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amatysis
the valence isomerization/ d?unu : AG¥ = 7.6 keal mot~l,
AH? = 8.6 keal mol™!, A3¥ = 5.8 cal K1 mr

Bearene oxide (1) was firt prepared by Vogel and coworkers sbout tweaty five yesrs ago.l It was shown ©

interconvert rapidly with Ms valence isomer oxepine (2) by a thermally aliowed disromtory electrocyclic process.?

(o) p— | o

(1) (2)

The rate constants for the isomerization were desermined by Gunther using low temperature 'H NMR
W-3 The equilibrium position was found 10 favour the lower enthalpy oxide form st low semperatures
whereas the higher entropy oxepine predocisated st, or abowe, amblent temperature.23

Although numerous substituted benzenc oxides/oxepines have since been synthesised ® there have been few
measurements of the rate of valence momerization. This is probadbly due to the fact that although the valence
equilibrium s reascoably balanced in the parent compound, steric or clectronic effects from subwtitueats ofien
shift the position of equilibrium so that it stroagly favours a single valence iomer. In this sitwation, ordinary
low wemperatare NMR investigations may sot provide any information on the isomerization process. However, in
compounds where the equilitrium comstant s very small, leading to complete predominasce of the arene oxide
valeace tawtomer, a prochiral substituent® could render the isomerization process observable by NMR
spectroscopy. Thws in the frozen benzese oxide tawsomer (3), she paired ligands (R) in the prochirsl substitusnt
are dlastereotopic and potestially anisochrosous. Rapid esantiomerizatioa (3) 52 (3') via the higher
energy omepiae walence lsomer (4) should reader the dimstersotopic R groups effectively enantiotopic and
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determined. This approach is Thmtrated is the prapest ssobupt by iscorporating s prochiral methylene
substituent on the arene oxide.

RESULTS AND DISCUSSION

In principle a prochiral substituent should function at any position in an arene oxide as a probe for the
presence or abeence of oet molecular symmetry planes oo the NMR time-scale. Howewer, substitution at the
3-position sppeared the most attractive since in benzene oxide systems lierature data suggest that substitutioo at
the 3-position tends to move the valence equifitrium strongly in favow of the oxide form. 46  Additionally, a
prochiral group at the 3-position is sufficiently close to the anisotropic epoxide molety to offer a reasocabie
expectation of a mieasurable chemical shift nonequivalence of the diastereotopic paired lgands hn the substituent.
In the case of polycyclic arene oxides, for exampie, naphthalene-1.2-oxide, synthetic considerations concerned
with the reactivity of tertiary alkyl bromide intermedistes alio favour the incorporstion of a prochiral alkyl group
at the 3-position.

In order to test this proposal, a—Benzoyloxytoluene-2,3-oxide (5) sppeared 1© be a good candidate for
study as it cootains an uncoupled prochiral methylene grovp at the 3-position. It was prepered from benzoic
acid using the elegant seven step synthetic roule devised by Gasem and coworkers.”

The chemical shifts of the epoxide ring carbons C-2 and C-3 (§ 84.2 and 85.3 in CDCly) and their
attached protons (8 4.60 and 4.35 in CDCl3) at ambient temperature establlsh that the benyene oxide form of
(S) predominates in the dynamic valence isomerization. Previous work has established that the HC-O and
‘k@chemlult.hl&lnlhcoddefotmmhthemge6‘.0-4.7»:1656-7$mpecuvelyvhenuthue
nuclei resooate at much higher frequency in the oxepine tautomer, viz. § 5.6-5.9 and 3 120~161
rup.ctively.z'3"° The o—mecthylene protons gave & sharp singlet signel st § 4.97 as expecied for 3 rapidly
tautomerizing and enantiomerizing system at ambient tempersture. On cooling a solutioe of (S) in dimethyl
ether delow -100 OC, the o-methylene signal first brosdened selectively, then collapsed and reappeared at
=135 OC as an AB quartet (3, 5.07, &g 4.98, Jap 13.1 Hz) at 400 MHz (Figure 1).

