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Abstract. Electrophilic additions of arenesulfonyl azides (i.e., TsN3 and NsN3) to 3-ethyl-1-azabicyclo-
[1.1.0]butane (1) in CDCl3 at 80 °C has been observed to result in the formation of oligomeric products.
The mechanism of these reactions probably involves the formation of a carbocationic intermediate, i.e.,
N-arenesulfonyl-3-cthyl-3-azetidiny! carbocation, which subsequently can be trapped in situ either by
:N3- or by 1 to afford the observed reaction products. © 1998 Elsevier Science Ltd. All rights reserved.

Introduction. 3-Substituted 1-azabicyclo[1.1.0]butanes werc first synthesized in the late 1960s.1-2 De-
spite their unusual and highly strained bicyclic structures, little interest was shown initially in pursuing the
chemistry of compounds of this type. However, the current decade has witnessed a renaissance of intcrest in 1-
azabicyclo[1.1.0]butanc chemistry. Thus, reactions of carbenes# and a variety of other electrophiles>-6 with 3-

substituted 1-azabicyclo[1.1.0]butanes have been reported recently. In addition, their use as intermediates in the

In the nrecent studv we observed that reactions of arenesulfonvl azides with 3-ethvl-1.a7ahicvelo-
in the present study, we obscrved Lhal reactions of arenesulionyi azides wilh 3-ethyi-1-azabicycio
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oligomeric products. We now report the results of our studies of reactions of p-toluenesulfonyl azide ("tosyl
azide", TsN3) and p-nitrobenzenesulfonyl azide ("nosyl azide", NsN3) and our attempts to account [or these re-
sults mechanistically.

Results and Discussion. The reaction of TsN3 with 1 was performed in a sealed NMR tube (CDCi3
solvent) that was placed in a thermostatted bath at 80 °C for 7 days. The course of the reaction could be moni-
tored conveniently by 'H NMR spectroscopic analysis. Under these conditions, TsN3 reacts only very slowly
with 1; ca. half of this substrate was recovered unchanged at the conclusion of the reaction. The remaining

5 . 1

material consisted of a gross mixture of several products that could be separated conveniently via column chro-
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across the N-C(3) o-bond in i, (i.e, Z, which was isolaied in 28% yield), several oligomeric producis {3-

Scheme 1) also were isolated and subsequently were fully characterized (sce the Experimental Scction).

0040-4020/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
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The corresponding reaction of NsN3 with 1 also was studied. This reaction proved to be considerably
more facile than that of TsN3 with 1 when the two reactions were performed under comparable environmental

conditions. After the former reaction had proceeded at 80 °C for 14 h, the sealed NMR tube was opened, and the
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nucleophilic trapping of a carbocationic intermediate, i.e., N-nosyl-3-ethyl-3 zetidinyl carbocation.

Two control experiments were performed in an effort to gain additional information regarding the
mechanism of formation of 11. In the first experiment, 1 was allowed to react with dibenzylamine in the ab-
sence of added NsN3. The reaction mixture was heated at 80 °C for several days, and the progress of the
reaction was monitored periodically via analysis of its IH NMR spectrum. No change was observed in the ap-
pearance of the TH NMR spectrum of the reaction mixture after the reaction had been allowed to proceed at 80
°C for 5 days. This result establishes the fact the 11 could not have been formed via direct reaction of 1 with
ine.

dibenzvlam
yia
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In the second experiment, N-nosyl-3-azido-3-ethylazetidine (8) was allowed to react with dibenzyl-
amine (Scheme 3). The reaction mixture was heated at 80 °C, and the progress of the reaction was monitored
periodically via analysis of its IH NMR spectrum. No change was observed in the appearance of the TH NMR
spectrum of the reaction mixture after the reaction had been carried out at 80 °C for 28 h. This result indicates
that 11 was not formed in the reaction of 1 with NsN3 and dibenzylamine simply via secondary reaction of 8
with dibenzyl-amine. Accordingly, we conclude that 11 must be a primary reaction product, i.e., that which
results via successful competition of dibenzylamine vs. azide ion in nucleophilic trapping of the critical reaction

rmediate. N-nosvl-3-ethvl-3-azeti dmvl carbocation.
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We also attempted to trap the intermediate carbocation by intorducing K1/(18-crown-6) into the reaction
of both TsNj3 and of NsN3 with 1. Interstingly, iodide 10on proved to be ineffective as a nucleophilic trap in these
experiments. The reasons for the failure of iodide ion to function effectively in this capacity are not clear.

For purposes of comparison, the corresponding reaction of 1 with ethyl azidoformate (EtOC-N3) was
studied. This reaction proved to be considerably more facile than either the corresponding reactions of TsN3 or
of NsNz with 1. Thus, reaction of EtOC-N3 with 1 in CDCl3 was complete within 24 h at ambient temperature.

