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AYnbArbdyhrbeearmdeoftheregiorel~ofrometypicPlrdditioarrrdiomofpbotorldrinlad 
eqoxidc_~ mctiom of pbotodkldrin. The dructum of the nwlting prodm lnve beea a- by 
rg#opnrte htmamvmioar and syntheses. The facton responsible for the obsaval rcgio&ctivities lfe 
diicukd 

Snpr&lylittkiskm3wnaboutthechemicalreac- 
tioln of s (1) and photodiekbio (21, althwgh 
appfusk amount.l of these coalpounds appear to have 
aWed the environment as a result of photochemical’ . . 
mod&honoftbewidelyusalinsecticidesakllinand 
di&hilL In this papef we report on the regios&ctive 
reMions of these compouds with some typical elec 
W. 

lk addition of acetic acid to ptKNoaMlin (I), 
atatysedbysutphuricacid,p&dedthethreeacetates 
(Jr, 4 and 51) in the approxim8te latio of 5:3:2. The 
acetate~waspartiaUyisomerisedtoits&isomer4 
on tEatBEnt with sulphuric-acetic acids under similar 
co&ions, WhcXeas the are-acetate sa was fecovefal 
essentialty uncw. The identities of these com- 
pounds were establishai by the followin& transfor- 
mations. Pbotocyclisation of the known* &?Wdihy- 
droa&inyl acetate (7). in the presence of benxophcoone. 
provided the two txo-acetates (Jr and Sa), whose orien- 
tatioos were demonstrated by conversion via the alto- 
hols (3b, Sb) to the known3 ketones (8, Sr). Reduction of 
these ketones with sodium borohydride’ and subseqwnt 
acetylation yielded the correspooding eJ&-acetates (4 
and 4). A&natively, hydroboration of photoaldrio also 
provided a mixture of the acetates (3a and 5a), but the 
latter isomer was then the predominant oue. 

Treatment of photodieldrio (2) with hydrobromic acid 
gave only one bromohydrin, formulated as 10 on the 
basis of the folio* evidence. Oxidation of 10 with 
Joax reagent, provided a bnmolretoae. As this com- 
pound Asted dl?+ominatkm and attempted epimelisa- 
tioo it was bromrmted fmther to the diimoketooe 
which was identical with the compound # obtained from . . 
d&oIWWoofketoMh.Astheptoductofmono- 
bromiWollofketoOC)rUUlrWXlablybeCxpcc~to 
yield the aro-bromoketone k and as this was d&rent to 
the bromoketooc derived from the bromohydrin, the 
latter ketone must have the end0 con6guration (9b). 
Hence the bromohydrio has the tmns orientation (I@. 
By malogy, the cmcspoading structure Iti can be 
assignat to the chbmhydrin obtaioed’ either by irradia. 
tion of die&in or by treatment of photodieklrio with 
hydrochloric &I. 

Treatment of diekhin (11) with acetic anhydride cam- 
tain@solpburicacidprovida3astbef+rprodocta 
compound assigoed a dihydrophotoaMn&ol stroch& 
prior to reformolatioo’ as 13. Cons&ration of the pm 
posed pathway for its formation suggested that ap- 
propAte epoxide Gg-openiog of photodieklrin would 
also kad via l2 to l3. Howeva. none of the anticipated 
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38: R=Ac 
b: R=H 
t: R=Ms 

58: R=Ac 6 Lc 
b: R=H 
c: R=Ms 

7 
38: Fr=R=H 

b: R’=Br. l?=H 
c: #=W=Br 

13 resulted from similar treatment of photodieldrin. in- 
steadtwootherisomL?ricdiacetateswerefomled.ooeof 
thesew8smdilyidal~astbc&diacetatc(l4D)uit 
was obbiual dso from cis-hydroxylation of photoakbin 
withosuliumtctIXlxideandsubseqoeat~Tbe 
othadiwatcisbclicvaitobctbctrmuisomcr(1s). 

