
aqueous solution was made alkaline to pH 8 with concentrated K2CO~ solution, and the acicular 
precipitate was removed by filtration, dried, and recrystallized from methanol. The yield 
was 0.96 g (85%). 
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NEW DATA ON DERIVATIVES OFI-ALKOXYAZIRIDINE-2-CARBOXYLIC ACIDS* 

A. V. Prosyanik, S. V. Bondarenko, 
V. I. Markov, I. I. Chervin, 
M. Do Isobaev, S. D. Kushch, 
and R. G. Kostyanovskii 

UDC 547.717:541.634 

Esters of B-alkoxyamino-~-bromopropionic acids were obtained by reaction of ~,B- 
dibromopropionic acid esters with alkoxyamines in the presence of triethylamine 
at 20~ for 1 month. When the products are refluxed in acetonitrile in the presence 
of triethylamine, they are converted to aziridines. Selective amidation of the 
alkoxyaziridines with excess dimethylamine in absolute methanol in the presence 
of sodium methoxide leads to enrichment with the cis isomer. The parameters of 
inversion of the nitrogen atom in the alkoxyaziridines were determined. 

An increase in the fraction of the cis isomer as the volume of R is increased was ob- 
served in the preparation of methyl l-alkoxyaziridine-2-carboxylates from methyl ~,B-dibromo- 
propionate and alkoxyamines (RONH2) (in acetonitrile in the presence of triethylamine, at 
20~ for 4 days, followed by refluxing for 5 h) [2]. The irreversible cis--trans isomerization 
that is possible under these conditions evidently does not affect the ratio of the isomers 
formed (see [2] and the information presented below). 

To exclude postisomerization of the l-alkoxyaziridines, the reaction was carried out at 
20~ for 1 month (according to the data in [2], ~I/2 > i00 yr at 20~ However, only the 
corresponding ~-alkoxyamino-~-bromopropionic acid esters I-VI (Table I), which are stable at 

. R'ON"2 (C2"shN //~e + c~ 
BrCH~CHBrCO.~R (C,jis)~N - R'ONHCH,>CtlBrCO~,R Cil3CN N~IOR' 

I-Vl VIII-XII! 

I, VIII R=R'=CH~; II, IX R=CH3, R'=C2Hs; Iil, X R=CH3, R'=I-C3HT; IV, XI R=C2Hs; 
R'=CH3; V, Xll R=i-C~HT, R'=CH3: VI, Xlll R=/-C4Hg, R'=CH~ 

20~ and when they are heated briefly to 100~ are obtained in high yields in this case; 
refluxing in acetonitrile in the presence of triethylamine leads to the corresponding aziri- 
dines VIII-XIII (Table 2). 

The yields of the alkoxyaziridines increase as the refluxing time is increased, while 
the trans/cis isomer ratio decreases as the volume of the alkyl substituent in the NOR and 

*Communication 20 from the series "Asymmetric Unbridged Nitrogen"; see [i] for communication 
19. 
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TABLE i. 
RONHCH 2CHBrCOR ' 

I 
I Me IO),1e 

I1 Et ONe 
II[ i-Pr ONe 

IV Me OEt 

V Me Opr-i 

vI  Me OBu4 

VII Me [SMe 
! 

Derivatives of 8-Alkoxyamino-~-bromopropionic Acids 

IR spec, 
I tru_m, 

70---71 1,467911731 32703,44 3.83 
(3) 

83 (4) 1,4657 1732 3271 1,15 c 3,81 
82--8411,463511735 32711,02e 3,80 

(4) 
79--8011,46251172932663,51 1,33 f 

(3) 1 i 
79--8011,456111723; 3270 3,5 t 1,3zg 

(3) I 
81--8211,456011724 32723,50 1,48 

1733 4~4148 1,46941 327513,46 3,75 

PMR spectmm, 6, ppm a 

t �9 "Q o 
~. U 7 

,~ Empirical 
formula 

3,27 3,4314,5615,7116,6 

3,12 3.2814,5515,4516,2 
3,23 3,3q4 56t5,34]5,9 

3,27 3,4314,5515,6716,0 

3.26 3,4214,5015,7015,8 

3,22 3,3~14,4415,61 [5,5 

C~tlioBrNO3 6,6 63 

C6t{~2BrNO3 6,2 49 
CTIII4BrNO:~ 5,8 50 

C6th~BrNO3 6,2 t 63 
Czt-I14BrNO~ 5,8 55 

CsH.6BrNO3 5,5 27 

6,1165 
i 

3,22 3,3814,4615,64 [6,1 ICsH,oBrNO2S 

aAt 80 MHz, 10% solutions in CCI,. b2JH_ H = 7.5 Hz. cj = 7.00 

Hz. d6CH 2 3.82 ppm, J = 7.0 Hz. e6CH 3.82 ppm, J = 6.0 Hz. 
f6CH 2 4.28 ppm, J = 7.3 HZo g6CH 5.12 ppm, J = 6.5 Hz. 