Column chromatographic purification of the mixture of reaction products thereby obtained afforded N-ethoxy-
carbonyl-3-azido-3-ethylazetidine {12, 90%) and N-{N'-ethoxycarbony!-3'-ethyl-3'-azetidinyl)-3-azido-3-cthyl-
azetidine (13, 1%, Scheme 4).
Scheme 4
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Conclusions. A mechanism that is capable of accounting for the formation of oligomers in the reaction
of TsN3 with 1 and that is consistent with the results of the foregoing control experiments is suggested in
Scheme 5

Experimental Section

Melting points are uncorrected. Elemental microanalyses were performed by personnel at M-H-W
Laboratories, Phoenix, AZ.
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oluenesulfonyl azide. Method A. Toa

Reaction of 3-Ethyl-1-azabicyclo[1.1.0]butane (1) with p-
d

=T
solution of 1 (176 mg, 2.1 mmol) in CDCl3 (0.5 mL) was added freshly prepared p-toluenesulfonyl azide®
(TsN3, 417 mg, 2.1 mmel) The resulting mixture was placed in a 5 mm NMR sample tube. The tube was sealed
and then was heated in an external oil bath at 80 °C for several days. The progress of the reaction was moni-

tored periodically via dnalysns of its 1TH NMR spectrum. After seven days, resonances that corrcspond to 1



could no longer be detected in the IH NMR spectrum of the reaction mixture. The NMR tube was opened, and
the crude reaction mixture contained therein was concentrated in vacuo. The residue was purified via column
chromatography on silica gel by using a 10-100% EtOAc-hexane gradient elution scheme.
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The first chromatography fraction contained recovered TsN3 (197 mg, 48%). Continued elution of the
chromatography column afforded a sccond fraction that contained N-p-toluenesulfonyl-3-azido-3-ethylazeti-
dine®¢ (2). When this fraction was concentrated in vacuo, pure 2 (163 mg, 28%) was obtained as a colorless

microcrystalline solid: mp 81-82 °C (lit.6¢ mp 81-82 °C) The I , I'H NMR and 13C NMR spectra of this
material are identical in all respects with the corresponding spectra reported previously for authentic 2.6¢

Continued efution of the chromatograpt
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acue, afforded pure N-(N'-p-toluenesulfonyl-
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as a (_‘.Qlor]eqq viscous ail: IR (neat) 2‘976( 8), 2R76 (s), 210
(vs), 1084 (s), 912 (m), 812 (m), 729 (s), 678 cm-1 (vs); 'H I\MR (CDCI3) 80.74 (t,J =73 Hz,3 H), 0.84 (,J
—73HZ H), 144 (q, /=73 Hz,2H), 164 (q,J=73 Hz, 2 H),2.44 (s,3 H), 2.87 (5,4 H), 3.40 (AB, JzB =
8.7Hz,2 H), 3.62 (AB Jag =87 Hz, 2 H), 738 (AB, JAp =83 Hz,2 H), 7.74 (AB, JAg =83 Hz, 2 II), 13C
NMR (CDCl3) § 7.6 (@), 8.0 (q), 21.6(q), 28.5 (1), 29.8 (1), 54.5 (1), 56.1 (1), 57.7 (s), 59.5 (s), 128.4 (d), 129.8

(d), 131.3 (s), 144.2 (s). Anal. Calcd for C|7H25N505S: C, 56.18; H, 6.93. Found: C, 55.99; H, 7.07.
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The fourth chromatography fraction, when concentrated in vacuo, afforded pure 4 (46 mg, 15%), a
iorless, viscous oil; IR (neat) 3267 (w), 2974 (), 2874 (m), 2102 (s}, 1602 (m), 1458 (m), 1340 (s), 1 17" (S
01 (s), 821 (m), 673 cm-! (s); TH NMR (CDCl3) 80.71 (1, J = 7.3 Hz, 3 H), 0.72 (t, J = 7.3 Hz, 3 H), 0.92 (1,

73 Hz,3H),134(q,/J=73Hz, 2H),140(q, J=73 Hz,2H),1.76(q,J=73 Hz,2H),2.43 (s, 3 H),
2.47(AB,Jap =7.7Hz,2 H), 288 (AB, JaAp=7.7Hz,2 H),3.14 (AB, JAp=7.9Hz,2 H),3.22 (AB, JAB =79
Hz, 2 H), 3.33 (AB, Jop = 8.5Hz, 2 H), 3.61 (AB, Jap = 8.5 Hz, 2 H), 7.37 (AB, Jap = 8.1 Hz, 2 H), 7.73 (AB,
JAB = 8.1 Hz, 2 H); 13C NMR (CDCl3) & 7.6 (q), 7.9 (q), 8.2 (q), 21.6 (q), 28.6 (1), 28.8 (1), 30.0 (1), 51.3 (1),
54.9 (1), 56.5 (t) 57.5 (8), 57.6 (s), 59.9 (s) 128.3 (d), 129.8 (d), 131.4 (s), 144.1 (s). Anal. Calcd for

CoaH34NgO25: C, 59.17;, H, 7.67. Found: C, 58.96; H, 7.63.
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Continued clution of the chromatography fraction afforded a fifth fraction which, when concentrated in
vacuo, afforded pur 5 (23 mg, 8%) as a colorlcqs, viscous oil: IR (neat) 2964 (s), 2864 (m), 2096 (vs), 1591



