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The unusual reactivity of some 2-aziridinecarboxylic acid deriva-

tives has been investigated. In the course of this study several 1-sub-

stituted-2-aziridinecarboxylic acid hydrazides were prepared. The

fragmentation of these hydrazides was studied and found to proceed with

formation of diimide and ketene intermediates. The mechanistic implica-

tions of these results are discussed.

The reaction of sodium l-t-butyl-2-aziridinecarboxylates with

thionyl chloride, oxalyl chloride, and arylsulfonyl chlorides was found

to give good yields of l-t-butyl-3-chloro-2-azetidinones. Stereochemical

evidence and product studies suggest the intermediacy of a 1-azabicyclo-

[1.1.0.] butane-2-one cation in the ring expansion. This is confirmed by

nmr studies of 2-aziridinecarboxylic anhydrides in sulfur dioxide. The

synthetic utility of this ring expansion is discussed.

The pyrolysis of triphenylmethyl l-t-butyl-2-aziridinecarboxylate

was investigated as a possible route to a 2-azirine. The pyrolysis did
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not generate the 2-azirine, but instead l-t-butyl-2-triphenylmethyl-

aziridine and N-t-butyl-triphenylmethylmethylamine. The mechanism of

this reaction is discussed.
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INTRODUCTION

The ultimate goal of the physical organic chemist is the complete

understanding of the chemical and physical phenomena associated with all

organic matter. The una tta inability of this goal forces the chemist to

attempt the understanding of simple systems where, by theory and experi-

ment, the frontiers of knowledge can systematically, albeit slowly, be

extended. In this manner the concepts of radicals, ions, transition

states, molecular orbitals, and the three-dimensional structure of mole-

cules have been born. Reaction mechanisms for many reactions are now

understood (or at least thought to be understood), and the effect of

additional substituent groups on reaction rates in various systems can

quantitatively be predicted with reasonable success.

It has been shown that the presence of an unshared pair of electrons

situated close to a reaction center in a molecule can enormously affect

the rate, direction, and stereochemistry of the reaction. This propinquity

effect, neighboring group participation, is quite dependent on the geometry

2
of the substrate.

Another phenomenon known to dramatically affect the rate and direction

of a reaction is ring strain. This is the extra free energy in a cyclic

system which can be correlated with the unusual geometry of the molecular

orbitals of small ring compounds. The concept of ring strain, first pos-

tulated by Adolph von Baeyer In 1885, has attracted considerable interest

and undergone extensive refinement. The effects of ring strain are most
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apparent in ring closure and ring cleavage reactions, and they decrease with

increasing ring size as one might expect. Generally heterocyclic rings are

4
not quite as strained as their analogous carbocyclic rings.

TABLE I

4b c
Ring Strain Determined From Heats of Combustion

Compound



The work done to date in this and other laboratories indicates that the

electron pair on nitrogen is capable of participating in reactions both

on and near the ring. Ring strain also seems to play a major role in the

chemistry of this system, and ring cleavage is frequently observed.

Three classes of 2-aziridinecarboxylic acid derivatives are dis-

cussed in this dissertation: 2-aziridinecarboxylic acid hydrazides,

2-aziridinecarboxylic acid salts, and triphenylmethyl l-t-butyl-2-aziridine-

carboxylate. The chemistry of these compounds will be discussed separately

in Chapters I, II, and III respectively.

The syntheses of all of these compounds began with the syntheses of

the appropriate methyl 2-aziridinecarboxylates. These esters were prepared

using procedures patterned after those in the literature by treating the

appropriate methyl 2,3-dibromopropionate with triethylamine followed by the

appropriate primary amine. These reactions gave rather good yields of the

aziridine esters.

Et
3 N R^~tAoch,

2) R'NHg I

'

In the formation of methyl l-t-butyl-3_methyl-2-aziridinecarboxylate

two isomers were obtained. It was found that the choice of solvent deter-

mined which isomer predominated in the product mixture. When the reaction

was run in methanol the ratio of cis to trans aziridine was about four to

one. When excess t-butylamine was used as the solvent, the ratio of cis

to trans aziridine was about three to five. Similar solvent effects have



9
been observed before in Gabriel- type aziridine syntheses, and it was con-

sidered fortunate that this effect occurred here as it facilitated separa-

tion of the isomers. The cis isomer was obtained in a pure state by

spinning band distillation of a mixture of the cis and trans isomers. The

trans isomer was completely separated from the cis in the same manner, al-

though at first it was not separated from a major impurity believed to be

methyl t-butylaminoacetate. The impurity did not interfere with subsequent

reactions however. A reasonable mechanism for its formation would involve

acid catalyzed hydrolysis of the 1,3-dipole as shown below.

V 5 —± > ^flf^V0CH3_l^
» t-BuNHCH2 C02CH3

I

|
H
2

c 2 3

t-Bu t-Bu

Later it was fcund that if the crude aziridine ester was dissolved in benzene

and washed with aqueous sodium carbonate prior to the distillation, this

difficulty did not arise, and the trans ester was obtained analytically

pure.

The assignments of stereochemistry to the aziridines and azetidinones

to be discussed in Chapter II were made on the basis of coupling constants

observed in their nmr spectra. It has previously been shown that the

vicinal coupling constants for protons cis to each other on the aziridine

* Refer to Chapter III for a related hydrolysis of an aziridine 1,3-dipole.
For an analogous acid catalyzed decomposition, see Reference 10.
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ring range between 5 and 8 Hz, but for protons trans to each other the

coupling constants drop to between 2 and 5 Hz. Similarly cis coupling

constants are larger than trans coupling constants in the azetidinone ring

12
in accord with the Karplus equation. Analysis of the nmr spectra of the

aziridines and azetidinones prepared in this work gave the following values

for the vicinal coupling constants (TABLE II) The cis stereochemistry was

assigned to the isomer having the greater value.

TABLE II

Vicinal Coupling Constants of Aziridine and Azetidinone Ring Protons

J . (Hz) J (Hz)
Compound cis v ' trans

"s^AoCHs 6.3 2.4

t-Bu

CI ,0 5.1 1.7

I*5 vCH
3 t-Bu

Ck /? 5.0 2.1

tf
t-Bu



CHAPTER I

REARRANGEMENTS OF 2-AZIRIDINECARBOXYLIC
ACID HYDRAZIDES 15

14
The generation of carbenoid (_1) and primary carbonium ion (2)

centers on a carbon atom adjacent to the aziridine ring was the original

goal of this work. The reactivity of these intermediates should yield

considerable insight into the neighboring group effect of the aziridine

ring. One synthetic route chosen for generating these species was the

thermal decomposition of the tosylhydrazones Q) (Bamford-Stevens Re-

action) of appropriate aziridinecarboxaldehydes. The proposed syn-

NNHTs

r-T^H \—/^ H V-Y<H

thetic route for formation of the aziridinecarboxaldehydes was patterned

after Roberts' synthesis of cyclopropanecarboxaldehyde (4) using the

McFayden-Stevens reaction.



s
-^OC

2
H
5

H
2
NNH

2
>H

2 ^ ^% H NH

I.
TsCI

16%

This route resulted in failure at the first step. When methyl

l-t-butyl-2-aziridinecarboxylate (5) was treated with hydrazine hydrate

according to normal procedures for the generation of carboxylic acid hy-

18
drazides, the only product isolated was 3-t-butylaminopropicnic acid

hydrazide (6) (65%).

VA CH
3

H2NNHg.H2
t
. BuNHC H

2
CH2 C ^NHNH2

i

t Bu

After this work was completed, Professor R. Huisgen pointed out that he

had observed a similar reaction with methyl l-phenyl-2-aziridinecarboxylate

(7) and hydrazine hydrate.

^A 0CH 3 H 9 NNHo-H,0
N' -± £_±—> CcH KNHCH o CH o C0NHNH o
I 6 a Z d e
C
6H 5



The only comment made by Huisgen concerning the mechanism of the reaction

was as follows: "Fur diese interessante Hydrogenolyse des Aziridinringes

•i 19
1st uns keine Analogie bekannt. Since the proposed route to the

aziridinecarboxaldehyde was no longer promising and since the reductive

ring scission was neither expected nor readily explained mechanistically,

an investigation of the mechanism of the decomposition of the aziridine-

carboxylic acid hydrazides was begun.

When a slight excess of methyl l-t-butyl-2-aziridinecarboxylate (5_)

was stirred at room temperature for 9.5 hours with hydrazine hydrate,

analysis of the resulting solution (in DO) by nmr spectroscopy revealed

formation of methanol and a slight change in the pattern and chemical

shift of the characteristic three-proton aziridine ring multiplet. Al-

though its instability precluded isolation, the new compound was assigned

the structure of l-t-butyl-2-aziridinecarboxylic acid hydrazide (9).

V7 °CH3 H2NNH2-H2
^ANHNHg

I I

t-Bu t-Bu

When crude hydrazide 9 was left at room temperature for four days,

considerable gas evolution was observed, and a solid identified as

l,2-di-3-t-butylaminopropionyl hydrazine (10) precipitated. Refluxing

the hydrazide 9 in water produced 3-t-butylaminopropionic acid (11) as

the only recoverable material.



V^

»

t-Bu

[t-BuNHCH
2CH2 C0NH-] ;

10

NBuNHCH
2
CH

2
C0

2 H

Because l-t-butyl-2-aziridinecarboxylic acid hydrazide (9) was so

unstable, other aztridine hydrazides were sought in the hope that they

might be isolable and thus more amenable to study. The reactions of

methyl 1-benzyl- and l-phenyl-2-aziridinecarboxylates (12 and T) with

hydrazine hydrate gave spectrally pure crystalline compounds identified

as 1-benzyl- and l-phenyl-2-aziridinecarboxylic acid hydrazides (l^ and

14) respectively. These solids themselves were not very stable but could

be kept under nitrogen in the refrigerator for extended periods of time.

When dissolved in acetone they formed the corresponding acetone hydra-

zones (15 and JUS) . The hydrazones are stable crystalline compounds for

which satisfactory elemental analyses were obtained.
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^Ac-CH, H2NNH? -H2 ^—^NHNHo X r-y^NHN =(

CH2 C 6 H 5 CH
2
C
6
H
5 CH

2
C
6
H
5

12 13 15

^7^0CH3 H2 NNH2 -H2 0^
^AnhNH,, A ^

^/^NHN^
i i i

C
6
H
5

C
6
H
5

C
6
H
5

1 14 16

Although isolable, the hydrazides JJ> and Uj. behaved similarly to

l-t-butyl-2-aziridinecarbcxylic acid hydrazide (9). The benzyl hydra-

zide (15 ) gave 3-benzylaminopropionic acid (17) when refluxed in water

and methyl J-benzylaminopropionate (18) , identified as its hydrochloride

(19), when refluxed in methanol. The phenyl hydrazide (lij.) , when re-

fluxed with excess hydrazine hydrate in ethanol, ring oDened to form 3-

anilinopropionic acid hydrazide (8)

.

u H
2

V^7 NHNH 2 > C
6
H
5
CH

2
NHCH

2
CH

2
C0

2
H

CH 2C 6H 5 ,7

13

\CH3OH

C
6
H
5
CH

2
NHCH

2
CH 2 C0 2

CH
3

HCI
> [CgHgC^N HgCHgCHgCOgCH^] CI

IS 19



11

A NUhI , H.NNH -H.O^T NHNH 2 _2 2 z
) C 6H 5NHCH2CH 2C0NHNH 2

1

C6H 5

Numerous mechanisms can be formulated which are capable of explain-

ing the observed products. The first to be considered is a direct re-

*
duction of the aziridine ring by either hydrazine or perhaps diimide

derived from hydrazine. The intermediacy of diimide has been well

established in reductions involving hydrazine. The reduction of sym-

metrical double bonds proceeds smoothly and stereospecif ically to give

cis addition of hydrogen. The reaction is thought to be concerted, in-

20
volving a six-membered cyclic transition state (20).

H.

I + I —* 11= f > HI +

20

* Prior oxidation of hydrazine, possibly by air, would be necessary.
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In an analogous manner concerted reduction of the aziridine ring was also

conceivable. Driving forces for the reduction would be relief of ring

strain and formation of nitrogen. However, 1,2-diphenylaziridine (21)

and l-t-butyl-2-aziridinecarbinol (22) were stable to hydrazine hydrate

under the reaction conditions.

^-f
6 5 H2NNH2 H 2

Zl

> NO REACTION
C
6
H
5

^—T^OH H 2NNH2 H2
i

t-Bu

NO REACTION

22

This result combined with the observation that aziridine hydrazides were

isolated and then allowed to ring open rules out the possibility of

direct ring scission by hydrazine.

The role the aziridine ring plays in the reaction also deserves in-

vestigation. The observations that benzylamino- and anilinoacetic acid

hydrazides (2J> and 24) are stable to the reaction conditions implies that

the reactivity observed is not to be associated with a-amino acid hydra-

zides but indeed is in some way associated with the aziridine ring. It

is pertinent too that cyclopropanecarboxylic acid hydrazide, the carbo-

cyclic analog, is a stable compound, apparently not enjoying this

reactivity.

C H OH
C_H KNHCH o C0NHNH o - > NO REACTIONbod d A

24
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CH, OH
C
6H 5 CH 2NHCH 2 C0NHNH 2 . 2 > N0 REACTION

23

Careful inspection of the above data suggested that the aziridine

hydrazide rearrangement might involve formation of diimide and an amino-

ketene intermediate. The aminoketene intermediate (25) nicely accounts

for all of the amino acid derivatives observed as products of the re-

21
arrangement.

RIWCH2 CH = C = - > RNHCH2
CH

2
COX

Formation of diimide accounts for the copious gas evolution observed.

Diimide is an extremely unstable compound although it does have a finite

lifetime as is evidenced by its isolation at low temperature followed

22
by decomposition on warming. Two pathways are available for thermal

decomposition, both of which yield gaseous products. Reduction of a

second mole of diimide to form hydrazine and nitrogen seems to be favored

23
over spontaneous decomposition into hydrogen and nitrogen.

