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The reaction of an azetidine with a chloroformate can give either the dealkylated heterocycle or the ring-opened product ( y-chloroamine),
which can further cyclize to the oxazinanone. A general study of this underrated reaction was conducted and revealed that azetidines can

undergo smooth nucleophilic ring-opening reactions to highly functionalized y-chloroamines in the presence of a variety of alkyl chloroformates
under mild reaction conditions. Yields are usually good, and parameters governing this reaction were evaluated.

The reaction of tertiary amines with chloroformates, a variant ||| N AR NN

of the von Braun reactidndeveloped in the 1970s by Scheme 1. Reaction of Cyclic Tertiary Amines and
Olofson, has become a powerful tool in organic synthesis. Chloroformates
In most cases, this procedure is especially effective for o

many chloroformates have been reported to effect these

selective N-demethylation or N-debenzylation reactions, and ol OR
CN R —— C _<OR
dealkylations in high yields and mild reaction conditidns. o

The generality of this selective dealkylation reaction has C]AOR'

been demonstrated over the years for the N-dealkylation of NR——— N—{)R

five-membered1), six-membered3), or larger rings yielding 3 o

the products resulting from a selective exocyclic dealkylation Jo 0 0

of general structure® and4 (Scheme 1). The vast number  [>n-r o oR, C'\/\NJLOR' andfor OJ\N—R

of applications of these procedures on complex substrates R

clearly demonstrates the broad scope of this mild dealkylation O ¢ 07 o
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Table 1. Ring Opening of Azetidines with Methylchloroformate

entry azetidine * y-chloroamine *° yield ¢ entry azetidine * v-chloroamine *° yield ¢
9 n-Bu ¢ =z 0
A Bu A A AN
e N Nome . TEINTTY TN Tome .
1 Cn-sn o 100% 6 e I 80%
12a 13a 12¢ 13f
CN g j\ CO,Et g )O]\
NC N~ “OMe EtOZC/\/\N OMe
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age>95% in all cases. See ref 9b and 10 for the synthesis of starting azetiélip@sition of the chlorine atom on the carbon chain was assignét by

NMR analysis when unambiguous or by analysis of the corresponding reduced products after reaction with tributyltin hydride and AIBN. See Supporting

Information for details® de =>95% in all cases? Yield of pure, isolated prod

ucts.

of azetidines with chloroformates: while 3-0%wr 3-al-
kenyl-N-benzhydryl-azetidifegave the dealkylated aze-

process, and the reactivity of a range of structurally diverse
enantiopure azetidines, previously synthesized in our gibup,

tidines, the formation of ring-opened product as a byproduct toward methylchloroformate was studied. Results are shown

was reported twic&ln our continuing efforts to expand the
usefulness of azetidine chemistras well as to provide a
predicting tool, we undertook a systematic study of this

in Table 1 and clearly show that polysubstituted enantiopure
y-chloroamines13 are obtained in good yields without
competitive N-dealkylation or formation of oxazinanone.

reaction. We therefore disclose in this publication studies Interestingly, the ring-opening process itself proved to be

establishing that azetidine® can be induced to undergo
smooth nucleophilic ring-opening reactions fechloro-
amines10, without competitive formation of dealkylated
azetidine9 or oxazinanond.1 (Scheme 1).

As a test reaction\-benzylazetidind 2awas reacted with

highly regioselective (opening of the intermedidfeacyl
azetidinium chloride at the more electrophilic position).
More importantly, the reaction is completely stereospecific
(a Si2 process was observed for the ring opening of
aziridineg! and is supported by calculations described at

methylchloroformate in dichloromethane at room temperature the end of the manuscript), and no epimerization at the

(Table 1, entry 1). After 12 h, the only product that could

reacting centers is observed (®@85% in all cases). Finally,

be detected in the crude reaction mixture resulted form the a wide range of functional groups are compatible with the

ring-opening reaction yielding to thHé-protectedy-chloro-
amine13a, which could be further isolated in quantitative
yield.

mild reaction conditions.