(m), 1456 (m), 1352 (vs), 1165 (vs), 1076 (), 900 (m), 815 (m), 732 (s), 673 cm-1 (vs); 1H NMR (CDCl3) 5
0.71(t,J=7.3 Hz, 3 H), 0.73 (&, J=7.3 Hz, 3 H), 0.89 (t, J = 7.3 Hz, 3 H), 0.94 (t, J = 7.3 Hz, 3 H), 1.32-1.55
(m, 6 H), 1.79 (q, J = 7.3 Hz, 2 H), 2.43 (s, 3 H), 2.50 (AB, Jop = 7.5 Hz, 2 H), 2.84 (AB, Jap = 7.3 Hz, 2 H),

291 (AB,Ja3=73Hz,2H),3.18 (AB, JaAp=7.5Hz, 2 H),3.23 (AB, Jop =7.5Hz, 2 H), 3.34 (AB, JAp=7.5
Hz, 2 H),3.38 (AB, Jap = 8.4 Hz, 2 H), 3.65 (AB, Jap = 8.4 Hz, 2 H), 7.36 (AB, JoAg =82 Hz, 2 H), 7.75 (AB
Jap = 82 Hz, 2 H); 13C NMR (CDCI3) 8 7.7 (g), 8.0 (q), 8.1 (g), 83 (g), 21.6 (), 28.7 (1), 28.9 (1}, 29.0 (1)

’ a 44 S/ v \MJs OV (M Tea \\1/ Tl \M/Js &2V (M), #0007 My &UT \V), &7.0 (L),
30.1 (1), 51.5 (t, 2C), 55.0 (1), 56.4 (1), 57.4 (s), 57.7 (s), 57.9 (s), 60.0 (s), 128.3 (d), 129.7 (d), 131.6 (s), 144
(s). Anal. Calcd for Co7H43N7028S: C, 61.22; H, 8.18. Found: C, 6098 H, 7.98

Subscquently, a sixth chromatography fraction was collected. When concentrated in vacuo, this fraction
afforded pure 6 (15 mg, 6%) as a colorless, viscous oil; IR (ncat) 3281 (w), 2937 (s), 2885 (m), 2108 (s), 1608
(s), 1460 (m), 1342 (s), 1161 (vs), 1093 (s), 910 (s), 812 (m), 736 (vs), 671 cm-! (s); TH NMR (CDCl3) 5 0.69-
0.89 (m, 12 H), 0.94 (1, J = 7.3 Hz, 3 H), 1.32-1.42 (m, 4 H), 1.48-1.61 (m, 4 H), 1.79 (q, J= 7.3 Hz, 2 H), 2.43

(s,3H),252 (AB, Jag=7.1 Hz, 2 H), 2.82 (AB, Jap= 7.0 Hz, 2 H), 2. 95 (2 overlappm_g AB, JAB_ 7.0 HZ, 4
H), 3.18-3.27 (m, 6 H), 3.37 (AB, Jag = 7.7 Hz, 2 H), 3.38 (AB, Jap = 8.4 Hz, 2 H), 3.66 (AB, Jap = 8.4 Hz, 2
H), 7.36 (AB, Jog = 8.1 Hz, 2 H), 7.73 (AB, Jog = 8.1 Hz, 2 H); 13C NMR (CDCl3) 8 7.7 (q), 8.0 (q). 8.2 (q),

8.3 (q), 21.6(q), 28.7 (1), 28.9 (1), 29.1 (1), 30.1 (1), S1.4 (1), 51.6 (1), S1.7 (1), 55.0 (1), 56.4 (t), 57.5 (s), 57.6 (5),
57.8(s), 57.9 (s), 60.0 (s), 1283 (d), 129.7 (d), 131.6 (s), 144.0 (s). Anal. Calcd for C3pH5pNg05S8: C, 62.71; H,
8.55. Found: C, 62.63; H, 8.42

Finally, a seventh chromatography fraction was collected which, when concentrated in vacuo, afforded
pure 7 (12 mg, 5%), as a colorless, viscous oil: IR (neat) 3348 (w), 2924 (vs), 2858 (m), 2106 (s), 1608 (W),
1460 (m), 1348 (s), 1167 (s), 1085 (s), 916 (m), 817 (m), 742 (s), 683 cm-! (s); 'TH NMR (CDCl3) §0.72, (2
overlapping t. J = 7.3 Hz, 6 H), 0.80-0.89 (m, 9 H), 0.93 (t, /= 7.3 Hz, 3 H), 1.32-1.42 (m, 4 H), 1.46-1.61 (m,
6 H), 1.79(q, J=73 Hz, 2 H), 2.43 (s,3 H), 2.51 (AB, JAp = 7.4 Hz, 2 H), 2.82 (AB, Jop = 7.0 Hz, 2 H), 2.85-
2.97 (m, 6 H),3.19-3.30 (m, 8 H), 3.36 (AB, Jap = 7.3 Hz, 2 H), 3.38 (4B, Jop= 84 Hz, 2 H), 3.66 (AR, JAg =

T \MRly U 1i)y Ja IOV a1, O aij, Q.U VAD Ted Ay & 3i)y 220 \akS, T LAl b 21, LIV, VAD

8.4 Hz, 2 H), 7.35 (AB, J‘A_B 83 Hz, 2 H), 7.73 (AB, Jog = 8.3 Hz, 2 H); 13C NMR (CDCI3) § 7.7 (), 8.0 (q),
8.2 (q), 8:2(q), 21.6 (q), 28.7 (1), 28.9 (1), 28.9 (1), 29.0 (1), 30.1 (1), 51.5 (1), 51.6 (1), 51.7 (1), 55.0 (1), 56.4 (1),
57.5 (s), 57.7 (s), 57.7 (s), 57.9 (s), 60.0 (s), 1283 (d), 129.7 (d), 131.7 (s), 144.0 (s). Anal. Calcd for
C37Hg1N9O25: C, 63.85; H, 8.83. Found: C, 63.90; H, 8.86.

