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ABSTRACT: A three-component reaction of aldehydes, alkyl aq. ammonia N’Rz
bromides, and ammonia to form imines was studied. Aqueous R2Br ; By
ammonia was applied as the nitrogen source and solvent in the RUH
reaction. For the aromatic aldehyde, the product yields are good to R'CHO + ) R4 R3
excellent and the reaction conditions are mild to be compatible aq. ammonia R® + N R*
with a range of functional groups. The reaction of aldehydes and R®___R* R1U OH R1U OH
aqueous ammonia with epoxides was also studied and imines 0 major product  minor product

bearing a vicinal hydroxyl group can be obtained efficiently and
regioselectively. And studies showed that this method allows the
synthesis of primary amines and especially 1,2-amino alcohol selectively in high yield. It is proposed that the reaction pathway might
involve a key intermediate of hydrobenzamide.

R*is smaller than R®

mines are widely used in the synthesis of natural products, non-
natural amino acids, pharmaceutical and medicinal compounds
such as B-lactam, as well as polymers and materials.' Imines are
often obtained by the condensation of amines with the carbonyl
compounds,” and they can also be obtained by the oxidative

Table 1. Optimization of the Reaction Conditions for the
Three-Component Tandem Reaction to Prepare Imine 3a*

N
©/CHO+ N aqueous ammonia ©/\N/\/\

condensation of amines,” oxidation of amines,* and the oxidative 1a 2a 3a
coupling of alcohols and amines.®~”
For the method of condensation of amines with the carbonyl entry X solution temp (°C)  yield (%)"

compounds, although it is a well-established, direct, and attrac-

tive synthetic route to prepare imines, problems still remain to ! Br 3 Maq ammonia it 0
achieve this chemical transformation economically. For many 2 Br 3 M ag ammonia 60 40
years, azeotropic distillation was the most popular technique to 3 Br 9 Magqammonia 60 80
remove the liberated water. Molecular sieves, dehydrating sol- 4 Br 28% (w/w) aq ammonia 60 91
vents, or Lewis acid catalysts have been shown to remove water as 5 Br  28% (w/w) aq ammonia 45 65
well as facilitate nucleophilic attack on the carbonyl compound. 6 Br 28% (w/w) aq ammonia 75 82
These methodologies suffer from high reaction temperatures, 7 I 28% (w/w) aq ammonia 60 90

prolonged reaction times, high cost, or moisture sensitive 8 cl
reagents/catalysts. Given the importance of imines as intermedi-
ates in organic synthesis, the development of convenient proce-
dures for their preparation is of interest. In recent years, aqueous
protocols have received considerable attention and developed
very fast.® In connection with our interests in aqueous medium

28% (w/w) aq ammonia 60 22
? Reaction conducted with benzaldehyde (0.5 mmol), 2a (0.75 mmol) in
aqueous ammonia (1 mL), overnight. * Isolated yields.

resulted in an increase of the yield (entries 3 and 4, Table 1).

reactions,” herein we disclose a novel three-component tandem Optimization on the concentration of ammonia showed that the

reaction to prepare imines from aldehydes, bromides/epoxides,
and aqueous ammonia under mild conditions.

The reaction of benzaldehyde and 1-bromobutane was initially
investigated in 3.0 M aqueous ammonia at room temperature.
However, there was no imine observed. When the reaction was
carried out at 60 °C, a 40% yield of desired imine was obtained
(entry 2, Table 1). Increase of the concentration of ammonia
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yield reached 91% in 28% (w/w) aqueous ammonia (entry 4,
Table 1). When the reaction was carried out at higher tempera-
ture (75 °C), the desired imine was isolated with a small decrease
of yield (entry 6, Table 1). For 1-iodobutane and 1-chlorobutane,
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Table 2. Formation of Imines from Aldehydes and Bromides
in Aqueous Ammonia“

