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INTRODUCTION 

The reaction of annnoniaw:i,th a-bromo-a,~-unsaturated 

carbo~lic a.cid esters has lleen observed to proceed with 

formation of alkyl azi:i:•idine-2--oa:i."boxyla tes. However, no 

dialkyl a.zil;'idine-2 1 3-dicarboxylates ~not otherwise su1)sti ... 

tuted, have been reported until now. Several N-substii tuted 

derivatives have been prepared by the action of organic 

azides on dialkyl fumarates. The reaction of primary amines 

with a...,.bromo-a,~-unsaturated monoca;rboxylic esters is re

corded to give cis/tra,.~s isomers of the alkyl2-alkyl~aziri

di,ne -3-carboxylates. · Ammonia and bromomaleic or "bron1ofum

aric acid esters react to form only one of the stereoisomers 

of each dialkyl aziridine-2,J-dicarboxylate. 

x 



CHAPTER I 

HISTORICAL 

Aziridines from tne Action of Ammonia on 

a1 15"".'Dibromo and a-Bromo-:-a ,~-Unsaturated 

Ketones and Esters 

In 1881, Lehrfeld33 reported that when diethyl dibromo

succinate was treated with alc.oholic ammonia at 60-80°, a 

cyclic compound of structure I was formed in low yield. 

0 
n 

. /IHCNH2 

H-N 

. '\.CHCOOH2ClL. -· II - j 

0 

I 
Hell and Poliakoff26 repeated this worlt; using the same 

conditions and obtained I together with resinous products. 

When the reaction wa~ carried out at higher temperatures, 

large amounts of resinous products were formed. Only once 

when the reaction was run at 120-130° with alcoholic ammonia 

was a crystalline product obtained of structure II. Since 

1 



fl 
CHCNH2 / .. 

H-N 

" CHCNH2 . u . 
0 

II 

then,it has been suggested that I and II may better be 

assigned structures II.I and IV, 20. but experimental data is 

lacking. 

III IV 

2 

Early reports ~n the literature concerning the reaction 

of ammonia with a,~-dibromobe~zylacetophenone and a-bromo

beriza.J.acetophenone etate that almost colorless products were 

obtained, one strµcture of which was assigned to v.39 

0 
II 

c6H5cy-CHC6H5 

NH2 

v 

Cr.omwell's investigations have since shown that all 

substances of the structure V obtained from the reaction of 

second~ry a.mines with a-bromobenzalacetophenone are highly 
. . 

colored and it seems doubtful that structure Vis the true 

one for these light-colored $Ubstances.15 



In J.943, Algar and coworkersl published some work in

volving the reaction of ammonia with o:,~-dibromobenzylace

tophenone. They .did not atterapt to isolate the intermediate 

products from the reaction but treated the cru,'d.e mixture 

with a1coholic hydrogen chloride and obtained products to 

which they assigned the structure VI. 

0 . 0 0 
U · ale. II ale II 

3 

o 6H599f~ THC6H5 NH3 • c6H5yCH===lc6H5 HCl • c6H5CTH-... THC5H5 
Br Br . ·. . NH2 ·· , .Cl NH3c19 

@ 

VI 

Almost simultaneous investigations by C~omvyell and co

workers12 indicated the true structure for the compound ob

tained from the reaction of ammonia with the dibromo ketones 

to be aziridine of structure VII. 

fl 
c6H5CH- CHCC6H5 .'-. I . 

N 
I 
H 

VII 

Lutz34 found that the reaction of ammonia with diben

zoylethylene dibromide did not proceed with the formation of 

the aziridine-type structure but instead gave the isomeric 

aminodibenzoylethylene VIII. This compound was shown to 

posseE;is the enamine structure by its synthesis from diben

zoylm,ethoxyet~lene and dibenzoylacetylene. Most e.thyleni

mine ketones are now prepared from the reaction of the ap:-



0 0 
II 11 

C 6H5 CT =?HCC 6H5 

NH2 

VIII 

propriate primary amine and an a-bromo-a,~-unsaturated ke

tone or an a,~-dibromo ketone. 

Very little work has been published in the area of 

ammonia reactions with a,~-dibromo and a-bromo-a-~-unsatu-

rated carboxylic acid esters. Presumably this area has 

been avoided because of the ease of formation of amides by 

ammonia attacking the ester moiety. 

In 1960, 28 t~e formation of aziridines IX was reported 

from the reactions of ammonia on a, ~-dibromopropion ic and 

a-bromoac:rylic esters. The formation of ethyl-2-rnethyl-

0 
11 

C~ /CHCOR 

y B. ::: CHy C2I-L5 , g-C 3h7 , g-C4Hg 

H 

IX 

azir·idine-3-carboxylate was also recorded. The stereochem-

istry and yields of products were not given. 

In the research for a sirn.ple synthesis of N-unsubsti

tuted alkyl aziridine-2-carboxyla tes 1 Kyburz and coworkers32 

prepared several esters of IX by the reaction of liquid 

ammonia with the corresponding o:,~-dibromo carboxylic acid 

esters using N-phenyl-2-na1Jhthylamine as a stabilizer. 

After extraction with ether and distillation of the extrac·ts 



5 

CH~rCHBrC02R ~~;· • IX 

R = CH,g, c2H5,. !f.,C3H7 , iso-C3H71 ~-c4H9 

at reduced pressure yields ranging from 7.6 percent for the 

methyl to 76 percent for the isopropyl ester were obtained. 

Henery:Logan and Limburg27 obtained the corresponding 

benzyl ester of IX in the same manner but the product was 

isolated by treatment of the extract with an ethereal solu

tion.of oxalio acid. This afforded the colorless monooxal-

ate salt of benzyl aziridine-2-carboxylate. The aziridine 

was released from its oxalate salt by treatment of an aque

ous solution of the salt with sodium bicarbonate. 

Az·irid±nes from the Action of Primarz Amines 
.· . . . . .,.. . . I 

on -a,@"':"Dibromo and a-Bromo~a,~-unsaturated. 
• < • • • • ,,. 

Ketones and Esters 

Since the-first aziridines.with a ·ketone carbonyl. 

group attached to the ring were described in 1943,12 the re

action of primary amines wi~h a,~-dibromo ketones and a

bromo-a,~-unsaturated .ketones have.been used.to prepare 

many N-allcyl derivatives. A discussion of the reactions of 

amines with bromo keto;nes was included in a review in 

1946. 9 

Cromwell and coworkers12 have investigated the reaction 

of benzylamine and cyclohexylamine with a,S-dibromobenzy1-

acetophenone and a-bromobenzalacetophenone and found them 



6 

to give colorless substances which are consistent only with 

azi.r:idine-type structures X and XI. When the a-bromobenza1 .. 

acetophenone was treated with one mole of benzylamine under 

special conditions, it was possible to isolate the inter-

mediate, ~-benzylamino-a-bromo-~-propiophenone XII. The 

bromo amino ketone XII was unstable and reacted readily in 

0 
II 

C6H5CH= TCC6H5 

Br 

+ 

XII 

X, R=C 6H5CH2 

XI, R=C 6H11 

solution with itself to form X and the hydrobromide XIII. 

This salt (XIII) was also obtained by treating X with dry 

hydrogen bromide gas in benzene. 44 The dibromide XIII re

acted with alcoholic potassium hydro:;x:ide to give X. 

It was evident from these early studies that ammonia 

and primary amines react with a-bromo-a,s-unsaturated ke

tones to give first an a-bromo-~-amino ketone1 5 which then 

forms the aziridine ring by splitting out hydrogen bromide. 

In most of the early reactions of primary amines with a,~

dib+omo ketones, the aziridines were obtained in yields of 
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only about 25% .. Cromwell and Hoeksema16 suggested that 

these low yields might be due to the formation of pairs of 

geometrical isomers of which only the less soluble was iso-

lated .. The reaction of benzylamine with a,~-dibromobenzyl

E-methylacetophenone was found to give the isomeric products 

XIV (29%) and XV (37%)o 16 The cis form was found to be the 

0 0 
II v 11 1 

3RIJNH2 

H CR ' / 
R\ /CR 0 

11 v 
RCH-CHCR 
I I benzene 
Br Br 

R,= c6H5 
R .. = E-CH3C6H4 
R == a6H5CH2 

t, c-c ,,,,, \ I ,.,.,.,., 
R N H 

I ·11 

R 

_XIV, trans 

+ c-c 
,,~ \ ·; '.; 
' ~ H N H 

I II 
R 

XV~ cis 

less stable of the two since it rearranged to the trans iso-

mer when exposed to sunlight in a saturated petroleum ether 

solution. 

The reaction of cyclohexylamine with 2,3-dibromo-3-

(.2,-nitrophenyl)~ropiophenone is reported to give an 89% 

yield of a nearly 50-50 mixture of cis- and trans-aziri-

d . 18 1.nes. The isomers were separated by column chromatogra-

phy on aluminae The cis isomer was found to be more strong-

ly absorbed on the alumina which appears to be a general 

property of these aziridines0 19 

The cis isomer reacted with phenylhydrazine to form 

l,3-diphenyl-5-(o-nitrophenyl)pyrazole~ 

did not react in this manner0 

The trans isomer 
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The first report of the synthesis and characterization 

of arylacetylaziridines was made in 1958.13 Earlier at

tempts to prepare l-benzyl-2-phenyl-3-acetylaziridine from 

benzalacetone dibromide resulted in a very unstable, oily 

product which was difficult to purify • .E,-Phenylbenzalace

tone dibromide (XVI) was selected as a starting point to in

sure that the product would be a solid. Surprisingly, one 

mole of cyclohexylamine only dehydrobrominated XVI to give 

XVII and no addition product was found. Only after standing 

at room temperature for 24 hours with three moles of cyclo

hexylamine in benzene did the reaction give a good yield of 

aziridines XVIIIa ·and XVIIIb. 

u 
ArCH- CHCCH3 . I I · 

RNH2 ,. 

Br Br 

XVI 

Ar= .E,-06H5c6H5 

R .= C5H11 

-XVIIIa, trans 

+ 

0 
II 

ArCH=CCCH . I . 3 
Br 

XVII 

XVIIIb, cis 

RNH2 
24 hr." 

The cis-trans mixture was separated into approximately 

two parts of XVIIIa and one part of XVIIIb. The exact ratio 
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was not determined since the overall yield of XVIII was only 

68 percent. 

a,S-Dibromo-and a-bromo-a,~-unsaturated esters also re

act with primary amines in a manner similar to that of a,S

dibromo ketones. In 1953 Stolberg and coworkers41 reported 

the formation of some aziridines from the reaction of ben-

zylamine with methyl a,~-dibromopropionate and methyl a,~

dibromobutyrate. The dibromo esters were treated with 3 

moles of benzylamine in benzene. Colorless oils whose anal

yses corresponded to structures XJX and XX ( 50 percent) were 

isolated by high vacuum distillation. The yields could be 

increased to about 75 percent when one mole of benzylamine 

and two moles of triethylamine was allowed to react with 

one mole of the ester. 