CH20E(0)Ph
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Figure 1. 400 MHz 41 NMR spectrs of compound (S)
in dimethyl ether at verioss temperatures.
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Relative popalation: 48% 4% 48%

Pigwe 2. Cakulated 1H NMR spectra for the above exchange system with
k-SOs“wthe)(gdwﬂtuawuh@u(g)ortom{b)hmy
of the AB syssemn.

Clearly at ~135 OC enantiomerization of (5) via the oxepine tautomer i slow oo the NMR time-scale,
leading © chemial shift nocequivalence of the diastereotopic geminal methylene protons. Normally foc the
Wolmwmwaaaet.unpmsmuaﬁmuat:&mmmm
using 3 simple analytical equation.!!  Altermatively the coalescing AB bandshape can be cakulated using a
relatively simpie computer program.}2  However In the case of compound (5) & close inspection of the
coslescing AB system over the temperature range 135 © 108 OC revealed that the high frequency side of the
quartet broadened more than the low frequency compooent (Figure 1). Such behaviour is not coasistent with a
simpie collepse of an AB quartet 10 2 singlet where (as in the present case) the natursl linewidths of the Hy
and Hg dgmai are equal.

mwwmamww}mmm(s)muammummm
DNMRISptomm“byhdnan;amnpropoﬂbudonu(x)hmmm‘ This third
site, which is smigned 10 the o-methylene protons in the intermediste oxcpine tautomer, is predicted to lie on
mmhmy(mn)dkdthmoﬁ«ﬂm&haﬁe:mum@é&emnp&dw&mh
the higher frequency compooent of the AB system (Figure 2).

oxepin tn,
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Pgare 3. 400 MHz TH NMR spectrum of compound (5) in dimethyl ether at -142 OC
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Table 1. Dyssmic !H NMR data for compound {5)

Exchange system: AB ,_—L‘ b ) # BA
Relative population: 47.25% 5.5% 47.25%
Temperature, °C: -126 -121 -118 -115 -112 -109 -106
k 7L 9 M 58 100 150 260 360
o
In{ks7)
ok
=08
-t
AH® = 8.6 t 0.5 kcal moi~!
~34 ASY = 5.8 2 3.0 cal K1 moi!
o AGY¥ = 7.6 ¢ 0.1 keal mol~! at -108 °C

0 [ ] () [ ] *9 3
YTx1¥

Pigare 4. Plot of lo(k/T) vs. 1/T for compound (S) together
whh the sctivation parameters for lsomerization/racemization.

In the light of this prediction, the spectrum of {S) was reinvestigated at slightly lower temperature
(-142 9C) using & longer sccumulation to improve the signal to nolse rativ. A small signal with a rehative
integrated intensity of 5% was detected at & 4.76 (Figure 3). Irradiation of this signal produced a reduction in
the intemsity of the AB quartet by saturation transfer, thereby establishing that this minor component was indeed
invoived in the exchange process. Knowing the position of the oxepine signsl (4 4.76) relative to the arene
oxide AB system, the relative proportion of the oxcpine signal was adjusted to provide an optimum fit between
calculated and experimental spectrs in the exchange broadened region. The optimizred popuiation of the oxepine
site was determined to be 5.5% which agrees well with the value of 5% measured by direct integratios of the
Xy signal at -142 OC.

Careful matching of expanded scale experimental NMR spectra recorded over the temperature range -126 o
-106 OC with bandshapes cakulated using the DNMR3 program gave the rate coastsnts shown in Table 1. A
piot of In{k/'T) v. 1/T gawe s correlation coefficient of 0.994 and the enthalpy and entropy of activation as
listed in Figure 4.

The measured rate coastants k and derived activation psrameters (Table 1) correspond 10 the arene oxide
10 oxepine process. Since there i a S0% chance of the intermediste oxepine {X3) returning 1w the original
arene oxide (AB) rather than converting to the enantiomeric srene oxide (BA), the rate coastants for
eaantiomerization are one half thost given in Table 1, and AS* and AGY should be adjusted sccordingly.
However the rate constants and activation perameters for degenenate racemization of chiral (S) are equivalent to
the data given in Table 1.

