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Ah&ad-A convenient syntimia of paoralen derivatks oxygenated in pyrone ring, oiz 4.S 
dimethoxy-7*xo-7H-turo 13.2-d [l] be- 
0x0-7H-fur0 [3,2-gJ [ll bcruqyran 

(4.5%limethoxypsorakn) and 4.5.~tlimethoxy-7- 
(halfordio) (3,4,5-trimetlmxypwralen) h desaibed by bkxkiag 

the &position with iodine, Cl&en migration followed by cyclitation. 

Halfordin’ (1) and isohaifordin’ (2). the chief com- 
ponents of the bark of Halford& scleroxyla are 
known examples of 3,4-dimethoxyfuranoa~marins 
in nature. These compounds have also been iso- 
la&d2 from the related plant H. ken&c&, which 
also contains halkendin” (3) and halfordinin’ (4), 
which have an a,a-dimethyl ether linkage at 4- 
position. Hegarty and Lahey’ fhxt proposed a 3- 
metboxyfuranocoumarin struchne (5 or 6) for hal- 
fordin on the basis of chemical degradation but 
later the structmz was revised2 to 1, based on its 
‘HNMR spectrum and confirmed by synthe~is.~ 
However the ‘H NMR signal of synthetic halfordin 
showed’ down5eld displacement for OMe groups. 
Hence it was considered of interest to develop a 
convenient method for its synthesis and other aimi- 
lar paoralen derivatives. 

Tbe psoralen derivatives WCte earlier 

SyMbkSedb” by tedious method8 involving a 
number of steps with very poor yields. It has been 
found12 that Claisen rearrangement of 7-allyloxy- 
coumarin derivatives gives exclusively 8-ally1 iso- 
mers but if tbe 8-position is blocked ’ or the 3,4- 
double bond is reduced,” the Claisen migration 
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yields 6-a91 isomers. A number of 4-methyl”- and 
4-phenyl- psoralen derivatives have been synthes- 
ised by blocking the I-position with a bromide 
group. These intermediates were obtained by the 
condensation of 2-bromoresorclnol with ethyl- 
acetoacetate and ethylbenzoyl acetate respectively. 
This method could not be effected for the synthesis 
of psoralen derivatives oxygenated in the pyrone 
ring. However, these psoralen derivatives have 
been synthesised by very tedious methods”*‘s*‘7 
involving the use of the corresponding o-hydroxy- 
(cu-methoxyacetyl)benzopyran or o-hydroxy+- 
methoxyacetyl)benxocoumaran as starting materi- 
als; both of which are dilllcult to prepare. A conve- 
nient method has now been developed for the 
synthesis of such compounds by blocking the 8- 
position with an easily introduceable and remov- 
able group like iodide. The required intermediates, 
i.e. 8-iodocoumarin derivatives were prepared by 
direct iodination of the corresponding 7-hydroxy- 
coumarins with iodine and periodic acid or starting 
from 2-hydroxy-3Gxloacetophenone derivatives, 
which can be obtained by iodination of correspond- 
ing ketones. 
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As a test case, 4,5dimethoxy-7-oxo-7H-furo 
[3,2-d [l] benxopyran (7) was syntheslld starting 
from 7-allyloxy-8-iodo-4,5-dimetboxycoumatin (8). 
obtained by k&nation of 7-hydroxy-4,5-di- 
methoxycoumarin,‘* followed by allylation of the 
formed 7-hydroxy-8-iodo-4.5_dimetboxycoumarin 
(9). The struchpe of 8 was adrmed by compari- 
son with a sample prepared as follows: Iodination 
of 2,4_dihydroxy-6-methoxyacetophenoae’p gave 
2,4-dihydroxy-3-iodo-6-methoxyaatophenone 
(10) which on allylation afforded Callyloxy- 
2-hydroxy-3-iodo-6-methoxyacetophenone (11). 
Cyclisation of 11 atIorded 7-allyloxyl4-hydroxy-B- 
iodo-Smethoxycoumarin (l2), which on methyl- 
ation yielded the required coumarin (8). Claisen 
migration of 8 gave an alkali soluble product, which 
showed the absence of iodine indicating that iodine 
was eliminated in the above reaction and was as- 
signed the stnmture, 6-allyl-7-hydroxy4.5 
dlmethoxycoumarin (X3). Further evidence that the 
iodine was eliminated and that the ally1 group 
entered the 6-position was provided by its ‘H NMR 
spectral data and its non-identity with 8-allyl-7- 
hydroxy-4,klimethoxycoumarin (14) prepared as 