0 
II 

RCH~HCOCH3 
I I 
Br Br 

benzene • 

XIX, R == H 

XX, R == CH3 

A compound whose empirical formula corresponded to the 

structure XXI was isolated in about 0$5 - l~ yield. The 

formation of the ring structures XIX and XX were confirmed 

by the molar refractions founde The stereochemistry of XX 

was not determined but the trans structure was favored on 



0 

JiC~/CHijNHCH2C5H5 

v 
CH2c6H5 

XXI 

10 

the basis of its infrared (IR) absorption. 

Independent investigations by Prostenik and coworkers38 

showed that the reaction of benzylamine with isopropyl a,~

dibromobutyrate, isopropyl a-bromocrotonate and isopropyl 

a-bromoisocrotonate gave the same aziridine of structure 

XXII in 65 - 85% yields. 

0 
II 

CH3CH- CHCOCH( CH3) 2 . .'\.. I . 
N 
I 
CH2C6H5 

XXII 

The product from each of the three esters showed two 

bands in ~he IR carbonyl region, one at 1718cm.-1 and the 

other at 1736 cm.-1 • ·An interpretation was that XXII con-

sisted of a mixture of cis and trans isomers. Chromatogra

phy of this mixture over acid-washed alumina produced the 

cis and trans isomers of :XXII. Proof of structure was ac-

complished by debenzylation, by hydrogenolysis over pallad-
. . 

ium on charcoal, ring opening.by aqueous perchloric, acid 

and hydrolysis by hydrogen chloride resulting in the :forma

tion of the 2-amino-3-hydroxybutyric acids. The isomer be-
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lieved to be the cis form g~ve a good yield of dl-threonine; 

the trans isomer gave dl-allothreonine. This evidence .lends 

support to the work of Paris and Fanta 3? and. Dickey and co

workers21 who established that ring opening of the aziridine 

ring proceeds with a single ~alden inversion. 

Numerous other aziridines derived from the reaction of 

primary amines with O:',~-dibromo and a-bromo-a,~-unsaturated 

esters have been reported.7,36 

Mechanism and Stereochemi.stry in the Reaction 
. I . 

of Ammonia and Primary Amines with 

0(, e-Dibromo and Cl'-Bromo--otas-un

saturated Ketones and Esters 

There is general agreement that the first step in the 

reaction of a primary araine with an o: ,~-dibromo carbonyl 

compound proceeds with dehydrohalogenation to give the a

bromo-a,~-unsaturated com~ound (XXIII). 10,l5 Amines are 

well:recognized nucleophilic8 reagents indicating attack of 

the amino group will take place at the ~-carbon to give the 

a-bromo-1,-amino intermediate XXIV by l,4~addition.15 An 

internal SN2 type ring closure would then be expected to 

produce the mixed cis- and trans-aziridines x:£:/. Studies 

have revealed that each ring closure of the halo-amine in

volves a single Walden inversion.17 
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If it is assumed that these trisubstituted aziridines 

possess an asymmetric nitrogen atom,10 then it is theoreti

cally possible for there to exist two cis isomers and two 

trans isomers as shown. However, no isomers due to asymme-

try at nitrogen have been reported owing to the fast :inver

sion rate at nitrogen. Three-ring carbonyl hyperconjuga

tion, resulting from orbital overlap of bent bonds of the 

ring with 11" orbitals of attached groups, is expected to in

crease this rate considerably.10 

0 
II 

Ar, ~CAr 

c-.-c _· ,,, ·, I ,,, ,, ,, 
H ~ H 

-
R 

cis isomers 
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Ar N H 
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trans isomers 

Cromwe1114 has suggested that the cis/trans product 

ratio is determined by the product ratio of the intermediate 

erythro and threo forms of XXIV. It has been shown that the 

cis/trans product ratio of products derived from a-bromo-a, 

~-unsaturated ketones is the same as the ratio derived from 

·. the corresponding dibromide, supporting dehydrohalogenation 

in the first step.14 Experimental results obtained suggest 

that there is a most favored conformation of the enol re

sulting from 1,4-addition of the amine and that a rationale 

based on relative sizes of groups in the intermediate a

bromo-i,-amino:ketone and favored conformations in the tran

sition state can be used to explain cis/trans product 

ratios.11 

The reaction of benzylamine with either ~ or d21--

2, 3-dibromo-l, 4-diphenyl-l,4-butanedione formed the identi

cal l-benzyl-2,3-dibenzoylaziridine (XXVI). 43 Lutz had 

previously observed the same result using methylamine.34 

Aziridine XXVI was shown to be the trans isomer. When XXVI 

was treated briefly with hot soditun ethoxide, it isomerized 

to the corresponding cis isomer {:XXVII). The cis/trans re-
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II II 

C 6H5c1H-1HCC 6H5 

Br Br 

lationship of these aziridines was proven by their elemen

tary analysis, IR spectra,.ultraviolet (UV) spectra and 

nuclear magnetic resonance (NMR) spectra. Both XXVI and 

XXVII were converted to the identical enamine XXVIII by 

0 0 
JI 11 

H5c6cy==CHCC6H5 

N-H 
I 
C6H5 

XXVIII 

treatment·with glacial acetic acid. 

14 

Kyburz and coworkers 32 have postulated the course of 

the reactiDn of ammonia with a,~-dihalo carboxylic acid es

ter nu as proceeGl.ing with dehydrohalogenat,ion .to.give xxx 
.. 

and attack of ammonia at 'the ~-carbon to give ~-amino-a-

haloester :X:XXI. Formation of the enol is enhanced by polar 

solvents through stabilization of the cha:t>ge deyeloping on 

oxygen. Intrarnolecular attack of the amine on the a-halo

gen results in the formation of aziridine XXXIII via the 

ammonium intermediate XXXII. 
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No examples of the reaction of ammonia with 0t.,~-dibro-

mocarboxylic acid esters in which mixtures of cis-, or trans

aziridines were observed have been reported. 



CH.APTER I.I 

DISCUSSION OF RESULTS AND CONCLUSIONS 

The object of this research was to study the reaction 

of ammonia with some esters of a,~-dibromosuccinic acid and 

identify and determine the stereochemistry of the products. 

Several aziridines have been obtained and the chemistry of 

these heterocycles has been examined. 

The reaction of ammonia with diethyl ~-dibromosucci

nate (XXXVIIIb) had previously been reported to proceed with 

the formation of aziridine I and II in low yield. 26 ,33 

Some workers believe these compounds to possess the enamine 

structures III and Iv. 20 Under the reaction conditions used 

in this research, amide formation was apparently minor and 

none were isolated. 

The present sequence of reactions (Scheme 1) began with 

dialkyl maleates XXXIV and dialkyl fumarates XXX:VII. Brom

ination of XXXIV and XX:XVII gave dialkyl dibromosuccinates 

XXXV and XXXVIII; respectively, in good yield. Dehydrohal

ogenation of dibromides XXXV and XXXVIII afforded dialkyl 

bromofumarates XXXVI and dialkyl bromomaleates XXXIX, re

spectively, in nearly quantitative yield. 

It was found that the action of ammonia on meso- and 

dl-dibromides XXXV and :XXXVIII, or on cis and trans-vinylic -
16 
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bromides XXXVI and X:XXIX, gave one aziridine XL and one 

enamine XLI as the only two products identifiable by GLCo 

The solvent in which each reaction was performed was 

the alcohol corresponding to the ester used. 

18 

·When dibromides X:XXVb and X:XXVIIIb were treated with 

ammonia in a 1:3 mole ratio at 65° for four hours, the re

action was found to be incomplete and to leave considerable 

amounts of vinylic bromides XXXVIb and XXXIXb, respectively, 

unreacted. 
XKY-.\/b 

Maximum yield of aziridine XLb was obtained 

when -HV't:l or XXXVIIIb was treated with one mole of triethyl-

amine in absolute ethanol. Subsequent treatment of the re-

sulting vinylic bromides with an excess of ammonia in re-
t1•t . 

It:( I ' 

fluxing ethanol gaveJCLb in yields averaging 40-45 percent. 

The reaction could be followed by GLO by observing the dis

appearance of the vinylic bromides. This technique allowed 

the reaction time to be kept at a minimum and prevented for

mation of major amounts of amide. Most of the reactions 

were complete in about two hours. It appeared that the 

temperature of the reaction mixture was also a factor since 

lower yields (-30%) of XLb were obtained when the reaction 

was run at 60-65°. In one experiment when the reaction was 

conducted at room temperature, only a minute amount of 

aziridine XLb was observed by GLOo 

Reaction of ammonia with dimethyl bromomaleate 

_(X:XXIXa) and dimethyl bromofumarate (X:XXVIa) gave very simi-

lar results, yielding only aziridine XLa and enamine XLia; 

however, lower yields were realized (.-28~). The amount of 
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ether-soluble material obtained from these reactions was 

only 68-72 percent of the theoretical yield assuming that 

the products consist of only aziridirie XLa and enamine XLia. 

It was observed that the amount of aziridine XLa present in 

.the reaction mixtures slowly decreased and a brown solid 

appeared in the bottom of the bottle. This process was not 

very fast since there was still some aziridine.:xLa remaining 

after three months. This decompo'sition was observed only in 

the case of aziridine XLa. 

The reaction of ammonia with di~n-propyl bromofumarate 
. ~ ;. . 

(:X:XXVIc.) was observed to be fast. · GLC was used to follow the 

XXXVIc XLic XLc 

reaction; the disappearance of vinylic bromide :XXX:VIc was 

eomplete in less than two hours to yield 90 percent.of a 

mixture of aziridine XLc and enamine XLic. · NMR analysis 

showed this mixture to consist of about 56 percent of aziri~ 

dine XLc. This is somewhat higher than the yieids obtained 

of aziridine XLa and XLo. This possibly resui'ts from the 

higher temperatures (90°) which could be obtained using 

1-propanol as the solvent. 

Isolation of aziridine XL was in some cases very diffi-
. . . . . . . 

cult. None of the aziridine-enamine mixtures could be sep-
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arated by distillation. Only mixtures were obtained in 

which the amount of aziridine XL.was always smaller than be

fore distillation, indicating some decomposition of XL. 
' . . . . . ~ . .· ..... 

