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An efficient two-step synthesis of 3-amino-1-benzhydrylazetidine
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A streamlined process for the synthesis of 3-amino-1-benzhydrylazetidine is described. Commercially available
1-benzhydrylazetidin-3-ol was reacted with methanesulfonyl chloride in the presence of triethylamine in acetonitrile,
upon quench with water, the mesylate intermediate (3) was isolated by filtration. The wet filter cake was
subsequently treated with ammonium hydroxide/isopropanol in a Parr reactor at ~70°C. The procedure afforded the

titled compound as mono acetate salt in 72-84% yield.
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3-Aminoazetidines (1) represent a functionality often found
in compounds of therapeutic potential that are documented
primarily in the patent literature.! To date, the most convenient
method for the synthesis of 3-substituted azetidines is to start
from 1-benzhydrylazetidin-3-ol (2)? which is readily prepared
from benzhydrylamine and epichlorohydrin? and is available
from several vendors at relatively low cost. Activation of the
hydroxyl group in 2 was most frequently accomplished by
conversion to the corresponding toluenesulfonate (39% yield)
or methanesulfonate (100% yield) esters. These sulfonate
esters are good substrates for substitution reactions to give
the corresponding 3-alkoxide, 3-bromide, 3-cyano, and
3-carboxylic acid azetidines.’®* It has been reported that
the azetidine ring is sensitive to hydrolytic conditions and
undergoes opening in the presence of water or a nucleophilic
radical.’ The opening of the azetidine ring has also been
reported to lead to a polymerisation reaction.®

Recently we had a need to prepare multi-kilogram quantities
of 3-amino-1-benzhydrylazetidine (1a, R! = CHPh,, R? = R3
= H). Three preparations of 1a from 2 have been reported
in the literature (Scheme 1). The Gabriel synthesis was
considered inefficient for its low atom economy, and suffers
from the additional disadvantages of being patented,” and
of employing hydrazine hydrate (high thermal potential) to
deprotect the phthalimide group. Another method employs
azide displacement of the sulfonate followed by reduction.?
This chemistry was not considered further due to thermal
hazard issues associated with handling azides. The most
attractive chemistry in the literature is the direct aminolysis
of the mesylate 3, but the procedure as described gave a poor
yield (27%) of 1a.?

Given the limitations of existing methods for the synthesis
of 3-aminoazetidines, we undertook development a more
readily scalable synthesis of 1a. Our initial approach is a three-
step sequence and is shown in Scheme 2. Following literature
precedents, oxidation of azetidinol 2 provided azetidinone
5 in good yield.!9 Condensation of 5 with hydroxylamine
hydrochloride provided oxime 6,'! which was reduced to the
amine using LiAlH,. This sequence routinely gave 1a in good
yields with the product conveniently isolated as the oxalic acid
salt. To further streamline the process, the oxime intermediate
was taken directly into the L:AlH,4 reduction without isolation.
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Scheme 1 a. MsCl, pyridine, -10°C, 80% b. Potassium
Phthalimide, CH3(CH,),sP*Bun3Br, PhMe, reflux, 67%.
c. H,NNH,*H,0, MeOH, reflux, 96%. d. NaNs. e. LAH.

f. NH3/MeOH, 27%.

Several hundred grams of 1a were delivered by this route early
in the program, but as material needs increased we recognised
that the low temperature Swern oxidation and tedious workup
of the L:AlH, reduction negatively impacted operational cost
and efficiency if they were to be run in the pilot plant.

At this point we elected to revisit the direct aminolysis
of mesylate 3 (Scheme 1, steps a and f) and initiated an
optimisation of the reaction.!? For the first step (synthesis
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Scheme 2 a. Oxalyl chloride, DMSO, -78°C; b. NH,OH<HCI;
c. (1) L:AlHy, (2) oxalic acid.
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Scheme 3 a. MsCl, NEtz, CH3CN, -10°C, 100%; b. 28% aq.
NH/PriOH, 72-84%

of mesylate 3), we first addressed reaction solvent and base,
since the literature employed pyridine in both roles. By simply
changing the reaction conditions to dichloromethane as the
solvent and triethylamine as the base the yield was improved
to ca 80% after a simple extractive workup. Since mesylate 3
is a crystalline solid with minimal solubility in water, the use
of acetonitrile (3 vol.) as reaction solvent further streamlined
the process, by enabling product isolation by simply adding
water. The solid product was filtered to give quantitative yield.
Subsequently, we established that the wet cake could be directly
used in the subsequent aminolysis reaction without drying.

