ASYMMETRIC NONBRIDGEHEAD NITROGEN.
11.%# DERIVATIVES OF 1-ALKOXYAZIRIDINE-2,2-DICARBOXYLIC ACIDS

R. G. Kostyanovskii, V. F. Rudchenko, A. V. Prosyanik, UDC 542.91:547.71

1-Alkoxyaziridine-2~carboxylic and -?,2-dicarboxylic esters [2, 3] are typified by a
high nitrogen inversion barrier N(AG# = 30~32 kcal/mole); the electronegative substituents
on the ring N and C atoms determine their thermal and chemical stability while the function-
al groups control the possibility of reactions with chiral reagents. Derivatives of l-al-
koxyaziridine-2,2-dicarboxylic acids are therefore of interest for possible resolution into
optical antipodes with the N atom as the only asymmetric center.

The esters of these acids can be synthesized by the reaction scheme (Table 1, Fig. 1)

Br, RONH: ! (l]
CH,=C(COOEt)y <o BrCH,CBr(COOEt), TR RONCH,C{COOEL),
4 3N, 1
1 ! _ (1
KEtsN, MeCN

R=Me (I), Et (II), i-Pr (I1I)

Methylamine and aniline in this scheme yield l-methyl- and l-phenylaziridine-2,2-dicarboxylic
esters (IV) and (IVa). Attempted synthesis of an aziridine by reaction (2) gave only debro-
mination

-

MeONH, 2
Me,CBICBr(COOMe), —=——— == Me,C=C(COOMe), (2)

The formation of alkoxyaziridines seems to depend on the ratio of the rate of nucleophilic
substitution and subsequent cyclization to that of the competing debromination. The isola-
tion under equivalent conditions but in the absence of the alkoxyamine of diethyl methylene-
malonate only [scheme (1)] excludes the possibility of intermediate dehydrobromination.

Compound (I) is transesterified by prolonged refluxing in absolute methanol

MeOH/MeONa (3)
—_— \/IeO?ICHQ?(COOMe)g V)

though it remains unchanged by the action of I-methanol (in the absence of solvent, MeONa,
100°c, 20 h).

Nucleophilic substitution reactions (amination and saponification) involving the ester
group trans to the N-substituent of the l-alkoxyaziridine-2,2-dicarboxylic esters [2] are
stereospecific. Thus ammonolysis of (I) with a slight excess of NH; containing traces of
alcoholate at 20°C in EtOH gives monoamide (VIIa) while in MeOH partial transesterification
forms a 1l:4 mixture of (VIa) and (VIIia)

FATO HyNCO
N NH, NH N
mommona ) ieommteona (&) F _\I\ (4)
EtOCO OMe MeOCO OMe
(Via) (ViIa)

The PMR spectra indicate that the amides are formed as a single isomer (Fig. 2); the
second isomer cannot be detected in the reaction mixture after removal of the solvent and

*For Part 10, see [1].
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TABLE 1. Derivatives of 1-Alkoxy-2,2-Dicarboxylic Acids,

Hp COR’
bp, *€ (p, ! Found
Com-~ 1 2 Yield, mm Hg) and 20 ? 8 _ , %o
R R R n - i Calculated

pound B |mp, C B Rty e
(N Me |Et0 |EtO |53 |65-68(05) [1,4412|1739 49,70 | 746 | 6,44
49,76 | 6,96 | 6,45

(1n Et Et0 | Et0 | 425 | 80(0,5) |1,4411]1730 |52,05 | 7.62 | 6,04
94| 741 ) 606

(111) Pr | EtO | EtO |39 |81-82(0,5) [1,4419|1735 |5394 | 796 | 563
: 53,86 | 7,80 | 5,71

(IV) | (MeN) | Eto | EtO | 645 |69-70(06) [t,4410] - [5376 | 7.51 | 6,99
53,74 | 751 | 6,96

" Me | MeO | MeO |74 |66-67(05) [1,4453 1740 |[44,53 | 6,00 | 7,34
44,45 | 586 | 7,40

