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extensively used for the oxidation of substituted
hydrazones and aroylhydrazones.!'—1® The oxidation
of bis(aroylhydrazones) Ib, Ie, Ik, Ig, and Ir with lead
tetraacetate was carried out by a gentle heating for
2-3 hr. The yields of corresponding isoimides were
almost twice those obtained by Stollé’s method.?

Experimental Section

Melting points are uncorrected and were determined with a
Kofler hot-stage apparatus. Ir spectra were measured as Nujol
mulls with a Beckman IR-4 or Perkin-Elmer 257 spectrophotom-
eter. Nmr spectra were obtained in CDCl; with a Varian A-60A
spectrometer.

Preparation of Bis(aroylhydrazones) of « Dicarbonyl Com-
pounds.—Those of biacetyl were prepared!* by heating in ethanol
or n-propy! alcohol 1 mol of biacetyl with 2.2 mol of the corre-
sponding aroylhydrazines for 6 hr.

The bis(aroylhydrazones) of other « diketones were pre-
pared®® *® by heating in a sealed tube 1 mol of diketone with 2.2
mol of aroylhydrazines for 12 hr at ~150°. The yields in both
methods were 70-909,. The analytical data of the prepared
compounds were in agreement with their structure and/or their
melting points were in agreement with those of the literature.

Oxidation of Bis(aroylhydrazones) of o-Dicarbonyl Com-
pounds. A, With Mercuric Oxide and lodine.8—A mixture of
0.01 mol of bis(benzoylhydrazone), 0.025 mol of mercuric oxide,
0.025 mol of iodine, and 0.5 g of magnesium oxide in 80 ml of
dry ether was heated under stirring for 15 hr. After filtration
of the mixture the ethereal solution was washed with potassium
iodide solution, then with sodium thiosulfate and water, and
finally dried with anhydrous sodium sulfate. The oxidation
products were obtained after evaporation and crystallization.
The aroylaminotriazoles were separated by fractional crystal-
lization or by chromatographic analysis on aluminum oxide.
(For the analytical data of the prepared compound see Table I.)
The nonoxidized starting material was recovered by treating the
precipitate containing the inorganic material with dilute hydro-
chloric acid and recrystallization.

B. Oxidation with Lead Tetraacetate.—To a mixture of 0.002
mol of bis(aroylhydrazone) in 20 ml of methylene chloride, a
solution of 0.004 mol of lead tetraacetate in 20 ml of methylene
chloride was added and the mixture was gently heated for 2-3 hr,
or it was left at room temperature for 10 hr. The methylene
chloride solution was treated with water, and filtered and the
organic layer was washed with sodium bisulfite solution, sodium
carbonate solution, and water and then dried. The isoimides
were obtained after evaporation and recrystallization. They
were identical with those obtained by method A.
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34502-27-7; 1lg, 34502-28-8; Ih, 34502-29-9; Ii,
34502-30-2; 1j, 34502-31-3; Ik, 34502-32-4; I, 34502-
33-5; Im, 34502-34-6; In, 34502-35-7; 1o, 34502-36-8; Ip,
34502-37-9; Iq, 34502-38-0; Ir, 34502-39-1; Ila, 34566-
67-1; IIb, 19226-34-7; 11¢, 34502-40-4; I1d, 34502-41-5;
1Te, 34502-42-6; IIf, 34502-43-7; IIg, 34502-44-8; IIh,
34502-45-9; 111, 34502-46-0; 11j, 34519-95-4; 1Tk, 34502-
47-1; IIl, 34519-96-5; IIm, 34502-48-2; IIn, 34502-
49-3; IIp, 34399-20-7; IIg, 34502-50-6; IIr, 34519-
97-6; IIIm, 34502-51-7; I1In, 34502-52-8; IIIo, 34502-
53-9.
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Asymmetric reduction of the ketone moiety has been
the subject of much recent investigation.? We have
reported previously the reduction and reductive ami-
nation of aldehydes and ketones using sodium eyano-
borohydride (NaBH3;CN) as a reducing agent.? This
new method proved to be especially suitable for the
synthesis of isotopically labeled amino acids from the
corresponding substituted pyruvie acids. In the hope
that we might extend this method to allow preparation
of optically active amino acids, we have investigated
the use of the structurally similar (e.g., HB-X, where
X is an electron-withdrawing group) amine-boranes
as reducing agents. We were encouraged by a pre-
vious report of aldehyde and ketone reduction by the
amine-borane system;* during the course of our work
a detailed study of this reduction appeared.? In this
report we confirm that both reduction and reductive
amination of ketones can be carried out with asym-
metric induction to give optically active. products,
although the optical purities obtained in this synthesis
are quite low.