follows: Cydiaation of 4-allyloxy-2-hydroxy-6- 
methoxyacetophenone (W) and methylation of the 
formed 7-allyloxy4hydroxy-5-methoxycoumarin 
(16) gave 7-allyloxy-4,5-dimethoxycoumarin (17), 
which on Claisen migration afIorded 14. Furtkr 
support was also given by IR spectra of these 
isomers, which differed in the aromatic region. 
Oxidation of W with OsO&IO., followed by qc- 
lodehydration of the intermediate phenylacet- 
aldehyde yielded the required 7. 

Using the above method, halfordin (1) was syn- 
thesised starting from 7-allyloxy-8-iodo-3,4,5-&i- 
methoxycoumarin (ltl), which was prepared as fol- 
lows: Iodination of 2&dihydroxy-y6-dimethoxy- 
acetophenonezo gave 2+dihydroxy-3-iodo-0,6- 
dimethoxyacetophenon (19). Qclisation of its 
partial allyl ether, air 4-allyloxy-2-hydroxy-3-iodo- 
cu.6-dimethoxyacetophenone (20) gave 7-allyloxy- 
4-hydroxy-8-iodo-3,5-dimethoxycoumaria (21), 
which on methylation yielded the methyl ether 
(U). Compound 18 could also be prepared by 
allylation of 7-hydroxy-8-iodo-3,4,Nrimethoxy- 
coumarin (22), which was obtained by direct iodi- 
nation of 7-hydroxy-3,4,5-trimetboxyooumarin.2’ 
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(c) 7-AUyfoxy -4,S-dimetkoxycounuirin (17). MethyI- 
ation of 16 (lg) in Meg0 (5Oall) with Meg&o, 
(0.45 ml) in presence of anhyd K&o, yielded 17 (0.85 e). 
It aystagiscd from l&OH as coIouxIess needles, 
m.p. 147e. (Found: C, 67.4; H, 4.9. C,,H,,Os Re- 
quires: C, 67.6; H. 4.8%). NMR(CDCQ: 3.87 and 3.92 
(each s. each 3H. 4- and SOMe); 4.47 (d. 2H. J = 4.5 Ha, 
~s-CH==&Iz); 5.38 (m. 2H, -OCHs-- 
CH=CIU: 5.46 (8. 1H. H3): 5.94 (m. 1H. -OCI&- 
CI+CHs) and 6131 and 6.40 (each b. e&h lH, j= 
2.5 H.x H6 and H8). 

(d) 8-Aflyl-7-hydnwy-4,5-dimuhoxymumarin (14). 
Theabove (O.Sg)was heatedinanoilbathat 190-Y 
for 2 hr under &&i&d pressure. The cooled product was 
diilvod in ether and extracted with NaOH soIn (1%. 
20 ml). Acidiition of the cIear aIkaIinc soht yielded 14 
(0.2g). It cqvtdbd from MeOH as coIourl&s nccdIcs. 
m.p. 220-T. (Found: C. 67.3; H, 4.7. C,,H,,Os Rc- 
quims: C, 67.6; H, 4.8%). NMR (CDsCOCD& 8 3.67 
(d, 2H. J= 7 Hx, -C&-CH==CH& 3.83 and 3.93 
(each s. each 3H. 6 and SOMel: 5.10 (m. 2H. -4X*-- 
&I-=&Is); 5.86 (m, lH, ~s-CH=CH& 6.37-(8, 
lH, H3f and 6.56 (a, lH, H6). 

