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Novel diacid accelerated borane reducing agent for imines
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Abstract—A remarkable effect of diacids in modulating the reactivity of borane has been discovered. This novel process provides
a rapid and excellent access for reduction of a variety of imines with different functionalities. © 2002 Elsevier Science Ltd. All
rights reserved.

Reduction of imines is one of the most fundamental
reactions in organic chemistry that is of continuous
interest for more efficient and practical method.1 Con-
ventional reagents including NaBH4–CF3CO2H,2

NaBH3CN3 and NaBH(OAc)3
4 represent the primary

choice for such a transformation. However, these
reducing agents are less successful in cases when THF,
toluene or tert-butyl methyl ether (TBME) etc., other
than toxic CH2Cl2, is the choice of solvent due to their
poor solubilities in these solvents. NaBCNH3 not only
has high toxicity entailing special disposal procedure in
industry,5 but also prefers low pH reaction condition
that is not feasible in cases when the imine intermedi-
ates are not stable in acidic media. Borane reagents
such as 9-BBN or BH3·Me2S would form stable com-
plex with imines, thus show sluggish reactivity toward
the reduction of imines.6

In our ongoing process development for preparation of
didesmethylsibutramine (3), a major active metabolite
of the anti-obesity drug Meridia® for treatment of CNS
disorders,7 we discovered a novel, homogeneous process
which overcame the aforementioned drawbacks that
had otherwise occurred. Herein, we would like to dis-
close a remarkable effect of diacids in modulating the
reactivity of borane complexes for facile reduction of a
variety of imines under very mild conditions.

The process, as exemplified in the preparation of 3,
involved reduction of the imine intermediate 2 derived
from the addition of the Grignard reagent to nitrile 1,
with 1 equiv. of BH3·THF in the presence of 1 equiv. of
diacids, such as 4, or 5 (Scheme 1). A solution of nitrile

1 in toluene was treated with isobutylmagnesium chlo-
ride in tert-butylmethyl ether (MTBE). After distilla-
tion of MTBE, the reaction mixture was warmed to
110°C to ensure complete conversion of the nitrile 1.
Upon cooling to below 0°C, the imine magnesium
species was treated with 1 equiv. of phthalic acid (4), or
succinic acid (5) in THF, followed by the addition of
one equiv. of BH3·THF at below −25°C. The reaction
completed within 30 min to give 3 in 95% overall yield.

For comparison, reduction of the imine magnesium
intermediate 2 with BH3·THF in THF, or toluene, was
performed. Not unexpectedly, the reduction without
phthalic acid was slow even at ambient temperature
and many by-products were observed. Only 75% of the
product 3 was isolated after purification by chromato-
graphy. Other conventional reducing reagents, such as

Scheme 1.
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Table 1. Reduction of imine 2 with various reducing agents

Solvent Temp. (°C) Time (h)Reducing agenta Yieldb (%)Entry

1 THFBH3·THF 22 14 75
IPA RefluxNaBH4 62 76

NaBH(OAc)33 THF 22 8 0
THF 224 8NaBH3CN 0
THF −25BH3·THF+4 0.55 96

BH3·THF+46 THF −78 0.5 98
THF 22 3 337 n-Bu4NBH4

a All the reactions were run with 1 equiv. of reducing agents.
b Yield referred to the isolated yield.

NaBH4, NaBH(OAc)3, NaBH3CN etc., were examined
on imine 2 for comparison, and the results are sum-
marized in Table 1. From these results, it is obvious
that this novel method features high reactivity, excel-
lent yield, mild homogeneous reaction conditions
(−78�−25°C), and an easy work-up procedure that is
highly desirable in large-scale production of com-
pound 3.

In an independent experiment in which BH3·THF was
mixed with phthalic acid in THF at below −25°C, no
hydrogen evolution was observed indicating that no
obvious reaction occurred between the two reagents
at this temperature.8

The mechanism of the reaction is not clear. It is pos-
tulated that the double functionalities of the diacid
are acting as a Brønsted acid to protonate the nitro-
gen of imine, as well a Lewis base by coordinating
the carbonyl oxygen with electron deficient reducing
agent BH3·THF, thus, facilitating the reduction (Fig.
1).

Experiments using monoacids, such as benzoic acid
(7), were examined (Table 2). When 1 equiv. of
BH3·THF and benzoic acid was used, only 45% of
the imine 2 was converted into 3 at −78°C over 3 h.
Similarly, the reduction using two equiv. of benzoic
acid and 1 equiv. of BH3·THF at −78°C gave only
51% of DDMS (3) in 3 h. This indicated that simple
activation of the imine 2 with mono-carboxylic acid
was not as effective as that of diacid. We propose
that the diacid might play a ‘platform’ role in coordi-
nating with both the reagent, as well as the substrate.
This organization may lead to intramolecular delivery
of the hydride to the substrate.9

Other bifunctional molecules such as salicyclic acid
(6) and 2,2�-diphenylacid (8) were examined. As
expected, the reduction using 6 proceeded at −30°C
with the same effectiveness.10 However, a sluggish
reaction was observed when using 8 as the additive.
This implies that the conformation of the diacid had
to be flexible to allow the construction of an
‘intramolecular’ transition state as depicted in Fig. 1.