(VIa) Me | IN | EtO | 497 73 — |1730% {4456 | 6,43 1474
1685 (%468 | 6,43 | 14389

(VIb) Me |Et0 |HN |26 123 - |1m10*| 4450 | 647 | 1478
1665 14468 | 643 |1489

(Viia) Me | H,N | MeO | 344 98 ~ |1738=*141,20 | 567 [16,00
1690|7133 | 579 | 16,08

(VIII) i Me HN | H)N | 737 158 - [1720*|37,94 | 5,72 |26,40
1590 (3774 | 570 |3640

(IX) Me KO | EtO | 825 188 - ~ 186,99 | 447 | 6,25
(dec.) 3711 | 443 | 6,16

(Xa) Me |HO !|Et0 |95 67—68 — |1730%| 4444 | 586 | 745
1705 | 74,45 5@; 740

(XIb) Me | MeO | Et0 [100 |72(06-07) | — [1738 |47.40 | 6,65 | 6,67
: 47,29 | 645 | 6,89

*In KBr tablet.

unreacted (I). That the amides have the same configuration follows from the conversion of
(VIa) to (VIIa) by exhaustive transesterification of the reaction mixture (for assignment of
the configuration, see below). Unlike (I) [scheme (3)] transesterification of monoamide
(VIIa) can be carried out under mild conditions. Exhaustive ammonlysis of (I) with a large
excess of NH; goes easily at 20°C

excess NHs

MeOH/MeONa MeOl]lCH,CI {CONHz)y (5)

(VIII)

which we may attribute to activation of the ester carbonyl as a result of the intramolecular
hydrogen bond with the amide group (a six-membered ring).

Saponification of (I) by 1 mole of KOH in MeOH at 20°C gives the monopotassium salt
(IX), whence monoacid (Xa) can be isolated (Table 1)

"KoCo HOCO N RCH,0CO N
"KOH AN ITsOH RCHN; yd
O Seon |5—N MeoH s - }'—N (6)
e0 A AN N,
"EtOCO OMe - Et0CO OMe EtOCO OMe
(IX) (Xa) R=Me (1); H (XIa)

The PMR spectrum indicates that acid (Xa) is formed as a single isomer. It is excep-
tionally stable both when heated (120°C, 15 min) and also in acidic media and is easily
esterified by diazoalkanes (Fig. 1).

Monoamide (VIa) [scheme (4)] has a different PMR spectrum to that of isomer (VIb), pre-
pared by the following scheme (7).
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Fig. 1. PMR spectra (100 MHz, 5% molar solutions in CeHs) of:
a) (I); b) (XIa); c) equilibrium mixture of (XIa) and (XIb)
after heating (72 h, 100°C); d) MeOCO signals in (XIa) and
(XIb) (60 MHz) during thermal isomerization of (XIa) in CdCl;
at 100°C; the ratio of integrated intensities is 52.5:47.3.

KOCO HOCO

NH AN HCI \
(IX) ———s > . l/__ N -

MeOH MeOH N

EtOCO

MeCHN. AN A
= |4_ N =(VIa)
AN
HoNCO OMe
{VIb}

but it is identical to the latter's thermal isomerization product (Fig. 2). Consequently
(VIa) and (IX) have the same configuration and ammonolysis and saponification are thus equal-
ly stereospecific. The trans—-stereospecificity of these reactions is confirmed by the therm~—
al isomerization of the products (Table 2)
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Fig. 2. PMR spectra (100 MHz, 5% molar solutions
in CDCl;) of: a) monoamide (VIa); b) equilibrium
mixture of (VIa) and (VIb) after heating (50 h,
100°C).
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since the order of equilibrium isomer ratios (Table 3) accords with the known order of con-
formational energies of the substituents: EtOCO < MeOCO < HOCO < CO,~ [6]. We have previous-
ly established the configurations of l-alkoxyaziridine-2-carboxylic esters on the basis of
their irreversible cis—trans isomerization [2]

