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A series of pyridylethylated 2,4-oxazolidinediones of the type I have been synthesized and screened for pharmacological
activity. Significant responses found in animals include anticonvulsant activity, depression of motor activity and prolonga-

tion of Evipal sleeping tiine.
cliemical structure.

The finding of significant pharmacological ac-
tivity in a wide variety of pyridylethylated prod-
ucts®—6 suggested the syuthesis and pharmacolog-
ical investigation of the pyridylethylated oxazoli-
dinediones.

Suitable derivatives of oxazolidinediones™® have
found wide clinical utility, particularly as anticon-
vulsants, and the compounds prepared in this work
were screeited pharmacologically in animals as
anticonvulsauts and for their effectiveness as de-
pressors of motor activity.?

Pyridylethylation? of the oxazolidinediones II
proceeded readily without catalyst to yield tlie 3-
pyridylethylated oxazolidine-2,4-diones (I) accord-
ing to the equatiou A.

R1>5 . /O R.> /O
Ry| s <4 CHy/=CHPy R, }
O NH — O N—CLHLCH,Py
NS NS
e i (A)
O II (0]
R,, R» = H, alkyl, alkylenc, aryl; Py = 2-pyridyl, 4-

pyridyl, 5-ethyl-2-pyridyl

In contrast to our observatious? with the pyri-
dylethylated benzoxaziue-2,4-diones, the products
of type I did not crystallize readily from the reac-
tion mixture, and were either liquids or low-mielting
solids. It was expedient when purifying to use
short path distillation to avoid reversal of equation
A to the initial reactants. When the bulk of the R,
or Ry groups (such as phenyl) was such that purifi-
cation by distillation without considerable reversal
of the reaction could not be achieved, it was de-
sirable to convert the inipure product to tlie hydro-
chloride for subsequent purification.

The 3-pyridylethylated oxazolidinediones which
were prepared are described in Table I.

The required oxazolidinediones II, unsubstituted
in the 3-position, were prepared by familiar proce-
dures from either the o-hydroxy ester® or the «-
hydroxy amide.!!
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(1957).
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(5) A. H. Sommers, M. Freifelder, H. B. Wright and A. W. Weston,
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(6) L. A. Walter, R. H. Barry and J. R, Clark, U. S. Patent 2,713,051
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The results have been assessed in terms of relationship of pharmacological response and

The cyanohydrin of 4-methylcyclohexatoue, after
conversion to the imino ester, afforded ou pvrolysis
a mixture of amides!? which was not separated,
but which on conversion to the oxazolidinedione
could be separated readily into two products,
form A, m.p. 107-108°, and form B, m.p. 76-79°.
The stereochemistry of these forms was not further
characterized, but each condensed readily with the
three vinylpyridine compounds to yield the corre-
sponding I derivatives.

Pharmacology.—The results have bcen col-
lected in Table II.

Consideration of the response in tlie anticounvul-
sant test shows that the 4+ compounds (14, 17, 23,
25, 406, 47, 48, 49, 50) have, with the exception of
compound 25, two small alkyl groups, or are de-
rived from the spirostructure where the 5,5-substit-
uent is 3-methylpentamethylene. The 3+ re-
sponse is confined to alkyl structures, while none of
the 5-phenyl substituted compounds showed in-
teresting anticonvulsant activity. It is note-
worthy that the series of compounds (46-51) de-
rived from 4-methylcyclohexanone were consider-
ably more effective than those derived frou cyclo-
hexanone (43-43) or cyclopentanone (40-42).

When the compounds with high anticonvulsant
activity are related to the response i the Evipal
sleeping test, it is noted that the majority also liave
a high response in this test. However, compounds
46-49 with high antimetrazole activity, reflected
only little or uo response in the Evipal test. In-
terestingly, in the 3,5-substituted 3-methylpenta-
methylene spiro series, use of the products de-
rived fromi 4-vinylpyridine (compounds 50, 51)
resulted in high anticonvulsant activity or decided
prolongation of Evipal sleeping time, in coutrast to
products derived from 2-vinylpyridine and 2-vinyl-
5-ethylpyridine (compounds 46-49).