·. S.ep~ration of the mixture consisting of ;ta 9:lld Jq:,Ia 

was accomplished by chro'matography over neutral alumina 

and by preparative gas chromatography. Aziridine XLa was 

identified by elemental analysis and IR and mm spectral 
' . . ··. 

data. The IR spectrum of, XLa (Plate )f:II) showed a band at 

XL a 

3250 cm.-1 , indicative of a secondary amine. The mm spect

rum of Jq:ia (Plate XXX) showed a singlet at 03.75 for the two 

equivalent methyl groups, a broad singlet at 6 1.91 for th.e 

amine proton and a singlet at 6 2.81 attributed to the two 

ring protons • 

. The compound identified as enamine XLia exhibi.ted 

bands in the _IJ,t_JPlateIX).at 3470 and 3350 cm.-1 , which 

supports the structure of a primary amine. 45 Bands at 1730 

and 1675 cm.-1 were attributed to free carbonyl group and 

hydrogen~bonded carbonyl group, respectively. 24 The double 

bond absorbed at 1620 cm~-l. The mm spectrum (Plate XJCVTI) 
. ·-. ,.. . . ' ·.. ... , ... 

of XLia ~howed_peaks attributed to two nonequivalent methyl 

groups at 6 3.63 and 6 3.83. Signals at 6 5.35 and 6 6.55 

were observed for the vinyl proton an<i amine protons, re-



XL Ia 

spectively. Based on this data XLia was given the trans 

structure. 

Attempts to separate the mixture of aziridine XLc and 

enamine XLic over neutral an.d acid-washed alumina were un-

successful. It was found that enamine XLic could be ob~ 

tained quite pure by fractional distillation, which caused 

isomerization of aziridine XLc to XLic. 

Enamine XLic was identified by its elemental analysis 

and IR and NMR spectral data. Its IR spectrum (Plate XI) 

showed bands almost identical to those of XLia, suggesting 

XLie 

the trans structuree The NMR spectrum (Plate XXIX) of 

enamine XLic showed peaks attributed to nonequivalent 

propyl groups and singlets at o 5~37 and o 6.50 attributed 

to the vinyl proton and amine protons, respectively. 

Aziridine XLc was not obtained as the 1msubsti tuted 

21 



compound but was isolated by treating the mixture of XLc 

and XLic with E-nitrobenzoyl chloride and separating XLc 

22 

as its .:2-nitrobenzoyl derivative (XLII). This proved to be 

Xlc + XLic + 

XLII 

a successful method of separation since no reaction of ena

mine XLic with .:2-nitrobenzoyl chloride could be observed. 

The structure of XLII was confirmed by elemental analy

sis and IR and NlVIR spectral data. Bands in the IR spectrum 

(Plate XVIII) occurred at 1729 cmo-l ·for an ester carbonyl 

group and at 1696 cm.-l for an amide carbonyl group. The 

N1VlR spectrum (Plate :XXXVII) showed peaks characteristic of 

the n-propyl groups and a singlet at 6 3.70 attributed to -· 
the two ring protons. 

Separation of the mixture of aziridine XLb and enamine 

XLib proved to be a much easier process. During the earlier 

stages of this research analytical samples of XLb and XLib 

were obtained by preparative gas chromatography and by 

chromatography over neutral and acid-washed aluminas When 

yields of XLb were increased to 40-45 percent, it was found 

that aziridine XLb could be obtained pure by cooling the 

mixture of XLb a.nd XLib dissolved in n-hexane in a Dry Ice-·-
acetone bath. Care had to be taken not to freeze the entire 
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mixture since ena.mine XLib also crystallized at low tempera

tures. Recovery of XLb by this method gave yields up to 21 

percent. l?urification of XLb was achieved quite nicely by 

recrystallization from E;-hexane. 

The IR.spectrum of XLb (Plate XIII) showed a band at 

J280 cm.-1 for secondary amines. Two carbonyl bands were 
-1 -1 observed, one at 1744 cm. and the other at 1720 om •• 

The peak at lower frequency could possibly be due to inter

molecular hydrogen bonding since a dilute chloroform solu

tion gave only a.single ban,d at 1730 cm.-1 • An mm spectrum 

of XLb (Plate XXXI) exhibited peaks showing equivalency of 

the ethyl groups. A singlet at & 1.85 assigned to the amine 

proton and a sharp singlet at 6 2.84 arising from two equiv

alent ring protons were observed. Addition of deuterium 

oxide caused the peak at 6 1.85 to disappear. When XLb was 

heated with sodium carbonate in acetonitrile, it gave an NMR 

spectrum (Plate XXXVI) which indicated coupling between the 

amine protons and the ring protons. In addition to the 

normal splitting pattern for the ethyl groups a doublet 

centered at 6 2.86 (J=9.0 c.p.s.) and a broad triplet cent

ered at 6 1.83 (J=9.0 c.p.s.) were observed. This coupling 

may be caused by the removal of all traces of acid by the 



sodium carbonate giving a completely dry compound. This 

phenomenon also occurs in the case of anhydrous ethanol.40 
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The IR spectrum of XLb after treatment with sodium carbon

ate was identical to that of XLb before treatment. W.hen the 

dry XLb was allowed to stand for a few days, its NM:R spect

rum was identical to that of the original XLb. 

Al though the formation of only one stere·oisomer of azir

idine XL and enamine XLI was observed in all of the react~ 

ions of ammonia with the dibromides or the vinylic bromides, 

to date it has not been possible by the physical methods 

available to determine whether aziridine XL is the cis or 

the trans isomer. It has been established that the react-

ions of amines with 0t,~-dibromo ketones and esters, in gen-

eral, first proceeds with elimination of hydrogen bro

midelO,l5 to give the corresponding vinylic bromides. There 

is no reason to believe that this is not the case with di-

bromides XXJ.1V and XXXVIII. 

The reaction of ammonia with vinylic bromides XXXVI 

and XXXIX can be visualized as proceeding in the manner in

dicated in Scheme 2. The enolic form of the ester, which 

results when ammonia attacks the ~-carbon, can be stabilized 

by the polar solvents used in all reactions.32 Each of the 

bromides XXXVI and :XXXIX is expected to give a racemic form 

of this enol which then collapses into a mixture of erthyro

and threo-a-bromo-~-aminosuccinic esters. The composition 

of this mixture can not be determined since the components 

are very unstable and collapse immediately into aziridine 
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XL and enamine XLI. It can easily be seen that the threo 

form can react by two routes; intramolecular displacement 

of bromine can occur to give cis-aziridine XL or the more 

favorable trans elimination of hydrogen bromide may result 

to yield trans-enamine XLI. On the other hand the erythro 

form can react with intramolecular displacement of bromine 

to give trans-aziridine XL, or trans elimination of hydrogen 

bromide can occur with formation of cis-enamine XLI. In-

frared analysis indicates that strong intram.olecular hydro

gen bonding occurs in XLI between an ester carbonyl group 

and the amine protons indicating the trans structure. It is 

0 
II 

H GOR ' / . 

C=C 
/' ' ROC N 

~---I/ }I_ 

XLI 

assumed that the cis form of XL is more sterically hindered 

than the trans form of XLI, we might draw the conclusion 

that the threo form of the a-bromo-~-amino intermediate 

would give mostly the more sterically favorable trans-ena

mine XLI. In addition the erytb!';,Q form of the intermediate 

would give mostly the trans-aziridine XL and very little of 

the cis-enamine XLI. However, these .conclusions alone are 

not sufficient evidence to constitute proof of structure of 

aziridine XL. 

Turner and coworkers43 have shown that when meso-1,2---
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dibenzoyl-1,2-dibromoethane is treated with three moles of 

benzylamine in benzene only trans-l-benzyl-2,3-benzoylaziri-

dine (XXVI) is formed. Treatment of 

0 0 
c6H""Hcu--cH8c6H5 · ::> I I 

Br B:c 

rr.eso 

ethoxide afforded ~-l-benzyl-2,3-dibenzoylaziridine 

(XXVII) in about 80 percent yield indicating that the cis 

isomer may be the more stable of the two forms. Similar 

treatment of aziridine XLb with sodium ethoxide afforded 

only the dry aziridine whose IR and NMR spectra were identi

cal to those of the compound obtained by treatment of XLb 

with sodium carbonate. 

Huisgen and coworkers29 have· reported that when dime

thyl 1-(~".'"methoxyphenyl)aziridine-2, 3-dicarboxylf:}.te is 

heated to about 100°, an equilibrium is established. between 

0 
II 

CH3oc 
\ 

H{II'' c 
1000 H I\ . ' CH oc111•·C--1, 

3 11 Ar 
0 

80% trans 
.A::c 

20% cis 

the cis and trans isomers. The trans isomer is highly fav

ored and makes up about 80 percent of the total. When aziri-
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dine XLb was heated at 125° for,two hours, no equilibration 
•• .,: : : , > ~· • • • .. 

bet\lV'een cis and trans forms could be observed by ~,_but 

instead XLb was converted almost completely to enamineXLb. 

Szeimies and Huisgen42 have also shown tl_lat aryl azid.es add 

across the double bonds of dialkyl fumarates to form trans:

dialkyl aziridine-2,3-dicarboxylates. It was thought that 
. . .. . . . .. . . ... -. ··. . . . .. 

this might be a way of establishing the stereochemistry of 

XLb. _ Since the ,l?_-nitrobenzoyl derivative J~::rP,) of XLb_ was 

readily prepared by treating the aziridine with l!.-:-nitroben

zoyl chloride, this route was ·chosen. Comparison of the NMR 

XLb XL III 

and IR spectra of amide XL:III with those of the product ob

tained from the reaction of .E.-ni trobenzo~l azide _(XLIV) with 

diethyl fumarate (:X:XXV:I.Ib) might give some indication of the 

stereochemistry of XL1?.• _This assumes that addition of the 

ni trene from _XLIV across the double bond of XXXVI_Ib is . "' ··:' 

stereospecific. Treatment of XXXVIIb with l?.-:-ni trobenzoyl _ 

azide (XLlV)_in benzene for one month did. not proceed as 

expected, but gave only N,N 1 -bis{Q-hitrophenyl)urea. Photo-
• .• 1 \ . · •• 

lysis of a mixture of XLIV and XXXVII for ten hours with 

ultraviolet (UV,) light gave the same resul.t. 
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x1rv 

Huisgen 42 has prepared dimethyi 1~~':'"'.methoJW_p1'.lenyl)azir.i.,., .. 

dine--2,3-dicarboxylate by the reaction of 12.-methoxyphenyl 

azide with dimethyl fumarate. We prepared diethyl l-(12.

methoxyphenyl)aziridine-2,3-dicarboxylate by treating 

vinylic bromides XXXVI and :XXXIX with 12.-anisidine in etha

nol. A mixture of products was obtained. Analysis of this 

H 
\ 

('<-.-. /"I 
v-v 

/ '\ CHO C 11.n::A. 2 5 2 .UJ:JAr 

XLVI 
"'}~ 

CHC02c2H5 .Ar~,ir1 
"'- CHCOiC 2H5 

XLV 1 tran.s 
by mm (Cc14) showed peaks characteristic of the ethyl 

groups, a singlet at 6 5.28 attributed to the vinyl proton 

on enamine XLVI, a singlet at 6 3.29 which could be assigned 

to the ring protons on trans-aziridine XJ.N and a very minor 

singlet at o 2.85 attributed to the ring protons on the cis 

isomer of XLVo 

Huisgen29 reported chemical shifts in cc1 4 for the ring 

protons on trans-dimethyl l-(.E_-methoxyphenyl)aziridine-2,3-
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dicarboxylate at 6 3.31 and the ring protons of the cis 

isomer at 6 2.86. Since the .chemical shifts of the ring 

protons .should not be affected much by the type of ester 

group, this indicates that the reaction of bromides XXX.-V!b 

and :XXXIXb w:i. th E,-;anisid.ine -forms :oniy --the·· :trans isomer· of 

XLV. This lends further support to the belief that trans 

XLb is formed from the reaction of ammonia with bromides 

XXXVI and XXXIX. 

