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A series of 2-uniino-5-nryl-2-oxazolines was found to have potent appetite suppressant activity.

Methods of

synthesis, chemical behavior, and structure—activity relationships for these compounds are deseribed.

In pursuit of our interests in cyclic pseudoureas as
potential pharmacological agents,! we prepared several
representative substituted 2-amino-2-oxazolines. One
of these compounds, 2-amino-5-phenyl-2-oxazoline
(1), was shown in preliminary pharmacological testing
to have potent anorectic and interesting CNS stimulant
activity. These results encouraged us to expand the
investigation which forms the subject of this report.

Chemistry.—Very few 2-amino-2-oxazolines are re-
ported in the literature. Although the parent struc-
ture has been known since 18892 there has heen rela-
tively little work done with this class of compounds.?
There are several reports in the literature describing
2-amino-t-aryl-2-oxazolines** such as IT (R = H, CH;;
Ar = CeH;, 4-CH3;0CH,, 3,4-(CHy)2 OCeH;, ete.), but
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no 2-amino-j-aryl-2-oxazolines have been described,
IKuown related compounds such as 2-amino-j-phenyl-
oxazole (III)® and 2-amino-3-phenyl-2-oxazolin-4-one
(IV)® were prepared in the course of this investigation
and are included in the structure-activity study.

The preparation of 2-amiuo-2-oxazolines was con-
veniently carried out by reaction of the appropriate 1,2-
amino aleohol with cyanogen bromide. As has been
observed previously,14¢3 the intermediate hydroxy-
cvanamides cyclized spontaneously and were not igo-
lable. A brief study of the reaction was made using the
readily available phenylpropanolamine (di-norephe-
drine) to give di-cis-2-amino-4-imethyl-3-phenyl-2-ox-
azoline (V). The best yields of V were obtained when 1
mole of the amino alecohol was combined in methanol
solution at 0-25° with 3 moles of sodium acetate and
1.1 moles of eyanogen bromide. The yields of analvti-
eally pure Vowere in the range of 55--60%; although the
crude product was obtained i cousiderably higher
(70-80'7%) yield. Application of this procedure (imethod
A) to other 1-aryl-2-aminoethanols and propanols gave

(13 R. R. Witteknd, J. D. Roseuan, and C. 1. Voos, J. Ocg. Chem., 26,
444 (19613,

(1) 3, Cubriel, Ber., 22, 1137 (1884).

(3) J. W. Cornfortli, ""Heteroeyelic Conpounds,” Vol. 5, R. C.
field, Yd., John Wiley and Sons, Ine., New York, N. Y., 1957, p. 384.

(+) (») J. Takeda and 3. Kuroda, J. Pharm. Japan, 449, 761 (1919);
(b) L. Birckenbach and M. Linhard, Ber., 64B, 1076 (1931): (¢} G. l'odor
and . Koczka, J. Chem. Soc.. 850 (1952).

(0 U Wromnl apd R, Xapetler-Adler, Lo, 467, 240 (1028).

(1) (o) W. 1I'raube and R. Ascher, Bes., 46, 2077 (1913); (h) see (0. 17,
Howell, N. Q. OQuinones, and R. A, Hardy. Jr., J. Urg. Chem., 27, 1674, 1686
€1062), for a recent descrintion of the ehemistry and biolouy of this com-
ponbd and derivatives.

Eldec-

analogots 2-amino-2-oxazolines in comparable vields
(see Table I).

I'or the synthesis of 2-amino-2-oxazolines  con-
taining substituents on the 2-amino group, an alternate
method was required. Following the classical scheme,?
the 1,2-amino aleohol was caused to react with the ap-
propriate isocyanate and the resulting hydroxyurea was
converted to the chlorourea with thionyl chloride. The
chlorourea, without isolation, was then cyelized to the
2-substituted amino-2-oxazoline by boiling 1 water
(method B). The yields and products obtained by this
method ave also given in Table 1.