MA LA T nocndistiomm ~8 1T /20 e 2 O evvins 1) TS (S e T N xirne addad Feaokly: crmmnrad ToN -8
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(155 mg, 0.78 mmol). The resulting mixture was placed in 2 5 mm NMR sample tube, and the tube was sealed

and then was placed in an external oil bath maintained at 80 °C. The reaction mixture was heated at 80 °C for
several days, and the progress of the reaction was monitored periodically via analysis of its TH NMR spectrum.
After seven days, resonances that correspond to 1 could no longer be detected in the IH NMR spectrum of the
reaction mixture. The NMR tube was opened, and the crude reaction mixture contained therein was concen-
trated in vacuo. The residue was purified via column chromatography on silica gel by using a 15-100% EtOAc-
hexane gradient elution scheme.

The first chromatography fraction thereby obtained, when concentrated in vacuo, afforded pure 2 (91
mg, 8%) as a colorless microcrystalline solid: mp 81-82 °C (lit.6¢ mp 81-82 °C). The IR, 1H NMR and 13C
NMR spectra of this material are identical in all respects with the corresponding spectra reported previously for
authentic 2.6¢

Continued clution of the chromatography column afforded a second fraction. When concentrated in
vacuo, pure 3 (20 mg, 3%) was obtained as a colorless, viscous oil. The IR, IH NMR and 13C NMR spectra of

this material are iden tlcal in all respects with the corresponding spectra obtained previously for authentic 3.



Continued elution of the chromatography column afforded a third fraction, which, when concentrated in
vacuo, afforded pure 4 (31 mg, 5%), as a colorless, waxy solid. The IR, 'H NMR and 13C NMR spectra of this
matcrial are identical in all respects with the corresponding spectra obtained previously for authentic 4.
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Continued clution of the chromatography column afforded a fifth fraction which, when concentrated in
vacuo, yieided pure 6 (19 mg, 4%), as a colorless, viscous oil. The IR, TH NMR and 13C NMR spectra of this

- - it P4 RS Y TIPS T, SR g TP,

material are identical in all respects with the corresponding spectra obtained previously for authentic 6.

Subsequently, a sixth chromatography fraction was collected. When concentrated in vacuo, this fraction
afforded pure 7 (25 mg, 6%), as a colorless, viscous oil. The IR, IH NMR and 13C NMR spectra of this material
are identical in all respects with the corresponding spectra obtained previously for authentic 7. Additional
chromatography fractions were collected, but the contents of these fractions were not identified or further

characterized.

Method C. To a solution of 1 (105 mo. 126 mmol) in (‘nr‘lq ((‘i SmL \ was added freshlv nrenarprl n-

& AS IR IR 3 1021 Y) S i ivs

&1 J Py
toluenesulfonyl azide® (TsN3, 124 mg, 0.63 mmol). The resulting mixture was placed in a 5 mm NMR sample
tube, and F3E-OEt3 (1 drop, catalytic amount) was added. The tube was scaled and then agitated to thoroughly
mix the contents. The reaction mixture was allowed to stand at ambient temperature for several hours, during
which the progress of the reaction was monitored periodically via analysis of its IH NMR spectrum. After 4 h,
resonances that correspond to 1 could no longer be detecied in the 'H NMR spectrum of the reaction mixture.
After 48 h, the NMR tube was opened, and the crude reaction mixture was concentrated in vacuo. The residue
was purified via preparative thick layer chromatography on silica gel by eluting with 20% EtOAc-hexane

Workup of the first chromatography fraction thereby obtained afforded unreacted TsN3 (90 mg, 73%).
Workup of a second chromatography fraction afforded 2 (8 mg, 2%), as a colorless microcrystalline solid: mp
81-82 °C (lit.6¢ mp 81-82 °C). The IR, 'H NMR and l3C NMR spcctra of this malcrial arc identical in all
respects with the corresponding spectra reported previously for authentic 2.6¢

IR, H NMR and 13C NMR spectr of thi
obtained previously for authentic 3.

Workup of the fourth chromatography fraction gave pure 4 (10 mg, 5%) as a colorless, viscous oil. The
IR, 'H NMR and !3C NMR spectra of this material are identical in all respects with the corresponding spectra
obtained previously for authentic 4.

