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Abstract: A systemtic study of photodmeical bsbavimr of 3,4-opaxyprecocene-I aad 
related epoxy&r-s *as undertaken. Upan irradiatim in acetme or cycldmcana, 
3,4-epmyprecocme-I 1 was fad to undergo photoisamrisatian to the correspmding 
3-&-me 2_ In cmtrast. the photochemtcal bsbaviatr of aualogcus 3,4-dihydro- 
3,4-epcocy-2H-l-b~eq~yraus 2 ms famd to be depadect upm the nature of solvsnt. 
Irradiation of 2 in cycldmcene led to photodecarbaxylatia leading to the fonmtim 
of 2.3-dihydrcbene0furaus 4, Hhereas irradiation in acetone resulted in the 
fornmtim of chramnmas 2. 

Ihe plant isolate precocene-I (7-v&hoxy-2,2dimethyl-benzcpyran) shows nmrhed growth 

regulatory effects a3 a range of insects1 and causes necrosis of their corpora allata. ‘lhe 

necrosis has been linked to covalent binding of the metabolically fonwd precocsne 3.4-c&de2 to 

cellular molecules3. The chemtstry of precocene epoxides has attracted considerable attention in 

recent years. Caeps et al4 have reported the thernml and acid pramted dimsrisaticn of 3,4- 

epmcyprecocsnes. The reactivity of these epoxides with a variety of larcleophiles has been 

investigated by Boeers et al5 with a viasr to understand their fate and action in living systems. 

However, there is no report cn the photochendcal bsbaviatr of these biologically ieportant 

spaaides. ‘ihe photocheutistry of mtiranes ccntimes to attract attention 6 due to high degree of 

strain present in the systsm. In this publication, we report our findings from the study of 

photochemistry of the rsomrhably reactive prococene-I epoxide and its related analogues. 

Photolysis of 3,4-epoxyprecocsne-I: 1 

The 3,4-epoxyprecocene-I 1, required for the study was prepared fran chr--4-me 

follorving the literature2 procedure and characterised thoroughly. Irradiation of 1 [A= 

(cycldiexane) 290(9,000), 290(9,00011 in cyclchexane (10%1 using a 125Wsndiumpressure mercury 

lamp in en argcm atmosphere for 2 h at roan terperature led to the disappearance of starting 

epcstide as revealed by the NMl spectnsn. lbe Ma spectnrm of the crude product displayed a 

singlet at a 3.5 characteristic of 3-chr-cne 1. This VYLS canfirmed by the presence of a 
-1 carbmyl in the IIt spectrum at 1720 cm . Chramtographic purification afforded 2 in 94% yield. 

Varying the solvent to acetone did not alter the reactian c(11rse. zhis HCLS fcund to be a guruine 

phototransforemtion, as there vas no reacti~l in dark. 
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H$O HjCC 

acetone, 2h 

SCHEME - I 

Pbotolysir of 3,4-epmychr- 3 

In cmtrast to the above cbsezvatim, Men epcxychramns~ ‘DE 290(6,000), 285(6,2001, 

260(3,00011 were irradiated, the reactim catrse vas fmnd to be depmdmt upon the solvent 

erplqred. lhus, *en & vas irradiated in cyclchexane under an argon atmosphere usin 125W imp 

for 6 h at rem teqaerature, the product MS fmnd to be different, for the JR spectrum shcwed no 

mrbmyl functimality. The product obtained in 58% yield after passing the cnxle mtxture thragh 

short column of almdna showed a triplet at 2 3.0 (ZX) and another triplet at 9 4.25 (Z-l) apart 

fran the aramtic sig~ls in its RhR spectrum. Based on literature reports and spectral data, 

the product WE idmtified as 2,3-dihydrdwnsofuran 4&(Smhaae-IIl. Analysis of the EM spectnan 

of the cnxle product did not indicate the presence of any reductim product or dimeric product. 

