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Abstract~-- Crosswise ring closures in bicyclo[2.2.2]octene or bicyclo-
[2.2.2]octane systems were studied in order to construct an cxatwistane
frame. An entry into the oxatwistane system could be achieved by
either crosswise etherization of a methylbieyclooctene-methanol (20) with
12N-HC1l/EtCH or intramolecular dehydration of a hydroxy-methylbicyclo-

octane-methanol (25} .

Among cage carbotricyclic systems, twistane(l) has received particular attention

because of its characteristic structural features and remarkable geometry and thus
several syntheses of this molecule have been accomplished.z)
In contrast, synthesis of the corresponding oxatwistane system(2) has not been

4)

recordeda) although those of azatwistane{3} have recently been reported.”
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Here we wish to describe the first entry into such oxatwistane system and also some
investigations of crosswise intramolecular cyclizations in bicyclo{2.2.2]lactene or
bicyclo[2.2.2)octanes.
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Our previous attempts in the synthesis of oxacage tricyclic systems
the case of oxatwistane. Thus, cyclization of a bicyclooctene-methanol{4) with
N-bromeosuccinimide (NBS) or Hg(OAc)z/NaBH4 gave only a frontwise cyclized product
with an oxaisotwistane skeleton{5a or 5b, respectively). Photocyclization of 4
did not yield the twisted product{6b) either. Moreover, iodolactonization of a
bicyclooctene-carboxylic acid{7) was also found to give only a y-lactone(B), and

no appreciable crosswise cyclized product, a §-lactone(3a}, which was expected to

be an equivalent synthon for the target system.
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In addition to the unsuccessful results described above, we have alsc investigated
the reaction of methyl bicyclooctene-carboxylate(l0} with halogens according to a
procedure reporteds) to yield both Y- and 6-lactones in the case of dimethyl bi-
cyclooctene-dicarboxylate (11). The lactone obtained by this procedure, however,
wasg principally the Y—lactone(g).s)

The $-lactone(9b) was finally synthesized by an alternative route as outlined

below’) and an attempt to construct the target system(6b} from 3b was made.
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Reaction of trimethylsilyloxy—cyclohexadiene(lg)8) with methyl a-cyanocacrylate was
carried out by refluxing in benzene, followed by treatment with methancl to give
the bicyclol2.2.2]octanone(13, 63% from 12, mp 101-102°C, ir(KBr): 1740, 17é0, nmr
(CDCl3): 3.8(s,3H), 2,7(m,2H), 2.5(t,H}]. Reduction of 13 with NaBH4 in methanol
at 0°C gave an isomeric mixture of alcohols{l4, the main endo-isomer, mp 90-91°C),
which was hydrolyzed with ag. NaOH to give the hydroxy acid(l5}. Treatment of 15

N in toluene yielded the target

with triphenylphosphine-2,2'-dipyridyl disulfide
d-lactone[9b, 70% from 14, mp 198-19%.5°C, ir(CHCl3): 1765, nmr(CDCl3): 4.8(t,H),

2.5(t,2H) ), which was reduced with Ca(BH to give the hydroxy-bicyclooctane-

42
methanol(1l6, oil, FD-Mass, m/e=181). The diol(l6) was subjected to intramolecu-
lar dehydration by heating with p-toluenesulfonyl chloride{TsCl) and pyridine,

but ne cyclized product(6b) could be obtained although the isomeric diol(l7) was
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successfully cyclized under the same conditions to give the oxaisotwistane system
(sb, 60% yield).'?®
Next, the same type of reactions were applied to a bicyclooctene bearing a methyl
group at the 5-position{l9) since it was expected that a carbonium cation would

be induced favorably at the 5-position due to the methyl group.

"0 - zfzm e =T R

CH OH
CO2CH3 2 g H.,OH

5C 19
HC1/ Hg(OAc}2 222
EtOH /NaBH,
o 24
H
g X: -CH,NH, (26)
g CH,0H i A -CONH, (27)
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Thus, the Diels-Alder reaction of methyl cyclohexadiene(iﬁ)ll) with methyl cyano-
acrylate yielded the bicyclooctene as a main product(l9, nmr(CDCl3): 5.7(a,H), 3.8
(s,3H), 3.0(m,H}]. Reduction of 19 with Ca(BH4}2 gave the methanol (20}, which
was subjected to cyclization induced by electrophiles such as NBS or Hg(0AC),.

The reaction of 20 with NBS, however, yielded the frontwise cyclized bromoether (21}
the structure of which was assigned after debromination of 21 to 22 with Bu3SnH.12)
When 20 was allowed to react with Hg(OAc)2 and then treated with NaBH, in dil.
NaOH, an isomeric mixture of the ethers were obtained in 51% yield(the ratio, about
3:2).

The minor isomer was identical with 23,13)

and the major one was assigned to be
the target ether(23) with an oxatwistane skeleton although attempts to separate 23
from the mixture failed.

The target ether{23) could be obtained in a pure form as follows: treatment of 20
with 12N-HC1/EtOH{1l:1l) at 80°C was found to give 23 in 24% yield[23, mp 81-83°C,
nmr(CDCLBJ: 4.1{ad,H), 3.7(4,H), 1.1(5,3H}].14) On the other hand, oxidation of

23 with Cro, (t-BuQ), in CCl,-AcOH-Ac,0 under reflux for 2 hr gave the §-lactone[24

4 2

, 70%, mp 163-166°C, ir(CHCl3): 1765, nmr(CDCl3): 2.47(m,H), l1.46(s,3H)], which
wag reduced with Ca(BHq)2 to give the dielf25, 72%, mp 103-105°C, nmr(CDCl3): 1.3
{s,3H) ).

Unlike the case of 16, crosswise intramolecular dehydration was found tc occur by

refluxing of 25 with TsCl/pyridine to give the target ether (23, 35%).
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Examination of Dreiding models indicates that there would be some significant

difference in conformation between 16 and 25: the most favorable conformer for 25

would be the one(25a) owing to repulsions of the methyl group to the nieghboring

methylene groups, and thus the two hydroxyl groups of 25a would face closely due

to their azxial-conformations. The two hydroxyl groups of 16, on the other hand,

would be comparatively far apart due to their gquesei-equateorial-conformatiocns in

the most favorable conformer for 16. In the course of crosswise etherization of

20 to 23, there would also be a similar steric effect of the methyl group on

conformations

13) in addition to its electronic effect. Thus, the results

obtained here, suggest that the crosswise ring closures in bicyclo(2.2.2)octene

or octane systems are disfavored mainly due to the poor proximity between the

two reaction sites.

16)
1

Modification of the cyano group of 23 in a similar manner as reported before

provided a series of oxatwistane derivatives such as 26[HCl salt, mp 224-226°C

{decomp.)}, 27(mp 110-112°C) and 28[HC1l salt, mp 235-236°C(decomp.)].

17}
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Strictly speaking, the proximity between the two reaction sites in the
transition state is thought tc be important. Thus, the difference between
the cases of NBS and Hg(OAc)Z/NaBH4 in the cyclization of 20 might be
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Hg(OAc)Z, the 1ntermediate would be a more loose bridged ionfor a classical

carbonium ion), loose feature of which would allow both cyclizations leading

to both frontwise and crosswise cyclized products. CHBL‘
~
N
HO (29)
The amines(26 and 2B) were found to have a significant antiviral(influenza A)

activity similar to amantadine, but negligible CNS effects.la)
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