The activation parameters given in Table 1 are identical within experimental ervors to those derived from
the dats lsted by Vogel and Gunther? for the homerization of benrenc oxide %0 oxepino (AHY 8.8 keal mot1,
AS* 6.6 cal moi™! K1, AG® 7.7 kcal mol™! at ~113 OC) and toluene-1,2-oxide 6 2-methyloxepine (AH¥ 8.9
kcal mol™!, 4S¥ 5.7 cal moi™! K1, 4G* 8.0 keal mol~! at -113 °C). Clearly the introduction of the
CH,OCOPh substituent at the 3—position in benrene oxide has little effect on the barrier %0 somerization o the
3-substituted oxepine. However the CHOCOPH substituent does appreciably perturb the equilibrium so that it
is heavily biased towards the arene oxide st low temperatures. The 3-CHyOCOPh group s situased at the
terminus of & bomosnnular 1,3-diene moiety in the arene oxide form of (5) and may selectively stadilize this
valence tantomer by hypueonj\puou.s

A tacit asumption in equating the rate of racemirnation of a substituted benzene oxide with the rate of
somerization 10 the oxepine is that the rate of enantiomerization of the nonplanar oxepine intermediste by ring
inversion (6 = 6°) Is comparatively rapid.
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(s) (6')

In the case of compound (5) the observatioo that the methylene resonance in the mimor oxepise compooent was
a singlet at -142 OC (Figure 3) rather than an AB quartet strongly suggests that the ring inversion process in
tbe oxepine is fast even st ~142 OC, though sn sccidental chemical shift equivalence of diastereotopic gesminal
methylene prosons cannot be excluded. This view is supported by the recent report!4 that the barvier to ring
inversion in a simple oxepine (2-cyano-7-ethyloxepine), desermined by low-temperature NMR spectroscopy.
AG? 6.5 keal mol™!.  This barrier s indoed significantly lower than the measwed barrier to valence
womerization in arene oxide (S) given in Tabie 1, though the difference i not particulsrly large.

In an attempt 0 exwend this study w0 polycyclic arene oxides, 3-ethylnaphthalene-1,2-oxide (14) was
synthesised. The route started from 1-phenyl-2-butanone and involved eight steps (Scheme I).
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Scheme 1

The systhesis was complicated by the fact that intermediates (7), (8), (10), (12) and (13) were steroolsomeric
mirtores, In particular, the four dlsstercosomers of the bromo-epoxide (13) could not be separsted due to the
lability of this coppound. Two omers (presumably having the ethyl group frens 10 bromine) falled to
eliminate HBr 0 form the desired arene oxide (14). This reswited in (14) being ebmined oaly ia admixture
with those Wwomers of (13), and atiempts to purlfy (14) were thwarted by the instability of this arene oxide. A
variant In the systhetic route involving the reaction of sikene (11) with N-bromoscetamide/1IOAC/ACOH to form
the Gromoecemee, followed by bromination with N-bromosuccinimide st the benrylic mwthylene position and
climingtion, gave & loss pwre mmple of the arens oxide (14). Siereochemical problems with the elimination in
these stercolsemernic fmershediates were agatn ovident. Neverthelem (14) was unambigwously characterized by its
1H NMR spectram and by precise mas messturement (Experimental Section). In particular the CHy group of
{14), which i counected to an alkene molety, occurred in a charscteristic position in the 'H NMR spectrum,
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and the smignments of the other sigaals of (14) were conftrmed by decoupling experiments. Additiomally the
addition of & trace of hydrochloric acld to the NMR sample of (14) brought about lmmediase disappearance of
the various signals attributed to the arene oxide. Acki catalysed sromatization is a charscteristic reaction of
arene oxides.

In the 400 MHx 'H NMR spectrum of (14) 1be methylene protons showed s compiex multiplet
characteristic of the AB region of an ethyl group ABXj sysiem with a small additioas! allyfic coupling
(ca. 1.5 Hzx) to the vinyl proton. Irradiation of the methyl triplet signal at & 1.24 in dewteriochioroform
produced ementiafy an AB quartet for the methylene protoos (4, 2.48, ip 2.53, Japg 15.7 Hx).