2 HN=NH * H
?
NNH + N

2

HN=NH » H2 + N 2

Confirmatory evidence for the presence of diimide was in fact

obtained by observing concomitant reduction of azobenzene (26) to hydra-

zobenzene (27) during the conversion of l-benzyl-2-aziridinecarboxylic

acid hydrazide (15) to methyl 3-benzylaminopropionate (18) as well as in

the conversion of l-butyl-2-aziridinecarboxylic acid hydrazide (j)) to

5-t-butylaminopropionic acid (_11) .
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*NHNH 2 CH,OH
NT + _± > C6 H 5 CH2NHCH2CH z C02 CH3 + 0NHNH0

CH
2
C 6 H 5 26 |8 27

13

S*\
hJ H N H CH^OH

S^/ 2
> t-BuWHCH2CH 2 C02 H + 0NHNH0

26 ii ai

The fragmentation of a-substituted carboxylic acid hydrazides to

ketenes and diiraide has been observed before. For example, Paulson and

Stoye have studied the fragmentation of a-mesyl hydrazide 28 and observed

* o
the formation of a ketene at the relatively low temperature of 50 .

«~\

Ms0
O^NH-NH-H S +

HN^NH

Q. — Q. -

Buyle has studied the base catalyzed fragmentation of mono-, di-, and tri-

27
chloracetic acid hydrazide hydrochlorides (29) . These two apparently

* The temperatures generally required to pyrolyze^alkyl and aryl carboxylic
acid hydrazides are on the order of 150-175
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undergo a Grob type fragmentation generating ketenes and diimide.

Cf-CR^C.-NH-NH-H

29

•cr
R
\-—^ C=C = + HN>NH

„ /

There are number of detailed paths by which a 2-aziridinecarboxylic

id hydrazide could fragment to form diimide and an aminoketene (25).

*• y&

. « c
RNHCH2CH =C=0 + HN=NH

25

4"

C
HoN-NH HNjNH

^ RNHCH2-^<\

HNtNH

30

* These formulations are not intended to imply any necessarily concerted

timing in the events leading from the hydrazides to the products.
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Mechanism C can tentatively be ruled out in view of the known course of

28
intramolecular aziridine and epoxide ring openings. Thus one would

expect attack to occur at the J-position and not at the 2-position.

Also, based on what is known about the chemistry of 1,2-diazetidinones,

the suggested intermediate QO) should be stable under the reaction con-

ditions. The 2,5-diazetidinones synthesized to date are generally sub-

stituted at the 1- and 2-positions. They do decompose at elevated tem-

29
peratures, but to form isocyanates (32) and Schiff bases Ql)

.

Ar Ar, A r.

«-K R^r'

31

32

The observation that the. cleavage is facilitated by electron withdrawing

groups at the 1- and 2-positions has been interpreted as evidence for a

diradical intermediate (22) formed by rupture of the weak N-N bond.

Ar Ar,

rHR'
33

Since the postulated intermediate diazetidinones QO) do not have radical

stabilizing groups at either the 1- or 2-position, it is expected that

this type of cleavage would not readily occur. Cleavage to form diazo

and ketone intermediates has not been observed, and it seems reasonable

that this would be an even higher energy process.
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The data available are not sufficient to distinguish between the

first two mechanisms (A and B) , both of which are Grob type fragmenta-

tions. Although in non-hydrogen bonding solvents the hydrazides might

be expected to exist in an intramolecularly hydrogen bonded conformation

such that fragmentation would readily proceed according to mechanism A,

the solvents used here (i.e. , water, methanol, ethanol) might seriously

affect the conformation assumed by the hydrazide. Because of this it is

difficult to differentiate between the first two mechanisms. It would

be possible to gain some insight via a kinetic investigation, but the

hydrazides were never purified enough to make such a kinetic investiga-

tion feasible.

A perhaps more interesting problem arises when this reaction is

contrasted with the rearrangements of epoxy hydrazides. Martynov and

28a
Belov allowed epoxy esters (34) to react with hydrazine and were un-

able to isolate the epoxy hydrazides Q5) . Instead, they obtained

hydroxy pyrazolidones Q6) . The data which they presented was not con-

sidered sufficient proof of structure for the pyrazolidones however.

Following their procedure, ethyl P, (3-tetramethyleneglycidate was heated

with hydrazine hydrate. Nmr and mass spectroscopy verify the pyrazoli-

done structure of the crystalline product. The mechanism of this re-

arrangement presumably involves intramolecular nucleophilic attack at the

3-position of the epoxide ring (route A) . Initial attack of hydrazine at

the 3-position to open to a hydrazine intermediate (37) followed by ring

32
(route B) closure to the pyrazolidone has also been suggested. The

question remains, why do epoxy and aziridinecarboxylic acid hydrazides

react so differently?
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NHNH<

37

The aziridinecarboxylic acid hydrazide decomposition also contrasts

28b
remarkably with rearrangements of aziridine and epoxy hydrazones. Fadwa

has shown that the tosylhydrazones of epoxy ketones Q8) rearrange to

form ^-hydroxy pyrazolines (59) , and Cromwell et al. , have shown that

phenyl hydrazones of aziridine ketones (kO) rearrange to form lj.-amino

pyrazolines (kD . These rearrangements have been explained by postulat-

ing intramolecular nucleophilic attack at the 3-position of the heterocycle.

H

TsN.
£ N

T»x >N
<

38 39 OH
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0NH
6

v^
"A"R NHR

40 41

Again, why does the aziridinecarboxylic acid hydrazide fail to re-

arrange by intramolecular attack at the 3-position to form an aminopyra-

zolidone? The nature of the heteroatom (0,N) probably does not play the

major role in directing the course of the reactions since both epcxy and

aziridine hydrazones undergo analogous rearrangements. The answer pro-

bably lies in steric and conformational effects which could be greatly

affected by substituent groups on the ring and to a lesser extent by the

heteroatom and groups on the heteroatom. There may be a fantastic fran-

giomeric effect facilitating fragmentation relative to intramolecular re-

arrangement of the aziridinecarboxylic acid hydrazides.

In any case, it can be concluded here that 2-aziridinecarboxylic

acid hydrazides do fragment to form aminoketenes and diimide. One impor-

tant driving force is relief of ring strain. The reaction appears to be

general for aziridines with various substituents on nitrogen (aryl and

alkyl). The reaction may or may not find synthetic utility, but mechan-

istically it does deserve further investigation.

Another problem deserving further attention is the original goal of

this work - generation of carbenoid and primary carbonium ion centers

adjacent to the aziridine ring.



CHAPTER II

FORMATION AND REACTIVITY OF 1- t-BUTYL-3-CHLORO-2-AZETIDINONES

Formation of 5-Chloro-2-Azetidinones

The 2-azetidinone ring was first successfully synthesized in 1907

when H. Staudinger observed that cyclization of diphenylketene (1+2) and

benzaldehyde anil (Ifj ) yielded 1, 3,3,l».-tetraphenyl-2-azetidinone (hk) •

2
c=c=o
42

$CH»N0

43 44

Since that time 2-azetidinones (p-lactams) have attracted considerable

interest as a reactive strained heterocyclic ring system and as a key

part of biologically active cephalosporin (14-5) and penicillin (1+6)

structures. Because of the biological activity of these systems, a

variety of routes have been developed to generate the azetidinone ring,

and some aspects of the chemistry of azetidinones have been investigated.

Most of the research in this field has been carried out since World War

II and includes the total synthesis of penicillins.

20

%
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t^l
RNH

rr
C0o H

45 46

This chapter will deal with the discovery that certain aziridine de-

rivatives undergo ring expansion to 3-halo-2-azetidinones Q£Q . Some of

the reactions characteristic of this heterocyclic ring will also be dis-

cussed.

CI.

Bu

47

This work btgan when an attempt to synthesize a 2-aziridinecarbonyl

chloride (kS) resulted in a new path to the 3-halo-2-azetidinone system.

When lithium l-t-butyl-2-aziridinecarboxylate (lj-9) was treated with thionyl

chloride in the pre3ence of excess sodium hydride, a 33% yield of 1-t"

butyl-3-chloro-P-azetidinone (50 ) was obtained.
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^A 1

I

t-Bu

49

t-Bu

50

The structure of the azetidinone (50 ) was assigned on the basis of the

nmr spectrum, a carbonyl absorption in the ir at 1760 cm (characteristic

of the azetidinone ring), and a satisfactory elemental analysis. The

mass spectrum showed parent ions at m/q 161 and 163 in the proper ratio

for the chlorine isotopes as well as cleavage of the ring in both direc-

tions (a and b) as expected from published mass spectral studies of

2-azetidinones.
38

CH,«
CI

N:r
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Further proof of structure was obtained by reduction of j)0 to 1-t-butyl-

2-azetidinone (51) with zinc dust in refluxing ethanol, a procedure

patterned after that of Knunyants and Gambaryan.^3 The same azetidinone

was then synthesized in low yield from 3-t-butylaminopropionic acid (11)

39
and thionyl chloride.

CI S *° Zn | f S0CI2
i j » '

I < — t-BuNHCH2CH 2C02 H
1—

N EtOH U
^

Et
3 N

t-Bu t-Bu

50 5j U

The ring expansion was considered to be of both mechanistic and synthetic

interest, and thus further investigation of the reaction was initiated.

Several mechanisms could reasonably account for the ring expansion.

The first route to be considered was acid catalyzed ring opening of the

aziridine to give an a-chloro-p-amino acid. This species might then

react with thionyl chloride to form the amino acid chloride (52) which

39
could, in turn, ring close to the 2-azetidinone (50) .

i

t-Bu

49 '

5

HCI -HCI
C
S—f°

N' > t-BuNHCHoCHCICOCI > '

1 - S0CI 2
L N

x
j>

? t-Bu
• 52
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Several observations make this route unlikely. The reaction with thionyl

chloride was not inhibited by excess sodium hydride. The ring expansion

also proceeded when sodium l-t-butyl-2-aziridinecarboxylate (53 ) was

treated with oxalyl chloride, and the yield was not diminished when this

reaction was rerun in the presence of triethylamine.

^-^ONa (C0CI) 2

C
S f°

(COCI)2
^-jAqHq

.
•

L-N EUN
t-Bu t-Bu 3 t-Bu

26% 29%

53 50 53

It is unlikely that acidic ring opening of the aziridine would occur under

I4.O

either of the above basic conditions.

The second route to be considered involves transient formation of a

six-membered heterocyclic intermediate (5Jj.) via mixed anhydride 5j>. Sub-

sequent loss of sulfur dioxide from
51fc

might generate the 2-azetidinone (50 )

A C
/? CkJ^ Cl

v
A

s-o~~—* <S —> I L
t-Bu {., /W N * Nbu

t-Bu t-Bu

55 54 50
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Precedent for the ring contraction can be found in the pyrolysis of

p-acylamino acids where formation of a six-membered cyclic intermediate

(56) is postulated.

'OH

56

Attack by the annular nitrogen at sulfur finds some analogy in the forma-

tion and isolation of oxathiazolidine 5J in the reaction of aziridinol

22 with thionyl chloride.
1*

t-Bu

22 57

This mechanism, however, appears unlikely for several reasons. In

the first place, the similar yields and products obtained with oxalyl

chloride are suggestive of a common intermediate in both reactions.

Secondly, the best available analogies (e.g. , 57) imply that _5Jt (as

well as the unlikely seven-membered ring analog required by this mechanism

for oxalyl chloride) would be stable under the mild conditions of the re-

action. Finally, the ring expansion of 2-aziridinecarboxylic acid anhy-



26

drldes to be. discussed below is also incompatible with a mechanism in-

volving cyclic intermediates.

A mechanism which is capable of explaining the results involves

interaction of the unshared pair of electrons on the annular nitrogen and

the carbonyl carbon resulting in formation of a 1-azabicyclo [1.1.0.]-

butane-2-one cation (58) . An examination of models suggests that the un-

shared pair of electrons on nitrogen is oriented favorably for overlap

at the carbonyl carbon. Thus the bond deformations and additional strain

*
required for participation does not appear to be severe. The resulting

cation 58 may then be captured at the 3-position by chloride to generate

the chlorazetidinone according to the following scheme:

i

t-Bu

CI

:K
47

t-Bu

CI

ox

t-Bu

— X=S0CI, COCOCI

* Analogous participation by nitrogen at a carbonyl carbon has been used

to rationalize enhanced rates of hydrolysis of 7-amino esters 42
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Although this ion has no exact literature precedent, a number of 1-

azabicyclo [1.1.0.] butane cations have been postulated as reaction in-

termediates in ring expansions of aziridines to azetidines. In this

laboratory solvolysis of aziridinecarbinyl tosylates (59) were found to

give azetidinols (60) under certain conditions. This ring expansion is

thought to involve a 1-azabicyclo [1.1.0.] butoniura ion (6l ) as an inter-

mediate.
45

y"0T8^ <!> —*"°VN
t-Bu t-Bu

59 61 60

W. Gensler and coworkers have shown that the reaction of labeled aziridine-

carbinyl bromide 62 with aluminum chloride in benzene to form ring opened

amine 6^ proceeds through an azetidine intermediate. It was suggested

44
that this might result from an azabicyclobutonium ion represented as 64.

+
*r-^Br AICI

3 # ^J

SO2
6 6 SO2

62 64

0SO9 NHCH ?CH?CH0,

63
<f>

SSO
2
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The stability of the azabicyclobutane ring has recently been demon-

strated by the synthesis and isolation of 3~P nenyl-l-azabicyclo [1.1.0.]"

lt-5

butane by Hortmann and coworkers. The introduction of a carbonyl group,

as in 5_8, would be expected to cause an increase in strain. For example,

Wiberg has shown that the introduction of a trigonal carbon in a three-

membered ring results in approximately 13 kcal/mol additional strain

energy (Table III).

TABLE III

Ring Strain in Three-Membered Rings

Compound Strain Energy kcal/mol

Cyclopropane 27.5

Methylenecyclopropane lj-1.0

Cyclopropene 53-1

This additional strain would increase the energy of the intermediate

(58) , but would not preclude its formation.

If the 1-azabicyclo [1.1.0.] butane-2-one cation (5 8) were actually

involved in the ring expansion, the reaction should be stereospecif ic.