We chose for this study(R)(+)- and (S)(—)-a-
phenethylamine-boranes 2, which were prepared in
809, yield from the corresponding amine hydrochlo~
rides 1.8 The method was initially tested by examining
the reduction of acetophenone’ and 2-heptanone with
1 molar equiv (3 hydride equiv) of amine-borane; the
results are summarized in Table I. To ascertain that
the rotations were not arising from a trace of a-phen-
ethylamine remaining in the alecohols after work-up,
a control experiment was carried out in which alcohol
of known optical purity was mixed with (8)(—)-a-
phenethylamine and subjected to the reaction work-up.
The isolated alcohol was free of amine by glpe analy-
sis, and the rotation of the isolated alcohol was identical
with that of the starting alcohol. It is apparent that
asymmetric reduction did occur, although the optical
purities were disappointingly low, presumably owing
to the large distance between the asymmetric carbon
of the reducing agent and the developing tetrahedral
carbon of the product in the transition state. A

(1) (a) Alfred P. Sloan Foundation Fellow; (b) taken from the Ph.D.
thesis of 8. R. L., University of Minnesota, 1971.

(2) (a) For preparation of aleohols, see, for example, J. D. Morrison and
H. 8. Mosher, “Asymmetric Organic Reactions,” Prentice-Hall, Englewood
Cliffs, N. J., 1971, Chapters 5-7; (b) for preparation of amino acids, see
E. J. Corey, J. Z, Gougoutas, H, S. Sachdev, and W. Saenger, J. Amer.
Chem. Soc., 92, 2476 (1970), and references therein,

(3) (a) R. F. Borch, M. D. Bernstein, and H. D. Durst, ¢bid., 98, 2897
(1971); (b) R.F. Boreh and H. D, Durst, ¢bid., 81, 3996 (1969).

(4) H. Noth and H. Beyer, Chem. Ber., 98, 1078 (1860).

(5) S.8. White, Jr., and H. C. Kelly, J. Amer. Chem. Soc., 92, 4203 (1970).

(6) H. Noth and H. Beyer, Chem. Ber., 93, 928 (1960).

(7) During the course of this study the reduction of acetophenone by
(S)-amphetamine-borane was reported: J. C. Fiand and H. B. Kagan,
Bull. Soc. Chim. Fr., 2742 (1969). Low optical yields were obtained, and the
absolute configuration of the product was ambiguous, erroneously reported
as (8) (+)-phenethanol.
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TasLE I
REDUCTION OF 2-HEPTANONE AND ACETOPHENONE WITH (B)(+)- OR (8)(— )-0~-PHENETHYLAMINE-BORANES

