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Ah&act-Reaction of f%rcsacctophcnonc with 2-methyl-but-3-en-24 in the presence of boron tri- 
fluoridectherate at room temperature is found to yield a mixture of three separable SC-prcnyl-(40%), 
3-Gprtnyl-(ZS %) and 3,5di-C-prenyl415 %) rcsacctophcnoncs. S-C-Prenylrcsacetophcnone and its 
4-methyl ether have hen condensed separately with p-hydroxybenzaldehyde obtaining bavachalcone and 
4’0methylbavachalconc rcspcctivcly. The former on cyclixation gives the natural flawnone, bavachin. 

IN part I,’ the nuclear prenylation of p-resacetophenone, under conditions analogous 
to C-methylation,2 was described. A mixture of three compounds was obtained, the 
major component being the 3-Gprenyl derivative which was used for the synthesis of 
isobavachalcone and the flavanone isobavachin. No 5-C-prenyl derivative was 
formed in the above prenylation; it has now been obtained by the reaction of f% 
resacetophenone (I) with 2-methyl-but-3en-2-ol in the presence of boron trifluoride- 
etherate according to the general procedure of Bohlmann and Kleine.3 

In the above reaction, a mixture of three products was obtained. The major 
component was identified as EC-prenylresacetophenone (II) as follows. It was 
soluble in aqueous sodium carbonate and showed positive ferric reaction. Its ele- 
mental analysis indicated the introduction of only one prenyl unit and the NMR 
spectrum (see Experimental) indicated its placement in one of the available nuclear 
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positions. Since there were no signals of &to-coupled aromatic protons, the C-prenyl 
unit should be in the 5-position. This ketone was partially methylated; the NMR 
spectrum of the resulting Cmethyl ether (V) further substantiated the structure of the 
major prenylated product as 5-C-prenylresacetophenone (II). 

The next major product was identical with 3-C-prenylresacetophenone (III) 
already character&d.’ The third product, obtained in the smallest yield was found 
to be 3,Sdi-Cprenylresacetophenone (IV) corresponding to the sample prepared 
earlier.’ Thus treatment of l%resacetophenone with 2-methyl-but-3-en-2-01 under 
Lewis acid conditions gives products somewhat different from those obtained by 
carrying out the nuclear prenylation under alkaline conditions.’ These results are 
parallel to those obtained with R-resorcylaldehyde in this laboratory.4 One of the 
products obtained from this aldehyde in small amount was tentatively assigned the 
structure of 3-Cprenyl-~resorcylaldehyde. Since the analogous 3-Cprenylresaceto- 
phenone (III) has now been isolated and characterized beyond doubt, the tentative 
structure for 3-Cprenylresorcylaldehyde may also be considered to be correct. 

Recently5 from the chloroform extract of light petroleum exhausted whole seeds 
of Psoralea corylifoiia L, two new chalcones and three new flavanones were isolated 
and their constitutions deduced on the basis of degradation and spectral data. We 
recently carried out the synthesis of two of them, isobavachalcone and isobavachin,’ 
from 3-C-prenylresacetophenone. The synthesis of the other three tlavonoids has 
now been accomplished from 5Gprenylresacetophenone as follows. 

5-GPrenyl4methoxy-2-hydroxyacetophenone (V) was condensed with phydroxy- 
benxaldehyde in the presence of concentrated alcoholic alkali, when Y-C-prenyl4’- 
methoxy_4,2’dihydroxychalcone (VI) was obtained in rather poor yields ; changes in 
concentration of alkali and the period of the reaction did not help. This chalcone was 
found to agree with the description given’ for natural 4’-0-methylbavachalcone. 
Since the chalcone has already been converted into its flavanone 7-O-methyl bavachin, 
this constitutes the total synthesis of ‘I-O-methyl bavachin also. 
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5-C-Prenylresacetophenone (II) on condensation with phydroxybenxaldehyde 
gave bavachalcone (VII) also in poor yield. Subsequent cyclixation with dilute alkali 
yielded 6-C-prenyl-7,4’dihydroxyflavanone (VIII) identical with the description 
given5 for bavachin. Its structure was further supported by its spectral data. Thus its 
NMR spectrum indicated the resonance signals of one prenyl unit, two aromatic 
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protons of ring A in 5- and 8-positions, two multiplets characteristic of protons in 2- 
and 3-positions of flavanones and other expected signals of the side phenyl. 

