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Matractc Reactiona of hydroxyl radical., generated b photodccomporition 

Rv. b..n mined. 
f 8ydrtig.n peroxide in acetonitrile, with a wide var x l ty of cycloalktnes 

7%. rerulta l hov that the major reaction ir the 
addition of hydroxyl radicrlr to the leer rubrtituted end of the double 
bond, furniahiq the r.cmdary alcohola. 
obromd raglo- and 

The reactivity pattern and the 
.t.raoa. lectivity clurly revul that the l t.ric 

parameter8 l reociatad with. the rubrtratea play a dominant role in direct- 
ing the addition reactiona. More importantly, thir rtudy led to the 
developmmt of a new mtbodolo 

BK 
for the facile converrionr of olefinr 

errentially into recondary alto ale, and includes a few examples which 
demonrtrate the potential of the method. 

The converrion of olefinr into maturated alcoholr ir one of the moat ure- 

ful reaction. in organic ryntherir. This reaction can, in principle, be 

considered a. addition of the element. of water to a carbon-carbon double bond 

wherein, depending upon the mode of addition, tvo dirtinct regioiromeric alco- 

hole can be expected from an unryslwtrical olefin. Available methods for thir 

purpore both direct and indirect, l rrentially furnirh tertiary alcohola under 
electrophilic condition.’ in the caoe of trlaub.tituted olefinr. In the caoe 

of olefine with other acid renritive l itee, of the indirect methode, oxFrcu- 

ration and demercuration har been the method of choice 
2 . With trisubstituted 

olefinr, while no direct method appearr to exist to furnirh secondary alcoholr, 

hydroboration followed by oxidation with H202 har been the wet versatile 

indirect preparative method’. Among other analogour methods, hydrowtallation/ 

oxidation reaction8 ruch ao hydroallumination4, hydrotirconation5, and hydro- 

l ilylation6 may be mentioned although there reactionr are not of much practical 

utility. 

In thia context, it appear. that in order to develop a methodology for 

direct converrion of trirubrtituted olefina into secondary alcohols. a free 

radical approach har certain merit., rince free radicals are known to attack 

the leer l ubotituted end of a double bond 78 , From this point of view, the 

addition reactiona of hydroxyl radical8 to olefina appeared attractive ?b 

Although thir reaction haa been rtudied rince a Long tima, itr rtudy from 

preparative point of view l eemo to have remained practically unexplored. For 

instance, Hilar et al’ were th. firrt to report the reactiona of hydroxyl 

radicals generated by the photodecompoaition of H202 with l OIDC unraturated 

alcohol. and acidal they raported the tranafomtion of ally1 l lcohol,aoccnir 

acid and maleic acid into glycerol. dihydroxybutyric acid and laaaotartaric 
acid, rerpectively. Later, in a 

rable conditimr, Volunn and Chen 

;einveetigation of thir reaction under compa- 

obrerved that glycerol accounted for a o-11 

* NCL C mication No. 4129 

b Ableracted from the Ph.D. thaeia of R.C. Kalkar, Univ.rrity of Poona (1984). 
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percentage of the productml inmtead, polyhydroxy cornpoundm vere l umpected to be 

the major products. During the mubmequent period, the mtudy of the reaction8 

of hydroxyl radical8 appear8 to have been remtricted to armtic compound8 and 

the work in thim area hem been roviewcd 10 . 

Am m part of our ongoing progrm on the reactionm of hydroxyl radical8 

with organic compouadelle*b, ve have invemtigated theme reactlonm with a variety 

of cycloalkenem. The l ubmtrmtem chomen for thim mtudy iacloda the ~nocyclic 

A- >, the bicyclic 5 mnd 1, end the tricyclic olefin 8. In order to check the 

reaction mite selectivity of hydroxyl radical., bentonorbornadieae 2 vem inclu- 

ded em it pommemmem varioum typee of reactive l item. Am hydrogen peroxide im 

readily available l nd itm fmcile photodecolnpomition into OH rmdicalm (uv of 

H202 195-400 IUD) im vell docwnted 12a , it im umed mm l convenient l ource of OH 

radicals in the prement l tudy. Of the varioum l olventm checked for thie ruct- 

ion, ecetonitrile vam found to be l uperior in mny reepectml particularly from 

the point of viev of hamogeneity of the reaction medim and it8 l bmence of 
13 chemical participation leading to undamired ride productm . React loam wre 

genermlly carried out employing a bolution of H202 +80X) and the olefin in 

1~10 molar ratio in CH3CN. The product8 in each cmme vere l epmreted by 

l tandard techniquem and characterized on the bmmim of their l pectrel data. The 

structural l mmi.gnwntm vere confirmed either by direct comparimon of l pectral 

date with those reported in literature or by preparation of authentic sampler 

by knowo procedurea. 

