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Hydroboration of N-benzenesulfonyl-9-azabicyclo[3.3.11- 

nona-2,6-diene gave 2,6-diols and exo,exo-2,7-diol in 

the ratio of ca. 2.3 : 1, but neither exo,exo-3.7-diol 

nor the products derived from a boraadamantane were 

formed. A marked site-selectivity in the hydroxyla- 

tion was discussed in terms of inductive or spatial 

effects of the N-substituent. 

Cis,cis-cycloocta-l,5-diene usually undergoes a transannular 

ring closure on electrophilic addition reactions.' The reactions 

of bicyclo13.3.11nona-2,6-diene systems have also been reported 2 

to afford heteroadamantane derivatives via the first exo-attack 

of electrophiles and subsequent endo-addition of nucleophiles. 

The hydroboration of bicycloI3.3.llnona-2,6-diene has been report- 

ed3 to afford a boraadamantane via a bisborane adduct, the result 

implying, however, that the first endo-attack of the boron atom 



is involved in the transannular addition. 

In the studies associated with a 3,7-bisfunctionalization4 of 

9-azabicycloI3.3.llnonane systems via hydroboration, we have 

found a predominant exo-attack of the boron without any bridge 

formation between two olefin bonds and a marked regioselectivity 

in the hydroxylation of this bicyclic system. 

Hydroboration-oxidation of N-benzenesulfonyl-9-azabicyclo- 

13.3.11nona-2,6-diene (I) gave three products, exo,exo-2,6-diol 

(IIa), exo,endo-2,6-diol (IIIa), and exo,exo-2,7-diol (IVa), but 

neither exo,exo-3,7-diol (Va) nor the alcohol derived from 3,7- 

endo-addition of the boron was obtained. Their structures were 

assigned on the basis of '~-nmr spectra6 of the corresponding di- 

acetates. The 2.6-diacetate (IIb) showed nmr signals of C2-H 

and C6-H as a multiplet (WL=8Hz) at 6 4.73ppm, and those of two 
2 

acetyl methyls as a singlet at 6 1.8lppm. The diacetate (VIc) of 

endo,endo-2,6-diol (VIb), prepared by N-benzenesulfonylation of a 

known amino alcohol ( v I ~ ) ~  followed by 0-acetylation, showed nmr 

signals of C2-H and C6-H as a multiplet (WL=16Hz),at 6 4.91ppm, 
2 

and those of two acetyl methyls as a singlet at 6 2.04pp3, the feature of 
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which suggests that tmacetoxy groups in IIb were in axial position. 

The 2,6-diacetate (IIIb) showed nmr signals of C2-H and C6-H as a 

multiplet at 6 4.62-4.94ppm, and those of two acetyl methyls as 

two singlets at 6 1.99ppm and 6 2.02ppm. In addition, oxidation 

of IIa or IIIa with Cr03-pyridine gave a 2,6-dione (VII) identical 

with the authentic specimen prepared by oxidation of VIb. In the 

nmr spectrum of 2,7-diacetate (IVb), two acetyl methyls at C2 and 

C7 position appeared as two singlets at 6 1.89ppm and 6 1.97ppm, 

respectively. The C2-H signal appeared as a multiplet (Wi=8Hz) * 
at 6 4.79ppm, and C7-H signal as a multiplet (W~=21Hz) at 6 5.40 

1 

ppm, the feature of which suggests an axial orientation for the C2- 

acetoxy group and an equatorial one for the C -acetoxy group. 
7 
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7 8 In the hydroboration-oxidation of I using triethylamine borane , 
alcohols IIa, IVa and Va were obtained. In the diacetate (Vb), 

the '~-nmr spectrum displayed a singlet at 6 1.98ppm due to two 

acetyl methyls and a multiplet (W1=22Hz) at 6 5.20ppm due to 
2 

C -H and C -H. 3 7 

VIII (39%) (-20%) (27%) 

From the result in the mono-olefinic system (VIII)' shown in 

the scheme, the preferential attack of the boron at C 6  position 

rather than at C7 position in I can be explained in terms of an 

inductive effect1' derived from the electron-withdrawing N-sulfon- 

yl group. However, the selective attack of the boron at the C2 

position may be favored through a six-membered transition state 

(1~)" derived from a participation of the boron and N-sulfonyl 

group. Support for this possible participation might be found 

in the result of the hydroboration of I using mine borane of 

reduced ability in coordination. 

IIa + 
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This is a rare example12 of a failure of transannular bridge 

formations in the electrophilic addition reactions to this diene 

system, and is the first example of a possible role of N-sulfonyl 

group in the hydroboration of azabicyclic olefins. 
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