Attack by chloride at the 3-position should occur at the back side of

the C-N bond, i.e. , endo to the puckered ring. In order to test this

hypothesis, the sodium salts of both cis - and trans - l-t-butyl-3-methyl-

2-aziridinecarboxylic acid (67 and 68) were prepared by stereospecif ic

base catalyzed hydrolysis of the corresponding aziridine esters (65 and

66) . These salts were treated with oxalyl chloride in benzene, and the

resulting ring expansions were indeed stereospecif ic. The cis aziridine
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(67J gave the cis azetidinone (69), and the trans aziridine (68) gave

the trans azetidinone (70) as predicted. The reactions went in high yield

and with no detectable (nmr) isomeric contamination.

^y^Na (C0CI) 2
CI

V 79% CH3\l—

N

s
t-Bu t-Bu

67 69

CH ,'\. - Ja (COCi)

t-Bu 63

68 7C

The stereospecificity of the ring expansion strongly supports tne inter-

mediacy of the 1-azabicyclo [1.1.0.] butane-2-one cation (58) and un-

equivocally rules out the possibility of an a-carbonyl cation (71)

t-Bu R
X \ R' \

t-Bu t-Bu

71

* Elemental analysis of 69 did not check. However all spectral proper-

ties were in accord with the proposed structure. The mass spectrum

was essentially identical to that of JO.
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It was hoped further evidence for the ionic mechanism could be ob-

tained from reaction of the sodium aziridinecarboxylates (55 . 67 . and

68) with nosyl and tosyl chloride to form mixed anhydrides (72) . Mixed

tosyl carboxylic acid anhydrides have been isolated, and there is

precedent for their existence as reactive intermediates in some rearrange-

49
ments. Conceivably, participation at the carbonyl carbon by nitrogen

might induce ionization of the mixed anhydride and thus lead again to

the postulated bicyclic cations (58) . The resulting cations should be

captured in the 3-position by nucleophiles to generate the 2-azetidi-

nones as before.

t-Bu
R
\ A ' * CI

R' V N
I

cr
H-r>^ o » r,y— n

f-BU X R " Bu
R R

72 58 47

Reaction of equivalent amounts of the sodium 2-aziridinecarboxy-

lates (5^, 67, and 68) with nosyl or tosyl chloride did not yield the

mixed anhydrides. Instead, mixtures of the sulfonyl chloride and the

symmetrical aziridine anhydrides (75) were recovered. The symmetrical

anhydride (75b) was formed free of nosyl chloride when two equivalents

of the sodium salt were allowed to react with one equivalent of nosyl

chloride.

* Nosyl chloride was removed by fractional crystallization, leaving
the anhydride (75b) behind.
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The structure of the anhydride is based on the nmr spectrum (CC1 -charac-

teristic of the aziridine ring), and absorptions in the ir at 1820, and

1760 cm (characteristic of anhydrides). Chemical evidence for the

anhydride structure was obtained by recovering both sodium 2-aziridine

carboxylate (67) and methyl 2-aziridinecarboxylate (65, 35%) from the

reaction of 75b with sodium methoxide in methanol.

;V-A)Na ArSQ2 CI
. "w^oV/"

<
I I

t-Bu t-Bu t-Bu

R= R = H 73

R = CH
3 i R = H 73 b

R = H ; R=CH 3 73c

Strong evidence for the bicyclic cation (58) was obtained from the

nmr spectra of the aziridine anhydrides (75) in sulfur dioxide. A

cold concentrated sulfur dioxide solution of the cis anhydride (75b)

gave an nmr spectrum in accord with the anhydride structure. A more

dilute solution, after standing at room temperature for a short time,

gave an nmr spectrum with two sets of signals of similar pattern, one

set at a chemical shift characteristic of the anhydride, and one set

displaced downfield by an amount AS ppm (Table IV). Both the unionized

aziridine anhydride and the aziridinecarboxylate anion are assigned as

the species responsible for the upfield set of signals, and the bicyclic

cation structure (7ifc) is assigned to the species responsible for the

downfield set of signals (Table IV).
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TABLE IV

Chemical Shifts (6) in Sulfur Dioxide Relative to External
Tetramethylsilane in Carbon Tetrachloride

Substrate

v/° CH,
N'
I

t-Bu

\j
I

t-Bu

65 73b 74 A6 ppra

t-Bu
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Addition of nosyl chloride or tosyl chloride to these solutions resulted

in the disappearance of the upfield set of signals and enhancement of

the downfield set of signals, presumably by ionization of the newly formed

mixed anhydride (72) .

\A ArSOoCI

t-Bu

Vt^oso2ai

t-Bu

72 74

. The value of AS ppm (1.00) observed for the ring hydrogens of _7_k is

quite similar to that observed by Olah (1.20) for 1-t-butylaziridinium

ion in both antimony pentafluoride-sulfur dioxide and acidic sulfur

dioxide. The chemical shift of the t-butyl group (5 0.78) is not similar

52
to that observed by Olah aad Szilagyi (5 1.26). This discrepancy can

be rationalized by differences in counterion, solvation and concentration

effects, and anisotropic effects due to the bicyclic ring.

Further chemical evidence for the bicyclic cation (Jj£) was obtained

when the sulfur dioxide solutions were quenched with tetraethyl ammonium

chloride in acetonitrile to stereospecifically give ($9 .

* Olah and Szilagyi observed differences in the chemical shifts of the same

aziridinium ion of as much as 0.2 ppm with changes in [H ] and gegenion.
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CH3CN
N^~ N

t-Bu

74 69

Similar results were obtained with the trans anhydride (75c) . A

sulfur dioxide solution of the anhydride (75c ) in the presence of nosyl

chloride initially showed two sets of signals attributable to the

unionized anhydride and the carboxylate anion (upfield set of signals)

and the bicyclic cation (75 ) (downfield set of signals), but decomposi-

tion was so rapid that the spectrum obtained was not at all satisfactory.

At -20 a clean spectrum of the bicyclic cation was obtained. Again,

values of 8 and A6 ppm for the tertiary butyl group and the ring hydro-

gens were in accord with expectations (Table V) . On warming, these

signals disappeared with concomitant formation of a new set of signals

attributable to trans-l-t-butyl-5-chloro-l+-methyl-2-azetidinone (70)

.
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TABLE V

Chemical Shifts (5) in Sulfur Dioxide Relative to External
Tetramethylsilane in Carbon Tetrachloride

Substrate

t-Bu

t-Bu
I

V^ 00 "
3 H^

66 75
A5

t-Bu



t-Bu t-Bu

73c

t-Bu

NsCI ^*

«S ONs
N'
\

t-Bu

t-Bu^o^ so 2 ,
A -

H_^
CH. 7 5

CI

CI

tf
t-Bu

7

The ring expansion of the anhydride could also be effected in

acetonitrile. Good yields of 3-chloro-2-azetidinones were obtained

when the aziridine anhydrides (7^a and 75b) and nosyl chloride were

dissolved in a solution of excess tetraethyl ammonium chloride in

acetonitrile.

' I Et4NCI
R\J_'

t ' Bu KBu cl r« \ oCH-aCN t^Bu

R = H-, 7 3 Q 50 I 7%

R=CH
3 ; 73b 6 9 7 5 %
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It is pertinent to this discussion that, although acetonitrile is a

well established carbonium ion trap, 3 no detectable amount of ionic in-

termediate was intercepted. This is in accord with the observations of

Leonard that aziridinium ions do not react directly with acetonitrile.

Ring opening of aziridinium ion iG to form a more stable carbonium ion

occurs prior to reaction with acetonitrile.

P ChUCN \*J
3

) \ +r>
N
\-0 <

CIO. CIOJ CIO,

76

The postulated intermediate (58) is, among other things, an aziridinium

ion and thus would not be expected to react with acetonitrile.

The ring expansion of the aziridine anhydrides convincingly rules

out the possibility of any cyclic intermediate (5k) such as discussed

previously. The direct observation of the bicyclic ions (7J£ and 21) in

sulfur dioxide rules out any concerted geitonodesmic ring expansion

of the anhydride.
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l

t-Bu

OK ,0

t-Bu

The observed increase in yield of 2-azetidinone with methyl substitution

at the 3-position in the reaction of the aziridine salts with oxalyl

chloride is also not in accord with a geitonodesmic rearrangement.

Civ .0
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58

CI,

* t-Bu

47

R R

CI\^°
N'
I

t-Bu

77

It was thought that the 3-chloro-2-azetidinones might readily lend

themselves to an nmr study in antimony pentaf luoride-sulfur dioxide solu-

tion. Alkyl halides; when dissolved in this solution, ioni?<? to give

stable solutions of carbonium ions which can be observed by nmr spec-

57
troscopy.

SO,
RX + SbF.

With this in mind, l-t-butyl-3-chloro-2-azetidinone (50 ) was dissolved

in a saturated solution of antimony pentaf luoride in sulfur dioxide. The

nmr spectrum of the resulting solution was compared to that of the aze-

tidinone (50) in sulfur dioxide (relative to external TMS in CC1, ) . Con-

siderable downfield shifts were observed (AS ppm, Table VI) for the
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antimony pentaf luoride solutions, but little change in the splitting

pattern was noted. Similar results were obtained with cis -l-t-butyl-5-

chloro-4-methyl-2-azetidinone (69) . The spectra of the antimony penta-

f luoride solutions are quite different from the sulfur dioxide spectra

of the same supposed ions generated from the anhydride presursors. The

changes in the chemical shift (A5 ppm) are real and are reasonable for

*
what one might expect for ammonium ion formation. In fact, they are

greater than the values of AS ppm observed for triethyl amine and

tetraethyl ammonium chloride, a model system which neglects all aniso-

tropic effects of the bicylic rings (Table VI).

Chemical Shifts (5) Relative to External Tetramethylsilane
in Carbon Tetrachloride

Compound R S0
g

S0
2
«SbF

5
A5 ppm

t-Bu 0.75 1.15 0.1*0

H
C,\ fP He 4.08 If. 89 0.81

Hb>— N Hb 3.18 4.02 0.84
H/ N

t-Bu
Ha 2.70 3-59 0.89

* For hydrogens two carbons removed from a cation center shifts of

0.8-1.8 ppm are common. °
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TABLE VI (cont'd)

j.

Compound R S0
2

StySbF,. A6 ppm

t-Bu 0.76 1.08 0.32

Civ

H b^ f
Hb ^-22 4.95 0.73

Ha 3.56 4.37 0.81it!CH3>
Ha' ^t-Bu

EtJ

Et.NCl

CH 0.80 1.25 0.45

CH 2 0.50

CH
2

2.08

CH 0.69 0.19

CH
2

2.65 0.57

However, when attempts were made to quench these supposed ions with

59
methanol according to procedures used by Olah to quench similarly formed

carbonium ions, only the original chloroazetidinones could be recovered.

These results are interpreted as indicating donor-acceptor complex forma-

tion, probably either with oxygen and/or nitrogen and antimony penta-

fluoride, but not ionization.
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t-Su

},+ SbFs Cl'

l-Bu 'ep. .sbF.

N-Bu

DONOR-ACCEPTOR COMPLEX

It is not surprising that ionization of the chloroazetidinones Q±T)

fails to occur. Diazonium ion T]i recently has been generated in the

cephalosporin series. This ion, in the presence of chloride, undergoes

a displacement to form the chlorocephalosporin (79 ) . The observed inver-

sion of configuration suggests that the reaction of 78 does not proceed

by loss of nitrogen to give the bicyclic ion (80) . Formation and capture

of 80 would require retention of configuration.

J-M^ch.
cr

y~ N-s^,'CH2 0Ac
C0

2CH 3 C02CH 3

^i,"^sCH 20Ac

C02CH 3

80

+

The reluctance of the }-substituted-2-azetidinones to ionize to the bicy-

clic cations can be rationalized on stereochemical grounds. An examination

of crude models shows that the unshared pair of electrons on nitrogen is
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not oriented favorably for overlap at the incipient cation center. Con-

siderable bond deformation, and nance strain, is required for participa-

tion and thus ionization to occur. Furthermore, the planar ami da linkage

would presumably inhibit such a deformation.

Formation of bicyclic cations (58 ) is in contrast to the ionization

of the tosyl a-amino acid anhydride (81) described by Sheehan and

Frankenfeld. In that system fragmentation occurred to give the tosyl-

ate anion, a Schiff base (82) , and carbon monoxide, presumably vjU par-

ticipation of the electron pair on nitrogen*

loC-C OoZ
I

NH0

TsCI

Py 02

N-H
I

OTs * £ 2CrN + C0 +
"
0Ts

82

61

The analogous reaction in the aziridine system would have generated the

azirinium ion (85) • Although such cations are known, they are greatly

destabilized by ring strain.

r-yC^OTs

t-Bu
i

t-Bu

CO OTs

83

* The mixed anhydride (81 ) was not isolated.
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Attempts have been made to extend the ring expansion to aziridines

with other substituents on nitrogen, but to no avail. Nevertheless,

hope still remains that suitable conditions will be found to make this

reaction more general and synthetically useful. The potential biochemi-

cal utility of the 2-azetidinones makes such a stereospecif ic synthesis

quite valuable. No attempt has been made to extend the ring expansion

to other heterocyclic rings. However the possibility of such extension

is considered to be a matter of both synthetic and mechanistic interest.