Method D. To a solution of 1 (48 mg, 0.57 mmol) in CDCl3 (0.5 mL) was added freshly prepared
TsN38 (113 mg, 0.57 mmol) and KI-(18-crown-6)? (271 mg, 0.63 mmol) at ambient temperature. The resulting
mixture was placed in a 5 mm NMR sample tube. The tube was sealed and then was agitated vigourously to
assure thorough mixing of the reactants. The reaction mixture was allowed to stand at ambient temperature, and
the reaction was monitored periodically via analysis of its 'H NMR spectrum. A

1 y longer be detected. The NMR tube wag

(¥ A= CATLATRe, 3 110 2 NaVaIN rw

rcaction mixture contained therein w concenlmted in vacuo. The residue was purified via column chroma-
tography on silica gel by using a 10-20% EtOAc-hexane gradient elution scheme.

The first chromatography fraction contained recovered TsN3 (5 mg, 4%). Continued elution of the
chromatography column afforded a second fraction that contained 2 (126 mg, 79%), which was isolated as a
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colorless microcrystalline solid: mp 81-82 °C (1it.5¢ mp 81-82 °C). The IR, !H NMR and 13C NMR spectra of
this material are identical in all respects with the corresponding spectra reported previously for authentic 2.6¢

Continued elution of the chromatography column .Jfforded a third fraction that contained pure 3 (9 mg,
e 2 . . ‘1 Tew wre sv

9”0) as a Coloricss, viscous oll. The IR, ‘*H NMR and ‘*’L NMR specira of this materiai are ideniical in aii

~ 'v’;f}-\ tha ~Ameraoem g arnanta ~he y e it ameia 2

1uie buucapuuuxug specira obtained p pu,vxuuaxy for authentic 3.

Method E. To a solution of 1 (60 mg, 0.72 mmotl) in CDCI3 (0.5 mL) was added freshly prepared TsN38
(142 mg, 0.72 mmol) and KI-(18-crown-6)? (31 mg, 0.072 mmol, 0.1 equivalent) at ambient temperature. The
resulting mixture was placed in a 5 mm NMR sample tube. The tube was sealed and then was agitated vigor-
ously to assure thorough mixing of the reactants. The rcaction mixture was allowed to stand at ambient
temperature, and the progress of the reaction was monitored periodically via analysis of its 'H NMR spectrum.
After 7 days, 1H NMR resonance signals that correspond to 1 could no longer be detected. The NMR tube was
opened, and the reaction mixture contained therein was concentrated in vacuo. The residue was purified via

column chromatography on silica gel by using a 10-20% EtOAc-hexane gradient elution scheme.

The first chromatography fraction contained recovered TsN3 (16 mg, 11%) Continued elution of the
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this material are identical in all respects with the corresponding spectra reported previously for authentic 2.6¢

Continued elution of the chromatography column afforded a second fraction that contained pure 3 (10
mg, 8%) as a colorless, viscous oil. The IR, TH NMR and 13C NMR spectra of this material are identical in all
respects with the corresponding spectra obtained previously for authentic 3.

i of 3-Ethyl-1-azabicyclo{1.1.0]butane (1) with N-p-toluenesulfonyl-
3-azido-3-ethylazetldme (2).T0 a solution of 1 (93 mg, 1.1 mmol) in CDCl3 (0.5 mL) was added N-p-
toluenesulfonyl-3-azido-3-ethylazetidine (2, 244 mg, 0.87 mmol). The resulting mixture was placed in a 5 mm
NMR sample tube. The tube was sealed and then was placed in an external oil bath maintained at 80 °C. The
reaction mixture was heated at 80 °C for several days, and the progress of the reaction was monitored periodi-
cally via analysis of its 1TH NMR spectrum. No change was observed in the appearance of the IH NMR
spectrum of the reaction mixture after the reaction had been carried out at 80 °C for 7 days. The NMR tube was

allowed to cool to ambient temperature. The tube the d, and F3B-OE (3 drops) was added to the
(& he

Terevnzelore e d e AF 2 D4
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reaction mixture. After 1 h, the crude reaction mixture contain ere n
was purified via column chromat phy on silica gel by lutmg with 10% EtOAc- hexane Pure N-p-toluene-
sulfonyl-3-azido-3- ethylazeudxne&" (2, 231 mg, 95%) was recovered as a colorless microcrystalline solid: mp
81-82 °C (lit.6¢ mp 81-82 °C). The IR, !H NMR and 13C NMR spectra of this material arc identical in all
respects with the corresponding spectra reported previously for authentic 2.6c

rein was concentrated in vacuo. The residue
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Method A. To a solution of 1 (61 mg, 0.73 mol in CDClI3 (0.6 mL) was added NsN310 (167 mg, 0.73 mmol).
The resulting mixture was placed in a 5 mm NMR sample tube. The tube was sealed and then was placed in an
external oil bath maintained at 80 °C. The reaction mixture was heated at 80 °C, and the progress of the reaction
was monitored periodically via analysis of its 'H NMR spectrum. After 14 h, IH NMR resonance signals that
correspond to 1 could no longer be detected. The NMR tube was opened, and the reaction mixture contained
therein was concentrated in vacuo. The residue was purified via column chromatography on silica gel by using a
10-30% EtOAc-hexane gradient elution scheme.

