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ABSTRACT: Para-di- and monoalkylaminophenyl
ketones were reduced selectively to para-alkyl N, N-di-
and N-monoalkylanilines in good to excellent yields
by borane under mild, convenient, and neutral condi-
tions. © 2005 Wiley Periodicals, Inc. Heteroatom Chem
16:2-5, 2005; Published online in Wiley InterScience
(www.interscience.wiley.com). DOI 10.1002/hc.20062

INTRODUCTION

Reductive deoxygenation of aryl ketones is an im-
portant and valuable procedure in organic synthesis
[1-4]. There is a great need to develop novel method-
ologies for defunctionalization, especially for con-
version of polyfunctional natural products to useful
building blocks and bioactive molecules. Although
classical Clemmensen and Wolff-Kishner reduction
use rather harsh acidic or basic conditions that
are incompatible with the high degree of selectiv-
ity required for polyfunctional compounds, a num-
ber of milder direct and indirect methods have been
proposed. The direct methods include (1) sodium
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(cyano)borohydride in the presence of some Lewis
acids, such as boron trifluoride etherate [5,6], alu-
minum chloride [7], palladium chloride [8], zinc
halide [2], or protic acid such as trifluoroacetic acid
[9]; (2) borane in the presence of some Lewis acids
[3], such as boron trifluoride etherate, aluminum
chloride, zinc halide, titanium chloride, iron chlo-
ride, etc. or protic acid trifluoroacetic acid [10]; (3)
lithium aluminum hydride in combination with alu-
minum chloride [11]; (4) trialkyl silane and acids;
(5) hydrosiloxane-borane combination [4]. Most of
these methods require acidic conditions including
protic acids and Lewis acids. Herein, we describe
a highly selective deoxygenation of the carbonyl
group in N-alkyl substituted para-aminophenyl ke-
tones with borane only.

RESULTS AND DISCUSSION

All para-dialkylaminophenyl ketones 1a—j and para-
monoalkylaminophenyl ketones 1k,l were prepared
through alkylation of para-aminophenyl ketones,
which were synthesized from acylation of acetoani-
line with acyl chlorides and followed hydrolysis ac-
cording to the literature method [12].

Firstly we hoped to reduce N,N-dialkylamino-
phenyl ketones to the corresponding alcohols with
borane. When we added borane dimethylsulfide
complex into a solution of ketones 1b,c in THF,
we found that the yields of the alcohols 3b,c were
very low and some para-alkyl N,N-dialkylanilines
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2b,c were obtained in moderate to high yields. Af-
ter optimum reduction conditions, we found that
the mode of reduction is addition rate controlled for
N,N-dialkylaminophenyl ketones. The N,N-dialkyl
substituted ketones la-j were reduced to the al-
cohols using slow addition mode [13]. While for
N-monoalkylaminophenyl ketones 1k,l, no corre-
sponding alcohols could be obtained even borane
dimethylsulfide complex was carefully added using
the slow addition mode (see Scheme 1). All ketones
were reduced directly to hydrocarbons with borane
under rapid addition conditions. To study the scope
of the method, a series of para-dialkyl and para-
monoalkylaminophenyl ketones were reduced to hy-
drocarbons under rapid addition conditions and the
results are summarized in Table 1.

To understand the mechanism of the deoxy-
genation, two 1-(para-dialkylaminophenyl)ethanols
3a,f prepared from ketones 1a,f via borane reduc-
tion in slow addition mode were also reacted with
borane in fast addition mode. They also gave rise
to the corresponding hydrocarbons 2a,f (entries 13
and 14 in Table 1). This indicates that the ketones
react with borane to yield a monoalkoxyborane
intermediate 4 at first. The monoalkoxyborane 4
undergoes an elimination to produce conjugative
imine intermediate 5 under neutral conditions due
to the existence of an electron-donating amino
group, similar to presumed mechanism in the lit-
erature [5]. The imine intermediate 5 was reduced
further to the hydrocarbon by borane as shown in
Scheme 2.