Control l xperimentm revealed that there warn no reaction between an l lkene 

end H202 in the abmence of lights l imilerly, no reaction vem detected vhen a 

solution of elkene in moimt CH3CN vem irradiated vithout the uee of H202, indi- 

cating that water from H202 doer not contribute to produat formation. 

RESULTS 

Cyclohexene 1, cycloheptene 2 and cyclooctene 3 I 

Reaction of 1 vith HZ02 under the conditiona demcrlbed above remulted in a 

product comprieing mfnly cyclohaxanol 10 and en l llylic dimeric product ariming - 
obvioumly by the cocnbination of cyclohexenyl radical.; the latter product vam 

characterized mm bicyclohex-2-enyl from itm PMR end meme l pectral data. Likeviee, 

2 and 2 reacted with equal eeme end mfforded emmentially cycloheptanol G and 

cyclooctanol 12 rempectively, - along vith l omm minor productr, in good yieldm. 

Theme remultm l long with those obtained from other l lkenem are l wmmarixed in the 

table. 

After hmving l mtablimhed that unmubmtitutad cycloalkenem readily undergo 

hydroxyl radical addition8 to furnimh emeentially maturated alcoholm, the 

reaction8 of l ubmtituted cycloelkeoem vere l tudied to l mmemm the regio- and 

mtereomelectivitiam of thim ruction. The l lkenem 4 and 2 dimplayed l imilar 

reactivity pattern l ffordinR the l econdmry l lcoholm 2, x mnd 11 in hi&er 

proportionm than the corremponding tertiary l lcoholm 13 and 16 along with other 

minor producta (Experimental). 

Cer-3-•ne 6,-c-pinene 1 end imolongifolene g 

With 5 mm the mubmtrate, photoreaction of H202 geve ci,-cerme-tranm-6-01 

19 mm the mmJor product mlong with its mtereoim~r 20, the tart. alcohol 2, - 
cim-carane-b-one and l omn l llylic producer. - 
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The products from 1 were significantly derived from the cleavage of the 

cyclobutane ring. The occurrence of this type of ring cleavage appears to be 

typical of&-pinene in most of its radical addition reactionslb. Tram - 

carvotanacetol 21 was obtained ae the Mjor product along with tranr-carve01 

2. carvotanacetone 2, tranr-verbenol 2. and some amount of allylic products. 

Chromstographic separations over SiO2 furnished the pure products vhich were 

characterized as usual. The absence of any tertiary alcohol in the products 

from 1 is noteworthy. 

Surprisingly, reaction of g with H202 under similar conditions vaswusually 

sluggish. After a prolonged irradiation, it afforded a single product in 5% 

yield, vhich was identified as 6-&H irolongifolan-5401 3, on the baais of 

its m spectrum and a direct comparison with an authentic sample prepared by 

the hydroboration/H202 oxidation of 5. The possibility of p-geometry of the 

hydroxyl group at C-5 vaa ruled out by direct comparison with an authentic 

sample of 6-a-isolongifolan-5- pal. prepared by a reported method15. 

Renxonorbornadiene 2 

The reaction of 2 with H202 furnished a relatively clean product comprising 

a maJor component and a minor one vhich were separated by standard techniques. 

The IR and PMR spectra of the products indicated that the msjor component is a 

secondary alcohol and the other, a hydrocarbon. The PMR spectrum of the hydro- 

carbon was conspicuous by the absence of olefinic protons and the appearance of 

a complex splitting pattern in 0.60 to 3.056 region, along with the signals due 

to aromatic protons8 this indicated the occurrence of a photo-induced rearrange- 

ment of 2 in the formation of the hydrocarbon. As the substrate 2 is a typical 

1.8-diene. ita di-rr-methane rearrangement (DPM) was suspected to have occurred 

and in fact, the product on hand was found to be 27. the DPH rearrangement 16 

product of 2 from ite spectral data and also by the preparation of an authentic 

sample of 27 by a known method. - 

‘ILo pairs of stereoisomerfc sturctures. viz. exo- and endo-2-benzonorbor- 

nenols, and syn- and anti-7-bentonorbornenols were considered for the major 

product. Its P?fR spectrum displayed four dinrtict groups of signals with rela- 

tive intensities of 2:2:2:1 in the l.O-3.5sregion along with a 1H signal which 

exchanged vich D20. A sharp G-H singlet at 6.63, an rc-carbinyl proton (3.5). 

