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A serios of substituted 3-thiomorpholinones was synthesized, nusing three different methods.

pounds were tested for hypnotic activity and those with one or two alkyl groups in the 2-position were found to

be active.
which were found to be practically inactive.

The 3-thiomorpholinones, which form the subject
of this communication, were synthesized in the hope
of finding a new group of heterocyclic compounds
with hypnotic «r sedative activity. Only the un-
substituted 3-thicmorpholinone (I),' a few of its sub-
stitution products,? and some closely related 2 3-di-
hydro-4H-1,4-thiazin-3-ones?® have so far been described.

The present paper describes a series of 3-thiomor-
pholinones, substituted in positions 2, 4, 5, or 6. Threce
methods were used for their synthesis.

Method A, condensation of ethyl thioglycolate with
acetylated nitro alcohols (II), then reductive ring
closure of the resulting ethyl nitroalkylmercapto-
acetates (1I1), yielded 3-thiomorpholinones substituted
in position 6, or 5and 6 (IV).
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While homologs of ethyl thioglvcolate, with one or
two alkyl groups in the a-position, also could be con-
densed with acetylated nitro alcohols to the corre-
sponding nitroalkylmercapto esters (III), the reduc-
tion of these nitro compounds, with ring closure to the
corresponding 3-thiomorpholinones, failed in most
cases. Only 2-ethyl-6-methyl-3-thiomorpholinone was
obtained by this method, though in very low yield,
by using ethyl a-mercaptobutyrate and I1-nitro-2-
acetoxypropane.

Method B, condensation of a-mercapto esters (V1)
with ethylenimine or its homologs (V), yielded 3-thio-
morpholinones substituted in position 2, 4 or 5 (VIII).

The end products usually were obtained in one step.
However, in some cases the intermediate aminoalkyl-
mercapto esters (VII) could be isolated and then ring-
closed to the corresponding 3-thiomorpholinones,
either by heating for several hours at 150-180°, or
by refluxing with sodium ethoxide in ethanol.

(1) H. Bestian, Ann., 566, 210 (19,501.

(2) (a) I. I.. Knunyants and M. G. Linkova, Bull. Acad. Sei.. USS/H.,
62 (1955): (b) F. S. Babichev and V. A. Shokol, Ukrain. Khim. Zh.. 22,
215 (1956).

3) G. 8, 8kinner, J. 8. Flinslie, and J. D. Gabbert, /. Am. Chem. Soc., 81,
3756 (1854).

Most of tlie 3-thiomorpholinones were oxidized to the corresponding sulfoxides und/or sulfones,
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When C-substituted cthylenimines (V, R = alkyl,
R' = H or alkyl, R® = H) were used for the con-
densation with e-mercapto esters (VI), the position
of these substituents in the 3-thiomorpholinone ring
was uncertain, since the ring cleavage of the C-sub-
stituted ethylenimines can proceed in two ways,
leading either to 5- or to 6-substituted 3-thiomorpho-
linones.

Since 6-methyl-3-thiomorpholinone (IV, R' = II,
R? = CHj;), obtained unequivocally by method A from
I-nitro-2-acetoxypropane (II, R} = H; R? = CI)
and ethyl thioglycolate, was not identical with thc
methyl-3-thiomorpholinone obtained by method B
from 2-methylethylenimine (V, R = CH;; RLR> =
H) and ethyl thioglycolate (VI, R3 R4 = H), the latter
compound represents the isomeric 5-methyl-3-thio-
morpholinone (VIII, R = CH;; RLR3R4R® = II).
The cthylenimine ring, when condensed with «-
mereapto csters, is therefore opened between the
nitrogen atom and the unsubstituted methylene group.

Method C, condensation of g-mercaptoalkylamines
{IX) with a-halo esters (X), yielded the corresponding

3-thiomorpholinones  (XI), substituted in positions
2 and ‘or 5 in one step.

