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planar perpendicular

TMP hydrazones and amidines display single NMR sig-
nals, even when the rotation is slow on the NMR time
scale, because of the change of symmetry. On the other
hand, we found that the ring carbons C-2,6 and C-3,5 of
the TMP—N==8=0 compound 4 become doublets, as in
2 and 3 (Figure 1). This means that the NSO moiety is
still coplanar to the dynamic plane of the TMP ring
(planar formula above), despite the large steric crowding.
The conformational behavior of 4 is thus similar to that
of the corresponding triazenes,'® amides,'® and N-nitroso
amines®5!! that remain planar and different from that of
the corresponding hydrazones®%!! and amidines!® that
become perpendicular.

It is also noteworthy to observe that the AG* for NN
rotation in 4 is equal to that of 3, although there are, now,
two methyls axial and two equatorial. The molecule,
therefore, should experience not only the axial-axial re-
pulsion but also the equatorial-substituent repulsion. To
understand why the latter effect does not reduce the AG*
of 4 with respect to 3, it might be argued that the TMP
ring in 4 is a twisted chair, rather than a chair. In this way,
in fact, both the axial-axial and equatorial-substituent
repulsions can be, in part, relieved. This behavior parallels
that observed in two similar situations®#1° (i.e., TMP—
N=N—Ph and TMP—N=NO).

In order to check whether this distorted conformation
still allows distinction of the pseudoaxial from the pseu-
doequatorial methyls, we recorded the spectrum of 4 at
the lowest attainable temperature. As shown in Figure 1,
at ~151 °C the four methyls yield four different signals.
In fact, each pair of syn and anti methyls is now split
further in two, because they are either in a pseudoaxial or
in a pseudoequatorial situation.

The AG* measured for the ring reversal process in 4 is
6.0 = 0.2 kcal mol™!, a value smaller than that of the un-
substituted 2,2,6,6-tetramethylpiperidine (i.e., 8.0 kcal
mol™).% This might depend not only on the sp? contri-
bution given to the ring nitrogen by the conjugation with
NSO but also on the twisted arrangement that seems to
lower further the barrier to ring reversal.

Experimental Section

The synthesis of derivative 2 has been previously reported:?
the other compounds were obtained with the same method.132
The hydrazines needed for the synthesis were prepared according
to the literature.®$1! The new compounds were identified by mass
spectroscopy, and the expected molecular weights were obtained:
1, m/e 132 (M*); 3, m/e 174 (M*); 4, m/e 202 (M*),

The IR spectra also showed the typical’® NSO bands: »,, in
the range 1170-1185 em™ (w) and », in the range 1080-1090 cm™
(vs). The 13C NMR spectra gave the expected number and type
of carbons: 1, 55.0 (C-2,5), 23.3 ppm (C-3,4); 2, 57.8 ppm (C-2,6);
26.0 (C-3,5), 23.7 ppm (C-4); 3, 59.9 (C-2,6), 30.0 (C-3,5), 19.3 (Me
2,6), 13.0 ppm (C-4); 4, 64.0 (C-2,6), 40.6 (C-3,5), 29.1 (Me-2,2,6,6),
16.9 ppm (C-4).

The elemental analysis of the three unknown products gave
the following results. Found for 1: C, 36.2; H, 6.2; N, 21.1
(C,HgN,SO requires: C, 36.3; H, 6.1; N, 21.2). Found for 3: C,
48.4; H, 84; N, 16.0 (C;H ;NSO requires: C, 48.2; H,8.1; N, 16.1).
Found for 4: C, 53.5; H, 9.2; N, 13.7 (C;H,3N,SO requires: C,
53.4; H, 9.0; N, 13.8).

(20) Kanamueller, J. M. J. Chem. Eng. Data 1970, 15, 356.

The samples for running the low-temperature NMR spectra
of compounds 2-4 were prepared by connecting a 10-mm tube,
containing the compound, to a vacuum line; the gaseous solvents
were then condensed in by means of liquid nitrogen. The tubes
were subsequently sealed off and introduced into precooled probe
of the spectrometer.

