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Abstract-2-Methyl-2-(4’-methylpent-3’~nyl)-S,8-d~hydroxy-6-(4-hydroxyc~nnamoyl)~hromene (flemmgm- 
D) has been Isolated from mflorescences of Flemmgra congesta, together with the known flemmgm-C and 
two other chalcones These (flemmgm-E and -F) are allyhc alcohols which differ from flemmam-D bv an 
addltlonal OH group m the side-cham Phoiooxldat;on of model 2-methyl-2-(4’-methylp&t-3’enyl)- 
chromenes gave pairs of allyhc alcohols with the same structural feature The known flemmgm-A, -B, -C and 
homoflemmgms have been Isolated from F gruhomruna, and another new chalcone from F bracteutu 

INTRODUCTION 

WE BECAME interested m the troplcal genus Flemmgla (syn Moghanra, Legummosae) when 
we mvestlgated the constituents of Wars, an African drug which 1s stated to consist of 
powdered seed pods of F rhodocarpa l From this drug we Isolated2 three chromenochal- 
cones, the flemmgms-d, -B, -C (I), and the correspondmg open-cham chalcones, desoxy- 
homoflemmgm (IIa)3 and homoflemmgm (IIb) 2 Later we4 and Adltyachaudhu$ Isolated 
flemlchapparm-d (III), together with 2,4,4’-tnhydroxychalcone, from the aerial parts of 
F chappar It seemed thus possible that the unusual hydroxylatlon pattern m both rings of 
the chalcones, I e the presence of hydroxyl groups paru to those coming from the usual 
blosynthesls via acetate could be a charactenstlcs of chalcones from Flemmgla We report 
here on the mvestlgatlon of three Flemmgza species, namely F. grahamlana, F congesta and 
F. bracteatu, m which similar compounds have been found 

Flemtnpnn A ~IO)R=H,R’=H 
Flemwyn B 

(II01 R = H 
(Ib) R = OH, R’ = H (IIt- R = OH 

tIlT1 

Flemwm C (Jc) R i: H, R’= 0” 

RESULTS 
Inflorescences of F gruhumzana from Uganda were extracted with ether The extract 

appeared completely ldentlcal to that of Wars therefore this species contams flemmgms- 
A, -B, 4, desoxy- and homo-flemmgm It 1s mterestmg that the 2 species F rhodocurpa and 
F grahamlana are reported to be identical 6 

1 PAVOLINI. T and GAMBARIN, F (1957) Agrochtmrcu 2, 88 
z CARDILLO, G , MERLINI, L and MONDELLI, R (1968) Tetrahedron 24,497 
3 CARDILLO, G , MERLINI, L , MONDELW, R and SELVA, A (1967) RK Scr 37, 826 
* CARDILLQ B , GENNARO, A , MERLINI, L , NASINI, G and SERVI, S (1970) Tetrahedron Letters 4367 
s ADITYACHAUDHURY, N and KIRTANIYA, C L (1970) J Indrun Chem Sot 47,1013 
6 KAKOOKO, A B , personal commumcatlon 
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The material of F congesta collected m India was a mixture of lea\cs and flowers, that 
was extracted as such Four yellow compounds were separated by Chromatography of the 
ether extract, besides carotenolds The first (IV) has d UV spectrum typlcdl of a chalcone 
The MS shows a molecular peak at 406 /~zie, and fragments at 391 (M-I j), 363 (M-43), 323 
(M-83), 256 (M-120), 203 (M-120-83) The NMR spectrum (Jcetone-r/b,) shows the precence 
of one methyl group llnked to a carbon carrying an oxygen (Y, I 44 A), two mcthll groups 
on a sp2 carbon u~th no hydrogen (1 54 and 1 62), four protons at hlsh field (1 5-2 21, one 
vinylic hydrogen adjacent to a CH, (5 IO, large triplet), the 4B system of a chromene ring 
(5 72, 6 76, J IO), four protons on a pare-substituted aromatic rtng (4,B,, 6 97 and 7 76), 
one aromatic proton (s, 7 53), the AB Fystem of a chalcone (7 65 and 7 86, J 16) and one 
chelated OH (15 35 6) All these data, compared with those obtained already for flemtn- 
gms,2 unequivocally establish the structure (IV) for this compound, thdt we propose to call 
flemingin-D 

