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Abstract—A series of syn and anti epoxides derived from 5,8-disubstituted-1,4-dihydro-1,4-ethano-
naphthalenes have been prepared. The role of the solvent on epoxidation stereochemistry has been
explored. The structures of the epoxides were assigned with the aid of proton NMR coupled with chemical
shift reagents. The C-13 spectra have also been assigned, and an unusual y-effect of the epoxide structure

noted.

Recently we required a supply of an epoxide, derived
from  3,8-dimethoxy-1,4-dihydro-1,4-ethanonaph-
thalene, in which the oxygen is anti to the aromatic
ring (1a). In reaching this objective a related series of
epoxides were prepared and characterized by NMR
spectroscopy. The results of this study are germane to

work recently published from other laboratories, and
so we wish to report our results here.

Convenient access to the series is offered by the
Diels-Alder adduct (4) from p-benzoquinone and
cyclohexadiene.! This material undergoes ready aro-
matization and derivatization to form the dimethoxy
and diacetoxy compounds § and 7 respectively.

e~  da
i cHo CHy0
Y S~ D@ By,
2 ocH, £

While these compounds have been reported pre-
viously,"? conditions were developed which allow
their preparation more conveniently and in better
yields. The conversion of § to 6 is readily accom-
plished at room temperature in a mixture of dilute
nitric acid and dioxane.

R=OCH,4, R'=H
RaOCH3 .+ R'=NO,
R=0OAc,

Epoxidation of the parent 1,4-dihydro-1,4-ethano-
naphthalene with m-chioroperoxybenzoic acid
(MCPBA) had been reported some years ago to give
the anti and syn epoxides in 1:1 ratio but in un-
reported yield.> More recently, the same peroxyacid
in chloroform has been reported to convert

R'=H

2-methyl-5,8-dimethoxy-1,4-dihydro-1,4-ethanonaph-
thalene to epoxides in 529 yield. The NMR deter-
mined ratio of anti to syn isomers was 0.59.

Initial results with § using MCPBA in methylene
chloride appeared discouraging in that tlc showed
seven or eight different spots of about equal intensity.
Given that the crude product was dark brown other

pathways to the desired product were sought. It
might be added parenthetically that C-13 NMR
analysis of the crude product later showed that the
desired epoxides were the major constituents. The
conditions of Anderson and Veysoglu® were applied
using MCPBA in methylene chioride stirred with
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dilute sodium bicarbonate. While the number of side
products appeared 1o be curtailed, even with three
equivalents of MCPBA only parual conversion to
epoxides occurred Analysis by C-13 NMR showed
25°, ann and 33°, syn cpoxides with the balance
starting olefin

In an attempt to avoid these difficulues, § was
reacted with 1odine and 10dic acid 1n the hope of
gaiming the 1odohydnn.® The resultant 10dohydnn
would not form an epoxide i1n base and was sub-
sequently shown by NMR and chemical evidence to
be the rearranged product 8. Carbocation rear-
rangements 1n the 1.2.3.4-tetrahydro-1.4-cthano-
naphthalene system are well known and might be
expected whenever a well developed carbocation in-
termediate 1s formed ° Examples exist of similar

CH,0

rearrangements upon clectrophilic addition to the
1.4-dihydro-1.4-ethanonaphthalene double bond *

In contrast to the results with 8, the diacetony
olefin 7 gave a quantitative yield of epoxides when
treated with MCPBA in methylene chlonde over.
might The two epoxides were readily separated by
flash column chromatography * Their structures, as
will be described shortly. were determined by NMR
The ratio of anti 10 syn 1somers was |

When 7 1n methylene chlonde was treated wath
monoperphthalic acid 1n ether the reacion was very
much slower requinng three days to reach 70°,
completion More encouraging was the fact that the
anti syn 1allo was now 2

Table |

W B Ssiti ef ol

Goven these results, a more detailed examination of
the reaction conditons was undertaken The results
of the epoxidation of 8. 6 and 7 with MCPBA 1n
methylene chlonde and with MPPA 1n cther are given
in Table 1 Under the latter conditions both § and 7
give anti syn ratios of ca 3 With the nitrodimethoxy
olefin 6, the anti syn rato 1s sigmficantly improved by
the change in conditions, but the syn isomer stll
predominates