_SH ) . S
SR O A
R'HC 4 CcO

SNH:  Et00C N7

1X X H

X1

This method was uscful in those cases where the -
mercapto esters were difficult to obtain. The mer-
captoalkylamines (IX) werc obtained from ethylen-
imine or its homologs by reaction with hydrogen
sulfide. As with o-mercapto esters, C-substituted
ethylenimines were cleaved by hydrogen sulfide be-
tween the nitrogen atom and the unsubstituted methyl-
ene group. Thus, condensation of ethyl «-bromo-
acetate (X, RLRY = H: X = Br) with l-mercapto-
2-aminopropane {IN, R! = CH,), derived from 2-
methylethylenimine, yielded 5 - methyl - 3 - thiomor-
pholinone (XI, R' = CH;: R*R* = II). identical
with the compound obtained by method B {rom 2-
methylethylenimine and ethy! thioglycolate.
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TaBLE I
LEriyL NITROALKYLMERCAPTOACETATES
————-xB.p. ———Calel., p~——— ~——-~Found, §p— -
No. Compound °C. mm. Formula C H C H
1 CH;CHCH,NO, 114-115 0.5 CH;;NO,S 40.57 6.32 41.00 6.10
SCH.COOC.H;
2 CH3(|?HCH(CH3)N02 127-130 1 CsH,:NOS 43.42 6.83 43.14 7.01
SCH.COOC,H;
3 CHa(l?HCH(CgHé)NOZ 133-135 1 CH1:NO,S 45.94 7.28 45.28 7.25
SCH;COO0C,H;
4 C,H,CHCH.NO. 125-127 0.8 CsHi:NO,S 43.42 6.83 43.68 6.88
SCH.COOC,H;
5 C.H,;CHCH(CH;)NO. 132 1 CsHiZNO S 45.94 7.28 46.17 6.56
SCH.COOC,H;
6 CgH5(|?HCH(CzH5)N02 148-151 1.5 C\H,:NO,S 48.17 7.68 47 .61 7.32
SCH,COOC,H; -
7 CH,(CH,),CHCH,NO. 136-137 0.8 C,Hi:NOS 45.94 7.28 45.56 715
SCH,COO0OC.H,
8 (Cha)zCH(ﬁHCH{.\'Oz 126-128 1 CsHiINO,S 45.94 .28 146.13 6.99
SCH,COOC.H; - -
9 (CHa)zCH(inCH(CHg)NOZ 135-137 1 CpoH1:NOS 48 .17 7.68 48.38 7.76
SCH.COOC.H;
10 (CHa)QCHqHCH(CZHs)NOZ 142-145 1 CuHaNOS 50.16 8.04 49.84 70T
|
SCH.COOC,H;
11 CL,CCHCH.NO, 162-163 0.8 C/H,,CLNO,S 27.07 3.25 27.39 3.42
|
SCH.,COOC.H;
12 CH,;CHCH,NO, 127-129 0.8 C,H:NO,S a
SCH(C.H;)COO0OC,H;
13 CH,CHCH,NO, 134-136 0.7 C;1HaNO,S 50.16 8.04 50.15 7.89
C(C,H;).CO0C,H,
14 CH,;CHCH(CH;)NO, 182-183 1 Ci:HaNOGS 46.89 6.89 47.10 6.40
S(‘JHOOOCsz
CH,COO0C,H;
@ Reduced without prior purification to the corresponding 3-thiomorpholinone.
TasLe I
S
_
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3-THIOMORPHOLINONES OBTAINED BY METHOD A® RICH co
N7
H
Caled., % ——=Found, %
No. R? R2 M.p., °C. Formula C H C H
1 H CHs 58-60 C:H,NOS 45.77 6.92 46.02 7.03
2 H C.H; 40-42 CsHiuNOS 49.62 7.64 49.84 7.68
3 H C;H, 43-45 C;/HisNOS 52.80 8.23 52 .88 8.11
4 H (CH;).CH 99-100 C;Hi;sNOS 52.80 8.23 52.70 7.95
5 CHs, CH; 118-120 CsH,,NOS 49.62 7.64 49.53 7.47
6 CH; C.H; 85-86 C/H;sNOS 52.80 8.23 52.91 8.12
7 CH; (CH,).CH 87-89 CsH,:NOS 55.45 8.73 55.21 8.59
8 C.H; CH; 110-112 C:H,;NOS 52.80 8.23 52.73 8.25
9 C.H; C.H; 123-124 C.H;NOS 55.45 8.73 55.55 8.89
10 CoH; (CH;).CH 141-143 CyHNOS 57.71 9.15 57.82 9.13
@ One 2-substituted 3-thiomorpholinone was obtained by this method: 2-ethyl-6-methyl-3-thiomorpholinone, m.p., 73-74°. Anal.

Caled. for C;H;3NOS: C, 52.80; H, 8.23. Found: C, 53.16; H, 7.92.

The a-mercapto esters used in methods A and B
were prepared from the corresponding a-bromo acids
by reaction with potassium ethyl xanthate, saponi-
fication of the resulting a-thionocarbethoxymercapto
acids with ammonia* and esterification in the usual
manner. The intermediate S-nitroalkylmercapto
esters, needed for the synthesis of 3-thiomorpholinones

(4) E. Biilman, Ann., 839, 351 (1905): 848, 120 (1906).