Confign Product Product [«]%Dp, degree Yield, Optical

Ketone of 2 Solvent (temp, °C) Product confign (¢, /100 ml) A purity, %
Acetophenone R(+) Benzene (reflux) a-Phenethanol R(+) +1.80°% 0.07* (6.57) 73 3.3:+0.2
Acetophenone S(—) Benzene (reflux) a-Phenethanol S(—) —1.55 & 0.09(7.23) 66 2.8+ 0.3
Acetophenone R(+) CCl; (reflux) a-Phenethanol R(+) +1.35 &= 0.07% (7.49) 76 2.5 4+ 0.2
Acetophenone R(+) Methanol (reflux) c-Phenethanol S(—) —0.81 & 0.07% (7.06) 54 1.5 0.1
Acetophenone R(+) Methanol (25) a-Phenethanol S(=) —1.20 & 0.20° (2.74) 58 2.2+0.4
Acetophenone S(=) Methanol (25) a-Phenethanol R(+) +1.04 £ 0.08%(7.32) 51 1.8 +0.4
2-Heptanone R(+) Methanol (25) 2-Heptanol S(+) +0.31 £ 0.04¢ (7.25) 58 2.7+ 04
2-Heptanone S(=) Methanol (25) 2-Heptanol R(—) —0.26 = 0.03¢ (7.05) 51 2.3=+0.3
2-Heptanone 8(—)¢ Methanol (25) 2-Heptanol R(—) —0.23 £ 0.07°(2.66) 37 2.24+0.5
2-Heptanone S(—) Benzene (reflux) 2-Heptanol R(—) —0.35 = 0.03° (7.36) 76 3.1+0.4
2-Heptanone S(—) CCl (reflux) 2-Heptanol R(—) —0.19 4= 0.02¢ (11.40) 91 1.7 + 0.2

 Yields were determined by glpe analysis.

4 One hydride equivalent of amine-borane 2 was used.

TasLE IT

® Rotations were measured in diethyl ether.

¢ Rotations were measured in 959, ethanol.

RepucTion AmiNaTiON OF KETONES WITH (R)(+ )- AND (8)(— )-a-PHENETHYLAMINE—-BORANES AND AMMONIA IN
METHANOL AT 25°

Ketone

2-Octanone®
2-Octanone®
Pyruvic acid®
2-Ketoglutarie acid®
Phenylpyruvic acid®
Phenylpyruvic acid/

e A 10-fold excess of ammonia was used.
4 Rotation was measured in 5 N HCI.

was used.

Confign Product Product [«]?p, degree Yield, Optical
of 2 Product confign (¢, /100 ml) (754 purity, %
R(+) 2-Octylamine S(+) +0.45 £ 0.09% (2.20) 28 1.6 &= 0.3
S(—=) 2-Octylamine R(—) —0.27 &+ 0.09 (2.23) 33 1.1 +0.3
S(=) Alanine S(+) +0.32 = 0.11¢ (3.35) 71 2.240.5
8(=) Glutamic Acid R(—) ~0.97 £ 0.09¢ (3.60) 72 3.1+0.3
8(—) Phenylalanine R(+) +1.37 = 0.25¢ (0.81) 66 4.0 £ 0.7
S(—) Phenylalanine-15N¢ R(+) +1.38 = 0.35° (0.87) 25 4.0+1.0

® The rotation was measured on the benzamide in ethanol.
¢ Rotation was measured in H,O.

¢ A 5-fold excess of ammonia

/1.2 equiv of ¥NH; were used.

7 Jsotopic anal-

ysis of the product showed >889, N,

surprising result was the solvent effect on the prod-
uct configuration in the case of acetophenone.
While the reduction of 2-heptanone afforded a product
having an absolute configuration opposite to that of
the amine-borane used in all solvents investigated
(i.e., B amine-borane — 8 alcohol), this observation
held only for the reduction of acetophenone in methanol.
Reduction of acetophenone in benzene or carbon tetra-
chloride, however, gave a product with absolute con-
figuration opposite to that obtained in methanol.
Unfortunately, the low optical purities (and hence the
small transition-state energy differences) observed
in these reductions would seem to preclude any mean-
ingful discussion of transition-state complex geometry.
It is apparent, however, that these small energy differ-
ences are affected by changes in solvation of the com-
plex.