28 % NHy+H,0 R
R'CHO + RBr —+7—> )
R H
1 2 3
entry R! R? product yield (%)"
1 Ph n-Bu 3a 91
2 Ph i-Pr 3b 86
3 Ph PhCH, 3¢ 91
4  Ph CH,=CHCH, 3d 90
S Ph CH;CH=CHCH, 3e 85
6 Ph CNCH,CH, 3f 90
7 4-Cl-C¢H, n-Bu 3g 89
8 4-CN-CeHy n-Bu 3h 78°
9 2-thienyl n-Bu 3i 82
10 2-HO-CgH,  n-Bu 3 85
11 2-Br-CgH, CH,=CHCH, 3k 94
12 4-Cl-C¢Hy CH,=CHCH, 31 92
13 2-furyl CH,=CHCH, 3m 93
14  40,N-CH, CH,=CHCH, 3n 92°
15 PhCH=CH CH,=CHCH, 30 89
16 n-Pr n-Bu 3p 107
17 n-Pr PhCH, 3q 3¢
18 n-Pr CH,=CHCH, 3r <10%

? Standard reaction conditions: aldehydes (0.5 mmol), bromides (0.75
mmol), and 28% (w/w) aqueous ammonia (1.0 mL), 60 °C, overnight.
When allyl and benzyl bromide were employed, reactions were
conducted at rt. * Isolated yields. ©0.25 mL of THF was added. “Yield
was determined by NMR of crude product.

the products were obtained in the yields of 90% and 22%,
respectively (entries 7 and 8, Table 1). Hence, the best condition
is shown in entry 4, Table 1."

Subsequently, a variety of aldehydes and alkyl bromides were
examined to generate the desired products under the optimal
conditions. Table 2 summarizes the details of the result. For the
aromatic aldehydes, the desired imines were prepared smoothly

Scheme 1. Studies on the Reaction of Preform 6 with
Bromide

3
Ph a\'(\mo"“

A 03
)NI NI + /\/\Br no afhn—,o ‘ o
Ph Ph T~ CHO
6
96 %

in excellent yields in the method. There was a tolerance for an
electron-donating group (—OH) or electron-withdrawing
groups (e.g, —Cl, —Br, —NO,, —CN), and thienyl (entry 9,
Table 2) and furyl (entry 13, Table 2) groups were not affected in
this mild procedure. In further investigations, the transformation
of an @,(-unsaturated aldehyde proceeded efficiently to afford
the corresponding product in an excellent yield (entry 1,
Table 2). In addition, allyl bromide and benzyl bromide per-
formed more actively in this method, and corresponding imines
were obtained in excellent yields at room temperature. It is
notable that the 3-bromopropionitrile could also be used to give
3fin ayield of 90% (entry 6, Table 2). However, for the aliphatic
aldehyde, the yields of imines obtained were not satisfied (entries
16, 17, and 18, Table 2).

It is noteworthy that epoxides, instead of bromides, were also
good substrates for the preparation of imines bearing a vicinal
hydroxyl group. As shown in Table 3, epoxides afforded the
desired imines regioselectively in excellent yields when aromatic
aldehydes were applied, and the ring was opened at the less
hindered site predominately. But for the aliphatic aldehyde, the
yield obtained was low (entry 7, Table 3).

It was observed that a white precipitate appeared first when
benzaldehyde and alkyl bromide were added into aqueous
ammonia, then it disappeared slowly during the reaction. The
white precipitate had been collected and confirmed by NMR as
hydrobenzamide 6. It was suggested that hydrobenzamide
6 might be an important intermediate in the reaction. Hence,
hydrobenzamide 6 was presynthesized'' and then was treated
with the mixture of 1-bromobutane and aqueous ammonia at

Table 3. Formation of Imines from Aldehydes and Epoxides in Aqueous Ammonia®

R* R®
R3 R4 28 % NH3-H,0 3 4
RICHO + " ——— 2 N)\(R . N R
° 60°C J o on OH
R
1 4 5 5
entry R! R® R* major product 5:5"° yield of 5+5' (%)° yield of 5 (%)
1 Ph Me H Sa 97:3 93 87
2 4-CLCGH, Me H sb 98:2 90 81
3 Ph Ph H Sc 72:28 96 65
4 4-MeO-CH, Ph H sd 79:21 86 64
5 Ph —(CH,),— Se 96 90
6 4-MeO-C4H, Me H sf 98:2 92 _e
7 n-Pr —(CH,),— sg 2