(5) B. M. Vanderbilt and H. B. Hass, Ind. Eng. Chem., 82, 34 (1940);
J. B. Tindall, ¢bid., 88, 65 (1941).

according to method A, were obtained by condensing
the corresponding aldehydes and nitroalkanes to the
desired nitro alcohols® which were then acetylated
and condensed with the appropriate a-mercapto ester
in methanol, in the presence of sodium methoxide.
The B-nitroalkylmercapto esters thus obtained (Table
I) were reduced with iron filings in dilute acetic acid
to the corresponding 3-thiomorpholinones. The re-
duction of the g-nitroalkylmercapto esters no. 11, 13
and 14 failed.
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The 3-thiomorpholinones synthesized in this study
are summarized according to the method of preparation
in Tables 1T, TIT and IV,

The 3-thiomorpholinones were oxidized with hy-
drogen peroxide in aecetic acid-acetic anhydride to the
corresponding sulfoxides and ‘or sulfones. Oxidation

H. Lengr, 3. Karray, axp ML W, Gorbprra
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with | mole of hydrogen peroxide at —35 to +5° vielded
sulfoxides only.  The corresponding silfones were oh-
(ained by using 2 moles of hydrogen peroxide at room
temperature (25-30°). Table V' lists the sulfoxides
prepared in this study and Table VI summarizes the
sulfones.

Tanue 11

-8 R
H2C/ \(;~\R4
3-THioMORPHOLINONES OBTaINtD BY Muyrnon I3 R’\(Ij\ /(‘,O
R N
RS
coem=Caled,, (G—— == Found, V{-——
No. R R R3 R4 R M., “C, Formuls (: I & 1
| 1 H H H H H0-91" CH:NOS
2 H H CH; H H 75-76" C:HgNOR 15,77 6.02 45.91 6.73
35 0H H H H CH, g C:HGNOS .77 6,92 4hN 6.8
| H CH, H H H 125130 CHyNOR 4557 6.92 45.50 G.77
) 11 H C.H,, 11 H 50617 CyHy NOS 1062 7.64 4087 .03
§ H H H H CoH; ' CgHy NOS 4D .62 7.064 49,32 T
7 H CoH; H H H 108110 CeH,yy NOS 19.62 764 49.71 .03
b 11 H C;H- H H H0--H2 C:H;;NOS 52.80 823 5317 .75
9 H H CH, CH; H 107--108 CeHuyNOS 19,62 764 10,43 TN
10 H CH; CH; H H 93-95 CeHuNOS 40,62 T.04 10,14 ;.12
1 CH; CH; H H H 152--153 CeHNOS 49,62 7.64 50,03 T3
12 H H C.H; CH; H 55-56 CsH,:NOS 594D RT3 0937 NUT
13 H C,Hg CH; H H S3-54 CsH,, NOS 25,45 N.T3 95.8H N.GS
11 H C,H, CH, 11 H 02-94 C:HiNOS 52.50 8,23 52,49 T8
15 H CH, C.H; H H 82-84 C:HiNOS 52.80 N.23 52,03 e
16 H CHy CyH- H H 7375 CHNOS 53545 N.T3 95,70 N 02
17 H C.H, CyH: H H 51-H3 CHirNOS 5771 015 Y ) H 10
I8 H CH; CH, CH; H 127-128 C:HyNOS 52,80 8,23 03,23 7.88
10 CH. CH;, CH. H H 137-139 C:HysNOS H2.80 K.23 52.55 7.90
20) H C:H,  CH; CH. H 102-103 CGHEpNOX 5545 N.73 55.60 N2
21 CH; CHj C.H, H H 114-116 CHENOS 4545 873 35.45 846
22 H CH,; CaH, C.H; H 53-15 CyHpiNOS Y .15 D755 5.70
23 H C.H, C.H, CyH; H 4748 CrpH g NOS 59,66 9.51 .56 070
24 CH, CH, CyH: H H 01-93 CyHizNOR EYSNE! 0.15 57.61 0,24
25 CH; CHj CHy CH;, H 172174 CHNOS EEIES) 8.7 55.70 Rl
206 CH; Cl, C.H. C.H, H 3-75H CpH g NOS 50,66 0.51 N9.7H 9.6,
27 H H CH.COONa H H ea. 260 dec. CaHgN Na()sS 3654 4,08 36,00 bo2d
# Ree footnote 1. " B.p. 110° 0.7 ). " Bup. 104° (0.5 mun.). 9 See footnote 24,
Tansre TV
g 3
H'—’C N 7 /\R4
3-'1T'HIOMORPHOLINONEs (OBTAINED BY METHOD C i )
HC_  _C
SN
H
-—=Claled., €7-eemm -=-TFound, e
No. Rs R+ M.p.. °C. Formula & M C 11
1 H (CH3).CH 48-50° C:H,sNOS 52,80 N.23 53.05 N, 21
2 H CeH; 160-162° CioHuNOS 6211 5.7t 62.07 5.75
3 C,H; CsH; 164-166 CpHiNOS (G5.12 6.83 65.37 G.7H
4 See footnote 2.
TaBLE V
RﬁcﬁSO\C/Rg‘
B N : . B . 1 | \Rq
3-THIOMORPHOLINONE 1-OXIDES RI'CH co
\N/
H
~——Caled., Y- ——Tound, Yhe—-
No, R R: R R M., ¢C, TForinula C H H
| H H H H 141-143 CHXNOS 36.08 5.30 35.01 4.90
2 CH, CH; H H 149-152 CsHuNOS 44.70 (5. 88 44 .84 6.97
B CH; CyHj H H 180-182 C:H,;3NO.S 47.07 TS 4829 750
1 H (CH;).CH H H {78180 CH NS 1797 TS 4832 TN
H CH; (CH3)CH H H 146 -150 CyH 5N Q.S 5076 700 51.08 T
5 11 H CaH; CpH; 136--137 CyH N OsR 50,76 O 50.71 TR0
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TasrLe VI
S0, _R®
R2Cﬁ C <R 4
3-THIOMORPHOLINONE 1,1-1)10XIDES L 3
R \(: - /(/Or
K~ NT-R
——=Caled., Yp-—— ~——TFounl, Th—