a four line multiplet for 2H benzylic bridge head protons (2.87) indicated the 

presence of a plane of syxxsetry in the molecule, vhich enabled the placement of 

the hydroxyl group at C-7. Further support to this regio-assignment was cbtaimd 

vhen the chromic acid oxidation of this alcohol furnished the known 7-0x0- 

benronorbornanone 17 

li 
A direct comparison of the P?4R data of the alcohol with 

those of the known syn- and anti-7-bentonorbornenole enabled its characteri- 

ration as the anti-alcohol 26. - Thie structural assignment was confirmed by the 

preparation of an authentic sample. Probable mode of formstion of 26 is drpkted - 
in the scheme. The radical I arising frun the preferred attack of the hydroxyl 

radical from the leer hindered exo-phaee of 2 undergoes a radical Uagner- 

Heervein 1,2-aryL migration 19a involving aromatic*-participation leading to the 

radical III. The latter, on hydrogen abrtraction, furnirhes the anti-alcohols. 

A similar type of radical rearrangement has aleo been observed by Cristol and 

Nachtigalllga*b in the reaction of 2 with various halogenating agents. 

DISCUSSIOR 

The above rerultr demonstrate that hydroxyl radical. preferentially undergo 

addition reaction although products from allylic hydrogen abstraction are also 

obtained in a few cameo. This kind of direct approach for the conversion of 

olefins to alcohols does not appear to have been reported earlier. Although the 
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prersnt subrtrates ucopting 2. 2 md 2 are barically cyclohexenes, it is 

significant to note tbt they have displayed vids differences in terms of 

reactivity and r8g~O/St8rtOSelOCtiV~ty. 
I 

26 m - 

SCHEME : REACTION OF HYDROXYL RADICALS WITH BENZONORBORNADIENE~ 

Reactivity pattern: It is apparent from the results (Table) that the ~nocylic 

olefins 1 to 2 react more readily with OH radicals in comparison with the bi- 

cyclic 6 and 1, and the tricyclic g under the ssm conditions. This higher 

reactivity cm be ascribed to the absence of steric hindrance in 1 to 2 for the 

spproach of OH radicals. However, due to steric crowding by the gem-dixmthyl 

groups in the bicylic olefins 5 and 1, the approach of the reagent become8 wre 

difficult. resulting in lover yields. An examination of the molecular mdel of 

the tricyclic olefin g reveals that both the exo-(2-msthyl-3.4-H. 7-methyl snd 

11-H) and the endo-(2-msthyl,G-H, ‘I-methyl and 8.9-H) faces are stericslly 

crovded and it is significsnt to note that it has strikingly refused to reset, 

demonstrating the importance of steric fsctors in these reactions. 

Regio- and sterooselectivitpr A high degree of regioselectivity hss beon obser- 

ved with the addition of OH radicals to the less substituted end of the double 

bond in the trisubstituted 6-7 

rsdics12’ 
- _* The electrophilic properties of the hydroxyl 

and the pressnce of electron-releasing methyl groups in these olefins 

are expected to fscilitate 21 
such an addition. The increasing order of regio- 

selectivity as one goes from 4 to S is noteworthy1 tert-alcohol8 are minor 

products in 4-6 vhile they are excluded in 1 and g. -- These results, thus, not 
only demonstrate that primsrily the steric factors govern the regio- and stereo- 

selectivities in the reactions of OH radicals but are also found to be vell in 

accord with the modern concepts of free radical additions developed by Tedder“ 

snd Giese22. 

The steric consideratfonr csn ss vell rationalize the observed stereo- 

selectivity in product formtion. For example, in the sbsence of any steric 

hindrance for the l pprosch of OH radicals, 1-msthylcylohexene sfforded a 1:l 

mixture of secoadsry slcohols while a high degree of stereoselectivity is 

noticed in the fonustion of the set-alcohol 19 from csr-3-ena wherein the - 
p-fsce of the molecule is shielded by the gsm-dimethyl groups. In the case of 

2 and i. in addition to the shielding of the p-face, the double bond is flsnked 

by only one methylene group so against tvo in 2, thereby increasing stereo- 

selectivity. 

