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Reactions with Aziridines; 34'. y-Amidoketones by & - - o T am = ©
Amidoethylation of Ketones
N # 051 ~. i w . BN % w
Helmut Stamm*, Rainer Wriss [;/'\] ¢ 2 (\? 1 \J [./i] D
Pharmazeutisch-Chemisches Institut der Universitit Heidelberg, Im v Y O © 2 Y P f
Neuenheimer Feld 364, D-6900 Heidelberg, Federal Republic of ! : !
Germany
Sodium enolates of ketones react with 1-acyl-, 1-aminocarbonyl-, and 1-
alkoxycarbonylaziridines to give y-amidoketones ([N-(4-oxoalkyl)-
carboxamides, -ureas, and -carbamic esters]. Twofold amidoethylation in a,a-
or 4. -position can usually be suppressed by using excess enolate, exept for the
amidoethylation of 1-indanone.
We have previously reported the C-amidoethylation of
simple nitriles? and esters? and of other CH-acidic substrates
mostly of the B-dicarbonyl type (see Ref .23 and preceding Py
papers). We now describe the novel C-amidoethylation of the | | 1 A 1o 1
enolates of simple ketones (2) with N-acyl-, N- 7 ﬁ\) (P [\/I} Cy T
aminocarbonyl-, and N-alkoxycarbonylaziridines (1). This 3 B ;
reaction represents a one-step syntheses of N-(4-oxoalkyl)- &
carboxamides, N-(4-oxoalkyl)-ureas, and alkyl N-(4- &
oxoalkyl)-carbamates, i. €., of y-amidoketones (3), a hitherto =~
little known class of compounds*®. Compounds 3 may be '% ) )
regarded als protected y-aminoketones; the amino group can m. M) I I = . <
be deprotected after protection or chemical transformation & \
of the ketonic carbonyl group. s z
. . . . L |
The ketones 2 are deprotonated with tritylsodium in 3 i
tetrahydrofuran. This deprotonation is most cases indicated é i
by a color change of the red tritylsodium solution. The g
sodium enolates (usually 100 % excess) are subjected to the S P
reaction with the aziridine derivatives 1 in tetrahydrofuran. 2 | _ . ﬁ\ J . .
In some cases, the reaction may not go to completion under 2 | & & & I3 5 S
the conditions chosen (Table 1) as evidenced by the isolation : .2
of benzoic acid in reactions with benzoylaziridine (1, = | §3 | 4 a 6 T © - o
X = C4Hs) due to hydrolysis of 1 during work-up. = VAo © T I T ) ™
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As expected, some twofold amidoethylation may occur.
Thus, with methyl ketones a,a-bis[amidoethylation] may
predominate even when equimolecular amounts of reaction
components are used (e.g., formation of 3i+ 4i). o,a-
Bis[amidoethylation] is also remarkable in the case of 1-
indanone (formation of products 3n+ 4n and 30 4+ 4o) in
spite of a 100 % excess of cnolate whereas it is absent in the
case of 1-tetralone. Some a,2'-bis[amidoethylation] to give
mixtures of products 3 and 5is found in the cases of dibenzyl
ketone (formation of 3j+ 5j) and methyl diphenylmethyl
ketone (formation of 3k + 5k).

) ) i
RI-C—CHy ——= R*~C—CHy—CHy—CH—~NH~C~X
3
)
(|? (EH;{‘CHQ—NH”C—X
+ R3-C-CH
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0
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Table 2. '"H-N.M.R.-Spectral Data (CDCl;/TMS;,) of Com-
pounds 3, 4, S, and 7

Com- o [ppm]
pound

3a 1.34 (s, 6H, 2CH;); 1.93-2.28 (m. 2H, N—C—CH,);
3.04-3.53 (m, 2H, N—CH,); 6.56 (br. s, 1H, NH); 7.21-
7.78 (m, 10H,,,.,)

3b 1.01 (t, 6H, J = 7.0 Hz); 1.34 (s, 6 H, 2CH,); 1.88--2.25
(m, 2H, N—C—CH,); 3.10-3.60 (m, Z2H,
N-—-CH,—C—C—C=0); 3.37 (q, 4H, J=7.0Hz,
2N—CH,); 4.43 (br. s, 1 H, NH); 7.30-7.64 (m, 3m- and
p-H,om) 7.64-7.83 (m, 20-H,,,.)