Particularly, the M-15 and M-83 peaks m the MS correspond to the formation of a 
stable pyryhum ion by loss of one or the other of the alkyl groups m 2, and the M-120 peak 
to the loss of a hydroxystyrene fragment from IV, probably via the flavanone Confirma- 
tlon for this structure came from Its synthesis although In low yield, by condensation of 
p-hydroxybenzaldehyde with the chromene V 

The second isolated chalcone has TLC behaviour, m p , UV, IR, MS and NMR spectra 
ldentlcal to those of flemmgm-C(Ic) The ldentlficatlon was confirmed by direct comparison 

The two other chalcones (VI and VII), that we propose to call flemIngmE and -F, were 
very difficult to separate from each other They have the same UV spectrum, which IS also 
identical to that of IV The MS of both show the presence (M = 422) of one oxygen 
atom more than m IV, and this oxygen must be m the side cham The most Important 
fragmentation IS Indeed M-99, 1 e M-&H,,O, corresponding to the formatlon of the 
stable pyryhum Ion, which on turn breaks down to the M-99- 120 Ion The NMR spectra of 
VI and VII confirm this assumption and account for the correct formulae of both 
flemmgm-E and -F 
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The pattern of aromatic and heterocychc protons m both compounds IS identical to that 
in IV The structure of the side chain m position 2 of VI is demonstrated by the presence of 
three smglets of methyl groups on a carbon carrying an oxygen, of the complex multlplet of 
a CH=CH (5.48-5.60) adjacent to a methylene, which appears as a multiplet at 2 45 S On 
the other hand, m the spectrum of VII there are only two methyl groups, one at the usual 
position for a 2-methylchromene (l-46), and the other on a vmyhc carbon (1.70, with small 
allyhc coupling), the triplet of a -CH,-CljO- hydrogen (4.10), and a =CH1 group (4 46 
and 4.54) 

n”a&:e Flemlngln E 111 1 1 2 

0 OH 
Flemlngln F \ 

The structures thus estabhshed for VI and VII strongly suggest that they could be oxida- 
tion products of a common substrate, such as IV or a precursor of it Although VI and VII 
are the first chromenes with such a side chain to be found m a natural source, these structural 
features have been observed m the plastochromanols,’ and m a few lsoprenylphenols * The 
possibility of oxidation of terpenes by chlorophyll-sensitized photooxtdatlon has been em- 
phasized9 and examples of generation of such allyhc alcohols by this process are known lo 
It is also worth mentioning that photooxidation of an lsoprenyl side chain has been pro- 
posed by Polonsky” as a possible biosynthetic step m the cychzatlon of lsoprenylphenols to 
chromenes. 

In order to check the chemical feasibihty of this reaction, we subjected VIII and IX to 
photooxidation sensitized by hematoporphyrm. 

OH (Pm) R = H 
(Ix) R =OH 

OH(X) R=H 
(XII) R = OH 

7 FLAKE, I R , DUNPHY, P J and PENNOCK, J F (1970) Phytochemstry 9, 1345 
B CHAN, W R , TAYLOR, D R and WILLIS, C R (1967) J C/tern Sot C, 2540 
9 DUNPHY, P J (1971) Chem hd(L.ondon) 731 

lo FOOTE, C S (1968) Accounts Gem Res 1,104, SCHULTE-ELTE, K H , GADOLA, M and MIJLLER, B L 
(1971) Helu C/urn Acta 54, 1870, CAVILL, G W K and CCIGGIOLA, I M (1971) Austrahun J Chem 
24,135 

