
SOME REGIOSELECTIVE REACTIONS OF PHOTOALDRIN 
AND PHOTODIELDRIN 

C.W.BIRD’~~~R.KHAN 
Deputmltofc!hemi#try,Quecn-~,~ws7AH,~ 

(Racdwd irr UK 3 My 1979) 

AYnbArbdyhrbeearmdeoftheregiorel~ofrometypicPlrdditioarrrdiomofpbotorldrinlad 
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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 
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militates against anchimeric interactions. This effect was
further exemplified by the behaviour of the exo-mesyl
ates (3c and 5c) on acetolysis. In both cases the only
products observed were photoaldrin (I) and the respec
tive endo acetates (4 and 6). In contrast the correspond
ing exo-brosylates (l6a and 17a) are reported'? to give
predominantly the respective exo-acetates (16b and 17b),
in keeping with the incidence of anchimeric assistance in
these acetolyses. The cation 19 derivable from the exo
mesylate (5c) would have been expected to interconvert
with the half-cage cation(20). Lest the failure to observe
any products derived from 20 in the solvolysis of 5c was
a consequence of appreciably differing cation stabilities
the acetolysis of the half-cage exo-mesylate (2Ia) was
re-examined. Only the previously reported" products
namely 21b, 22 and a saturated chlorohydrocarbon were
obtained and none of the anticipated acetate (Sa) was
detected. The tentative structure 23originally suggested"
for this chlorohydrocarbon was excluded by comparison
of the fully decoupled and off-resonance decoupled BC
NMR spectra. This revealed the presence of eight
methine groups (0 18.7,22.1, 23.9, 42.4, 53.6, 56.1, 62.3,
67.3), of which the three at highest field can be pro
visionally assigned to a cyclopropyl group by comparison
with reported!' values. The dichloromethylene carbon
was observed at 0 99.9 and the three remaining chlorine
bearing carbons 0 88.45,76.9 and 74.2. In the lightof this
evidence and its ready conversion into the half-cage
exo-acetate (2Ib) on treatment with sulphuric and acetic
acids the chlorohydrocarbon would seem to be more
appropriately formulated as 24.12
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The regioselectivities observed for the reactions of
photoaldrin and photodieldrin with electrophiles are
attributable to an enhanced stability of one of the poten
tial intermediary cations (e.g. 18) relative to the other
(e.g. 19). Examination of molecular models shows that
exo and endo substituents at C4 of the dihydropho
toaldrin nucleus will be subject to greater steric repul-

sions by hydrogens at C2 and, C7 and C8 respectively
than when the same substituents are placedat C5.Thisis
borne out by the preferential hydroboration of pho
toaldrin at C5. It should be noted that there would seem
to be little scope for any helpful anchimeric contribution
here, since any such interaction in the cation (18) would
introduce additional molecular distortions.

EXPERIMENTAL

'H NMR spectra wererecorded at 90MHzby the V.L.I.R.S. at
King's College and the 13C NMR spectra by the P.C.M.V.
Harwell. In both cases spectra were recorded for COCh solu
tions with internal TMS. IR spectra were recorded for Nujol
mulls on a Unicam SP 200 spectrophotometer.

Photocyclisation of exo-dihydroaldrinol acetate (8). The exo
acetate 72 (16 g) and benzophenone (6.8 g) dissolved in benzene
(300 ml) were irradiated under N2 in a Rayonet Photochemical
Reactor(300 nm) until all of 7 was consumed OR). The resulting
soln was evaporated and the residue chromatographed on silica
gel in CCI4. Elution with CCl4 gave successively benzophenone
(6.2 g), the exo-acetate 5a (1.2 g), a mixture of 5a and 3a (703 g)
and the exo-acetate 3a (5.9 g). Rechromatography of the mixed
fractions provided additional amounts of 5a (2.I g) and 3a (1.2 g),
as well as mixed fractions. The acetate 3a had m.p. 176--177°
from EtOH (Found: C, 39.6; H. 3d.p. CI4HI2Cl602 requires: C,
39.5; H, 2.8%) Vmax 1710, 1260cm-'; NMR s 1.56--2.1 (m, 5H,
includes singlet for CH3 at 2.05), 2.49 (dd, IH, J=6, 1=3),
2.73-3.1 (m, 4H), 4.92 (s, H 12),4.94(dd, H4, 1=6, 1=4). Basic
hydrolysis provided the alcohol (3b) m.p. 165-167° from
aq.MeOH (Found: C, 37.6; H, 2.7.C12H IOCI60 requires: C, 37.5;
H, 2.7%) Vmax 3320, 1050cm- l