In the case of 2, it msy be observed that in spice of the presence of the 

other reaction sites, hydroxylstion has occurred only at the double bond& 
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probably this may be attributed to the energetic8 of 

stereoselectivo formstfon of the anti-alcohol 26 has - 

Synthetic applications: From the synthetic point of 

there reactions. The 

already been noted. 

view. hydroxylation of 

cycloalkener with H202 constitutes a simple and convenient method of obtaining 

secondary l lcoholr. For instance, the alcohole 19 and 20 are got In good yislds. - - 
Oxidation of $ese alcoholr forms an alterrute method for the synthoris of 

G-isocaranone . Another tranrformation of synthetic value is the ffrst ever 

single step conversion of--pinene into a natural product 24 trans-carvotanacetol 

21 in good yields. The regfo and stereoselective transformation of benwnor- 

bornadiene into the l ec-alcohol 26 is worthy of mention. Thus, these examples - 
indicate that further probe into this methodology is likely to generate some 

more single-step tranrformstions of synthetic value. 

CONCLUSIONS 

In essence, the present study which concerns primarily with the reactions 

of hydroxpl radicals with cycloalkener is significant in umny ways: i) hydroxyl 

radicals gonerated by photodecomposition of H202 can be effectively utilized 

for the direct conversion of cycloalkenes into cycloalkanols, ii) it ir obsarrred 

that staric parameters not only govern the reactivity pattern of cgcloalkenes 

but are alro responsible for the regio and stereoselectivity in product forms- 

tion and iii) the l fnBle-step transformations are highly suggestive of the 

potential of the present methodology. 

EXPERIMENTAL 

All m.ps and b.ps are uncorrected. All solvent extracts were finally 
washed with brine before drying over Na2S0,,. 

IR soectra were recorded as smears or Nulol mulls (rolids) on a Perkin- 
Elmer Inf;acord model-137E. PMR spectra were-taken In 10-15X solution in 
CCL& on a Varian T-60 spectrometer, with THS as Internal standard. Mass 
spectra were recorded on a CEC mass spectrometer, model 21-llOB, using an 
ionization potential of 70 ev. GLC analyses were carried out on “Aero raph” 
-de1 A-350-B using Al columna. Col. A: 180 cm x 0.6 cm acked with 20 4[ FFAP 
(carbovax-20H treated with terephthalic acid), Col. B: 15 a cm x 0.6 cm packed 
with silicon QF 
used: Col. C: 1 Q 

52. With Hewlett Packard-700, the follovln 
0 cm x 0.6 cm packed with 52 SE-30, Col. D: ? 

columns were 
80 cm x 0.6 cm 

packed with 102 OV-101. Preparative GLCo were carried out on the Aerograph 
model with Col. E viz. 300 cm x 1.00 cm Al colrrnnr packed with 302 FFAP. 

Product compositions given in the table were determined employing the 
follovln 
Cal. B, f 

conditionr of GLCr For 1 - 2, Col. A& lOO*, H2 60mi/mina 4 and 2, 
lo’, 

200.. 
H2 50 ml/ming 6 and 7, Co1.A. 140 , 

H2 60 ml/mini 2, Col. c, lGOv, H2 30 ml/min. 
H2 80 ml/mint g, Col. D, 

Materials: 

Acetonitrile was refluxed over P 0 and distilledr a redistillation over 
anhpdrous K2CO3 gave pure and dry mat al r al. H202 (~801) was prepared by slow 
removal of water from 30% H202 under reduced pressure (-30 nm) at 45-50’. 

C clohexene and cycloheptene were prepared by the dahydration of cyclo- 
hexano 1 (BDH) and cycloheptanol (Koch-light) respectively over H PO4 and were 
distilled over radium. Dehydration of 1-methylcyclohexanol and 1 
cycloheptanol (obtained by the Grlgard react& bf the correspond 

-tsethyl- 
ketonts) 

over iodlnt afforded 5 and 5 resptctively. ?I Cyclooctene was procure from 
Koch-Light I IC -pintnt 7, car-3-ene 6 and tsolongifolene 8 were obtained from 
n/r. Camphor & Allied Products, Barhily, India. Benwno?bornadiene 9 vao 
prtpared b a reported25 method.Aa thehydrocarbonr 6 and 7 were not optically 
pure enoug F; , rotations of the products arising frm-these-are not recorded. 

General procedure for photooxidation: 

Photoirradiation was carried out using a Hanovia medium pressure mercury 
vapour lamp (200 v) , suspended in a doubled-walled, water-cooled quartz well 
without any filter. The well was fitted into a cylindrical rtiction containing 
a soln. of olefin (0.15 mole) and H202 (0.015 mole) in CH CIU (350 ml). Ati 
steady flov of N2 vae maintained throughmthe soln. it throug out the course of the 
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rUCtlO8-l. Iho reacclon wee oonifored by the proeonco of H202, l o ju&ed by t 
qualltatlvo KI-AcOH teat. Uhm H 02 

f 
had corqlortly dluppured. the rolvmt 

Y.. carefully dlrclllad urlq l v qreux col\tpn and the nrlbc fractlonacod 
to m flrrt t!w unrcud hydnxulm rd thm to aAlsct cht pa&c urbr di&Uhed 
prtrrure. In all the canoe except thorn of itolorqlfolont uad bunrorborr~- 
dltnc, the uqrtecctd hydrocarbon partly dirrlllcd out l loagrlth the Lolvent. 