4,5,6-Dimethoxy-7-0*0-7H-fluo [3.2-g] [ll betuopymn 
(ImIfonlin) (1) 

(a) ‘I-AUyloxy-8-Ia30-3.4.S-bimclhoxycoumorin (l8). 
Me&cd (A). (I) 2.4-diIlydroxy-3-i&o-w,6-dimctkwy- 
accarphmonc (19). Iodination of 2&diiydroxy~,6- 
~e~~~~~~~ (2g) with Is (1 g) and pmiodic 
acid (0.35 a) yielded l8 (2.5 s). It cr~+tahised from AcOH 
as colourlcss nee.dIw, m.p. 191-p. (Found: C. 35.6: H, 
3.1. c,uHH,,Ios Rcquircs: c. 35.5; H 3.3%). Diacctae 
(A@-C,H,N), m.p. 112-4”. NMR(CDCI~: 6 2.28 and 
2.35 (each s, each 3H, 2- and 4OAc); 3.43 (s, 3H, 
-COCIi,OC&); 3.81 (s, 3H. 6-OMe); 4.40 (s, 2H, - 
COC&OCHs) and 6.70 (s. HI, HS). 

(ii) rl-Atlyloxy-2-hydncsy-3-iocEou,-dimcbutxyaccto- 
p&none (28). Compound 19 (2 s) in dry Me&O (60 ml) 
was refhucd for 4-5 hr with aUyi bromide (0.65 ml) in 
presence. of a&d K&O, (6 g). Working up of the mix- 
ture gave 28 (1.2g). It crysmhised from MeOH-Me&O 
as mlourless shhung needles, m.p. 167-8”. (Found: C, 
41.5; H. 4.2. C,,H,,IOs Rcquircaz C, 41.3; H, 4.0%). 
NMR(CDCI& 8 3.48 (s, 3H, -COC&~& 3.90 (s, 
3H. 6-OMe); 4.53 (a, 2H, -COC&OCHs.l; 4.64 (d, 2H, 
J = 5 Hx, -OC&-CH=CHs~; 5.44 (m. 2H -OCHx-- 
C!H=C&); 5.90 (8, 1H. HS); 6.25 (m. HI. -OCHs- 
C+fXI,) and 14.44 (s, 1H. -OH, exchangeable with 
D,O). 

(ii) 7-AIIyIoxy-4-hy&oxy-8-iodo-3,5-dimethoxycou- 
m&n (21). A soln of 20 (1 gf in Et&O, (15 mI) was 
heated with puIveriscd Na (0.5 & for 4hr on a boiling 
water bath. Working up of the m’mturc yicklcd 21(0.7 a). 
It crvsU&d from EtOAc-benxenc as light yellow 
prism;. m.p. 225-79. (Found: C, 41.3; H, 3.3.c,,H,,IO, 
Requires: C, 41.6; II. 3.2%). Acctatc (A@-C,H,N), 
m.p. 211-3”. NMR(CDCl$ 6 2.25 (s, 3H, 4-OAc); 3.80 
and 3.90 (each s, each 3H. 3- and SOMe); 4.61 (d, ZH, 
J=4.5 Hr., -OC&-CH~xl; 5.41 (m, 2H. - 
OCH&XI=&Hsl; 5.91 (m, lH, -OCHs-CH=XHz); 
and 6.10 (s. lH, H6). 