No e R1 Re R R4 R M.p.. °C. TFormula C H C 11

1 H H H H H H 171-173  C,H:NO,8 32.21 4.73 32.41 4.52

2 CH; H CH; H H H 167-170 C:H, N 048 40.66 6,20 41,08 5.89

3 H H Cq.H; H H H 148-149  CeH,,NOS 40.66 6.26 41.16 6.14

4 H H (CH;);CH H H H 195-197  C;H;sNOsS 43.96 6.85 44 .13 7.19

5 CH; H C.H; H H H 132-134  C;HiNOsS 43.96 6.85 44.22 7.20

6 H H CH, H H H 112-114  C;HNO4S 36.80 5.56 37.31 5.63

7 C.H; H CH; H H H 196-199  C;H,;3N 048 43.96 6.85 43.95 7.05

8 CH; H H H H H 157-159  C;HNOsS 36.80 5.56 37.06 5.15

9 C.H; H H H H H 162-164  C¢H;;NO;S 40.66 6.26 41.14 5.90
10 CH; CH, H H H H 225-227  CH,NO,S 40.66 6.26 41.02 6.52
11 C.H; H (CH;3;).,CH H H H 220222 C,H\;NO;8 49.29 7.82 49.49 .79
12 H H H H H CH, 156-158  C;HyNO:S 36.80 5.56 37.07 5.84
13 C.H; H C.Hs H H H 144-146  CeH;;NO,5S 46.81 7.37 47.27 7.30
14 CH; H (CH3;),CH H H H 142-144  CgH,:NO,S 46.81 7.37 47.08 7.18
15 H H H H H C.H, 86-88 CsH,;NO;S 40.66 6.26 40.25 6.05
16 H H C;H, H H H 160-161  C/H;3NO,;8 43.96 6.85 43.95 6.99
17 H H H CH; H H 133-135 C:H.NOsS 36.80 5.56 37.09 5.48
18 H H H C.H; H H 142-144  CH,;NO,8 40.66 6.26 41.05 6.08
19 H H H C:H;, H H 102-104 CHi3NO,S  43.96 6.85 44.21 6.72
20 H H H CH(CH;): H H 146-147  C;Hi;3NOsS 43.96 6.85 44 .30 6.56
21 H H H CoH, H H 190-192  C,H,NOS 53.32  4.92  53.22  4.84
22 H H H CH; CH; H 169-171  CgHuNOS 40.66 6.26 40.68 6.06
23 H H H C.H; C.H; H 149-150 C:H;sNOsS 46.81 7.37 46.80 7.27
24 H H H CsH; C,H; H 180-181 C,H,;NO0;8  56.89 5.97 56.88 6.29
25 CH; H H CH; H H 168-171  CeH;NO,S 40.66 6.26 40.79 6.50
26 C.H; H H CH; H H 143-145  C;HizNO58 43.96 6.85 43.85 6.51
27 CH; CH; H CH. H H 215-216  C:HiNO:8  43.96 6.85 44 .30 6.74
28 CH;, H H C.H; H H 185-187 C:Hi;NO:S 43.96 6.85 44.10 6.95
29 CH; CH; H C.H, H H 177-179 CH;;:NOsS 46.81 7.37 146.99 7.01
30 C.H, H H C.H; CoH; H 121-122  C,pH,yNO,8  51.47 8.21 51.56 7.62

The 2-methylene group in 3-thiomorpholinone 1,1-
dioxide is reactive, as shown by the condensation with
benzaldehyde and eyclohexanone, in the presence of
piperidine, to 2-benzylidene-3-thiomorpholinone 1,1-
dioxide (XII) and 2-cyclohexylidene-3-thiomorpho-
linone 1,1-dioxide (XIII), respectively.