Seperetlon/ldcntlflcetlon of productr: 

(I) Cyclohoxtna 1: Cyclohrunol and blcyclohex-2-tnyl (I:2 mhCUre of reCtaiC 
and memo) the productr from 1 were lroleced by prtpereclvt CLC (Cal. E. 175*, 
60 ml H2/&). Ihe four var ldonclflod by dlrrct ccqarlum vlch en euthtn- 
tic #ample end the letter from lfr m end MOO rpoctrel deta. The above 
dlwrlc product ln CLC (470.1 vlth clore rtttn- 
rlon timts. PMR: 7H). end 5.50 (t, 2H. vlnyllc 
proconr). ata: at a/o 81. (Lit26 p)(R). 

(11) Cyclohepcono 2: Iht producer from 2 comprlred errentlelly cyclohtpcenol 
which wee #operatea frca rho minor coapononcr by propertflve CLC end ldencl- 
fled by coqerlron vith an l uchenclc ramplt. The minor. probably l llyllc 
dlmtrlc products. wrt not lnvesclgetcd. 

from the phocochtmlrcxy of cyclooccenone end by dlmorlutlon of l llyllc 

(Iv) 1-Fle~hylcyclohexooe 4: 1-Methylc 
K 

clohuunol 
and l mixture of craw-I-&rhyl 

13 (IR. PKR. l uchontlc rumple) 
cycle ounol 1G fi ltr cir-lroatr 15 uerc the 

meJor productr l opereced by prt 
of the mixture of 1C end 15: 1. a 

l raclvo CLC CGl. C. 160780 ml 
0 

vlth D20). 2.93 (mTO.5 HTmtr 
(d. 3H), 1.75 (m. 9H), 2.83 .(o, 

1nR vlth the hydroxyl proton) and 
the rptccrum vee ldtnclcel vlt R 
and 15. 

thee of 1:1 mlxcure of l uthenrlc r~ltr of E 
Iht minor products lncludtd 2-mtthylcyclohtxanone (IR. PMR) end a 

4: lxlaturt of dlmtrlc producer. A lyllc dlmtro: IR: 2820. 1650. 1355. 1380. 
\ 1155, 975. 930. 900. 810 and 745 cm- . iWIt: 1.64 (0. 6H. 2 vloyllc methyls). 

1.77 Cm, 16 R. mtthylene end mtchlne envelope) end 5.05 Cm. ZH, oltflnlc)~ 
Mesa: m/e 190 or*). m/a 95 (bere peak). 

(v) 1-l4ethylcyclohepttne 5: 
cond‘icionr of fv) l ff 

Prtperaclve CLC of the total product (under the 

and a mlxcuro of clr and truw-2-met ylcyc oht tenolr 17 alon(l vlth so= minor 
productr. 

ord&l I-mtchylc~cloho~tan;I a. 2-mtfhylcycloheptenont 

probeblsrlrln froQ 
c-04 ), I.53 (br.r. 12H. 

l llyllc radlca l . P?lR:f Ih: I.17 (a. 3H, 

m/t ! 
t x CH2) and 1.80 (a, 1H. txchangor vlth D20)1 Haeo: 

20 I?@) and m/e 71 (bare peak). 
l direct comperlron vlth en 

244tthylcyclohepcenone vao Identified by 
thtntlc 

crew-2-methylcyclohoptenol 2Y 
reaplt obcelned by the oxidation of 

mm-I. 
IR of 17: 3571. 3030. 1449, 1351. 995. and 

PHR: 0.95 and 1.03 (2d. 3H Ggtthtr). 1.40 to. 1H. exchanger vlth 
D2D). 1.57 (brr. 11H). 3.31 and 3.85 (m. 1H Cogother). The l l ctrum wee 
compereble CO that of trenr-2-mtthylcyclohtpteno127 alone vlt R 
for the clr-lrcaer. 

minor l 1RfU1. 
- 

(vi) Car-3-rno 61 Clr-caraoe-trenr-3-01 18, a C:l mixture of clt-carant-tram- 
k-01 FJ l a lfr’cir~omtr 20 zcaranaq-one. and l 
dLmerS_wir cha 6_raducco irm’b. A p8rt oi thr total 

G:l ml.iiXirt of l l- 

phed on rlllce gtl-111 lnl~lel-•luclon vlth 
product wee chrmtogre- 

et 
dlmtrlc productr. lho frecclorx.elutod vlrh P 

ether fumlrhtd the l llyllc 
5-501 dlethyl l rher in pet ether 

on 
of 

~pareclva GLC (Cal. E. 110 , H2 90 ml/mln) afforded pure 18 and a mixture 
and 20. and pure clr-carant-C-on.. 

