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Abstract

2-Bromoethylamines are converted to the corresponding formate esters in the presence of DMF. Both primary and secondary
bromides are smoothly transformed to the esters in satisfactory yields. The reaction mechanism involves the formation of an aziridinium
ion, which upon reaction with DMF forms a Vilsmeier-type intermediate that is further hydrolyzed to the corresponding formates. Par-
ticipation of the B-amino group appears to control not only the regioselectivity but also the stereoselectivity of the reaction. Application
of the reaction conditions to chiral substrates indicated that non-rearranged products are formed with retention of configuration at the

reacting center.
© 2008 Elsevier Ltd. All rights reserved.
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As a part of an ongoing project aimed at the synthesis of
zinc chelating sensors,' we attempted the alkylation of aro-
matic amines with 2-[(2-bromoethyl)(cyanomethyl)amino]-
acetonitrile (1) using DMF as a reaction solvent. To our
surprise the alkylated amines were isolated as the minor
products of the reactions, the major product being the
corresponding formate ester 2. Reproduction of the experi-
mental conditions in the absence of nucleophile gave 2 in
66% yield (Scheme 1). Under the same experimental condi-
tions the bis-z-butyl ester analog, namely tzert-butyl
2-((2-bromoethyl)(2-zert-butoxy-2-oxoethyl)amino)acetate
(3) gave the corresponding formate in 76% yield.

To the best of our knowledge there is no previous report
of such a transformation. The preparation of 2-aminoethyl-
formates has been mentioned in the literature as a result of
applications of general methods such as the conversion of
primary alcohols or their O-tert-butyldimethylsilyl ethers
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to the corresponding formate esters in methylene chloride,
using 2,4,6-trichloro-1,3,5-triazine and DMF in the pres-
ence of lithium fluoride.? Similarly, O-tert-butyldimethyl-
silyl or O-triethylsilyl alcohols were converted to their
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Scheme 1. Conversion of 2-bromoamines to the corresponding formate
esters.
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Table 1
Dependence of the formate ester yield on the type of substrate, the
reaction time and the presence of base

DMF, 80 °C

R/\/Br R/\/O\H/H
o]
R Compound Reaction time (h) Product yield (%)
NC_\N_ 1 20 66
NC—/
t-BUOQC_\
N— 3 20 76
t—BqucJ
o
@lﬁéN— 5 20 44
o
6 20 71
B”\N_ 6 40 97
Br 6 20‘d 68
6 40* 74
Bn. 7 20 24
_N-CHy— 7 40 61
Bn 7 60 80
PhCH,Br 8 20 7

% DIPEA was used as base in the reaction.

corresponding formates under Vilsmeier—Haack conditions
(POCIl3/DMF).?

To explore the mechanism as well as the scope of the
reaction we repeated the experiment using N-(2-bromo-
ethyl)phthalimide (5) where the nitrogen is part of a conju-
gated system. The yield of the corresponding formate was
reduced to 44%, presumably due to the reduced availability
of the electron pair on the nitrogen (Table 1). A similar
explanation was given for the lack of potency of N,N-bis-
(2-chloroethyl)nitroanilines as nitrogen mustards.* The
two-carbon distance between the nitrogen and bromine
atoms appears crucial for the outcome of the reaction:
while N,N-dibenzyl-N-(2-bromoethyl)amine (6) gave the
desired formate in 97% yield after 40 h of heating, its
homologue N,N-dibenzyl-N-(3-bromopropyl)amine (7)
reacted much slower under the same conditions. The nitro-
gen base, used in the initial reaction, was not necessary,
since it did not accelerate the conversion of bromide 6 to
the desired product.

When benzyl bromide (8) was used as the substrate,
benzyl formate was isolated in only 7% yield after 20 h.
This compound was reported as a side-product in mixed
carbonate preparations involving treatment of benzyl
bromide with alcohols in the presence of K,CO; and
BuyNI, under a CO, atmosphere, using DMF as a solvent.’
Formate esters were also formed as side-products upon the
reaction of bromomethyl substituted 2-isoxazolines with
AgNO; when DMF was used as a solvent.® 2-Bromopro-

panamides and acetamides also gave the corresponding
formate esters as side-products in base promoted cyclo-
coupling reactions with DMF.” Besides these reports, there
is no evidence that alkyl bromides are regularly converted
to formyl esters via reaction with dimethyl formamide.