The first chromatography fraction contained recovered NsN3 (102 mg, 61%). Continued elution of the
chromatography column afforded a second fraction that contained N-p-nitrobenzenesulfonyl-3-azido-3-cthyl-
azetidine (8, 8.0 mg, 4%), which was obtained as a colorless microcrystalline solid. Recrystallization of this

W
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material from EtOAc-hexane afforded analytically pure 8 as a colorless microcrystalline solid: mp 122-123 °C;
IR (KBr) 2107 (m), 1526 (vs), 1354 (vs), 1167 (s), 745 (m), 648 cm-1 (m); 1H NMR (CDCl3) § 0.89 (,J = 7.2
Hz,3 H), 1.75(q, J=7.2 Hz, 2 H), 3.73 (AB, JA = 9.1 Hz, 2 H), 3.84 (AB, JoB = 9.1 Hz, 2 H), 8.02 (AB, JAB
=9.0 Hz, 2 H), 8.42 (AB, Jap = 9.0 Hz, 2 H); 13C NMR (CDCI3) § 7.7 (q), 29.5 (1), 59.1 (s), 59.6 (1), 124.5 (d),
129.2 (d), 140.8 (s), 150.6 (s). Anal. Calcd for C11H3N504S: C, 42.44; H, 4.21. Found: C, 42.61; H, 4.50.

Continued elution of the chromatography column afforded a third fraction, which, when concentrated in
vacuo, afforded pure N-(N'-p-nitrobenzenesulfonyl-3'-cthyl-3'-azetidinyl)-3-azido-3-ethylazetidine (9, 15 mg,
10%) as a colorless microcrystalline solid. Recrystallization of this material from EtOAc-hexane afforded
analytically pure 9 as a colorless microcrystalline solid: mp 98-99 °C; IR (KBr) 2092 (m), 1533 (vs), 1353 (s),

1160 (s), 863 (m), 738 cm™* (m); *H NMR (CDCl3) 6 0.75 (1, J = 7.2 Hz, 3 H), 0.88 (1, J = 7.2 Hz, 3 H), 1.41 (q,

JF—"T797°H> 921N 1"]1/n T—"7271T: "I\ 2N& (a0 ALIN 2 AL 7 AD — QT LI, AL\ 2 TIQ A T, . Q"7 IT.
S L kAL, & K1), 1. HJ-'I—:IAL,HII},JUJ\D I}, J.F0 AL, JAB O.7 114, & 11), D. I7\AIJ,JAB—O.I ne,
2 H), 8.03 (AR, JA 9Hz, 2 H), 842 (AB, Jap = 8.9 Hz, 2 H); 13C NMR (CDCl3) 8 7.6 (@), 8.1 (q), 28.5 (1),

2 H), R.03 =8
3

29.9 (1), 55.0 (1), S (), 58.1 (s), 59 6 (s), 124.4 (d), 129.2 (d), 141.5 (s), 150.5 (s ) Anal. Calcd for
C16H22NgO4S: C, 48 2; H, 5.62. Found: C, 48.59; H, 5.78.

The fourth chromatography fraction, when concentrated in vacuo, afforded pure 10 (14 mg, 12%), as a
coioriess microcrysiailine solid. Recrysiaiiization of this materiai from EtOAc-hexane afforded anaiyticaily
pure 10 as a colorless microcrystalline solid: mp 105-106 °C; IR (KBr) 2099 (s), 1526 (vs), 1354 (vs), 1180 (w),
738 (m), 655 cm~1 (m); IH NMR (CDCl3) § 0.74 (t, J = 73 Hz, 3H), 0.75(t, J = 7.3 Hz, 3 H), 0.93 (, J =73
Hz,3 H), 1.40(q, J=73 Hz, 2H), 1.41(q,J=73Hz, 2 H), .78 (q,J = 7.3 Hz, 2 H), 2.65 (AB, Jap = 7.7 Hz,
2 H),3.02 (AB, Jap =7.7Hz, 2 H), 3.17 (AB, Jop = 7.9 Hz, 2 H), 3.25 (AB, Jag = 7.9 Hz, 2 H), 3.45 (AB,
JAB=85Hz,2H),3.77 (AB, JAp = 8.5 Hz, 2 H), 8.03 (AB, Jop = 9.0 Hz, 2 H), 8.42 (AB, JAp = 9.0 Hz, 2 H);
13C NMR (CDC13) 8 7.7(q), 8.0(q), B.2(q), 28.7 (1), 28.9 (1), 29.9 (1), 51.5 (1), 55.4 (1), 56.5 (1), 57.7 (9) 579

1A0N ™ 7 I\ 1 A1 7 7\ 1CI\III\ A__._ F o P I Jf
{(s), 59.8 (8), 124.3 (d), 129.2 (d), 141.6 (s), 150.4 (5). . Caled for CoH3IN70O4S: C, 52.81; H, 6.54. Found:

C, 5293, H, 627

E

Method B. To a solution of 1 (42 mg, 0.51 mmol) in CDCl3 (0.6 mL) was added NsN310 (116 mg, 0.51
mmol) and KI-(18-crown-6)? (219 mg, 0.51 mmol). The resulting mixture was placed in a2 5 mm NMR sample
tube at ambient temperature. The tube was sealed and then was agitated vigorously to assure thorough mixing of
the reactants. The reaction mixture was aliowed to stand at ambient temperature, and the progress of the
s rntionen wxienen v fonend mari Al anller i csenalersio ~F 1to 1LY AINAD conmnbirsan Afe~r- 1 & IT L N1V 5 T
ICAactiull wdd 111U cu }ICllUUlLdlly viu dlld.lyblb WL W “I1 INIVIIN bPCLU Ulll. ALLCTL 1.0 ” l_l lVlVlI\ 1CHUILAlICC
signals that correspond to 1 could no longer be detected. The NMR tube was opened, and the rcaction mixture
contained therein was concentrated in vacuo. The residue was purified via column chromatography on silica gel

by using a 10-20% EtOA c-hexane gradient elution scheme.

The first chromatography fraction contained recovered NsN3 (9.0 mg, 8%). Continued elution of the
chromatography column afforded a second fraction that contained N-p- nitroben7enes‘ulfonyl -3-azido-3-ethyl-

----- At e d A~V ~12 Y 12 o T TD
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IH NMR and 13C NMR spectra of this material are identical in all respects with the corresponding spectra
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obtained previously for authentu, 8.

Continued elution of the chromatography column afforded the third fraction, which, when concentrated
in vacuo, afforded pure N-(N'-p-nitrobenzenesuifonyl- 3‘-cthy1 -3'-azetidinyl)-3-azido-3-ethylazetidine (9 7.0

oo on o ey Tvy araoanmy 13~ 3 n
mg, 7 /0) as a COlOfICSS mlcr(x,rysmume solid: mp Y5-¥% “C. The 1K, T NMK and °C NMR peura of this
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Method C. To a solution of 1 (70 mg, 0.84 mmol) in CDCI3 (0.6 mL) was added NsN310 (106 mg, 0.46
mmol) and dibenzylamine (173 mg. 0.87 mmol). The resulting mixture was placed in a 5 mm NMR sample
tube. The tube was sealed and then was placed in an external oil bath maintained at 80 °C. The reaction mixture
was heated at 80 °C, and the progress of the reaction was monitored periodically via analysis of its 1H NMR
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spectrum. After 14 h, IH NMR resonance signals that correspond to 1 could no longer be detected. The NMR
tube was opened, and the reaction mixture contained therein was concentrated in vacuo. The residue was puri-
fied via column chromatography on silica gel by using 10% EtOAc-hexane as eluent.

The first chromatography fraction contained N-p-nitrobenzenesulfonyl-3-dibenzylamino-3-ethylazeti-
dine (11,42 mg, 11%)as a pglg ygllow mjc[o(_t_rysl_g_llme solid. Reorvst_allwmmn of this material from CH,Cls-

7 2L
hexane afforded analytically pure 11 as a colorless microcrystalline solid: mp 148-149 °C; IR (KBr) 1533 (m),
1354 (m), 1167 (vs), 739 (m), 607 cm™! (m); lH NMR (CDCl3) § 1.15(t,J = 7.4 Hz,3 H), 1.92 (q,J=74 Hz, 2
H), 3.21 (AB, Jap = 8.2 Hz, 2 H), 3.38 (5, 4 H), 3.47 (AB, JoAB =8.2 Hz, 2 H), 6.83-6.88 (m, 4 H), 7.11-7.18 (m,
6 H), 7.88 (AB, Jo = 8.9 Hz, 2 H), 8.47 (AB, Jap = 8.9 Hz, 2 H); 13C NMR (CDClI3) 5 8.8 (q), 24.2 (1), 53.5
(1), 59.1 (s), 59.6 (1), 124.2 (d), 127.4 (d), 128.2 (d), 128.3 (d), 129.8 (d), 139.1 (s), 139.8 (s), 150.3 (s). Anal.
Caled for Ca5H27N304S: C, 64.50; H, 5.85. Found: C, 64.41; H, 5.76.

Continued elution of the chromatography column afforded a third fraction, which, when concentrated in
vacuo, afforded pure N-p-nitrobenzenesulfonyl-3-azido-3-cthylazetidine (8, 25 mg, 10%) as a colorless micro-
crystalline solid: mp 122-123 °C. The IR, 1H NMR and 13C NMR spectra of this material are identical in all
respects with the corresponding spectra obtained previously for authentic 8.

Control Experiments: A. Reaction of 3-Ethyl-1-azabicyclo[1.1.0]butane (1) with Dibenzylamine.
To a solution of 1 (106 mg, 1.27 mmol) in CDCl3 (0.5 mL) was a dded dibenzylamine (251 mg, 1.27 mmol).

The resulting mixture was placed in a 5 mm NMR sample tube, and the tube was sealed and then was placed in
an external oil bath maintained at 80 °C. The reaction mixture was heated at 80 °C for several days, and the
progress of the reaction was monitored periodically via analysis of its I'H NMR spectrum. No change was
observed in the appearance of the 'H NMR spectrum of the reaction mixture after the rcaction had been carried
out at 80 °C for 5 days.