The observation of diastereotopic geminal methylens prowovs is indicative of the maintenance of chiral
integrity of (14) on the NMR time-scale. The thermal instabllity of (14) limited high sempersture NMR stacies,
bt in 1,1,2,2~estrachioroethane solution (cootaining s trace of deuteriopyridine as stabilizer) the ethyl growp
ABX3 pattern persisted up o 100 @C at which temperature (14) decomposed. This indicates that the barrer to
enantomerization in (14) is greater thas 21 keal mol™} (besed oo s maximum line broadening of 1 Hz at
100 9C). Naphthalene-1,2-oxide has been bolswed In optically active form at amblest semperature 13
Racemination i unusually siow due to the foss in resonance energy om coaverting naphthalene-1,2-oxides to the
corresponding oxepines.!8  Newvertheless, the observation of geminal chemical shift nonequivalence bn (14)
established that a prochiral methylene substituent at the 3-position could provide information on the rate of
esantiomerization/valence lsomerization in polycyclic arene oxides.

This approsch might be exteaded to arcae oxides of otber polycyclic aromatic hydrocarboss, soeme of which
{e.g. bearo{ejpyrene 1,2-oxide) are predicied!® 10 have much lower barriers 10 enantomerization. However the
incorponation of & 3-substituent by an analogous route to that shows in Scheme | may de expected to cause
similar syothetic complications which could prevent the bolation of 3 pure sample of the arene oxide.

Ackpowisdgemenis. - We thank the S.E.R.C. for supporting this work with & research grant and for providiog »
studeatship to M.R. We are also graseful ©0 Dr. O.W. Howarth for 400 MHz spectrs run under the suspices
of the S.E.R.C. High Field NMR Service at Warwick, and 10 the S.E.RC. NMR Program Liteary (Duresbury)
for providing copies of their version (DNMRS and DNMRL) of the DNMR3 program.

EXPERIMENTAL

NMR spoctra were obtsined wsing Bruker WH-400, Bruker WM-250, Varan XL-100 or Jeol FX-60 instruments
in deutsriochioroform unless specified otherwise with wtramethylilane as reference.  Accurate relative molecular
masses were determined by the peak-matching method using perfluorokercsene as teference oo an AEI-MS902
mas spoctrometer (wpdated by V.0. instraments).

DPynamic NMR Studies. mmmm‘HMWump«fmhﬂmmy&m“
400 MHz om the Bruker WH-400 iostrument. Probe temperatures were calibrated with a digital copper
constantan thermocouple inserted in 2 dummy sample of the same wolume. Exchange—brosdened spectrs were
ukuhu%sdums.a.&c. NMR Program Library (Deresbury) version (DNMRS) of the Binxch DNMR3
program.

ummrzwmm&rm. Thhmpowmmrwin“%ywbythe
resction of the diamion of 1,4-dihydrobenzoic scld’ (5.5 g) wihth formaldehyde according 10 the procedure of

Ganem g5 al..] m.p. 95-96 OC (.7 97-99 OC), $3 (CDCY) 2.70 (2H, troad 3, allytc H), 3.71 (2H, s,
CH0) wd 5.7-6.2 (4H, m, vioyl H).

g)muwamnu pvemeum(w;.us). m.p. 48—49 °C (ut.7
1 (CDCYy) 2.72 (2H, m, aiiylic H), 3.09 {1H, drosd s, OH), 3.77 and 4.08 (2H, AB quartet, J

CH,O). 437 (1H, m, CHBr), $.07 (1H, 4, J 3 Hxz, CHO), 5.62 (1H, d, J 10 Hz, vin

m, vinyl H).