I1 FOURREY, J L , RONDEST, J and POLONSKY, J (1970) Tetrahedron 26, 3839 
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After reduction of the hydroperoxrdes with tnphenylphosphlne, we obtalned the two 
allyhc alcohols from VIII In 50”,, yield after purlhcatlon The yield was lo*er for the 
hydroqumones XII and XIII. probably due to their sensltlvlty to ovldatlon The MS and 
NMR spectra of X-XIII are completely consistent with the structures _el\en and support 
also the structures of VI and VII 

The last species examined was F bractcata, from the leaf extract a small amount of a 
chalcone (XIV) was obtalned Its MS has a molecul,lr pcdh at 352 171 C, and fr‘lgmcnts at 
337 and 333 (M-104), clearly indlcatlng that ring 4 15 not substituted The presence of a 
Z,Z-dlmethylchromene ring, of a methoxyl and of a chelated OH IS apparent from the 
NMR spectrum No other Inform,ltlon being avatl~ble. due to the small amount of the 
substance. we can onlv formulate a partial structure (XIV) 

Attempts to synthesize one of the isomers accordrng to the followmg scheme 

OH OH 
‘\\ 0 

(XV) I;w) 
Ph 

(xvu‘ 

afforded only a cycllzed product, the flavanone XVII 

EXPERIMENTAL 

UV spectra (h,,, m nm) Lbere measured m 95” o EtOH NMR spectra (\aiucs m 6,Jm Hr. TMS as Internal 
standard) were measured with Varlan A60 or XL100 spectrometers MT \+ith a Hltachl RMU6D instrument, 
at 70 eV (80 PA), samples bemg dtrecrl} Introduced I" the eon source at 250 Column chromatography was 
performed ulth sillcage Merck 0 054 20 mm, TLC with Merch HF 15d Mo$t of the compound\ delcrlbed 
appeared as low-melting or glass> solid\, and they uere m too IOU amount lo be cqstalhzed Their purity 
\sas cheched by TLC 

Fle~~trn~ra~ruhamrana Jnflorescences of F pruharnran~ collected tn Uganda were extracted ulrh ether on a 
steam bath TLC of the ext with CHCI,-Et,O, 2 1 and hexane-A&Et, 3 1 show that the constituents were 
Identical to those present In a sample of Wars * 

F congerla 400 g of dried lea\es and flowers of F con,qvrtu collected in India were extd \blth hexane, then 
ulth ether in a Soxhlet, and the Et,0 ewt chromatographed through sIllcage ulth hexane-AcOEt The main 
fraction, eluted with hexane-4cOEt, 17 3 was purified by prep TLC alth hexane AcOEt. 2 I, to pl\e. m 
the order, 70 mg of jemlnrrrl D (IV), yellow sohd. UV 278, 286. 375 cc 11 100, I I 100, 24 200). MS and 
NMR see text fl~mmqqn-EG’I), UV 278.286.375 (c 12 150, 12 100.26 800). MS 422,404, 361, 351. 323, 
241,231,203, 165, 147, 120, NMR (acetone-d,) 3 Me-O (1 16, 1 18, 1 34). R-CI;I,-CH (nr 2 45), CH=CH 
(5 78, 6 78, J IO), 4 arom H (AZ&, 6 93, 7 X2), 1 H (Y. 7 56). Ar>ICH=CH=CO (7 70, 7 86, J 16). 1 OH 
(15 7). tetraacetate (with NaOAc and Ac,O) MS 590, 548 506, 464 449, 422,407, 365, 323, 203, flern~~~~ln F 
(VII), UV 278.287.375 cc I2 950, 12 900,26 000) MS 422,404,389, 361, 351,323,284,203, 165, 147, 120, 
NMR (CDCL,) Me-C-O (1 46). CH,C=CH (1 70). CH2-CtjOm (1n,4 IO), -CH, (4 26 and 4 54). CH=CH 
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(5 52,6 80, J lo), 1 H (s, 7 63), 4 arom H (A2B2, 6 84,7 85), Aryl-CH=CH-CO (7 95,8 60, J 16), 1 OH chel , 
tetraacetate (with NaOAc and Ac~o). MS 590, 575, 548, 533, 506, 488,473,449,407, 365, 245, 203 