The response in the Evipal test, in turn, did uot
necessarily correlate with anticonvulsaut activity.
Thus, the following structures (compounds 5, 20,
34, 36, 38) showed significant prolongation of
Evipal sleeping time with little or no anticonvulsant
activity (0 or 14+) being noted. Of this group only
compound 36 is not derived from 4-vinylpyridinc.
Iu fact, an analysis of the findings shown in Tablc
II indicates that the 3-(4-pyridylethyl) substituent
on I is a requisite within this series (conipounds 3,
17, 20, 23, 26, 29, 34, 38, 42, 45, 50, 51). When 3-
(2-pyridylethyl)-substituted I showed decided pro-
longation of Evipal sleep timne the corresponding 3-
(4-pyridylethylated) derivative was equal or supe-
rior (see compounds 14 vs. 17; 18 wvs. 20; 21 vs. 23).

(12) B. Tchoubar, Bull. soc. chim. France, 160 (1949): C. A., 44,

4431 (1950), separated the mixture of the corresponding a-hydroxy
acids.
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TaBLEI: PYRIDYLETHYLATED OXAZOLIDINEDIONES

Ry Ra
H H
H H
H H
CH, H
CH; H
CH, H
CH;, CH,
CH| CHI
CH, CH,
CsHs H
C2H5 H
CgHs H
C.H; CH,
C2H5 CHt
CgHs CHI
1-CsH, o
i-C;H, H
1-CyH; H
CsH; 138
CsH; H
Celis H
Cs}{s CBHE
CeH, CeHs
C.I’Is CGIIS
CH,$ H
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C;Hy H
—(CH,)—
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—(CHa)—
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—(CH, )s—
—(CH,)s
—CH,):CHCH,3(CHa,),-
—(CH,),CHCH;(CHa),-
—(CH;);CHCH;(CH,)o—
—(CH;):CHCH;(CH,),—
—(CH,;):CHCHy(CH,),-
—-(CHz):CHCH;(CH,),—
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CH;l
CH,l
CH,I
Picrate
Picrate

Picrate
HCI

Picrate

HC1
HCl1

CH,l

Picrate

M.p.¢or b.p.,
°C. {mm.)

89-90
168-173

65
140-141
128-129
143-145
126-130 (0.10)
193-194
144-150 (0.01)
163-164

X

O NCH,CH)X (V,Z) Y
N Z

i
6]
Yield,s
%

71%
53¢
58
24¢
41°
214
95

789
71

710

131-148 (0.015) 89

137-144
174-175

54-55

115-132 (0.01)
129-136 (0.01)
177-179

73

128-129 (0.04)
155 (0.05)

155 (0.08)*

155 (0.01)*
144-162 (0.10)

45¢
66¢
74P

86
719
508

84
89
83
90

142-170 (0.10)* 90

80-81
144-154 (0.10)*
160-170 (0.08)*
162 (0.12)

164 (0.55)
183-194 (0.06)
39-43
107-109
Residue
154-170
Residue
145-156
107
166-168
166-174 (0.10)*
170-172 (0.06)*

707

85
85
80

47°
85
85

167-172 (0.03)* 85

162-176 (0.06)
188-191
34-36
77-78
63
99-100
108-109
60-61
110-120
52-53
45-65
107-108
84-87

¢ Recrystallizing solvents listed in footnotes b through g,
¢ Water.

alcohol. ¢ Alcohol. / Hexane.

sponds to 3-heptyl.

85
75°
507
64/
78/
77
714
757
35
46’
657
76
69/

5 Ethyl acetate—hexane.
» Unless otherwise indicated, compound is free base,

™ From oxazolidinedione isomer, m.p. 107-108°,

Formula

C1oH1oN20;
CuHnIN,Oq
C2H14N0;
CisH 1IN0y
C1oH1oN2Os
CuHpIN:Os
CuHieN:Os
C17H1sNsOno
CisH1s N0
C1oH14N5O10
C1H1sN,Os
Ci7H1isNsO1o
C1,H13CIN,O;
C1:HuN:0;

C1H1sN:03
C20HyNeOno
C12H1N2Os

C1oH14N,04
C1dH1sNOs
C12H1N2Os
Cle 15N20!
CisH20N20;4
Ci3H1sN:0s

C1:H1sN2O3
CisHyoN O3
CisH1sN:0;4
CisH1N0O4
C1sH1sN20s
CieH 14NO4
CoeH1sN20;
CyH1yCIN,Os
CasHNoyOs
CysHisN2Os
CosHnIN,O3
C17H24N,O;
C19H2N,0,
C17H24N2Os
CiH N:0;5
CaoH sNsO1o
C1sHoN20s
C1H16N204
C1sH1sN:Os
C17HN,Os
CisH1sN,O4
C1eH20N202
Ci1sHoN,Os
CisHauN2Os
CisHauN,O;
CieHyNO;
C16H20N,0;4

C
58.3

61,
41.
58,
37.