Basic Hydrolysis of 5-Halo-2-Azetidinones

Basic hydrolysis of 2-azetidinones generally leads to high yields

of 0-amino acids. These reactions have received considerable attention

6k
in the literature. A. D. Holley has found that the rate of hydrolysis

is very much a function of the substituents on the ring, and it is pre-

sumed that this effect is the result of a combination of steric and in-

ductive effects. As one might predict from strain arguments, the rates

of hydrolysis for 2-azetidinones are greater than those for pyrrolidones,

which in turn are greater than those for N-methylacetamide.
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TABLE VII

Apparent Second Order Rate Constants for Hydrolysis
*
4
"

(0.5 N NaOH/857. Ethanol, 50)

Compound 10

,0

a

a
\^0

^v- :

10 TCg (liter/mole/sec)

15.0

1.0

O.k

CH3CONHCH3 0.03

Basic hydrolysis of the 3-chloro-2-azetidinones (1+6) led not to

the amino acids, but to the aziridinecarboxylic acid systems. 1-t-

Butyl-3-chloro-2-azetidinone (50) gave good yields of sodium 1-t-butyi-

2-aziridinecarboxylate (52) and methyl l-t-butyl-2-aziridinecarboxylate

(5) when treated with aqueous sodium hydroxide and with methanolic

sodium methoxide respectively.
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CI ,Q

Nu
t-Bu

50

VIT/ONo

t-Bu

52

VT/ OCH-
N
I

t-Bu

Similar ring contractions have been observed in the analogous carbo-

67
cyclic system. For example, Conia and Ripoll 'have treated a-bromocyclo-

butanone (81+) with aqueous sodium carbonate and with sodium amide in

66
liquid ammonia and recovered cyclopropanecarboxylic acid (85) and cyclo-

67
propanecarboxamide (86) , respectively.

vA° H

85

NH*

OS

The mechanism proposed for these ring contractions involves initial

attack of the base at the carbonyl carbon, followed by what is probably a

concerted ring contraction giving the observed products. The reaction

is stereospecif ic as one might predict. Trans -2-bromo- 5- t-butylcyclo-
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butanone (87) when treated with aqueous sodium carbonate gives an approx-

imately quantitative yield of Jtrans-2-t-butylcyclopropanecarboxylic

acid (88).
66

JZf° S£-* pf
0H -^LTN^oh

"
Br

t-Bu CBrt - b u g

8J

A mechanism similar to the above might be involved in the ring

contraction of the 3-chloro-2-azetidinones. Attack of base at the

carbonyl carbon probably occurs prior to ring contraction. No evidence

is available which can unequivocally distinguish between a concerted or

a nonconcerted ring contraction step. The ring contraction is stereo-

specific however. Cis-l-t-butyl-^-chloro-lj.-methyl-2-azetidinona (69) on

treatment with sodium hydroxide in aqueous dioxane gave clean sodium

cis-l-t-butyl-5-methyl-2-aziridinecarboxylate (67) . Similarly, trans -

l-t-butyl-3-chloro-lj.-methyl-2-azetidinone (70 ) gave the trans aziridine

sodium salt (68) on treatment with base. In the latter case the reaction

was not at all clean. The structures of the other products of the re-

action (which comprise about 50% of the recovered material) were not de-

termined, and thus it cannot be said with certainty that none of the

cis salt (66) was formed. In spite of this it does follow that the ring

contraction is stereospecif ic.
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ch
3nL_n I

ONa

t-Bu t-Bu

69 67

Civ x.On NoOH /V7 ONa

CH
3

'

\. Bl
<" Bu

10 68

A dramatic difference was noted in the rates of hydrolysis of the

various chlosazetidinones. No quantitative rate data are available, but

it can be said that the l4.-methyl-3-chloro-2-azetidinones hydrolyzed at

a slower rate than the unsubstituted chloroazetidinone (20 vs 2 hr for

complete reaction at reflux temperature). It is suspected that this

difference is due to a similar combination of steric and electronic

effects which plays so important a role in the hydrolysis of the azetidi-

nones studies by Holley and Holley.

It might even be suggested that the rate controlling step of the

ring contraction is hydrolysis to give the a-chloro-p-araino acid (89)

which under the basic conditions employed ring closes stereospecif ically

7
to give the aziridine (Gabriel Synthesis). This might also explain the

mixture of products observed for the ring contraction of trans - 1-t-butyl-

3-chloro-lj.-methyl-2-azetidinone. The intermediate amino acid (89) could

conceivably lead to several products.
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v-r oH "
, v-roH

1

R^ JL- -

\—f
x0~ < t>BuNHCHRCHCIC0

2

i

t-Bu 89

The ring contraction does suggest the possibility of a synthetically

useful stereospecific route to the aziridine system. Extension of the

reaction to azetidinones with different substituents, for instance aryl

substituents, has not yet been attempted.



CHAPTER III

PYROLYSIS OF TRIPHENYLMETHYL l-t-BUTYL-2-AZIRIDINECARBOXYLATE

One of the more theoretically intriguing and yet still more elusive

systems waiting to be synthesized is the 2-azirine system (90 ) . It

has been suggested that this cyclic class of compounds with potentially

69
four pi electrons could be antiaromatic. For this reason it might

be expected to exhibit some rather interesting properties. A few un-

7 70
substantiated claims for 2-azirines can be found in the literature,

but an authentic 2-azirine has yet to be isolated.

I

R

90

The hope of generating and studying a 2-azirine was the driving

force behind the investigation of the pyrolysis of triphenylmethyl

l-t-butyl-2-aziridinecarboxylate (91) . It was thought that heating

this ester in a suitable solvent might induce ionization to form the

triphenylmethyl cation and the carboxylate anion (92) . Since the

triphenylmethyl cation has been shown to be an effective hydride ion

abstracting agent for hydrogen atoms a to the nitrogen in alkyl

71
amines, it was hoped that hydride ion abstraction from the 3-posi-

tion of the aziridinecarboxylate anion by the triphenylmethyl cation

50



51

generated in situ would occur with simultaneous or subsequent decar-

boxylation to produce the first member (95) of the long-sought 2-

azirine system. With luck, this could be trapped with a diene to form

a Diels-Alder adduct (9k)
72

I

t-Bu

91

N-t-Bu f-

•C0.

» W
t"Bu 92

-C02 ,-
3
CH

I

t-Bu

93

It might be noted that this proposed decarboxylation is quite anal-

ogous to the decarboxylation in acetone of the anion of cinnamic acid

dibromide, an apparently trans E 2 elimination.
7 3

'Wi•"»
8r

.Br

+ C02

Triphenylmethyl esters of aziridine acids had not previously been

prepared. Fortunately, published procedures for the formation of other

triphenylmethyl esters from the sodium salts of the acids proved sat-

isfactory. Reaction of sodium l-t-butyl-2-aziridinecarboxylate (52 )

with triphenylmethyl bromide in benzene gave the desired triphenyl-

methyl l-t-butyl-2-aziridinecarboxylate (91) in a reasonable yield.
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This ester was a solid and was quite stable when in a pure state.

t-Bu
C6H 6 f-Bu

52 9J

The ester (91) was heated in a sealed tube in benzene at 180+ 10

for fourteen hours „ When the tube was cooled and opened, a notice-

able amount of pressure was released, suggestive of gas evolution

(decarboxylation). Two major components, representing about 90% of

the reaction were recovered from the reaction mixture and character-

ized as l-t-butyl-2-triphenylraethylaziridine (95, 57%) and N-t-butyl-

triphenylmethylmethylamine (96, 53%)

•

*n' y3
*

xn' + t-BuNHCH
2
c<0

3

t-Bu 6 6 t-Bu

91 95 M

These products were not suggestive of 2-azirine formation. Never-

theless the problem of the mechanism of formation of both products

was considered intriguing. Several routes for decarboxylation to the

triphenylraethylaziridine are possible, one radical (A) and two ionic

(B and C) . Formation of the amine (96) was unclear. . A control experi-

ment showed that the triphenylmethylaziridine (95) was stable to the
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reaction conditions and thus is not the source of the amine (96)

•C0 3

^N7
' C02

x t-Bu

)^
-c0 3

<._
7
Aoc0

3 rVC03

I I
T

I

t-Bu t-Bu t-Bu

^v +C0, ^^
V^7 co 2

1

t-Bu

Decarboxylation of triphenylmethyl esters via a radical path has

been suggested before although the data presented did not serve to

75
unequivocally demonstrate the existence of radicals. The possibility

of a radical path in this aziridine system was investigated by carry-

ing out the pyrolysis in cumene, a known and effective radical trap.

Radicals abstract a hydrogen atom from cumene to form a cumyl radical

which then couples with another similarly formed cumyl radical to

form dicumyl (97) . Thus the presence of dicumyl is evidence for the

76
presence of radicals.

5 + rh -^o+k^>
97
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Conversely, the absence of dicumyl suggests that radicals are not

present. Nevertheless it is conceivable that cage recombination of

the radicals is so efficient that intervention of the radical scavang-

77
ing cumene cannot occur.

The pyrolysis in cumene gave a practically identical product dis-

tribution as pyrolysis in benzene, and no detectable dicumyl was

formed. Analysis for dicumyl was done by gas chromatography, and it

was estimated that as little as 1% of the theoretical amount of dicumyl

would be detected. Thus the radical mechanism was deemed unlikely.

Studies of the decarboxylation of carboxylic acids indicate that

generally decarboxylation occurs to form the carbanion. The reaction

is facilitated by groups which stabilize the carbanion centers, for

instance electronegative heteroatoms. No example of carbonium ion

78
formation via decarboxylation of carboxylic acids is known.

RC02H * R" + C02 + H

Thus it might be expected that decarboxylation of the ester (91) is

occurring via ionization to the triphenylmethyl cation, followed by

decarboxylation to form the aziridine carbanion (Path C) . The problem

was to experimentally verify this prediction.

It was thought that a distinction between the two ionic paths

(B and C) might be made via a trapping experiment. For this reason

the triphenylmethyl ester (91) was pyrolyzed in methanol. It was pre-

dicted that methanol would intercept the carbonium ion to form a methyl

ether. The carbanion should pick up a proton. After pyrolysis methyl
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triphenylmethyl ether was recovered, indicating that ionization to give

the triphenylmethyl carbonium ion had occurred. Unfortunately no other

species were recovered from the complex reaction mixture.

I CH-OH
t-Bu 3

9!

3
COCH

3
+

Since no aziridine fragment was recovered, and since the change in the

solvent was so drastic, it is not valid to claim that the decarboxyla-

tion occurs necessarily by path C merely on the basis of this experi-

ment. It is felt that formation of methyl triphenylmethyl ether is at

least supporting evidence for ionization as indicated in path C.

Addition of a proton source to the reaction medium should allow

capture of the carbanion to give either triphenylme thane (path B) or

1-t-butylaziridine (path C) . t-Butanol was chosen as the proton source

because, although it was capable of protonating the carbanion, it is

not a good enough nucleophile to cause transesterification or hydrolysis

of the triphenylmethyl ester. Pyrolysis in benzene in the presence of

one equivalent of t-butanol resulted in a clean reaction yielding the

triphenylmethylaziridine (95, 11%) and N-t-butyl triphenylmethyl-

methylamine (96, 88%) . In addition, when the benzene solution of the

reaction mixture was washed with water and the water wash treated with

dimedone reagent, the solid dimedone derivative (98) of formaldehyde

79was recovered.
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^OC0 3 t-BuOH
>

^H
+ t . BuNHC H2c^ * HgC-O

I CrMc- I

t-Bu
6 6 t-Bu

96

91 95

Although this experiment did not serve to differentiate between the two

ionic routes to the triphenylmethylaziridine, it did suggest an explana-

tion for the formation of the secondary amine, which in turn sheds much

light on this system.

A most reasonable mechanism for the formation of N-t-butyl triphenyl-

methylmethylaoiine (96) involves formation of a 1,3-dipolar species (99) .

There are numerous examples where the aziridine ring opens to form a

80
1,3-dipolar species in this sense. When protons are present in the

*
system this dipolar species can be protonated to give the iminium cation

* Precedent for protonation of an aziridine 1,3-dipole is claimed in the
reaction of ethyl trans -1 , 3-diphenyl-2-aziridinecarboxylate (i) with
t-butylisonitrile in acidic carbon tetrachloride to give a ketenimine
(ii) ; J. A. Deyrup, to be published.

iA^7 0C2 H 5
"uNsC

,

*1 *—— > ^C-NCH
2
C02C 2H 5

H + t-BuN*

ii
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81
(100) • Because of the positive charge on the nitrogen this ion should

78
decarboxylate readily via an ionic route to give a new iminium ion

(101) . Hydrolysis of this ion would generate the amine _105 and formal-

dehyde, the observed products. If the dipolar species (99) i3 in equil-

ibrium with the ester, the triphenylmethylaziridine (95) arises from

the ester, and the amine (96) and formaldehyde arise from the 1,3-

dipole as suggested, the addition of t-butanol would tend to intercept

the dipolar species and give the observed product distribution.

OC0;

t-Bu

I

91

V C03

t-Bu

95

^xyoc»3 H*
; Mxv

t-Bu
99

OC0,

9fi

'

t-8u
100

-C0C

H?0 ^ + y\ .

H2 C=0 + t-BuNHCH2C0 3
*—- xN^C0 3

t-Bu

101

If the decarboxylation yielding the triphenylmethylaziridine (95)

is indeed proceeding via an aziridine carbanion, as is postulated here,

it should be possible to generate analogous aziridine carbanions by

other routes. If such procedures can be worked out they should be

valuable as still another route to variously substituted aziridines.



CHAPTER IV

EXPERIMENTAL

The melting points were determined on a Thomas Hoover Capillary

Melting Point Apparatus and are uncorrected. Boiling points are re-

corded as the temperature at which the material distills, are at

atmospheric pressure unless otherwise noted, and are uncorrected.

Evaporative distillations were performed on small samples of material

8?
following the (Kugelrohr) procedure of Graeve and Wahl.

The infra-red spectra were recorded on a Perkin-Elmer instrument,

Model number 137.

The routine nmr spectra were recorded on a Varian Associates A-

60-A 60 megacycle recording spectrometer. The nmr data are presented

*
as follows: chemical shift (splitting pattern, number of hydrogens,

coupling constant, assignment) . Chemical shifts are expressed in parts

per million and in carbon tetrachloride and chloroform are relative to

internal tetramethylsilane. In deuterium oxide chemical shifts are

1+0
relative to a position 1+.99 ppm upfield from the DOH signal. In

sulfur dioxide chemical shifts are relative to external tetramethyl-

silane in carbon tetrachloride.

* s = singlet; d - doublet; dd = doublet of doublets; t = triplet;

q = quartet; m = multiplet.

58
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Molecular weights were determined by mass spectrometry. The mass

spectra were recorded on a RMU 6E mass spectrometer at 70 ev. The

fragments are reported as m/e (relative intensity).

Microanalyses were performed by Galbraith Laboratories, Inc.,

Knoxville, Tennessee, and by Peninsula Chemresearch, Gainesville,

Florida.

2.5-Dibromobutyric Acid

This was prepared according to the procedure of Michael and

Norton.
85

2,5-Dibromobutyrvl Chloride

Thionyl chloride (130 g, 1.1 mol) was added to 2,3-dibromobutyric

acid (181 g, 0.74 mol) and the resulting solution was gently refluxed

for three hours. Distillation yielded 167 g (86%) of the acid chloride:

bp 95-100 (20 mm) [Lit. 112° (20 mm)];
81

* nmr (CC1 ) 8 1.95 (d, 3, J = 6

Hz, CH J, and k.h9 (m,2, CHBrCHBr) .