TABLE 2. 

Com- 
pound 

VIII 
IX 
X 

Xt 
XII 

cis-XII 
XIII 
XIV 
XV 

XVI 
XVII 

Derivatives of l-Alkoxyaziridine-2-carbox~ 

bp, ~ 
(mm) 

57 (12) 
56--57 (5) 
50--5i (4) 
63--64 (7) 
67--68 (6) 
38--40 (2) 
75--76 (7) 
31--32 (3) 
44----45 (3) 

50.5--51 (:3) 
81--~52 (2) 

tTDt6 

1,4362 
1,4361 
1.4360 
1,4379 
1,4335 

t,4-~2 
1.4388 a 
1.4485~ 
1,4450 

IR spee d RNund, trum, | tram/eis 
UC= O, | ratio 
:m - i  ! ~/~ 

1732 
1732 
1732 
1730 
1726 
1724 
1723 
t730 
1728 
1730 
I745 

7,0 
4,3 
2,6 
3,0 
2,6 

cis 
2,1 
2,6 

trans 
trans 

3.0 

9,6 
8,8 

9,4 
8,7 
7,8 

19,5 

Empirical 
formula 

('6HnNO~ 
CTtlI3NO~ 

CsH~sNO~ 
CsHgNO2S 
(:6HuNO2S 
C71-I13NO2S 
C6H,2N202 

N 
talc., 

'i ic Acid s 

Yield, 

~0 

9,6 
8,8 

71 
9,5 
8.7 
8,0 

19,4 

49 
50 
40 
51 
53 
20 
44 
12 
35 
38 
67 

aThis is the nD18 value~ bThis is the nD2~ value. 

TABLE 3. 
of the Alkoxyaziridines with Time 

Change in the Yields and trans/cis Isomer Ratios 

Reaction Yield, % ( trans/cis ratio) a 

time, h ~l V I I I  IX X XI  XI I  X I I I  

50 (4,3) 
55 (2,0) 

4o (2.~) 
78 (1,3) 

22 (5,0) 

51 (3,0) 

31 (5,0) 

53 (2,6) 

4 33 (I0,0) 
5 
7 49 (7,0) 

15 (4,0) 

44 (2,1) 

aDetermined by PMR spectroscopy; the values were the same 
when the products were investigated before and after distil- 
lation. 

C02R groups is increased (Table 3). 

In the case of thiomethyl esters a mixture of cis and trans isomers was obtained only 
for the methoxyamino derivative; the pure trans isomers were isolated in the remaining cases: 
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RONH 2 
BrCtloCH BrCOSCiI~ Cll3CN ' (C,21t5)3N COSCIIj 

CH3ON HCH.~CH BrCOSClt~ CH3CN, (C~HsI3N 
VII 

XIV R=CII3; XV R=C21t~ XVI R=i-C3H 7 

We have previously observed trans stereospecificity of nucleophilie substitution at the 
ester group in esters of l-alkoxyaziridine-2-carboxylic [2] and -2,2-dicarboxylic [3] acids; 
this trans stereospecificity was confirmed by the results of x-ray diffraction analysis [i]. 
We used this phenomenon to enrich the aziridines with the cis isomer. Considerable enrich- 
ment of the unchanged residue with the cis isomer was achieved by one treatment of alkoxy- 
aziridines VIII and XI-XIII with excess dimethylamine in absolute methanol in the presence of 
sodium methoxide for 2 weeks. The pure cis isomer (cis-XII) was isolated in the case of 
ispropyl l-methoxyaziridine-2-carboxylate: 

(CI'I~)2N tt 
trans XII +eis-XII  . " 

CON(CH3) 2 CON(CH3),: CO2C3H7-i 

+ /OCH 3 + 
\OCH 3 ,' N 

XVil ( t ram: eis ~ 3  : 1) ois-XII 

The structures of all of the synthesized alkoxyaziridines were confirmed by their PMR 
spectra; typical data are presented for XVII (see the experimental section and [2]). 