MeOCO MeQOCO
OR ‘
AN S AN

—_——

N
OR

R =Me (XI1), Et (XIII), i-Pr (XIV)

We assign the ring proton signals in the PMR spectra (Table 4) as we did those of the 1-
alkoxyaziridine-2-carboxylic esters [2], in terms of the relative broadening of the signals
Ca/p (Table 5), which is known to be greater for the protons cis to the nitrogen lone pair
[7, 8]. The reduction in Ca/g in the order (I) > (II) > (III) seems to arise from the in-
creasing repulsion between the RON and EtOCO groups, which causes a reduction in the inver-
sion barrier [see Table 2, (XII)-(XIV)] and accordingly an increase in the p-character of
the nitrogen lone pair (for a pure lone pair CA/B = 1). The low value of Ca/B for (Xa),
(Via), and (VIla) may be due to the existence of hydrogen bonding of the COOH and CONH.
groups with the cis-oriented nitrogen lone pair, since for example the protonation of al-
doximes considerably reduces the broadening of the signals [7]. This assignment is confirmed
by the change in the chemical shifts induced by an aromatic solvent (ASIS effect [9, 10]).
The conceptual basis of this effect is that the protons of groups solvated by the aromatic
solvent are shielded more strongly. Preferential solvation takes place on the side of least
electron density. The preferential solvation of imines and aziridines by benzene takes
place on the side of the N-substituent [10], but oximes and oxime ethers are solvated on the
side of the nitrogen lone pair [9]. On this basis we assign the higher ASIS effect in
alkoxyaziridines to the protons and groups thans to RON (Table 6). We assign the signals
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TABLE 2. Activation Parameters for Nitrogen Inversiom in

Alkoxyaziridines?®
Com- - < (66 AG=, | AG* T
Group Solvent . k108, | k105, Y 29
pound T, °C cec-1 |sec-1 gi;;/ gggéf h
(n®. - CClL {100 | 065 | - | 308 | - | 146
(XIa)' §MeOCO cbel, | 100 0,79 | 086 | 307 1306 | 117
(Xa)® | CH,(Et) CD;0D | 100 075 | 180 | 307 | 304 819
(VIID) CD;0D | 100 0.85 - 30,6 - 113
(VIIa)‘ Ring CH, CDCl, | 100 084 | 326 | 306 |296 47
(Via) |Ring CHy CDCl, 1| 100 075 | 299 | 307 |207 52
(VI6) |CH,(Et) CD,0D | 100 142 | 0331 302 {313 ] 140
(XII) MeOCO CeHe 142 | 137 - 319 - 14
MeOCO(MeON) | PhNO; | 142 |13.4(11,9) — [31.9(3200 — | 1,4(16)
MeOCO(MeON) | PhNO, | 121 | 58(57) | - 309 - 33
MeOCO{MeON}) | PhNO, | 100 | 0,38 - 31,2 - 50,7
(XIID) MeOCO CoHs 100 | 1,10 - 304 - 17,5
(XIV) MeOCO CsHs 100, | 1.80 - 301 - 10,7
(IV) Ring CH, cDCl, | 41 |k=2097| - 16,61 | — | 0012
\Ie? CDCl; 104 | k=466 | - 1647 | — | 0,074c
(IVa} ng CHFCl, | —45d | k=555 | — 11,4 —  10,54-10-2sec

aThe kinetics of isomerization on heating (accuracy *0.1°C)
in sealed evacuated tubes were followed by measuring the in-
tegrated intensity of the PMR signals of the particular
groups. The rate constants for isomerization (kig) were cal-
culated by least squares [4]. , The rate constants for nitro-
gen inversion in the direct (k) and reverse (k) reactions
were determined from kig for the reversible equilibrium pro-
cess. For the irreversible isomerization of (XII)-(XIV) kig
is numerically equal to kipy. The change in the free energy
of activation for inversion (AG7) was found from the Eyring
equation [5]. The half-life (t,/,) was calculated from the
equation for first-order reactions,

bFrom the kinetics of racemization of an optically active
sample [3]. ‘

CDecomposition of the sample (~10%) occurred during isomeriza-
tion.

dCoalescence temperature.