Attempted phosphorylation of XLb with a number of 

phosphorus chlorides using triethylamine a~ the base were 

unsuccessful. A complex appeared to be forming between the 

phosphorus cJ::il.oride and triethylamine preventing addition to 

XLb. However, when XLb was treated with dry diphenylpho-s

ph:i,~:i-G chloride in pyridine, an.addition product (XLVII) 

was obtained but purification could not be effected. 

+ 

·Attempted crystallization from a number ·of solvent combina

tions produced only very viscous oils. A doublet in the 

IDIIR spectrum of XLVII (Plate XXXV) centered at 6 J.61 

(Jp;.,;,N;.,;,C;;,,;,H = 12.5 c.p.s.) showed addition had occurred. 

This coupling is very. similar.to that observed in 1-(d.iphen-

ylphosphinyl)aziridine, JP~N:.:.e;..;H = 14.5 c.p.s •• 2 The IR 
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spectrum of XLVII (Plate XVII) showed the presence of a weak 

band at 3460 cm.-l possibly d~e to some ring opening product. 

A nice crystalline derivative could also be obtained 

when XLb was treated with 2,4-dichlorophenoxyacetyl chloride 

in ether with triethylamine as the base. The structure of 

XL VIII 

XLVIII was Gonfirmed by elemental analysis and NMR and IR 

spectral data {Plates XVI and XXXIV). 

Surprisingly, when XLb was treated with E-toluenesul

fonyl chloride in pyridine, a product was obtained which 

appeared to have a structure XLIX. A solution of XLIX 

XLIX 

precipitated silver chloride when treated with an ethanolic 

silver nitrate solution, so the presence of chlorine was 

indicated. The NMR spectrum of XLIX showed a broad signal 

at , 5. 74 which disappeared when deuterium oxide was added 

and was attributed to the amide proton. The IR spectrum of 
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XLIX showed ·a strong band at 3240 cm.-1 also indicative of 

a primary amide. 

Heine and coworkers 25 have reported the isomerization 

of cis~ and trans-l-J?.-nitrobenzoyl-2,3-dimethylaziridine to 

cis and trans cis and trans 

.£!.§.- and trans-2-J?.-nitrophenyl-4,5-dimethyl-2-oxazoline, 

respectively, by treating theaziridine with sodium iodide 

in refluxing acetone.· 

Simila:r trea~ment of aziridine XLIII afforded a com

pound -(L). whose mirn. spectrum (Plate XXXIII) agreed quite 

c+osely with the expected structure, showing an AB quartet 

composed of two doublets centered at & 5.01 (J=6.8 c.p.s.) 

-and · 6 5.41 (J=6.8 c.p.s.) as expected. The IR spectrum of 

L (Plate XV) showed bands at 1652 cm.-1 (C=N) and nonequiv

alent ester carbonyls at 1750 cm.-1 and 1735 cm.-1. 

On the information obtained from this research, the 

stereochemistry of aziridine XL cannot be absolutely de-
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termined •. However, "t;here is strong evidence which points to 

the trans structure •• 

A method of absolute proof of structure of XL is hereby 

proposed. It is well known tha.t epoxide rings open by a 

simple SN2 mechanism. 5 Miller3 5 has shown that when ( .. ) 

trans-epoxysuccinic acid was treated with ammonium hydroxide, 

erythro-,s-hydroxy-1-aspartic acid (LI) was formed. 

H G02H 
''·· .. / 

G 

• H2t/bH 
,.· " 

H02c'' H 

+ 

trans 

LI, erythro 

Prostenik38 has also shown that aziridine rings are 

opened by perchloric acid in a stereospecific manner involv-

ing a single inversion. 

If aziridine XLb is of the trans configuration, opening 

of the ring with aqueous perchloric·acid and subsequent hy

drolysis should yield the.erythro-~-hydroxyaspartic acid. 

If XLb is the cis isomer then the threo~J-hydroxyaspartic 

acid should result. · These are both known compounds.23 
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Lu 
..:::.. 



TABLE t (CONTINUED) 

Conlpc:>und Plate -- - Amine 

H · Br 
_-.. - - . I - J - - -
CH3CH202C-. T-.·-y-. · _ C02CH2CH3 . -IV. 

Br_ H 

XXXVb 

_ CH3CH2o2c" _ /co2c~2cH3 _ 

c==c 

/ " V_ 

H - Br 

XXXIXb.--

H'\_ /co2cH2CH3 

C=C 

/ " VI 

CH3CH2o2c Br 

-- XXXVIIb 

C=O C=C - Additional 

1740 - --

1730 1630 

1728 1630 

··Bands · 

1377, 1310, 1250, 
1025, 861 . - . 

·. 1450, 1370, 1330, 
1037, 865,-684 

1371, 1251, 1188, 
1037, 863 

v.> 
\Jl 



TABLE I (CONTINUED) 

Compound Plate Amine C=O C=C Additional 
Bands 

Br Br 
I 1 

. CH3o2c-7-y-co2cH3 VII --- 1735 --- 1440, 1400, 1163, 
1140, 991, 877, 

H H 675 

XIl.-VIIIa 

H Br 
:I J 

CH3o2c-1-. -1-co2cH3 VIII --- 1728 --- 1443, 1302, 1172, 
995, 970, 919, 

Br H 900,_ 795, 687 

rt:i..va 

H co2cH3 
. "" / 

c===c IX 3470, 1730, 1620 1440, 1300, 1152, 
/ ... "'-. 3350 1675 1027, 783 

CH3o2c NH2 

llia 

L,_, 
o, 



TABLE I (CONTINUED) 

Gompound Plate · Amine 

H /co2cH2cH3 ·. ., 
c=c x 3470, 

/ ' 3350 
CH3CH2o2c NH2 

lLib 

H /co2cH2CH2CH3 . 
'\. c=c XI · 3470, 
/ ~ 3350 

CH3cH2CH2o2c -H2 

XL le 

/CHC02CH). 
H-N I· XII 3250 
·. "-cHCO CH 

2 3 
XL a 

C=O C=C 

1730, 1620 
1676 

· 1730, i620 
1676 

1730 ---

Addftional 
Bands 

1557, 1371, 1295~ 
1155, 1100, 1040, 
862, 781 . 

,1558, 1465, 1392 
1160, 1061, 948, 
782 . 

· 1442, 1350, 1030, 
863, 749 . 

l..,.J 
-1 



TABLE I (CONTINUED) 

Compound Plate Amine 

/CHC02CH2CH3 
H-N ,- . XIII 3280 
. "'-cHC02CH2CH3 

XLb 

~R. ,,....-CHC02CH2CH3 
N02 C-N"- ,- · .- XIV ---

CHC02CH2CH2 

XL III 

0............. . . 
~ ,!' CHC02CH2CH3 

XY NO C ,. ---
\ _............CHC0 2CH2cH3 

N. 
L 

C=O C=C 

1744, ---
1720 

1729, 1613b · 
1695a 

1750, l652i 
1735 1605 

Additional 
Banr:1-s 

1451, 1371, 1340, 
1261, 1190, 843, 
764 

1540, 1040, 878, 
855, 724, 710 

1530, 909, 866, 
703 

l.v 
0::, 



TABLE I (CONTINUED) 

Compound Plate Amine C=O C=C Additional 
Bands 

@ 0 CHC02CH2CH, II / I .. .J 

XVI 1482, 1331, 1220, Cl OCH2C-N .. --- 113oa ---
""-cHC02CH2CE3 1707 1155, 1110, 1080, 

1036i 865,'822, · 
XLVIII 757 

~8 /'CHC02CH2CH2cH3 
1610b NO,::'. C-N I . . XVIII --- 1729, 1516, 1090, 1055, 

""-cHC02CH2CH2cH3 
1696a 1011, 967,' 878, 

853, 804, 723 
XLII. 

Compounds XXA'VIIIa, XX:XVa, 0 XLb; LIIJ, XI. NIII and XLII; (KBr Pellets). 
. '·- . 

Compounds :XXXVI~b, Xl:XIV1:>, XXXVIIIb, )pOCVb, XXXI4b, XLia,, XLib, ~Ic, XLa, L and XLVII, 
(NaCl Cells). · · . · 

aamide bands 
b · .· .. · · 1 ·· ,;;_; ... · t'·. C=C, .Skel.etal. ,1n~p ane. VI·pra ions·. 

L,J 
'-0 . 



TABLE II· 

NMR CHEMICAL SHIFTS AND COUPLING CONSTANTS OF PRODUCTS. 

Compound Plate 

H co2cH2CH3 

" / 
c==c XIX 

/ 

"" CH3CH2o2c H 

. XXx.i/IIb 

CH3CH2o 2c · co2cH2CH3 

" / xx C==C · 
/ " H H 

:XXXIVb 

Br Br 
I .I 

CH3CH202c-y-7-co2CH2CH3 :XXI 

H H 

xx:x.vrIIb 

Sol-
vent 

CDC1 3 

CDC13 

CDC1 3 

cf(values~ 
(p.p.m.) . 

