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Table 1. Deamination of Amides by Dinitrogen Tetroxide with
N-Bromosuccinimide

NO
CH,CN, -20T

+
R-CONH. +NBS CHCN, r.t., 20 min

R-CG,H+(R-C0).0
1 2

NBS N0, Time 1 2

Run  Amides (ea) (eq) () (%r (%F
1 PhCONH, 12 18 05 96 2
2 PhCONH; none 4.0 30 86 b
3 p-Me-PhCONH; 12 18 05 92 6
4 p-Me-PhCONH; none 4.0 30 85 b
5 p-Cl-PhCONH, 12 18 05 p) | 2
6 p-CI-PhCONH; none 4.0 30 85 b
7 0-Me-PhCONH, 12 18 0.5 94  trace
8 p-NO,-PhCONH; 12 20 05 93 4
9 m-NO,-PhCONH, 1.2 20 05 92 2
10 p-Br-PhCONH, 12 18 05 95  trace
11 p-MeO-PhCONH. 12 18 05 96  trace
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and its anhydride which were separated by Si0, column ch-
romatography to give benzoic acid (117 mg, 96%) and benzoic
anhydride (2 mg, 2%).

The reaction appears to be initiated vig bromination and
then subsequent formation of transient nitronium bromide
intermediate 1.1 Dinitrogen tetroxide is known to be in equi-
librium with NO*+NQO;~ ion in solution.® Nitrosation may
occur rapidly on nitrogen to form a nitronium intermediate
I which converts to the product of carboxylic acid. Rapid
reaction in short time and the mild conditions may restrain
formation of carboxylic acid anhydride from the carboxylic
acid.

Although the reaction mechanism is not yet clear, this
new interesting reaction is practical and may be available
for the cleavage of C-N bond of amides. Additional research
will be required to better understand the reaction mecha-
nism.
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Recently much attention has been focused on the asymme-
tric reduction of prochiral ketones catalyzed by a variety
of chiral oxazaborolidines? However, the direct comparison
study on the catalytic effectiveness of these oxazaborolidines
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for the asymmetric reduction of ketones has not been accom-
plished. Such systematic comparison among catalysts would
greatly assist synthetic organic chemists in selecting an app-
ropriate catalyst for a desired transformation, We now wish
to report such a comparative study by employing asymmetric
borane reduction of the same ketones using a variety of chi-
ral oxazaborolidines as catalysts.

The following chiral 1,32-oxazaborolidines 1-6 derived
from (-)-ephedrine, natural and unnatural a-amino acids such
as (S)-proline, (S)-valine, a bicyclic proline (1R, 3R, 5R)-2-aza-
bicyclo[3.3.0]octan-3-carboxylic acid, and (S)-fert-leucine
were selected (Scheme 1). And the prochiral ketones, such
as acetophenone (7a) for aromatic ketones, 2-heptanone (7h)
for unhindered aliphatic ketones, 3,3-dimethyl-2-butanone (7
¢) for hindered atiphatic ketones, a-tetralone (7d) for aroma-
tic cycloalkanones, and 2-chlorcacetophenone (7e) for a-halo-
ketones were chosen as representative. We first collected
the asymmetric reduction data available in the literatures
for the representative ketones using the selected catalysts.
And the catalytic asymmetric reduction, in case where the
data were not available, were carried out carefully following
the published procedures.

The chiral oxazaborolidine I was prepared from borane
methyl sulfide and (AR, 2S)-(-)-ephedrine® and the others
2-6 were generated sn situ from borane-THF and their pre-
cursors f-chiral amino alcohols by each of reported procedu-
res*~7 Optical purities of the products alcohols (8) were de-
termined by capillary GC analyses of MTPA esters® prepared
by the reaction of the products alcohols with (R)-(-)-MTPA
acid chloride®. Thus, the ketones 7 were treated with 1 equiv
of borane-THF in the presence of 0.1 equiv of each catalyst
1-6 in THF at room temperature {ca. 28C ). All of the reduc-
tions examined were complete within 10 min to give the
corresponding alcohols in 97-100% yields. The following ge-
neral procedure is representative. To a solution of oxazabo-
rolidines (0.1 equiv) and borane-THF (1 equiv) in THF was
added slowly the selected ketones 7 in THF. After stirring
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Table 1. Comparison of the Asymmetric Borane Reduction of
Ketones 7a-7e Catalyzed by Chiral Oxazaborolidines 1-6 in Tet-
rahydrofuran at Room Temperature®

% ee of products alcohols (Ba-8e}

o) [o]
Catalysts O/t /t/\/\ )\g O:') O/L/C'
Ta 7b Tc 7d Te

1 70, R 15, R 59, R 28, R 32,8
2 97, R 34, R 92, R 89, K 97, &
3 61, &¢ 19, S 19, S 7.5 69, R
4 65, R 27, R 43, R 38 R 68, R
5 89, R° 17, R 18, R 46, R 69, S
6 80, R* 35 R 68, R 18, R 25, S