The temperature was monitored by a thermocouple inserted
in a dummy tube before or after the spectral acquisition. The
AG* values were obtained for each compound at the various
coalescence temperatures (see text) and the values averaged. In
the case of 1 where the shift difference between carbons 2 and
5 is almost equal to that between carbons 3 and 4 there is a single
coalescence temperature (-28 °C; see Table I). Therefore, to
obtain additional data, we carried out a line-shape analysis at three
different temperatures, and the averaged values were found to
lie, as in the other cases, within +0.1 kcal mol™. The spectra were
recorded at 25.16 MHz (Varian XL-100) in the FT mode with
a F external lock.
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Although in the past decade considerable efforts have
been devoted to the development of the hindered alkali
metal trialkylborohydrides which allow stereoselective
reduction of cyclic and bicyclic ketones,? there are rela-
tively few reports in the literature on the use of alkali metal
trialkylaluminum hydrides.34

Studies directed toward stereoselective reduction with
lithium trialkylaluminum hydrides were briefly described
by Kovécs.® Contrary to the high stereoselectivity ex-
hibited by the hindered trialkylborohydrides,? the reduc-
tion of 4-tert-butylecyclohexanone with lithium diiso-
butyl-tert-butylaluminum hydride in ether-hexane (1:1)
affords a 49:51 mixture of cis and trans isomers. However,
in the stereoselective reduction of cyclic ketone during the
total synthesis of aphidicolin by Trost,* lithium diiso-
butyl-tert-butylaluminum hydride exhibits the same de-
gree of stereoselectivity achieved with lithium tri-sec-bu-
tylborohydride.’

(1) For recent reviews, see: (a) Wigfield, D. C. Tetrahedron 1979, 35,
449. (b) Brown, H. C.; Krishnamurthy, S. Ibid. 1979, 35, 567.

(2) (a) Brown, H. C.; Dickason, W. C. J. Am. Chem. Soc. 1970, 92, 709.
(b) Corey, E. J.; Albonico, S. M.; Koelliker, U.; Schaaf, T. K.; Varma, R.
K. Ibid. 1971, 93, 1491. (¢) Brown, H. C,; Krishnamurthy, S. Ibid. 1972,
94, 7159. (d) Brown, C. A. Ibid. 1973, 95, 4100. (e) Krishnamurthy, S.;
Brown, H. C. Ibid. 1976, 98, 3383.

(3) The trans hydroalumination of 1,2-dialkylacetylenes has been
achieved by using lithium diisobutylmethylaluminum hydride: Zweifel,
G.; Steele, R. J. Am. Chem. Soc. 1967, 89, 5085.

(4) (a) Zakharkin, L. I.; Grandberg, N. V. Izv. Akad. Nauk. USSR, Ser.
Khim. 1976, 11, 2612; Chem. Abstr. 1977, 86, 120831. (b) Kovacs, G.;
Galambos, G.; Juvancz, Z. Synthesis 1977, 171. (c) Trost, B. M.; Nish-
mura, Y.; Yamamoto, K.; McElvain, 8. 8. J. Am. Chem. Soc. 1979, 101,
1328. (d) Trost, B. M,; Rivers, G. T.; Gold, J. M. J. Org. Chem. 1980, 45,
1835. (e) Trost, B. M.; Jungheim, L. N. J. Am. Chem. Soc. 1980, 102,
7910.
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Table I. Reduction of Cyclic and Bicyclic Ketones with
Li(i-Bu),(t-Bu)AlH at —-78 °C for 3 h

% less

sol- stable isolated

ketoned vent® isomer¢ yield, %
4-tert-butylcyclohexanone A 38 95
B 31 96
4-methylcyclohexanone A 45 91
B 23 97
3-methylcyclohexanone A 49 97
B 29 96
2-methyleyclohexanone A 72 92
B 70 96
2-tert-butylcyclohexanone A 98 93
B 97 99
3,3,5-trimethylcyclohexanone A 99.0 99
B 98.6 92
norcamphor A 99.8 89
B 99.5 97

camphor A o4 70 (29)¢

A 94 97¢

B 98 99

@ Ratio of hydride to ketone was 1.5. © A and B refer
to toluene-hexane (4:1) and THF-hexane (4:1), respec-
tively. © Analysis by GLC. ¢ Absolute yield measured
with an internal standard. The percent recovered ketone
ifs given in parentheses, ¢ Reaction was carried out at 0 °C

orlh.

Due to the lack of systematic investigations on the re-
duction of cyclic ketones with this reagent and our interest
directed toward the development of new reducing agents,®
we undertook a detailed study of reductions of cyclic and
bicyclic ketones with this reagent.

The reagent was prepared by treatment of equimolar
amounts of diisobutylaluminum hydride in hexane with
tert-butyllithium in pentane at 78 °C under nitrogen.
The reduction was carried out with 1.5 equiv of the reagent
at —78 °C in toluene-hexane (4:1) and tetrahydrofuran—
hexane (4:1).” The reduction was normally complete
within 3 h at 78 °C. The realative percentage of isomeric
alcohols was determined by GLC analysis, and the yield
was determined by isolation.