O W LG

47.8

45.4
51.5
61.5

48.9
61.5

61.
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61.
62.
65
62.

o
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49.
66.
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66.
66.
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68.
66.
66.6
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Analyses,i %

N C
13.6 58.1
8.1
1.0 61.7
7.5 41.7
13.6 58.3
8.1 38.3

45.7
14.7 48.1
15.6 45.5
10.9 51.7
12.0 61.8
14.3 48.9
12.0 61.8
12.0 61.6
10.7 64.0
12.0 61.6
11.3 63.1
10.1 64.7
11.3 63.0
11.3 63.4
10.1 65.8
11.3 63.1

9.9 67.9
9.0 70.2
9.9 68.2
7.1 067.3
6.6 63.1
7.8 73.2
5.6 55.4
9.2 67.0
8.4 68.7
9.2 66.7
10.8 64.8
14.3 49.2
9.7 66.8
10.8 64.7
10.2 65.7
9.3 67.6
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4 Ethyl acetate—

! ¢ Melting points are
not corrected. 7 Analyses by Weiler and Strauss, Oxford, England. * Isolated by short path distillation. ¢ C;H,s corre-
» From oxazolidinedione isomer, m.p. 76-79°.
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TaBLE II
PHARMACOLOGICAL SCREENING OF CoMPOUNDs OF TABLE I

Depression
Anti- Evipal of motor
Compd. LDmnin.® convulsanth time®¢ activityd
1 >1000 3+ 0] 0
3 1000 14+ 0 15
b} >1000 0 514 18
7 >1000 34 0
9 >1000 1+ 0
11 >1000 0 .. 29%
14 1000 4+ 300 0
15 >1000 14 .. 0
17 >1000 4-- 630 25*%
18 1000 24 300 0
19 1000 3+ 100 0
20 750 0 300 0
21 750 24 293
22 1000 2+ 191
23 750 4+ 1450 0
24 750 3+ 29
25 >1000 44 153
26 500 24 300 0
27 >1000 14 0] 0
28 >1000 14 0 0
29 500 0 300° 0
30 1000 0 0 35
32 1000 0 0 18
34 >1000 0 300 23
36 1000 0 200 0
37 >1000 0 0 0
38 400 1+ 300 24
39 500 0 0 24
41 >1000 . 115 0
42 300 24- 333 0
43 >1000 3+ 0
44 750 0 .. ..
45 500 24 570 0
46 >1000 44 87 0
47 >1000 44 0 0
48 >1000 4+ 67 0
49 1000 44 0 0
50 750 44 500 0
51 450 3+ 742 0

2 The LDnin. was cstablislied subcutaneously in uniice
using 8-16 animals per test and is expressed as mg./kg. 1ot
toxic to any of the test animals, If the compound was not
toxic at 1000 mg./kg., the response lias been shown as > 1000
without establishing the LDmin. *The anticonvulsant
respouse was established at one-half and one-fourth the
LDuin. subcutaneously in mice and evaluated in terms of
protection afforded against metrazole seizures. A 4-- re-
sponse indicates substantially complete protection when
tested at one-fourth the LDmin. Tridione (LDmin >1000
mg./kg.) used as a control drug showed a 4+ response.
¢ Evipal sleeping time evaluated at one-third LD min. subcu-
taneously in mice. The average sleeping time of a control
group of 6 mice was divided into average sleeping time of
the group similarly treated plus test compound, multiplied
by 100. Results reflect percentage increase in sleeping
tinle. Meprobamate (LDmia 750 mg./kg.) tested in this
manuer gave 1269, increase. ¢ Compounds tested at 20
mg./kg. subcutaneously in rats. Compounds shown with
asterisk were tested at 10 mg./kg.; see ref, 9 for procedure.
Meprobamate under the conditions of this test was inactive
at doses as high as 100 mg./kg. while Chlorpromazine
(LDmia. 400 mg./kg.) showed 719, decrease at 10 mg./kg.
¢ Compound was toxic in this test.