These changes are not due to the change in per-
oxyacid but rather to the change in solvent. More-
over. excellent matenal balances were obtained
throughout excluding the possible effect of preferen-
tial destruction of one 1somer In Fig | are shown the
results for the epoxidation of 7 in a vanety of
solvents. As can he seen. as the hydrogen-bonding
capability of the solvent increases there 1s a decrease
n the reaction rate accompanied by a linear increase
in the antr sya ratio. Peroxyacids in solvents that do
not rcadily form hydrogen bonds are thought to
react'? in the internally hydrogen-bonded form via a
transition state as shown (9) In solvents such as ether
which can form hydrogen bonds. reaction is 1-2
orders of magnitude slower and there 1s evidence that
another transion state may partiapate. Ewins ef
al”' found that the relatively unhindered
4-t-butyl-1-methylenecyclohexane  (10) was  ep-
oxidized for preference (cu 4 1) by axial attack, and
that the choice of solvent made httle difference to this
preference. When steric hindrance was introduced, as
in 1-methylenc-3.3,5-tnmethylcyclohexane (11), the
preference was reversed equatonal attack predom-
inated by ca 4 1 1n benszene or dichloromethane, but
by less than 2 1 1n ether This suggests that externally
hydrogen-bonded peroxyacid, though intnnsically
less reactive than the rather ngid internally bonded
form as in 9, can adapt itsell better to stenc con-
straints in the transition state Other influences then

Reaction products of olefins 8. 6 and 7 (1 mmol) wmith perosyaads in two solvents at room

temperature

(a) MCPAA (1.4 mmol) 1n 20 ml CH i, for 7 hours

Dimethoxy (2%

Olefar *?
antl Fpoxide 8
syn Fpoxide 1%

Nitrod.oethoxy (f!

Didcetoxy (20
3 34

“The relative rate here .8 misleading .n that some

unknown 81d¢ reaction consu™s [Eroxyalid and proluces

a small amount of tarry product which dots not appear

in the proton or C-1) NMR but whick 18 clearly evaident

11 the TWC. This was not

reaction below,

Important with the MPPA

{b) MPPA (7.9 mmol) an 20 ml dicthyl ether

Olefin $1 (72 hrs)
anti Epoxide 36

syn tpoxide 1)

TS (72 krm) 6 (48 hrye)
9 PRI
16 "
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CHC1, and (.‘M,‘,Cl2

1

1 A 1

20

60 80 100

Percent Olefin Rematining
48 hrs at RT

Fig | Recaction of 7 with MPPA a plot of the ratio of 3a to 3b vs the amount of unreacted 71n 2 vanety
of solvents

become relatively more ymportant in determining the
direction of attack

homoconjugation in 6 1s less important. and there 15
a clear swing to stencally preferred syn attack

) o 1
CH
\C/q--. M. CH’ ! (,CH: ‘
L.d' A N N
/ \ O-C—Av (CH,)C )
2 By

Paquette ef al * have discussed the implications of
homoconjugative interactions between the aromatic
nng and the olefimc x-electrons in  the
1.4-dihydro-1.4-cthanonaphthalene system. Reac-
tions of a number of weak electrophiles with
2-methyl-5,8-dimethoxy- 1 4-dihydro-1.4-cthanonaph-
thalene and two related molecules were carmed out. As
mentioned above. epoxidation was with MCPBA 1n
chloroform. Based on the stereochemistry of these
additions, photoelectron spectroscopy data and the-
oretical cakulations, they conclude that homo-
conjugation 1s ummportant in thesc systems The
stenc bulk of the ethano bndge and a disrotation of
the olefin o-lobes (induced wia a n-o Interaction
through the framework of the bicyclic nng) favor
attack of the clectrophile syn to the aromatic nng

The data in Table | and in Fig | bnng us to the
opposite conclusion wath regard to the importance of
homoconjugation in the epoxidations of 8§, 6 and 7
When a solvent 1s used which acts as a hydrogen-
bond acceptor, the reacuvity of the peroxyaad s
lowered because of the increased electron density at
the peroxidic oxygen, making stabihzauon of the
transiton state more important. When a nonacceptor
solvent 1s used, the peroxyacid does not need this
stabilization and sterecochemical factors predominate.
The homoconjugative interaction seems parntularly
evident 1n companng the data for the ¢epoxidation of
5 and 6 With the reduction of electron density in the
aromatic nng occasioned by the mitro group in 6