Denx %K * N - of
(n;)mmytmnsomm(n )hwmmpnmma.zg.m),
m.p. 96-97 °C (Me.7 13-104 9C), 3 (CDC3) 2.75 (2H, brosd ¢, allylic H), 4.60 (3, m, CHBr and CHO),
504 (1K, 4, J 3 H:, CHO), 5.78 (IH 4, J 3 Hz, vioyl H), 6.0-6.2 (1H, m, vinyt H), 7.51 (OH, m,
aromatic) and 8.10 (2H, m, aroematic).
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94.5-96 ©C), ¢y (CDCh) 2.80 (2H, m, CHy, 3.3-3.6 (AH, m, epoxide H), 4.40
@H, s, CH0), 4.95 (0H, 4, J 3 Hz, CHO), 7.54 (3H, ™, sromstic) aad 8.10 (3H, m,
aromatic). Comtinagd elysion affosded the major iomer (1.2 g, 53%), m.p. 121-123 OC (.7 12-124 °C), 4y

4.41 (1H, o, CHBr), 4.70 (2H, s, CHO), 4.89 (1H,

xazovioxytoluen xxide) (5). Reaction of
beazene under nitrogen’ folowed by chromatography oa
alumina (Woelm, activity IV) with bearene as cluant gave the pure arenc oxide S (0.07 g, 48%) as a yellow
oll, 8y (Cghg). 4.37 (1H, m, epoxids H), 4.33 (1H, m, epoxide H), 4.72 (1H, s, CHYO), 5.62-6.15 (3H,
compiex m, alkese), 7.16 (3H, m, sromatic) and 8.07 (2H, m, srooatic). [All glassware wed in preparing or
handling 5 was previowsly rinsed in 30% ammonium hydroxide asd dried st 120 °C).

. 1 -Pbeayl~butan-2-ooe (14.8 g, 0.1 mol),
cyancethylscetats (22.6 g, 0.2 mol), scetic acld (20 cmd) and smmonium acetate (8 g) were heated st reflux in
mmnmaﬁ)uua The product mixture was cooled, swshed with water, dried (N83O4)
and concentrated wnder wacwurs. Distillatios wnder reduced prossure yielded the product 7 (24 g, 99%) as an
oll which was a 1:1 mixture of E/Z~somers, b.p. 140-130 C0.5 mm. (Found: C, 74.1; H, 7.0; N, 6.38.
CysHy709N requires C, 74.1; H, 7.0; N, 6.2%), IR (film) 2220 (CN), 1722 em~! (C0), sy 7.18-7.35 (10H,
@, aromatic), 4.31 (2H, q. J 7.2 Hz, OCH;), 4.29 (3H, q. J 7.0 Hz, OCH)"), 4.21 (2H, s, PhCHy). 3.90
(2H, s, POCHR'), 2.69 (2H, q, J 7.5 Hz, C-CHj), 249 (2H, q, J 7.5 Hz, C-CH'), 1.35 (3H, ¢, J 7.3 Ha,
OCMe), 1.20 (3H, t, J 7.0 Hx, OCMe'), 1.13 (3H, &, J 7.5 Hz, OCMe), 1.0 (3H, t, J 7.5 Hz, CCMe').

mammmi?mnmm. Olefin 7 (34.0 g, 0.1 mol) was catalytically reduced in
ethanol solutioa (300 ) using palladium on charcoal (1.0 g, 5%). The mixture was stirred for 16 h under

desired ester 8 (22.0 g, 91%) as & colouriess oll which appeared to be s mixtwe of disstersoisomers, b.p.
120-124 9C/0.05 mm. (Found: C, 73.6; H, 7.7; N, 6.2. CygH|gO3N requires C, 73.5; H, 7.8; N, 6.2%), IR
(film) 2240 (CN), 1740 em~! (CO), 8y (CDCYy) 7.18-7.36 (10H, m, aromatic), 4.20 (2H, q, J 7.2 Hz,
OCHj), 4.10 (2H, q, J 7.2 Hz, OCHjy'), 3.65 (IH, d, J 3.8 Hz, CH'-CN), 3.39 (1H, d, J 3.8 Hz, CH-CN),
3.04 (1H, od, POCHD. 2.7 (2H, o, PRCHR'). 2.50 (1H, m, PhCH). 2.37 (2H, m, H-C-Bt, H'-C-E1), 1.58
(4H, m, CHoMe, CHa'™e), 1.28 (3H, t, J 7.2 Hz, OCMe), 1.27 (3H, 1, J 7.2 Hz, OCMg'"), 1.03 (3H, J 7.5
Hz, CCMg’), 0.96 (3H, J 7.5 Hx, CCMa).