The stereochemical results of our reduction study are
summarized in Table I. In the cases of 4-tert-butyl-,
4-methyl-, and 3-methylcyclohexanone which exert little
steric effect, the predominant product formed was the
thermodynamically more stable isomer in each case. The
reduction of 2-methylcyclohexanone, the moderately hin-
dered ketone, gave the less stable cis isomer preferentially,
72% cis in toluene-hexane. The increase in the steric
requirements of the alkyl substituent in 2-alkylcyclo-
hexanone from methyl to tert-butyl dramatically enhanced
equatorial attack, producing the less stable cis isomer in
98% stereoselectivity in toluene-hexane. The stereose-
lectivity achieved with this reagent is superior to any of
the lithium aluminum hydride type reagents currently
available® and is comparable to lithium tri-sec-butyl-
borohydride.? Even better stereoselectivity (99% trans)
was observed in the reduction of 3,3,5-trimethylcyclo-

(5) McMurry, J. E.; Andrus, A.; Ksander, G. M.; Musser, J. H.; John-
son, M. A, J. Am. Chem. Soc. 1979, 101, 1330.

(6) (a) Kim, S.; Moon, Y. C. Bull. Korean Chem. Soc., in press. (b)
Kim, S.; Moon, Y. C.; Ahn, K. H. J. Org. Chem., in press.

(7) Pentane introduced with tert-butyllithium was calculated as hex-
ane. The ratio of toluene (or tetrahydrofuran) to hexane was adjusted
to approximately 4:1 by controlling the volume of toluene (or tetra-
hydrofuran) as the reaction solvent.

(8) (a) Brown, H. C.; Deck, H. R. J. Am. Chem. Soc. 1965, 87, 5620.
(b) Ashby, E. C.; Sevenair, J. P.; Dobbs, F. R. J. Org. Chem. 1971, 36, 197.

(9) Reduction of 2-tert-butylcyclohexanone with L-Selectride at -78
°C in THF gave cis isomer in >99% stereoselectivity.

Notes

hexanone, a hindered ketone.

This reagent reduced norcamphor, an unhindered bi-
cyclic ketone, with remarkable stereoselectivity. Nor-
camphor was reduced to the endo alcohol at —78 °C in
>99% stereoselectivity. Camphor, a highly hindered bi-
cyclic ketone, was reduced to the exo alcohol at -78 °C in
tetrahydrofuran-hexane in 98% stereoselectivity. Sur-
prisingly, the reduction in toluene-hexane was not com-
plete at =78 °C in 3 h, and GLC analysis revealed 70%
conversion of camphor into borneol, with 94% being exo.
However, it was possible to achieve complete conversion
without a change in stereoselectivity at 0 °C in 1 h. The
slow reduction of camphor in toluene-hexane is attributed
to the lack of solubility of the reagent!® and the large steric
requirement of the reagent.

Although changes in solvent do not affect the stereo-
chemical results of this reagent significantly, it appears
that the hydride in toluene-hexane is prone to more
equatorial attack than in tetrahydrofuran-hexane in cyclic
ketones examined, except for camphor.!!

The results presented here indicate that the use of this
reagent provides a convenient method for conversion of
hindered cyclic ketones and bicyclic ketones to the cor-
responding thermodynamically less stable alcohols.
Moreover, in view of the easy preparation of the reagent,
the easy workup, and high yield obtainable, we consider
that this reagent complements other hydride reducing
agents.

Experimental Section

General Methods. Toluene was purified by distillation from
sodium under a nitrogen atmosphere. Tetrahydrofuran was
purified by distillation from lithium aluminum hydride under a
nitrogen atmosphere.

Most of the cyclic and bicyclic ketones utilized in this study
were commercial products and were purified by distillation or
sublimation. 2-tert-Butylcyclohexanone was prepared by the
oxidation of 2-tert-butylcyclohexanol in methylene chloride by
pyridinium chlorochromate.!?

A standard solution of lithium diisobutyl-tert-butylaluminum
hydride was prepared as follows. tert-Butyllithium in pentane
(1.7 M, 11.7 mL, 20 mmol) was slowly added to diisobutyl-
aluminum hydride in hexane (1.0 M, 20 mL, 20 mmol) at -78 °C
under a nitrogen atmosphere, and the resulting mixture was
diluted with either toluene (18 mL) or THF (18 mL) to yield
lithium diisobutyl-tert-butylaluminum hydride (0.4 M) in either
toluene-hexane or THF- hexane.