Asymmetric reductive aminations were carried out
according to the procedure described earlier,® using
amine-borane 2 in place of NaBH;CN; the results are
summarized in Table II. Yields of amine obtained
from 2-octanone are low, owing to the fact that the
acid-independent amine-borane reduction® of ketone
to alcohol is competing effectively with the reductive
amination. This was verified by the fact that 2-octanol
could be isolated in 30-509%, yield from these reductive
aminations. Finally, it is interesting to note that the
use of amine-boranes in the synthesis of amino acids
gives yields appreciably higher than were obtained
using sodium cyanoborohydride.?

NaBH.
PhCH(CH;)NH, -HCI -—i—; PhCH(CH;)NH,-BH;,
la,b DME 2a,b
a = R(+)
b= 8(—)

RCOCH; + 2 —> R(EH(OH)CHS (1-3% optical purity)

it

RCOR’ 4+ NH; + 2 —> RC*H(R’)NHz (1-4%, optical purity)

Experimental Section®

(R)(+)- snd (8)(—)-a-Phenethylamine-boranes (2a and
2b).—To a flame-dried 1-1. flask fitted with a dropping funnel,
a nitrogen inlet, and a magnetic stirrer was added 28.3 g (0.18
mol) of (8)(—)-a-phenethylamine hydrochloride.® The salt
was covered with dry dimethoxyethane (distilled from LiAlH4)
and cooled in an ice bath, and a solution of sodium borohydride
(11.0 g, 0.29 mol) in 500 ml of dimethoxyethane was slowly
added over 1.5 hr to the stirred suspension (CAUTION: hydro-
gen evolution occurs throughout the addition). After stirring
at 0° for an additional 1.5 hr, the suspension was filtered and the
filtrate was evaporated in vacuo to give a white semisolid residue.
Petroleum ether (100 ml) was added, and the crystalline amine-
borane 2b was collected by filtration (yield 26.8 g). Recrystal-
lization from methylene chloride-petroleum ether afforded

(8) Melting points were obtained in capillary tubes and are uncorrected.
Analytical and preparative gas chromatograms were obtained on a Varian
Aerograph 90-P3 instrument using 0.25 in. X 10 ft columns. All identifica~
tions by glpe analysis were made by peak enhancement with authentic sam-
ples. Optical rotations were obtained on a Perkin-Elmer Model 141 polar-
imeterin & 1-dm cell: concentrations ¢ are expressed in g/100 ml, Elemental
analyses were performed by the Microanalytical Laboratory, University of
Minnesota. Anhydrous magnesium sulfate was used as drying agent
throughout.

(9) Availablein 97.5% optical purity from Aldrich Chemical Co.



Notes

(bp 30-60°) 19.8 g (82%,) of 2b: mp 119-120°; [a]®p —77.2°
(¢ 1.84, benzene); 97.5%, optically pure.

Anal. Caled for CGH,BN: C, 71.13; H, 10.47; N, 10.39.
Found: C,71.09; H, 10.29; N, 10.35.

(R)(+ )-e-Phenethylamine~borane (2a) was prepared in 787,
vield as described above: mp 119-120°; [«]%D +77.3° (¢ 2.12,
benzene).

Reduction of Ketones with 2a and 2b. General Procedure.—
To a solution of the ketone (4 mmol) in 20-25 ml of the appro-
priate solvent was added 4 mmol of 2a or 2b (97.59, optically
pure), and the resulting solution was stirred for 4 hr at the speci-
fied temperature. The solvent was removed in vacuo, and the
residue was stirred with excess 6 N HCI until no further hydrogen
evolution (from hydrolysis of unreacted amine-borane) was ob-
served. The aqueous solution was saturated with sodium chlo-
ride and extracted with 3 20-ml portions of ether. The combined
extracts were washed with 10-ml] portions of 3 N HCIl, 6 N NaOH,
and brine, and the ether solution was then dried and evaporated
i vacuo. The colorless residual oil was analyzed by glpe (15%
FFAP on Chromosorb W and 159, Carbowax 20M on Chromo-
sorb W). A sample was purified by preparative glpc, and the
optical rotation was measured on this purified sample as a solu-
tion in ether (a-phenethanol) or 959 ethanol (2-heptanol).
Absolute configuration and optical purity were determined from
the known values of {«]®p +54.86° (ether) for (R)(+4 )-a-phen-
ethanol® and [«]®p —11.4° (EtOH) for 2-heptanol.1t