SO, S0
H2C|/ (’:ZCHCsHs H,C™ °C
| |
HzC\N/CO H,C.___CO
N
H H
XI11 X111

The pharmacological investigation of the new com-
pounds, carrried out in our Pharmacology Department
by Dr. L. O. Randall, revealed that only those 3-
thiomorpholinones which carry one or two alkyl groups
in position 2 exhibit hypnotic activity in animals
(see Table VII). The most active compound was
2,2-diethyl-3-thiomorpholinone (Table VII, no. 7).
This compound had in mice an LDj, of 2250 mg. /kg.
p.o., 652 mg./kg. ip. and 137 mg./kg. iv. The
HDs, was 750 mg./kg. p.o., 166 mg./kg. i.p., and 74
mg./kg. i.v., giving therapeutic ratios of 3, 3.9 and 1.85,
respectively. The duration of hypnosis was 13 min.
p.0., 7 min. i.p. and 2 min. i.v. In rabbits the LDs,
was 1500 mg./kg. p.o. and 185 mg./kg. i.v., and the
HDs, 375 mg./kg. p.o. and 27.5 mg./kg. i.v., corre-
sponding to therapeutic ratios of 4 and 6.7, respectively.

The sulfoxides and sulfones of this series were

devoid of hypnotic activity, with the exception of
2,2-diethyl-3-thiomorpholinone 1,1-dioxide (Table VI,
No. 23), which had in mice an LDs of 4250 mg./kg.
p.o. and an HDjg of 1250 mg./kg. p.o.

Experimental®

3-Thiomorpholinones. Method A.—All nitro alcohols, ob-
tained by condensation of the appropriate aldehydes with nitro-
alkanes, are known compounds,* as are most of their acetates.
The acetates, prepared by refluxing the nitro alcohols with excess
acetyl chloride and fractionation in vacuo, were condensed with
ethyl thioglycolate to the corresponding nitroalkylmercapto
esters (Table I). In addition to ethyl thioglycolate, ethyl o-
mercaptobutyrate,” ethyl o-mercapto-e,c-diethylacetate and
diethy! thiomalate® were condensed with nitro alcohol acetates
to the corresponding nitroalkylmercapto esters (no. 12, 13 and
14 in Table I). As a representative example, the preparation of
ethy! (1-ethyl-2-nitropropylmercapto)acetate (no. 5 in Table I)
is described. To a solution of 11.5 g. of sodium in 200 ml. of
methanol was added gradually and with cooling 60 g. of ethvl
thioglycolate in 100 ml. of methanol, then 80.5 g. of 2-nitro-3-
acetoxypentane in 100 ml. of methanol. The stirred reaction
mixture was kept for 1 hr. at —10° and for 18 hr. at room tem-~
perature. After removal of the solvent, the residue was treated
with water and ether, the two layers were separated, and the
aqueous layer was extracted once more with ether. The com-
bined ether extracts were washed with 59 sodium carbonate
solution and water, and dried over sodium sulfate. After
removal of the solvent, the residue was fractionated in vacuo.
Ethyl (1-ethyl-2-nitropropylmercapto)acetate was obtained as a
colorless oil boiling at 132° (1 mm.); yield 98 g. (83.5%).

(6) All melting points are corrected.
(7) H. Bredereck. R. Gompper, and H. Seiz, Chem. Ber., 90, 1837 (1957),
(8) Esterification of commercially available thiomalic acid.
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Taprr VII
Pusruwscorocrest. Dara For 2-Moxo- or 2-DISUBSTITUTED

=~ 3
G Sert
2-THIOMORPHOLINONES® 31 | | "k
G0
R i
L5 HDsP,
N, R Rt Rre Rt mg./kg. me. /kar
1 H H H H 4152 inact.
2 1 H CH, H 3357 2778
3 N H C:H; H 2750 1576
t H H C;Hy H 2555 1187
5 N H CH; CH;, 3423 1411
6 H CH; CH; H 1750 inact.
7 H H C,H; C.H; 2250 750
8 " C.H;  CH, H 2038 1500
0 N C.H; CH; H 326  inact.
10 M CH, C.H; H 2870 1570
11 11 CH; C;H; 1 IR18 1114
12 H C.H;  CHy H 589 inact.
13 1 CHy; CH;y CH, 3458 . 2500
4 Cly CHs; CHsy H 808 inact.
15 H C.H; CH; CH. 593  inact.
16 CHy CH; CH; H 3670 2424
17 H CH;  Cal; C.H; 2170 921
18 1l C.H; C.H. C.H, 1792 1000
19 CH, CH, CH- H 3000 inact.
20 CH, CH; CHs CH; >4000 4000
21 CH; CH, C:H; C.H; 3128 1576
22 U H CH.COONa H >400 1inact.
23 H H (CH;).CH H 1645 1028
24 H H CeH H >400C inact.
25 H H C,Hs Cell.  >4000 inact.

@ All recorded values were obtained by oral administration to
niice, with the exception of those for compound no. 22, whieli
were obtained by intraperitoneal administration. ? Fifty per
cent hvpuotic dose (mg./kg.). The aninial is placed on its side
and remains in that position for at least one miunte.