Many of the amino aleohols used in this work are
known compounds.  Although a variety of methods for
synthesizing  l-aryl-2-aminoethanols are knowi, we
found that lithium aluminum hydride reduction of the
aromatic aldehyde ¢yanohydrin was the most satisfac-
tory laboratory method of preparation for these inter-
mediates.  Several l-aryl-2-aminoethanols were pre-
pared alternatively by catalytic hydrogenation of the
nitro alcohol obtained from the aromatic aldehyde and
nitromethane. The free amino alcohols tended to
carbouate in the air in most cases and as a result were
somewhat diffieult to characterize. The data are sum-
marized in Table 11.

In analogy to the work of l'romum,® an attenpt to
react styrene oxide and sodunn eyanamide led to a
mixture of products from which a low vield of 2-amino-
4-phenyl-2-oxazoline (VI)}* was isolated. These re-
sults are similar to those of T'akeda and INuroda.® who
obtained VI from styvene dibromide and urea.  At-
tempted reaction of styrene oxide with stabilized eyan-
amde solution’ and with cyvanamide under several
conditions tailed.

Due to the paucity of information ou the cheical
behavior of the 2-amino-2-oxazolines, several reactions
of the readily available 4-methyl-3-phenyl compound V
were briefly investigated.  From both boiling N hydro-
chlovie aeid and N sodimn hydroxide, V wis vecovered
largely  unelged,  Sweprisingly, however, the 5-
phenyl derivative (1) was hydrolyzed in boiling 0.1 .V
hydroehloric acid and boiling water to (8-hydroxy-
phenethvlurea® (V11). A small amount of H-plhienyl-2-
oxazolidinone (VIID? was also isolated from thesc
hydrolyses.

When a dilute sulfurie acid solution of V was treated
with sodium nitrite, the nitrate salt of V precipitated in
359 yield and 509 of V was recovered unchanged from
the solution. This resistance to nitrous acid is surpris-

€0y Awiemis solation obtaited feoin Ameriean Cyanmmid Co.
(%) C'. Mannieb and 2. Tléele, Lick, Fharm., 263, 181 (1611,
197 CL Lo Areusand D, UL Creenwoodd, J. (e, Soc., 1037 {14331,
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B.p. 108°
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128-130
158-160
118-119

148-150
B.p. 145°
(0.5 mm,)

132-134

144--145

1:38-139
093-04
94-96

158-160
102-103

135-142
133-135
119-121
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RaNR,
%
Recryst. from Yield Method Formula

Cel 63 A CyH N2}
CeHe- Petrolenm 56.5 A Ci1oH 2N, O

ether
Cells 54 A CHpNO
CsHs 59.5 A CuH:N.O
CﬁHrHex:xne 83 Cll I{14N2O

95 B C2H N0
2—P1‘(>pan(>l (;O B Cg:[ImNzo ' C4H404
2-Propanol 59 B CieHisNO
2-Propanol 48 B CyH sN,O
CsHs~Hexane 77 A CoH,CINO
2-Propanol H2 A (CgHyCIN,O),-CiH,04
Ce¢Hs H4 A C¢H,CIN,O
2-Propanol 28 B CrH;3CINO
95 B C;H,CIN,O

CeH; 56.5 A CyHCLN,O
2-Propanol 63 A CyHeBrN;0O - C,H,O;
CsHs, 42 A CgIFNO
Eth~Hexane 62 A CmH 9F3N20
Ce¢Hg—Petroletim 50 A CioH 3N, O

cther
(:ﬁ] {ﬁ’“‘]':t2() 85 A (;12H15N20
Methylene chloride- 64 A CpH N0,

Methylcyclohexane
EtOH-Et.0 50 A CH;pN.O,
CsHs 91 A CisH s N0
Ethyl acetate H7.5 A C HisN2Os
2-Propunol 61.5 A CuHiN0;
Acetone 44 .5 A CpH sN:O,
Methylene chloride~ 89 A CH;5sN,05