Eadiw studier* have rcvcald the much decreased 
nMivity of these polychlorocompouods relative to their 
hydroa&onmrkgues.Thismaybeat&ibWdtothe 
strong&ctronwithdrawiugetYectofthechknioeswhich 
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08: R’-R’=H 
b: #=H,R’=Br 
c: Fi’-Br. I?-H 
d: Ft’=l?=Br 

108: X-Br 
b: X-Cl 

2 12 

14 a: R-AC 
b: R=H 

16 16 a: R=Bs 11~ R=Bs 
b: R=Ac b: R-AC 

16 26 Hr: R-MS 
b: R=Ac 



ltilws~t~‘tCtlCfiOlU.Thkeffectwrs fltrthe~bythc~viourofthetro-yl- 
8tCS&tiOdsC)Olt8CdOl@.IObOtltare,theOOlY 
prodwobaavl?dwaep-(1)andthercs~- 
tivee&ecct8h(4andQ.lncoatrastthecarerpoad- 
b cc+xos* (l(r and 17r) arc rqmtcd” to give 
tlmhmdy tbc mpective aoe aaI*md nb), 
inkcepiagwithtbeiIhci&aofaocbimcric~ip 
tbmacdolys&.Thecatiml19derivrblefromtbeao- 
meyhtc (St) wnlld bwc been expectdto intaconvat 
withthelmlf~c8tiail(tl).Lestthcfaihuctoobaclve 
aoytKodu&dl!rivcdfrom~iniatbesdvdydsofscwas 
rcoasqmmofrpprecioMyM~ationstabilities 
the luxtdysis of the halfSage cw-merykte (218) was 
-~wtbepn~Y~products 
mmdy 2lb, 22 and a satumtd chhd~y- were 
obtilKdaodnoncoftbc’~aa!tate(SI)was 
d&ctd.mteatativettNchlrc230riOingysuglesttd2 
for his chlorobydmcdm was exchdal by cmpuison 
oftbcfdly&xol@dandoff- dccouplad ‘XJ 
NMRapcctlanilfwdaithcpfcseaceofeigM 
me&e orwps (8 18.7, 221, 23.9, 424, 53.6, 56.1, 623. 
67.3), of which the three at highest 5dd can be pr+ 
vishmtly assiqnal to a cycbpropyl group by compuiso~~ 
witb rcpoltd ’ vahea. lb dichbro~th~ carbon 
wasobuwcdatb99.9andthcthrcereahingchlorinc 
~arboas688.15,76.9pnd74~Iathe~tofthis 
evidcnccanditsreadyconvcrsilmintotbchalfcage 
er&&xuc (2lb) oa treatment with sdphuxic 8IMl ace& 
hds the chbrohydrLwubon would seem to be more 
8pproprhtdy fonllllktcd a.3 24.” 
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Tbc regioac- ob8ervd for the rerctions of 
pbotaldrinondPhotodiddrinWithCkC~~ 
attri~to8nenhancedstabilityofoncofthepotea- 
ti8l ioq c+ions (e.g. 18) fdative to tlR otbw 

(C.& 19). hUDllM&ll Of mOtCCU&I lMldCiS ShOW8 tht 

ex0aoda&sub&wotsatC4ofthedihydropbo- 
toddrio ouckus will be subject to greater stcric rcpul- 

simbyhydmgcosatC2md,C7mdc8mpcctivdy 
thnwbeathcsaowr~ts8rcp&ccdatC5.Tbisk 
boroc out by tbc prefmotid hydrobodoo of pbo- 
toddriofltcs.1tsbouldbe00tcdttnlttbenwopld8cun 
tobclittlescopcfofaoykJpfuIaochimcrk- 
bcrc,aioceaoysucbintemctiooiotbccation(l8)wodd 
iotduceaddiimkcukrdistortions. 
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‘HNMRspectmwererc!cdailt#)MHlbytbeU.L.LR.s.at 
Ki&rColkge8odltleUCNMRspectnbytbeP.C.M.u. 
Henw4LIabotbcaluspectmwereraxrdedforc!IxI,soilk 
thwabintuudTMS.IRspa%nwerercconkdforNnjol 
mUIlloIlllUUiCMISP200~. 

PhGiocyd&at&m o/ CILMtfhydMddhd a&at4 (8). The ao- 
xetate 7’ (l6r) sod bmzopheam(6.81)~inbenzenc 
(300ml)wereirrxWafuuderN~inrReyooetPbozoc~ 
Restor@lOml)mtildlof7w8scoasrmwd(fR).~nsultiq 
2OlOW22Cvrpontsd8dtkresiducC~OO2i?iM 

plillCCl&EhUhWithCC&gW2tlCWi2iVdYknzopharaw 

(6.2r), the ao-acehte 51(131). a mixbxc of L aad 3r OJI) 
and the aeaccuc j. (591). Rcchrwvtornpby d rbc nixaI 
flY&nl~~~unountrof1cTl~and+ 111). 