Catalytk deuteration, over Pd(C). of § was found
to go exclusively to the anu side of the double bond
Since this result depended on the correct assignment
of the proton chemical shifts in the saturated hydro-
carbon,' the assignment was confirmed by the use of
Eu(FOD), While such hydrogenation reactions are
not considered to be electrophilic processes, it would
appear that homoconjugation 1n $ leads to a lower
energy pathway annt to the aromatic nng. steric
interference by the cthano bndge notwithstanding

The UV spectrum of § offers evidence of the
homoconjugative interaction at least in the exaited
state Both § and its saturated analog, $.8-dimeth-
oxy-1.2,3.4-tetrahydro- 1 4-ethanonaphthalene, show
broad absorbances in the region of 270-310 nm
which can be resolved into a senes of four peaks in
the second denvative spectra These appear in the
olefin at 283, 290, 294 and 300 nm and are displaced
by 4-6 nm towards the blue in the saturated counter-
part This 1s true 1n both methanol and hexane
solutions Filipescu and Chiang'’ have reported a
“strong™ homoconjugative coupling n
5.8-dimethoxy-1.4-dihydro- 1 . 4methanonaphthalene
between the aromatic nng and the double bond which
results in a 10 nm red shift compared to the saturated
compound

Finally. the diacetoxy olefin 7 was epoxidized by
peroxyacetk acid generated wn situw (rom hydrogen
peroxide and acetic anhydnde giving a quanutative
yield of epoxides with an anti/syn ratio of 0.77. Acetic
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acd, a stronger aad than peroxyacetic acd, sup-
presses 10nization and external hydrogen-bonding in
the peroxyacid. and may actually activate it by
donating a hydrogen-bond to its carbonyl group.
Consequently transition state stabihization 1s not so
important as in previous examples and attack 1s
preferentially on the syn face of the double bond.

While the 1somenc epoxides 1 have been separated
by preparative tic, larger scale separations have not
been so satisfactory no doubt due to the small
difference 1n R, values. Since a convenient conversion
of the epoxides 3a.b to the dimethoxy compounds
was found to go quantitatively, 1t 1s probably better
1o go to 1a from 3a rather than the more direct route.
The conversion 1s carned out by treating the diacetate
epoxides with five equivalents of methyllithium at
- 57 1n ether No opening of the epoxide nng occurs
under these condiuons as the presumed dihthio salt
preaipitates out Treatment with methyl 10dide and
dimethyl sulfoxide then completes the conversion.

0.3¢ 0.58
A 0
0.16 1.00
0.44
AcO
0.10 3s

NMR results

The proton chemical shifts for the vanous olefins
and epoxides in this study are given in Table 2. In
their onginal configurational assignments for the
1.4-dihydro- | 4-cthanonaphthalene epoxides, Ton e/
al’ made use of the nng current argument apphed to
the protons attached to the epoxide carbons The

W B SMimM er ol

protons on the antt 1somer are 1n the more shielded
position than their counterparts in the sya 1somer
with regard to the aromatic nng. We repeated their
cakulaton of the nng current effect by the method of
Johnson and Bovey'’ using dimensions taken from
Dreding models. The calculated difference 1n
shielding was 0.2 ppm as against their expenmental
value of 0.08 ppm Given the smallness of the effect
and the uncertainties of the magnitudes to be ex-
pected in polysubstituted benzenes, we consider the
nng current argument to be of suggestive value only

A more direct assessment of epoxide stereo-
chemistry can be gained from lanthanide induced
chemical shifts (LIS) It has been ascertained that
lanthanide complexation occurs on or near the hine
bisecting the carbon carbon bond and the epoxide
oxygen '*'* Treatment of each of the diacetate ep-
oxides by incremental additions of Eu(FOD), pro-
duced a hnear LIS with concentration. The relative
LIS for ecach cpoxide were as follows.

0.48 0.3

From these data it was quite clear that the less polar
(tk), lower melting 1somer had the anti configuration.