Fit,0
MeOH 33 A (CiH;N,Os),- CH Oy
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—Found——— EDso,
C I N mg./keg.®
66.90 .32 17.45 5.8
(4.1-8.3)
68.26 7.13 15.67 8.8
(5.5-14.1)
15.85 7.0
15.98 (4.7-10.5)
15.93 6.9
16.04 (2.1-10.3)
14.58 >8
13.42 7
8T >10
75.66 6.40 11.15 >30
9.00 >10 0o
14.03 >20 o
... 1061 >5 S
55.24 4.86 14.11 2.5 p<
(1.6-3.9) 2
65.92 4.88 9.98 >10 B
58.76 5.96 12.18 >5 E
[
46,90 3.53 12.42 20 hy
7.76 4.6 7
(2.9-7.4) S
50.78 5.18 15.62 1.2 5
(0.62-2.1) Z
12.12 4.0 o
(2.6-6.1)
12.03 7.0
(5.4-9.1)
13.61 >10
14.29 >10
62.43 6.38 14.40 >30
... 1023 >10
59.27 6.36 12.59 100
13.46 150
11.05  >100
12.55 >10
52.86 5.25 7.81 30

e (ral dose in rats that produces a 509, inhibition of beef broth consumption (ref. 12). Figures in parentheses are 959 confidence hmits. The notation > X means there

of broth consuniption at dose X, the highest level tested.

b As hydrogen fumarate salt.

¢ As funmarate salt.

4 As malente salt.

was no inhibition 1)
>

-~
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R.
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Cl H Cl H Fumarate 183- 187 dec. McOH 6 A (CsHClLNO). - C H Oy 534 5H.28
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" H CTy H Buase 81-82.5 Int.O)- - Petroletm 39 A CoH o FNO G.83 .76
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H H (CH3).CH I Buase 84-86 Et.O 33 A ChHiNO .81 .63
CH;0 H H I8 Base 119 1207 CgHe 45 A CoHzNO, 8.138 N2
H H CH30 H Fumarite 185.5-188° MeOH 41 A (CoHNOy ) - O HL O 6G.22 5,94
H CJHCHLO H H Bise 110-112 Celg-1ta0) 53 A CpHiaNO- 5.70 504
H CH;O CH.O I Hydrogen 178--180* MeOH-CgH, GE, T2 AL B CioHiNOy- CL4HHO, 147 TSI
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H OCH.O H Base 2.5-74.5 CeH; 71 A CoH N Oy
H CH,0 CH,;0 CH.0) Fumarale RPAEINET McOH 506, 86 A B (CuTENOL-CyHg O, 401 4.78
H H CTHOLC 1T Funuirite 184 dee. MeceOH B B (CyoH N Oy )a- CHTE O, 4.50 4.10

= I Kolshorn, fier., 37, 2474 (1004, reports the free base has unp. 0% J0 S Buck, J. Ou. Chew. Soc., 55, 2593 (19331, reports the p-nitrobenzoyt derivative, nep, (9490 < AL Burger and
. Hambader, ibad 74, 550 (1952). repart the base, nep. 93.5-04.5° 7 A Dornow and H. Theidel, Bee., 88, 1267 (11551 report the base, mup. 115-115°. < Dornow and Theidel, ref. d, report
the hyvdrochtoride, m.p. 242-243° 7 J. 8. Buck, J. .bu. Chene. Soc., 55, 2593 (14933), reports (he base, uep. [H9-120°0 ¥ K. Kindler and W, Pesehike, sdref. Phama., 269, 581 (1931), report the
free buse, nup. 70°. # ‘T'he free base melted al 72-76°0 it is reported by Ko Kindler aud W. Peselike, ref. g, to melt at 777 ¢ K. Kindler and W, Peschke, ref. g, report the free base, np.
75°. A sample af the free base melted ab 139--143°: 1 is veported by K. Kindler and W, Pesehike, ref. g, tp. 144°,
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ing in light of the reported hydrolysis reaction of
2-amino-2-oxazoline, 10