B. Reaction of N-p-Nitrobenzenesulfonyl-3-azido-3-ethylazetidine (8) with Dibenzylamine. To a
solution of 8 (65 mg, 0.21 mmol) in CDCI3 (0.5 mL) was added dibenzylamine (41 mg, 0.21 mmol). The
resulting mixture was placed in a 5 mm NMR sample tube, and the tube was sealed and then was placed in an
external oil bath maintained at 80 °C. The reaction mixture was hcated at 80 °C and the progress of the reaction

- < 1
was monitored periodically via analysis of its *H NMR spectrum. No change was observed in the appearance
of the 'H NMR spectrum of the reaction mixture after the reaction had been carried out at 80 °C for 28 h.

Reaction of 3-Ethyl-1-azabicyclo[1.1.0]butane (1) with Ethyl Azidoformate. Method A. To a solu-
tion of 1 (110 mg, 1.32 mmol) in CDCl3 (1 mL) at ambient temperature was added with stirring a solution of
ethyl azidoformate11 (152 mg, 1.32 mmol) in CDCI3 (1 mL) in three portions during 1 h. The resulting mixture
was stirred at ambient temperature for 24 h and then was concentrated in vacuo. The residue was purified via
column chromatography on silica gel by using a 10-20% EtOAc-hexane gradient elution scheme.

The first chromatography fraction contained N-ethoxycarbonyl-3-azido-3-ethylazetidine®b (12, 235 mg,
90%) as a colorless oil. The IR, TH NMR and 13C NMR spectra of this material are identical in all respects with
the corresponding spectra reported previously for authentic 12.6b

Continued elulio of the chromatography column afforded a sewnd fraction that contained N- (N' eth-

t
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oil; IR (ncat) 2968 (s), 2108 (vs), 1707 (vs), 1423 (s), 1375 (s), 1344 (m), 1259 (m), 1124 cm-1 (m); IH NMR
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(CDCl3) 50.87 (t, J = 7.3 Hz, 3 H), 095 (@, 7=73 Hz, 3 H), 1.24 o, J= 70 Hz, 3 H), 1.56 (q, J=73Hz,2 H),
1.80 (q, J = 7.3 Hz, 2 H), 3.23 (AB, JAB = 7.6 Hz, 2 H), 3.30 (AB, Jop = 7.6 Hz, 2 H), 3.59 (AB, Jop = 9.4 Hz,
2 H), 3.89 (AB, Jag = 9.4 Hz, 2 H), 4.10 (g, J = 7.0 Hz, 4 H); 13C NMR (CDCl3) 8 7.8 (), 8.2 (), 14.7 (q),
28.7 (1), 30.0 (1), 53.2 (1), 56.6 (1), 59.1 (s), 59.9 (s), 61.1 (1), 156.8 (s). Anal. Caled for C13H23N502: C, 55.50;
H, 8.24; Found: C, 55.42; H, 8.38.
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Method B. To a solution of 1 (186 mg, 2.24 mmol) in CDCI3 (1.5 mL) at ambient temperature, was
added ethyl azidoformate!l (86 mg, 0.74 mmol), and the resulting mixture was stirred at ambient temperature
for 6 days. An additional quantity of ethyl azidoformate (189 mg, 1.64 mmol) then was added to the rcaction
mixture, and the resulting mixturc was stirred at ambient temperature for 24 h. The reaction mixture was con-
centrated in vacuo, and the resmue was purified via column chromatography on silica gel by using a 10-20%

EtNOA -~ havana amdia
EtQAc-hexane Braluitri

The first chromatography fraction contained 126b (417 mg, 94%), which was thereby obtained as a
colorless oil. The IR, IH NMR and 13C NMR spectra of this material are identical in all respects with the
corresponding spectra reported previously for authentic 12.6b

Continued elution of the chromatography column afford

ded a
1%), which was isolated as a colorless oil. Th IR, IH NMR and 13CN
in all respects with the corresponding spectra obtained previously for a

ry 4 s an

second fraction that contained 13 (4.0 mg,
MR spectra of this material are identical
€n

wthentic 13.

e

Method C. ATO a solution of 1 (84 mg, 1.01 mmol) in CDCl3 (1.5 mL) at ambient temperature was added
ethyl azidoformatell (46 mg, 0.40 mmol). The resulting mixture was refluxed for 24 h. At the conclusion of the
reaction, the reaction mixture was allowed to cool graduall) to ambient temperature whereupon an additional

sl arrreides £ 10Y ~ e —t

o P S TP T
quauuty UI. Lul)l MIUUI()I maic \IUL lug U 07 lll“lk)l} was dUULU auu uu, l&buu 1 2 mi \‘UIC was stirtred at iI.I"UlCHl,
temperature for an additional 24 h. An'ﬂvmc of the IH and 1—;(‘ NMR spectra of the crude reaction mixtus

sis of spectra ion mixture
indicated the presence of resonance SIgndls that correspond to unreacted ethyl azidoformate, N-ethoxycarbonyl-
3-azido-3-ethylazetidine®® (12) and only a trace of N-(N'-ethoxycarbonyl-3'-ethyl-3'-azetidin-yl)-3-azido-3-

ethylazetidine (13).
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