To establish the generality of the method, para-
alkyl-, alkoxy-, and alkylthiophenyl ketones (p-
EtPhCOMe, p-MeOPhCOMe, and p-MeSPhCOMe)
were also reduced under the same conditions. How-
ever, all of them were reduced to alcohols, no cor-

BH3'MEZS

responding hydrocarbon derivatives were found al-
though para-alkoxyphenyl ketones could be reduced
to hydrocarbons by borane in the presence of boron
trifluoride (under Lewis acidic conditions) [5]. It was
rationalized that 1-(para-alkyl-, alkoxy-, and alkylth-
iophenyl)alkoxyboranes could not undergo an elim-
ination to form conjugative alkenes under neutral
conditions due to the weak electron-donating abil-
ity of alkyl, alkoxy, and alkylthio groups. This ob-
servation indicates that the neutral reductive deoxy-
genation is highly selective for the carbonyl group in
N-alkyl substituted para-aminophenyl ketones and
for the hydroxy group in N-alkyl substituted para-
aminophenyl alcohols.

In summary, a direct and rapid conversion of
carbonyl functionality to methylene group under
very mild conditions with high yields was described.
The procedure is very simple and convenient. It is
highly selective for deoxygenation of the carbonyl
group in N-alkyl substituted para-aminophenyl ke-
tones and of the hydroxy group in N-alkyl sub-
stituted para-aminophenyl alcohols under neutral
conditions.

EXPERIMENTAL

Elemental analyses were carried out on an Elemen-
tar Vario EL elemental analyzer. The 'H NMR spec-
tra were recorded on a Varian Mercury 200 or 300
spectrometer with TMS as an internal standard in
the CDCIl; solution. The IR spectra were taken on a
Brucker Vector 22 FT-IR spectrophotometer in film
on KBr plate. Mass spectra were obtained on a VG
ZAB-HS mass spectrometer. TLC separations were
performed on silica gel G plates with petroleum ether
(60-90°C)/ethyl acetate (5:1), and the plates were
visualized with UV light.
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SCHEME 1

Reductive deoxygenation of carbonyl and hydroxy groups to methylene with borane.
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TABLE 1 Reductive Deoxygenation of para-di- and Monoalkylaminophenyl Ketones and Alcohols by Borane
Entry Product R'/R? R3 Yield (%) Lit
1 2a Me/Me Me 25 (859) Oil 104/16 mmHg [14]
2 2b Et/Et Me 95 Qil Qil [15]
3 2c n-Pr/n-Pr Me 90 Oil Qil [15]
4 2d n-Bu/n-Bu Me 92 Qil Qil [15]
5 2e n-Am/n-Am Me 94 Qil
6 2f n-Hex/n-Hex Me 92 Qil
7 2g Me/Et Me 91 Qil [16]
8 2h Me/ Me Et 91 Oil 116—-118/16 mmHg [14]
9 2i n-Am/n-Am Et 97 Qil
10 2j Me/Me Pr 95 Qil 137/16 mmHg [14]
11 2k n-Am/H Me 81 Qil
12 2l n-Hex/H Me 85 Qil
13 3a Me/Me Me 83 Qil Qil [17]
14 3f n-Hex/n-Hex Me 99 Qil

425% in 2 h, 85% more than 10 h.

Reductive Deoxygenation of Carbonyl and
Hydroxy Groups to Methylene with Borane

General procedure. To a solution of N-alkyl
aminophenyl ketone 1 (or N-alkyl aminophenyl al-
cohol 3) (1 mmol) in anhydrous THF (20 mL)
was added rapidly (one-pot) borane dimethylsulfide
(0.222 g, 2.2 mmol) in anhydrous THF (10 mL) un-
der stirring at room temperature After having been
stirred for 1-2 h at room temperature, the solvent
was removed and the resulting residue was sepa-
rated on a silica gel column with petroleum ether
(60-90°C)/ethyl acetate (5:1) as an eluent to give col-
orless oil para-alkyl N-alkylaniline 2.