Reductive Amination of 2-Octanone with 2a or 2b and Am-
monia.—A solution of 2-octanone (2.24 g, 17.5 mmol) was dis-
solved in 50 ml of methanol containing ammonia (3.2 ml of liquid
NH;, 140 mmol) and ammonium bromide (3.43 g, 35 mmol),
and either 2a or 2b (2.36 g, 17.5 mmol) was added. The re-
sulting solution was stirred at 25° for 48 hr. The methanol was
removed n vacuo, and the residue was stirred for 10 min with
excess 6 N HCl. The aqueous solution was washed with two
10-ml portions of ether (2-octanol could be isolated from this
ether extract if desired). Solid potassium hydroxide was added
to the aqueous layer until the pH of the solution was >12, and
the amines were extracted with three 25-ml portions of ether.
The combined extracts were dried and evaporated in vacuo to
give a mixture of a-phenethylamine and 2-octylamine. A sam-
ple of 2-octylamine was isolated by preparative glpe (159, FFAP
on Chromosorb W) and was converted to its benzamide, mp
78-79.5° (869, vield). Absolute configuration and optical
purity were determined by comparison of the rotation of the
benzamide with the literature value!? for (R)(~)-2-octylamine
benzamide of [«] %D —28.5° (EtOH).

Reduction Amination of a-Keto Acids with 2a or 2b and Am-
monia. General Procedure.—To a solution of 0.9 ml (40 mmol)
of liquid ammonia and 0.98 g (10 mmol) of ammonium bromide
in 30 ml of methanol was added 5 mmol of a-keto acid or a-keto
acid sodium salt. The resulting solution was stirred for 1 hr at
25°,  (8)(—)-a-Phenethylamine-borane (0.68 g, 5 mmol) was
added, and the solution was stirred at 25° for 36-72 hr. Methanol
and excess ammonia were removed n vacuo, and the residue was
brought to pH 1 with 12 N HCl. After stirring for 15 min, the
acidic solution was made basic with excess ammonium hydroxide
and washed with two 15-ml portions of ether (ether wash dis-
carded). The aqueous solution was evaporated in vacuo. The
residue was dissolved in a minimum volume of distilled water
and added to the top of a Dowex 50 column (acid form, 250-
mequiv capacity). The column was washed with 1 1. of dis-
tilled water, and the amino acid was then eluted with 250 ml of
2 N ammonium hydroxide. The ammonium hydroxide solu-
tion was evaporated in vacuo to give the amino acid as a colorless
solid. Tlc analysis on cellulose and silica gel plates (butanol—-
acetic acid-water, 4:1:1) showed one spot identical with that
of an authentic sample (detected by ninhydrin staining). Ab-
solute configuration and optical purity were determined by com-
parison of the rotation of the amino acids with the published
values: (8)(+)-alanine, observed [a]®¥D +0.32 £ 0.11° (¢
1.83, 5 N HCl), lit.'® [a] %D 4-14.6° (5 N HC]); (R)(— )-glutamic
acid, observed [«]%?0 —0.97 =+ 0.09° (¢ 3.60, 5 N HCI), lit.*

(10) B. Angelo and G. Vavon, C. R. Acad. Sci., 224, 1435 (1947).

(11) “Handbook of Chemistry and Physics,”’ 50th ed, 1969, p C-323.

(12) P. A. Levene, A. Ruthen, and M. Kuna, J. Biol. Chem., 120, 759
(1937).

(13) J. P. Greenstein and M. Winitz, ‘‘Chemistry of the Amino Acids,”
Vol. 3, Wiley, New York, N.Y., 1961, p 1819.