Methyl 2.5 Dibromobutyrate

2,3-Dibromobutyryl chloride (I67 g, 0.635 mol) was added slowly to

methanol (32 g, 1.0 mol) at room temperature with stirring. After ten

minutes, excess methanol and hydrochloric acid were removed by rotary

evaporation, and the residual oil was distilled to give 158 g (96%) of

methyl 2,3-dibromobutyrate: bp 103-106° (17mm) [Lit. 125° (48 mm)];
81*

nmr (CCl^) 8 1.90 (m, 3, CH ) , 3. 80 (s, 3, OCH ) , and 4-38 (m, 2, CHBr-

CHBr).
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Methyl l-t-Butyl-2-Aziridinecarboxylate (5)

ko
This was prepared according to the procedure of C. L. Moyer.

Methyl l-Benzyl-2-Aziridinecarboxylate (12)

Methyl 2,3-dibromopropionate (39.0 g, 0.15 mol) was dissolved in

benzene (300 ml) in a three-necked flask equipped with an overhead

stirrer, dropping funnel, and condenser, and the flask was immersed in

an ice bath. Triethylamine (1+5 g, 0.1+5 mol) was added in a dropwise

fashion followed by benzylamine (16 g, 0.15 mol). The reaction mixture

was re fluxed overnight, then cooled to room temperature, and the solid

amine hydrobromides were removed by filtration. Distillation of the

thick oil left after evaporation of the filtrate gave 22.7 g (79%) °f

methyl l-benzyl-2-aziridinecarboxylate (12): bp 90-95 (0.3mm) [Lit.

133° (5mm)];
85

ir (liquid film) 1745 (C =0), 753, and 696 cm"
1

(phenyl)

nmr (CC1.) 6 1-50 (dd, 1, ring proton), 2.02 (m, 2, ring protons), 3. 1+1

(q, 2, tfCHg), 3.56 (s, 3, 0CH
5
), and 7.20 (s, 5, C^) .

N0
2

: C, 69.09; H, 6.85; N, '

Found: C, 69.08; H, 7.03; N, 7.20.

Anal . Calcd for CUH15N02 : c » 69.09; H, 6.85; N, 7.32.

Methyl l-Phenyl-2-Aziridinecarboxylate (7)

Methyl 2,3-diDromopropionate (71+ g, 0.28 mol) was dissolved in

benzene (200 ml) and cooled in an ice bath. Triethylamine (63 g» 0.7

mol) was added dropwise to the stirred solution as triethylamine

hydrobroraide precipitated. Then aniline (28 g, 0-3 mol) was added,
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and the reaction mixture was refluxed gently for 12 hours. The amine

hydrobromides were removed by filtration, and the crude oil left after

evaporation was distilled to give 3^-6 g (69%) of methyl l-phenyl-2-

aziridinecarboxylate (J) ' bP 92-100° (0.5 mm) [Lit. 95-105° (0.5 nan)];
19

ir (liquid film) 1750 (C = 0) , f5k, and 695 cm"
1

(phenyl) ; nrar (CC1
}
)

5 2.1 (dd, 1, ring proton), 2.6 (m, 2, ring protons), 3.62 (s, 3,

0CH
3
), and 7.0 (m, 5, C^)

Found: C, 67-73; H, 6.35; N, 7.86.

Anal . Calcd for C^H^O^ C, 67-78; H, 6.26; N, 7. 90.

Methyl Cis -1-t-Butyl- VMethyl-2-Aziridinecarboxylate (65 )

Methyl 2, 3-dibromobutyrate (100 g, 0-38 mol) , triethylamine

(100 g, 0.96 mol), and methanol (1*00 ml) were stirred at room tempera-

ture for three hours. t-Butylamine (70 g, 0.96 mol) was added, and the

mixture was allowed to stand at room temperature for two days. Water

was added, and the solution was extracted two times with benzene, dried

(MgSO ) , and evaporated to an oil which on distillation gave 50 g (78%)

of a mixture of cis-l-t-butyl-3-methyl-2-aziridinecarboxylate (65 , 85%)

and trans - l-t-butyl-3-methyl-2-aziridinecarboxylate (66, 15%). The

pure cis isomer was obtained by spinning band distillation: bp 65

(3.0 mm); ir (liquid film) 2900 (CH) and 1750 cm"
1

(C = 0) ; nmr (CCl^;

spectrum No 1) 6 0.95 (s, 9, t-butyl) , 1.17 (d, 3, J = 5.3 Hz, CH^)

,

2.05 (m, 2, CHCH), and 3.65 (s, 3, OCH.,) ; molecular weight 171.

Anal . Calcd for C
g
H Ncy C, 63-13; K, 10.01; N, 8.18.

Found: C, 63-03; H, 9.99; N, 7.95.
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Methyl Trans-l-t-Butyl-5-Methyl-2-A zi cidlnecarboxylate (66)

Methyl 2,3-dibromobutyrate (26 g, 0.10 mol) and trie thylamine

(39 g, 0.015 mol) were dissolved in benzene (50 ml) and left at room

temperature overnight. The amine hydrobromides were removed by filtra-

tion, and the filtrate was evaporated to an oil. The oil was dis-

solved in t-butylamine (18.2 g, 0.25 mol) and left at room temperature

for four days. The amine hydrobromides were removed by filtration,

and the filtrate was evaporated to an oil which on distillation gave

12.14- g (72%) of a mixture of cis-Q3%) and trans - (67%) methyl 1-t-

butyl-3_methyl-2-aziridinecarboxylate. The trans isomer (.66) was,

after washing with aqueous sodium carbonate, completely separated from

the cJLs isomer by spinning band distillation: bp 65 (0.2 mm); ir

(liquid film) 2950 (CH) and 1730 cm"
1

(C =0); nror (CC1 ; spectrum

No 2) 6 1.10 (s, 9, t-butyl), 1.26 (d, 3, J = 5.5 Hz, CH ) , 2.13 (d,

1, J = 2.k Hz, CgH), 2.46 (m, 1, C H), 3.63 (s, 3, OCH ) ; molecular

weight 171.

Anal . Calcd for C
9
H
17
N0

2
: c » 63-13; H, 10.01; N, 8.18.

Found: C, 63. Ml-; H, 10. U; N, 8. 31.

Reaction of l-t-Butyl-2-Aziridinecarboxylate (5) With
Hydrazine Hydrate ' in Ethanol —

Methyl l-t-butyl-2-aziridinecarboxylate (5_, l.bl g, 0.01 mol) and

hydrazine hydrate (1.0 g, 0.02 mol) were added together with enough

ethanol (1 ml) to effect solution. The solution was refluxed for five

18
* This is a standard procedure for making carboxylic acid hydrazides.
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hours, cooled to room temperature, and the solvent was evaporated.

Evaporative distillation of the residual oil gave 0.91 g (65%) of 3-

t-butylaminopropionic acid hydrazide (6): bp 100° (0.1 mm); ir (nujol)

3140 (NH) and 1655 cm"
1

(C = 0) ; nmr (D^) 5 2.25 (s, 9, t-butyl)

,

2.54 (m, 2, CHg), and 2.99 (m, 2, CH_
2) ; molecular weight 159.

Anal . Calcd for CJ N 0: C, 52.80; H, 10. 76; N, 26.39.

Found: C, 51.56; H, 10.50; N, 26. 17.

l-t-Butyl-2-Aziridinecarboxyllc Acid Hydrazide (9)

Methyl l-t-butyl-2-aziridinecarboxylate (5, 1.57 g, 10.0 ramol)

and hydrazine hydrate (0.45 g, 9.0 mmol) were stirred at room tempera-

ture for 9.5 hours. The resulting oil was then triturated with cyclo-

hexane. Residual cyclohexane was then removed by evaporation in vacuo

to give a clear oil. Nmr observation of the oil indicated that 89%

of the t-butyl containing species present was the aziridine hydrazide

(9). Also present were some methanol and starting ester: nmr (DO;

spectrum No 5) 5 1.26 (s, 9, t-butyl), 2.17 (m, 2, ring protons), and

2.64 (dd, 1H, ring proton)

.

l-Benzyl-2-Aziridinecarboxylic Acid Hydrazide (13)

Methyl l-benzyl-2-aziridinecarboxylate (12, 15 g 0.078 mol) and

hydrazine hydrate (3-85 g, 0.077 mol) were stirred together at room

temperature for 40 minutes. The reaction mixture was then seeded with

a small crystal of 15 . and the reaction mixture solidified to a cake.

Attempted recrystallization from benzene caused some decomposition.

The reaction mixture was dissolved in hot benzene, treated with de-
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colorizing charcoal, and cooled. After filtration 9.7 g (66%) of

colorless crystals were recovered and identified as l-benzyl-2-aziri-

dinecarboxylic acid hydrazide (l^): mp 92-96°dec; ir (nujol) 3200 (NH)

,

1650 (C =0), 730, and 693 cm (phenyl); nmr (CDC1 ; spectrum No 6)

6 1.79 (m, 1, ring proton), 1.97 (m, 1, ring proton), 2.25 (dd, 1, ring

proton), 3-5 (s, 2, 001^), 3-65 (broad, 3, NgH ) , and 7.3I (s, 5, C^) ;

molecular weight 191.

The l-benzyl-2-aziridinecarboxylic acid hydrazide (13) was charac-

terized as the acetone hydrazone 15 .

l-Phenyl-2-Aziridinecarboxylic Acid Hydrazide (1U)

Methyl l-phenyl-2-aziridinecarboxylate (12, 10.78 g, 0.06 raol)

and hydrazine hydrate (3.0 g, 0.06 mol) were stirred together at room

temperature for one hour. Benzene (25 ml) was added and removed by e^aj

oration _in vacuo . Ether (25 ml) was added and a solid formed which was

then washed with ether to give 5.8 g (5V/o) of the aziridine hydrazide

(JUt): mp 67-75°dec; ir (nujol) 3220 (NH) , I670 (C = 0) , 760, and 693

cm (phenyl); nmr (CDC1 ; spectrum No 7) 5 2-32 (m, 2, ring protons),

2.78 (dd, 1, ring proton), 1+.05 (broad, 3, N
2
H ) , and 7.05 (m, 5,

C^H ) ; molecular weight 177.

The l-phenyl-2-aziridinecarboxylic acid hydrazide (Ik) was charac-

terized as the acetone hydrazone 16.

l-Benzyl-2-Aziridinecarboxylic Acid Hydrazide-Acetone
Hydrazone (15 )

Methyl l-benzyl-2-aziridinecarboxylate (12, 1.83 g. 9.5 mmol) and

hydrazine hydrate (0.1+78 g, 9.5 raraol) were stirred together and warmed



65

on a steam bath for ten minutes. A white cake formed which was then

dissolved in acetone (10 ml). After about ten minutes 2.2 g (70%) of

colorless crystals of the hydrazone (15) precipitated. They were re-

crystallized from methanol: mp 143-144°; ir (nujol) 1780 (C = 0)

,

1665, (C = N)
, 730, and 695 cm" (phenyl); nmr (CDC1 ; spectrum No 8)

5 1.79 (s, 3, CH ), 1.95 (m, 2, ring protons), 2.04 (s, 3, CH ) , 2.35

(dd, 1, ring proton), 4.55 (q, 2, 00]^), and 7.31 (s, 5, CJy ; molec-

ular weight 231.

Anal. Calcd for C H N 0: c » 67-51; H, 7. 41; N, 18. 17-

Found: C, 67-59; H, 7. 41; N, 18.21.

l-Phenyl-2-Aziridinecarboxylic Acid Hydrazide-Acetone
Hydrazone (16)

l-Phenyl-2-aziridinecarboxylic acid hydrazide (14» 0-2 g, 1.0 mmol)

was dissolved in acetone (7 ml) at room temperature. In about five

minutes 0.17 g (70%) of the hydrazone (16) precipitated. It was re-

crystallized from methanol: mp 161-174 dec; ir (nujol) 3113 (NH)

,

1690, 1670, and 1640 cm (C = and C = N) ; nmr (CDC1 ; spectrum No 9)

5 1.85 (s, 3, CH ), 2.09 (s, 3, CH ) , 2. 31 (m, 2, ring proton), 2.89

(dd, 1, ring proton), and 7.1 (m, 5, C^H ) : molecular weight 217-

Anal. Calcd for C
12
H
15
N 3° : C

»
66 '^' H

'
6,96; N

'
l9 '^'

Found: C, 66.49; H, 7.05; N, 19-39-

Reaction of l-t-Butyl-2-Aziridinecarboxylic Acid Hydrazide

(9) With Water

Methyl l-t-butyl-2-aziridinecarboxylate (5, 1.57 g, 10.0 mmol) and

hydrazine hydrate (0.48 g, 9.5 mmol) were stirred for nine hours at

room temperature. The resulting oil, crude l-t-butyl-2-aziridine-
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carboxylic acid hydrazide (j)) , was then refluxed overnight in water

(15 ml).. The resulting reddish brown solution was cooled to room tem-

perature and concentrated. On standing overnight 0.2 g (15%) of 3-t-

butylaminopropionic acid (11) precipitated and was identified by com-

parison of ir and nmr spectra and mixed melting point with an authentic

sample.

*
3-t-Butylaminopropionic Acid (11)

t-Butylamine (3-65 g, 0.05 mol) was added to a solution of acrylic

acid (3.60 g, 0.05 mol) in pyridine (10 ml). Evolution of heat and

the instantaneous formation of a colorless solid were observed. The

mixture was then refluxed for three hours. The solution was allowed

to cool to room temperature, and the solvent was removed by rotary evap-

oration. The residue was washed with acetone to give 5.68 g (79%) of

3-t-butylaminopropionic acid (11) ; mp 229-230°; ir (nujol) 3300 (NH)

,

1630 and 151+0 cm"
1

(C = 0) ; nmr (D^) 8 1.61+ (s, 9, t-butyl) , 2.81+ (m,

2, qy and 3.5U (m, 2, Ciy ; molecular weight 11*5.

Anal. Calcd for CJ^ N 0: C, 52.80; H, 10. 76; N, 26-39.

Found: C, 51.56; H, 10.50; N, 26. 17.

