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nm) was employed, the results were the same as in the previous ir-
radiation of 1b in methanol; however, with a Corex filter (A <300
nm), substantial amounts of benzhydryl methy! ether and less oxi-
rane were produced.

The irradiation of 1b in benzene-2-propanol was carried out as
follows. A solution of 1b (0.74 g, 0.002 mol) in 190 ml of dry ben-
zene and 10 ml of 2-propanol was irradiated for 45 min with a
450-W Hanovia (Type L, Model 679A-36) high-pressure quartz
mercury-vapor lamp. After the removal of solvent, crystals of te-
traphenylethylene oxide formed, mp 194-195.5°.

Anal. Caled for CqH20: C, 89.62; H, 5.79. Found: C, 89.37; H,
5.70.

The physical properties of this product were identical in every
respect with those of an authentic sample prepared by the method
of Mosher, Steffgen, and Lansbury.!?” Benzophenone (3), isopropyl
diphenylacetate (5), and 2,2,4,4-tetraphenyloxetan-3-ol (6) were
identified by comparing their NMR and ir spectra and their VPC
retention times with those of authentic samples.
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The reduction of tosylhydrazones with boron hydrides
offers a mild and convenient alternative to the Wolff-Kish-
ner and Clemmensen reductions.2 In the initial reports, it
was observed that «,8-unsaturated systems were reduced
with migration of the double bond.25

NNHTs Q:O\
B—H
o
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NaOQAc-3H,0

L

This migration offers exciting synthetic possibilities such
as the formation of less stable positional isomers (exocyelic
double bonds vs. endocyclic double bonds) and deconjuga-
tion of conjugated double bonds. Indeed these synthetic
manipulations have been recently reported to occur (except
in cyclohexenone derivatives) using sodium cyanoborohy-
dride as the reducing agent.® This report® has prompted us
to report our studies utilizing catecholborane (I) for the re-
ductions of «,8-unsaturated tosylhydrazones.

O\
O
Q
I

We find that catecholborane (I) cleanly reduces the tos-
ylhydrazones of a,8-unsaturated carbonyl compounds, in-
cluding the cyclohexenone derivatives, in high yields. The
catecholborane procedure offers a number of advantages
over the current procedures in that (1) the reaction re-
quires only 1 equiv of hydride (as opposed to 12 equiv in
the NaBH3CN procedure); (2) it is carried out under mild
conditions (temperature below 62°, pH near neutral); (3)
common organic solvents are employed such as chloroform
(as opposed to the DMF_gulfolane system utilized in the
NaBH3sCN procedure); and (4) clean isomerizations are ob-
tained with no alkane formation. The reductions are practi-
cal for sensitive systems since the necessary tosylhydra-
zones are prepared at neutral pH in ethanol.

‘Our results are summarized in Table I. .

The reaction most likely proceeds via the formation of an
unstable diazene intermediate.” A reasonable mechanism is
outlined in Scheme I which is based on analogy to known

Scheme I
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Table I o
Conversion of Carbonyl Reagents to the Corresponding Methylene Derivatives®
Carbonyl reagent? Registry no. Product? Registry no. Yield, %
0
F
@/\/"\ 122-57-6 @A/\ 1560-06-1 79¢
0
@r\J\H 104-55-2 Q/\/ 300-57-2 53¢
' 0
A 141-79-7 /k/\ 4461-48-7 65¢
[0}
Ork 932-66-1 O/\ 1003-64-1 77¢ (61)f
4]
{5\ 78-59-1 7@\ 933-12-0 66d (48)
O
ﬁ\ 7©<De 57325-57-2 66d

aThe carbonyl reagents were first converted to the corresponding tosylhydrazone derivatives. b Products exhibited phys-
ical and spectral parameters in agreement with those of authentic samples and literature reports. ¢ GLC analysis. ¢ NMR
analysis. ¢ NaOAc- 8D,0 utilized rather than NaOAc-3H,0. fIsolated yield.

borane reactions such as the elimination of a borane deriv-
ative when the boron is 8 to an electronegative substitu-
ent.®

The reduction of the tosylhydrazone of isophorone fol-
lowed by decomposition with NaOAc-3D20 led to the for-
mation of 3,5,5-trimethylclohexene-3-d. This result, and

NNHTs L O:O\BH
0/
L ————— D
#ﬁ 2. NaOAe-3D,0 >©<
the observation that the least stable alkene is formed ex-
clusively in a number of instances, strongly support a con-
certed decomposition of the diazene intermediate.® The
available data do not differentiate between an intermolecu-
lar and an intramolecular decomposition however. Control
experiments clearly demonstrate that deuterium-hydrogen
exchange occurs rapidly in both the tosylhydrazones and

the reduced intermediate.!® Consequently ‘it is likely that
deuterium is incorporated prior to diazene decomposition.

T
O
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JBH |
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H N=N—D
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Experimental Section

_.,7@(13

Materials. The reagents, including catecholborane, were ob-
tained from Aldrich Chemical Co. The tosylhydrazones were pre-
pared according to the method of Hutchins®® and exhibited melt-
ing points and spectral characteristics in accord with published
values. 311

General Procedure for Reductions. The reduction of isophor-
one is representative. The tosylhydrazone of isophorone, 2.5 mmol

(0.768 g), was dissolved in 6 ml of chloroform at 0°C. Catecholbor-
ane (2.75 mmol, 0.31 ml) was added and the reduction allowed to
proceed for 2 hr. Sodium acetate trihydrate (7.5 mmol, 1.02 g) was
added and the reaction mixture was brought to a gentle reflux for 1
hr. NMR analysis indicated a 66% yield of 3,5,5-trimethylcyclohex-
ene with no evidence of the corresponding alkane. The products
were isolated via silica gel chromatography and preparative GLC.
All exhibited physical and spectral characteristics in accord with
published values.? :

Preparation of 3,5,5-Trimethylcyclohexene-3-d. The reduc-
tion was carried out as described above except that NaOAc-3D20
was employed:'2 NMR (CDCls) 8 5.47 (m, 2), 1.73 (m, 2), 1.47 (m,
1), 1.35 (m, 1), 0.92 (m, 9); mass spectrum (70 eV) m/e (rel intensi-
ty) 125 (48, M+), 110 (100), 69 (74), 56 (33).
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