To further understand the parameters driving this reaction,
we next focused on the influence of the relative stereochem-

Pleased by this quite promising result and unexpected

selectivity, our attention was turned to the generality of the

(4) (@) Sim, T. B.; Kang, S. H.; Lee, K. S.; Lee, W. K.; Ha, H3JOrg.
Chem.2003,68, 104. (b) Park, C. H.; Kim, M. S.; Sim, T. B.; Pyun, D. K;
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istry of the azetidine by reacting four diastereoisomers of a ||| EGTcTcTcTNGEGEGEGEGEEEEEEEEEEE

tetrasubstituted azetidine under the same reaction conditionsrame 3. Survey of Chloroformates
(Table 2). As evidenced by the results obtained from these

experiments, the relative configuration of the starting material EN N j\OR /(')I\/L 0 ¢ CN O
clearly has a crucial influence on the regioselectivity of the Ph"--<>N— omon N NJJ\OR + /\‘/\NJ\OR
ring-opening process, since a reverse regioselectivity was : refiu pn | P |
even observed starting from thenscis diastereocisomer 121 13 1
12m.
R 13 (C2 opening)® 13' (C4 opening)®
| Me 56% (13D 34% (131)
. . y Et 54% (13n) 36% (13n")
Table 2. Stereochemistry Influences the Regioselectivity.
y 9 — y iPr 50% (130) 30% (130")
Azctidine ® y—chloroamil}e abed y—chloroamipe abed op;nir:g allyl 51% (13p) 33% (13p")
(C; opening) (C4 opening) ratio © Bn 52% (13q) 30% (13q")
oN )m\/:\ j\ vinyl 64% (13r) 30% (13r")
P2 L S 'i‘ OMe > 95/5 2ee>95% in all cases. See ref 10a for the synthesisaif Position of
Fh - the chlorine atom on the carbon chain was assignetHbiMMR analysis
12¢ 13¢ (90%) when unambiguous or by analysis of the corresponding reduced products
o = °o after reaction with tributyltin hydride and AIBN. See Supporting Information
CN ;i )j\ for details. Yield of pure, isolated products; &®5% in all cases.
NG TN OMe
Phuel N— Bn | _ >95/5
12k . o
CI”" (7“’()) o N o at room temperature. Wherea8a quantitatively gave the
N /k/L J i product resulting from a ring-opening reactial34) with
Phu--<>N— NG Bn T OoMe /\,‘,:\T oVe  gsias complete regioselectivity, a mixture of ring-opened product
o 131 56 st (e 17 (minor product) and debenzylated pyrrolidih® (major
al e °)o cl 30,2 5) product) were obtained when starting from the five-
CN H H ;
s Nc/\i/'\TJLOMe /YLTJLOME el membered rindl8 (Scheme 2).

Ph Ph

B tam 60%) "

Scheme 2. Compared Reactivity oN-Benzylazetidine versus

aee=>95% in all cases. See ref 10a for the synthesis of starting azetidines. N-Benzylpyrrolidine

b Position of the chlorine atom on the carbon chain was assignetby

NMR analysis when unambiguous or by analysis of the corresponding Q
reduced products after reaction with tributyltin hydride and AIBN. See C])J\OMQ +Bn ¢l
Supporting Information for detail$.Yield of pure, isolated producté.de CN—Bn —_— <>N’ oMe—" C[/\/\N/U\OMe
>95% in all cases? Determined by'H NMR analysis of crude reaction DCM, it g]’ Bn
mixture. 122 quant 14 13a (100%)
o]
Cl)J\OMe +,Bn Cl i 0o
At this point of our study, it seemed crucial to also evaluate | N-Bn oo CN),,OMe_> CI\/\/\[I OMe * CN—<OM
and compare the reactivity of various chloroformates. To this . 0/’ 0 Bn °
- . . . 15 3 16 17 (18%) 18 (69%)
end, azetidinel2l, which gave a mixture of regioisomers crude ratior (21%) (75%)

when reacted with methyl chloroformate, was chosen as
model substrate and was reacted with a series of chlorofor-

mates in _refluxing acetonitrité Resul_ts obtained from_this Having these experimental results in hand, we next focused
comparative study are summarized in Table 3. Surprisingly, o, 5 theoretical approach relying on density functional theory
the nature of the chloroformate has virtually no influence; (DFT)* at the B3LYP¥6-31G%6 level, computed using

both yields and regioisomeric ratios are highly comparable. G, ssian 03; energy profiles obtained from these calculations
Here again, no products resulting from N-dealkylation could are shown in Figure 1. Starting from azetidinium ihand

