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Abstract: 1-Azabicyclo[1.1.0]butane 2 was successfully synthesized by treatment of 2,3-
dibromopropylamine hydrobromide 4 with organolithium compounds and was readily converted to
1-(1,3-thiazolin-2-yl)azetidine-3-thiol hydrochloride 1 and versatile azetidine derivatives 9 and 10.
© 1999 Elsevier Science Ltd. All rights reserved.
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L-084, which was developed by a Wyeth Lederle Japan research group, is a new oral 18-
methylcarbapenem antibiotic with a broad spectrum and a potent antibacterial activity against various clinically
isolated bacteria except for P. aeruginosa.‘ This antibiotic was synthesized by employing a particular
heterocycle, 1-(1,3-thiazolin-2-yl)azetidine-3-thiol hydrochloride 1. However, the synthetic procedure of 1
resulted in a low yield because of adopting a roundabout synthetic way from epichlorohydrin.” This
disappointing result led us to pursue another route for the synthesis of 1. In this report, we describe a novel
synthetic method for a remarkably strained molecule, 1-azabicyclo[1.1.0]butane 2, and its exploitation in an
expeditious synthesis of 1 and other versatile azetidines.’
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1-Azabicyclo[1.1.0]butane derivatives are regarded as unique molecules having the highly strained
bicyclic structure.® Especially, 1-azabicyclo[1.1.0]butane 2 is synthetically useful as a synthon for the
preparation of 1,3-disubstituted or 3-monosubustituted azetidines and as a starting compound for the synthesis
of 1,3,3-trinitroazetidine .*** In spite of the compound’s usefulness , only three reports on the synthesis of 2
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have appeared. Its synthesis was first recorded by Funke in 1969,%® in which the starting compound was
expensive and the yield was 7%. In 1995, Paritosh reported a synthetic procedure of 2 producing a fairly good
yield via 3-chloroazetidine derivatives from epichlorohydrin, though this procedure required many reaction
steps.® Bartnik and Cal recently reported the synthesis of 2 by starting from inexpensive allylamine in a one-pot
manner, but the yield of 2 was poor.7 Thus, we, first of all, examined the reaction conditions for the synthesis
of 2 starting from allylamine 3 via 2,3-dibromopropylamine hydrobromide 4, as shown in Schemel.
Compound 4% was readily prepared by conventional bromination in 95% yield, and its cyclization was
attempted in the presence of various bases. All results are summarized in Table 1.

Scheme 1
Br 1) base (3.0 mol eq.), 3) TsCl (1.0 mol eq.) €1
Br THF, temp., time r.t,18h
\/\NHZ — Br\)\/ NH, > (l>] >
EtOH 4 fip; 2 distillation N N
95% r 2 Ts
5

Table 1. Conversion of 4 to 5 via 1-azabicyclo[1.1.0]butane 2.

entry base additive temp. time (h) yield (%) of §
1 KOH non reflux 1 2
2 LiOH non reflux 1.5 8
3 DBU non reflux 1 NDY
4 NaH non rt. 18 ND?
5 LiH non It 18 NDY
6 NaOMe non r.t. 24 2
7 KO'Bu non r.t. 17 4
8 LiOMe non r.t. 18 4
9 NaNH, non It 18 ND°
10 LiNH, non an 18 34
1 LDAY non It 18 39
12 n-BuLi non 78 °C 1 66
13 n-BuLi” non 78 °C 1 82
14 PhLi” non 78 °C 1 87
15 MeMgBr” non 78 °C 1 2
16 PhMgBr non -78 °C 1 1
17 n-BuLi® (13252’12’1“63) 78 °C 1 1
18 LiNH, (132_‘63;?‘;"1““;_) Lt 18 ND®

a) Determined by HPLC analysis.m b) Quenched with 50% aq. KOH. c) Not detected.

We confirmed the structure of 2 by 'H- and 13C_NMR analyses (Fig. 1) and by its conversion to 1-tosyl-3-
chloroazetidine 5* because of the difficulty of isolating pure 2 (bp 51 °C) from the THF (bp 65 °C) solution. 4
The desirable cyclization proceeded only by the use of organolithium compounds and lithium amide, as shown
in Table 1 (entries 10 — 14). ° Interestingly, 2 was formed in the presence of LiNHj, whereas it was not
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obtained by employing NaNH; (entry 10 vs. 9). Further, the reaction of 4 with n-BuLi or LiNH5 in the presence
of a crown ether trapping a lithium cation resulted in almost no yield of 5 (entries 17 and 18). These results
indicate that a lithium cation must play an important role in the cyclization of 4; however, the exact reason for
this and the reaction mechanism remain unclear.

400MHz 'H-NMR  100MHz *C-NMR
(THF-d8, & ppm) (THF-d8, & ppm)

H2:085(m 2H) C-2:17.2
207(m,2H) C3:511
| H-3:2.29 (m, 1 H)

optimized structure’
Figure 1. Optimized structure of 2 and its 'H- and *C-NMR spectral data.

Subsequently, the synthesis of 1 was successfully performed using the synthetic route represented in
Scheme 2. '2 Conversion of 2 to 1-acetyl-3-acetylthicazetidine 6" was achieved by treatment of 2 with AcSH
in 68% yield from 4. The hydrolysis of 6 with 3N HCl under reflux gave azetidine-3-thiol hydrochloride 7 "in
a quantitative yield. In the final step, the compound 1'* was obtained by the reaction with 2-methylthio-1,3-
thiazoline 8 in the presence of a catalytic amount of PPhs in 65% yield. PPh; was employed for the reduction
of the resulting disulfides. Because chromatographical purification is unnecessary in each reaction described
above, this synthetic procedure is promising for the large-scale synthesis of 1.

Scheme 2
B
r 1) n-BuLi (3.0 mol eq.), AcSH (2.0 mol eg.),
THF, -78 °C, 1 h (b 11
Br > [ N rt, 18R > Acs«<>N—Ac
2) quenched with 2 68% (from 4) 6
NH,*HBr  50% aq. KOH
4 3) distillation
. 3N HCl,
reflux, 1.5 h
Mes— :l , PPhs (0.1 mol eq.),
8 S quant.
N (1.0 mol eq.)
HS—-<>N V] - HS‘<>NH eHCI
— 95% aq McOH, reflux, 6 h
S
HCl 7
1 65%

Finally, we prepared versatile azetidine derivatives, as shown in Scheme 3. 3-Hydroxyazetidine
hydrochloride 9,'® useful for the synthesis of some azetidine derivatives'’ (e.g. quinolone antibiotics), was
readily obtained by treatment of 2 with formic acid followed by acidic hydrolysis. 3-Bromoazetidine
hydrobromide 10,'® which can be exploited to prepare various 3-substituted azetidine derivatives via suitable
nucleophilic substitution reactions, was also obtained by the reaction of 2 with 48% HBr.

In conclusion, we established an efficient method for synthesizing 1-azabicyclo[1.1.0]butane 2 by starting
from allylamine 3 via bromination followed by cyclization with organolithiums. Further, a new heterocycle 1
useful for the synthesis of oral antibiotic L-084 and other versatile azetidines were readily synthesized in
satisfactory yields.
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Scheme 3
4
1) HCOOH, rt.,18h
(1.2 mol eq.) l
2) 2.7N HCI - MeOH 48% HBr
rt,20h [(D (3.0 mol eq.)
HO—CNH-HG > Br-<>NH-HBr
61% (from 4) N 60% (from 4)
2 10
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