(14) Reference 13, p 1929,
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[«]®%Dp —31.8° (5 N HCl); (R)(+ )-phenylalanine, observed
[a] %D 4-1.37 &= 0.25° (¢ 0.81, H,0), lit.*® [«} %D +34.5° (H,0).

Phenylalanine-#N —S8odium phenylpyruvate (0.47 g, 2.5
mmol), ammonium nitrate-N (0.40 g, 5.0 mmol, 959, ¥“NH,-
NO;), and 2b (0.68 g, 5 mmol) were allowed to react for 36 hr
and worked up as described above to give 105 mg (25%,) of
phenylalanine, [o]®Dp +1.38 = 0.35° (¢ 0.87, H,0). A sample
was purified by preparative tle (silica gel G, 4:1:1 butanol-acetic
acid-water) for nitrogen isotope mass spectral analysis, minimum
BN composition 88%,.1%

Registry No.—2a, 34566-00-2; 2b, 34566-01-3;
2-heptanone, 110-43-0; acetophenone, 98-86-2; (R)-
(4 )-a-phenethanol, 1517-69-7; (S)(—)-a-phenethanol,
1445-91-6; (S)(+)-2-heptanol, 6033-23-4; (&)(~)-2-
heptanol, 6033-24-5; (8)(+)-2-octylamine, 34566-04-6;
(R)(—)-2-octylamine, 34566-05-7; (8)(+)-alanine,
3081-24-1; (R)(—)-glutamic acid, 6893-26-1; (R)(+)-
phenylalanine, 673-06-3; (R)(4)-phenylalanine-'*N,
673-06-3.

(15) Reference 13, p 2156,
(16) We thank Adrian Swanson, University of Minnesota Mass Spec-
trometer Laboratory, for this determination.
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Pyrolysis of 2-acetoxy-2-alkyleyclohexane-1,3-diones
(1-3) at ~220° for 3-4 hr affords 60-809% of the re-
lated 2-alkyleyclopenten-2-ones (4-6), plus acetic acid
and carbon monoxide.!? It was of interest to see if
this remarkably efficient thermal ring contraction re-
action could be extended to other types of 2-acetoxy-2-
alkyl-1,3-diones. This paper describes the synthesis
and pyrolysis of 2-acetoxy-2-methylcyclopentane-1,3-
dione (7) and 3-acetoxy-3-methylpentane-2,4-dione (8).
If an analogous ring contraction were to occur, 7
would yield the as yet unreported 2-methyleyclo-
butenone (9) and provide the prototype of a new syn-
thesis of cyclobutenones. The analogous reaction of 8
would yield methyl isopropenyl ketone (10) and per-
haps provide a useful method for the synthesis of alkyl
vinyl ketones.

The preparation of 7 was accomplished by the re-
action of 2-methylcyclopentane-1,3-dione (11)® with
lead tetraacetate, in the same manner as the prepara-
tions of 2 and 3,2 but the maximum yield of pure 7 was
only 39%. Exploration of alternate routes, such as
thallium triacetate oxidation* of enamines 12 and 13,3
or epoxidation of enol acetate 14,® in the hope of ther-

(1) T. A. Spencer, 8. W. Baldwin, and K. K. Schmiegel, J. Org. Chem., 80,
1204 (1965).

(2) T. A. Spencer, A. L. Hall, and C. F. von Reyn, ibid., 83, 3369 (1968).

(8) V. J. Grenda, G. W. Lindberg, N. L. Wendler, and 8. H. Pines, ¢bd.,
82, 1236 (1967).

(4) M, E. Kuehne and T. J. Giacobbe, ibid., 88, 3359 (1968). )

(5) J.J. Panouse and C. Sannié, Bull. Soc. Chim. Fr., 1374 (19586).

(6) B, D. Challand, H. Hikino, G. Kornis, G. Lange, and P. de Mayo,
J. Org. Chem., 34, 794 (1969); D. J. Crispin, A. E. Vanstone, and J. 8.
Whitehurst, J, Chem. Soc. C, 10, (1870),