All nitroalkylmercapto esters used in this study, their boiling
poiuts auid microanalytical data are summarized in Table I. The
yields runged from 70 to 859;. Reduection of the nitroalkylmer-
capto esters with iron in dilute acetic acid yielded the corresporui-
ing 3-thiomorpholinones. As a typical example, the preparation
of 5-methyl-6-ethyl-3-thiomorpholinone (Table II, no. 6) is
deseribed.

Sixty grams of iron filings was suspended in 300 ml. of water
containing 6 ml. of glacial acetic acid. The mixture was re-
fluxed for 1 hr., 49 g. of ethyl (1-ethyl-2-nitropropylniercapto}-
acetate, diluted with 50 ml. of ethanol, was added gradually to
the boiling reaction mixture and refluxing was continued for 16
hr. After cooling, the mixture was made alkaline with sodinm
carbonate and filtered with the aid of Hyflo Super-Cel. Thefil-
trate was concentrated in vacuo and chilled. The crystals were
filtered off and extracted with three 100 ml. portions of ethyl ace-
tate or acetone. The combined extracts were evaporated to
dryness, and the residue was recrystallized from ethyl acetate-pe-
troleum ether. 5-Methyl-6-ethyl-3-thiomorpholinone was ob-
tained in the form of colorless crystals, melting at 85-86°; yield
12 g. (36.59).

All 3-thiomorpholinones obtained by this method, are listed in
Table II. The yields ranged from 36 to 51%. Reduction of
the nitroalkylmercapto esters no. 11-14 (Table I) failed.

Method B.—The a-mercapto esters, used in this method, were
obtained Dy condensation of a-bromo acids with potassium
cthyl xanthate, then saponification with ammonia,* and esteri-
fication of the resulting a-mercapto acids in the usual manner.
With the exception of ethyl o-mercaptovalerate and ethyl a-
niercapto-a, a~diethylacetate, they are described in the literature.
The preparation of the above-mentioned two esters is given as
examples.

Ethyl a-Mercaptovalerate.—a-Bromovaleric acid (90 g.) was
added to a solution of 69 g. of potassium carbonate in 450 ml. of
water, followed by 80 g. of potassium ethyl xanthate. The mixture

Vol. &

was allowed to stand at room temperature for 3 days.  After
acidification with coned. HCL the solution was extracted with
three 200 ml. portions of ether. The combined ether extracts
were dricd over sodimm sulfate and evaporated to dryness.
The oily residue (101 g.) was added to a mixture of 400 ml. of
concd. aqueous mmmnonia and 750 ml. of ethanol, and the solution
was kept Tor 3 davs at room temperature.  The mixture wis
extracted onee with 500 ml. of ether to remove the xanthogen-
amide formed, aeidified, and extracted 3 times with 200 1l
portions of ether.  The combined extraets were dried over sodinn
sulfate and pvaporated to dryness, The residue, after fractiona-
tionn (n eacno. viclded e-nrereaptovalerie actd as « eolorless oif,
Lotling at 115 -116G° 010 )y vield 42 @ (629,

a-Mercaptovalenic acid (33 g3 was dissolved in 100 mi. ui
ethanol, 10 nil. of coned, T80, was added, and the mixture was
reflixed mder nitrogen (or 18 hr. Most of the ethanol was re-
moved /n racio, the restdiie nentrahized with 109 sodinm earbon-
ate, and extracted with ether.  Fractionution in vecno yielded
cthyl a-rnereaptovalerate, boling at 82° (15 mum.}: vield 23 o,
(5800 ).

Aral. Caled. {or (51H,0.8:
5174 H, 8.73.

Ethyl «-Mercapto-o,a-diethylacetate.—Sodinn (23 g% was
dissolved in 1 1. of absolnte ethanol. To the cooled solutinon
was added gradnally 195 g of a-bropio-a,e-diethylacetic acid.
Toward the end of the addition, the sodinm salt was partly precip-
itated.  To the suspension was addeld 190 g. of potassium ethyl
xanthate and the reaction mixture was stirred for 16 hr. at room
temperature.  The potassimin bromide was filtered off, and the
filtrate evaporated to dryness in vacuo. The residue was dis-
golved in 300 ml. of water and acidified with coned. HCL.  The
partly crystallizing oily layer wns extracted twice witlt 500 ml.
portious of ether, and the combined extracts were dried over
sodinm sulfate.  After removal of the solvent, the residue was
treated with petrolenim ether, and the o-(thionoearbethoxviner-
capto )-a,a-dicthylacetic aeid wag filtered off and dried in vacuo,
sield 160 g. (6867). A sample after reerystallization from dil,
ethanol melted at 115-116°.