3c 0.70-1.05 (m, 2H, CH—C—CH); 1.05-1.40 (m, 2H,
CH—C--CH); 2.06 (t, 2H, J = 6.4 Hz, N—C—CH,);
3.47(q, 2H. J = 6.4 Hz, N—CH,); 6.63 (br. s, 1 H, NH);
7.20--7.6 (m, 6m- and p-H,,,..); 7.6-7.90 (m, 40-H )

3d 1.89-2.80 (m, 2H, N—C—CH,); 3.24-3.70 (m, 2H,
N—CH,);4.72 (t, 1H, J = 7.0 Hz, CH—C=0); 6.58 (br.
t,1H,J = 6 Hz, NH); 7.05-7.55 (m, 11 H,,,,,, withs of SH
at 7.30); 7.55-7.83 (m, 2H,,,,,,, 0-H of benzamide); 7.83-
8.10 (m, 2H,,,m» 0-H of phenyl ketone)

3e 1.23 (d, 3H, J=7.0Hz, CH;);, 1.40-2.50 (m, 2H,
N—C—CH,); 3.30-3.83 (m, 3H, N—CH,—C—CH);
6.80 (br. t, 1H. J = 6 Hz, NH); 7.32-7.60 (m, 6n- and p-
Hom): 7.60--7.84 (m, 2H ... o-H of benzamide); 7.84-
8.10 (m, 2H_,,,,, o-H of phenyl ketone)

3f 1.06 (1, /=72 Hz, 6H, 2N—C—CH;); 1.22 (d, 3H, J
= 7.0 Hz, CH;); 1.3 2.4 (m, 2H, N-—C—CH,); 3.21 (q.
4H, J=72Hz, N—CH,); 3.3-383 (m, 3H,
N—CH,—C—ClHl); 4.83 (br. t, 1H, J=5Hz, NH)
7.37--7.68 (m, 3m- and p-H,,,,.); 7.85-8.10 (m, 20-H,40)

3g 118 (d, 3H, J=7.0Hz, CH,); 1.38-2.50 (m, 2H,
N—C—CH,); 3.30--3.83 (m. 3H, N—CH,—C-—-CH);
6.63-7.3 (m, 2H,,, CH—CF—CH); 7.3-7.6 (m,

3H,0me -H, p-H of benzamide); 7.6-8.23 (m, 40-H ;o)

3h 213 (me, 2H, N—C—CH,); 3.25 (t, 2H, J = 7.0 Hz,
O=C—CH,); 3.60 (mc, 2H, N—CH,); 6.80 (br. s, 1H,
NH); 7.27-8.20 (m, 11H,,,,.); 8.48 (br. s, t H . I-H of
naphthyl)

3i 1.83-2.40 (m, 2H, N—C—CH,); 3.07(t,2H, J = 7.0 Hz,
0=C—CH,); 3.57 (q, 2H, J = 6.0 Hz, N—CH,); 6.73
(br. s, 1H, NH); 7.30-7.60 (m, 3 H,,om, m-H, p-H of ben-
zamide); 7.60-7.88 (m, 6 H,.,.)

