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Abdrarhti structures of the natural coumafiax, avkcnnoi (1) aad dipetalii (2) have been coa6m~~I by an 
IIMO&&~S synthetic route from 5,7dixcctoxycoamuin. ‘Ibis sequence, in&ted by x ngioxpecitic O_prenyktion 
at c-5, contains a vent step which iatmducui the knethylbutl*nyl group exclusivdy and in bigb yield 
at C-8. hcrtioo of tbc chromeac ring gave dipctalinc which on p4oto-oxypeoatkn-teductioa ahdaJ aviccanol ax 
xok product. Tbc syntbesix of tbc diiyranccuumarin. dipcthkctone (- bortiliac) (19) has also been effected. 

In 1975. Gray, Waigh and Waterman reported2 the isola- 
tion aod structure of a new coumarin, avicennol(1). from 
the root bark of the West Indian tree Zuat!roxylum 
auiccnmc From spectroscopic evidence they were able 
to deduce that the four avaikbk positions on the ben- 
xenoid ring were substituted, with a 22dimethyL 
chromene ring, a OMe group and a Irons-3-hydroxy-3- 
methylbut-lcnyl group. The latter grouping had, at this 
time, been encouutered in only one other natural cou- 
marin, suberenol (4), an extractive of 2. ~rrbcrosruu.~ 
Despite the fact that all the functionality could be assig- 
ned, twelve possible structures remained for avicennol 
each varying in the position of the substituents on the 
fully substituted beuexoid ring. The probabk position of 
one of these substituents resulted from the addition of 
the lanthanide shift teagent, Eu(fodh to avicettnol tti- 
metJtylsilyl e&r. Ahhougb several assumptions were 
made in their calculations~ tbe best fit between Cal- 
culated and observed chemical shat dilIerences for the 
two vinyl protons in the rmas-3-hydroxy-3-methyl- 
butenyl group was obtaioed when this moiety was placed 
at C-g. The structure of avicennol was then uniquely 
determined from nuclear Gverhauser experiments which 
required tbe OMe group to be adjacent to the vinyl 
protons of both the hydroxybutenyl substituent and the 
chromene ring 

Structure 1 for avicenuol has now been confirmed by a 
synthetic sequence in which each substituent is intro- 
duced in a regiospecific mart& (Scheme 2). 

The synthetic plan aimed to introduce the Ihydroxy-2 

methylbutenyl group via dye-sensitised pboto-oxygena- 
tion of the corresponding &(3-methylbut-2enyl) cou- 
marin (2). In the general reaction;’ singkt oxygen ab 
stracts an allylic H atom to form an allylic hydroperoxide 
in which the double bond has undergone a I.2 shift. A 
cis cyclic cue-type mechanism has been postul& in 
which the most favourable orientation of the C-H bond, 
for tbe allylic H atom which is transferred to oxygen. is 
perpendicular to the okfinic plane. An aryl3methylbut- 
Zcnyl group possesses three sites at which hydrogen 
abstraction can occur, vix. at the benxylic position, 
which should be favoured mechanistaticaRy, or at either 
of the terminal Me groups. 

Reaction at the benxylic position could however, in 
principle, kad to two stereoisomeric allytic hydro- 
peroxides (22 and 23, Scheme 1) since two conformations 
of the aryl3-methylbut-2cnyl group are posstMe (ta and 
21) which meet the mechanistic requirements of Nickon 
and Ba& for the reaction with sin& oxygen! Con- 
former 29 would lead stereospeci6cally to the tmns 
aUyIic hydroperoxide (22). whereas conformer (21) would 
afford the cis isomer (23). It can be seen from models 
that in the transition state kading from 2g to 22 there is 
si&caritly kss steric congestion than that from 21 to 23 
in which there is unfavourabk interaction between the 
aryl moiety and one of the vinyl Me groups. 
Consequently we predicted that photo-oxygenation of 
3-methylbut-2cnylaryl compounds should, when under- 
going benxylic hydrogen abstraction, atford stereosekc- 
tively, if not stereospecitkally, the rrons hydroperoxide. 
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scbtme I. Pboto-oxy~ of aa arYi 3-mctbYlbut-2caYl Irwp. 
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1: R = tram CH = CHCMhOH 
2: R = CH,CH = CM& 
2: R = tram CH = CHCMe = CH. 

R 

7: R = CH&H-CM& 
0: R = ck CH==CHCMsOH 

11: R’=R*=Ac 
12: R’ = AC, RP - CH&tiMe. 
12: R’ = H, R’= CHdX-CMh 
14: R’ = Me. R’ = CH&H-CM& 
IS: R’ = R= = CMeaC~CH 
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4~ R = tram CH==CHCMe,OH 
S: R = CH,CH-CMe, 
S: R = CHpCHOHCMa = CHa 
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0: R = CHdX-CMa, 
10: R = tram CH-CHCMenOH 
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10: R=CMeaCmCH 
17: R=H 
10: R - CO(CH&Me 
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only two exampks of the photo-oxyg$aatW of (3- 
mcthylbut-2cayrhumuins bave been hpolted. 
Mammeisin acetate (7). after baematoporphyhsensi- 
tised pboto-oxyttenahqn followed by rcducth, was 
fouadtogiveasingkallylicakoholtowhkhUwcis 
stereocbemisay (8) was ass&d.’ Mote receotiy: Rose 

Beqal-sensitised photo-oxygcnath of suberosh gave 
a2:1mixturroftheisomericdlylicPlcobols(4rudOin 
poor yield. 