The chemoselectivity of this reducing system (phthalic
acid/BH3 at −78°C) was exhibited in the intermolecu-
lar competitive reduction between ketimine 10 and
molecules with other functionalities (Scheme 2). The
method was effective in reducing ketimine 10 to
provide N-benzyl phenethylamine in 80% isolated
yield after purification. Other functional groups such
as ester, tertiary amide and nitrile, are well tolerated
in the system.

To examine the generality of this method, the process
was expanded on a variety of substrates with multiple
functionalities. The results are summarized in Table 3.
The high reactivity of these novel reducing agents is

Figure 1.

Table 2. Reduction of the imine 2 with borane catalyzed by diacids

Time (h)Temp. (°C)BH3·THF (equiv.) Conv. (%)Entry Acid (equiv.)

0.5 991 4 (1.0) 1.0 −78
961.5−252.02 6 (2.0)

−78 33 7 (1.0) 431.0
−78 34 7 (2.0) 511.0
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Scheme 2.

substituted olefin, carboxyl ester, and nitrile, which
are highly susceptible to borane reduction,11 remain
intact under these mild conditions (Table 3, entries
5a, 5b, 6). In the case of �,�-unsaturated ketimine
(Table 3, entry 7), only the 1,2-reduction product was
observed. It is important to note that sulfinyl
ketimine can be reduced without any complication
with d.r. of 60:40 (Table 3, entry 8). The selectivity is
increased to 90:10 with addition of Ti(OiPr)4 to this
new reagent.

In summary, a mild homogeneous, chemoselective
procedure for the reduction of imines has been devel-
oped by combination of BH3·THF and diacids. This
novel process allows the reaction to be conducted in
environmentally benign solvent THF rapidly and at
low temperature. Based on these preliminary achiral
reduction results,12 it is potential to design an asym-
metric reduction protocol for imines by employing
appropriate chiral diacids.

exemplified by reduction of di-tert-butyl imine at
−30°C in 30 min (Table 3, entry 1). In the case of
pyridine-containing imines (Table 3, entry 2), it is
reduced in 30 min with 2 equiv. of the reducing
agent. It is worthy to note that functionalities such as

Table 3. Diacids-mediated borane reduction of iminesa
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Isopropyl acetate (25 mL) was added and the reaction
was washed with 1 M KOH (3×20 mL), water (2×25 mL)
and dried. Solvents were evaporated in vacuo to give the
secondary amines. The crude was purified by passing
through a short pad of silica gel to give the amine as
colorless oil (387 mg, 87% yield). 1H NMR (CDCl3,): �

1.80 (br S, 1H). 3.81 (S, 3H), 3.87 (S, 3H), 7.20–7.48 (m,
5H), 7.50 (d, J=8.2 Hz, 2H), 7.60 (d, J=8.1 Hz, 2H); 13C
NMR (CDCl3,): � 52.6, 53.2, 110.7, 119.1, 127.2, 128.2,
128.6, 128.7, 132.2, 139.9, 146.1; HRMS: calcd for
C15H14N2 (M+H) 223.1233, found 223.1235.

14. 4-(Benzylamino-methyl)-benzoic acid methyl ester was
prepared according to the general procedure in 92% yield
as colorless oil. 1H NMR (CDCl3,): � 1.70 (br S, 1H);
3.82 (S, 3H), 3.88 (S, 3H), 3.90 (S, 3H), 7.25–7.40 (m,
5H), 7.50 (d, J=7.2 Hz, 2H), 8.0 (d, J=7.0 Hz, 2H); 13C
NMR (CDCl3,): � 52.1, 52.8, 53.2, 126.4, 127.2, 128.1,
128.2, 128.5, 128.9, 129.8, 140.1, 145.8, 167.1; HRMS:
calcd for C16H17NO2 (M+H) 256.1326, found 256.1337.

15. Benzyl-(4-styryl-benzyl) amine was prepared according to
the general procedure in 90% yield as colorless crystalline,
mp 42–44°C. 1H NMR (CDCl3,): � 1.70 (br S, 1H), 3.80
(S, 4H), 7.1–7.6 (m, 16H), 13C NMR (CDCl3,): � 52.9,
53.2, 126.6, 126.7, 127.1, 127.3, 127.6, 128.3, 128.4, 128.5,
128.6, 128.8, 136.1, 137.4, 139.9, 140.3; HRMS: calcd for
C22H21N (M+H) 300.1749, found 300.1752.

16. (1,3-Diphenyl-but-2-enyl)-phenylamine was prepared
according to the general procedure by adding BH3·THF
(3.85 mL, 1 M in THF, 3.85 mmol) to a pre-mixed
solution of the imine (500 mg, 1.68 mmol) and phthalic
acid (639 mg, 3.85 mmol) in 10 mL THF at below −25°C.
Reaction completed in 6 min. The amine was obtained as
a white solid (480 mg, 95% yield). 1H NMR (CDCl3,): �

7.29–7.54 (m, 10H), 7.20 (t, J=7.5 Hz, 2H), 6.76 (t,
J=7.3 Hz, 1H), 6.66 (d, J=7.6 Hz, 2H), 6.01 (dd, J=8.5
Hz, J �=1.2 Hz, 1H), 5.33 (dd, J=8.49 Hz, J �=8.43 Hz,
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13C NMR (CDCl3,): � 147.56, 143.25, 142.76, 137.04,
130.52, 129.29, 128.93, 128.38, 127.45, 127.35, 126.87,
125.98, 117.73, 113.58, 57.10, 16.74; MS: 298.09 (M+−1).
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