¢All of the reductions were carried out with ketones : catalysts :
borane-THF (1:0.1:1} in THF, unless otherwise indicated. At
present work, optical yields of the products alcohols were deter-
mined by capillary GC analyses of their MTPA esters, *Data
taken from ref. 3. “Data taken from ref. 4. *By optical rotation
of the product alcohol 8a obtained by the presence of 1 mole%
of 3:ref. 5 ‘By optical rotation of 8a: ref. 7.

for 10 min at room temperature, the reaction mixture was
hydrolyzed with 2 N HCL. THF was removed in vacko and
the residue was extracted with diethyl ether. The extract
was washed with brine and dried over anhydrous MgSO,.
The yields of products alcohols 8 were determined by GC
analysis, isolated by bulb-to-bulb distillation and their optical
purities were determined by the analytical methods as men-
tioned above. The results were summarized and compared
in Table 1. For aromatic ketones, represented by acetophe-
none (7a), all of the catalysts tested afforded good enantiose-
lectivities (61-97% ee). In particular, 2 was highly effective
for the reduction to give 8a of 37% ee. In contrast, for unhin-
dered ketones, represented by 2-heptanone (7b), all of the
catalysts examined provided low optical inductions (15-35%
ee). For hindered aliphatic ketones, aromatic cycloalkanones,
and a-halo ketones, represented by 3,3-dimethyl-2-butanone
(7¢), a-tetralone (7d), and 2-chloroacetophenone (7e), respec-
tively, 2 was the most effective for the reductions to give
the corresponding alcohols 8c-8¢ with 89-97% ee. Further
studies for the development of new chiral catalysts to imp-
rove optical yields in the reduction of unhindered aliphatic
ketones are under investigation,
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Quinones are an important class of compounds in industry,
in organic synthesis, and in Nature.! Due to their various
spectral properties, the photochemistry of quinones has been
a subject of interest in many areas.””* Phenanthrenequinone
(PQ) 1 is known to react with substituted acetylenes to give
14-dioxenes or 13-dioxoles’ The photochemical reactions
of PQ and olefins give rise to dioxenes or keto oxetanes® 2

In connection with our investigation of the scope of these
reactions, we examined the photochemistry of o-quinones and
conjugated systems such as 14-diphenyl-1,3-butadiyne (DPBy)
and (transfrans-14-diphenyl-1,3-butadiene (DPBe) 2. Al-
though no adduct was found in the photoreactions of PQ
with diphenylacetylene and DPBy, a 1:1 adduct 3 was ob-
tained in 68% vield when irradiated PQ 1 and DPBe 2 in
dichloromethane.?

A solution of 150 mg (7.2X107* mol) of PQ 1 and 222
mg (1.08X10°% mol) of DPBe 2 in 100 mL of dichlorome-
thane was deoxygenated using nitrogen gas and irradiated
with 350 nm UV light for 12 h. After evaporation of the
solvent, the residue was chromatographed on silica gel (230-
400 mesh) using n-hexane and ethyl acetate as eluents. Elu-
tion with n-hexane afforded unreacted DPBe 2. Elution with
2% ethyl acetate in n-hexane afforded 205 mg (68% based
on PQ) of adduct 3.

The structure of 1:1 adduct 3 was characterized by UV,
IR, 400 MHz 'H-NMR, “C-NMR, and mass spectra. 'H-*C
correlation spectrum of 3 shows that the peaks at 134.3 ppm
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and 123.3 ppm in the *C dimension correspond to the vinyl
protons (PhCH= and PhCH=CH-} in the 'H dimension;
the two methine 'H resonances at 3.78 ppm and near 6.06
ppm"® correspond to the two BC signals at 62.8 ppm and
812 ppm, respectively. 3 undergoes slow thermal dissociation
at room temperature. Standing 3 at room temperature for
15 h gave rise to not only starting materials, PQ 1 and DPBe
2, but also benzaldehyde 5 and its corresponding decomposi-
tion compound 4. The three vinyl protons of 4 were ohserved
at 6.85 ppm (d, /=16.12 Hz), 6.19 ppm (d, f/=16.16 Hz), and
599 ppm (dd, /=16.16 and 1612 Hz).

Refluxing a dichloromethane solution of tetrachloro-1,2-be-
nzoquinone (0-TCBQ) 6 and DPBe 2 for 18 h gave rise to
tetrachloro-1,3-cyclohexadiene derivative 8 in 9%% yield.

Photochemical reaction of o-TCBQ 6 and DPBe 2 in dich-
loromethane with 350 nm UV light only for 2 h also afforded
8 quantitatively."! The stereochemistry of the cis-adduct 8
was rationalized by using the result of MMX data.* The
magnitude of the coupling constant (/) between two adjacent
CH bonds is depend directly on the dihedral angle between
these two bonds, in which the magnitude is largest when
the angle is 0° or 180°, and is smallest when the angle
is 90°. ¥ of the cis-adduct 8 was 7.65 Hz."'? The formation
of 8 probably proceeds vig [4+2] adduct 73", which would
be expected to undergo rapid photobisdecarbonylation,'** 'H-
BC correlation spectrum was also obtained to assign the
exact positions of the carbon atoms of 8°

Refluxing a dichloromethane solution of 8 in the presence
of 2.3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) for 12 h
gave rise to the oxidized product 9 in 52% yield.®

'H-NMR spectrum of 9 shows that all the four proton sig-