A uwdlasmixcdfWtioas.Ibl?acehtc3llmdm.p.1 1r 
from EtOH (Found: C, 39.6; H, 3d.p. C,,H,#,~ quircsz C, 
B.5; H, 28%) p- 1710. 126Ocm-‘; NMR 6 IS-21 (m, SH, 
ixhulcs hgk~ for CH, at 203). 249 (dd, 1H. J=6, J-3). 
273-3.1 (m, 4H). 4.92 (a, H 12). 4.94 (dd, HI, J-6. J-4). Basic 
hydrolysis providai the alcohol (S) q .p. 165-167’ from 
eq.&OH (Rxmd: C, 376; H. 27. C&&&O NX&S: C, 37.3: 
H, 27%) v, 3320,1050an-‘. The ecehte (51) bed q .p. 12% 
123’ from MeOH (Pouod: C. 40.1; H. 3.1. C&&l& m 
C, 39.5; H. 28%) r.., 1710, lulknr’: NMR iI Is-l.7 (m. lH), 
1.8 (dd, lH, Jd, J=3). 13-213 (m, 4H, u si@et for CH, 
at 204). 2% (dd, 1H. J=6, J=2). 267-29 (m. 2H), 299 (dd. 1H. 
J=4, J=2), 4.71 (dd, HS, J=7. J=3). 4.86 (s, HIZ). Basic bydroly- 
I uave the &&al (S) ma. 149-UP from ra.Md)H (Foumk 
C$7.6$, 26. C,zH,-&i‘O rkquinx C. 37.5; H.i796) v, 33% 

&ojaf~(3bands). nleakoboI3b(1.15g)wa 
~Vcdin~(15ml)mdl~olPotCIO,(O~~innta 
(1 ml) plus H& (03o1I) added. ‘Ibe mix&e vu dbwcd to 
sMfor2hrltlmdihltedwitbvmtLYlDdtlEproductinohtaiby 
CHCi~eXtmch.Tbetdoae&(Idhadm.p.23S-Z3Tfmm 
EtOH~(lit’ m.p. 243-W) v, 17% lroo cm-‘. hilu oxidation 
of n VWai h (78%) m.D.201-zlv nit_’ m.D. 210-2127. 

Jtfskbof~&~&rudk).-flwketoae81(0.5~lDd 
NaBH,(OJI)wcrcalbwcdtoractinEtOH(~mi)at~ 
tfalpforzOhr.lkfcsultiplsolnwudihltcdwiulwatcraod 
acidikdwitbditHCl.ThecndeakdmlworiaohtalbyCHCl, 
CXtlhOIlllUircetytatsdWitbACPiDpyridiae,tO~C& 
ado+ccWc 4 (03 r) m.p. 167-W froa~ MeOH (Found: C, 39.7, 
H. 29. CI&C&Q nquim C. 39.5; H, 28%). v- InO, 
lUOcm_* NMR 8 129 (dd, IH, J=lS. J-4). 207 (s. CH,), 23 
(ddd.1H.J=U.J=10.J=4).2629(m.3H-~3&32929m.2Hk4.9 
is, Hi2):5.16 (ddd. Hi, J-iO.14, j4). S-iiy &u&oimd 
rcctylrtion of L pve rhe ado-acef8te 6 m.p: 143-1~ fram 
MeOH (Foul: C. 39.4 H. 28%) vn.. 1735.123Scm-‘. NMR 8 
IA(dd,iH. J-lS,i~);Zabs,~~.W(ddd. IH. J=U, J=IO, 
J-4). 27-3.07 (m, JH). 4.88 (1. H12). 5.12 (&I. JU. J=lO. J=4. 
J=4). 