4i 1.66-2.36 (m, 4H, 2N—C—CH,); 3.20-3.75 (m, 5H,
N--CH,—C—CH); 6.70 (br. s, 2H, 2NH); 7.25-7.6 (m,
6H,,m m-H, p-H of benzamide); 7.6-7.90 (m. 8H,,,m)

3j 1.60-2.70 (m, 2H, N—C—CH,): 3.30 (q. 2H, J
= 6.4 Hz, N—CH,); 3.60 (s, 2H, O=C—CH,); 3.83 (1,
1H, J = 7.2 Hz, O==C—CH); 6.35 (br. t, I1H, ./ = 6 Hz,
NH); 6.7-7.5(m, 13H,,,,.); 7.53-7.80 (m, 2H,,; . 0-H of
benzamide)

5) 1.60-2.60 (m, 4H, 2N—C—CH,); 2.75-3.54 (m, 4H.
2N—CH,); 3.72 (1, 2H, J=T7.1Hz, of mese form,
CH--CO—C11); 3.94 (dd, J = 5.1/3.7 Hz, 2H of racemic
form, CH—CO—CH); 6.30 (br. t, 2H, J=52Hz,
2NH); 6.50-7.20 (m, 10H,,,,); 7.20-7.60 (m, 6 H,):
7.62--7.89 (m, 4H,,,.., 0-H of benzamide)

3k 2.07(s, “H, CH3); 2.67 (me, 211, N—C—CH,); 3.17 (me,
2H, N—CH,); 6.50 (br. t, 1H, J = 5.5 Hz, NH); 7.15-
7.53 (m. 13H,,0m with s of 10H at 7.35); 7.53-7.80 (m,
2H,,om» 0-H of benzamide)

sk 1.68 (mc, 2 H, N—C—CH,—CH,—C=0); 2.33 (1, 2H,
J = 3.6 Hz, 0==C—CH,); 2.70 (mc, 2H, N-——C—CH,);
3.13 (me, 4H, 2N—CH,); 6.54 (br. s, 2H, 2NH); 6.91-
7.54 (m. 16H,,,,, with s of 10H at 7.28); 7.54-7.82 (m,

4H,,oms 0-H of benzamide)

31 1.44(t,5H, J = 7.0 Hz, CH;); 2.07 (s, 3H, 0=C—CH,);
2.30-3.16 (m, 4H, N—CH,—CH,); 4.07 (q, / = 7.0 Hz,
OCH,); 480 (br. t, 1H, J=350Hz, NH); 7.35 (s,
lOHznmm)
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Table 2. (continucd)

Com- d[ppm]
pound

3m 1.52-2.80 (m., SH, O=C—CH—CH,); 2.80-3.15 (m,
2H, Ar——CH,); 3.60 (mc, 2H, N—CH,); 6.9 (br. s, 1H,
NH); 6.90--7.60 (m, SH,n): 7.67-8.26 (m, 5H ...}

3n 1.78-2.25 (m, 2H, N—C—CH,); 2.60 (mc, [H,
O0=C—CH); 2.96--3.48 (m, 2H. Ar—CH,); 3.68 {mc,
2H, N—CH,); 7.10 (br. s, 1H, NH); 7.23-794 (m,
9H arum)

4n 1.98 (mc, 411, 2N—C—CH,); 3.10 (s, 2H. Ar—CH,);
3.42(mc,4H,2N—CH,); 7.0 (br.t,2H, J = 6 Hz, 2NH);
7.20-7.84 (m, 14H,,,..)

3o 1.10 (t, 6H, J=70Hz, 2CH;): 1.70-2.18 (m, 2H,
N--C—CH,); 2.48-2.91 (m, { H,O=C—CH): 3.13-3.68
(m, $H, Ar—CH,, N—CH,—C—C—C=0, 2N-~-CH,;
with ¢ of 4H at 3.25, J = 7.0 Hz); 4.95 (br. s, 1 [{, NH);
7.20-7.85 (m, 4H,,,..)