Thermal Decomposition of l-t-Butyl-2-Aziridinecarboxylic
Acid Hydrazide (9)

Methyl l-t-Dutyl-2-aziridinecarboxylate (5, 311+ g, 0.02 mol) and

hydrazine hydrate (1.0 g, 0.02 mol) were mixed and allowed to sit at

room temperature for five days. A colorless solid precipitated which

after recrystallizatiom from ethanol gave O.36 g (137.) of l,2-di-3-t-

*
This gynthesj.3 was patterned after the synthesis of an analogous |3-

amino acid. 80
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butylaminopropionyl hydrazine (10) : mp 159-160 ; ir (nujol) 3075 (NH)

,

1690 and 1685 cm"
1

(C =0); nmr (D
2
0) 6 1-34 (s, 9, t-butyl) , 2.67

(m, 2, CH ), and 3.I7 (m, 2, CH ) ; molecular weight 286.

Anal . Calcd for C
1^
H
30\°2

: c > 58-71; H, 10.56; N. 19.56.

Found: C, 58.81; H, 10.22; N, 19. 36.

Fragmentation of l-t-Butyl-2-Aziridinecarboxvlic Acid

Hydrazide (9) in the Presence of Azobenzene

A solution of azobenzene (0.84 g, U.6 mmol) in methanol was added

to a solution of l-t-butyl-2-aziridinecarboxylic acid hydrazide (_9, 1.5 g,

9.0 mmol) in methanol (25 ml) at room temperature. The resulting solu-

tion was refluxed overnight. Tic (benzene/alumina) showed disappearance

of azobenzene and appearance of hydrazobenzene. When the solution was

concentrated, 0.22 g (26%) of crystals precipitated and were identified

as hydrazobenzene after washing with cyclohexane: mp 120-124 (Lit. 125-

126).
87

The filtrate was evaporated to a solid which after washing with

ether yielded 0.1 g (8%) of 3-t-butylaminopropionic acid (1_1) .

Thermal Decomposition of l-Benzyl-2-Aziridinecarboxylic

Acid Hydrazide (13) in Water

l-Benzyl-2-aziridinecarboxylic acid hydrazide (13, O.k g, 2.0 mmol)

was dissolved in water and refluxed for three hours, then cooled to room

temperature and extracted with ether. The water layer was evaporated

to precipitate colorless crystals which were recrystallized from methanol

to give 0.1 g (267.) of 3-benzylarainopropionic acid QJ) . This was iden-
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tified by comparison of ir spectra and mixed melting point with an

authentic sample.

^-Benzylaminopropjonic Acid (17)
8°

Acrylic acid (3.6 g, 0.05 mol) and benzylamine (5.3 g, 0.05 mol)

were refluxed in pyridine for three hours, then cooled to room tempera-

ture. On standing, 3.8 g (k27o) of 3-benzylaminoprop ionic acid (1JJ

precipitated. This was recrystallized from methanol: mp 182-186 ;

(Lit. 182-183°)

;

88
ir (nujol) 1630, 1570 (C = 0) , 750, and 700 cm"

1

(phenyl); nmr (DgO) 5 2.87 (t, 2, CHg) , 3-55 (t, 2, CHg) , k.5k (s, 2,

0CH ) and 7. 80 (s, 5, C^) .

Thermal Decomposition of l-Benzyl-2-Aziridinecarboxylic
Acid Hydrazide (13) i" Methanol

A solution of l-benzyl-2-aziridinecarboxylic acid hydrazide (13 .

1.0 g, 5.0 mrool) was refluxed overnight in methanol (25 ml). The solu-

tion was cooled to room temperature and evaporated to an oil which on

distillation gave 0-37 g (37%) of methyl 3-benzylaminopropionate (18)

:

bp 90° (0.5 ram). An aliquot of the oil was dissolved in anhydrous

ether (25 ml), and dry HC1 gas was bubbled through the solution to pre»

cipitate the hydrochloride (19) of methyl 3-benzylaminopropionate.

This was recrystallized from ethanol to give colorless needles: mp

159-160°. Identification was made by comparison of ir and nmr spectra

and mixed melting points with an authentic sample.
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Methyl 3-Benzylaminopropionate (18)

Benzylaraine (6.22 g, 0.058 mol) was added to a solution of methyl

acrylate (5.0 g, 0.058 mol) in methanol (50 ml), and the solution was

allowed to sit at room temperature overnight. Methanol was removed by

evaporation to give 11.2 g (100%) of methyl 3-benzylaminopropionate

(18) . Dry HC1 was bubbled through a solution of JL8 in anhydrous ether

to precipitate the hydrochloride (19) of methyl 3-benzylaminopropionate.

This was recrystallized from ethanol: mp 155-157° (Lit. 155-156°)

;

89

ir (nujol) 1738 (C = 0), 76I+ and 696 cm"
1

(phenyl); nmr (D
2
0) 5 3. 21

(t, 2, CHg), 3-68 (t, 2, CHg), 1+.07 (s, 3, CH
5
), k.62 (s, 2, 0CHg) , and

7.83 (s, 5, C^H,.) ; molecular weight 206.

Fragmentation of 1-Ben7.yl-2-Aziridinecarboxylic Acid Hvdrazide (IV)

in the Presence of Azobenzene —

l-Benzyl-2-aziridinecarboxylic acid hydrazide (13 . 0.89 g, k.6 mmoi)

was added to a solution of azobenzene (0.25 g, l.k mmol) in methanol

(25 ml) and refluxed for six hours. Tic (benzene/alumina) showed the

disappearance of azobenzene and the appearance of hydr azobenzene. The

solution was evaporated to an oil. Thick layer chromatography (benzene/

alumina) gave 0.33 g °f a mixture of azobenzene and hydrazobenzene and

0.M) g (^57.) of methyl 3-benzylaminopropionate (18) .

The mixture of azobenzene and hydrazobenzene was column chroma to-

graphed (benzene/alumina) to give 0.085 g (9%) of hydrazobenzene which

was recrystallized from methanol: mp 125-127° (Lit. 126-127°).
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3-Anlllnoproplonlc Acid Hydrazide (8)

l-Phenyl-2-aziridinecarboxylic acid hydrazide (Ut, 0.90 g, k-7

mmol) was dissolved in a solution of hydrazine hydrate (10 ml) in

ethanol (10 ml) and refluxed for one hour. The solvent was evaporated

to give an oil. Benzene (10 ml) was added and evaporated to give 0.87

g (92%) of crystalline 3-anilinopropionic acid hydrazide (8). This

was recrystallized from benzene: mp 89-90° (Lit. 95-96°) ; ir

(nujol) 3225 (NH), 1638 (C = 0) ,
7I4.I+ and 61+3 cm"

1
(phenyl); nmr (D^)

6 2.78 (t, 2, J = 7 Hz, CH
2),

3.72 (t, 2, J = 7 Hz, CH^) , f.k (m, 5,

C,fl
5
) ; molecular weight 179.

1,2-Diphenylaziridine (21)

This was prepared according to the procedure of E. J. Corey and

90
M . Chaykovsky

.

l-t-Butyl-2-Aziridinecarbinol (22)

ko
This was prepared according to the procedure of C. L. Moyer.

Ethyl Benzylaminoacetate

This synthesis was patterned after a procedure by Speziale and

91
Jaworski. Ethyl chloroacetate (2k. k g, 0.2 raol) was added dropwise

with stirring to an ice cooled solution of triethylaraine (20.2 g, 0.2

mol) and aniline (21. h g, 0.2 mol) in benzene (130 ml). The tempera-

was complete the reaction mixture was stirred at room temperature for

one hour. Then potassium iodide (2.0 g) was added, and the reaction
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mixture was refluxed overnight. It was then allowed to cool to room

temperature and washed with aqueous sodium carbonate and then water.

The benzene was removed by evaporation, and the residual oil was dis-

tilled to give 25.8 g (67%) of ethyl benzylaminoacetate: bp 91-95

(0.2 mm) [Lit. 165° (16 mm)];
92

ir (liquid film) 3250 (NH) , l^JkO

(C = O), 7^0 and 700 cm"
1

(phenyl); nmr (CC1 ) 5 1.2 (t, 3, QH ) , I.76

(broad, 1, NH), 3-25 (s, 2, CH^)
, 3-70 (s, 2, CH^) , l*.l (q, 2, CH^CH)

,

and 7.2 (s, f, CgH
5
).

• Benzylaminoacetic Acid Hydrazide (23)

Ethyl benzylaminoacetate (6.0 g, 0.03 mol) was stirred neat with

hydrazine hydrate (2.0 g, 0.014- mol) . The heterogeneous mixture was

warmed on a steam bath for three minutes, then stirred at ambient tem-

perature fur one hour as the mixture become homogeneous. A seed was

added and a colorless cake formed. The cake was recrystallized from

isopropanol to give 3.62 g (65%) of benzylaminoacetic acid hydrazide

(22): mp 80-82° (Lit 82-81*°) ;

°5
ir (nujol) 321*5 (NH) , l6l)-5 (C =0),

745 and 700 cm" (phenyl); nmr (CDC1 = 3.5 (broad, 3, N H ) , 3.30

(s, 2, CH
2
), 3-72 (s, 2, CHg), and 7.29 (s, 5, C^) J molecular weight

179.

Anilinoacetic Acid Hydrazide (2k )

Hydrazine hydrate (lj..O g, 0.08 mol) was added to a solution of

ethyl anilinoacetate (3.58 g, 0.02 mol). The mixture formed a solid

cake within a few minutes. Ethanol (20 ml) was added, and the mixture

was refluxed for two hours. Colorless plates precipitated on cooling.

They were recrystallized from ethanol to give 2.95 g (89%) anilino
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acetic acid hydrazide (2Jt) : mp 125-126.5° (Lit. 126.5°)
;

9^
ir (nujol)

5280 (NH), 1650 (C =0), 745 and 685 cm"
1

(phenyl); nmr (D
p0) 6 4.09

(s, 2, CH ), and 7.25 (m, 5, C^) .

1.2-Diphenylaziridine (21) -Stability to Hydrazine Hydrate

1,2-Diphenylaziridine (21, 0.95 g, 5.0 mmol) and hydrazine hydrate

(0.04 g, 7-0 mmol) were mixed together with enough methanol (4 ml) to

effect solution. The solution was left at room temperature for four

days. Solvent was removed by evaporation. An nmr spectrum of the

residue indicated that no reaction had occurred.

l-t-Butyl-2-Aziridinecarbinol (22) -Stability to Hydrazine Hydrate

Hydrazine hydrate (0-71 g, 15.0 mmol) was added to l-t-butyi-2-

aziridinecarbinol (22, 0.96 g, 7.5 mmol) and enough methanol to effect

solution. The solution was left at room temperature for four days.

Solvent was removed by evaporation. An nmr spectrum of the residue

indicated that no reaction had occurred.

Benzylaminoacetic Acid Hydrazide (25) -Stability to Methanol

Benzylaminoacetic acid hydrazide (2^, 0.57 g, 3.2 mmol) was re-

fluxed in methanol (25 ml) for 24 hours. Tic (chloroform-methanol/

alumina) indicated that no reaction had taken place. Solvent was re-

moved by evaporation. The residual oil was taken up in 2-propanol,

and the resulting solution, when seeded, yielded 0.54 g (957.) of 2J£:
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Anilinoacetic Acid Hydrazide (24)-S tability to Methanol

Anilinoacetic acid hydrazide (2ifc, 0.54 g, 3.27 ramol) was refluxed

in methanol (25 ml) for 2k hours. Tic (chloroform/alumina) indicated

that no reaction had occurred. Solvent was removed by evaporation to

give 0.59 g, (100%) of £&: mp 124-126.5°.

Ethyl g, g-Tetramethyleneglycidate

In a flame dried apparatus ethyl chloroacetate (12.2 g, 0.1 mol)

,

cyclopentanone (8.4 g, 0.1 mol), and dry diglyme (50 ml) were stirred

at ice-salt temperatures. Potassium t-butoxide (11.6 g, 0.1 mol) was

added over a period of 1.25 hours and the resultant mixture was

stirred at that temperature for two hours, then at room temperature for

five hours. Hydrochloric acid (6N) was added until the solution was

slightly acidic (yellow to pH paper) and solids were removed by centri-

fugation and filtration and washed with ether. Solvent was removed

from the filtrate by evaporation to give a dark oil which on distilla-

tion gave 7. 84 g (467.) of ethyl P, p-tetramethyleneglycidate: bp 80-8'+°

(2-3 mm) [Lit. 90-95° (3-4 mm) ] ; ir (liquid film) 3000 (CH) and 1750

cm"
1

(C = 0); nmr (CC1.) 6 1.29 (t, 3, CH ) , I.78 [broad m, (CHg),],

3.33 (s, 1, CH) , and 1<..18 (q, 2, CH CH ) . The nmr spectrum also con-

tained signals indicative of some t-butyl |3, (3-tetramethyleneglycidate

as a major impurity.

* This procedure was patterned after a similar synthesis by U. V. Moyer.
95
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3,3-Tetramethylene-4-Hydroxy-5-Pvrazolidone

Hydrazine hydrate (0.29 g, 5.9 mraol) was added to ethyl p, £5-

tetramethyleneglycidate (1.0 g, 5.9 mmol) and the resultant mixture

was warmed on a steam bath for 20 minutes. On cooling to room tempera-

ture 0.26 g (287 ) of 3>3"tetramethylene -4-hydroxy-5-pyrazolidone pre-

184-185°)
;

28a
ir (nujol) 1685 cm"

1
(C = 0) ; nmr (D^) 8 2.13 [broad

m,8, (CH ) ,], and 4.76 (s, 1, CH) ; molecular weight 155.

Sodium and Lithium l-t-Butyl-2-Aziridinecarboxyla te (55 and k9 )

Sodium and lithium l-t-butyl-2-aziridinecarboxylate (5Jj and l±9)

were prepared according to procedures patterned after those of C. L.

Moyer

.

Methyl l-t-buty]-2-aziridinecarbcxylate (5, 10 g 0.064 raol) and

sodium hydroxide (2.04 g, 0.051 mol) were stirred in water (25 ml) at

room temperature overnight. The resulting clear solution was then

washed twice with chloroform (20 ml) and evaporated to a fine powder.

The powder was dried under vacuum to give 8.14 g (S6%) of the sodium

salt (55) which was identified by spectral properties.