Add&h of ac& acid to pMddtk Pbotodh” (9.40) 
aruremuedforIhriaAcOH(l~ml)~H2SO,(Uml).Tbc 
alokdsohw8adihltailvithwatereodthepmdwsextMcd 
whbCHC&.TbecndeproductmixtureweacryWkdfrom 
F~OH~fi$~~~ch (3.6 r). The motbw w YQC 

hrormtoolpbsa~s14iacclc 

(0.6r)wremuedforIhtinAcOH(10ml)contriniqH~, 
(Zml). The products were ititai by dilut& the mixhre with 
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Hjdmbodmofw BF,&sxte(MSml)wuad- 
deddropwiscto1atim?dsolnofpbMo8ao(3.6SI)ind&lX 
(~ml)~~NpB~.41)undaN2.1utcl~~for1hr 
warm(2ml)waacdouslyPdQdandtbmr~ofNaOH 
(O.Ug)in~(4ml)f~w~by3096H~(4ml).TbemixtDn 
wasstimXi0velnigb~tbenfatedwitbwxtexndCHCllcxtrac- 
ted. The mixture of xlcob& wM dissolved in pylidiuc (lOId). 
&0(3ml)ad&!danddbwaltoshDdlmtiltknext&y.nle 
mixtureofacemteswMiso&!dbyaddi&ofwxter8adCHCly 
cxtlactiorh CIKomxto@apby on sio, in ccl, xnd ehuioa witb 
ccLbenzenc(4:l)providaltbc crewatek(1.1g),rmixturc 
ofkmd+(0.40)~tbeiromaic~L(OJI). 

Rm&tofphotodfddt&~hhydtvb~acfdAsolnof 
photodieldria1’~.81)iaCHcI,(40ml)~dimdfor20hrwith 
HBr(48%.lSml).Wxtcrwxltbcnukkd8lldtbccbblnform 
lrya sqmnted, wxsbai $I’ w&I xnd d&d (NxzsGI). 
EvspootionPad~OftbGnsiducfrom8’&MCGH 
PVC lb (3.8Sg) m.p. 1961w (popad: c. 315; H, 2.0. 
C,,H,Blclp nquiru: C, 312; H, MS%) v, 3SS0, lOMan-’ 
NMB 8 229 (a, OH), 2.628 (m, 3H), 3.04-3.20 (m, 2H). 329 
(d,d, 1H. J=6, J-2), 4.03 (br s, W, H4 & HS). 4.83 (a, Hl2). 

oddotfon of bmtohyddn (18x). A solo of CrQ (0.7g) iu 
anta(3ml)ladH~,(O.6ml)wrr~tor~whot1(1 
(33r)iaretonc(30ml).Ncxtdrytbemixhae~dilutcdwab 
vm!umdt!1cprcc&tM9b(26o)~f1w1rq.hfco~ 
m.p. M-201’ (Found: C. 31.6; H, 1.8. f&H,B’Cl,O rcqdrcs: C. 
313; H. l.S%) v, 17~cm-‘;NMRd~(dd.lH.J=6,J=2), 
3.1-3.3 (m, 3H). 3.43.6 (m, 2H), 4.47 (d, H4. J = 4). 4.67 (s, HIZ). 

Bnmddoa of bnmo&me Ikl. ‘l-be ketone (0.3~) and Brz 
(O.Ug) were b&d xt 100’ for id& in AcGH (S;nl,&taiu& 
3 dn+ of xn ace& acid sob’ of HBr (4596 w/v). # (03a 
crvsta&doutxodwxsrecwsta8&dfromAcGH~~.2SMS9’. 
(Found: C, 272; H. 1.1. C&Br+&G rcquira: C. 268: H. 1.1%) 
v, 17SS cm-’ NMR g 284-3.0 (m, lH), 3.3-3.6 (m. 3HI, 3.8-3.9 
(m;llHI. 4.65 (se Hl2). 

mtnhlhmofkuLme.l(&andk). llxkctone9m(O.4~wxa 
bntcd with 2 e&a Br2 in A&H (1Oml) amt&dng 3-m 
HBr/AcofIrrtnxwtempfoc7&ys.~~~~vek 
(0.43g) m.p. ZU-Xlg’ from 4.McOH (Found: C, 3lJ: H. 1.S. 
C12H,BQG requirea: C. 31.3: H. 15%) V- 176Ocm-‘; NMB 6 
281 (dd. 1H. J ~6. J - 3). 3.1-33 (ma 2I0. 3A3.43 (m. lH). 
3.S(& iH,j=J, J-2),i.i8(s,H4);4:68(;;Hl2). 

Rcpeolloftbisexpcrimentatrfatio!ltanpof10Qna& 
tedinthcsbwqmruionof#@.13gin2dxys). 