-] =~ 9). A solution of cyanocester 8 (20 g, 0.08 mol) in acetic acid
(120 cm’) waser (60 cor’) and ocomc. swiphuric acid (60 cm3) was bested st reftux for 20 h. The mixture was
further portion of acetic acid (60 cm 3) and sulphuric acid (30 cm®) was sdded defore continning
b. The product mixture was cooled and ether was added. The ether solution
vashed with watr, sodium carbonats solution (10%), water and dried (Na3SO4) before coocentraticn. An
oll was obtained which was distilled under reduced pressure 10 yleld the ketone (13.0 g, 91%), b.p.
116-118 °C/08 mm. (Found: C, 82.7, H, 8.2. Cj3H 40 requires C, 82.8, H, 8.1%), IR (fllm) 1680 cm™!
{CO), &y (CDCY) 8.01 (1H, d, J 1.7 Hz, Hy), 7.48-7.21 (3H, m, Hg, Hg, Hy), 2.97 (1H, &, J 16.0, 3.7
Hz, Hy), 2.75 (1H, &4, J 16.0, 3.7 Hz, Hj), 2.67 (1H, 44, J 16.0, 10.6 Hz, Hy). 2.28 (1H, 44, J 160, J
10.6 Hz, Hj), 2.05 (1H, m, H3), 1.46 (2H, m, CHyMe), 0.97 (3H, 1, J 7.4 Hz, Me).

3-Ethvi-1-hydroxy-1.2.J.4-strabwdronaphthalens (10). Excess sodium boroh (3 g) was added in
portions 10 a stirred solutios of ketone 9 (5.2 g, 0.03 mol) in methano! (50 ¢cm?) at 0 OC. Strring wae

|
¢
i
s
i
1
B
g
i
[
&
:
:
8

coocentrated 10 yield a solld (5.0 g, 95%). Recrystllization from pentane yielded o singie
10, m.p. 68~69 °C. (Fousd: C, 81.8; H, 9.0. C)3H;gO requires C, 81.8; H, 9.1%), IR (fitm) 3310 cm™!
(OH), &y (CDCly) 7.58-7.00 (4H, m, aromatic), 4.82 (1H, dd, J 10.7, 5.6 Hz, CHOH), 2.84 (1H, dd, J 17.0,
3.3 Hx, Hy), 2.45 (1H, dd, J 163, 11.4 Hx, Hy), 2.31 (1H, m, Hj), 1.53 (2H, m, Hj), 1.43 (2H, m,
CHoMe), 0.98 (3H, t, J 7.4 Hz, Me).

W(H) A solutioa of akobol 10 (1.76 g, 0.01 mol) was dimsoived in benreme
{0 ) and a small quantity of p-toluenesulphonic scid (0.1 g) was added. The solution was beated wader

reflux is & Dean-Suark apparatus for 1 h. The solution was cooled, washed with sater, dried (N23SOy4) and
coacestrated 10 yield a viscous oll. Distilistion uader reduced pressure gave the desired olefin 11 (1.3 g, 82%),
bp. 84-86 °C/22 mm. (Fousd: C, 91.2; H, 8.8. CyaHy requires C, 91.1; H, 8.9%), 3y (CDCYH) 71.25-7.00
(4H, m, aromatic), 6.41 (1H, 4, J 9.6 Hz, Hy), 5.92 (1H, dd, J 9.6, 3.5 Hz, Hy), 2.85 (1H, dd, J 153, 6.7
Hr, Hy), 2.59 (1H, 44, J 15.3, 10.6 Ha, H), 2.34 (1H, m, Hy), 1.40 (2H, m, CHaMe), 0.95 (3H, 1, Me).