4-Ethyl-N, N-dipentylaniline 2e

Colorless oil, yield 94%. R; 0.40 (petroleum ether:
AcOEt = 5:1, silica gel plate). 'H NMR (200 MHz,
CDCL,) 6 7.03 (d, J = 8.4 Hz, 2H, ArH), 6.58 (d, J =
8.4Hz,2H, ArH), 3.21 (t,J = 7.4 Hz,4H, 2CH,), 2.53
(q, J = 7.8 Hz, 2H, CH,), 1.59 (quintet, J = 8.2 Hz,
4H, 2CH,), 1.31 (m, 8H, 4CH,), 1.19 (t, /] = 7.4 Hz,
3H, CH;), 0.90 (t, J = 6.8 Hz, 6H, 2CH;); *C NMR
(50 MHz, CDCl;) § 146.44, 130.92, 128.45, 112.07,

;
RT o BH, Rl -, (0BH,
N—< >—< _ ,N—< >—<
R? R? R? R?
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) ; £ 1
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2

SCHEME 2 Presumed mechanism of reductive deoxygena-
tion of carbonyl group to methylene with borane.

51.21, 29.41, 27.69, 27.02, 22.60, 15.85, 14.06; IR
(KBr):v 2960, 1460, 821 cm™!; EI-MS (12/2): 261 (M™,
25), 204 (M*-Bu, 100), 148 (M*-Bu-4CH,, 53), 119
(EtPhN™, 5.1); Anal. Calcd for CsH; N (261.45): C,
82.69; H, 11.95; N, 5.36. Found: C, 82.42; H, 11.72;
N, 5.45.

4-Ethyl- N, N-dihexylaniline 2f

Colorless oil, yield 92%. R; 0.40 (petroleum ether:
AcOEt = 5:1, silica gel plate). 'H NMR (200 MHz,
CDCl;) 6 7.03 (d, J = 8.6 Hz, 2H, ArH), 6.58 (d, J =
8.6 Hz, 2H, ArH), 3.21 (t,J = 7.2 Hz, 4H, 2CH,), 2.53
(q, J = 7.4 Hz, 2H, CH,), 1.51 (quintet, J = 7.2 Hz,
4H, 2CH,), 1.30 (m, 12H, 6CH,), 1.19 (t, J = 7.8 Hz,
3H, CH;), 0.89 (t, J = 6.4 Hz, 6H, 2CH;); 3C NMR
(50 MHz, CDCl;) 6 146.35, 130.82, 128.47, 111.91,
51.23, 31.77, 27.69, 27.25, 26.90, 22.71, 15.91, 14.05;
IR (KBr): v 2959, 1458, 820 cm™'; EI-MS (m/z):
289 (M, 18), 218 (M*-Am, 100), 148 (M*-Am-5CH,,
47), 134 (M*-Am-6CH,, 17); Anal. Calcd for C,;H3sN
(289.50): C, 82.98; H, 12.19; N, 4.84. Found: C, 82.99;
H, 12.29; N, 4.58.

N, N-Dipentyl-4-propylaniline 2i

Colorless oil, yield 97%. R; 0.40 (petroleum ether:
AcOEt = 5:1, silica gel plate). 'H NMR (200 MHz,
CDCl;) § 7.01 (d, J = 8.6 Hz, 2H, ArH), 6.57 (d, J =
8.6 Hz, 2H, ArH), 3.21 (t, J = 7.2 Hz, 4H, 2CH,), 2.47
(t, J = 8.2 Hz, 2H, CH,), 1.57 (quintet, J = 7.4 Hz,
6H, 3CH;), 1.33 (m, 8H, 4CH,), 0.93 (t, J = 7.2 Hz,
3H, CH3), 0.91 (t, J = 7.0 Hz, 6H, 2CH;); *C NMR
(50 MHz, CDCl;) ¢ 146.42, 130.88, 128.42, 112.10,
51.21, 37.02, 29.41, 27.69, 27.11, 24.83, 15.82, 13.85;
IR (KBr): v 2959, 1460, 822 cm™'; EI-MS (111/2): 275
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(M*, 20), 246 (M*-Et, 5.0), 218 (M*-Bu, 100), 162
(M*-Bu-4CH,, 40), 148 (M*-Bu-5CH,, 13); Anal.
Calcd for CoH33N (275.47): C, 82.84; H, 12.07; N,
5.08. Found: C, 83.08; H, 12.30; N, 5.29.