TABLE 3. Equilibrium Isomer Ratios of Alkoxyaziridines at
100°C (%)*

X OMe
Compound X v Solvent ]/ N <= L/ %
0 Me

(X1a) Me0OCO EtOCO CDCl, 52,5 41,5
(Xa) HOCO EL0CO CD,0D ~68 ~32

(VIia) H,NCO MeOCO CDCl, 79,5 20,5

(Vla) H,NCO Lt0CO CDCl, 799 20,4

. CD;0D 81,1 189
ax)t KOCO ELOCO CD,0D ] 100 ¢}

*From the PMR spectra at 60 MHz.
TIsomerization was not observed on heating for 50 h.

of the ROCO group in the symmetrical derivatives on the basis of the identical chemical
shifts of the cis~ or trans-ROCO group in the unsymmetrical derivatives; compare compounds
(1), (V), and (XIa), (XIb) (Table 4, Fig. 1). Identically oriented ROCO groups and ring
protons (cis or trans) show synchronicity of the ASIS effect (Table 6). Thus the nitrogen
lone pairs in alkoxyaziridines has a shielding effect on the ring protons and substituents
in comparison with the RON substituent.

We follow [2, 8] in assigning a negative sign to the JAB constant (Table 4), which is
also in accord with the increase in the absolute value of. JpAR in solvents of higher dielec-
tric constant [1ll]. Increased steric interactiens of the cis- orlented substituents in posi-
tion 1 and 2 is accompanied by increase in Jag.
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TABLE 4. PMR Parameters of Derivatives of l-Alkoxyaziridine-
2,2-dicarboxylic Acids (5% molar solutions in CeHs, 100 MHz,
8§, ppm, from TMS, J, Hz)

Com- Hring R! R? JAB
pound | | R=DMe
A B Me CH, Me CH; CeHs CClL, CDCl;
(1) 2,269 2,762 | 3,525 0,885 g,gozg 1,000 {41410 | -28 -2,6 |-29
ar) | 2266 |[2782] 09600 [0.835 |3:880 [0960 (4095 | ~26 | 24| ~
: 3,920 4,110
(111 2,242 2,787 | 1,020¢ {0,840 13,535 {0,980 [ 4,050 | —24 -22] -
1,150 3,650 4,065
(V) 2,210 (2,700 | 3,440 3230 | - 340 | — -2,9 -2,7
(VIa) 2,185 |[2849 | 3,45 - - 10985 4,085 | —28 -
(VIb) 2,582 (3455 3,510 0,875 3,875 | — - -2,5
(VIla) 2,148 |2,812 3,455 - - 3,370 - -2,9
(VIib) 2,542 3,118 | 3,490 3,270 - - —%,g a

(VIII)a | 2400 |2750( 3,560
(IX 2220 (2420 | 3487 -

(Xa)d:C 2531 |[2,781 3,593 -
(Xb)a 2448 12830 | 3,593 -
(X1a) 2275 [2,475] 3,525 3,310
(x1b) | 2313 [2775| 3515 [089%0 |3

ajn CDs0D (60 MHz).

b3,9 (CH,).

¢4,18 (CH).

dIn Ce¢Hs the signals in the PMR spectrum (100 MHz) are broad-
ened as a result of the formation of diasterometic associates,

since the signals are sharp in the spectrum of optically pure

(Xa) [3].

