
HETEROCYCLES, Vol 20, No 1 ,  1983 

AN ENTRY INTO AN OXATWISTANE SYSTEM: INVESTIGATIONS OF CROSSWISE 

RING CLOSURES IN BICYCLO[2.2. 21OCTENE OR BICYCLO[2 .Z .2I OCTANE SYSTEMS~) 

Shun Inokuma, Shigenari Katayama, Kikuo Ishizumi and Junki Katsube* 

Research Department, Phamaceuticals Division, Sumitomo Chemical Co., 

Ltd., Takatsukasa, Takarazuka, Hyogo, Japan 

Abstract--- Crosswise ring closures in bicyclol2.2.2loctene or bicyclo- 

[2.2.Zloctane systems were studied in order to construct an oxatwistane 

frame. An entry into the oxatwistane system could be achieved by 

either crosswise etherization of a methylbicyclooctene-methanol(=) with 

12N-HCl/EtOH or intramolecular dehydration of a hydroxy-methylbicyclo- 

octane-methanol(%). 

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. 2) 

In contrast, synthesis of the corresponding oxatwistane system(?) has not been 

recorded3) although those of azatwistanell) have recently been rep0rted.l) 

Here we wish to describe the first entry into such oxatwistane system and also some 

investigations of crosswise intramolecular cyclizations in bicycloI2.2.2loctene or 

bicyclo[2.2.2loctane~. 

Our previous attempts in the synthesis of oxacage tricyclic systemsla' failed in 

the case of oxatwistane. Thus, cyclization of a bicyclooctene-methanol(+) with 

N-bromosuccinimide(NBS) or H~(OAC)~/N~BH~ gave only a frontwise cyclized product 

with an oxaisotwistane skeleton(% or s, respectively). Photocyclization of 4 
did not yield the twisted product(%) either. Moreover, iodolactonization of a 

bicyclooctene-carhxylic acid(1) was also found to give only a y-lactone(!), and 

no appreciable crosswise cyclized product, a 6-lactonel%), which was expected to 

be an equivalent synthon for the target system. 



In addition to the unsuccessful results described above, we have also investigated 

the reaction of methyl bicyclooctene-carboxylate(10) with halogens according to a 

procedure reported5) to ~ield both y- and &-lactones in the case of dimethyl bi- 

c y c l o o c t e n e - d i c a r b o x y l a t e ( ~ ) .  The lactone obtained by this procedure, however, 

was principally the y-lactone(!). 6) 

The 6-lactone(9&) was finally synthesized by an alternative route as outlined 

below7) and an attempt to construct the target system(€&) from was made. 

Reaction of trimethylsilyloxy-cyclohexadiene(E) with methyl a-cyanoacrylate was 

carried out by refluxing in benzene, followed by treatment with methanol to give 

the bicyclo[2.2.2loctanoneI~, 63% from 12, mp 101-102•‹C, ir(KBr): 1740, 1720, nmr 

(CDCl)): 3.8(s,3H), 2,7(m,ZH). 2.5Lt.H)I. Reduction of 13 with NaBH4 in methanol 

at Ooc gave an isomeric mixture of alcohols(~, the main endo-isomer, mp 90-91•‹C), 

which was hydrolyzed with aq. NaOH to give the hydroxy acid(15). Treatment of 15 

with t r iphenylphosphine-2 .2 ' -d ipyr idyl  disulfide9) in toluene yielded the target 

6-lactonel*, 70% from 14, mp 198-199.S•‹C, ir(CHC13): 1765, nmr(CDC13): 4.8(t.H), 
2.5(t,2H)Ir which was reduced with Ca(BH4)2 to give the hydroxy-bicyclooctane- 

methanol(E, oil, FD-Mass, m/e=181). The diol(E) was subjected to intramolecu- 

lar dehydration by heating with p-toluenesulfonyl chloride(TsC1) and pyridine, 

but no cyclized product(@) could be obtained although the isomeric diol(g) was 
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successfully cyclized under the same conditions to give the oxaisotwistane system 

, 60% yield) .lo) 

Next, the same type of reactions were applied to a bicyclooctene bearing a methyl 

group at the 5-positionl~) since it was expected that a carbonium cation would 

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

Thus, the Diels-Alder reaction of methyl cy~lohexadienel~)~~) with methyl cyano- 

acrylate yielded the bicyclooctene as a main productlE, nmr(CDC1 ) .  5.7(d,H), 3.8 3 ' 

Is.3H). 3.0 1m.H) I. Reduction of 19 with Ca(BH4) gave the methanollg) , which 
was subjected to cyclization induced by electrophiles such as NBS or H~(OAC)~. 

The reaction of 20 with NBS, however, yielded the frontwise cyclized bromoetherlg) 

the structure of which was assigned after debromination of 21 to 22 with Bu3SnH. 121 

When 20 was allowed to react with H ~ ( O A C ) ~  and then treated with NaBHq in dil. 

NaOH, an isomeric mixture of the ethers were obtained in 51% yieldlths ratio, about 

3:2). 

The minor isomer was identical with =,I3) and the major one was assigned to be 

the target ether121 with an oxatwistane skeleton although attempts to separate 2 
from the mixture failed. 

The target etherlz) could be obtained in a pure form as follows: treatment of 20 

with 12~-~cl/~t0~(1:1) at 80'C was found to give 2 in 24% yieldfz, mp 81-83-C, 

nmr 1CDCl3) : I.l(dd,H). 3.7 1d.H). l.lls,3Hl 1 .  14) On the other hand, oxidation of 

23 with Cr02(t-BuO)2 in CC1 -AcOH-Ac 0 under reflux for 2 hr gave the 6-lactonel24 - 4 2 

, 70%, mp 163-166Oc, ir(CHC13): 1765, nmr(CDCl31: 2.47Im.H), 1.46Is,3H)l, which 

was reduced with CalBH4)2 to give the d i o l f ~ ,  72%. mp 103-105'C. nrnrlCDC131: 1.3 

IS.3H)l. 

Unlike the case of 16, crosswise intramolecular dehydration was found to occur by 
refluxing of 25 with TsCl/pyridine to give the target ether ( 3 ,  35%). 



Examination of Dreiding models indicates that there would be some significant 

difference in conformation between 16 and 25: the most favorable conformer for 
would be the one(%) owing to repulsions of the methyl group to the nieqhboring 

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

to their axial-conformations. The two hydroxyl groups of 16, on the other hand, 
would be comparatively far apart due to their quasi-equatoriot-conformations in 

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

20 to z, there would also be a similar steric effect of the methyl group on - 
 conformation^^^) in addition to its electronic effect. Thus, the results 

obtained here, suggest that the crosswise ring closures in bicyclol2.2.2loctene 

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

two reaction sites. 161 

Modification of the cyano group of 23 in a similar manner as reported before 1 I 

provided a series of oxatwistane derivatives such as Z(HC1 salt, mp 224-226'C 

(decamp.)], c(mp 110-11Z9C1 and 28[HC1 salt, mp 235-2369C(decomp.ll. 171 - 
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