The kinetics of the cis-trans isomerization of the alkoxyaziridines were studied by PMR 
spectroscopy, and the activation parameters of inversion (Table 4), which attest to only a 
slight change in the barrier to inversion of nitrogen as a function of substituents in the 
ROM and RO2C groups, were determined. The increase in the barrier in the case of alkoxyazir- 
idine XVII can evidently be explained by a decrease in the effective volume of the planar 
amide group. 

TABLE 4. Activation Parameters for the Inversion of Nitrogen 
in Alkoxyaziridines a 

Compound 
Starting per-  
cnentage of the 
cis isomer, % 

Observed 
group 

k .  I0 ~b 

see-1 

;e 
A G~z0 

kJ /mole  

xl! 2 (12o~ 
h 

VIII 
IX 
X 

XI 
XII 

XIII 
XIV 

XVI I  
XVIII 

18,3 
22,4 
34,2 
35,0 
33,1 
38,3 
27,8 
29,3 
46,0 

MeO:C 
MeO2C 
MeO2C 
MeON 
MeON 
MeON 
MeON 
MeON 
MeON 

t .09 
2.32 
2,73 
3,44 
1,18 
1,88 
1,73 
0,40 
0,95 

134,3 
131.8 
131.4 
130,5 
133,9 
132,6 
133,0 
137.6 
134.7 

17,7 
8,3 
7.05 
5,6 

16,3 
10.2 
11,1 
48.1 
20,3 

aThe rates of isomerization [at 120 • 0.1~ in C2C14, and 
for XVII in CCI~ and XVIII (l-methoxyaziridine-2-carboxamide 
[2]) in CD~OD] in sealed evacuated ampuls were monitored by 
measurement of the integral intensities of the PMR signals of 
the indicated groups. The isomerization rate constants (k) 
were calculated by the method of least squares [4]) with a 
MIR-2 computer. The change in the free energy of activation 
of inversion (AG ~) was found from the Eyring equation [5]. 
The half-conversion time (Tz/2) was calculated from a first- 
order equation, bThe accuracy was • -5 . 
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One should note the closeness of the barriers to cis--trans isomerization of aziridine XI 
and to racemization of the corresponding symmetrically substituted (--)-l-methoxyaziridine-2, 
2-dicarboxylic acid ester [6]. This indicates that the configurational stabilities of sym- 
etrically substituted analogs; the study of which is beyond the limits of the possibility of 
the NMRmethod (AG# > i00 kJ/mole), can be estimated from the energy parameters of the cis-- 
trans isomerization of monosubstituted aziridines. 

EXPERIMENTAL 

The PMR spectra were recorded with a Jeol JNM-C60-HL spectrometer (60 MHz). The IR 
spectra were recorded with a UR-20 spectrometer. 

Ethyl ~,B-Dibromopropionate. A solution of 158 g (0.7 mole) of ~,8-dibromopropionic 
acid, 138 g (2.1 mole) of ethanol, and 7 ml of concentrated sulfuric acid in 250 ml of 
chloroform was refluxed in a Soxhlet apparatus (the extractor thimble was filled with MgSO~) 
for 48 h, after which the solvent was removed, and the residue was extracted with ether, 
washed successfully with 1% KHCO3 solution and water, and dried with magnesium sulfate. The 
ether was removed, and the product was vacuum distilled to give a product with bp 40-41~ 
(i mm) and nD2~ 1.5003 (see [7]) in 51% yield. 

Isopropyl ~,~-Dibromopropionate~ This compound, with bp 80-81~ (5 mm) and nD 2~ 1o4911, 
was similarly obtained in 69% yield. 

Thiomethyl a,B-Dibromopropionate. A suspension of 10.2 g (0.15 mole) of MeSNa and 36~ 
g (0.15 mole) of a,~-dibromopropionyl chloride in 150 ml of absolute ether was refluxed for 
1 h, after which it was allowed to stand overnight. The precipitate was removed by filtration, 
the filtrate was evaporated, and the residue was distilled to give the product, with bp 55~ 
(3 mm) and nD 2~ 1.5110, in 72% yield. 

Methyl B-Methoxyamino-a-bromopropionate (I) o A solution of 12.3 g (0.05 mole) of methyl 
~,8-dibromopropionate [7] in 50 ml of acetonitrile was added gradually with cooling to a so- 
lution of 2.35 g (0.05 mole) of methoxyamine and i0oi g (0.i mole) of triethylamine in 150 
ml of acetonitrile; the mixture was maintained at 20~ for5 days. The solvent was re- 
moved in the cold, and the residue was extracted with ether. The ether was removed, and the 
reaction product was distilled in vacuo to give 6.7 g (63%) of ester I (Table i). 