Compound 23 is outstanding in this category iu
that the sleeping times were prolonged over 14
times that observed with the control group.

S. L. Suariro, I. M. Rose, Eric ROSKIN aND Louis FREEDMAN
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TaBLE III
SUMMARY OF INITIAL REACTANTS

Xa = RR,C(OH)CN, (cyanolydrin)
Xb = R R;C(OH)COOC,H;, (a-hydroxy ester)
Xe = RiR,C(OH)CONH,, (a-hydroxy amide)
Xd = (2,4-oxazolidinedione, II)
M.p. or b.p., Vield,
Ry Ry X °C. (mm.) A
H H Xd  90-927 50"
CH, H Xd 122 (2.0)° 74"
CH, CH;, Xd 76-78" 50
C.H; H Xa 88 (12.0)" 62
C,H; H Xc  105-107 23°
C,H; H Xd 118 (0.7)* 80
C.H, CH;, Xa 86 (12.0)" 73
C.H; CH; Xc 68-70"" 73°
C.H; CH; Xd 98 (0.005)* 86
1-CsHy H Xa 90 (10.0)¥ 89
{-CsHy H Xc  105-106° 92°
i-CsHyq H Xd 106-110 (0.1)** 84
CsH; I Xd 108* 60"
CeH; CeHs Xb  104-106 (4.0)*° 43
CeH; C:H; Xd 135-136%¢ 62"
CrH,' H Xb  104-106 (4.0)* 32
CHy H Xd  124-130 (0.05)% 66
—(CHa)s- Xa 86 (0.7)% 77
~(CH,)s- Xe  137-138" 69"
—(CHa)s~ Xa 102 (3.0)* 72
—(CHz)s~ Xc  127-128% 39°
—(CH,)s- Xd  113-114% 757
—(CH»CHCHy(CHy)~- Xa 108 (7.0)% 69
—(CH,)CHCH3(CHy)e- Xc  145-150"™ 8¢?

e -0 Have same significance as in Table I. ? H. Aspclund,
Acta Acad. Aboensis, Math. et Phys., 11, No. 14 (1939);
C.A. 33, 6802 (1939), m.p. 89-90° (60%). <R. Wo.
Stoughton, THIS JOURNAL, 63, 2778 (1948), b.p. 147-148
(5.0 mm.) (819,). *Ref, p, m.p. 77°. *C. L. Stevens,
E. Farkas and B. Gillis, Turs JourNaL, 76, 2697 (1954),
b.p. 103-105° (20.0 mm.) (499%,). ¢H. Bredereck, _I§
Gompper and G. Theilig, Ber., 87, 537 (1954), m.p. 105°.
“ Ref. p, m.p. 55-56°. * E. C. Chapin and R. F. Smith,
THIS JOURNAL, 76, 4179 (1954), b.p. 87-88° (17.0 wm.)
(769%,). ¥ G. Ciamician and P. Silber, Bcr.{ 47, 1814
(1914), m.p. 160°. = H. E. Erlcmnever, A. Kleiber and }
Locbeustein, Help. Chim. Acta, 21, 1010 (1938), m.p. 31°.
v A. Lipp, Ann., 205, 24 (1880), b.p. 106° (22.0 mm.).
A, Lipp, Ann., 205, 27 (1880), m.p. 104°. 2= M. AL
Spielman and G. M. Everett, Tuls JOURNAL, 70, 1021
(1948), h.p. 118-119° (1.5 uun.). < H. Aspelund, Fz')z.\"'ka
Kemistsamfundets Medd., 49, 42 (1940); C.4., 35, 3634
(1941), m.p. 108-109° (74%). < H. Adkins and H. R&
Billica, THIS JOURNAL, 70, 3124 (1948), b.p.°1:38—14_0
(1.0 mm.) (51%). =?Ref. ¢, m.p. 135-136°. ¢ Nol
reported; used for preparing Xd derivative w1tlmut~ aua-
lytical data. %/ Ref. 11, b.p. 144-146° (2.5 mm.) (787%).
% Ref. 12, b.p. 140° (40.0 mm.). ¢ R. Giuliano and G.
Leonardi, Farm. sci. e tec. (Pavia), 7, 29 (1952); C.4 3
46, 10113h (1952), m.p. 131°. ¢ Ref. 12, b.p. 120-131
(16.0 mm.). ¢/ H. T. Bucherer and W. Brandt, J. prakt.
Chem., 140, 129 (1934), m.p. 130°. 2 A. Lespaguol, J.
Mercier and J. Dupas, Bull, soc. pharm. Lille, 4, 50 (15){711;
C.A., 43, 1406a (1949), m.p. 110°. < Ref. 12, b.p. 126~
130° (12.0 mm.). 2™ Mixture of two stereoisomers. ‘.*1 nal.
Caled. for CgH;sNO;. C, 61.1; H, 9.6; N, 8.9. Tound:
C, 61.3; H, 9.9; N, 8.8, «»J. Verhulst, Bull. soc. chim.
Belges, 39, 563 (1930), reports m.p. 54-57°.