# Standard reaction conditions: aldehyde (2 mmol), epoxide (2.5 mmol), and 28% (w/w) aqueous ammonia (3.0 mL), overnight, 60 °C. ¥ Determined
by "H NMR of crude product. “NMR yield of 5:5'; internal standard: nitrobenzene. ¢ Isolated yields of § by crystallization. * Unstable in column and

failed to be crystallized.
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Scheme 2. Proposed Reaction Pathway through Intermediate 6
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Scheme 3. Application on the Synthesis of Primary Amine
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60 °C overnight, and 3a was obtained in a yield of 93%
(Scheme 1). However, if the preformed 6 was added into the
mixture of 1-bromobutane and water in the absence of ammonia,
benzaldehyde was collected and none of the desired product was
obtained, which indicated the importance of ammonia as a
necessary partner in the reaction for the formation of imines
from hydrobenzamide 6.

Thus, the following reaction pathway was tentatively proposed
to rationalize the formation of imines in aqueous ammonia
(Scheme 2). In the mixture of benzaldehyde and aqueous
ammonia, an equilibrium'? was established that involved inter-
mediates 7, 8,9, and 6, and bromide might react with each of the
intermediates to produce the desired imine 3.

Another mechanism could not be neglected, in which the
in situ formation of a primary alkylamine from the reaction of
alkyl bromide with ammonia is followed by the condensation of
primary alkylamine with aldehyde to produce imine. From the
above experimental results, it was hypothesized that the route
through Scheme 2 predominated in the two pathways.

It can be envisioned that the easy hydrolysis of imines renders
this method a new protocol for the synthesis of primary
amines.">'"* Compared with reported methods of direct ammono-
lysis of bromides and 1,2-epoxides, this procedure avoids the
production of secondary and tertiary amines as byproduct. Mean-
while the employed aldehyde can be recycled. As an example, in the
treatment of imine Sa'> with 0.1 N HCl at room temperature for 3 h,
the hydrolysis occurred smoothly to produce benzaldehyde and 1,2-
amino alcohol 10'® quantitatively by NMR analysis (Scheme 3).

In conclusion, an efficient method for the preparation of imines
from alkyl bromides/epoxides and aldehydes in aqueous ammonia
has been developed. The obvious advantages of this synthetic
procedure are simplicity and efficiency. This method also provided
a new protocol for the synthesis of primary amines, especially for the
synthesis of 1,2-amino alcohol regioselectively in high yields. Further
investigation to determine a precise mechanism and expand the
scope of this reaction is underway in our laboratory.

B EXPERIMENTAL SECTION

Procedure for the Preparation of Compound 3a. A mix-
ture of benzaldehyde (53 mg, 0.5 mmol) and 1-bromobutane (102 mg,
0.75 mmol) in 28% (w/w) aqueous ammonia (1.0 mL) was stirred in a
sealed tube at 60 °C overnight. The reaction mixture was extracted with
diethyl ether (2 X 10 mL). The combined organic layer was washed with
water (S mL) and brine (§ mL) and then dried over anhydrous magnesium
sulfate. The organic solvent was removed on a rotary evaporator under
vacuum, and the crude product was purified by column chromatography on
silica gel (hexane/ethyl acetate/triethylamine 100:10:1) to afford 3a as
a colorless oil (73 mg, 91% yield). The silica gel was preneutralized with 1%
(v/v) of triethylamine in hexane before packing. dg; (300 MHz; CDCly;
Me,Si) 0.96 (3H,t,]=7.1Hz,3 x CH,CH,CH,CH,), 1.34—1.46 2 H,m,
CH,CH,CH,CH,), 1.65—1.75 (2 H, m, CH,CH,CH,CH,), 3.63 (2 H, dt,
J=12,7.0 Hz, CH,CH,CH,CH,), 7.40—7.42 (3H, m, 3 X Ph),7.72—7.75
(2 H, m, 2 x Ph), 828 (1 H, s, N=CH). ¢ (75 MHz; CDCl;; Me,Si)
138, 203, 32.9, 61.3, 127.9, 1284, 1303, 1363, 160.5. HRMS (ESI) m/z
(M + H") caled for C, H N 162.1283, found 162.1278.
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