Is. I aromatic H of phcnyl ring) and 6.98 ppm (Is. 3 
aromatic H in bcnryl ring) (Found: C. 68.1; H. 5.9. 
C,,H,,O. requires: C. 68.1; H, 60%). 

FrfWion C crystalliscd from benzene yielding starting 
material 22. (2g) 

2-Hydroxy4,6dimethoxy-3-C-prenylphcnyl 3,4mcrhy/- 
cnedioxy-benzyl ketone (U) 

The above 3-C-prcnyl ketone (23.200 mg) was rcfluxrd 
with Me,SO. (0.067 ml) in the presence of anhyd KCO, 
(10) and acctot~ (20 ml) for 3.5 h. The product 2!S 
crystalliscd from M&H as yellow needles (200 mg). m.p. 
Il119’; green ferric reaction; R, 060 (solvent A); NMR: 
6 I64 and I.73 (2s. 6H. I-(CH,),C=). 3.28 (Id. J 7 g.S Hr.. 
2H. I-CH,- of orenvl unit). 3.86 (Is. 6H. 2-OCH,). 4.22 
(Is. 2H. i:CtiHi;,. S2tj (It. J - g,S Hz. IH. i--Cij=), 
5.W (Is. 2H. I-&C&C&). 5.95 (Is. I aromatic H of 
phenyl unit) and 6.70 ppm (Is. 3 aromatic H of bcnryl 
unit) (Found: C. 613.4: H. S.9. C,,H,O. requires: C. 6tt.g: 
H. 6.2%). 

5 - 7 - Dimethoxy - 2.2 - dimethyl - 8 - (3.4 - mcthylcntdioxy 
phcnacyl chroman (26) 

The above ketone (U. ISOmg) was dissolved m warm 
formic acid (2Ornl) and then kft at room temp (I h). 26 
cryslalliscd from McOH as white shinmg ncedks 
(13Omg). m.p. l&&61’; negative ferric reaction. R, 0.6S 

(solvent H); NMR: d I.28 (Is. 6H. l+ZH,),C<). I.75 and 

2.58 (2t. J = 6 Hr. 4H. I-C&C&-) 3.74 & 3.82 (2s. 6H. 
2-DC)?,). 3.W (Is. 2H. I-CCrCH,). 5W (Is. 2H. 
I-OCH,-G), 6.1 (Is. I aromatic H at position 6) and 
6.69 ppm. (Is. 3 aromatic H of phenacyl unit) (Found: C. 
6w.4: H. 6.0. C,,H,.O. requires: C. 6&g: H. 6.2%). 

2 - Hydroxy - 4.6 - dimefhoxy - S . C . prcnylphmyl 
3.4-methylentdioxy - benryl ketont (27) 

The ketone 24 (2OOmg) was rcfluxed with Mc$O, 
(0.06 ml) in the presence of ignited K,CO, (Ig) and 
acetone (2s ml) (4 h). The product (27) crystallised from 
MeOH as whtte nccdks (200mg). m.p. g3-U”: violet 
ferric reaction; R, 0 SH (solvent A); NMR: d I64 and I.74 
(2s. 6H. I-(CH,),C=). 3.26 (Id. J - 7.5 Hz. 2H. I-C& of 
prcnyl unil). 3.86 (Is. 6H. 2-CH,). 4.22 (Is. 2H. 
I-C&C&). 5.18 (It. J = 7 Hz. IH. I-CH=). 5W(ls. 2H. 
I-&C&-O-). 5.95 (Is. I aromatic H of phenyl part) and 
6.70ppm (Is. 3 aromatic H of bcnryl part) (Found: C. 
69.2; H. 6.2. C,,H,.O. requires: C. 68.g: H. 6.2%). Hcatmg 
with formic acid brought no change. 

5 - Hydroxy - 7 - mcthoxy 2.2 - dimrfhyl - 6 - (3.4 
mcihylmrdioxyphrnacyI) chroment (28) 

The ketone 23 (l5Omg) was refluxcd with DDQ 
(100 mg) in dry benzene (20 ml). The product on column 
chromatography and elution with bcnxcnc :light pct- 
rokum (I : I) gave a solid which on crystallisation from 
IighI-pet&urn yicidcd Ztl as yellow crystals (100 mg). 
m.p. 12&W; green ferric reaction: R, 064 (solvent C): 

NMR: 6 I46 (Is. 6H. l~CH.,,C<,. 392 (Is. 3H. 

I-OCH,). 4.32 (Is. 2H. I-CGCH,). S.55 and 6,Ro (2d. 
J = IO Hz. 2 definic H at 3.4 positions), 6Gg (Is. 2H. 
I-OXHa). 6.22 (Is. I aromatic H at position g) and 
6.88ppm (Is. 3 aromatic H of phcnacyl part) (Found: C. 
695: H. 5.8. C>,H,O. requires: C. 6x.5: H. 5.4%). 
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7 - Hydroxy - 5 - methoxy - 2.2 - dimethyl - 6 - (3.4 - 
mcthylcnedioxyphcnacy/) chromcnc (29) 

‘The ketone 24.70 ma) was relluxal with DW (100 nm) 
in dry benzene (timI). The product On co!u~G 
chromatography and elution with light petroleum gave a 
solid which on crystallisation from light petroleum yielded 
29 as yellow plates (50 mg). m.p.83-84”; green ferric rcac- 
11~; R, 0.6 (solvent C); NMR: 6 I46 (Is. 6H. 

IX&h+ 3.82 (Is. 3H, I-OCH,). 4.32 (Is. 2H. 

I-CC&C&-). 564 and 6.54 (2d. J = IO Hz each, 2 oktink 
H at 3.4 positions). 5.95 (Is. 2H. l-&Cij+): 6.22 
(Is. I aromatic H at position 8) and 6.75 ppm (Is, 3 
aromatic H of phenacyl part) (Found: C. 68.0; H. 5.8. 
CI,H,O. requires: C. 68.5; H. 5.4%). This agrees in m.p. 
with the dcsoxybenzoin obtained earlier’ from rohustone 
methyl ether (30). Further it could be converted into 
robustin as described earlier.’ 

4.7 LXhydroxy - 5 - mcthoxy - 8 C prenyl - 3 
(3.4methylenedioxyphmyl) cownarin (33) 

Tk ketone 23 (I00 mg). ethykhloroformatc (OX@! ml). 
ignited K,CO, (10) and acetone (20 ml) were refluxcd to- 
gether (3.5 h). 33 crystallized from McOH as white silky 
needles (50 mg). m.p. 192-93”: R, 068 (solvent I); A z?’ 

314 and 262 nm; vs 1670cm ’ (GO) (Found: C. 66.4: 

H. 5.5. CnH& requires: C. 66.7: H. 5.1%). 

4 Hydroxy - 5 - mtlhoxy - 6’.6’ - dimrthyl - pyrano 
(2*.3-:7.X) 3 - (3.4 - methylencdioxyphenyl) coumarin or 
isorohustin (32) 

The chromcne 28 (130 mg). cthylchloroformate 
(0.075 ml). ignited K,CO, (Ig). acetone (20 ml) WIS re- 

fluxed (3.5 h) on a water bath. Compound 32 crystalliud 
from acetone as white solid (60 mg), m.p. 197-w; R, O-54 
(solvent G): AZ’ 316 and 268 nm: ~2 165Ocm ’ (C=O) 
(Found: C, 66.9; H. 4.3. C,,H,.O, requires: C, 67.0; H, 
4.6%). 
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