Tle depression of niotor activity was manifested
at very low dosages (10-20 mg./kg.) with these
relatively uon-toxic compounds, and depressiou
was noted with compounds, 3. 5, 11, 17, 30, 52
34, 38, 39. Of this group ouly compound 17
showed siguificant auticonvulsaut activity, while
in the Evipal sleeping time test compounds 3, 30, 32
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and 39 were negative, and compounds 5, 17, 34 and
38 were active. In view of our prime interest in
compounds which would function orally as depres-
sors of motor activity, it was established that com-
pound 11, the 5-methyl-3-(4-pyridylethyl)-oxazoli-
dine-2,4-dione showed a 309, depression of motor
activity when evaluated orally at 50 mg./kg.

Ezxperimental®?

The many reactants prepared for this work which were
not available commercially and which were previously de-
scribed, have been gathered in Table III.

3-Aza-1-oxaspiro[4,4)nonane-2,4-dione.—A mixture of
3.6 g. (0.157 mole) of sodium metal in 38 ml. of methanol
and 20.2 g. (0.172 mole) of diethyl carbonate was heated
under reflux, a solution of 19.4 g. (0.15 mole) of 1-hydroxy-
cyclopentane carboxamide in 50 ml. of hot methanol added,
and heating continued for 4 hr, The methanol was re-
moved and the residue was dissolved in 100 ml. of water and
filtered. The filtrate was washed with two 50-ml. portions
of ether and then aerated to remove the dissolved ether.
After acidification with concentrated hydrochloric acid (13
ml.) and standing 16 hr., the product was separated, washed
with water and dried, yielding 11.89 g., m.p. 132-133°.
On extraction of the filtrate with four 50-ml. portions of
ether, an additional 8.7 g., m.p. 132-133°, was obtained;
total yield 679%,.

Anal. Caled. for C;HyNO;:

Found: C, 54.4; H,5.7; N, 8.7,

3-Aza-1-oxaspiro-8-methyl[4,5]decane-2,4-dione (2 Iso-
mers).—The pair of stereoisomers was prepared as above
from 18.5 g. (0.118 mole) of 1-hydroxy-4-methylcyclohexane
carboxamide (mixture of isomers). In the final acidification
step (careful addition of 3 N hydrochloric acid) the point of
separation of the two isomers was taken as that point at
which further acid addition gave a semi-permanent cloudi-
uess which did not clear in a few seconds by crystallization
to the hard needles of the high melting isomer. This isomer
was filtered off, washed with water, and dried, yielding 9.9

C, 54.2; H, 5.9; N, 9.0.

(13) Descriptive data shown in the tables are not reproduced in the
Experimental section,

1-AZAPHENOTHIAZINE AND RELATED COMPOUNDS
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g. (46%), m.p. 107-108° (form A), unchanged by recrys-
tallization from ethyl acetate-hexane.

Anal. Caled. for CoH3NO;: C, 59.0; H, 7.2; N, 7.7.
Found: C, 59.2; H, 7.1; N, 8.0.