We have studied the mass spectra of the synthetic compounds. Electron impact induces
similar rearrangement fragmentation of (IV) and of the corresponding monoester [12]

1,210 | 4,080 | —2,22
1,204 | 4,294 | —3,02
1,268 {4,231 | -2.82
4105 | —28

[ O O A

|
n
-1

8riir1 11
(4]
&
[0
]

0
7 Ny COOEt
-Ete ~CoH,
(:;*COOH -~ {\X\ COOH =<5 \ ? :COOEt —
| v
|
Me Me Me
m/e 144 m/e 173 M*, m/e 201
(24, 8) (40, 43) (2%:.29)
. Bt o ? ~CyH, ? —ci0
~Ete -CO. ~CO +
— \‘\\&\ COOEt ——(/—> <:§—COOEt > {4 /; » MeN=CH
| T ] '
Me Me Me
m/e 172 - m/e 100 m/e 42
(100, 100) (60, 16) (75, 10}

and also of derivatives of l-alkoxyaziridine-2,2-dicarboxylic and -2-monocarboxylic acids

[2]
COX

H X
— U _HX .
\N~‘('/<COY - RO ( / —-:'—o RO‘{{I=CHC(COY)=CO (a)
b LY
i+ Coy

Here (a): (I) m/e 171 (58, 100); (II) m/e 185 (34, 100); (V) m/e 157 (100, 100); (VIa)
m/e 171 (100, 100) and m/e 142 (28, 24); (VIIa) m/e 157 (57, 100), m/e 142 (14, 29); (VIII)
m/e 142 (53); (Xa) m/e 171 (33); m/e 143 (43); (XIa) m/e 171 (73, 82), and m/e 157 (100,
100) with preferential loss of NH; in monoamides (VIa) and (VIIa) and also of EtOH in mono-
ester (XIa) (the relative intensities at 30 and 12 eV appear in brackets).
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TABLE 5. Relative Broadening
of the Ring Proton Signals
Cao/B* in the PMR Spectra of
Some derivatives of l-alkoxy-
aziridine-2,2-dicarboxylic
Acids (100 MHz, 57 molar solu-

tions)
Com-
pound C:ls ccl, cpel
V) 1.45 1,40 -
(1) 1,40 135 1,20
(1) 1,35 1,30 —
(111) 125 - -
(Xa) 1,20 — 1,25
(Via) 1.10 - 110
(VIia) - - 1,10

*Cp/B = DA/DB, where Dp and Dg
are the broadening of the sig-
nals of protons A and B. For
example Day = 100 (da/ha)/[(da/
ha) + (dg/hp) ], where dj and
dg are the total widths at
half-height; hp and hp are the
total peak heights, whence
Ca/B = dahp/dghp. The expres—
sion for the peak areas S) =
Sp = kpadahp = kpdghg, where
the coefficients are assumed
equal, kpy = kg, gives Cp/p =
hi/hi.

EXPERIMENTAL

Spectra were recorded with Varian HA-100 (100 MHz) and Jeol JNM-C60-HL spectrometers,
UR-10 and UR-20 spectrophotometers, and an MX~1303 mass spectrometer.

Diethyl methylenemalonate was prepared by the method of [13], yield 65%, bp 125-130°C
(25 mm); PMR spectrum {(CCl,, 60 MHz, §, ppm): 1.28 (Me); 4.10 (CHz), J = 7 Hz 6.18 (CH.=).
Diethyl o,B8-dibromomethylmalonate was prepared following [14], yeild 52%, bp 105-113°C (1.5
mm) .

Debromination of Diethyl o,B-Dibromomethylmalcnate. A solution of diethyl o,B-dibromo-
methylmalonate (19.6g, 0.06 mole) and EtsN (5.96g, 0.06 mole) in CH,CN (150 ml) was left for
seven days at 20°C; the solvent was removed and the product was extracted with ether. We
obtained diethyl methylenemalonate (3.15g, 35%), bp 125-130°C (25 mm), which was identified
with an authentic sample from the PMR spectrum.

Diethyl 1-Methoxyaziridine-2,2-dicarboxylate (I). A solution of diethyl a,B-dibromo—
methylmalonate (16.6g, 0.05 mole), methoxyamine (2.4g, 0.05 mole), and NEts (10.1lg, 0.1 mole)
in CHsCN (150 ml) was left for four days at 20°C, whereupon it was refluxed for 12 h. After
removal of the solvent the product was extracted with ether and distilled. We obtained (I)
(5.8g) (Table 1). We synthesized (II) and (III) by the same procedure (Table 1).