1 .. 31t 
4 .. 29q 
6.89s 

l .. 29t 
4.,25q 
6 .. 29s 

1.32t 
4.,32q 
4.68s 

J(c .. p.s.) Assign-

7,.0 
7 ... 0 
-

1 .. 0 
7o0 -

7.0 
7.0 

"· ment 

Cff 
CH~ 
H 

CH~ 
CHj 
H 2 

CHj 
CH2 
H 

.i::,. 
0 



TABLE II (CONTINUED) 

Compound Plate Sol- Ei(values) J(c.p. s.) Assign-
vent (p.p.m.)a ment 

H Br 
I J 1.29t l:8 CE: 

CH3cH2o2c-c-c-co2cH2cH3 XXII CDC13 4.27q Crl 3 
I - I . 4.66s -- H 2 
Br H 

JOU Vb 

(a) (b) 
CH3cH2o2c C02CH2CH3 l.27t 7.0 CH3~a) 

. - .. "' / . 1.32t 1.0 CH b) 
C===C XXIII CDC1 3 4.20q 1.0 CH~(a) 

/ " 4.32q 1.0 CH2(b) 
H Br 6.49s -- .H 

XXXIXb 

(b) 
CH3(a~ H /co2cH2cH3 1.32t 7.0 

. "' l.J5t 7.0 CH (b 
C==C XXIV CDC13 4.29q 1.0 CH3~a~ / 

. "' 4.35q 7.0 CH2· b 
CH3cH2o2c Br 7.48s -- H 2 

(a) X:XXVIb 

~ 
1-1 



Compound 

Br Br 
J J 

CH302C-?-7-co2CH3 

H H 
XXXV"IIIa 

H Br 
.I J 

CH3o2c-C-C-C02CH3 
I_ 1 
Br H 

rI:10/a 

H /co~pH3 
. "' C===C 
./ " CH3o2c .. . NH2 

XL Ia 

TABLE II (CONTINUED) 

Plate Sol- S(values) 
vent (p.p.m.) a 

jDi..'V cc14 3.Ros 
4.55s 

XXVI cc14 3.755 
·· 4.52s 

J.63s 
XXVII 3e83s cc14 5.35s 

6.55s 
(broad) 

J(c.p.s.) 

--
~~ 

----

--------

Assign-
ment 

CH3 
H 

CH3 H-

CH3 
CH3 
H 
NH2 

~ 
I\) 



TABLE II (CONTINUED) 

Compound Plate 

H /co2cH2cH3 
"'-· XXVIII C===C 

/ " CH3cH2o2c NH2 

XLib 

H C020H20H 2c~3 
" / XXIX C===C . 
/ "' CH3cH2CH2o2c _ NH2 

llic 

Sol
yent 

CDC13 

cc14 

&(values) J(c.p.s.) Assign-
(p.p.m.)~ men.t 

l.27t 1.0 CH3 
1.31t 1.0 CH3 
4.15q 1.0 CH 

CH2 4.29q 1.0 
5 .. fl.5s -- H 2 
6.59s -- NH2 
'('broad) 

0.96t 7.0 CH3 
l.OOt 1.0 CH 
l.62m -- CH3 
4.0lt 6.7 ocil2 
4.18t :f,. 7 OCH2 
5.37s -- OCH2 
6.50s -- NH2 
(broad) 

~ 
w 



Compound 

/CHC02cH3 
H-N 

"" CHC02CH3 

XL a 

CHC02CH2cH3 /· 
H-N ."" CHC02CH2CH3 

XL'b 

ft /CHC02CH2CH3 

N02-©- CJ-N"---._ 
CHC02CH2CH3 

XL III 

· TABLE II (CONTINUED) 

Plate 

m 

XXXI 

XXXII 

Sol
yent 

CC14 

CDC13 

ODC1 3 

cS(values) J(c.p.s.) Assign-
(p.p.m. )a ment · 

l.9ls -- NH 
(broaa.) 
2.8ls -- H. 
3.75s -- CH:, 

1 .. 3ot 1.0 CH3 ·· 1.85s -- NH 
2.84s -- H 

.· 4.,'20q 7.0 CH2 

1.22t 7.0 CH3 
3.67s -- H 
4.13q 1 .. 0 CH 

·8.16m -- c6ii4 

..i::,. 
~ 



TABLE II (CONTINUED) 

Compound 

/0 .............. CHC02CH2CH3 

N02-@-c, _,..,.kco2C82CH3 

L 

CHC02CH2CH3 Cl O /1 .. . n 
·~OCHC-N 

Cl~ 2 . · "CHC02CH2CH3 

XL VII 

CHCO CH2CII.3 · 0 . 2 .. 
t /,.· @:P-N, © " UOO CH2CH3 C .. 2 

XL VII 

Plate 

XXXIII 

· XXXIV 

xx::cv 

Sol
vent 

CDC13 

CDC1 3 

CDC13 

6(values, a (p.p.m. )·· 

1.31t 
1.35t 
4.29q 
5.0ld 
5.4ld 
8.17s 

1. 25t. 
J.53s 
4.18q 
4.62s 
7.oom 

l.14t 
3.6ld 
4.04q 
7.38m 
7.82m 

J(c.p.s.) 

7.0 
1.0 
7.0 
6.8 
6.8 

7.0 
--
7.0 
·---

Assign
ment 

CH 
CH3 
CH3 
H 2 
H 
C6H4 

CH3 
H 

ggit2 
C6H3 

7 .O ··· · ···· CH 
3 12. 5 (P-N-0-H1{ 

7.0 gH11 
C6H5 

6 5 

..r:.,.. 
\..Tl 



TABLE II (CONTINUED) 

Compound 

/CHC02CH2CH3 

H-N 

" CHC02CH2CH3 

Ilb 1 Dry 

. fi _,/'CHC02CH2CH2CH3 

Noz-@-c-N...._J 
. CHC02CH2CH2cH3 

XLII 

Plate 

x:tJ:,J"I 

XXX:VII 

Sol
vent 

CDC1 3 

CDC13 

b(values) J(c.p.s.) Assign-
(p.p.m~)a ment 

1.31 t 1.0 CH 
1.83t 9.0 NH3 
{broad) 
2.86d, 9.0 H 
4.26q 1.0 CH2 

0 .. 9lt 1.0 CH3 
l.62h 1.0 CH 
3o70s -- H 2 
4.09t .7 •. 0 OCH2 
8 .. 2lm -- C6H4 

aThe multiplicity of each peak is indicated as follows: singlet, s; doublet, d; 
triplet, t; quartet, q; and hextet, h; multiplet, m. 

..f.!.. 
O'I 



CHAPTER III 

EXPERIIvIENTAL a-e 

Preparation of Diethyl Fumarate (}OG{VIIb). This pro

cedure and that used in the preparation of diethyl maleate 

(XXXIV) employs the method of Arthur3 for removing ymter 

formed in the esterification. A 500-ml., three-necked 

flask was equipped with a drying tube (CaC1 2), a Soxhlet ex

tractor, a condenser, a thermometer and a magnetic stirrer, 

The extractor was filled with 125 g. of type 5A mole sieve~ 

Fumaric acid (100 g., 0.86 mole) was placed in the flask 

and 200 ml. of absolute ethan.ol and 4 ml. of concentrated 

sulfuric acid were added. The reaction mixture was boiled 

a.All melting points are corrected; all boiling points 
are U11.corrected. 

bThe infrared spectra were determined on a Beckman IR-
5A as films on sodium chloride cells or as potassium bromide 
pellets unless otherwise specified. 

CThe nuclear magnetic resonance spectra were determined 
on a Varian A-60 hi~h resolution spectrometer with a field
sensing stabilizer l"Super-Stabilizer"). Tetramethylsilane 
was used as an internal standard. 

dGas chromatographic a:nalysep were performed using an 
Aerograph Model A-700 Autoprep uil.i t and a Varian-.1.1.erograph 
Model 1520 with a thermal conductivity detector. The cul
umn used was a 10' xi" 157'° DEGS on 60/80-mesh acid-washed 
C'nromosorb W. 

BThe microanalyses were performed by Galbraith Labora
tories, Knoxville, Te11-.nessee. 

47 
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for 2.5 hours after which time the mole sieve was renewed 

and boiling was continued for an additional 2e5 hours~ When 

cooled, the mixture was shaken with a 10% sodium carbonate 

solution until it was neutral to indicator paper. The ester 

was separated and the aqueous layer was shaken with benzene. 

The ester and benzene extracts were combined, and the ben-

zene was removed through a fractiona-t;ing column. Distilla-

tion of the ester was achieved in a side arm flask at at

mospheric pressure. The fraction boiling at 212-215° was 

collected (lit. 3l b. p. 98°/lOmm.); yield, 125 g. (86%). 

The IR (Plate I) and NTuIR (Plate XIX) spectral data 

(Tables I and II) were identical with those of an authentic 

sample. 

Preparation of Diethyl Maleate (:X:XXIVb)$ The previous

ly described apparatus was charged with 100 go (0.86 mole) 

of maleic acid dissolved in 250 ml. of absolute ethanol and 

4 rtl. of sulfuric acid. Type 5A mole sieve (100 g.) was 

placed in the extractor, and the reaction mixture was 

boiled for 6 hours. The mole sieve was replaced every 2 

hours. The workup was the same as for the previous reaction.. 

The ester was distilled and the fraction boiling at 218-222° 

was collected (lit. 3l b. p. 99°/10 mm.); yield, 139 g~ ( 92%). 

The IR (Plate II) and NTuIR (Plate XX) spectral data 

(Tables I and II) were identical with those of an authentic 

sample. 

Preparation of Diethyl meso-Dibromosuccinate (XXXVIID))o 

The procedure follows that of Ing and Perkin30 with modifi-



49 

cations. A 200-ml., three-necked flask was equipped with a 

mechanical stirrer, an addition funnel and a Friedrichs con

denser. Diethyl fumarate (30 g., 0.17 mole) dissolved in 

50 ml. of carbon tetrachloride was placed in the flask and 

heated to reflux. Bromine (27.8 g., 0.20 mole) was added 

dropwise from the addition funnel 'Over a period of 1 hour 

and heating was continued for 2 hours. The volume was re

duced by evaporation of the carbon tetrachloride leaving an 
0 oil which crystallized upon cooling to 10. In subsequent 

runs an aqueous solution of sodium thiosulfate was added 

until the bromine color disappeared. Crystallization of the 

oil from absolute ethanol yielded 4.5 g. (81%) of white crys-

. 80 ( .. 30 80) tals, m. p. 57-5 lit. m. p. 5 • 

Anal. Calcd. for C81Ii~r2o4: 0 1 28.94; H, J.64; Br, 48.13. 

Found: C, 29.29; H, J.69; Br, 47.92 .. 

The IR (Plate III) and N1VIR (Plate XXI) spectral date 

(Tables I and II) further substantiate the structure of this 

known compound. 

:Pre;paration of Di~thyl d.l~Dibromosuccinate (XXXVb). This 

procedure employs the method of Ing and Perkin30 with modi

fications. A 500-ml., three-necked flask was equipped as in 

the previous reaction.and charged with a solution of 50 g. 

(0.29 mole) of diethyl maleate in 250 ml. of dry ether. 

which was cooled by a cold water bath. The flask was pro

tected from direct sunlight by a cloth, and bromine ( 46. 5 g., 

0.29 mole) was added dropwise over a 5-hour period, while 

stirring. The reaction mixture was stirred for an additional. 
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4 hours. Excess bromine was removed by shaking with an 

aqueous solution of sodium thiosulfate, and the ether was 

distilled from the organic layer. Distillation of the crude 

ester g1;1ve .a fraction boiling at 115-117°/1 mm. Jli t. 30 b. 

p. 137-138°/11 mm.); yield 76 g. (80%). 