4-Ethyl- N-pentylaniline 2k

Colorless oil, yield 83%. R, 0.30 (petroleum ether:
AcOEt = 5:1, silica gel plate). '"H NMR (200 MHz,
CDCl;) 6 7.00 (d, J =8.4 Hz, 2H, ArH), 6.54 (d,
J = 8.4 Hz, 2H, ArH), 3.40 (s, br, 1H, NH), 3.08 (t,
J = 6.8 Hz, 2H, CH,), 2.53 (q, J = 7.6 Hz, 2H, CH,),
1.57 (quintet, J = 6.8 Hz, 2H, CH,), 1.38 (m, 4H,
2CH,), 1.18 (t, J = 7.6 Hz, 3H, CH;), 0.91 (t, ] = 6.4
Hz, 3H, CH,); *C NMR (50 MHz, CDCl,) ¢ 146.55,
132.95, 128.50, 112.86, 44.32, 29.36, 27.90, 22.50,
15.92, 14.00, 13.99; IR (KBr): v 3450 (NH), 2957,
1459, 819 cm™'; EI-MS (m1/2): 191 (M*, 18), 176 (M*-
Me, 5.4), 134 (M*-Bu, 100), 119 (M*-Bu-Me, 5.1);
Anal. Calcd for C;;H, N (191.31): C, 81.61; H, 11.06;
N, 7.32. Found: C, 81.85; H, 11.26; N, 7.19.

4-Ethyl- N-hexylaniline 21

Colorless oil, yield 85%. R; 0.30 (petroleum ether:
AcOEt = 5:1, silica gel plate). '"H NMR (200 MHz,
CDCl;)§7.00(d, J =8.2Hz,2H, ArH), 6.54(d, J =8.2
Hz, 2H, ArH), 3.25 (s, br, 1H, NH), 3.07 (t, /] = 6.8 Hz,
2H,CH,), 2.53(q, J =7.6 Hz, 2H, CH.,), 1.59 (quintet,
J = 7.0 Hz, 2H, CH,), 1.33 (m, 6H, 3CH,), 1.18 (t,
J=17.4Hz, 3H, CH;), 0.89 (t, J = 6.0 Hz, 3H, CH;);
13C NMR (50 MHz, CDCl;) 6§ 146.35, 130.98, 128.41,
112.76,44.15,29.20,27.88,26.90,22.60, 15.92, 14.06,
13.99; IR (KBr): v 3452 (NH), 2960, 1459, 821 cm™;
EL-MS (m/2): 205 (M*, 17), 190 (M*-Me, 5.1), 134
(M*-Am, 100), 119 (M*-Am-Me, 5.1); Anal. Calcd for
C4H,;N (205.34): C, 81.89; H, 11.29; N, 6.82. Found:
C, 81.69; H, 11.29; N, 6.58.

1-(4-Dihexylaminophenyl)ethanol 3f

Colorless oil, yield 99%; 'H NMR (200 MHz, CDCl;)
0:0.90 (t, J = 6.4 Hz, 6H, 2CH;), 1.25-1.40 (m, 12H,

6CH,), 1.48 (d, J = 6.2 Hz, 3H, 2CH,), 1.51-1.69 (m,
5H,OH, 2CH,), 3.24 (t, ] = 7.6 Hz, 4H, 2CH,), 4.79(q,
J = 6.2 Hz, 1H, CH), 6.60 (d, J = 8.8 Hz, 2H, ArH),
7.24 (d, J = 8.8 Hz, 2H, ArH). *C NMR (50 MHz,
CDCL,) §: 14.03, 22.68, 26.84, 27.17, 31.73, 51.09,
70.16, 74.85, 111.43, 126.66, 132.08, 147.70. MS (EI)
m/z: 305 (M*, 11), 287 (32), 234 (47), 216 (100), 164
(9), 146 (28), 132 (20), 43 (33); IR v(cm™): 3382 (OH),
2957, 2928, 1614, 1520. Anal. Caled for C,H3sNO
(305.50): C, 78.63; H, 11.55; N, 4.58. Found: C, 79.00;
H, 11.38; N, 4.54.
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