Dimethyl Isopropylidenemalonate was prepared by the method of [15], yield 42%, bp 63~
66°C (1 mm). PMR spectrum (Ce¢He, O, ppm): 1.45 (MeC); 3.36 (MeO).

Dimethyl o, R-Dibromoisopropylmalonate was prepared from dimethyl isopropylidenemalonate
(72.3g, 0.42 mole) and bromine (67.2g, 0.42 mole) in CHCl; (500 ml), yield 112 g (80%), bp
108-110°C (1 mm).

Attempted Synthesis of Dimethyl 1-Methoxy-2,2-Dimethylaziridine-3,3-Dicarboxylate. Under
the conditions of the synthesis of (I), dimethyl a,B-dibromoisopropylidenemalonate (16.6g,
0.05 mole), CH3ONH, (2.4g, 0.05 mole), and NEt; (10.1lg, 0.1 mole) yielded dimethyl isopropyl-
idenemalonate (5.2g, 60%), which was identified with an authentic sample from the PMR spec-
trum.
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TABLE 6. Change in Chemical Shifts Induced by Aromatic Sol-

C 5H 6
vent (ASIS effect): Av =V -V -
CGHE )t MVener, T Vepel, T Veen, 274 for (D-()
Av =V - % i
ccl, ccla VCsHs (5% molar solutions, 100 MHz)
Hring R! R?
Compound R==Me _
A B Me " CH; Me CH,
(0 26,2 9,4 11,7 39,3 34,0 31,5 20,5
34,5
(N* 15,0 -6,2 11,0 46,0 40,5 36,0 27,0
43,5 28,5
(11)* 11,6 -8,0 15,0 T 445 32,0 34,0 17,5
310 18,0
(1ID)* 147 =71 6,0 44,5 25,0 330 15,0
-20 24,5 16,5
(V)* 21,6 1,4 14,0 51,0 -~ | 310 -
(via) 33,3 11,1 24,5 - Lo- 32,5 23,5
(VIb) 19,9 0 16,5 42,5 3717 — -
(VIIa) 26,8 LA 150 - 2 455 -
(VIIb) 22,6 1.3 14,1 - - - 491 -
(Xa) 33,7 17,4 17,0 - ~ 31,3 26,0
(XIa) 30,0 12,5 16,2 _51.0 ~ 33.5 24,5
(X1b) | 258 10,3 172 397 35,5 385 ~
CeHe
*Av
CCla.

tFor the CH, protons 0.5 and —2.0 Hz.

Diethyl l-Methylaziridine-2,2-dicarboxylate (IV). A solution of a,B-dibromomethyl-
malonate (3.6g), methylamine (0.5g), and NEts (2.18g) in CHsCN (150 ml) was left at 20°C
for six days, whereupon it was refluxed for 12 h, After removal of the solvent the product
was extracted with ether and distilled. We obtained (IV) (l.4g) (Table 1). PMR spectrum
(60 MHz, CDCls at —20°C, 8, ppm): 1.32 and 1.35 (Me), J = 7.4 Hz; 2.20 and 2.37 (ring CH,),
Jag = 1.35 Hz; 2.54 (MeNO; 4.28, 4.32 (AB) and 4.34 (CH30).

Diethyl 1-Phenylaziridine-2,2-dicarboxylate (IVa). A solution of diethyl a,B-dibromo-
methylmalonate (10g), aniline (2.8g), and NEts (6g) in CHsCN (100 ml) was left at 20°C for
four days, whereupon it was refluxed for 10 h. After removal of the solvent the product
was extracted with ether and purified by chromatography on silica gel (elution by 1:3 hex-
ane-CHCls). We obtained (IVa) (6.5g, 82.6%). PMR spectrum (80 MHz, CHFCl,, 20°C, &, ppm):
1.23 (Me); J = 7 Hz; 2.78 (ring CHg; at —90°C Av = 25 Hz). The product was characterized
as the diamide. A solution of (IVa) (5.2g) in absolute methanol (50 ml), saturated with
NHs and containing traces of MeONa, was left at 20°C for seven days. After removal of the
solvent the residue was washed with ether and recrystallized from MeOH. We obtained the di-
amide (3.8g, 93%), mp 156-157°C. Found: C 58.53; H 5.56; N 20.51%. C,;oH,,N50;. Calculated:
C 58.53; H 5.40; N 20.407%.