Ton et al * had noted a perturbauon of the chem-
ical shifts of the ethano protons by the ann epoxide
oxygen. Those protons syn to this oxygen were
deshiclded while the protons anti to the oxygen were
shiclded 1n respect to their counterparts in the olefin

Table 2 Proton chemxcal shifts for the 5.8-DhX-1 4-cthanonaphthalenes and epondes

Compounag 14 2.)
(B3] 5. 8 Dimethoay 4.37 6 42
~
(la) S. H-Dimethaxy
-

anti -2 3-¢paxide 3. %) 3.28
(1p) 5. % Dunethoxy -
-~

ayn 2. 1 cpoxide 3.9 LI 1)
.:) 6 Nira S Kdimethaxy 4. 80 6 42
1 28) BeRNILro oS A dimethaxy -
-

anti-2 3 epunide 1 vO 33
u_z_bn A NItgo S R <dimethoay -

wWn -2 3 <paxide 3.96 3. e
T S 8 hacctony 3.v 6. 42
-
(e 5 M-Dwscetoxy -
Lo

antt 2.3 epuxide 3.y 1.2%
v 3 S a-Discctoxy
P~

AN epnxice 3. %0 3 3

Cnemical Shifts (ppm)

v 100" %.108" Arht oy
1.42 1. 38 o %) 3.
1.92 O.ve b. 62 3
168 133 6.30 3.8
182 ) 710 30
2.00 1,03 13 3.85
1.0 1. 38 T4 ) 82
1.46 ]1.40 6 0 2.30
| vo 1.04 6. R 128
1.70 1.3y 6.3 228

.u!ﬁl and a(snt) here mean syn Of anti (O the epoxide axygen Of 1O the olefinic bond, 88 sppropriste.

. es

3.ar
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Table 3 Carbon chemxcal shifts for the $.8-D1X-1.4-cthanonaphthalenes and epoxdes

Chemical Shift {ppen)

Cumpouny 1.4 2.3
(9 S. K-Dimethoxy 331 13%.2
-~
() S.n-Dimethaxy - X.8 $8.0
-—
anti 2. 3 eparide
i 5, 8 -Damethoxs - v.b6 458
-~
n -2, 3epoxide
(h)‘ 6eNiteo S, MIImethoxy 33. 4 i,
—y
3.4
12870 AeNitto-S. K imethory - .1 $3.0
L
anti+2, 3 epaxioc 12.2
l)hl‘ & NitrosS, Kdimethoxy - 29.8 8.2
o~
9yn -2, 3 epoxide 0.4
(] 3. 8-Dhacctoxs 34.5% 134.7
-
(a1 S,os-Diaccton, - 12.8 5t
-
m_ll-l. $oepeaide
[T 5. h-Diavetons - 3.} 48,4
~

»n -4, beepezide

¥, 10

42, 8

5.8

6,7

CHy . (I)2
2%.1 134.0 148.1 108.0 $.3
2.8 133.5 149, 8 109.1 .3
2.8 1277 143. 8 10Y.0 5,1
25,0 140 O 142.% 140.7 63.1
245 140. 3 149.2 104.% .1
2.} 139.2 143.9 41,8 83
3.7 140, 2 19.0 105, 4 b2
.3 14.0 143,13 141.06 63.2
.6 134.9 150.3 10%. ¢ $H,0
.8 1377 142. 1 11s. 8 20,7 1989.2
22.2 138.9 144.1 120.2 2.7, 189.)
4.} 131.% 145.4 1220.2 0.8 1097

‘Tht sevond Line n s entfy fefers 1o the carbon heving (OF 1n the case of methoxyl groups, attached to) the higher ‘numbe red

position

or to the syn epoxide. This observation was con-
firmed by Cnistol ef a/ '* on a senes of substituted
epoxybicyclo[2.2.2Joctanes. As shown in Table 2, the
same 1s true for the diacetoxy cpoxides. This s
probably the single most useful cntenon for the
configurational assignments 1n the bicyclof{2,2,2}-
octane epoxide senes and was applied subsequently
to the dimethoxy and mtrodimethoxy compounds
here.

The C-13 NMR chemical shifts were assigned from
considerations based on single frequency off-
resonance decouphng (sford). known substituent ad-
ditivity effects and the use of mode! compounds such
as 1.4-dimethoxybenzene and 2-mitro-1 4
dimethoxybenzene These data are given in Table 3