{12). A solution of olefin 11 (0.22 g, 1.3 mmol) in
was stimed with phosphate buffer (pH 8.00, 30 cm3) a1t 0 OC.
Metachioroperoxybenzolc acid (0.29 g, 1.68 mmol) was added to the stirred mixture in small portions over a ten
stirred at room smpersture for 3.5 h prior 1o addition of a further portion
. The mirxture was stirred at room temperature overnight. The organic layer
with solutions of sodiwm sulphite, sodium bicarbonate and water, then dried
{NaSOy) and concentrated. The tetrabydroepoxide 12 was obtained as an oil consisting of two isomers (38:62)
which was purified by distillation (0.22 g, 90%), b.p. 48-50 °CN.1 mm. (Found: C, 83.0; H, 8.3. Cy3H O
requires C, 82.8; H, 8.1%), iy (CDCH) 7.04-7.42 (8H, m, aromatkc), 3.86 (1H, d, J 4.3 Hz, Hp), 3.81 (1H,

Z{
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4, J 42 Hx, Hy'), 3.61 (IH, ¢, J 4.2 Hx, Hy), 3.56 (1H, m, Hy'), 291 (1H, dd, J 9.2, 1.5 Hz, Hy"),
2.46-2.99 (3H, m, 2Hg + Hy'), 238 (IH, m, Hy'), 1.84 (1H, m, Hy), 1.79 (1H, m, CHMe), 1.69 (I1H, m,
CiiMe), 1.30 (1H, m, CH'™e), 1.12 (3H, 1, J 7.4 Hz, Me), 1.02 ({H, m, CH'Me), 095 (3H, 1, J 7.2 Hx,
Me').

4-Bromo-1.2-epoxy-i-cthyt-1.2.3 4-tcimhydronaphibalenc (13). A stirred mixture of the setrahydroepoxide
12 (0.21 g, 1.21 mmol), N-bromosuxcinimide (0.22 g, 1.2¢4 mmol} and o,a'-ssobsobdutyrodinitrile (0.001 g} in
carbon tetrachloride (10 cm3) was bradiated using & sunlamp under an atmospbere of nitroges at 60 OC. The
reaction was found w0 be complete after 0.75 h. The succinimide was fitered off and the filtrate was
concentrated 10 yield & viscous oil which was too unstable for further purificatioa. The product was a mixture
of four bromoepoxide omers 13 (0.3 g, 98%) which were characterized by n.m.r. anslyss and used
immediately in the fisal stage. (Found: m/z 252.0146. CypH;30Bc requires 252.0150), &y (CDCl3) 7.19-7.%0
(16H, m, sromatic), 5.27 (1H, d. J 4.3 Hz, Hy), 527 (1H, d, J 4.3 Hz, Hg"), 5.20 (1H, bs, Hy''y, 4.96 (1H,
d, J 10.8 Hx, Hy™'), 3.92-3.95 (4H, m, Hy, Hy', Hy', Hy'"), 3.67-3.76 (4H, m, Hj, Hj', Hy", Hy"),
3.00-2.16 (4H, m, Hj, Hy', H3y", H3''), 2.16-1.70 (8H, m, CHoMe), 0.97-1.20 (12H, m, Me).

3-Ethvi-naphthalene -1 .2-oxkde (14). A mixture of bromoepoxide sierecix 13 (0.25 g, 0.98 mmoi)
ndhmmemoxide(o.so:nddryumwmfmn(Scm3)mulrmdn0°C!ot2Oh. The reaction mixture
mdﬂnwdvtmeoudk:hy!mr(soca:‘),nxbed-ith“ter(zchm:’).dﬁed(xga)g)mw
to yield & pale yeliow residue of the crude arene oxide (14). N.m.r. ansiysis of this umstable mmple showed
the presence of arene oxide {33%) and d bromoepoxide isomers (67%). Estimated yleld of the sress
oxide 14 was 0.05 g (29%). (Found: m/z 172.0887. Cy3H;O requires 172,0888), ¥y (CDCYy) 6.97-7.48 (4H,
m, sromatic), 6.46 (1H, d, J 1.4 Hz, Hy), 4.45 (1H, 4, J 4.0 Hz, Hy), 398 (1H, dd, J 2.0, 4.0 Hz, Hp),
2.48-2.53 (2H, m, CHoMe), 1.24 (3H, t, J 7.5 Hz, Me). The arenc oxide peaks were found 0 disappear
upon addition of acid, and a phenolic product, RMM 172, was formed.
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