1.0 (2r 5 each) 
of dlmrlc sLxture: A::?!:6 

P?fR of 2: 0.63 (m, 7R). 0.93 and 

3. 
H) end 1.72 (o 1H excha l s vlth D20 

1.00. 1.03 &d 1:07 0 &nalr). B 
PMR 

1.5 ‘and 
1.63 (2 bra) end 5.53 (veq br.r)l chr l lgnxlo in the oltfinlc. vfnyllc mtrhyl 
end 

B 
uatemery mtthyl region. vere in l 1:316 retlo. ?l~er: m/o 270 trr’, 1001). 

135 ( OX). 

Anelytlcal CC of the mixture of e end 3 lndlceted a 0:l cmorlclon end 

P?di 
th major component veo l nhenced when mixed vlth an turhtnclc 8a 

“s 
It of 19. 

of cho mlxcuro: 0.96 and 1.02 (2a. 3H l ech), 1.01 (d, J=5Ht, 
(br.3. IH. l xehtngor rich D20). 2.98 (m. IH) end 3.66 (m. 1H). 

+I), 2.m 
In l ddlt ion. 

the rpectw dlrpleyed veak rlgnelr overleppln(l vlth rht aeJor oner. for 20. 
Oxldatlon of thlr mixture vlth chromic l cld Rave clr-cerene-C-one. Conf 1Ge - 
tlon of the l rrlgnatncr of 2 end 19 no dono by direct cowerloon vlth their 
l uchonclc l eaplee. 

- 

(vll)r -Plnono 7: Roecrion of H 0 rich 7 afforded trenr-cervotetucocol 21. 
crenr-cawool 21. cervotaneceton $1 
frorellyllc couplltq. 

3. tr&-verbonolrend producer aria% 
Dlmtrlc pr&cCr wrt looletobby loading rho tote1 



prOdUC$8 on SlO2-II and l luting with pet ether. Inverted Dry Calm Chrmto- 

! 
rephy (EtOActbenrene 1:9) of the material (free from dimeric producta) 
urniahsd the other producta pure. 

Trana-crrvotanacotol 21: B.p. 115-7’/25 mn, PHR: 0.89 
fll xchangea with D20). 

(d, J-SHE, 6H), 1.76 
( 3H) 2 67 ( 
C:: 1H): * 

a. . 3.82 (t, J=3Hz, 1H) and 5.37 

Trana-carve01 22: B. 90-2’/3 
2H) and 5.n (m, !k). 

rmn, PHR: 1.76 (0, 6H), 3.90 (m, 1H). 4.73 
8, 

Carvotsnacotono 23: P?4Rr 0.95 Cd, J-7Hx, 6H), 1.73 (a, 3H) end 6.58 (m, 1H). 
he aaaigrnenta Z 21 and 22 were confirmed by direct comparison with their 
authentic aamplea. - - 

Trana-varbenol 24s 99 0.87 end 1.33 (a, 3H each), 1.70 (m, 3H) 4.27 (m, 1H) 
and 5.34 (m, IHr(Llt. PMR). 

Allylic dimera I The componenta eluted out from the col~rnn with 
ahoved relatively high retention timer in GLC, these have been c R 

et. ether 
l recteriead 

aa mixture of dimeric pro 
p” 

eta ( 1:l ratio). IR: 2778, 1675, 1610, 1471, 
1449, 1385, 1370, 897 cm- . P?4Rr 0.87 end 1.33 (br. aignala, 6H each, eminal 
methyla), 1.70 (br. signal. 6H, vin lit mathyla), 4.93 and 5.13 (br.m, 

& 
?H 

olefinic protona), Uaaa: m/e 270 ( , lOOZ), 227 (78X), 135 (89X). 123 (66%) 
and 93 (90%). 