Chemical shift effects for the C-13 data in this
senes are, with one exception, quite ssimilar to those
pubhished recently by Cnistol er al ™ They observed
both the sy and ant: ;-<ffects of the epoxide oxygen
in the saturated bicyclo{2,2.2]octane system to be a
small shiclding cffect on the ethano carbons corre-
sponding to C-2 and C-3. In fact, both syn and anti
+-cflects involving heteroatom C-H interactions
have proven mcreasmgl? unrehable in making stereo-
chemical assignments'''* However, in contrast to
these observations our data show a substantial syn
v -eflect for the interacion of the syn oxygen and
carbons 4a. 8a of the aromatx nng The stenc
interaction explamation evoked to explun hydro-
carbon y-effects can hardly apply here. More likely it
15 an electronic perturbation of the lone pair electrons
on the oxygen upon the excitation term of the
Ramsey shiciding mechanism as apphed to the aro-
matic carbons.'* Clearly this does not extend beyond
carbons 4a and Ra in the nng It does, however,
pronide a convement stereochemical confirmation
applicable 1o epoxides denved (rom the
bicyclo[2.2.2Joctadienes

EXPERIMENTAL

All m ps are uncorrected All NMR spectra were deter-
mined 1in CDCl, wmith internal TMS Proton spectra were
taken on Vanan T-60 and EM.390 instruments C-13
specira were determined either on 8 Bruker WP-80 or JEOL
FX-60 instruments

5.8-Dumethoxy-| & dihydro-| 4-ethanonaphthalene 8

A soln of 203g (108 mmol) of 4 in 30 ml dimethyl
sulforsde was surred with 4 ml Mel under N. at room
temp as | Sg of powdered KOH was added 1n portions
After 3hr, 2ml additional Mel was added. and the mixture
was allowed to stand overnight The soln was poured into
water and extracted wath CH,CI. (three SOml portions}
Upon evaporation to dryness, the residue waghed 31 g
This brown ol was passed through an alumina plug using
petroleum ether as the ¢luant to gve 2 31 g of coloriess,
crude § Crystalhzation from MeOH gave two crops of
crystals totaling 226g (96°,). mp S5 ST, (! 56-57°)

& Nitro-5.8-dimethoxy-| & dihydro -1 4-ethanonaphihalene &

A muxture of S0 ml water, 50 mi dioxane and SOmi 70°,
HNO, was prepared To this mixture at room temp was
added 20¢g of S, and the whole was stirred overmight The
workup followed the procedure above water, extraction
with CH,(1,. washing with dil NaHCO, aq. evaporation to
dryness and crystallization from MeQOH. yeld | 95 g (80°,).
mp 775 79 (Found C. 6426 H. 361 N.5139 Cak for
C, H,NO, C. 6436 H. 579. N, 53*,)

5.8-Dwacetoxy -1, 4-dihydro-| 4-ethanonaphihalene 7

A solnof 220g {12 mmol) of 41n 15m! dry benzene was
treated with 2ml Ac,O and 2ml EyN at room temp
overnight. The soln was washed with dil HClaq and
evaporated to dryness The resdue was crystallized from
75% MeOH. mp 165167 (lu' mp 164 ), yeld 233
(70%,). On a larger scale yelds in excess of 90°, were
schieved

Epoxidation of T A win of 0 50 g (| 8 mmol) of 7 Smi
CH,C1, was reacted with $ S mmo! monoperphthalic acd in
10 ml ether at room temp for 18 hr Precypstated phthalic acd
was removed by filtration, and the soin was washed wath dil
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NaHCO, aq Evaporation of the solvent, and examinauon
of the reudue by PMR using the aromatic proton absorpuons
at 687 and 693ppm indicated that a mixture of
2.3 epoxy - 5.8-diacetory - |, 4-dihydro- 1.4 - sthanonaphtha-
lenes had been formed with ann‘syn ratio of 2 These were
scparated by flash column chromatography® over 230400
mesh silica gel (E Merck. Darmstadt) usning toluene- EtOAc
n the ratio 4 | The predominant arti 1somer eluted first

The anti epoxide 3a (0 17 g) was crystalhized from MeOH.,
mp 185187 (Found C. 6682, H, $S7 Calc for
CoH, Oy C. 6666, H. 559°,) The sym epoude (0170 g)
was also crystalized from MeOH, mp 196-198° (Found
C. 6653 H 563,)

In an analogous fashion. 7 was epousdized 1n CH,(1, wath
I 1 equiv of m<chloroperoxybenzoic acad (MCPBA) at room
temp overmight The yweld of crude epoxides was quan-
Wtative. and the PMR analyus showed the two 1somenc
cpoxides 10 be present in equal amounts