Dimethyl 1-Methoxyaziridine-2,2-dicarboxylate (V). A solution of (I) (5.4g) in abso-
lute CH-OH (200 ml) containing traces of MeONa was refluxed for 8 h. The solvent was then
removed; absolute methanol (200 ml) was added and the mixture was refluxed for a further 8
h. Distillation gave (V) (3.53g) (Table 1).

Ethyl trans-2-Carbamoyl-l-methoxyaziridine-2-carboxylate (VIa). A solution of (1)
(3.25g) and liquid NHs (3 ml) in absolute EtOH (100 ml) containing traces of EtONa was left
at 20°C for four days. After removal of the solvent the residue was washed with ether and
recrystallized from CCl,. We obtained (VIa) (1l.4g) (Table 1). The ethereal extract yielded
unreacted (I) (1.45g, 407%).

Methyl trans—-2-Carbamoyl-l-methoxyaziridine-2-carboxylate (VIIa). Under the conditions
of the preceding synthesis, (1) (5.24g) and liquid NHs; (5 ml) in absolute MeOH (100 ml) con-
taining traces of MeONa yielded after crystallization from EtOH a mixture of (Vila) and
(VIa) (4:1 from the PMR spectrum), which was dissolved in absolute MeOH (20 ml) containing
traces of MeONa and left at 20°C for seven days. After removal of the solvent the residue
was crystallized from CCl,. We obtained (VIIa) (1.5g) (Table 1).
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1-Methoxyaziridine-2,2-dicarboxamide (VIIL). A solution of (I) (6g) in absolute MeOH
(75 ml), saturated with NHs; and containing traces of MeONa, was left at 20°C for seven days.
After removal of the solvent the residue was washed with CHsCN and crystallized from EtOH.
We obtained (VIII) (3.1l4g) (Table 1).

Potassium cis—Ethyl l-Methoxyaziridine-2,2-dicarboxylate (IX). A solution of (I)
(8.68g) and KOH (2.24g) in EtOH (20 ml) was left at 20°C for 5 h and then at 0°C for 12 h.
The precipitate was removed, washed with absolute ether, and crystallized from EtOH. We
obtained (IX) (7.5g) (Table 1).

Ethyl cis-2-Carbamoyl-l-methoxyaziridine-2-carboxylate (VIb). A solution of (IX) (1.36
g) and liquid NHs; (5 ml) in absolute methanol (50 ml) containing traces of MeONa was left at
20°C for seven days. The mixture was concentrated; the residue was dissolved in absolute
MeOH (50 ml) and the solution, stirred and maintained at 0°C, was treated with methanolic
HC1 to pH 2-3, ' The precipitate was removed and a benzene solution of diazoethane was added
to the filtrate at 0°C until the yellow color persisted. After removal of the solvent the
product was extracted with CHCl; and recrystallized from Ce¢Hs. We obtained (VIb) (0.28g)
(Table 1).

cis-2-(Ethoxycarbonyl)-l-methoxyaziridine-2-dicarboxylic Acid (Xa). A solution of p-
toluenesulfonic acid hydrate in absolute CH3;0H (10 ml) was gradually added at 20°C to a
solution of (IX) (2.4g) in absolute MeOH (20 ml). After 1 h the solvent was removed; the
residue was extracted with absolute ether (40 ml) and after concentration the product was
crystallized from CCl,~heptane. We obtained (Xa) (1.92g) (Table 1),

cis—-Ethyl Methyl 1-Methoxyaziridine-2,2-dicarboxylate (XIa). A solution of (Xa) (0.95
g) in ether (10 ml) at 0°C was treated with an ethereal solution of diazomethane until the
yvellow color persisted. Removal of the solvent and distillation gave (XIa) in quantitative
yield (Table 1). We prepared (I) in ~100% yield similarly from (Xa) and diazoethane.

