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VIA STEPWISE RING FISSION OF 5-ALKYL-6,8-DIOXABICYCLO[3.2.1]0CTANE SKELETON 
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Summary: 5-Alkyl-7-mesyloxymethyl-6,8-dioxabicyclo[3.2.l]octanes, prepared 
from (+)-tartaric acid, were converted by means of an organoaluminium reagent 
Et2AlSPh into the pyranoid monothioacetals, which were utilized via the succes- 
sive thioacetalization to the synthesis of the insect pheromones (+)-disparlure 
and (-)-(2S,3S)-octanediol. 

Tartaric acid (I R=H) is one of the few compounds, of which both enantio- 

mers are readily available, and recognized as an ideal source of chiral build- 

ing blocks particularly for the synthesis of chiral 1,2-diols and related 

compounds of type (II) including hydroxylactones, aminoalcohols, and epoxides. 1) 

In the previous papers, 2) we have reported a novel method for transformation 

of tartaric esters (I R=Me, Et) to 6,8-dioxabicyclo[3.2.l]octanes of type (III), 

synthetic versatility of which has been demonstrated by successful conversions 

into the pyranoid natural products. Although several solvolytic methods for 

the ring opening of the 5-unsubstituted bicyclic systems (III Rl=H) to lead to 

the functionalized pyranoids of type (IV R1=H) have been well known in the 

field of 1,6-anhydrohexopyranose chemistry, 3) there has been no report, to our 

best knowledge, of successful ring opening of the S-substituted ones (III R1= 

Carbon Substituent) providing selectively the pyranoids (IV Rl=Carbon Substi- 

tuent) except the reductive cleavage. 4) 

X X 

(1) * chiral center (11) (WH (IV) o-z 

In the context, after the extensive trials devoted to transacetalization 

of 5-alkylated bicyclics (III Rl=Alkyl),') we have attained an initial goal 

thereof and wish to report herein the monothioacetalization of 55alkyl-7- 
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mesyloxy-6,8-dioxabicyclo[3.2.l]octanes (3 using an organoaluminium reagent 

Et,AlSPh@ to afford the pyranoids (3 which are recognized as the selectively 

functionalized, protected, and homologated building blocks derived from (+)- 

(R,R)-tartaric ester (lJ and which were utilized to the enantiospecific synthe- 

sis of (ZS,SS)-octanediol (l&, the sex pheromone of a grape borer Xylotrechus 

pyrrhoderus, 7, (2S,3R)-Z-benzyloxy-3-hydrazononane (a), a synthetic inter- 

mediate for (+)-erythro-9-(ZS-hydroxy-3R-nonyl)adenine [(+)-EHNA] of potent 

inhibitory activity of enzyme adenosine deaminase, 8) and (+)-(7R,8S)-disparlure 

(lJ), the sex pheromone of a gypsy moth Porthetria dispar.') 

The 5-alkylated bicyclics (4a-4d) were prepared starting with (+)-(R,R)- 

dimethyl tartrate (2 and f-arylzlgnyl ketone dimethylacetals (2J by way of 

the chemoselective reductive desulfonylation of 5-alkyl-3-arylsulfonyl-7- 

mesyloxymethyl-6,8-dioxabicyclo[3.2.l]octanes (3 according to the reported 

method in 5 steps. 2a,c) All the attempts for the monothioacetalization of the 

bicyclic compounds (&) using thiophenol (PhSH) and Lewis acid (BF3-Et20 and 

A1C13) were in vain. 

S02Ar 
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a: Rl=Me 
& X=S02Ar 

b: Rl=Et 4 X=H 

c: R1=i-Pr Ar: Ph, To1 

d: 
1 

R =n-C6H13 

a: 78% (at 0 "C) 

b: 76% (at -10 "C) 

c: 87% (at -7Om-20°C) 

d: 89% (at -10 "C) 

Recently, the powerful nucleophilicity of the organoaluminium reagent of 

type R2A1X (X=OR', NRt2, and SR') on reaction with the oxygen-functionalities 

(esters, epoxides, and oximesulfonates) have been disclosed. 6) We examined 

in turn the reaction of the intramolecular bicyclic acetals (3 with diethyl- 

aluminiumthiophenoxide Et2AlSPh aiming at the monothioacetals of type (5J. 