Biogenetic considerations 
Bhalla et u.Ls have suggested that an intermediate with a phloroglucinol A ring is 

first formed which undergoes ring closure in different ways and subsequent dehydroxy- 
lation to produce bavachin and isobavachin. Since resorcinol derivatives are very 
common among cl&ones, e.g. butein and isoliquiritigenin, it appears more rational 
to consider isoliquiritigenin as the primary member of this series. By analogy with 
8-resacetophenone it should undergo prenylation at both 5’- and 3’-positions yielding 
bavachalcone and isobavachalcone, which by ring closure would yield bavachin and 
isolmvachin. The partial methylation of the 4’-position of the chalcone or the 7- 
position of the ilavanone is an easy reaction both in nature and in the laboratory and 
accounts for the presence of 4’-0-methylbavachalcone and 7-0-methylbavachin. 

In support of the above hypothesis for the evolution of prenylated chalcones, 
isoliquiritigenin (IX) has been condensed with 2-methyl-but-3+n-2-01 in the presence 
of boron trifluoridaetherate. The resulting product was found to be a mixture of two 
compounds along with a large amount of unreacted isoliquiritigenin, separable by 
column chromatography. The major compound to be eluted was found to be identical 
with 5’-C-prenylisoIiquiritigenin (bavachalcone, VII) and the 
identified as 3-Gprenylisoliquiritigeninl (isobavachakone, X). 

Pr 
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solvent A) and superimposable IR specumn Fraction C, crystrtlitad from benzne-petrokum ether mix- 
ture affording II as colourlms plates (310 me), m.p U-1450 ; red ferric reaction; soluble in Na&Os soln; 

R, 011 (solvent A); l_ 234.278325 nm (3+4,355,3a resp.); v,, 1635cm-‘~=O);NMR(CDCl,) 

with TMS as internal mference: 6 1.77, l-80 (2s, 6H of (CH&C=), 2.53 (s, 3H of -C.O-CHs), 3.30 (d, 
J = 8 c/s, 2H of Ar-C&-_b 5.38 (m, 1H of triply substituted methsne group -CH=), 640 (s, 1 aromatic 
H in 3position)and 7.47 ppm (s, 1 aromatic H in &position) (Found: c, 704; H, 7.1. Ct,H,*Os requirea: 
c&709;Y73%). 

S-C-Prmyt-6mcti (V). A soln of II (1.8 g) in acetone (50 ml) was miiuxed 
with dimethyl sulphate (09 ml) and K&O:, (4 g) for 3 hr. Acetone was distilled ogand water added to the 
residue and the whole soln extracted with et&r. Removal of ether gave ao oily residue which after pmifica- 
tion by column chromatography gave the required ketone (V) as a colourkss oil (l-7 g), md-brown ferric 
reaction; NMR (CC&): 6 164,l~ (28.6H of one (CH,)sC=), 2.39 (s, 3H of -CO-CHs), 308 (d, J = 78 
c/s, 2H of Ar-CHs-), 3.78 (s, 3H of -O-C&), 518 (m, -CH= of pretty1 unit), 623 (s, one H in 3- 
position) and 7-27 ppm (s, 1H in 6position). These data agree with those reported earlie? for this com- 
pound, obtained by degradation of ‘I-O-mcthylbavachin. 

S-C-~~yl~-~h~~~ox~~~ (4’-0-met~yhmncha~cone, %‘I). To a soln of V (l-5 a, and 
phydroxybenxaldehyde (19 g) in slcoltol(l0 ml) was added ICOHaq (13 g/l5 ml water) and the whole 
soln kept out of contact with air for 3 days at room temp. The deep red soln was diluted with ia cold mter, 
acidiliad with AcOH and extracted with ether. The ether extract was washed iirst with S % aq NaHCOs 
soln and then with water. Removal of ether gave a yellow residue which was subjected to column chromate 
graphy. F!lution lirst with benxen&ght petroleum mixture (1: 3) 8ave the unchanged ketone (1.2 g) as an 
oil, thee Wlight petroleum mixture (3:2) aiTorded VI as an orange red solid It crystallizd from 
bettzne as orange red plates (100 mg), m.p. 163-W’ (lit’ 161”); red ferric reaction; R, 080 (solvent B); 
& (MeOH) 235,372 nm (414,464); IL, (MeOH-NaOH) 436 mn (467); v, 1630 cm-‘. (Found: C, 
744; H, 7G. Cs,H1sO, requirea: C, 74.5; H, 6.6%). 