Lithium l-t-butyl-2-aziridinecarboyxlate (49) was prepared in an

analogous manner (14.0 g, 94%) from lithium hydroxide monohydrate

(4.2 g, 0.1 mol) and l-t-butyl-2-aziridinecarboxylate (15-7 g, 0.1 mol)
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Sodium Cis-l-t-Butyl-^-Methyl-2-Aziridinecarboxylate (67)

Methyl c_is-l-t-butyl-3-methyl-2-aziridinecarboxylate (65, 7.35 g,

0.043 m°l) wa s stirred overnight at room temperature with sodium

hydroxide (1.68 g, 0.042 mol) in water (50 ml). The resulting solution

was washed with chloroform and evaporated to 7«44 g (99%) of the sodium

salt (67) ; ir (nujol) loOO cm" (CO ") ; nmr (DO; spectrum No 3) 5 1.30

(s, 9, t-butyl), l.kk (d, 3, CH ) 2.48 (m, 1, CJ1) , and 2.74 (d, 1,

CJl2^

Sodium Trans-l-t-Butyl-3-Methyl-2-Aziridinecarboxylate (68)

Methyl trans -l-t-butyl-3-methyl-2-aziridinecarboxylate {66 , 1.20 g,

7.0 mmol) and sodium hydroxide (0.28 g. 7.0 mmol) were stirred together

in water (15 ml) at room temperature overnight. The resulting solution

was evaporated to 1.19 g (96%) of the sodium salt (68) : ir (nujol) 1615

and 1590 cm" (CO ") ; nmi (DO; spectrum No 4) 8 1.45 (s, 9, t-butyl),

1.58 (d, 3, J = 6 Hz, CH ), and 2.6l (m, 2, ring protons).

Triphenylmethyl 1- t-Butyl-2-Aziridinecarboxylate (91 )

Sodium l-t-butyl-2-aziridinecarboxylate (J5_3_, 8.0 g, 0.048 mol)

was added to benzene (200 ml) , and then some benzene (25 ml) was re-

moved by distillation to remove water. Solid triphenylmethyl bromide

(8.0 g, 0.0248 mol) was added along with enough benzene to make the

total volume about 200 ml. The resulting slurry was stirred rapidly

at a reflux for 14 hours, then cooled to room temperature. Solids were
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removed by filtration through filter cell and washed with benzene. The

filtrate was evaporated to an oil which was treated with hexanes (15 ml)

and placed in a refrigerator to precipitate 5.2 g (52%) of triphenyl-

methyl l-t-butyl-2-aziridinecarboxylate (91) . Repeated recrystalliza-

tions from hexanes gave a pure product: mp 117-118 ; ir (nujol) 1730

(C m 0), 790 and 710 cm" (phenyl); nmr (CC1, ; spectrum No 10) 6 0.95

(s, 9, t-butyl), 1.59 (dd, 1, ring proton), 1.92 (dd, 1, ring proton),

2.12 (dd, 1, ring proton), and 7.20 (m, 15, triphenylmethyl) ; molec-

ular weight 385.

Anal . Calcd for C^H m^. C, 81.01; H, 7.06; N, 3.63.

Found: C, 81.00; H, 7.I6; N, 3.62.

Pyrolysis of Triphenylmethyl l-t-Butyl-2-Aziridine-
carboxylate (91) in Benzene

Benzene (10 ml) was added to triphenylmethyl l-t-butyl-2-aziridine-

carboxylate (91, 0.^0 g, 1.0 mmol) in a thick-walled glass tube (25 cm x

1.5 cm). The tube was flushed with dry nitrogen, cooled in a dry ice-

acetone slush, sealed, and placed in an oven (175-180 ) for Ik hours.

When the tube was again cooled in a dry ice-acetone slush and opened,

considerable pressure was released. After concentrating the contents

of the tube to an oil, the reaction mixture was column chroma tographed

(10% alumina, 1.0 cm x 30 cm, 30 g) using cyclohexane as the eluent.

Two components were isolated and characterized.

The first component to come off the column was 0.16 g (1+5%) of

l-t-butyl-2-triphenylmethylaziridine (95) . This was recrystallized

from ethanol: mp 1114.-115°; ir (nujol) 1325 and U30 cm (phenyl);

nmr (CDC1 ; spectrum No 11) 5 0.83 (s, 9, t-butyl), 1.02 (dd, 1, ring
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proton), 1.50 (dd, 1, ring proton), 2.90 (dd, 1, ring proton), and

7.2 (broad s, 15, triphenylmethyl) ; molecular weight Jlj-l.

Anal. Calcd for C^HJj C, 87-93; H, 7.97; N, 1^.10.

Found: C, 87-98; H, 8.09; N, 2^.00.

The second component to come off the column was 0.08 g (257,) of a

colorless solid characterized as N-t-butyl-triphenylmethylraethylamine

(96). This was recrystallized from ethanol: mp 108-109°; ir (KBr)

3040 (NH), 764 and 699 cm"
1

(phenyl); nmr (CC1 ) 5 O.36 (broad, 1,

NH), 1.04 (s, 9, t-butyl), 3-65 (s, 2, CHg) , and 7. 19 (s, 15, tri-

phenylmethyl) ; molecular weight 330.

Anal. Calcd for C^H N: C, 87-49; H, 8.26; N, 4.25.

Found: C, 87-62; H, 8. 31; N, 1^.30.

Thermal Decomposition of Triphenylmethyl 1-t-Butvl-
2-A^iriuinecarbuxvlaLL: (91) in Cumene

Cumene was purified according to the procedure of U. V. Moyer.

Triphenylmethyl 1-t-butyi -2-aziridinecarboxylate (91, 0.45 g, 1.17

mmol) was dissolved in cumene (8 ml) in a thick walled glass tube

fitted with a ground glass joint. The solution was degassed by alter-

nately freezing and thawing the solution under vacuum (0.05 mm). The

hours. The tube was then cooled and opened, and the contents examined.

Gas chromatography (SE-30, 5 ft. x 0.12 in., 238°) showed no

trace of dicumyl. By examination of standard solutions it was estima-

ted that 0.2% of the theoretical amount of dicumyl could be detected.

The solution was then evaporated to a crude oil. Nmr observation

showed the reaction mixture to be essentially identical to the reaction
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in benzene. It was estimated that l-t-butyl-2-triphenylmethylaziridine

(95) comprises 57% of the reaction products and N-t-butyl-triphenyl-

methylmethylamine (96 ) 327.. By column chromatography 0.23 g (57%) of

the aziridine (95) and 0.05 g (12%) of the amine were recovered.

Pyrolysis of Trlphenylmethyl l-t-Butyl-2-Aziridinecarboxy

late (91) in Benzene in the Presence of t-Butanol

Trlphenylmethyl l-t-butyl-2-aziridinecarboxylate (91, 0.^-5 g,

1.17 mmol) , t-butanol (0.08 g, 1.17 mmol) , and benzene (8 ml) were

placed in a glass tube. Dry nitrogen was bubbled through the solution

and the tube was sealed after cooling in a dry ice-acetone slush. The

tube was then placed in an oven (160 + 10 ) for ten hours, cooled,

and opened. The contents of the tube smelled faintly of formaldehyde.

The benzene solution was washed with water. The water wash gave a

97
positive color test with Fuchsin-aldehyde reagent. When treated

with aqueous dimedone reagent a colorless solid precipitated which was

recrystallized from ethanol-water to give colorless needles: mp

188-189 (Lit. formaldehyde-dimedone derivative: 189 ).

The benzene layer was dried (MgSO, ) and evaporated to O.kk g of

an oil. The nmr spectrum indicated that the oil consisted of 1-t-

butyl-2-triphenylmethylaziridine (95, 11%) and N-t-butyl-triphenyl-

methylmethylaraine (96, 88%). The oil was recrystallized from ethanol

to give the 0.172 g (50%) of the amine (96): mp 105-107°.

Thermal Stability of l-t-Butyl-2-Triphenylmethylaziridine (95)

The aziridine (95, 0.05 g) was dissolved in benzene and placed

in a thick-walled glass tube. Nitrogen was bubbled through the solu-
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tion, and the tube was cooled in a dry ice-acetone slush and sealed. It

was placed in an oven (180 + 10 ) for 11*. hours, cooled, and opened. Tic

(eye lohexane /alumina) showed only one spot due to the starting aziridine.

The benzene was evaporated leaving a clean oil, and nmr observation of

the oil showed only clean starting aziridine. The oil was recrystallized

from ethanol to give 0.38 g (76%) of the aziridine (95)

.

Pyrolysis of Triphenylmethyl l-t-Butyl-2-Aziridine-
carboxylate (91) in Methanol

Nitrogen was bubbled through a solution of triphenylmethyl

l-t-butyl-2-aziridinecarboxylate (92 , 0.50 g, 1.3 mmol) in methanol

(5 ml) in a glass tube. The tube was sealed (-70 ) and placed in an

oven (120 + 10 ) for Ik hours. The solution turned brown. On cooling

0.27 g (75%) of methyl triphenylmethyl ether precipitated. It was

identified by comparison to an authentic sample.

The filtrate showed no moving spots on tic (benzene/alumina) . An

nmr spectrum of the residual oil left after evaporation of the solvent

showed no recognizable signals.

Methyl Triphenylmethyl Ether

This was prepared by a procedure patterned after that of Norris

99
and Young.

Triphenylmethyl bromide (3.73 g> 0.01 mol) and sodium methoxide

(0.5U g, 0.01 mol) were refluxed in methanol for ten hours. On cooling

2.26 g (82%) of methyl triphenylmethyl ether precipitated. This was re-

crystallized from methanol: mp 80-80.5° (Lit. 82.6-82.9°).
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Reaction of Lithium l-t-Butyl-2-Aziridinecarboxylate (1+9)

with Thionyl Chloride

A sodium hydride suspension (0.96 g, 20.0 mmol) , washed three

times with cyclohexane, was added to tetrahydrofuran (25 ml) under

nitrogen to form a slurry. Lithium l-t-butyl-2-aziridinecarboxylate

(1+9 , 1.0 g, 6.7 mmol) was added to the slurry followed by dropwise

addition of thionyl chloride (1.19 g, 10. mmol). The resulting

mixture was stirred at room temperature for 1.25 hours. Solvent was

removed by evaporation, and cyclohexane (35 ml) was added followed by

careful addition of water to destroy the sodium hydride present.

The organic layer was separated and washed with water, dried (MgSO, )

,

and, after evaporation of the solvent, distilled to give 0.25 g (237.)

of l-t-butyl-3-chloro-2-azetidinone (50) ; bp 70 (0.2 mm); ir (liquid

film) I76O (C =0), 811+, 71+5, and 695 cm"
1

(C-Cl); nmr (CC1 ; spectrum

No 12) 6 1.31 (s, 9, t-butyl), 3-18 (dd, 1, CH)
, 3.78 (dd, 1, CH) , and

4.57 (dd, 1, CH); molecular weight l6l, 163.

Anal . Calcd for C
17
H
12
N0C1: c > 52.01; H, 7.1+3; N, 8.67.

Found: C, 52.27; H, 7.65; N, 8.1+6.

Slightly improved yields could be obtained by removing excess

sodium hydride and salts by filtration followed by distillation of the

residual oil: 33%.
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Reaction of Sodium 1- t-Butyl-2-Aziridinecarboxylate (55)
with Oxalyl Chloride * —

Solid sodium l-t-butyl-2-aziridinecarboxylate (5_3_) , 1.05 g, 6.3

mraol) was added to a solution of oxalyl chloride (0.95 g, 7«5 mmol) in

benzene (10 ml) at room temperature. Both heat and gas were evolved.

The resulting slurry was refluxed for 15 minutes. Benzene (20 ml) was

added, and the slurry was washed with aqueous sodium carbonate, water,

and dried (MgSO,). Distillation of the residual oil left after evap-

oration of the solvent gave 0.266 g (26%) of l-t-butyl-3-chloro-2-

azetidinone (50). This was identified by spectral comparison to an

authentic sample: bp 90 (0-7 m™) •

Reaction of Sodium l-t-Butyl-2-Aziridinecarboxylate (55)

with Oxalyl Chloride in the Presence of Triethylamine

The sodium salt (5^> 1.05 g, 6.3 mmol) was slowly added to a mixture

of oxalyl chloride (0.95 g, 7-5 mmol) and triethylamine (O.76 g, 7-5 mmol)

in benzene (50 ml). The dark brown slurry was stirred at room tempera-

ture for one hour, washed with 5% HC1, sodium carbonate, and water,

dried (MgSO,), and evaporated to 0.30 g(297.) of l-t-butyl-3-chloro-2-

azetidinone (50) . This was identified by comparison to an authentic

sample.

Reaction of Sodium Cis-l-t-Butvl-5-Methvl-2-Aziridinecarboxylate

167) with Oxalvl Chloride

The sodium salt (6j, 3A g, 0.019 mol) was added slowly to a

* This reaction was patterned after a general synthesis of acid chlorides.
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solution of oxalyl chloride (3-0 g, 0.0238 mol) in benzene (20 ml).

The resulting slurry was stirred at ambient temperature for one hour,

and then a few chips of ice were added. Benzene (20 ml) was added, and

the reaction mixture was washed with sodium carbonate and water, dried

(MgSO, ) , and evaporated to 3.2 g (98%) of a clean oil which was dis-

tilled to give 2.6 g (797.) of cis-1- t-butyl- 3-chloro-l4.-nethyl-2-azeti-

dinone (69): bp 65° (0.1 mm); ir (liquid film) 2930 (CH) , 1750 cm"
1

(C 0); nrar (CC1, ; spectrum No 15) 6 1-35 (s, 9, t-butyl) , 1.40

(d, 3, J = 6.k Hz, CH ), 4.01 (m, 1, CHN), and k-10 (d, 1, J = 5.1 Hz,

CKCO) ; molecular weight 175, 177.

The oil was redistilled for an analytical sample, but even when

stored under a vacuum it was unstable at room temperature. Thus it

is not surprising that the analytical sample did not check.

Anal . Calcd for C.H..N0C1: C, 54.66; H, 8.03; N, 7.98.
o 14-

Found: C, 53.83; H, 7.93; H, 8.02.