On complete acidification of the filtrate, 3.2 g. (15%) of
the low melting isomer was obtained, m.p. 76-79° (form B),
unchanged by recrystallization from hexane,

Anal. Caled. for CH3NO;: C, 59.0; H, 7.2; N, 7.7,
Found: C, 59.4; H, 7.3; N, 7.8,

Pyridylethylated Ozxazolidinediones (Compounds of Table
I).—Equivalent amounts of the oxazolidinedione and the
vinylpyridine were heated at 150° for 2 hr. If the residue
solidified on cooling, it was triturated with hexane (in cases
of compounds 41, 48 and 49, it was necessary to use cold
hexane). The crude product was then dissolved in dilute
hydrochloric acid, the solution washed with ether, and the
product, precipitated on the addition of excess sodium bi-
carbonate solution, was filtered, washed with water, dried
and recrystallized.

With compounds 29 and 34, the residue solidified on tri-
turating with ether. Compound 29 was then worked up as
above and compound 34 was recrystallized directly.

Compounds 1 and 3, water-soluble solids, were extracted
from the aqueous solution with ether, the ether evaporated
and the products recrystallized. Compound 5 was tri-
turated with water, filtered, washed with water, dried and
recrystallized.

Liquid residues were dissolved in dilute hydrochloric acid,
the acid solutions washed with ether, the products extracted
with benzene, the benzene evaporated and the products dis-
tilled under reduced pressures. In most cases where the
boiling points anticipated would require a bath temperature
high enough to reverse the reaction, purification was effected
by short path distillation. In some cases (compounds 7,
11, 15, 30 and 32) the structures were characterized by the
preparation of hydrochlorides or picrates.

Methiodides were prepared in the usual manner (com-
pounds 2, 4, 6 and 35).

Acknowledgment.—The authors wish to thank
Dr. G. Ungar and his staff for the pharmacologic
results of the screening of the compounds.
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10-(Dialkylaminoalkyl)-pyrido[3,2-b][1,4 ]benzothiazine (1-Azaphenothiazine) and
Related Compounds

By HarryY L. YALE AND FRANCIS SOWINSKI
RECEIVED NOVEMBER 8, 1957

1-Azaphenothiazine has been prepared via the Smiles rearrangement of 2'-(3-nitro-2-pyridylthio)-acetanilide.
azaphenothiazine was prepared similarly from 5'-chloro-2’-(3-nitropyridylthio)-acetanilide.

8-Chloro-1-
Reaction between these two

azaphenothiazine derivatives and various dialkylaminoalkyl chlorides in xylene, using sodamide as the condensing agent, led
to a series of 10-dialkylaminoalkyl derivatives, which were converted to mono- and dihydrochlorides, as well as salts with

oxalic acid.

In our studies with substituted phenothiazines!.?
and the relation of their structure to pharmacologi-
cal activity, we thought it of interest to synthesize
pyrido[3,2-b][1,4]benzothiazine (l-azaphenothia-
zine) and 8-chloropyrido[3,2-b][1,4]benzothiazine
(8-chloro-1-azaphenothiazine) and their 10-dialkyl-
aminoalkyl derivatives. These compounds have
shown interesting pharmacological properties and
several are now undergoing clinical evaluation.

1-Azaphenothiazine and 8-chloro-l-azaphenothi-
azine are uew compouuds; a few miono- and dini-

(1) H. L. Yale, THis JOURNAL, 77, 2270 (1955).
(2) H, L. Yale, F. Sowinski and J. Bernstein, ¢béd., 79, 4375 (1857).

tro- and mono- and diamino-substituted 3- and 4-
azaphenothiazines are known. 34

The synthesis of l-azaphenothiazine is outlined
below and has, as its critical step, the Smiles re-
arrangement® of 2’-(3-nitro-2-pyridylthio)-acetani-
lide (I). Again, as reported in our previous paper?
we prefer the rearrangement procedure involving
the use of one equivalent of alkali in a mixture of
acetone and ethanol; this makes possible the isola-
tion of the intermediate 10-acetyl-1-azaphenothia-

(3) V. A. Petrow and E. L. Rewald, J. Chem. Soc., 591 (1945).
(4) T.Takahashiand E. Yoshii, Pharm. Bull. (Japan), 2, 382 (1954).
(5) W. J. Evans and 8. Smiles, J. Chem. Soc., 181, 12683 (1835).