Epoxidanon of T wuth peroxyacenic acid The oldhn 7,
272 mg (1 mmol) was dissolved 1n 20 ml Ac,O and S ml 30°,
H.,0, were added 1n one portion The mixture stood at room
temp for 3 days It was then poured into 200 ml water and
extracted with several small portions of CH,Q1, The com-
tined extracts were washed waith dil NaHCO,aq Evapo-
ration (o dryness gave 260 mg (90°;) crude residuc which
was shown by PMR and tic to connist of 42%, anir epouide
3e and 55°, sym eponide B

The preparation of the epoxides of 3

(a) Contersion from 3a and 30 A soln of 288 mg (1 mmol)
of ant: 3 1n 20 ml ether was chilled to - 5° under & blanket
of argon To this stirred soln was added dropwise $ mmol
MecLiin ether (20 ml). The muxture was stirred at - $ for
2hr. and 10 ml Mel was added The mixture was brought
o room temp, 20ml DMSO was added and the mixture
stirred overmight A granular ppt had formed upon addiuon
of MeLi This became quite suff after the addition of the
DMSO. but subsequently passed mainly into soln The
product was worked up as usual The crude 1a, (0.27 g). was
crystallized either from petroleum cther or 70%, McOH.
yield 0150g (65°,). mp 129-130° (Found C, 7242, H.
701 Cak for C,H,,0, C. 7239, H. 694% ) The residue
from the crystalhzation was by NMR essentially pure
eponide

The s1n cpoxide 1b was prepared from the corresponding
diacetoxy epoxide in 8 amilar fashion, yeld 90%, from 70%,
McOH. mp 132-133 (Found C, 7215, H, 707,)

(h) From the dimethoxy olefin 8 A mixture of 416 mg
(2mmol) of $n 30 ml CH,Q), containing 350 mg MCPBA
was rapidly sturred with Sml water contaiming 250 mg
KHCO, * After 3 hr the starch-1odide paper test for peroxide
was ncgatine A check of the product by tic showed the
reaction to be far from complete 30 the entire procedure was
repeated twice more Thus, after three equivs of peracd
C-1} NMR, uung the cthano carbons, showed 42%, of
darting matenal and 25 and 33°, of the annt and oym
cpoxides respectively No attempt to 1solate these was made

Preparation of the epoxides from 6

A soln of 261 mg (I mmol) of 6 in 3Iml CH,C1, was
reacted overnight with 250 mg MCPBA The epoxude mux-
ture was worked up as usual pving 0 33 g crude product
The latter was resolved into the two epoxsdes by preparative
the over ulica gel using toluene-EtOAc 4 1 as the eluant
The band (ollowing the small amount of starting materal
was extracted with CH,C, and proved 1o be the anti epousde
2a. 008g recrystalized twoe from MeOH, mp
1375-1395 (Found C. 6072, H, $22. N, $08 Calc for
C. HNO, C. 6065, H. 545 N, 505°,)

The most polar band was the sym epoude 29, extracted
with CH,(1,, 018g, mp 11751185 from MeOH
(Found C. 6013, H, 522, N, 508°,)

W. B Ssami er al.

Small scale epoxidations

(a) The following operations were carned out separately
on olefins 8, 6 and 7. One millimole olefin was taken up in
20 mi CH, (0, and allowed to react with 250 mg (1 4 mmol)
MCPBA at room temp. The mixture was washed with dil
NaHCOQ, aq. and the solvent evaporated to dryness under
vacuum. Matenal balances were routinely 92- 100°, Anal-
yses were performed by PMR on the aromatic proton
absorptions or by C-13 NMR on the ethano carbons The
latter techmque assumes that relaxation effects are equal in
these related senes of molecules. Several checks by PMR
confirmed this assumption For the dimethoxry senes the
aromatc proton resonances were coincident for the ep-
oxides They could be cleanly resolved by adding a small
portion of FW(FOD), which always affects the syn 1somer
the most The results of this study are gven in Table |

(b) A standardized ether soln contaiming 7 9 mmol
MPPA was evaporated under vacuum and 20 mi of the
desired solvent was added To each soln was added 272 mg
(1 mmol) of 7 Fach reaction was allowed to stand for 48 hr
at room temp (ca 23 ) then worked up as above Again
matenal balances were in the range 95-100°, Analyscs by
NMR were performed as before A list of the solvents and
results are incorporated in Fig |