SimiMy.bomiaatioa&xtroomtempg4vc~m.p.Z22-y 
from aq.k&GH (pound: C, 31.1; H, 1.5 C,,H,BrCi&ra~uin~ 
C. 31.3: H. 13%) V-. 176Ocm-‘. NMB g 281 (dd. 1H. J=3. 
j = 6), j.&33 (II;. Z&,3.3-3.4 (m, IH), 3.4-3.6 (m, iH),, 3.98 (3; 
~,4.93(sHlZ).Attempted~at&It10(rto~ek 
ptucdedwithrductaacclladdy~mixtumofIb 
id&wrcoMDaiaa-byNMR 

Reactkmof~withoodicanh~Asdnd 
pbuMel&in’ (5s) in A& (28Oml) umtpiniag H$X& (2ml) 
wUremncdlbf.tbenpolaediBtoicbntamdSt&dU’ltil 
hydrolysis of A@ wu compkte. Fimation mve a black residue 
wbicbwxsdi3lolvaiinCHC&.n’elolnwMwxllXdwitbwxte& 
dried(Na@,),xndevxpoated.TbemultiugblacksoMwu 
extmctcdwitbbcnxcocxndtbeextractchromPtoqrpbsdw 
ri8cxgel.Bhltioa’vitbbclueneEIGAc(9:1)pveamixturcof 
tbCdiM8tU,wbi&IWGrCSCpU&!dbyCxtMiOl’witbMCGH 
which kft the insolubk cfsdinc&te 14x (l.lg) m-p. 276-m 
horn CHCl~McOH. (Foundz C. 395; H. 29. C,&Cl& 
ratuircsz C. 39.6; H. 29%) V, 1740. 1720, 1260, l23Ocm-‘; 
NMB g 206 (2 x CH,), 261 (dd, H7, J - 6, J - 3), 276 (br, H6), 
21(br,H3).293(dddHB,J=6.J=3,J~1),3~((dd,H2J~2 
J - 2), 4.82 (s, HlZ), 4.91 (d, HS. J - 62), J.88 (d, H4, J - 62). 

Evapon&oftbcMcGHutrxctprovi&dtbchpru&c&ate 
I8 m.p. lSl-L54 from 4.MaOH (popnd: C. 39& H, 29. 
c,Ji’&&0, rcq&# c. 39.6; H, 29%) Vu 1720,1240ca’-‘: 
NMRg209&210~~~6H,2xcH~,2~~(m.~,3.09 
(s, 2H). 3.14 (s, lH), 4.60 (d, 1H. J = 13 Hx), 4.81 (a, H12). SM.2 

leacthnwualb&toltaodiof3---y~61room~temp.sodhnn 
.5.Idapb (0.91) didvai in w8tcr (lsmf) and pyaiuc 
(10mI)wxaddsdMdtbcmixtwcatirralfor2br.Tbcproduct 
wxsi8ouaibydihuilmwitbwxtcrxlldcldnmf’wmurtrrtioa. 
clysaat&froln4~gxvetbcc&diolub@.S8g)m.p. 
181-182’ (Found: C, 3&+ H, 3.3. C,H&l,O&H,O requina C, 
362: H, 325%) r, 3380,31So, lOSO, lan!a’-‘. Ac&yln& 
witbrscpinpyracyiddcdtbec&~(14. 

sufwfy#fsofmrrylota(*undk). TlJeakubd1)&8g)wal 
diasolval in pyridine (l&d) xnd uK&ulcs’llpbonyl cllbrilk (3g) 
added.Tbcaolnwas&wedtoshndfor6dxyaandtba’d8utai 
WithW8tCLTbCpptWUtlkCdOff,drisdd~from 

CHCl, to give 3c (3.4g) q .p. 1SeaoCr (Foadz C, 34.b; H, 26. 
C&,&Q,8 rcqnbu: C, 33.8; H, 26%) r, 132S, 116Scm-‘. 
nc ‘MYyllltc k was similuly prepa& m.p. 19s1%’ from 
CHCl, (Foundz C. 333.1; H, 26%). v, 13SS. 118 cm-‘. 

The me&e 3c (30) ia AcGH (Sand) copoiaial N&AC 
(211nlwx8r&lxed20br.TbccookdrdnwxsDoa4iintowatw 

Ackat7~--Tbcanthorslntdonyle~tbe 
awardofaschola&p(toR.K.)bytheBritkhCaancil. 
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