• The acetate (5a) had m.p. 123
125° from MeOH (Found: C, 40.1; H, 3.1. CI4HI2Cl602 requires:
C, 39.5; H. 2.8%) Vmax 1710, 124Ocm- '; NMRs 1.53-1.7 (m, IH),
1.8 (dd, IH, 1=5, 1=3),1.9-2.13(m,4H, including singlet for CH3
at 2.04), 2.56 (dd, IH, 1=6, 1=2), 2.67-2.9 (m, 2H), 2.99 (dd, IH,
1=4,1=2),4.71 (dd, H5,1=7, 1=3), 4.86 (s, HI2). Basic hydroly
sis gave the alcohol (5b) m.p. 149-151° from aq.MeOH (Found:
C, 37.6; H, 2.6.CI2H IOCl60 requires: C, 37.5; H, 2.7%) Vmax 3350,
1070cm-'.

Oxidation of alcohols (3band 5b). The alcohol 3b (1.15 g) was
dissolved in acetone (15 ml) and a solnof Cr03 (0.23 g) in water
(I ml) plus H2S04 (0.2 ml) added. The mixture was allowed to
stand for 2hr then diluted withwaterand the product isolated by
CHCh extraction. The ketone 8a (I g) had m.p. 235-237° from
EtOH(lit.3m.p.243-245°) Vmax 1750, 1400 cm". Similar oxidation
of 5b yielded 9a (78%) m.p. 201-203° (lit.' m.p. 210-21n

Reduction of ketones (8a and 9a). The ketone 8a (0.5 g) and
NaBH4 (0.5 g) were allowed to react in EtOH (50 ml) at room
temp for 20hr. The resulting soln was diluted with water and
acidified with dil HCI. The crude alcohol was isolated by CHCh
extraction and acetylated with AC20 in pyridine, to give the
endo-acetate 4 (OJ g) m.p. 167-169° from MeOH (Found: C, 39.7,
H, 2.9. CI4H12Cl602 requires: C, 39.5; H, 2.8%). Vmax 1720,
124Ocm- 1 NMR s 1.29 (dd, IH, 1=15, 1=4),2.07 (s, CH3), 203
(ddd, IH, 1= 15,1= 10,1=4),2.6--2.9 (m,3H),3.0-3.29 (m,2H),4.9
(s, HI2), 5.16 (ddd, H4,1=10,1=5, 1=4). Similarly reduction and
acetylation of 9a gave the endo-acetate 6 m.p. 145-147° from
MeOH (Found: C, 39.4; H, 2.8%) Vmax 1735, 1235cm- '. NMR s
1.4(dd, IH, 1= 15,1=4),2.08(s, CH3), 2.24 (ddd, IH, 1= 15,1=10,
1=4),2.7-3.07 (rn, 5H), 4.88 (s, HI2), 5.12 (ddd, H5,1=10, 1=4,
1=4).

Addition of acetic acid to photoaldrin. Photoaldrin 13 (9.4 g)
was refluxed for I hr in AcOH (120 ml) and H2S04 (24ml). The
cooled soln was diluted with water and the products extracted
with CHCh. The crude product mixture was crystallised from
EtOH to give the exo-acetate 3a (3.6 g).The mother liquors were
evaporated and the residue chromatographed on Si02 in CCI4.
Elution with CCl4-benzene (9: I) gave successively the exo
acetate 5a (0.8 g), a mixture (1.2 g) of 5a and 4 and finally the
endo-acetate 4 (1.6g).

Acid treatment of the acetates (3a and 5a). The acetate 3a
(0.6 g) was refluxed for I hr in AcOH (10 rnl) containing H2S04
(2ml). The products were isolated by diluting the mixture 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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