‘lbe transfonmtim ms famd to be a general me by extending the same to other epmides a-d 

IS) 13) 

SCHEME - 11 

The presence of gen dimethyl group in the pyran ring did not inpede or alter the curse of 

the rmctim as evidenced in the case of isoprecocme-I epoxide 3e wherein & ms isolated in 521b - 
yield upm irradiatim of 5 in cyclcb-e. The effect of solvent m the photochendcal reactim 

cmrse YYLS exasdned by carrying mt the photolysis in varies solvents. 

lkible-I 

Photolysis of 2 in cyclc4wxane (and) acetme 

R R’ Yield of 4 Yield of 2 

% % 

a 0Q13 R 58 48 

b a3 H 56 60 

c Cl H 49 50 

d H Ii 36 40 

a =R3 a3 52 45 
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Irradiatim of & in solvmts like tetrahydrofuran (lo9 M), diethyl ether (10m3 M) for 5-6 h 

under an inert atmosphere afforded g, in 45% and 48% yield, respectively. Irradiatim of 33 

mder idmtical caxlitims in bmsme for shorter duratlm led to the recovery of starting 

spmcide and prolmged irrsdiatlm resulted in a cmplex mtxture of products, as revealed by TLC 

and NM spectnsn. Hmer, rhm 3 vas idated in acetme (10m3 M) under an argm atuosphere 

using 125 W imp for 6 h, the product &tainal ln 6gK yield after collmn &ramtcgraphfc 

purificatim MS fm& to be chramn-3-me 2, from its IR and NM spectra. This ras further 

confirmed by conpadsm with an authentic sample. Cmversim of other optides 3a-e to the 

correspmding &ramn-3-ones upm irradlatlm in acetme revealed this transfowtim to be a 

general me (S&em-II and Table-I). 

Mechanistic investigatims: 

PYlile the triplet state energy of the spmides 2 could not be measured, assmdng that it 

weld not be far different fran that of anisole6 , me fMs that it is close to that of acetone 

(R-J? : 79-82 KcallhPle), hmce, the transforantim of 2 to 2 nay be a smsltised me. To check the 

sems. the lrradiatim of 2 in acetme ‘ICL~ carried art in the presmce of triplet qum&ers like 

mygm ‘5: 22.5 Kcal/rmle) and cyclchexedlme (5 equivalents) (%: 52.4 &al/mole). In the 

event, mly the unreactsd starting rmterial ras recwered in both the cases. 

These cbservatims indicate that the formtim of chramn-3-me in acetme nay involve the 

exdted triplet state of SPhile the fonmtim of dihydrcbmaofuren in cyclohexane rmy proceed 

thraqh the excited singlet state. The srcited triplet nay collapse to the nvltterim spedes 

and lead to the 3-cfiramnme. H-er, attsnpts to get scam evidence for the intervention of the 

swltterlmic spedes by carrying at the irradiation in the presence of 1.3-dlpolarophile like N- 

characterisable product. No evidence cmld be sem for the fowtim of the expectsd edduct from 

the NMt spectrum of the crude reactim prcduct. 

Fonmtim of dihydrabmcofuran 5 cmld not be explained rendlly by a prinary photoprocess. 

H-er, the mechrrnisn of the transfornatim could be ratiaMlised as depicted in S&ens-III, in 

analogy with literature reports for the aryl bicyclic tides. Ring cmtractim involving alkyl 

migretim will give rise to the intenmdlate 2. 

Scheme 111 

VYlile the photo&mdstry of 3-chramnme itself is not reported, 4aryl or alkyl 

substituted 3-chr-mes are knan to undergo photofsamristatim ’ to the correspmding 2- 
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substitutm 3-&r-ones or to the prc&cts arising out of electrocyclic rin9 cpmiq lo 

depmdirq upon the solvat aployed. Photodecerbmylatim of 3-chramnma leeding to the ring 

cmtracted product is not reported. 