a-( Thionocarbethoxymereapto-e,e-diethylacetic  acid (160
g.) was dissolved in 400 ml. of coned. agueons ammonia i 1
500-ml. erlenmeyver flagk.  When the solution was completed,
more aqgiieons ammomnia was added to fill the flusk to the neek.
After standing nt room teniperature for 3 days, the solntion was
extracted three times with 300 ml. of ether to remmove the xantbo-
genamide fornted.  The aqueons solution was acidified with cool-
ing in a nitrogen atmospherc, the separated oil was extracted 3
times with 500 ml. portions of ether, and the conibined ether
extracts were dried over sodium sulfate.  After removal of the
solvent, the residire was fractionated ¢ racuo nuder nitrogen.
a-Mercapto-a.a-diethvlacetic acid was obtained as a colorless
oil, boiling at 128-130° (13 nun.) and solidifving to white needles,
m.p. 35-57°%: vield 84 g. (849710

a-Mercapto-a,e-dictliylacetic acid (84 g.) was dissolved in
250 ml. of ethanol, 25 mnl. of coned. sulfuric was added and the
niixture refluxed muder nitrogen for 18 hr.  Most of the ethanol
was distilled off, and the residne nentralized with 1097 sodinm car-
bonate solution. The oil was extracted twice with 250 ml. of ether
and the combined extracts were dried over sodimm snlfate.
After removal of the solvent, thie residue was fractionated in vacuo.
Ethyl a-mercapto-e,e-dicthylacetate was obtained as a colorless
liguid, boiling at 85-88° (15 mn1.); yield 82 g. (82%).

Anal. Caled. for CsHisO:8: €, 54.51; H,9.15; Found: (.
54.35; H, 9.40.

2,2-Diethyl-3-thiomorpholinone [Table I1I, no. 12).-—Iithyl
a-mercapto-a,a-diethylacetate (82 g.) was mixed with cooling
with 24 ¢g. of cthylenimine. The mixture was kept at 60° for 3
Iir.,, and then for 3 days at room temperature. Fractional
distillation in vacuo yvielded 89 g. (879, of ethy! e-(8-aminoethyl-
mercapto o, a-dicthylacetate boiling at 115-125° (0.8 mm.).
After redistillation, the colorless oil boiled at 123° (1 mm.).

Anal. Caled. for CpHuNO.S: C, 54.76; H, 9.65. Found:
C, 54.92; H, 0.68.

The hydrochloride, prepared in the usual manuer, melted at
73-75° after recrystallization from ether—-petroleum ether.

Anal. Caled. for CHCINOS:  C, 46.95; H, 8.67. Fonnd:
C,46.91; H, 848,

{9) L. Field and R, O, Beauchamp Jr., J. Am. Chem. Soc., T4, 4707 (1952,
obtained e-1nereapto-e,a-dicthylacetic acid Irom e-bromo-a,a-diethylacetie
aeid in 21,697 vield, boiling at 85=118% (1 m) and melting, after redistilin.
tion, ut 26--28.5.~

Fonnd:

' 51.82; H,8.70.
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Ethyl a-(8-aminoethylmercapto)-e,a-diethylacetate (76 g.)
was heated in an oil bath at 150-180° for 6 hr. Fractional dis-
tillation in vacuo yielded 38 g. of unreacted starting material and
16 g. of a viscous oil boiling at 138-150° (0.7 mm.) which solidi-
fied in the cold (12.1 g.). The 38 g. of unreacted ethyl a~(8-
aminoethylmercapto)-a,a-diethylacetate was reheated for 5 hr.
at 150-180°. On chilling, crystals deposited, which were fil-
tered off, washed with pentane and air-dried (15.5 g.). The fil-
trate was again heated for 6 hr. at 150-180° and yielded an addi~
tional crop of crystals (4.8 g.). Total yield was 32.4 g. (42.6%).
After recrystallization from pentane, 2,2-diethyl-3-thiomorpho-
linone was obtained in form of white needles melting at 55-57°.

By an alternate route, 89 g. of ethy! a~(8-aminoethylmercapto)-
a,a-diethylacetate was added to a solution of 9.4 g. of sodium in
200 ml. of ethanol and the mixture refluxed for 30 min. After
removal of the solvent, the residue was acidified with hydro-
chloric acid, and the separated oil extracted twice with 250 ml.
portions of ether. The combined ether extracts were washed with
water, and dried over sodium sulfate, After removal of the
solvent, the residue was recrystallized from pentane. The 2,2-
diethyl-3-thiomorpholinone melted at 55-56.5°; yield 50 g.
(62%).

2-Methyl-3-thiamorpholone (Table III, no. 2).—Ethyl o~
mercaptopropionate (11 g.) and 5 g. of ethylenimine were mixed
under cooling. The mixture was kept at 60° for 2 hr., and then
at room temperature for 3 days. On chilling, crystals deposited,
which were filtered off and washed with a minimum of ice-cold
ethanol; yield 7 g.(65%). After recrystallization from benzene-
petroleum ether, 2-methyl-3-thiomorpholinone melted at 75~
76°.

All 3-thiomorpholinones obtained by this method are listed in
Table ITII. The yields ranged from 62-709.

Method C.—The o-halo esters used in this method are known
compounds, with the exception of ethyl a~bromo-e~phenylbutyr-
ate. Its preparation is given below.