Reaction of Sodium Trans-l-t-Butyl-3-Methyl-2-Aziridinecarboxylate (oS)

with Oxalyl Chloride —

A mixture composed of sodium trans - 1- t-butyl- 3-methyl-2-aziridine-

carboxylate (68, 1.3 g, 3.0 ramol) and an inert salt was added slowly to

a solution of oxalyl chloride (1.09 g, 8.7 mmol) in benzene (25 ml).

The resulting slurry was stirred at room temperature for one hour,

washed with 57. HC1, aqueous sodium carbonate, and water, and dried

(MgSO,). The solution was evaporated to 0.33 g (637.) of trans -1-t-

butyl-3-chloro-l+-methyl-2-azetidinone (JO). The oil was distilled for

an analytical sample: bp 65° (0.1 mm); ir (liquid film) 2900 (CH) and

1751 cm"
1

(C = 0) ; nmr (CC1 ; spectrum No 18) 6 1.34 (s, 9, t-butyl),
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1.45 (d, 3, J = 6.1 Hz, CH ), 3.68 (m, 1, CHN) , and 4.09 (d, 1,

J = 1.7 Hz, CHCO) ; molecular weight 175, I77.

Anal . Calcd for C H N0C1: C, 54.66; H, 8.03; N, 7.98.

Found: C, 54-79; H, 7. 91; N, 7.87.

Ring Expansion of Sodium l-t-Butyl-2-Aziridinecarboxylate (53)
with Nosyl Chloride in Acetonitrile —

The sodium salt (5J, 0.77 g, 4-7 mmol) and nosyl chloride (1.02 g,

4.7 mmol) were stirred together in benzene (50 ml) for four hours at

room temperature. The slurry was washed with water, dried (MgSO.), and

evaporated to an oil which consisted of a mixture of nosyl chloride

and l-t-butyl-2-aziridinecarboxylic acid anhydride (75a ; spectrum No

20). The oil was taken up in a solution of tetraethyl ammonium chloride

(2.68 g, 16.0 mmol) in acetonitrile and left at room temperature over-

night. The resulting orange solution was evaporated to an oil, taken

up in petroleum ether (bp 37-46°), washed with water, dried (MgSO )

,

and evaporated to a pale yellow oil (0.202 g) which was shown by nmr

spectroscopy to consist of 1.3 g (17%) of l-t-butyl-3-chloro-2-azetidi-

none (50) together with some extraneous material.

Ring Expansion of Sodium Cis-l-t-Butyl- :?-Methvl-2-Aziridine -

carboxylate (67) ^ith Nosyl Chloride In Acetonitrile

The sodium salt (6J, 0.37 g> 2.0 mmol) and nosyl chloride (0*44 g,

2.0 mmol) were stirred together in benzene (50 ml) for four hours at room

temperature. The slurry was washed with water, dried (MgSO,), and

evaporated to an oil. The oil was dissolved in a solution of tetra-

ethyl ammonium chloride (0-33 g, 2.0 mmol) and left at room temperature
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overnight. Acetonitrile was removed by evaporation and the residual

oil was taken up in petroleum ether (bp 37~46 ), washed with water,

dried (MgSO ) , and evaporated to 0.27U g (75%) of an oil identified as

cis-l-t-butyl-3-chloro-l+-methyl-2-azetidinone (69) • Distillation

(65°, 0.1 mm) gave 0.17 g (50%) of the pure product.

Reaction of Sodium Cis-l-t-Butyl-3-Hathyl-2-Aziridinecarboxylate (67)

with Nosyl Chloride —

The sodium salt (6j, 0.5 g, 2.9 mmol) and nosyl chloride (0.64 g,

2.9 mmol) were stirred at room temperature in benzene (50 ml) for 1+.5

hours. The resulting slurry was washed with aqueous sodium carbonate

and water, dried (MgSO ) , and evaporated to an oil consisting of a

mixture of cis -l-t-butyl-$-methyl-2-aziridinecarboxylic anhydride (73b)

and nosyl chloride. Nosyl chloride (0.13 g) was removed by several

crystallizations from petroleum ether. The anhydride (73b) was obtained

free of nosyl species by evaporation of the solvent from the mother

liquor to give 0.214- g (56%) as an oil.

Cis-l-t-Butyl-3-Methyl-2-Aziridinecarboxylic Anhydride (75)

Sodium cis -l-t-butyl-3-methyl-2-aziridinecarboxylate (67 . 1.0 g,

5.8 mmol) and nosyl chloride (0.62 g, 2.8 mmol) were stirred together in

benzene at room temperature for 14-. 5 hours. The resulting slurry was

washed with water, aqueous sodium carbonate, and again with water,

dried (MgSO ) , and evaporated to 0.633 g (76%) of an oil identified as

cis -l-t-butyl-3-methyl-2-aziridinecarboxylic anhydride (13b). The oil

was taken up in petroleum ether (bp 37-W5 ) and filtered to remove a

fine insoluble suspension. Evaporation of the filtrate gave 0.57!+ g
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(697.) of the anhydride (75b ) as an oily solid: ir (liquid film) 2920

(CH), 1820, 1800, and I760 cm" (C = 0) \ nmr (CC1 • spectrum No 21)

5 1.0 (s, 9, t-butyl), 1.26 (broad d, 3, CH ) , and 2.15 (ra, 2, ring

protons)

.

Reaction of Cis-l-t-Butyl-5-Ne thyl-2-Aziridinecarboxylic Anhydride (75 )

with Sodium Methoxide in Methanol in the Presence of Nosy! Chlorid~

Sodium ,cis-l-t-butyl-3-methyl-2-aziridinecarboxylate (§J_, 0.34 g,

2.0 mmol) and nosyl chloride (O.kk g, 2.0 mmol) were stirred 3t room

temperature in benzene, washed with water, dried (MgSO ) , and evaporated

to an oil composed of the anhydride (75 ) and nosyl chloride. The oil

was dissolved in a solution of sodium methoxide (0.10 g, 1.8 mmol) in

methanol and left at room temperature overnight. The resulting solu-

tion was poured into benzene and washed with water. The benzene layer

was dried (MgSO ) and evaporated to an oily solid. The residue was

taken up in chloroform and the solids were removed by filtration. The

chloroform solution was evaporated to 0.118 g (557.) of an oil identi-

fied as methyl c is - 1- t-butyl- 5-methyl-2-aziridinecarboxy la te (65) by

spectroscopy.

The water layer was evaporated to a solid which was identified as

a mixture of sodium nosylate and sodium c is - 1- t-butyl- 5-me thy1-2-aziri-

dinecarboxylate (6_7J by nmr spectroscopy.

Reaction of Sodium Trans-l-t-Butyl-5-Methyl-2-Aziridine-

carboxylate (68) with Nosyl Chloride

Sodium trans - 1- t-butyl- 5-me thyl-2-aziridinecarboxylate (68 , 0.3 g,

1.7 mmol) and nosyl chloride (0.388 g, 1.7 mmol) were stirred in benzene



at room temperature for four hours. The resulting slurry was washed

with aqueous sodium carbonate and water, dried (MgSO, ) , and evaporated

to an oil (0.38 g) consisting of a mixture of trans - l-t-butyl-3-methyl-

2-aziridinecarboxylic anhydride (73c )and unreacted nosyl chloride:

nmr (CC1 ; spectrum No 20) 5 1.17 (s, 9, t-butyl), 1.1+2 (m, 3, CH ) ,

2.30 (d, l s
C£L), and 2.60 (m, 1, CJ).

Nmr of the Anhydrides in Sulfur Dioxide

o
The anhydrides were dissolved in liquid sulfur dioxide at -10

and transferred in a laboratory atmosphere to nmr sample tubes which

were sealed. Samples of the anhydrides with nosyl or tosyl chloride

present were prepared by treating the appropriate sodium salts with

equimolar amounts of the arylsulfonyl chlorides and dissolving the

residual oil left after the usual workup in sulfur dioxide as above.

The same spectra could be obtained by adding the arylsulfonyl chlorides

to solutions of the anhydride in sulfur dioxide, but this was found to

be less convenient.

The chemical shifts for the ionized and unionized anhydrides are

reported with reference to external tetramethylsilane in carbon

tetrachloride and are tabulated in Tables IV and V.

The solution of the cis anhydride in the presence of nosyl chloride

or tosyl chloride (after ionization had occuired) was quenched by pour-

ing the sulfur dioxide solution into a solution of tetraethyl ammonium

chloride in acetronitrile. After the usual workup c is -1- t-butyl- 3-

chloro-l4.-methyl-2-azetidinone was recovered in yields of 13% and lk%

respectively.
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Nmr Spectra of 3-Chloro-2-Azetidinones in Antimony
Pentafluoride-Sulfur Dioxide

Sulfur dioxide (2 ml) at -10 was saturated with antimony penta-

fluoride and cooled to -70 . Approximately 300 mg of l-t-butyl-3-

chloro-2-azetidinone (50) was dissolved in the resultant solution, and

an aliquot was sealed in an nmr sample tube. The spectrum of the solu-

tion (spectrum No Ik) was compared to a spectrum of the same azetidi-

none in sulfur dioxide (spectrum No 13) , and both are reported in Table

VI. The antimony pentaf luoride-sulfur dioxide solution was poured into

a solution of sodium methoxide in methanol (-70 ). This solution was

then warmed to room temperature, poured into water, and extracted with

benzene. The benzene layer was dried (MgSO, ) , and evaporated to a

colorless oil identified as extremely clean l-t-butyl-3»chloro-2-

azetidincne (50) .

In a similar fashion cis-l-t-butyl-3-chloro-l|-methyl-2-azetidi-

none (69) was treated with antimony pentaf luoride in sulfur dioxide.

The nmr spectra, are recorded as above, and workup of the solution with

sodium methoxide in methanol yielded only extremely clean cis -l-t-

butyl-3-chloro-l4.-methyl-2-azetidinone (69) .

Reduction of l-t-Butyl-3-Chloro-2-Azetidinone (50) with Zinc

Zinc dust (2.5 g, 30 mmol) , activated by stirring two minutes in

concentrated hydrochloric acid, washing If times with distilled water and

I4. times with acetone (reagent grade), and drying .in vacuo for 15 minutes,

was added to a solution of l-t-butyl-3-chloro-2-azetidinone (50, O.W

g, 2.U.9 mmol) in ethanol. The heterogeneous mixture was then refluxed



for ten days, cooled, filtered, and evaporated to an oil. The oil

was distilled to give 0.13 g (41%) of l-t-butyl-2-azetidinone (51):

bp 90-100° (25 mm)

.

l-t-Butyl-2-Azetidlnone (51)

This was prepared by a procedure similar to that of Blicke and

39
Gould.

"

Triethylaraine (3-55 g, 35.0 mmol) was added in dry tetrahydrofuran

(10 ml). A solution of thionyl chloride (1.4 g, 12.0 mmol) in tetra-

hydrofuran (10 ml) was slowly added to the stirred slurry. The result-

ing yellow mixture was stirred at room temperature for 14 hours, than

filtered through filter cell, and the filtrate was evaporated to a dark

brown sludge. The sludge was washed through 5% alumina with chloroform,

and the eluent was evaporated to 0.085 g (7%) of a yellow oil identical

to the l-t-butyl-2-azetidinone prepared by reduction of l-t-butyl-3-

chloro-2-azetidinone (50) : ir (liquid film) 2900 (CH) and 1740 cm"

(C = 0) ; nmr (CC1 ; spectrum No 19) 5 1.28 (s, 9, t-butyl) , 2.68 (m, 2,

CYU), and 3.12 (m, 2, CH ) ; molecular weight 127-

Anal . Calcd for C H NO: C, 66.11; H, 10-30; N, 11.01.

Found: C, 66.02; H, 10.46; N, 10.92.

Reaction of l-t-Butyl-3-Chloro-2-Azetidinone (50)

with Sodium Hydroxide

l-t-Butyl-3-chloro-2-azetidinone (50, 0.20 g, 1.2 mmol) was stirred

with a solution of sodium hydroxide (0.06 g, 1.5 mmol) in water (5 ml)

for two hours. The mixture was then refluxed for three hours. The
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resulting solution was cooled, and solvent was removed by evaporation

to give 0.214-5 g (9k%) of a pale yellow powder in which the sole organic

species present was identified as sodium l-t-butyl-2-aziridinecarbox-

ylate (5JS) by comparison of the ir and nmr spectra with spectra of an

authentic sample.

Reaction of l-t-Butyl-^-Chloro-2-Azetidinone (50)
with Sodium Methoxide —

In a dry box l-t-butyl-3-chloro-2-azetidinone (50, 0.31 g, 1.8

mmol) was added to a solution of sodium methoxide (0.l6 g, 3.0 mmol) in

methanol (2.5 ml) and left at room temperature for two days. The re-

action mixture was poured into benzene (15 ml), washed with water,

dried (MgSO ) , and evaporated to O.llf g (lj-8%) of an oil identified as

methyl l-t-butyl-2-aziridinecarboxylate (5) by comparison of ir and

nmr spectra with the spectra of an authentic sample.

Reaction of Cis-l-t-Butyl-3-Chloro-l|-Methyl-2-Azetidinone (69)— with Sodium Hydroxide —

The azetidinone (6_9, 0.30 g, 1.7 mmol) was dissolved in dioxane

(1 ml), and the resulting solution was added to a solution of sodium

hydroxide (0.16 g, l+O.O mmol) in water (2 ml). More water was added

until the mixture became clear, and the solution was left at room

temperature for 30 days. It was then washed with ether and evaporated

to 0.38 g (83%) of a white powder identified as sodium cis -l-t-butyl-3-

methyl-2-aziridinecarboxylate (67) by comparison of the ir and nmr

spectra with the spectra of a known sample.
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Reaction of Trans-l-t-Butyl->Chloro-l+-Methyl-2-Azetidinone (70)

with Sodium Hydroxide —

The azetidinone (JO, 0-30 g, 1.7 mmol) was dissolved in dioxane

(1 ml), and the resulting solution was added to a solution of sodium

hydroxide (0.18 g, 1*5.0 mrool) in water (2 ml). Water was added until

the mixture became clear, and the resulting solution was left at room

temperature for 21 days. It was washed with chloroform and evaporated

to a white solid. Nmr observation showed that about 30% of the solid

consisted of sodium trans - l-t-butyl-3-methyl-2-aziridinecarboxylate

(68). The other components of the mixture were not characterized.
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