Proton nuclear magnetic resonance spectra were obtained on
a Varian A-60 spectrometer. Gas chromatographic analyses of
product mixtures were performed on a Varian 2800 gas chro-
matograph with an FID detector.

General Procedure for the Reduction of Cyclic and Bi-
cyclic Ketones. In a dry 25-mL flask fitted with a rubber septum
and a magnetic stirring bar was placed the ketone (1 mmol) in
8 mL of toluene or THF. To the resulting solution in a dry
ice-acetone bath under a balloon-filled atmosphere of nitrogen
was added dropwise a solution of lithium diiscbutyl-tert-butyl-
aluminum hydride (3.8 mL of 0.4 M solution, 1.5 mmol) in tol-
uene—hexane or THF-hexane. After 3 h, the reaction mixture
was treated with 0.5 mL of methanol and allowed to warm to room
temperature. After the reaction mixture was further treated with
2 mL of 0.5 N HCl for 30 min, the organic layer was separated,
the aqueous layer was extracted with ether (40 mL), and the
combined organic layers were washed with brine and dried over
anhydrous magnesium sulfate. The product was isolated on

(10) The reagent is insoluble in hexane and we have observed that in
the reduction in toluene—hexane, the reagent gradually goes into solution
as the reduction proceeds.

(11) For solvent effects on stereochemistry of reduction of cyclic ke-
tones, see: (a) Haubenstock, H.; Eliel, E. L. J. Am. Chem. Soc. 1962, 84,
2368. (b) Haubenstock, H.; Hong S.-J. Tetrahedron 1978, 34, 2445.

(12) Corey, E. J.; Suggs, J. W. Tetrahedron Lett. 1975, 2647.
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solvent removal under vacuum and analyzed by NMR and GLC.

A 10-ft 10% THEED on 60/80-mesh Chromosorb W column
was used to separate the products of reduction of 2-methyl-
cyclohexanone (90 °C), 3-methylcyclohexanone (90 °C), and 4-
methyleyclohexanone (80 °C). A 12-ft 10% Carbowax 20M on
60/80-mesh Chromosorb W column was used to separate the
products in the cases of 2-tert-butylcyclohexanone (110 °C),
4-tert-butylcyclohexanone (130 °C), 3,3,5-trimethylcyclohexanone
(135 °C), norcamphor (110 °C), and camphor (135 °C).
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a-Pinene, readily available in the (+) and (-) isomeric
forms, is becoming of considerable importance for directed
chiral synthesis. Hydroboration produces diisopino-
campheylborane, which achieves asymmetric hydro-
boration of cis alkenes with high optical induction.? This
reagent is readily transformed into monoisopino-
campheylborane, suitable for the chiral hydroboration of
trans and trisubstituted alkenes.? Hydroboration of «-
pinene with 9-BBN produces B-pinanyl-93-BBN, a reagent
that reduces deuterioaldehydes to primary alcohols,
RCHDOH, with remarkably high enantiomeric purities.*
This reagent also reduces acetylenic ketones to acetylenic
alcohols with excellent results.” More recently it has been
extended to many simple ketones.® A derivative of a-
pinene, 2-hydroxypinan-3-one, is used for the asymmetric
synthesis of a-amino acids.” Finally, a-pinene is readily
converted to pinanediol,® and the latter compound has
been used to form esters with boronic acids and converted
to products with very high optical purities.?

These promising applications make it desirable to have
available a-pinene with high optical purity (if possible, a
purity approaching 100%).

Regretably, the best available commercial (+)-a-pinene
is 91.3% enantiomerically pure.l® The commercially

(1) Postdoctoral research associates on Grant 2 R01 GM 10937-19 from
the National Institutes of Health.

(2) (a) Brown, H. C.; Zweifel, G. J. Am. Chem. Soc. 1961, 83, 486. (b)
Brown, H. C.; Ayyangar, N. R.; Zweifel, G. Ibid. 1964, 86, 397. (c) Brown,
H. C.; Yoon, N. M. Isr. J. Chem. 1977, 15, 12. (d) Brown, H. C.; Desai,
M. C,; Jadhav, P. K. J. Org. Chem., communicated.

(3) (a) Brown, H. C.; Yoon, N. M. J. Am. Chem. Soc. 1977, 99, 5514.
(b) Mandal, A. K.; Jadhav, P. K.; Brown, H. C. J. Org. Chem. 1980, 45,
3543. (c) Brown, H. C.; Jadhav, P. K. Ibid. 1981, 46, 5047. (d) Brown,
H. C.; Jadhav, P. K.; Mandal, A. K.Ibid. communicated.

(4) Midland, M. M.; Greer, S.; Tramontano, A.; Zderic, S. A. J. Am.
Chem. Soc. 1979, 101, 2352.