Hydrogenation of the dimethoxy olefin §

A solnof 05g of $1n 25ml of McOH was stirred with
S0 mg Pd C while a soln of 78 mg NaBH, in $ ml water was
added dropwise The apparatus was connected 1o & gas
burette to contain the excess H, as it was generated After
sirnng overnight. the mixture was filtered, poured into
100 ml water and cxtracted waith 3 x 50 ml portions CH,Q1.
The solvent was evaporated, and the residue crystalhized
from McOH. yield 0 4g. m p 68—69 Analyss was by high
resolution mass spectroscopy (Found 218 1312 Calc for
C,H,0. 2181307)

The C.13 NMR (CDCl,) showed carbons at 25 66(CH,).
26 27(CH). 56 28(OCH,). 108 18{Ar CH). 133 84C,,). and
148 74CO) ppm respectively The PMR had adsorptions at
135 and | 70 (multiplets. 4H each) assigned 1o the syn and
anti cthano protons respectively, 3 43(2H). 3 826H). and
6 63(2H) ppm respextively The assignment of the ethano
protons was confirmed by the addition of Eu(FOD), n
small portions The upfield ¢thano protons were shifted by
a factor of about three over the downficld set

In & second expenment. | mmol of § in 10m! McOD
was reduced as above with NaBD, in Sml D,O Upon
workup and NMR examination it was found that the
absorption at |1 70 ppm had onc half the intensity of the
multiplet centered at 1 3Sppm Companson wth the in-
tensiies at the OMc and aromatic proton poutions
confirmed that deutcration was excluunely at the aan
postion

| 4 Dimethoxy - 10 - wdo - 56,78 -
methanobenzocyclohepten - 9 - ol (8)
A mixture of 120g of 8, 056g 10dine, 0195g 10dic
sad, 15 ml sulpholane and 3 ml water was stirred overnight
The crude product, precaipitated by water. weighed | 76 g
Recrystallization from MeOH gave 1 35g well-formed
pnsms Repeated recrystallization was necessary to remove
a trace of /mpunty The pure 10dohydnn had mp 175
(Found C, 4681 H, 472 Cak for C,,H,.10, C 4667 H,
472, ) The PMR gave | 2-22 (m, 4H), 28 (bs, 1H). 3 2}
(d.JSH/s 1H), 378 (s, JH), Y B2 (m overlapping s, 4H). 4 12
(t. ) SH7 1H). 680 (s. 2H) C-13 NMR 23 (d). 26 O(1).
29 (1), 41 0(d). 43 4d), 55 6(q). 56 4(q). 71 Xd). 108 &d).
110 7(d). 123 %(s). 131 X3). 149 &s). 152 &s). The IR spec-
trum (paraffin paste) showed unususlly sharp peaks including
the O-H stretching vibration at 3560cm ' The PMR spec-
trumin CDCY, changed upon addiuon of D,O., the doublet at
3 23 ppm disappeared and the broad doublet at 4 62 col-
lapsed 1o a singlet This determined the assignment of the
9-OH group 10 the endo position as shown in 8, cakculation

tetrahydro - 5.8 -



The synthesis and NMR charactenzation of a senes of epoudes

by Allinget's MM-2 program (kindly performed by Dr | D
Entwistle of Sittingbourne Research Centre, Shell Research,
11d ) showed a torvional angle of 79 between H-9 and H-8
in 8 explaining the absence of detectadble coupling. The
asuigned stereochemistry of the | atom, anti to the cthylene
bndge. v based on the assumed stercochemistry of the
skelctal rearrangement producing 8

1. 4. Dimethoxy-10ado -5, 6, 7, 8-tetrahvdro-S 8-methano-
benzociveloheptien 9.one

Asoln ol 10g CrO, in 1 ml water was added to 10ml
pyndine with surnng and cooling The above 10dohydnn
(0 $g) was then added After 60 hr the neutral product was
recovered 1n the normal manner and was then recrystallized
from E1OAc The ketone (0 34 g) formed large pnsms, m p
174 175 depressed below 150 by a mixture wath 1o-
dohydnn (Found (. 4695 H, 428 Cak for C,,H,,IO, C,
4695 H. 422, ) The IR spectrum (paraffin paste) showed
no () H stretching band and a strong (C.0) at 1682cm !
Conjugation of the new CO group with the aromatic nng
was alw shown by the UV absorption (in FtOH) 2 383 nm,
4700. and by the formaton of a deeply colored
2.4 dimtrophenylhydrazone «arlet needles from toluene
hght petroleum, mp 230 231 (Found C, 4490, H, 3R],
N.10S Cale for CoHLGINO, . 4462, H. 356, N,
10 467 )
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