4o 1.04(1,12H,J = 7.0 Hz,4CH,); 1.90 (1, 4H, J = 7.0 Hz,
N—-C—-CH,). 290-3.65 (m, 141, Ar—CH,,
2N—CH,—C—(C—C=0, 4N—CH,, with s of 2H at
3.20 and q of 8H at 3.20, J = 7 Hz); 4.60 (br. t, 2H, J
= 6 Hz, 2NH); 7.20-7.85 (m, 4H,_,..)

7 3.20-3.83 (m, 9H); 7.2 (br. s, tH, NH); 7.3-7.90 (m,
4H

amm)

1-Ethoxycarbonylaziridine (1, X = OC,H;) can be used
when the enolate is sufficiently soft in character, ¢.g., due to
aryl substituents in the a-position. Otherwise, carbonyl
attack predominates leading to 1-(3-oxoalkanoyl)-aziridines
which are easily cleaved during work-up to yield the starting
ketone. Thus, the reaction with 1-indanone gives 2-
aziridinocarbonyl-1-indanone (6) as shown by the isolation
of N-(2-chloroethyl)-1-oxoindane-2-carboxamide (7) upon
quenching with dilute hydrochloric acid. After the usual (i. e.,
non-acidic) work-up, 1-indanone is recovered in 95 % yield.

g
=
0
0
o
2 C=NQ Ot/ H0
\Q)"Q<H T
0
6

0 THF, - 15°C, 15 min,

~ I , 60 mi
+ [nN-C-ocpHs 2T

S

G’Nu@’

I
C—NH-CH;—CHz—Cl

I
@Q;H
7

Melting points (uncorrected) were determined with a Reichert
melting point microscope. 1. R. spectra were recorded on a Perkin
Elmer spectrometer type 253 or type 283. 'H-N.M.R. spectra were
recorded with a Varian T60 A or with a Bruker HX-90 spectrometer.
Tetrahydrofuran was distilled before use after having been refluxed
over sodium and potassium until benzophenone gave a blue colour.
All reactions were conducted under pure nitrogen. The quality of the
nitrogen was controlled by bubbling it through a wash boitle
containing a dark green solution of sodium naphtalenide in
tetrahydrofuran.

2-[2«(Diethylaminocarbonylamino)-cthyl)-1-indanone (30) and 2,2-
Bis[2-(diethylaminocarbonylamino)-ethyl]-1-indanone (40); Typical
Procedure:

A mixture of naphthalene (2.56 g, 20 mmol), triphenylmethane
(4.88 g, 20 mmol), sodiwm dispersion (50 % in mineral oil; 0.92 g,
2(). mmol), and tetrahydrofuran (150 ml) is stirred for 3 h. The
mixture is then cooled with ice/sodium chloride and a solution of 1-
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indanone (2.76 g, 20 mmol) in tetrahydrofuran (50 ml) is added
dropwise with stirring (decolorization), followed by a solution of 1-
(diethylaminocarbonyl)-aziridine (1.43 g, 10 mmol) in tetrahydro-
furan {30 ml). The cooling is removed and stirring is continued for 4
days. The solvent is then removed in a rotatory evaporator, and the
residue dissolved in dichloromethane (200 ml). This solution is
washed neutral with water, then concentrated. and the residue
column-chromatographed on silica gel (Merck. 0.06--0.2 mm) using
first dichloromethane for removal of the nitrogen-free constituents.
Products 30 and 4o arc cluted with methanol and separated by
chromatography on a second column (silica gel as above) using ethyl
acetate as eluent to give product 3o as the first fraction and product
40 as the second fraction.

In some of the other preparations, the chromatographic separation
is performed with mixtures of dichloromethane and cthyl acetate.
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* Two compounds of the type 3 have previously been obtained by
Schotten-Baumann  treatment  of 2-phenyl- (or 2-methyl)-
pyrroline with benzoyl chloride and aqueous sodium hydroxide:
Gabriel, S., Colman, J. Ber. Disch. Chem. Ges. 1908. 41. 513,
Gabriel, S. Ber. Dtsch. Chem. Ges. 1909, 42, 1238.
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