(ii) 7-ANybxy-8-iodo-3.4.S-~~umorin (18). 
The above 21(1 g) in dry Me&O (75 ml) was methyIatcd 
with Me40. CO.25 ml) in ~rarencr? of K.,CO, (3 e) to give 
l8 (0.7 3. It~&ystaUised from MeOH as-rnIourI& shining 
need& m.p. 138+P. (Found: C, 42.9; H, 3.5. 
C,sH,,IOh Rcqti C, 43.1; H, 3.6%). NMR(CDCI& 
8 3.71 and 3.75 (each s. each 3H. 4- and SOMe): 4.05 (s. 
3H. 3-OMe); 4.63 (d, 2H, . J-4.5 Hx, -L 
CH=CH& 5.41 (m. 2H. -OCHs--CH~s~; 5.94 (m, 
1H. -OCH,-CH=CH~ and 6.31 (a. 1H. H6). 

M&xi (B). 0 7-Hydroxy-S-*do-3,4.S-tri~~- 

corona& (22). Iodinatin of 7-hydroxy-3.4,s~tri- 
methoxycoumarin21 (1 g) with Is (0.45 g) and periodic 
acid (0.15 g) yielded 22 (1.1 g). It crystahiscd from alcohol 
as mIourIess shining needles. m.p. 212-4’. (Found: C, 
38.0; H, 2.7. C&,,IO, Requires: C, 38.1; H, 2.9%). 
Acetate (AC.@-CsHsN). m.p. 180-2”. NMR(CDGIs): 
8 2.37 (s. 3H, 7-OAc): 3.78 (s, 6H, 4- and SOMe); 4.08 
(s. 3H, 3-OMe) and 6;60 (s, 1H. Hb). 

(ii) 7-AIlylory-8-iodo-3,4,5-himcthoxycoumori (18). 
Compound 22 (18, in dry Me&O (50 ml) was refluxed 
for 4-Shr with aUyI bromkk. (0.26ml) in presence of 
anbyd K&O, (3g). Work up 8ave 18 (0.7 g), which 
crystapised from MeOH as shining needles, m.p. 13&-400. 
(Found: C, 43.2; H, 3.7. C,,H,,IO, Requircsz C, 43.1; 
H. 3.6%). 

(b) 6-AUy1-7-hydroxy-3,4.S-~~t~~u~~~ (23). 
Compound 18 (1 g) was rcfhrxed for 6 hr with N,N-di- 
metbyIanihrm (7 ml) under N,. Working up of the mixture - . 
yielded 23 (0.4g). It cryst&cd from McOH as mlour- 
less needles. m.o.224-6’. (Found: C. 61.7: H. 5.3. 

- C,sH,,O, R&&es: d, 61.6; H. S.S%). 
NMR(CD&OCD& 8 3.58 (d, ZH, J=7 Hx, -C&- 
CH=CHx); 3.70 and 3.74 (each s. each 3H. 4- and 
S-OMe); 4.03 (6, 3H. 3-OMe); 5.13 (m. 2H, -XXI,- 
CH=C&); 5.95 (m, 1H. -CH2-CH==CH2) and 6.57 
(s, 1H. HS). 

(c) 4,5.6-7Km&oxy-7-oxo-7H-furo [3,2-g] [l] 
benzopymn (ha&r&) (1). The above 23 (100mg) in 
EtOAc (40mI) and an gourd amount of water was oxid- 
iscd with OsO, (30 mg) and KIO, (1 B). Work up yielded 
the intermediate phanyIacetaIdehyde. which cydiscd with 
PPA (5 ml) to give 1 (SOmg). It aystalI&cd from 
benxene-petroleum ether as mlourkw necdks. m.p. 136 
8”. (lit’ m.p. X36-7”) (Found: C. 60.7; H. 4.1. C,,H,sO, 
Requires: C, 60.9; H, 4.4%). NMR(CDCI& 8 3.92 and 
4.03 (each (I, each 3H, 4- and S-OMe); 4.21 (8, 3H, 
6-OMe); 6.94 (dd, 1H. J, = 2.5 Hx, J&s = 1 Hx, Hf3); 
7.23 (d, lH, 3, 
ZJHx, Ha). I& 

= 1 Hx, H9) and 7.62 (d, IH, Jaa = 
e (cm-‘) 1720 (-m), 1610 

(x), 1080 and 770 (furan ring). 
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