Compounds II-VII (Table i) were similarly obtained. 

Methyl cis- and trans-l-Methoxyaziridine-2-carboxylates(VIII). A solution of 8.9 g 
(42 mmole) of ester Iand 4.2g (42 mmole) of triethylamine in 150 ml of acetonitrile was re- 
fluxed for 7 h, after which the solvent was removed at 20~ and the residue was extracted 
with ether. The ether was removed, and the reaction product was distilled in vacuo to give 
2.7 g (49%) of aziridine VIII (Table 2). 

Compounds IX-XIII (Table 2) were similarly obtained. 

Thiomethyl cis- and trans-i-Methoxyaziridine-2-carboxylic Acids (XIV). A total of 0.44 
g (12%) of aziridine XIV (Table 2) was obtained from 1.2 g (25 mmole) of methoxyamine, 5ol 
g (50 mmole) of triethylamine, and 6.6 g (25 mmole) of thiomethyl a,B-dibromopropionate in 
150 ml of acetonitrile under modified conditions for the synthesis of ester I (by reaction 
at 20~ for 4 days and subsequent refluxing for 12 h). 

Compounds XV and XVI (Table 2) were similarly obtained. 

Isopropyl cis-l-Methoxyaziridine-2-carboxylate (cis-XII) and cis- and trans-l-Methoxy- 
aziridine-2-carboxylic Acid Dimethylamides (XVII). A solution of 14.8 g (0.102 mole) of a 
mixture of aziridines XII in I00 ml of absolute methanol saturated with dimethylamine was 
maintained at 20~ in the presence of MeONa for 2 weeks, after which the solvent and excess 
dimethylamine were removed, and the residue was distilled in vacuo to give 2.9 g (20%) of 
cis-aziridine XII [bp 38-40~ (2 mm)] and 9.0 g (67%) of a mixture of amides XVII with bp 
81-82~ (2 mm) (Table 2). PMR spectrum (80 MHz, CCI~), 6: cis isomer, 3.39 (MeO), 3.14 and 
2.84 (Me2N), 2.55 (HA) , 2.26 (Hc), and 1.90 ppm (HB) , JAB = 6.9, JAC = 6.2, and JBC = --2.1 
Hz; trans isomer, 3.45 (MeO), 3.17 and 2.85 (Me2N), 2.57 (HA) , 2.15 (Hc) , and 1.92 ppm (HB) , 
JAB = 8.5, JAC = 6.0, and JBC ----1.7 Hz. 

1.57 
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INDOLE DERIVATIVES. 120.* SYNTHESIS OF HIGHER m-(3-1NDOLYL)ALKANOIC 

ACIDS BY ALKYLATION OF INDOLE LACTONES 

B. Ya. Eryshev and N. N. Suvorov UDC 547.757.07:542.953 

The alkylation of indole with the tridecanolide, pentadecanolide, and oxo lactones 
of m-hydroxyethoxyundecanoic and m-hydroxybutoxyundecanoic acids was investigated. 
Higher indolylalkanoic acids,viz., m-(3-indolyl)undecanoic, m-(3-indolyl)tride- 
canoic, and m-(3-indolyl)pentadecanoic acids, were obtained. The scheme of the 
alkylation of indole with oxo lactones, and the difference in the rates of the re- 
actions of the ester and lactone bonds, were established from the reaction products. 

Methods for the preparation of y-(3-indolyl)butyric acid by the reaction of indole with 
y-butyrolactone in the presence of alkali in an autoclave at 250~ and in a solvent at normal 
pressure are known [2]. 

It seemed of interest to ascertain the possibility of the preparation of higher 3- 
indolylalkanoic acids by this method, and the use of other less aggressive catalysts. For this, 
we used lactones, such as the tridecanolide, pentadecanolide, and oxo lactones of ~-hydroxy- 
ethoxyundecanoic acid and m-hydroxybutoxyundecanoic acid, and various weak bases as the 
catalysts. 

The studies showed that the tridecanolide and pentadecanolide react with indole to give 
the corresponding acids in 62-95% yields. Under the given conditions, oxo lactones lla and 
lib form m-(3-indolyl)undecanoic acid in 10-15% yield. In addition to the acid, a substance 
that, according to the results of elementary analysis and IR spectroscopy, has the 3-indolyl- 
ethyl decyl ether structure, was isolated from the neutral reaction products by thin-layer 
chromatography (TLC). On the basis of the results, it may be stated that both the lactone and 
ether bond participate in the alkylation of indole with oxo lactones under the conditions 
presented above via the scheme: 

*See [i] for communication 119. 
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