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The preparation'—¢ and reactions®~!! of lithium
alkoxyaluminum hydrides have been extensively stud-
ied in recent years. Considerable useful synthetic in-
formation has been obtained, but the mechanisms of
such reductions are not well understood. Empirical
rules have been developed for such reactions, but ex-
ceptions to these rules exist.

The selectivity of a complex metal hydride as a
reducing agent depends largely on its steric bulk; a
larger hydride molecule is expected to give a higher
vield of produects resulting from attack at the least
hindered side of an asymmetric molecule. As expected
from this, lithium trimethoxyaluminum hydride is more
selective than lithium aluminum hydride. However,
this presumably less bulky methoxy compound is also
more selective than the corresponding tert-butoxy
hydride in a wide range of systems.>' The results
obtained by Brown and Deck, and by Haubenstock
and Eliel,’ are summarized in Table I.

The failure of lithium tri-tert-butoxyaluminum
hydride (I) to follow the usual pattern has been attrib-
uted to a change in reaction mechanism. It has been
suggested® ¥ that di-teri-butoxyaluminum hydride (II)
is involved as the actual reducing species, as in the
following eq 1 and 2.

LiAIH (O-tert-Bu)s === HAL(O-tert-Bu)s + LiO-tert-Bu (1)
I II

HAI(O-tert-Bu): + ketone —> products 2)

The infrared spectra in solution and the reducing
characteristics of independently prepared I and II
were compared, and evidence was obtained which is
incompatible with this hypothesis. The infrared spec-
tra of the two hydrides, at a concentration of 0.3 M
in THF solution, were obtained and compared. It was
found that the aluminum-hydrogen stretching band
of II appeared at 1860 em~—!; the same band in I ap-
peared at 1760 em~!, and no shoulder or weak band
was visible at 1860 em~!. This experiment indicates
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TasLe 1
ReactioN oF Cycric aAND Bicycric KETONES
% less
stable
Ketone alcohol
reduced Reducing agent in product Note
3,3,5-Trimethyl- LiAlH, 52 a,c
cyclohexanone LiAlH(OMe)s 75 a,c
LiAIH(OEt)s 83 a,¢
LiAIH(O-¢-Pr)s 54 a,c
LiAIH(O-tert-Bu)s 73 a,c¢
Norcamphor LiAlH, 89 b,d
LiAIH(OMe); 98 b,d
LiAIH(OEt)s 85 b,d
LiAIH(O-fert-Bu)s 93 b,d
Camphor LiAlH, 92 b,e
LiATH(OMe)s 99 b,e
LiAIH (O-tert-Bu)s 93 be
Isopinocamphone  LiAlH, 89 b,e
LiATH(OMe)s 98 b,e
LiAIH (O-tert-Bu)s 84 b,e
2-Methylcyclo- LiAlH, 24 b,f
pentanone LiAIH(OMe): 44 b,f
LiAIH(OEt)s 23 b,f
LiAIH(O-tert-Bu)s 28 b,f
2-Methyleyclo- LiAlH, 24 b,f
hexanone LiAIH(OMe): 69 b,f
LiAIH(OEt)s 26 bf
LiAIH (O-teri-Bu)s 30 b,f
2-tert-Butyleyclo- LiAlH, 58 b,f
hexanone LiAIH(OMe)s 64 b,f
LiAIH(O-tert-Bu)s 54 b,f
* Reference 5, ether solvent. ? Reference 10, THF solvent.

¢ Unstable aleohol is trans. ¢ Unstable alechol is exo. ¢Un-

stable alcohol is endo. / Unstable alcohol is cis.

that the equilibrium concentration of IT in I is less
than 19,.

This experiment does not rule out the possibility
that II, while present in very low concentration, reacts
with ketones so much faster than I that it is the primary
reacting species. To test this hypothesis, it was de-
cided to compare the stereoselectivity of I and II in the
reduction of eyelic and bieyelic ketones. The ketones
chosen for this purpose were 2-methyleyclohexanone,
3,3,5-trimethylcyclohexanone, norcamphor, and cam-
phor.

Reductions were carried out at 0° in THF solution.
The samples were hydrolyzed after 2 hr of reaction, and
the yields of alcohols and recoveries of starting material
were determined by vpe. These data are given in
Takle II. It can be seen that the stereoselectivity
differs significantly in several cases. Since all the re-
ductions were carried out under the same conditions,
the recoveries of starting material and yields of total
alcohol may be used as rough kinetic data; these show
that the two hydrides reduce ketones at similar rates.
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Figure 1.—Association of lithium trialkoxyaluminum hydrides in
tetrahydrofuran.