The following fraction, also elutmg with hexane-AcOEt, 17 3, was purified by prep TLC with hexane- 
AcOEt, 2 1 to give 100 mg offlemmgrn C (Ic), m p 185” (toluene), identical m any respect to an authentic 
sample 3 

F bructeafa The hexane extract of leaves of the plant, collected m India, was chromatographed through 
sdlcagel with hexane-AcOEt (19 1) A small fraction contammg a sterol and a yellow compound was purl- 
fied by TLC with hexane-C6H6, 1 1 to give the chakone XIV, MS 352, 337, 233, NMR (acetone-c&) 
2 Me-C-O (I 46, 1 47). 1 OMe (3 82), CH=CH (5 65,6 60 J lo), 5 acorn (7 4-7 7), Aryl-CH=CH-CO (7 92, 
8 30, J 15), 1 OH (14 08) 

Synrhesrs ofFlemmgm-D 90 mg of 2-methyl-2-(4’-methyIpent-j’enyl)-5,8-dihydroxy-6-a~tykhrom-3~ne 
0Y were treated with 40 mg benzaldehyde and 2 ml 50% KOH m 5 ml MeOH under N2, and the mlxt 
stirred 6 hr at room temp After TLC with CHCl,-Et20 (2 l), the product (IV) was found to be identical to 
the natural product 

Phorooxrdatlon ofVII1 and IX O2 was bubbled for 4 hr into 200 mg VIII1z and 30 mg hematoporphyrm 
in 80 ml MeOH under Irradiation with Wood light Evapn , extn mto Et,O, bodmg with excess PhlP (200 
mg), evapn and prep TLC with CsH6-Et20 (9 1) gave 30 mg of X, VISCOUS 011, MS 302,287,284,203,185, 
NMR (CDCIJ Me-C-O (1 41), C&-C=CH (1 70), 4 H (1 65-l 80), MeCO (2 51). CH,-CIjO- (m, 4 05), 
=CH2 (4 43,4 53), CH=CH (5 50, 6 76, J 10). 2 arom (A& 6 30, 7 49, J 8 5), 1 OH (12 8) and 50 mg of XI, 
MS 302, 284, 269, 203, 185, NMR (CD&) 3 Me-C-O (1 21, 1 21, 1 42), C&-CH= (m, 2 4O);MeCO 
(2 50). CH=CH (5 50. 6 75. J 10). 2 arom (6 30. 7 48. J 8 5). CH=CH-CH, cm. 5 6-5 7). 1 OH (12 9) A 
ilmll& reaction on 1% (3kmg)lYgave a s&all amount of Xii (h% 318, 30&285, 249, ii9, 201) &d XIII 
(MS 318) 

Synfhesrs ofXVI1 0 5 g of 2,2-dlmethyl-5-hydroxy-6-acetyl-7-methoxychromene (XV)l’ were dissolved m 
10 ml 6% NaOH and slowly added with 1 g K&Oa dissolved m 25 ml HZ0 HCl treatment after 1 night, 
extn with Et,O, addn of 10 ml cone HCI, 50 ml CHCI,, bodmg 1 hr. extn with CHCll and TLC with 
&He-Et20, 9 1 gave 50 mg of 2,2-dimethyl-5,8-dlhydroxy-6-acetyl-7-methoxychromene (XVI), NMR 
(CCL,) 2 Me-C-O (1 46), MeCO (2 58), OMe (4 33), CH=CH (5 40,6 62, J 10) MS 264,249 Condensation 
of 20 mg XVI with benzaldehyde m MeOH with cone KOH gave, after working up and prep TLC, some 
mg of XVII, MS 352,337,248, 233, 191, NMR (Ccl,) 2 Me-C-O (1 52), Ph-CHO-CEI,- (ABA’, 6, = 
2 35, 8~ = 2 45, 6~ = 5 26, JAx 2: 12, JBx 2: 3 5, Jle N 17), OMe (3 90), CH=CH (5 45,6 58, J lo), 5 arom. 
H (7 2-7 4) 
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