Ihis ms further cmfinmd by irrwiiating 3-duamnme & in cycldmxme under dmtlar 

ctitials, rherein the startin ketme ms recovered evm after prolonged irradiatim. limce, 

the alternate pathmy vir. Path a, involvltq the inteznadiay of O-&r-me is elisdnated. 

Fonmtim of i fram isamric ketme vi5. 4-dxloramnme, ras also ruled cut m the basis of 

photostability of 4-mramnme tier various cmditims mployal. Rash m the above snntfmd 

&-tials. the probable internadiate for this photodccarbmylatim nay be the 2,3- 

dlhydrcbensofuran-3-carboxaldmyde 2. Sdtaffner et al have reported the photodecaxbmylatim of 

bicyclic aldshydes, vbereln an intrmulecular transfer of the aldehydic hydrqm takes place 

cmcanttant with the elimimtim of caibm mnmide 
11 . 

Careful follow up of the photolysis of g in cyclmexane at diffamt tim intervals udw 

NMl and RPIC did not char the presace of any intenmdfate rpecies. Attespts to tm the 

internndiate avltterim or biradical, in cyclcbe~anc using dlimthylacetylmedimrbmylata or 

dlhydrcpyran did not afford anythirq twlble. Us@ acetmitrile as the solvmt did not afford 

the qected trapped product, viz. 3a.9bdf~to-2~thyl-wI-l-bm5~o (4,3-d)-ma5ole. but 

mly led to the isolatim of 2.3-dihydrcbm5ofuren. 

In the case of precocme-I pride, the rem&able differmce in the photcbmmr fran 

that of its analques 3 a-e eny be attributed to facile electrm transfer in the diradical 

sped-. nay be due to the effect of rmthmy grmp para to the banzylfc m&de mrbm, lead@ 

to the ikvitterim, rhich rearranges to the 3-chramnme. H-er, no in dapUl study ms 

tiertaken to understand the photcptn/sical process of this transfonmtim. 

tiS, the photochmdstry of thess aryl bicyclic midas is faad to be h@hly depmdmt 

upm the Pubstitusnts presmt and the solvent enployd. 

Wa thank Departmnt of Science & Tedmology for the finmdal asristance. RSIC, IIT, 

mdras, Prof. S&roder and Dr. Rottele, West Germsny for spectral data and Dr. C. Demkumr, IARI, 

New Delhi. 

General considerations: 

Malting points are uncorrected. Infrared spectra wars recorded an P&in-Elmer 1310 

inst-t . Nwf spectra were recorded m Varian EM-390 or Hitachi R-600 instiwnmts with cDc13 

as solvent and IMS as the internal standard. Photoreactims were carried out both in the 

Rsymet end imnsrsim reactors (A~~lisd Photophysic Inc., Lmdm). lhe solution of the 

photolrubstrate vas purged with Argon for 16-30 mtn prior to irradiatim and irradiated under Ar 

atmo5phere. lhe course of the resctim was mmitorsd by TLC, RPLC and NW spectra. Parallel dark 

reactions were performed for all the photoreacticns. 

Preparatim of the photosubstrates: 

‘ibe spoxides 3a-a required for the study were prepared as reportad in literature’ fran the 

correspmding chranenes. The precocene-I gotide L vas prepared by follcwirq the reported s&hods 

fran the corre5paxling chramn-4-me. 
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c~neral procedure for irrcrdiatian of CpQddes 3 cmd 1: 

A 1O-3 M solution of the respective vide in cyclchmane (or) acetake ms purgsd with 

algar for 20 ndn. lhe solution=s thm lrmdlated in- innmrsim reactorusiq a 125W uadiun 

pressure laup for 6 h,mder argaaatemsphere.Thm the solvet ms rawwed unier rsduced 

prusure ad the resulti= viscous liquid ras ctrrumtographed over aluntna for further 

plrificaticn. 
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Irradlatian in cycldwxane 

5n&hcacy-2.3-dihydmbmsofuren: * : Yield : 68% ; IR : (neat) : an-‘: 2800-3000(s), 1460(s), 

1160-1200(s), 600(s), w : 3 : 3.0 (t,J : Wz,Zf), 3.7 (s,3R). 4.2 (t.J : 83~. 2H) amd 6.6-6.9 
(m. a). 

