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Abstract- Hydroboration and cyanidation of 1,4-diene 1 afforded bicyclic
compounds 2 (trans) and 3 (cis). Beron annulation of diene 7 (R:CH3) yielded
cis and trans decalones, Simple and competitive hydroboration of 1,4-dienes

1 and 1(R=CH3 and S5¢) were analyzed for regio- and stereoselectivity.

We have begun an investigation to further extend boron annulation as a technique for carbo-
cyclic synthesis!. The success of this procedure is dependent upon control of stereoc and elect-
ronic factors of the participating olefins. Boren annulation with dienes of type I readily form
trans-bicyclic ring systems due to (1) the distinct reactivity differences of olefin-a over-b with.
boron hydrides and (2) the intrameclecular addition of boron and hydrogen to olefin b.2 Recently
we have prepared a series of prognosticative dienes (type II), the olefins of which were much

closer in reactivity relative to hydroboration tham in the type I system. It was hoped that by

modifying the annulation diene, cis bicyclic ring systems would become available.
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The initial experiments were directed at diene 1 that is readily available from Hagemanns
ester as shown in Scheme I. Hydroboration® and cyanidation® (NaCN, TFAA, H,0,-NaOH) of 1 gave two
ketonic products (2, 3)in the ratio of 2 to 5 (25% total yield) and a diel which was subsequently
identified as 4 (22%). The minor isomer was identified as trans-decalone 2 by spectral means and

comparison to am authentic sample.® The major isomer was presumed to be the monoketal
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singlet and doublets}. Variation of the cyamidation procedures (NaCN, Ph- »° , B br, NaOH-Yg0z)
P cl 2

of cis-hydrindanedione 3 based on ir (ACHC13:

max : 1.01+0.77 overlapping

1735 cm 1) and pmr (6
improved the yields of the ketonic products (50%) altering the 2 to 5 ratio to 3 / 2. Seemingly
the cyanidation procedure leading to 2 is slower than for 3.% Supportive of this observation was
the isolation of decreasing amounts of diol 4 and no 5 from these latter cyanidation reactions.
The hydrindane structure (3) was assigned by hydroborating 1%, This yielded two isomeric diols 4
and 5 (3 / 1 respectively, 90% total). Diol 5 (and therefore hydrindane 3) could be assigned to

the “cis”- series of compounds due to the pmr differences relative te a comparison sample of

isomeric traas-diol 6 prepared by independent routes.?
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a. HpB-R®, THF, ~B0°+RT; b. NaCN, TFAA, H,0,~NaOH; c. Hy0,/NaOH/Hp0

The trans system-2 is formed from 1 by two possible reaction paths: (1) Attachment of H,BR

to olefin-a first then intramclecular delivery of boron hydride to olefin-b andfor (2) addition to

the o-face of olefin-b, followed by addition to oclefin-a at its terminus. The cis-system must

come from addition to the B face of olefin-b first, then addition to olefin-a to form the "preferred”
5-membered ring.®
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In order te form more cis-bicyclic compounds, initial addition te eolefin b, first must be
maximized. Therefore dienes 7 and 9, with varying substitution that would hinder or deactivate
olefin a relative to b, was prepared by modifying the dieme } prepasration of Scheme I.10 Hydro-
boration andfor boron ammulation on these wmodificd dienes was conducted with reversal of the cis,
trans ratios observed with diene 1. Diene 7 (Scheme II) afforded all four of the expected decalin
stereoisomers with the cis series predominating 3 to 1 (80% yield).!! Diene 9 (R=SPh, Scheme
1I)!2 was observed to give some B-cleavage of the thiophenyl group on hydroboration and cyanida-
tion, Rather than pursuing cyanidation or carbonylation on a mixture of borom containing interme-

diates, the simple hydroboration of § was analyzed. Reduction of all such hydroboration
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products (10 and 11) fermed cis ketsl 12,13
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The relative competitiveness of olefins a and b in 1 and 7 were teated based on reactivity

In diene 1, pmr aliquots showed the ratio of addition to olefin-a relative to b of

towards 9-BBN.
Where as in 7 the ratio of

3 to 1 which is consistent with the products found (vide supra).

reaction of a to b was 1 to 3.
Scheme [
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a. TsOH, Phi, HOCH,CH,OH, A; b. LAH, RT, ether; c.CH,C(OCH,CH,),, 4; d. NaH, (CH,),NC-CI,THF;
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Scheme I1I
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a. CHaCH,C(OCHsCHg) s, A; b. LAH, RT, ether; c. NaH, (CHg),NC-Cl, THF; d. 300°.
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a. Lithium 1sopropy1cyc]ohexy1am1de diphenyldisulfide; b, LAH, ether, RT:

c. PPh3/CC14, potassium t-butyl alcohal.
The variation of substitution on olefin & in type II dienes predictably alters the regio-
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selectivity of initial hydroboration. Once the initial hydroboration has occurred, the stereo-
chemical outcome of the second hydroboration is determined. Thus cis or trans bicyclic systems
can easily be formed with good stereoselectivity by controlling olefin substituents in cyclic
systems: These initial successes have spurred us to attempt additional natural product synthesis

by boron annulation.
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10. Diene-]7 was prepared analogous to diene 1, Scheme I, using triethyl orthoproprionate in place
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of triethyl orthoacetate. Diene 9 was prepared by sulfenylating the ketal ester of Scheme I
according to the method of Trost!® followed by reduction (LAH) and elimination; see Scheme
II.

Compari;on samples of trans-decalins Bb and 8c were prepared from the 1,0-methyl-a%75-8,
8- (ethylenedioxy)-3-octalone and 1,B-methyl-A%’5-8 8-(ethylenedioxy)-3-octalone, respec~

tively, using the methods of R. M. Coates and J. E. Shaw, J. Amer. Chem. Scc., 1970, 32, 5657

and C. J. V. Scanio and R. M., Starrett, J. Amer. Chem. Soc., 1971, 93, 1539. Cis-octalone 8a
was prepared from 1,0-methyl-A%’5-8,8-(ethylenedioxy)-3-octalonel® by hydrogenation (Pd/C).
Removal of aliquot after hydroboration showed no vinyl protons. Addition of sodium hydroxide
and hydrogen peroxide caused elimination of the thiophenyl group forming the monesubstatuted
olefin 10.

The major product of hydroboration is elefinic alcohel 10 which is isomeric to the trans
structure prepared by T. Kametani, et. al., reference 7. Raney Nickel reduction of 11 gave
the same product as catalytic hydrogenation of 10.
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Compounds 10 and 11 were separated and converted to 12, 10 with Hp-Pd/C and 11 with Hp—Raney

Nickel.
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