The IR (Plate IV) and mm (Plate XXII) spectral data 

.(Tables I and II) are consistent with the structure of this 

known compound. 

,Pre;earation of Diethyl Bromomaleate (rnIXb). A 500-

ml., three-necked flask was equipped with a .condenser, an 

addition funnel and a magnetic stirrer. A solution of 

XXXVIIIb (25 g., 0.075 mole) in 200 ml. of absolute ethanol 

was placed in the flask •. Triethylamine (8.1 g., 0.080 mole) 

in 50 ml. of absolute ethanol was added dropwise over a 

period of 1 hour. The mixture was stirred at room tempera

ture for 24 hours. Removal of alcohol was accomplished on 

a flask evaporator, and the residue was taken up with ether 

and filtered. The ether was removed leaving 18.1 g. (97%) 

of a yellow oil. 

An ether solution of this oil was analyzed by GLC on 

the usual columnd at a column temperature of 200°. The 

helium flow-rate was 49 ml./min. This analysis showed the 

presence of two compounds in a 3.5:l ratio. The larger 

peak (retention time, 8.1 min.) was collected by preparative 

gas chromatography using the same column as above and iden~ 

tified as XX:XIXb which was analyzed, n~5 1.4738. 
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Anal. 
~ .. 

Calcd.for CsH11Br04: c, 38.22; H, 4.41; Br, 31.82. 

Found.: c, 38.33; H, 4.37; Br, 31.82. 

The IR (Plate V) and mm (Plate XXlII) spectral data 

(Tables r·and.II) are consistent with the structure of this 

compound.· 

Pre2aration of DietJyl Bromofumarate. (XXXVIb). The 
. . . . 

procedure allfdreagents used were the same as in the previous 

reaction except that dL-dibromi.de X:X:XVb was used instead of 

meso-dibromide XXXVIIIb. The yield was 17.8 g. (95~}. 

An ether solution of the oil was analyzed by GLC as in 

· the previous reaction and showed the presence of two products 

in a ratio·of ]2.4:1. The larger peak (XXXVIb; retention 

· time, 11.3 min.J. wa,s collected as before and analyzed; nii5 

1.4775 {lit. 4 n~~·1 1.4819). 

Anal. Calcd.for Cg~llBr04: c, 38.22; H, 4.41; Br, 31.82. 
-~-

' . 

Found: C, 38.36; H, 4-35; Br, 3Z03. 

Mixed injections on GLC column showed that the minor 

produot.w1,:1.s vinylic bromide :XXXIXb. 
·, ., 

The IR (Plate VI) and mm (Plate XXIV) spectral data 

(TablesI and II) for XXXVIb consistent with the assigned 

structure. 

· Prep£Lration of Dimeth;yl meso-Dibromosuccinate(XXXVIIIa). 

The procedure used employs the method of Ing and Perkin30 

with modifications. Dimethyl fumarate (:XXXVIIa) (50 g., 

0.35 mole) was dissolved in 150 ml. of carbon tetrachloride 

and placed in a 500-ml., three~necked flask equipped in the 

usual manner (see page3;). Bromine (56 g., 0.35 mole) was 
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added dropwise over a ;period of 0.5 hour, and the reaction 

mixture was boiled. for 5 hours ~d stirred overnight at room 

temperature. Workup in the usual manner (see page 4)) gave 

e. nearly colorless oil which was crystallized from E_-·hexane, 

m. p. 64-65° (lit. 30 m. p. 65°); yield, 97 g. (91%). 

The IR (;plate VII) and mm (Plate XXV) spectral data 

(Tables I and II) substantiate the structure of this lmovm 

compound.. 

Preparation of Dimethyl dl-Di1n·omosuccinate (XXXVa). 

The procedure used. follows closely th8it of Ing and PerkinJO 

and is the same as that used in the preparation of XXX:Vb 

(page 49 ) except for materials used and reaction time. A 

500-ml., three-necked flask equipped as usua] was charged 

with a solution of 50 g. (0.35 mole) of dimethyl maleate 

(XXXIVa) in 250 ml. of ether. The flask was cooled by an 

ice bath and protected from direct sunlight by a cloth. 

Bromine ( 5 6 g. , 0. 3 5 mole) was added from the addition f·m1-

nel over a period of 0.25 hour. The reaction mixture was 

stirred for about 7 hours until the pale yellow color in-

dicated the end of the reaction. Workup in the manner prev

iously described (see.page49) resulted in a yellow oil 

which was crystallized from a-hexane to yield 40 g. (38%) of 

white crystals of XXXVa, m. p. 40-42° (lit.JO 43°). 

The IR (Plate VIII) and NlVIR (Plate XXVI) spectral data 

( Ta1:)les I s.na. II) further substantiate the stru.cture of this 

known compound. 

Preparation of Di-n-Propyl Bromofumarate (XXXVIc). A 
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1-liter, three-necked flask was equipped in a manner prev

iously describec1 (see page 49) and charged with a solution 

of 98.3 g. (0.49 mole) of di-~-propyl maleate (:XXXIVc) in 

250 ml. of dry ether. The flask was cooled in an ice bath 

and protected from direct sunlight by a cloth. Bromine 

(80 g., 0.50 mole) was added from the addition furi..:nel over 

a period of 1 hour and the mixture was stirred for 24 hours .. 

The same worku.p as in previous experiments was followed ( see 

page 49). Triethylarnine (50.5 g .. , 0 .. 50 mole) was added to 

the ether solution and stirred for 12 hours and filtered. 

The ether was removed and the resulting yellow oil was dis~

tilled, b. p. 110°/1.8 mm., yield 110 go (81~). 

The NMR spectrum showed a triplet centered at 6 1.10 

(-CH2CH2qg3), a multiplet centered at 6 1.67 (-CH2CH2cH3), 

two nonequivalent triplets centered at 6 4.13 and 6 4.19 

and a singlet at 6 7.39 (-C.£!.CBr). ~inor impurities dis

played singlets at o 6.74 and 6 6.43. 

Reaction of Ammonia with Dimeth.yl meso-Dibromosuccinate. 

(XXXVIIIa). A 500-ml., three-necked flas.k was equipped 

with an addition funnel, a condenser filled with dry ice, 

a thermometer, a drying tube (CaC12) and a magnetic stirrer. 

A solution of :XXXVIIIa (25 g., 0.82 mole) in 200 ml. of 

methanol was placed in the flask and 8.3 g. (0.082 mole) 

of triethylamine was added and the reaction mixture was 

heated at 65° for l hour. A solution of 3,.2 g. (0.20 mole) 

of ammonia in 100 ml. of methanol was added dropwise from 

the addition funnel over a period of 6 hours while the re-
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action mixture was being heated at 60-650. Heating was con

tinued for 2 additional hours. The methanol was evaporated, 

the residue was extracted with ether and the resulting solu

tion filtered. The ether was removed leaving 9.3 g. of a 

brown oil. An ether solution of this oil was analyzed by 

GLC on the usual columnd with the following temperature 

settings: Colu.mn, 200°; injector, 260°; detector, 288°. 

The helium flow-rate was 49 cc./min. Two peaks were observed 

at retention times of 10.6 and ~2.8 min. in a ratio of 2.6:1. 

A portion of the oil (2.0 g.) placed on a column .of 

neutral alumina and successively eluted with n-hexane, ben-
... ' . -~ 

zene and ether gave analytical amounts of two components. 

The first compound el1+ted was a colorless oil which partial

ly crystallized after several hours. Its melting point 

could not be determined since it was not fully crystalline 

at room temperature. Analysis by GLC on the column used 

above showed that this compound had a retention time of 

10.6 min., and subsequently identified by IR. (Plate Il) and 

· mm (Plate XXVII) s1ectral1 date (Tables I and II) as dime

thyl wninofumarate (XLia). 

Anal. Calcd.for c6~9No4: c, 45.28; H, 5 .. 70; N, 8.80. 

Found: C, 45.29; H, 5.79; N, 8.86. 

The second component eluted from the alumina column 

was a· colorless oil which had a retention time of 12.8 min .. 

by GLC analysis using the column and conditions previously 

described •. This compound was identified by. IR (Plate XII) 

and mm (Plate :x:n;) spectral data (Tables I and. II) as 
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dimethyl aziridine-2, 3-dicarboxylate (XLa). 

~· Calcd.for c6H9No4: 0 1 45.28; H, 5.70; N, 8.80. 

Found: C, 44.62; H, 5.76;. N, 8.99. 

After a few days a brovm. solid which was insoluble in 

ether formed in the bottom of the bottle containing the re

action mixture. WMR analysis also showed that the peaks 

attributed to aziridine XLa were decreasing in size .. 

Reaction of Ammonia with Dimethyl dl ... Dibromosuccinate 

(XXXVa). The same reaction conditions and workup were used 

as in the previous reaction. Materials were the same except 

that dl-dibromide XXXVa was used instead of meso-dibromide 
~ 

XXXVIIIa. Workup of the reaction yielded 11 .. 6 g. of a brown 

oil which was analyzed by GLC using the same column and' con

ditions as with the previous reaction. Mixed injections of 

this oil and the oil obtained from the previous run showed 

the presence of enamine XLia and aziridine XLa. Analysis of 

this mixture by NlVIR was performed by integrating the peaks 

at 6 5.35 and 6 2.,81 attributed to the vinyl proton on 

enamine XLia and the ring protons on aziridine XLa, respect-

ively. This analysis showed an enamine-aziridine ratio of 

6 .. 1:1. After a few days the same brown substance appeared 

in the bottom of the reaction mixture as in the previous 

reaction. 

Reaction of Ammonia with Diethyl meso-Dibromosuccinate 

(XXXVIIIb)-Run 1. A 500-ml., three-necked flask was equip

ped as usual (see page 53) and charged with a solution of 

XXXVIIIb (25 g .. , 0.075 mole) in 100 ml. of absolute ethanol 
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and heated to 65°. ADlmonia (3.74 g., 0.23 mole) in 150 ml. 

of ethanol was added dropwise from the addition funnel over 

a period of 3 hours and heating at 65° was continued for 1 

additional hour. Evaporation of the ethanol was done on a 

flask evaporator to give a residue which was extracted with 

dry ether. The resulting solution was filtered to remove 

the ammoniwn bromide, and the ether was evaporated from the 

extract leaving a brown oil. Distillation of the oil gave a 

fraction boiling at 111-116°/1.4 mm.; yield, 11.5 g. of a 

yellow liquid. 

GLC analysis using the same column and temperature set

tings as before showed three peaks at retention times of 

8.1, 11.5 and 13.1 minutes. The peak at -8.1 min. was iden-

tified by mixed injections as the vinylic bromide XXX:IXb. 