We then turned our attention to the aminolysis of the
mesylate. In our hands, the literature conditions did indeed
result in poor yields of 1a.° Our initial modification of the
procedure used the more readily handled aqueous 28%
ammonium hydroxide (10 vol) and isopropanol (15 vol) at
75°C in a standard reaction flask open to the atmosphere.
Under these conditions the desired product 1a was observed
as the major product, but the dimeric byproduct (7, Fig. 2)
was also formed at high levels (>35% by HPLC). While we
anticipated that some 1a would react further with the mesylate
(3) to give the dimer (7), we had hoped that the large excess
of ammonia would suppress the formation of the dimer. To
prevent loss of NHj during the course of the reaction, the
process was next conducted in a Parr reactor (2 L) using
7 N ammonia in methanol for the aminolysis. On heating
this reaction to 70-75°C, the pressure of the vessel rose to
40-50 psi. After 3 h, the reaction was nearly complete with
a mixture of 1a:7 in a 94:6 ratio by HPLC. The product was
isolated by evaporation of the volatiles and recrystallised
from diisopropyl ether to give a 70% yield of 1a. The use of
a closed vessel for this process has a dual benefit of retaining
the NH; and increasing the rate of the reaction, as the rate of
Sx2 nucleophilic substitution reactions have been reported to
be accelerated by applying pressure to the reaction.!3-13

Since 7 N NH3/MeOH is not readily available on scale,
we next employed 28% aqueous NH,OH. Again we opted
to run the same reaction (10 vol of 28% NH4OH and 15 vol
of isopropanol) in the Parr Reactor and observed the dimer
was reduced to approx. 4%. For workup, the reaction mixture
was concentrated under reduced pressure to remove the
isopropanol and the residue extracted into isopropyl ether. As
the free base is difficult to isolate as a solid, the acetate salt
was precipitated directly from the organic extracts on addition
of 1 equiv of acetic acid. This protocol gave 72-84% yield of
1a on multi-hundred gram scale in the lab.

The methanolic ammonia and the ammonium hydroxide
aminolysis reactions were comparable in yields. In both

Fig. 2

JOURNAL OF CHEMICAL RESEARCH 2006 479

reactions, azetidine ring opening products were not observed.
The workup and isolation using methanolic ammonia was
more straightforward, but 7 N methanolic ammonia is tedious
to prepare on scale and its commercial availability is limited.
Using aqueous ammonium hydroxide method has advantages
since 28 wt% ammonium hydroxide is readily available and
of low cost, and there are no handling issues. Using this
protocol, multi-kilograms of 3-amino-1-benzhydrylazetidine
monoacetate was prepared in high quality. In addition, both
the production cost and the waste streams generated in the
manufacturing were reduced significantly.

Experimental

1-Benzhydrylazetidin-3-yl methanesulfonate: To a 51 3-neck round
bottom flask was charged 632 g (2.64 mol) of 1-benzhydrylazetidin-
3-ol, acetonitrile (1.91) and triethylamine (601 g, 1.5 equiv). The
mixture was cooled in ice-acetone bath (-5°C). Methanesulfonyl
chloride (436 g, 1.20 equiv) was added via a drop funnel while
keeping the reaction temperature at < 5°C. HPLC showed reaction
completion after 15 min. Water (6.31) was added, and the reaction
mixture was stirred for 2 h at room temperature, and filtered. The filter
cake was rinsed with water (2 x 11), and pulled dried under vacuum,
and directly subjected to the amination reaction in the next step. An
analytical sample was dried under vacuum at 45°C, its spectroscopic
data were identical to those reported.3

1-Benzhydrylazetidin-3-amine monoacetate: The mesylate wet cake
(838 g dry weight expected, 2.64 mol) was dissolved in isopropanol
at 50°C. The solution was charged to a 2 gallon Parr reactor, followed
by the addition of 28 wt% ammonium hydroxide under vacuum.
The Parr reactor was sealed, and heated to 71°C for 3 h (38-40 psi
pressure observed). The reaction was assayed by HPLC, and showed
reaction completion. The reaction mixture was cooled to room
temperature, discharged from the Parr reactor, and concentrated under
vacuum. The product was extracted with diisopropyl ether (8.41).
The organic extract was concentrated to ~ 41 under atmospheric
pressure, and 159 g (1 equiv) of acetic acid was added, the mixture
was stirred for 2 h, and the product (mono acetate salt) was collected
by filtration. The solids were dried at 40°C under vacuum to give 662 g
of product as monoacetate salt (84% yield), m.p. 149.6-152.9°C
'H NMR (CD;0D, 400 MHz) 7.42-7.04 (m, 10 H), 4.44 (s, 1H),
3.78-3.62 (m, 1H), 3.43-2.36 (m, 2H), 3.03-2.99 (m, 2H), 1.93
(s, 3H). C NMR (CD;0D, 100 MHz) 176.2, 141.4, 128.3, 127.3,
127.2,77.5,58.3,41.2,22.2
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