?he detecttgd, which clearly demonstrates the wide scope ofyoh4aching the two reactants leads first to a molecular
is reaction.

complex MC1%" in which the azetidine ring is almost

In order to shed some light on the difference in reactivity yngistorted. From this compleMC1, there are two possible
of azetidines versus larged-heterocycles, a comparison

experimental/theoretical study of the reactionNobenzyl- (13) For a theoretical approach of the formation of oxazolidinones from
zetidine12 nd N-benzvlpvrrolidine1l5 toward methvl- azmdmes, see: Testa, L.; Akssira, M.; Zaballos-Garcia, E.; Arroyo, P.;

azetidine12a and N-be yipyrro dinel5 toward me y Domingo, L. R.; Sepulveda-Arques, Tetrahedron2003,59, 677.

chloroformate was performeédTherefore,12aand15were (14) (a) Parr, R. G.; Yang, WDensity Functional Theory of Atoms and

first reacted with methylchloroformate in dichloromethane goleiglgf: 9lefggdlumversity Press: New York, 1989. (b) ZiegleiCliem.
ev. ,91, .
(15) (a) Becke, A. DJ. Chem. Physl993,98, 5648. (b) Lee, C.; Yang,
(12) Reactions were in most cases too sluggish and did not go to W.; Parr, R. GPhys. Rev. BL988,37, 785.
completion with this particular attis azetidine when run in DCM. Therefore, (16) Hehre, W. J.; Radom, L.; Schleyer, P. v. R.; Pople, JARinitio
they were all run in refluxing acetonitrile to have comparable results. Molecular Orbital Theory; Wiley: New York, 1986.
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s A different reactivity was found for the reaction of

N-benzylpyrrolidinium ion16 since computationally the
energy difference between the two pathways (ring opening

vs debenzylation) is, in this case, much lower. If the
E (kealmol") E (keal.mol) debenzylation pathway yielding t08 (via TS3) becomes
14 16 the more favorable one, there is now only 0.66 kcal Thol

difference in energies, which should correspond to a 75/25

ratio of 18/17 (Figure 1). This results perfectly fits the

experimental 79/21 ratio obtained in the caseNsben-

zylpyrrolidine 15 (Scheme 5), and the dramatic difference

between the reactivity of azetidiri?a and pyrrolidinel5

toward methylchloroformate can most certainly be attributed

to the huge difference in strain energies of these heterocycles
o (6 kcal mot for pyrrolidine compared with 25 kcal nd!

for azetidine)\8

We have shown that the reaction of azetidines with
chloroformates gives highly functionalizedchloroamines

b Ch. in high yields and selectivities under mild reaction conditions.
s - [ oy B 8 .
ACoalle G coalle \)N B Cope - A coMe The process is very flexible with regard to the substituents
& & o on the azetidine ring, and most common chloroformates can
T81 T81 182 TS'3 TS3

be used. An interesting and unexpected feature disclosed in
Figure 1. Energy profiles for the stationary points corresponding this study is the unusual reactivity of azetidines compared
to the reaction oN-benzylazetidine and-benzylpyrrolidine with to larger ring systems: ring strain definitely seems to play
methylchloroformate. a crucial role in the reaction and allows for high levels of
regioselectivities. Further use of both ring-opening protocol

pathways yielding productd (debenzylated azetidine via and highl_y functi(_)nalized building blocks obtained will be
TS'1) and13a(ring-opened product vi&iS1). As shown by ~ reported in due time.

the energy profile (Figure 1), the. difference in activation Acknowledgment. We gratefully acknowledge financial
engrgy'be.tween the two pathway; 's equal o 3.28 kcaH,an support from CNRS. M.V.S. thanks CONACYT for a
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formation of the ring-opened produdt3a and can be

attributed to a release of the ring strain in the corresponding Supporting Information Available: Protocol used for
transition statelS1. Interestingly, the formation of oxazi- the structure determination of regioisomers; spectroscopic
nanone 11 from y-chloroamine 13a would require an data and experimental procedures for all new compounds;
activation energy of 38.6 kcal n1dl, therefore explaining  copies of*H and**C NMR spectra; Cartesian coordinates
why this product could not be detected in the crude reaction and Gaussian output files for transition and ground states.
mixture. This material is available free of charge via the Internet at
http://pubs.acs.org.
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