CONCLUSIONS

1. We have synthesized l-alkoxyaziridine-2,2-dicarboxylic esters by reaction of alkoxy-
amines with diethyl o,B-~dibromomethylmalonate and studied their PMR and mass spectra.

2. We have established the trans-stereospecificity of the amination and saponification
of l-alkoxyaziridine-2,2-dicarboxylic esters.

3. We have studied the kinetics of the equilibrium cis—trans isomerization of unsym-
metrically substituted derivatives of l-alkoxyaziridine-2,2-dicarboxylic acids.
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INTERACTION OF 1-METHYLENE-3,5,7-TRIMETHYL-2,4,6,8-TETRATHIA-
PROTOADAMANTANE WITH THIOACETIC ACID

B. M. Lerman, L. I. Umanskaya, and G. A. Tolstikov UDC 542.91:547.518:547.299

Continuing the investigation of the structural conversions of 2,4,6,8-tetrathiaadaman-
tanes and 2,4,6,8-tetrathiaprotoadamantanes, we studied the inberaction of l-methylene-3,5,7-
trimethyl-2,4,6,8-tetrathiaprotoadamantane (I) [1] with thioacetic acid (TAA). It was estab-
lished that I reacted with TAA under mild conditions in the absence of catalysts and initi-
ators to give three isomeric thiolacetates. Thus, by reacting equimolar amounts of TAA and
olefin T in ether, thiolacetate II is formed as the only reaction product. The structure of
the latter compound is deduced from its PMR spectrum showing a singlet for the three CHj;
groups (8§ 1.56 ppm) and a singlet for the two protons of the CCH,S group (8§ 3.41 ppm). Thiol-
acetate .IT is a product of the anti-Markovnikov-rule addition of TAA and a rearrangement of
2,4,6,8-tetrathiaprotoadamantane into 2,4,6,8-tetrathiaadamantane. This new arrangment al-
lowed for the first time the preparation of the 1,3,5,7-tetramethyl-2,4,6,8-tetrathiaadaman-
tane derivatives substituted at the CH; group. Contrary to the rearrangments involving C1~
or OH™ anions [1l, 2], the rearrangement leading to thiolacetate II proceeds with a proton
displacement.

By reacting olefin I with a threefold molar excess of TAA in ether, a mixture of thiol-
acetates IT and III is obtained in a 1l:1 ratio. The structure of thiolacetate III, an un-
rearranged product of the anti-Markovnikov-rule TAA addition, is confirmed by the PMR spec-
trum.

By the interaction of olefin I with a fourfold molar excess of TAA in the absence of
the solvent at about 20°C thiolacetate IV is formed as the Markovnikov-rule addition product
of TAA. 1Its characteristics, obtained by GLC, IR spectra and PMR spectra are completely
identical with those obtained for the reaction product of TAA with l-chloro-1,3,5,7-tetra-
methyl-2,4,6,8-tetrathiaprotoadamantane [3]. In a series of experiments* thiolacetate IV
was obtained as the only product, whereas in other experiments a mixture of thiolacetates II
and III was obtained in ratios of 1:1.3 up to 1:2 and contained <67 of IV. The reaction of
I with an excess of TAA at the boiling point yields a mixture of II (35-70%), III (5-15%),
and 1V (15-60%).F

It is apparent that, in the reaction.ef TAA with olefins in the absence of catalysts
and initiators, an ionic TAA additien following the Markovnikov rule can take place along
with a free-radical addition leading to the anti-rule addition products. Traces of contam-
inants (peroxides, sulfur) as well as light and oxygen can exert a substantial influence on

*Experiments were simultaneously carried out under identical conditions in dull winter days.
In another series of experiments, performed in sunny summer days, only II and III were ob-
tained.

tIn a series of simultaneous experiments.
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