(viii) Product0 from iaolongifolene S: 
H2 40 ml/mln) i di 

GLC of the total product (Cal. D, 200*, 
d 

vea diatillsd ozt ftietht :e’: due waa paarcd through a colrranr orSiO2. i f’ 
e component along with unreacted 8. The latter 

Initial 
elution with pet. ether eliminated the tracea of i, and elution with a 1:l pet. 
ether-benzene mixture furniahed a aolid product, m.p 71. which waa character- 
ized ea 6d+i-iaolongifolan-5-a-01 25. 
and 1.09 (48, 3H each) and 3.47 (m,m). 

IR: 3380 cm-l, PMR; 0.86, 0.91, 1.05 

(Lit.3o PHR, 
Memo: m/o 222 (ti, 87%) and 207 (1000 

ayntheaia 
4. - 

Oxidation of 25 with chromic acid furnished the correa- 
ponding known ketone3 . 

(ix) Reaction of benronorbornadiene 9: 
tographed over m III. 

A part of the total product was chroma- 
Initial l luyion vith pet. 

of unreacted 9 and’the triene 27. 
ether brought out a mixture 

furnished the-alcohol 26 pure.- 
Further elution with 502 Et20 in pet. ether 

Tetracpclo (5.4.0.02’403b)undeca-l(7). 8.10-triene 27: Unreacted 9 vaa removed 
by the following wthod. The mixture of unreacted 9 and 27 (2.1 gJ vaa treated 
with N-bromo l ucclnimide (5.0 g) l uapended in water-(10 rnn under l tirring at 
RT (1.5 hr). A atandard work-up afforded a product which waa parsed throu a 
l hort coluam of SfO2. ph 
purf form. 

Initial elution with pet ether afforded 27 (0.7 g) n 
IR 3060, 2940, 1615, 1480, 1260, 1030, 980, 800, 79r 760 and 680 

cm- . PMR: 0.65 (m. 1H. H-2). 1.80 (m. 1H. H-6). 2.30 Cm. 1H. H-5). 2.65 
(m, lH, H-3 or H-4); 3.65 (m,.ZH, H-l kd rhe other of H3.andVH ) and 6.50- 
7.60 (m, 4H aromatic protona). A direct comparfaon with an aut b entlc aamDle 
confirmed the atructusal aaalgnment. 

Anti-7-bentonorbornenol 26: The materiel eluted with 1:l ether-pet. ether 
mix ure 

! 
aolidlfi ed and G crystallized from pet. ether, m.p. 104’. XR 3240 

cm- I P?fR: 1.06 and 1.96 (m, 2H each), 2.20 (m, IH, exchanger vit 
(m, 2H). 3.50 (br.a, 1H) and 6.63 (a, 4A) (authentic aample, Lit. 41 

D20), 2.87 
0.p. 105’, 

PHIi). 

Authentic l lDlplear 1 -Hethylcyclohuano132 and cia- and trant-2-methylcyclo- 
folloving timown proce&a. Cia-caran -trana-3- 

y the treatmmt of 34 G&epoxy-cir_caran&3 t mLAH 33 . 
and l ubaequent alkalineTO oxidation affo 

Trana-carve01 22 vaa prepared by a reported method seed 
l ffosed trana-Sfrvotanacetol, 21. gcH- 

anti-7-benronorbornenol 26 and the tr&el 27 were 
too prepared by 

- - 

Acknowledgementa: The authora are grateful to Dr. Sukh Dev, Haltichem Research 
bntre. Baroda, India, for arousing their fntareat in the restfona of hydroxyl 
radicals. 

1 See e.gr C.H. S&mid and D.G. Garret in The chemist 
functional aroupa,p745, John Wiley Inc. New York (1 

2 See e.g.: H.O. House, Modem Syn thetic Reactiona, p. 387-396, W.A. &njamin, 
Inc., Nev York (1972). 



tight-modhal tmmbmbah of ok4h into akdola 

8 

9 

10 

11 

12 

13 

14 

Use of ethyl acetate a. a medium fumirhed acetate. a. by-product. 11. . 

Seer J.W. Wilt, in Free Radical., J. Kochi, Ed. Wiley Interscience, 
Nev York 1973) Vol. 1. pp. CIU-446. 

15 S.K. K.poor and G. Hehta, Tetrahedron Lett.. 697 (1973). 

16 J.R. Edman, J. Am. Cham. Sot., 91, 7103 (1969). It IMY be noted that 
DM of 2 I. knoun to occur only under renritized condition.. Therefore, 
itr occurrence in direct photolyri. ir highly l urpri.ing. A detailed 
study of thi. reaction ia in progre.8. 

17 

18 

19 

20. 

21 

22 

23 

24 

25 

26 

27 

See e.g.: H.C. Brown, Organic Syntba air vh BoTumo, John Ulley Inc., 
New York (1975). 