Although limited, these initial results indicate that the
reaction proceeds via initial neighboring group partici-
pation of the nitrogen atom, most likely leading to the
formation of an aziridinium intermediate (Scheme 2).
Reaction of the aziridinium ion with DMF produces an
alkoxymethaniminium salt (a Vilsmeier-type intermediate)
which, either in the presence of traces of water or during
work-up, is hydrolyzed to the corresponding formate ester.
In a parallel example, N,N-bis-(2-chloroethyl)amides of ali-
phatic acids were reported to rearrange to the correspond-
ing esters via an intermediate oxazolinium ion.*

To test the validity of this hypothesis, we used substrates
that contained bromoethylamino-analogs with the amino
group at a secondary center. As mentioned in the literature,
diprotected 2-aminoalcohols with the amino group at a sec-
ondary center lead to the exclusive formation of rearranged
bromoamines with complete stereochemical inversion at
the secondary centers via translocation through aziridi-
nium salt intermediates.®

Following a published procedure,® we synthesized N,N-
dibenzyl-2-bromo-3-phenyl-1-propanamine (10, Scheme 3A)
and subjected this compound to the formylation reaction
conditions. The result verified our initial hypothesis: since
the reaction proceeds via a substituted aziridinium interme-
diate, reaction with DMF took place predominantly in the
same fashion as in the bromination step, yielding the
unrearranged formate 11 as the major product. The minor
product 12, identified by GC/MS as the rearranged
formate, is apparently the result of the reaction of DMF
with the methylene carbon of the aziridinium system.

The study was extended by the conversion of 1-di-
benzylamino-2-propanol (13) to the corresponding second-
ary bromide,® which was in turn treated with DMF to
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Scheme 2. Proposed mechanism for the conversion of 2-bromoamines
into formate esters.
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Scheme 3. Conversion of secondary 2-bromoamines into formate esters.

yield, as expected, the secondary as well as the primary
formate esters in 99% and 1% yields, respectively. In this
case, the bromide was completely converted to products
within 8 h due to the reduced steric hindrance of the com-
pound (Scheme 3B).

It should be noted that the tendency of the formation of
the aziridinium system is so great that it is practically
impossible to convert such substrates to the corresponding
aminoethyl halides or sulfonate esters in satisfactory yields.
When primary alcohol 9 was treated with tosyl chloride in
the presence of 4-dimethylaminopyridine, the sole product
isolated was the secondary chloride. The conversion of
alcohols to the corresponding chlorides under these condi-
tions is a known process and its mechanism has been
described earlier.” The result may be explained by a similar
mechanism involving initial conversion to the primary
tosylate, the formation of the aziridinium intermediate
and its subsequent attack by the chloride anion in a similar
fashion to that described in Scheme 3A.

A strong indication that participation by the B-amino
group may not only promote the regioselectivity but also
the stereoselectivity of the reaction sprang from the follow-
ing simple experiment. (R)-13 was transformed to (R)-15
[o]2 33.0 (¢ 1.0, EtOH) via direct esterification with formic
acid. The enantiomeric purity of the product was verified
by 'H NMR studies using Eu(hfc);. Reaction of (R)-13
with CBrs/PPh;, yielded (R)-14 [oc]g) 12.7 (¢ 1.0, EtOH).
The absolute stereochemistry of (R)-14 was verified by
X-ray structure analysis'® (Fig. 1, 35% probability ellip-
soids). When (R)-14 was treated with DMF at room
temperature the bromide was converted in 72 h to (R)-15
with identical optical rotation to that of the esterification
product, indicating that both reactions proceed via an

Fig. 1. X-ray structure of (R)-14 (35% probability ellipsoids).

aziridinium intermediate with retention of configuration
(Scheme 4).

These results are in agreement with recently reported
data describing aziridinium ion formation from B-amino-
trifluoroacetates and subsequent attack of the liberated
trifluoroacetate anion onto the more substituted carbon
of the aziridinium ion with the same stereospecificity
described above.'! Similarly, N,N-dibenzyl-O-methylsulf-
onyl serine methyl ester reacted with a variety of hetero-
nucleophiles to yield, via an aziridinium intermediate, the
corresponding B-amino esters.'?

In conclusion, we have investigated the conversion of
2-bromoethylamines to the corresponding formate esters
in the presence of DMF. Both primary and secondary
bromides were esterified smoothly in satisfactory yields."?
The reaction mechanism involves the formation of an azirid-
inium ion which, upon reaction with DMF, forms a Vilsme-
ier-type intermediate that is further hydrolyzed to the
corresponding formate esters. Participation of the B-amino
group appears to control not only the regioselectivity but
also the stereoselectivity of the reaction. The reaction
presented facilitates the stereocontrolled formation of
protected B-amino alcohols (vicinal amino alcohols), a
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Scheme 4. Conversion of chiral 2-bromoamines into chiral formate esters.
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moiety widely used in modern pharmacopoeia.'® The use of
vicinal amino alcohols in the synthesis of natural or synthetic
biologically active compounds has been reviewed'> and
studies on asymmetric aminohydroxylation have revealed
the importance of methodologies introducing chirality in
this system.'® Studies aimed at the exploitation of this reac-
tion in the synthesis of amino acid derivatives are in progress
in our laboratory.
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