-1 
5-msthyl-2.3-dlhydrcbmsofuran :W, : yield : 58% ; JR : bat) : an : 3000-2600(s), 1460(s), 
1200-1220(s), 620(s) ; NM1 : 3 : 2.1 (8, 3H). 3.05 (t, J : 6 Hs. %I). 4.3 (t. J : 6Rs. %I) ti 

6.6-7.1 (m.3H). 

5-hloro-2,3_dihydr&msofuren :& :Yield : 46% : IR : (neat) : cm-’ : 3000- 2650(s), 1470- 

80(s), 1200(s), 800(s) ; IYMI: a:2.8 (t,J : Wz. =H). 4.2 (t.J : BH?., ZI) and 6.6-7.6 (m,3ROI). 

2,3-dihydrcgmsofuren : *a : Yield : 36% : lR : (Neat) : an-l : 3000-2850(s), 1470-80(s), 

1200(s), 800(s) : IWR : a : 2.8 (t,J : 8 HE, 2R). 4.2 (t, J : 8 Hz. m) and 6.8-7.2 (m,4R). 

2,2-dicln&hyl-5ethoxy-2. 3-dihydtienzofuran & : Yield : 52% : IR : an-l : 3000~2900(s), 

1480(s) 1190-1250(s), 1020(s) : NM2 : a : 1.4 (s,6i), 3.O(s,2H), 3.7 (s,3H) and 6.6-6.9 (m,LUi). 

Irradiatim in acetate 

-1 6_mrtha#ychr--3-pne : 2 : Yield : 46% IR : an : 3000-2980(s) , 1730(s), 1520(s), 1200(s), 
800(s) : t4t.R : a : 3.5(s.X), 3.8 (s,Zi), 4.4 (s,zH), m) and 6.6-7.0 (m.3H). 

6~thyl&rumn-3-one : 2 : Yield : 60% : II3 : (cHc13) : cm-1 : 3000-2850(m), 1730(s). 1480(s), 

122Ok.). 900(s) : twl : a:2.3 (s, Zi), 3.6 (s.2w) 4.5 (s,Zi) and 6.8-7.4 (m.3H). 

BChloro&ramn-3-one : 2 : Yield : 50% : IFI : @XlC13) : can-’ : 3000-2850(s), 1730(s), 1500(s), 
1220-1200(s), 890(S), M : a : 3.5ts.m). 4.4(s,al) and 6.8-7.6(m,?H). 

-1 ch--3-one : g : Yield : 40% : IR : (C#Zl,) : an : 3000-2800(s), 1730(s), 1520(s), 1200(s), 
840(s) : NM3 : 3 : 3.6 (s,2H), 4.5(9,2H) and 6.7-7.2 (m,W). 

2,2-dimsthyl-6lnath~&ramn-3-ple : 2 : Yield : 49% : IR : (aaC1,) : un-' : 3000-2800(s). 

1730(s), 1600(s), 1220(s). 1020(s), : Nt.%a:l.5(s.6R), 3.6 (s,zH), 3.8 (s,3H) and 6.4-6.9 b.3H). 

2,2-dimathyl-7- wthcaychramn-j-me : 1 : Yield : 66% : IR : (CJiC13) : -l 2800-3000(s), an 
1720(s). 1600(s). 1420(s), 1200(s), 850(s) : NWG% 1.6 (s.6~). 3.5 (s.Z.0. 3.75 (s.3R) H 6.2- 

6.9 (m.3HI). 
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