One hundred grams of ethy! a~phenylbutyrate was dissolved in
125 ml. of carbon tetrachloride. N-Bromosuccinimide (92 g.)
and 1 g. of benzoy! peroxide were added, and the mixture heated
on the water bath. After a few min. a vigorous reaction took
place. The mixture was refluxed for 2 hr., the succinimide was
filtered off, and the filtrate evaporated to dryness. Fractional
distillation of the residue yielded 86 g. (619%) of ethyl a-bromo-
a-phenylbutyrate, boiling at 149-151° (20 mm.). It was used
without further purification for the preparation of the correspond-
ing 3-thiomorpholinone.

2-Ethyl-2-phenyl-3-thiomorpholinone (Table IV, no. 3).—
B-Mercaptoethylamine!® (19.5 g.) was dissolved in 250 ml. of dry
toluene, 5.2 g. of sodium was added, and the stirred mixture re-
fluxed for 16 hr. under nitrogen. To the suspension was added 68
g. of ethyl a-bromo-a-phenylbutyrate and the mixture refluxed
for 18 hr. After filtration, the solution was concentrated in
vacuo. The crystals were collected, washed with benzene, and

(10) E. J. Mills, Jr.. and M. T. Bogert. J. Am. Chem. Soc., 62, 1173
(1940),
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air dried; yield 12 g. (229,).
zene—petroleum  ether,
melted at 164-166°.

Table IV lists the 3-thiomorpholinones obtained by this
method. The yields ranged from 22-629.

2,2-Diethyl-3-thiomorpholinone 1-Oxide (Table V, no. 6).—
Three grams of 2,2-diethyl-3-thiomorpholinone was dissolved in a
mixture of 9 ml. of glacial acetic acid and 2 ml. of acetic anhydride.
The solution was cooled to —5°, and 1.8 ml. of 309, hydrogen
peroxide was added very slowly, so that the temperature did not
rise above 45°. After the addition was completed, the mixture
wag left in the cooling bath for 5 hr., and then kept in the refrigera-
tor for 7 days. After this time, the solvent was removed ¢z vacuo
at a bath temperature of 35°. Recrystallization from acetone
yielded 2 g. (609,) of 2,2-diethyl-3-thiomorpholinone 1-oxide,
melting at 136-137°. All 3-thiomorpholinone 1-oxides (Table V)
were prepared by this method. The yields ranged from 40 to
60%.

2,2-Diethyl-3-thiomorpholinone 1,1-Dioxide (Table VI, no.
23).~—2,2-Diethyl-3-thiomorpholinone (7 g.) was dissolved in a
mixture of 20 ml. of glacial acetic acid and 5 ml. of acetic anhy-
dride, and 10 ml. of 309, hydrogen peroxide was added slowly,
the reaction mixture being kept at 0°. After the addition was
completed, the mixture was kept for 5 hr. in the cooling bath,
and then left at room temperature for 5 days. The solvent was
removed 2n vacuo, and the residue was recrystallized from ethanol.
2,2-Diethyl-3-thiomorpholinone 1,1-dioxide was obtained in the
form of white needles melting at 149-150°; yield 6.7 g. (80.7%).

All 3-thiomorpholinone 1,1-dioxides (Table VI) were prepared
by this method. The yields ranged from 62 to 86%.

2-Cyclohexylidene-3-thiomorpholinone 1,1-Dioxide (XIII).—
3-Thiomorpholinone 1,1-dioxide (2 g.) was dissolved in 15 ml. of
cyclohexanone, 5 drops of piperidine was added, and the mixture
refluxed for 7 hr. After cooling, 1.2 g. of unreacted 3-thiomor-
pholinone 1,1-dioxide was filtered off. The filtrate was taken to
dryness, the pasty residue was treated repeatedly with acetone,
and the end-product recrystallized from ethanol. 2-Cyclo-
hexylidene-3-thiomorpholinone 1,1-dioxide was obtained in the
form of white needles, melting at 215-217°.

Anal. Caled. for CiH;;NOsS: C, 52.38; H, 6.59. Found:
C, 52.71; H, 6.57.

2-Benzylidene-3-thiomorpholinone 1,1-Dioxide (XII).—Three
grams of 3-thiomorpholinone 1,1-dioxide was dissolved in 100 ml.
of pyridine, 2.5 g. of benzaldehyde and 10 drops of piperidine were
added, and the mixture was refluxed for 7 hr. After removal of
the solvent in vacuo, the reridue was treated with ether. The
yellow, amorphous product was recrystallized three times from
ethanol. 2-Benzylidene-3-thiomorpholinone 1,1-dioxide was ob-
tained in form of white crystals melting at 199-201°.

Anal. Caled. for C;HiNOsS: C, 55.68; H, 4.67.
C, 55.29; H, 4.71.

After recrystallization from ben-
2-ethyl-2-phenyl-3-thiomorpholinone

Found:
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