(5) Midland, M. M.; McDowell, D. C.; Hatch, R. L.; Tramontano, A.
J. Am. Chem. Soc. 1980, 102, 867.

(6) Brown, H. C.; Pai, G. G. J. Org. Chem. 1982, 47, 16086.

(7) Yamada, S. I; Oguri, T.; Shioiri, T. J. Chem. Soc., Chem. Commun.
1974, 136.

(8) Ray, R.; Matteson, D. S. Tetrahedron Lett. 1980, 21, 449.

(9) Matteson, D. S.; Ray, R. J. Am. Chem. Soc. 1980, 102, 7591.

available (-)-a-pinene is comparatively expensive and is
only 81.3% optically pure.l® Fortunately, commercial
(-)-8-pinene!® of 92.1% ee is available and is readily
isomerized by treatment with potassium 8-aminopropyl-
amide!! (KAPA) to (-)-a-pinene of 92% ee. We set our-
selves the goal of finding a simple procedure that would
upgrade such (+)- and (-)-a-pinene of ~92% to material
approaching 100% ee.

A reasonable starting place for (-)-a-pinene appeared
to be commercial (-)-G-pinene. The isomerization of
(-)-B-pinene (92.1% ee) to (-)-a-pinene (92% ee) by KAPA
was carried out on a 1-mol scale without any experimental
difficulties. For (+)-a-pinene, the commerical material
(91.3% ee) is satisfactory. Hydroboration of a-pinene with
BH,; THF?* or BH,-SMe,? provides diisopinocampheyl-
borane (Ipc,.BH). We had observed® that the digestion
of the product suspended in THF with 15% excess o-
pinene causes the major isomer to become incorporated
into the crystalline Ipc,BH, with the minor isomer accu-
mulating in the solution. Filtration of the solution re-
moved the minor isomer and gave crystalline Ipc,BH
containing 99% of one isomer.

The problem was to find a convenient method to liberate
a-pinene from Ipc,BH. Elimination of up to two alkyl
groups from trialkylboranes on treatment with aldehydes
has been reported.’?> However, the elimination of the third
alkyl group usually does not take place, even under very
vigorous conditions.!?® We have now discovered that, in
the case of Ipc,BH, even the last alkyl group on the boron
can be eliminated on treatment with benzaldehyde under
relatively mild conditions. The elimination of the alkyl
group on boron depends on the structure of the alkyl
group.’? The 3-pinanyl group on boron appears especially
favorable for such eliminations.*

Thus, treatment of Ipc,BH with 3 mol of benzaldehyde,
allowing the temperature to rise to 100 °C, displaces the
a-pinene quantitatively, with the formation of tribenzyl
borate (eq 1). The a-pinene is readily distilled away from

’,)ZBH
Lo THE 100 °C/20 h
2 + BHyTH 3CeH5CHO

91.3% ee

+ (CgHsCH20)3B (1)
91.3% ee

the tribenzyl borate. Small amounts of benzaldehyde in
the product are readily removed by distilling the product
from a small excess of lithium aluminum hydride. The
product thus obtained is 100% chemically pure (GLC),
with no trace of §-pinene, indicating that thermal isom-
erization!® does not occur at the displacement temperature
(100 °C). Similarly, no racemization has been noted under

(10) (+)-a-Pinene [[a]?y +47.1° (neat)], (-)-a-pinene [[«]?, -42.0°
(neat)], and (-)-8-pinene [[«]®p —21.0° (neat)] are available from Aldrich
Chemical Co.

(11) Brown, C. A, Synthesis 1978, 754.

(12) (a) Mikhailov, B. M.; Bubnov, Yu. N.; Kiselev, V. G. J. Gen.
Chem. USSR 19686, 36, 65. (b) Midland, M. M.; Tramontano, A.; Zderic,
S. A. J. Organometal. Chem. 1978, 156, 203.

(18) Brown, H. C.; Bhatt, M. V. J. Am. Chem. Soc. 1960, 82, 2074.

(14) Johnson, W. S,; Frei, B.; Gopalan, A. S. J. Org. Chem. 1981, 46,
1512,

(15) Thurber, F. H.; Thielke, R. C. J. Am. Chem. Soc. 1931, 53, 1030.

(18) Comyns, A. E.; Lucas, H. T. J. Am. Chem. Soc. 1957, 79, 4339.

(17) Kirmse, W.; Gruber, W. Chem. Ber. 1972, 105, 2764.

0022-3263/82/1947-4583801.25/0 © 1982 American Chemical Society