s-C-~myf~,~,4‘-t~~o~ (bawclurtcone, VII). To a soln of II (1 g) and phydroxybenxalde- 
hyde (1.3 g) in alcohol (8 ml) was added KOHaq (9 s/l 1 ml water) and the whole soln was kept out of 
contact with air at room tcmp for 4 days as described earlier. The product was found to k a mixture of 
two compounds on TLC (solvent B). It was subjected to column chromatography: elution Iirst with 
benxene gave unreacted II (08 g, R, 079 in solvent B) and then with EtOA c-bemene mixture (3:97) 
yielded VII as an orange red solid which cryetalhxed from benzene as orange red crystals (120 mg), m.p. 
178-1790 ; red-brown ferric reaction; R,OS6 (solvent B) ; A_ (MeOH) 228 and 373 nm (4-20 and 459 resp.) ; 
A_ (MeOH-NaOH) 438 nm (469); v, 1640 cm-‘. (Found: C, 739; H, 67. C&HseO* requires: C, 
74l;H,62%). 

W-Pmyl-7,4’dil&rox~ (bawchin, VIII) A solu of VII (600 mg) in alcohol (5 ml) was refluxed 
with NaOHaq (1.5 “/, 8 ml) for 05 hr and then left aside for 16 hr at room temp. The soln was diluted with 
ice-cold water, acid&d with dil AcOH and the solid filtered- It was found to be a mixture of two compounds 
by TLC (solvent B) and subjected to cohmm chromatography. Elution first with benxene-EtOAc (98 : 2) 
mixture, gave VII unchanged (MO mg) Then &mene-EtOAe mixture (95 : 5) gave VIII (280 mg) which 
crystallmed from bemenoethyl acetate mixture as colourkss treadles, m.p. 183-l&1” (Iits 1890); no ferric 
reaction; R, 043 (solvent B); ;L, 235,277,322 nm (450,4~31 and 399 rcnp.); NMR: 6 (DMSO) 74 
(s, one aromatic H in S-position), 7.31 (d, J = 8.4 c/s, 2’-, 6’-protons), 678 (d, J - 9 c/s, 3’-, S‘protomt), 639 
(s, one aromatic proton in 8-position), S-35 (broad multiplet, one -CH= of the pretty1 unit buried under 
the resonance of Cs-proton); 6 (&ridioe): 094 (broad singlet, one (CHs)&= group), 2.38 (m, two protons 
in 3-position) and 284 ppm (d, J - 7.2 c/s, two protons of Ar-CHs-CH= group of the prenyl unit). 
(Found: C, 719; II, 65. CsOHsOO.~)HsO requires: C, 72.1; H, 64%). 

Reucrton of lsoltqufrftfgenta IK w&h 2-merhyi-but-3-en-2-of. To a soln of DC6 (OS g) in dry dioxan (8 ml) 
BF3-Et20 (035 ml) was added, the soln attaining a red colour. To this was added 2-methyl-but-3-en-2-01 
(175 mg) and the whole soln stirred for 1 hr at room temp. To tlm resulting mixture was added moist ether 
and the ethereal solo was first washed with water and then kept in contact with water for 24 hr. Removal 
of ether gave a solid which was found to be a mixture of two products together with a large amount of 
umuzted material (MO mg) as shown by TLC (solvent II). This was subjected to column chromatography 
and the columo eluted successively with (i) benzene, (ii) benren+EtOAc (97 : 3) and (ii) benzen+EtOAc 
(95 : 5) The major eluent was identirial as VII (100 mg), identical in TLC and IR spa%rum with sample 
;g* as described above, and the minor product as K, m.p. and mmp., with sample prepared earlier,’ 
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