The peaks at 11.5 min. and 13.1 min. were collected by pre

parative gas chromatography using the same GLC colurnnd and 

analyzed. 

The peak which had a retention time of 11.5 min. wns 

identified by IR (Plate X) and NMR (Plate XXVIII) spectral 

data (Tables I and II) as diethyl aminofumarate (XLib) n~4 

1.4899 (lit. nii0 1.4928). 22 

Anal. Calcd.for c8H13No4: C, 51.33; H, 7.00; N, 7.48. 

Found: C, 49.81; H, 6.92; N, 7.02. 

Obviously some of vinylic bromide XXXVIb was present 

since XXXVIb and XLib have almost identical retention times 

and small amounts would be hard to detect. 

The peak which had a retention time of 13.1 min. was 
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subsequently identified by IR (Plate XIII) and IDIIR (Plate 

XXXI) spectral data (see Tables I and II) as diethyl aziri

dine-2,3-dicarboxylate (XLb), m. p. 52-53°. 

~- Calcd.for Cslii3N04: c, 51.33; H, 7.00; N, 7.48. 

Found: C, 51.46; H, 6.80; N, 7.52. 

It was later found that pure XLb could be obtained by 

cooling a hexane solution of the mi;x:ture to Dry Ice-acetone 

temperature and filtering. 

Reaction of Ammonia with Diethyl dl-Dibromosuccinate 

(:XXXVb)-Run 1. The procedure and materials employed were 

the same as in the previous reaction (page 55) except that 

dibromide XXJt--Vb was used instead of :X:XXVIIIb. Workup in 

the usual manner showed the presence of the same products 

(:x.pcIXb, :X:XXVIb, XLb and XLib) as in the previous reaction. 

Exact ratios could not be determined because of overlapping 

peaks attributed to vinylic bromide XXXVIb and enamine XJ;iib. 

Subsequent reactions were followed by GLC and NMR and 

carried essentially to completion by observing the disap-

pearance of vinylic bromides (XXXIXb and XXXVIb). 

Reaction of Ammonia with:XXXVIIIb-Run 2. A 500-ml., 

three-necked flask was equipped as in Run 1 and charged with 

a solution of XXXVIIIb (25 g., 0.075 mole) in 150 ml. of 

absolute ethanol. The mixture was heated to 65° and a sat

urated solution of ethanolic ammonia (150 ml.) was added 

from the addition funnel over a period of 1.5 hours; heating 

at 65° was continued for 1 more hour. T.he usual workup 

(page 55) gave 12. 7 g. of a brown oil which was analyzed by 
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GLC and showed the presence of only two products identified 

by mixed injections and mm analysis as aziridine XLb and 

enamine XLib. Integration of the area under the peaks 

showed the aziridine-enamine ratio to be 1:2. 

Reaction o.f. Amm.onia with XXXVb -Run 2. The procedure 

employed was the same as for Run 1 using 25 g. (0.075 mole) 

of XXXVb. Workup in the usual manner yielded 11.8 g. of a 

brown oil. GLC and m.m analysis showed the same two pro

ducts (enamine XLib and aziridine XLb) as from the reaction 

of ammonia with X:XXVIIIb. The aziridine-enamine ratio was 

1:1.9. 

Reaction of Ammonia with a Ivlixture of Yinylic·Brornides 

XXXIXb and XXXVIb. A 1-liter, three-necked flask was equip

ped in the usual way (page 55) with the exception of a dry 

ice condenser which was replaced by a Friedrichs condenser. 

A solution of 85 g. (0.34 mole) of XXXIXb and :XXXVIb (prev

iously analyzed as containing 60% :XXXIXb and 40% :XXXVIb) in 

500 ml. of absolute ethanol was placed in the flask and 

heated to reflux. Dry ammonia gas was bubbled into the so

lution through a gas inlet so as to maintain the temperature 

at 75-80°. After 2.5 hours the solution was cooled and the 

ethanol was removed on a flash evaporator. The residue was 

taken up with 200 ml. of dry ether and the resulting solu-

tion was filtered. RemoYal of the ether left 58 g. of 

an orange oil. Analysis of this oil by Nl\lIR showed the pres

ence of aziridine XLb and enamine XLib in a 1:1 ratio. This 

analysis showed no peaks attributable to vinylic bromides 
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XXXIXb or XXXVIb or any other products. 

The orange oil was dissolved in about. 200 ml. of!!

hexane and cooled in a Dry Ice-acetone bath. After several 

minutes of stirring, crystals began to form and after about 

15 min. the mixture was filtered. Recrystallization of the 

solid from n-hexane yielded 13 g~ ( 2 ]%) of pure XLb, m. p. 

52-53°. Molecular weight, 181; theoretical, 187. 

The_Nlm and IR spectra of XLb obtained here were iden

. tical to thos·e obtained of the solid material from all prev

ious reactions of ammonia with XXXVIIIb, XXXV'b, XXXIXb and 

XXXVIb • 

. Reaction of Ammonia with Di-n-Fropyl Bro111ofwnarate 

fXX:X:VTc). . _A 1-li ter, three-necked flask was equipped as 

usual (pa.ge 55) and charged with a solution of ~Ic (100 

g.; 0.36 mole) in 300 ml. of 1-propanol. The m:i.xture 'was 

heated to 90° and ammonia (18.3 g., 1.1 mole) dissolved in 

2()0 ml. of 1-propanol was.added dropwise over a period of 1 
0 .. 

hour. The reaction was heated at 90 and followed by tak-

ing aliquots every 15 min., evaporating the 1-propanol, ex

tracting· with ether and analyzing the solution by GLC on 

the usual column.a lt was possible to follow the reaction 

by noting the disappearance of vinylic bromide (;xxvrc). 

After heating for l hour (after the rumnonia was added), 

GLC analysi~ showed that the reaction was ess.entially com

plete on the basis of the absence of peaks attributed to 

. vinylic bromide XXXV.Ib. 

The reaction mixture when worked up in the manner de-
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scribed above left 69 g. of an orange oil. 

GLC analysis of the oil was possible with the same col

umn employed above using the following temperature settings: 

column, 200°; injector, 260°; detector, 288°,. Helium flow

rate was 49 cc./min. Two peaks were observed at retention 

times of 16.7 and 18.5 min. The ratio could not be deter-

mined accurately because of slight overlap of the two peaks, 

but the peak at 16.7 min. was the larger of the two. 

NMR analysis of the mixture showed a singlet at 6 5.48 

attributed to di-n-propyl aminofumarate.XLic and a singlet 

at 6 2.86 attributed to the ring protons on aziridine XLc. 

Integration of these two peaks gave a product ratio of 

56:44, )~Le to XLic. 

Attempts to freeze out one of the products at Dry Ice

acetone temperatures failed. Chromatography on acid-washed 

and neutral alumina was tmsuccessful, yielding only mixtures 

of the two products. 

Distillation of a few ml. of the mixn1re gave about 

40% yield of a yellow liquid, b. p. 92-94°/0.l mm. The re-

mainder of the material appeared to polymerize and turn 

black in the pot. GLC analysis of this oil showed it to be 

a pure product (XLic) corresponding to the peak at 16.7 min. 

retention time. 

~· Ca.led.for c10H17No4: C, 55.80; H, 7o96; N, 6951. 

Found: C, 55.98; H, 7.99; N1 6.48~ 

The IR (Plate XI) and NMR (PlateXXIX) are consistent 

with the proposed structure (see Tables I and II)o 
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>React~?Il: of_ :p-Anisidine with Vi&licBrom~de~_JP(XIXb 

and XXXV'Ib. A 200-ml., three-necked flask was equipped as 

usual (page 58). A solution of vinylic bromides.XXXIXb and 

XX:X:VIb __ {10.3 g., 0.04 mole), which had been analyzed as a 

60:40 mixture, and 4.1 g. {0.04 mole) of triethylamine in 

50 ml. of absolute ethanol were placed in the flask • .12.

Anisidine {5.0 g., o.04·mole) in 25 ml. of ~thanol was added 

over a period of 5 minutes and the mixture heated at reflux 

for 3 hours. The ethanol was evaporated and the mixture was 

filtered. Evaporation of the ether left a yellow oil (11.9 

g.) which was analyzed by NIVIR. 

The NMR spectrum of the ·crude reaction product in cc14 

showed a singlet at 6 3.29 attributed to the ring protons on 

the diethyl l-(p-methoxyphenyl)aziridine-2 1 3-dicarboxylate 

__ (XLYJ and a singlet at 6 5. 28 attributed t? the vinyl proton 

on the corresponding enamine XLVI. A very small peak was 

observed at 6 2.85 which was attributed to the r;i.ng protons 

on the cis isomer of XLV. 

The ratio.of enamine XLYI to· aziridine XLV was 1.7:1. 

cis~Aziridine XLV made up less than 5% of the total product • . ~ .... 

Preparation of .Diethyl 1-(p..-Ni trobenz.oyl)aziridine-2, 3-
. -.··- .... - .. ·· ; . ... .· . " ... ·- - ... · - .. . . ... . . . . . ' . . 

___ diearboxylate (XLIII)-. T;his procedure is similar to the one 

employed by Heine. 25 A 200-ml., three-necked flask was 

equipped with a condenser, a drying tube {QaC12), a nitrogen 

inlet, an additional funnel and a magnetic stirrer. Aziri

dine ~b (1.0 g., 0.0054mole) dissolved in 25. ml. of dry 

ether and 0.54 g. (0.0054mole) of triethylamine was placed 
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in the flask. ~-Nitrobenzoyl chloride in 25 ml. of dry 

ether was added dropwise over a period of 45 minutes a:nd the 

reaction was stirred for 10 hours under nitrogen. The tri-

ethylamine hydrochloride was removed by filtering and the 

filtrate concentrated on a flask evaporator leaving a yellow 

oil. The oil was dissolved in a minimum amount of benzene, 

and n-hexant;:l was added u..ntil the solution became cloudy. -
After a few hours a yellow crystalline solid precipitated. 

Recrystallization from benzene-hexane gave 1.4 g. (75~) of 

pure XLIIT, m. p. 86-87°. 

~· Qalcd. for C:i_ 5H16N2o7; C, 53.57; H, 4.80; N, 8.33. 

Found: C, 54.21; H, 5.05; N, 8.17. 

The mm (Plate XXXII) and IR (Plate XIV) spectral data 

(see Tables I and II) are consistent with the assigned 

structure of this compound. 

Several other derivatives were prepared including the 

1-benzoyl, 1-acetyl and 1-chloroacetyl derivatives, but the 

products were not crystalline and were consequently diffi

cult to purify. 

Preparation of Diethyl 1-(2,4-dichloropheno:,gacetyl)

aziridil'.le-2, 3-dicarbo:qlate (XLVIII).. A 200-rnl., three

necked flask was equipped with a condenser, a drying tube 

(CaC12) and an addition funnel, and charged with 2.0 g. 