K. I.agava, K. Tatam and Y. Otruji, Chamirtry Lett., 1117 (1977). 

T.F. Blackburn. J.A. L.binger and J. Schwartz, Tetrahedron L.tt., 
25, 3041 (1975). 

K. Tamao, T. Kakui and M. K-da, J. Am. Chem. Sot., m, 2268 (1978). 

a) see e.g.: Nonhabcl and J.C. Ualton, Free-radical Chamirtg p 214, 
Cambridge Univerait 

g 
Pro.., London (197&) b) T t i. putin en; to note 

while reactionr of 
have been extenaivel 

ydroxyl radical. with’. wide variety of organic. 

86, 69, 1986) a r 
l tudied in the gar phaaa (R. Atkinaon, Ch.m. Rev., 

rimi ar 
Een raported. 

rtudy in liquid phare doe. not appear to have 

N.A. Hila., P.F. Kurz and W.P. Anrlow, J. Am. Chen. Sot., 9, 543 
(1937). 

D.H. Volman and J.C. Chen, J.. , g, 4141 (1959). 

Matruura and K. Omura, Synthari., 173 (1974) 

a) S.N. Sham, H.R. Sonavane and Sukh Dev, Tetrahedro -TT-T_~~+. ;‘r”;;jW;5 ) i 
b) For preliminary rerult. on the reaction. o 
and H.R. Sonavane. Indian J. Chem.. m. 6 (1979).-’ 

a) P.S. Dainton and J. Rowbottom. Tran.. Faraday Sot., 49, 1160 (1953). 
b) In viev of the other pathway. knownIL. for the photoajcomposition 
of H20 
radica t 

which lead to oxygen and hydroperoxy radical., only one OH 
1. l rrumed to contribute to the product formation. 

H.E. 2immsnn.n and G.L. Crune Uald, J. Am. Chem. Sot., se, 183 (1966). 

N. Inamoto, S. &.uda. K. Tori, K. Aono and H. Tanida, Can. J. Chtm., 
s, 1188 (1967). 

a) S.J. Crirtol and C.W. Nachtigall, J. Org. Chem., 2, 3727 (1967)t 
(b) An alternate porribility of the l Icoho1 27 l rf.in 
of OH radical to the cyclopropane of 26 1. xi&d out %~:n?~d:pd~$:~: 
photolyai. of the latter compound in m3CN containing 202. 

::;;Q; H, 2. Naturfor.ch, 19A, 866 (1966); Adv. Polym. Sci., 1, 663 

J.M. Tedder, Angev. QIem. Int. Ed. Ennl., 21, 601 (1982) 

8. Giese, ibid, 22. 753 (1983). 

H.C. Brovn and C.P. Carg, J. Am. (hem. Sot., 83, 2952 (1961). 

For other method. of preparation of 21 and 22, See: U. Lipnick., 
2. Rykowaki, J. Wrzerien and 2. Chabii&inrkr Pol. J. Chao.. 54, 2373 
WtT; and K. Takeda. H. Hinato and S. Noraka, Tetrahedron, 17; 308 

L. Friednvn and F.M. Lagullo, J. Org. (ham.. 2, 3090 (1969). 

J.A. Barltrop and A. Thomeon. J. Cham. Sot., (C), 155 (1968). 

The author. viah to thank Prof. H.C. Brcnm, Purdua Univerrity, Indiana, 
for providing an authentic l ampla of trana-2-methylcyclohept.nol. 



H. R. %NAWAhT tt al. 

28 V.K. Btulla, U.R. Neyek and Sukb Dev, J. ChroautoRr.. 2, 5G (1967). 

29 U.A. Cooper, J.R. Salmon, D. Whittaker and U. Scheidegger, 
J. Chso. Sot.,(B), 1259 (1967). 

30 

31 

32 

33 

34 

35 

C.W. Greoqrarr and R. Ramage, Tetrahedroa, 689 (1975). 

P.D. Bertlett end W.P. Giddings, J. Am. Chem. Sot., 82, 1240 (1960). 

J.J. Uebel end H.W. Goodwin, J. Org. Chem.. 2. 3317 (1968). 

J.W. Huffman and J.T. Charles, J. Am. Chem. Sot.. 90, 6L86 (1968) 

X. JulLa, D. Mmouy end J.Y. Lallemnd, Bull. Sot. Q~hFrn. France, 
2695 (1972). 

C. Fillietre, J.J. Villanave and J. Prevot, Bull. Sot. Chim. France, 
673 (1979). 