Prior to embarking on a synthesis of the aviccnnol 
pEursor (2). we decided to investigate the phot&oxy- 
geaation of a model compound, osthol acetate (9). 
Photo-oxygenation of 9 in pyridine using haemotopor- 
phyrin as sensitiser proceeded ckanly to give, after Naf 
reduction, a single product (52%) which was identitkd as 
the tnm allytic alcobd (10) from its NMR spectrum. 
The possibility that an en-olEous assignment of lltereo- 
cbemisbywasma&iotbeearlkrstudy’ofmammeisin 
acetate bas recently been reached i&pcnfkntly.” 
Hlubucek cl d” have shown tJW the 2.2dimethyC 
chmenerhgsystemcanbcformedinhigbykklb;y 
pyrolysis of the approphte l.ldimethylpropargyl aryl 

ether.Thistheopromptedustoconsi&rtbebisether 
(14) as the key in- for the Wiccnnol eyntbcsk. 

A mtbod~for prcparhg the requisite phcnolic pre- 
cursor (17) of 16 from the readily availabk 5.7- 
diacetoxycounWiu (11) bad been estabfihd in tbcsc 
labhorks.” The synthetk process has now been 
simplilhd and improved to provide 17 reg&Whu * 
god overall yield in a four step sequence. Previouslyyw~ 
bad observed that 3-methylbut-2cnylation of 11 pro- 
ceadedslightlymorerapidlyatc-StbanatC-7leadineto 
a mixhue of isomeric acetate3 from which the more 
abundant isomer (12) could be separated by fractiooal 
crystalhtion.” Mild base hydrolysis then gave the 
phenol (13). It has been found possibk, by using only a 
slight excess of I-brom&-methylbut-2-ene/KA% in 
refhxhg 1 &dimcthoxyethane aad employing an aqueous 
work up, to produce 13 directly in 6096 yield. After 
methyktion. we utiliscd the regiospeeific rearraaeemtnt 
of 14. first en4zounte#X!d duriug the syotbesis of the coo- 
marin toddaculill,” to insert the SoWhylbut-2cnyl 
moiety at C-E. 

When 14 is wted to 180” in dkthyknihe containing 



scheme 2 syntbctic row IO diprtdk (2) and rviscllnol(1). 

butyric anhydride, tbc pum CIakn vnt 
product (18) is fotmed exchuively in 85% yield. It is 
i&ednmar&abkthatnoo~rwru\gementpfoduct 
canbedetectedeventhoughtheet&rposse8savacant 
oflAo posk~.” The butyrate (18) was sapoa&d under 
very mild conditions to give the phenol (17) which #was 
nadily converted to the required I.l-din~thyIpropargyI 
ether (16). Nent ocawrcd to the remainii 
oftlropositionwhcathisethcrwaskatedatl8r,giving 
the pyrammmkn (2). in an overall yield of 30% from 
S,7diixycoumarin. 

Hoemntoporphyrin-seositised photo+xyge&on of 2 in 
pyridinc produced a singk hydmpcroxide. which. after 
reductionwithtriphenyIphoaphk.a&&edonlythc tram 
auylic plcobd (1). as had been observed with ostknol 

, acetate (9). The syntbetic aviceonol and that of naturaI 
provenance were found to be completdy identicak Since 
avicennd 00 controkd dehydration has been shown* to 
6ive avicennin (3). a couaria from Zuu/toxy&un ocice+ 
n4c the StTuctue of wIti&” until recentIy was in doubt. 

our synthesis of avicennol provides a formal synthesis of 
avicennin. tkeby conkming its structure. 

StnMufe (2) has been tentatively assigned on spec- 
troscopicgrouIstodIpeta&.anewuumarinwhicb 
UXTptdlkdWithMO~llCWd, diitdOhC- 

tone,fromtbemotbarkofZd&UunandcouIdnot 
be obtained in a put state.” Direct comparison of 
synthetk and natural samples has now enabkd the 
dipetaiinc assi$nment tobe conEmud. 

The unique dip- sbuture (19) has been 
assigned” to dipetakktone and more recently to 
hoftik. a coumarin from the roots of iionia U&NW.” 
Its syntkis was readiIy achieved by pyrolysis at l&P of 
the bis&LdimethyIpqmrgyproporpul) ether (IS) obtakd 
dire&y from s,7dihydfoxycoumari ‘II (scheme 3). 