TasLr 11

SELEcTIVE REDUCTION OF KETONES USsING
LiAlH (O-tert-Bu)s anp AlH (O-tert-Bu):
%% starting

% total material

alcohol recovered % unstable
Hy-  yield using using isomer using

dride I I1 I I I II

2-Methyleyclo- a 45 52 55 35 36 56
hexanone b 98 71 0 0 38 54
3,3,5-Trimethyl- a 94 45 1 40 93 74
cyclohexanone b 88 93 0 0 95 80
Norcamphor a 47 40 48 59 94 90
b 094 89 0 4 95 93

Camphor a 15 11 81 89 94 75
b 33 41 58 60 94 80

¢ 1.5:1 molar excess of hydride used. ?4.5:1 molar excess of

hydride used.

If the concentration of II is less than 19 of that of I,
the rate of reduction by II must exceed that of I by at
least a factor of 100 for IT to be the major reducing
species. It may therefore be concluded that the dis-
proportionation reaction proposed® is not responsible
for the lesser stereoselectivity of I.

An alternative explanation for the order of selec-
tivity of the lithium trialkoxyaluminum hydrides is
suggested by the association data obtained for these
compounds in THF solution. These data are shown in
Figure 1. It was found that lithium trimethoxyalumi-
num hydride displays an increasing degree of associa-
tion with increasing concentration, while I is monomerie
over the same concentration range. The parent com-
pound, lithium aluminum hydride, displays intermedi-
ate characteristics. All other factors being equal, a
tert-butoxy compound is expected to be bulkier than a
methoxy compound, but dimerization and higher polym-
erization of the methoxy compound may produce a
reducing agent bulkier than the monomeric LiAl(O-
tert-Bu) H.

In order to test this conclusion further, the stereo-
selectivity of LiAl(OMe)sH and LiAl(O-tert-Bu)sH
toward 2-methyleyelohexanone was evaluated as a
function of concentration. Since LiAl(O-tert-Bu)sH
appears to be monomeric over a wide concentration
range (Figure 1), the ratio of aleohols produced on
reduction of 2-methyleyclohexanone should not vary
with concentration of the hydride reagent. On the
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other hand, if association of the reagent is important,
g significant change in the ratio of aleohols should be
observed as a function of concentration with LiAl-
(OMe)sH, since the association of this hydride does
change with concentration. The data in Table III

TasrLe I11

Errzor oF HyprRIDE CONCENTRATION ON THE
RepucTioN oF 2-METHYLCYCLOHEXANONE

i nm— % less stable isomer—————
Molal conen LiAl(O-tert-Bu)sH LiAl(OMe)sH
0.01 23 28
0.10 25 61
0.30 25 62
0.50 26 63

show clearly that the formation of the less stable alecohol
remains essentially constant over a 50-fold change in
concentration when LiAl(O-tert-Bu);H is used whereas
the formation of the less stable alcohol changes signifi-
cantly in the concentration range where the association
of LiAl1(OMe)s;H changes the most (0.01-0.1 M).

The results of these studies indicate clearly that the
steric requirement of a hydride cannot be judged by its
empirical formula, but rather molecular association
studies are required in order to determine its molecular
aggregation in solution at the concentration at which
it is being employed as a reducing agent.

Experimental Section

Materials.—Tetrahydrofuran was purified by distillation from
sodium aluminum hydride under a nitrogen atmosphere. Metha-
nol was purified by distillation from magnesium turnings under
& nitrogen atmosphere. tfert-Butyl alecohol was purified by frac-
tional crystallization. The liquid ketones, 2-methyleyclohexa-
none and 3,3,5-trimethyleyclohexanone, were purified by vacuum
distillation; the solids, norcamphor and camphor, were purified
by sublimation under vacuum.

Lithium aluminum hydride solutions in THF were prepared
by stirring slurries for 2 days, followed by removal of solids by
filtration. Sulfuric acid (1009 ) was prepared from water and
fuming sulfuric acid. Aluminum hydride was prepared by the
addition of 1009 sulfuric acid to the lithium aluminum hydride
solution, followed by removal of the*precipitated lithium sul-
fate.!! Lithium trimethoxyaluminum hydride and lithium tri-
tert-butoxyaluminum hydride were prepared by the slow addition
of the respective alcohols to the lithium aluminum hydride solu-
tion.t Di-~tert-butoxyaluminum hydride was prepared by the
slow addition of fert-butyl aleohol to the aluminum hydride
solution.!?

Aluminum was determined by complexation with EDTA and
back titration with zine acetate. Active hydride was determined
with a Toepler pump by measuring evolved hydrogen after
hydrolysis.