(0.011 mole) of XLb. A solution of 2,4-dichlorophenoxyace

tyl chloride (2.6 g., 0.011 mole) in 30 ml. of dry ether 

was added dropwise from the addition funnel over a period of 

0.5 hour. The reaction mixture was stirred at room tempera-



ture for 18 hours and filtered. Removal of the ether from 

the filtrate left a white crystalline solid (XLVIII) which 

was recrystallized from benzene-hexane (m. p. 110-111°), 

yield 3.4 g. (82~). 
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~· Calcd.for c16H17q1 2No6: C, 49.2~; H, 4.38; N,3.59. 

Found: C, 48.97; H, 4.20; N,3.78. 

The IR (Plate XVI) and mm (Plate XXXIV) spectral data 

(Tables I and II) are consistent with the structure of this 

compound. 

Isomerization of XLIII with Sodium Iodide. This pro

cedure follows the method of Heine. 25 A 50-ml., one-necked 

flask was equipped with a condenser, a drying tube (CaC1 2) 

and a magnetic stirrer. A mixture of 200 mg. (0.00107 mole) 

of XLIII and 89 mg. of sodium iodide in 20 ml. of dry ace-

tone was placed in the flask, and the mixture was heated at 

reflux for 3 hours. After stirring at room temperature 

overnight, the acetone was evaporated and the residue ex

tracted with ether, and the resulting solution was filtered·. 

The ether was evaporated from the filtrate ru1.d a yellow oil 

remained (approx. 200 mg.). NMR analysis did not show a 

pec,k at 6 3. 67 for the ring protons on XLIII, but instead 

showed a AB quartet (J=6.8 c.p.s.) centered at 6 5.23 

(ring protons on oxazoline L). 

The IR (Plate·rv) and NlV.IR (Plate XXXIII) substantiate 

the structure of this compound. 

Preparation of Di-n-pro;e;yl 1-(;e-Nitrobenzoyl)aziridine-

2,3-dicarboxylate \XLII). · A three-necked flask was equipped 
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in the usual manner (see page 61) and charged with a solu-

.tion of 5.0 g. of the reaction mixture from the reaction of 

ammonia with :XXXVIb (containing 2.3 g., 0.011 mole) of ]Le 

in 10 ml. of dry ether. R_-Ni trobenzoyl chloride '(2.3 g., 

0.012 mole) was added from the addition funnel and the re

action mixture was stirred for 6 hours under nitrogen. Fil

tration of the mixture and evaporation of the ether gave a 

yellow oii. The oil was dissolved in a minimum amount of 

benzene, and n-hexane was added until the solution became ...... . 

cloudy. The solution was placed in the refrigerator, and 

after 3 days the yellow solid which had precipitated was 

filtered out. Recrystallization from benzene-hexane yielded 

1.5 g. (53%) of XLII,m. p. 63-63.5°. 

Anal. Calcd.for c17H20N207: C, 56.04; H, 5.53; N, 7.69. 

Found: C, 56.18; H, 5.58; N, 7.80. 

The IR (Plate XVIII) and mm. (Plate XXXVII) spectral 

data (see Table I and.II) further substantiated the structure 

of this compound • 

. ltttempted Epimerization of Aziridine XLb. with. Sodium 

Carbonate in Acetonitrile. A 50-ml., one-necked flask was 

e.quipped with a condenser, a drying tube (Ca012) and a mag

netic stirrer. A solution of XLb (1.0 g., 0.0054 mc,le) in 

4 ml. of acetonitrile was placed in the flask, and 0.57 g_. 

, of Na2903 was added. . The reaction mixture was heated> at 

reflux for 3 hours. ·The.aceto1:-itrile was evaporated and· 

the residue.taken up in ether and filtered. The resultin~ 

yellow oil was crystallized from n-hexane and gave o.8 g. 
. ... . .· ......... ... · ... 
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of crystals, m. p. 52-53°. 

The NMR spectrum (Plate XXXVI) showed that the singlet 

at 6 2.85 in XLb had been split into a doublet (J=9~Cc.p. s.) 

and the Elinglet at 6 lo80 wae split irito a l)road tripi'et (J= 

9.0 c.p.s~)-, Addition of n2o caused the peak at o 1.80 to 

dis~ppear and the doublet_ at 6 2.85 coalesced into a singlet. 

Tl1.¢ IR ~peetr.tun )f ~his compound was identical to that of XLb. 
. .• . .. ~· . . 

Attempt-ea Epimerization of Az~ridir1.e XLb with Sodium 

. Ethoxide. A 50-ml. , one-necked flask was equipped as in the . 

previous reaction and charged with 1.0 g~ (.0.0054 mole) of 
. . 

XLb in 10 ml. of 0.5 molar sodium ethoxide. The mixture was 

heated at reflux for 5 min. and cooled to room temperature. 

Ten ml. of water was added but no precipitate was observed. 

The mixture was extracted with two 50-ml. portions of ether. 

The ether was evaporated from the extract to give a yellow 

oil which on crystallization from hexane yielded 0.5 g. of 
0 white crystals,·m. p. 52-53. 

The NMEi spectrum of this compound was identical to that 

of the compound _(:z;Lb) obtained from the previous reaction • 

. Isomerization of Aziridine XLb itJl;o Enamine XLib. A 10-

ml. , two-necked flask was equipped with a thermometer, a con

den_ser and a dr;ving tube (CaC12). Aziridine XLb_(0.2 g.) 

was placed in the flask and heated at 125-135° forl.5 hours. 

The compound turned dark on heating. Analysis of the resi

due by NMR showed that there had been an 85% conversion to 

enamine.XI!Ib. 

Attem4?ted Preparation .of Diet911 l;:(oipheni(~;phosphinyl)-
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aziridine-2 23-dicarboxylate (XLVII). A 50-ml., one-necked 
F7FS1. I . , . 

flask was equipped with a magnetic stirrer and charged with 

1.0 g. (0.0054 mole) of XLb and 4 ml .. of pyridine. Diphenyl

phosphinic chloride {1.0 g., 0.0064 mole) was added and the 

flask sealed with a cork. The reaction mixture was stirred 

at room temperature for 6 hours and the pyridine was re-

moved under vacuum. The residue was taken u:p in ether and 

filtered to remove the pyridine hydrochloride. Evaporation 

of the ether gave la9 g. {92%) of a honey-like subs-tance 

which was dried in a vacumn oven at 60° for 3 hours to re-

move traces of pyridine. The material could not be crystal

lized by use of methylene chloride-E;-hexane or benzene-hex-

ane. 

The.NMR spectrum (Plate :XXXV) indicated that addition 

did take place since the ring protons are split into a 

double·t(JP-N-C-H = 12.5 c.p.s.). 

The IR spectrum (Plate X.VII) indicates some ring open

ing did occur due to the presence of a band at 3460 cm.-l 

(NH). 

Attempted Preparation of Diethyl 1-(p-Toluenesulfonyl)-
' . . . . . 

aziridinG-· 2,3- dicarbo&l~te(XLyrx;. A 50-ml., three-necked 

flask was equipped with an addition funnel, a condenser, a 

drying tube (CaC1 2), a nitrogen inlet and a magnetic stirrer. 

A solution of XLb (1.0 g., 0.0054 mole) in 3 ml •. of pyridine 

was placed in the flask. ,I?.-Toluenesulfonyl chloride (1.02 

g., 0.0054 mole) in 2 ml. of pyridine was added from the 

addition f1illlllel, and the reaction mixture was stirred under 



67 

nitrogen for 4 hours. The pyridine was removed under vacum:n, 

the r~sidue extracted with ether, and the solution filtered. 

The ether was removed and the resulting oil was crystallized 

from benzene-hexane, m. p. 104-105°; yield 1.1 g. 

When treated with a silver nit~ate solution, an ethano

lic solution of this solid gave a precipitate. 
I 

The NMR showed a broad peak at 6. 5.74 (NH) which dis-

app~ared when n2o was.added to the sample. The presence of 

a band at·3240 cm.-1 in the IR spectrum also indicated that 

ring opening had occurred • 

. . .. Att.empted Ph?sphorylation of Aziridine XL..b using. Tri-

eth{lamine as.the Acid Scavenger. Attempted phosphorylation 

of XLb with phosphorus oxychloride, phenylphosphinous di

chloride, diphenylph<:>sphinic chloride, diphenyl phosphoro

chloridate and pllenylphosphonic \iichloride using benzene or 

ether as the solvent and triethylamine as the base, failed 

to give any addition to the aziridine. There appeared to be 

some type of complex forming between the phosphorus halide 

and triethylamine, possibly the phosphoniurn salt. 

Preparation of p-Nitrobenzoyl Azide (XLIV). The pro

cedure follows closely that of Cabat6 used in the prepara-
. . 

tion of benzoyl azide. A 200-ml. three-necked flask was 

equipped with an addition funnel, a drying tube (CaC12), a 

thermometer and a magnetic stirrer. A solution of sodium 

azide (7 g., 0.108 mole) in 20 ml. of water and 10 ml. of 

acetone was placed in the flask and cooled to 10°. A solu

tion of .E_-nitrobenzoyl chloride in 10 ml. of acetone was 
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added from the addition funnel over a period o:f 0.5 hour. 

The reaction was allowed to stir overnight while coming to 

room temperature. The mi~ture was extracted with 125 ml. of 

ether. ifter tne ether solution was washed three times with 
l 

15-ml. portions o:f 10% NaOH and twice with 50...:m1. portions 

of ~ater, it was dried overnight (Mgso4). Removal of the 

ether under aspirator pressure at room temperature gave 

product, yield 9.4 g. (90%). m. p. 64-65° (lit. 46 m .. p. 65°). 

Reaet~on of p-Nitrobenzo:l Azide (XLIV) with :X:XXVIIb. 

A 200-ml. three.....;necked flask was equipped as in the previous 

reaction. A solution of diethyl fumarate (:XXXVIIb) (8.4 g., 

0.049 mole) in 50 ml. of benzene was placed in the flask:; 

and 9.4 g. (0.049 mole) of azide llIV dissolved in 50 mlG 

of benzene was added dropwise over a period of 2 hours. The 

react~on was stirred at room temperature for 2 weeks. The 

progress of the reaction was checked frequently by NMR, but 

no addition to the diethyl fumarate could be observed. A 

yellow precipitate formed as the reaction progressed. It 

was identified as N,N 1 -bis(:E_-nitrophenyl)urea by comparison 

of its IR. spectrum with that of a known sample. 

~hotolysis of a mixture of azide XLIV and diethyl fum

arate in hexane for 10 hours with UV light gave only 

N,N'-bis{l?_-nitrophen:yl)urea as the product. 
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