Thus, dropwise addition of a toluene solution of Et2AlSPh (1.2 equiv) to a cold 

(0 "C) solution of % in toluene under nitrogen followed by stirring the 

mixture for 30 min at the temperature gave in 78% yield the desired monothio- 

acetal (s as a diastereoisomeric mixture after the usual work up and purifi- 

cation. Other 5-alkylated bicyclics (4u were also transformed in high 

yields (76--89%) to the corresponding pyranoids (5&QJ by the same reaction 

at the low temperature (-low-70 "C). 

Having made this realization, we embarked on a program to transform the 

pyranoids (5J to the biologically active 1,2-diol (&) and related compounds 
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(lJ,) and (a). The monothioacetals (2) were converted in high yields (66- 

81%) to the epoxides (a upon treatment with K2C03 in MeOH (0 'C/l h). For 

6~ and 6b, reduction with LiAlH4 in Et20 (0 'C/l h) yielded the alcohols (W 

(96%) and (J,) (94%), respectively. On the other hand, the epoxide (&,) was 

alkylated by a Grignard reagent n-CgHlg MgBr in the presence of a catalytic 

amount of CuBr in THF at -40 OC for 1.5 h to give in 77% yield the alcohol ($), 

which has the whole carbon chain and the requisite configuration for the 

synthesis of (+)-disparlure (3). 

PhS 

L Rl=Me 

8 R1=Et 

CgH19 R1 

1 

(+)-EHNA 

l& R;=n-C5Hll, R=H 

13 R =n-C6H13, R=Bn 

R- 

R- 

OBn 
X_ R=Ph 

l'J R-R= CH2CH2 
Bn: CH2Ph 

In the preliminary experiment, the alcohol (2 was converted upon treat- 

ment with an excess of PhSH in the presence of an equiv of A1C13 (CH2C12/0 "C/ 

1.5 h) into the acyclic thioacetal (2) in 71% yield, and the alcohol (3, 

after the OH-protection with benzyl ether, was led to the thioacetal (jll) in 

68% yield under the same reaction conditions. The pheromone (-)-(2S,3S)- 

octanediol (2) ([d],-15.8" (c=1.20, CHC13))was obtained by desulfurization of 

2 with Raney-nickel (W-2) (EtOH/20 "C/30 min) in 70% yield.1') The thioacetal 

(2) was transformed also to the diol monobenzyl ether (lJ) in 72% yield, from 

which the known azide (8) ([&I,+11.30 (c=O.76, CHCl,))l') was obtained in 85% 

yield by the modified Mitsunobu reaction 11) (HN3/Ph3P/diethyl azodicarboxylate/ 

benzene) with inversion of configuration at the C(3) position. The azide (.l& 

was used as the optically active aliphatic part for the synthesis of (+)-EHNA 

by Abushanab and coworkers. 8) 

Attempted solvolysis of the benzyl ether (JJ), derived from the alcohol 
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w ’ 
using PhSH with AlC13, however, afforded the desired thioacetal (s) as 

the minor product and the major one was the corresponding diol, debenzylated 

product of l&. Ethanedithiol was used in turn in place of PhSH in the reaction 

(AlC13 (1 equiv)/CH2C12/0 'C/30 min) of ?& to furnish successfully the ethylene- 

thioacetal (u) in 77% yield. Consecutive manipulation of u involving 

desulfurization (Raney-nickel/67% yield), tosylation (TsCl/pyridine/ZO 'C/Z d/ 

78% yield), and debenzylation by catalytic hydrogenation using palladium black 

(EtOH/ZO 'C/94% yield) provided the diol monotosylate (8) as a crystalline 

compound (mp 40-42', [d]D-ll.9O (c=2.56, CHC13)) which was identified with the 

authentic compound (mp 41.0-41.5', [d]D-12.3' (c=2.0, CHC13))gb) by spectral 

comparison. Present synthesis of the diol monotosylate (Q,) comprises the 

synthesis of optically and biologically active (+)-(7R,8S)-disparlure (8) 

since Mori and coworkers achieved the epoxidation of 5& providing u. 9b) 
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