Reduction Procedure.—A 23-ml flask, containing a magnetic
stirring bar and fitted with a septum stopper and two syringe
needles as nitrogen inlet and outlet, was flamed out to remove
residual oxygen and water. In the comparison of LiAl{O-tert-
Bu)H and Al(O-tert-Bu)H, 5 ml of a 0.213 M solution of the
ketone in THF was added. The flask was cooled to 0°, and a
sufficient amount of the hydride solution was then added by
syringe to provide the desired excess. In the comparison of
relative yield vs. molal concentration, a solution of the desired
molality was added to the reaction flask and cooled to 0°. A
small sample of 2-methylcyclohexanone was then added by
syringe, with vigorous stirring. The volume of ketone was in all
cases less than 39, of that of the hydride solution. After 2 hr,
the reaction mixture was hydrolyzed using 5 ml of saturated
aqueous ammonium chloride solution. The internal standard
for vpe analysis was then added and analyses were carried out.

(12) K. Suchy, Dissertation, University of Munich, Munich, Germany,
1966, working under H. Noth.
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A diglycerol column at 90° was used to separate the products of
the 2-methyleyclohexanone reduction, and a Carbowax 20M
column at 125° was used to separate the products in the cases
of 3,3,5-trimethylcyclohexanone, norcamphor, and camphor.

Association —The determination of the association of air- and
moisture-sensitive compounds by ebullioscopic techniques is
described elsewhere.1®1¢ The association studies were carried out
in tetrahydrofuran at a pressure of 740.0 mm.

Registry No.—I, 17476-04-9; II, 15649-65-7; LiAl-
(OMe);H, 12076-93-6; 2-methylcyclohexanone, 583-
60-8.
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In the course of detailed analyses of coffee coneen-
trates, a substance with the empirical formula C;H30S,
but of unknown constitution, was isolated.! In the
present paper we outline work on the strueture and
synthesis of this aroma constituent which we have
named kahweofuran (Arab. qahweh, coffee).

The infrared spectrum shows no absorptions which
could be asceribed to hydroxyl, mereapto, or carbonyl
functions, and it was concluded that both oxygen and
sulfur atoms are part of heteroeyclic rings. The much
more revealirg nuelear magnetic resonance spectrum
exhibits a one-proton signal at § 6.91 ascribable to a
proton attached to either o or 8 position of a thiophene
ring or to the a position of a furan ring.? No other
aromatic protons are discernible and the unknown con-
sequently is a trisubstituted furan or thiophene. One
of these substituents is a methyl group and the chemical
shift of the three-proton singlet (52.17) agrees best with
the presence of a 2-methylfuran or a 3-methylthio-
phene.? The remaining two substituents are part of a
five-membered ring containing two carbon and one
heteroatom. Resonances caused by protons attached
to these two carbon atoms appear as a A»B; pattern and
comparison of the low-field signals centered at & 3.57
with those present in the spectra of tetrahydrofuran and
tetrahydrothiophene strongly suggest the presence of
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the latter part structure.* Structure 1 tentatively gen-
erated by these arguments receives further support from
the fact that the furan proton in 1 couples to the high-

S

(0]
1

field methylene protons with J = 1.5 Hz in full agree-
ment with the situation encountered previously in
3-methylfuran where benzylic coupling to H; is 1.2 Hz,
while coupling to H; is only 0.5 Hz.5

More definitive evidence in favor of structure 1 for
kahweofuran was provided by synthesis. Condensation
of 3-ketotetrahydrothiophene (2)¢ with ethyl acetate in
the presence of sodium hydride gave a mixture of
B diketones, containing 85% 2-acetyl-3-keto-tetrahy-
drothiophene (3 and 4) and 159 isomer 5. The
ultraviolet absorption maximum (286 mu) of the minor
isomer 5 is strikingly similar to that of 2-acetyleyeclo-
hexanone’ in both neutral and basic solution, while that
of the desired isomers 3 and 4 is shifted to 353 mu and
shows no bathochromic displacement on addition of
bhase. Nuclear magnetic resonance spectra in carbon
tetrachloride solutions revealed isomer 5 to be com-
pletely enolie, while the desired intermediate is a mix-
ture containing 809, enol 4 (or its tautomer) and 209,
diketone 3.

qvl%:kﬁoi

5
CHZOCHS CH,0CH /EE
2 3

Before proceeding with a discussion of the synthesis,
it should be pointed out that the preferential formation
of the 2-acetyltetrahydrothiophenes 3 and 4 was antic-
ipated because the intermediate carbanion leading to
2 substitution is stabilized by the 3d orbitals of the
neighboring sulfur atoms®® as well as by the carbonyl
group. In analogy to the essentially quantitative al-
kali-catalyzed hydrolysis of 2-acetyleyclopentanone to
s-acetylvaleric acid,® we anticipated an organometallie
reagent to preferentially add to the cyelic carbonyl fune-
tion in 3-4. In fact, the addition of methoxymethyl
magnesium chloride!! yielded a mixture of adduets con-
taining two parts of the diastereomeric hydroxy ketones
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