Hydrogenation of V over palladium on carbon in
ethanol solution provided a good yield of the ring opened
hydrogenolysis  product  (e-methylphenethyl)urea
(IX).u

Treatment of V with methyl iodide in methanol in the
presence of potassium carbonate at reflux gave about
259, of a pure monomethyl derivative, isolated as the
fumarate. This compound was shown to be the known
2-imino-3,4-dimethyl-5-phenyloxazolidine  (X) by
preparation of an authentic sample from d/-ephedrine
and cyanogen bromide.*®

CHj; CeH;s CH; CsH; CHs
CHjl H, I
h— —> C¢H;CH,CHNHCONH,
CH;N_©O Ny O Pd X
NH,
X \4
/Acho/Pyridine
H(]) (IDH;; H(]) CH;
|
CGHSCHCHlTXCONHz or CsH;CHCHNHCONHCOCH;
I
COCH; X1
X1

Acetylation of V with acetic anhydride in pyridine
led to a single product in good (709%) yield. Analyses
and spectra of this compound were in agreement with
monoacetylurea structures XI or XII. However, the
available data did not allow us to distinguish between
these two possibilities.

Structure—Activity Relationships.—Anorectic activity
was determined by the compound'’s ability to inhibit the
consumption of beef broth after oral administration in
rats. Details of this method are published elsewhere.!?
Amphetamine hydrochloride shows an EDyyof 15.8 mg./
kg. (959, confidence limits 9.5-26.2 mg./kg.) in this
test while d-amphetamine sulfate has an EDs of 6.8
mg./kg. (3.9-8.6). Thus, as can be seen in Table I,
aminooxazoline V has about the same potency as
racemic amphetamine while d-amphetamine and com-
pound I are equipotent.

The noticeable effect of optical isomerism on anorectic
activity in the case of the amphetamines prompted our
examination of several isomers of 2-amino-4-methyl-5-
phenyl-2-oxazoline (V). Compound V is cis, having
been derived from the erythro amino alcohol di-nor-
ephedrine. The diastereoisomeric threo isomer, dl-
norpseudoephedrine was prepared by inversion of
N-benzoylhorephedrine'* and converted to trans-2-
amino-4-methyl-5-phenyl-2-oxazoline (Va). However,
Vaproved to have a potency verysimilar to V. The dex-
trorotatory form (+Va)of Va was prepared from com-
mercially available d-norpseudopehedrine’® and sur-
prisingly, was found to have about the saine potency as
V and Va. Thus, it would appear that, at least among
the isomers examined, stereoisomerisin plays a minor

(10) E. Fromm, Ann., 442, 130 (1925).

(1) L. W. Jones and E. 8. Wallis, J. Am. Crem. Soc., 48, 169 (1926).

112) A. P. Roszkowski and N. M. Kelley, T/e Fharmacologist, 8, 76
(1961).

(13) See M. Rebstock, G. W, Moersch, A. C. M~~re, and .J. M. Vanden-
belt, J. Am. Chem. Soc., 78, 3666 (1951), for a siinil r inversion of N-acetyl-
norephedrine.

(14) Obtained from K & K Laboratories.
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role in the anorectic activity of 2-amino-3-arylox-
azolines.

Major changes in the structure of I and V all caused
a loss of activity. Thus, for the fully aromatic 2-amino-
5-phenyloxazole® (IT1, EDy, > 30); the parent 2-amino-
2-oxazoline? (ED; > 30); 2-amino-5-methyl-4-phenyl-
2-oxazoline®® (II) Ar = CgH;s, R = CH;s; EDjy > 10);
the ring methylated compound X4 (EDs, > 100) and
the 2-amino-5-phenyl-2-oxazolin-4-one® (IV, EDj >
30),'® no activity was detected at the highest doses
tested.

Substitution on the 2-amino group caused a loss of
activity with the exception of the 2-dimethylamino
derivative XIV which showed an EDg of about 7 mg./
kg, Substitutions on the benzene ring of I had a pro-
found effect on activity. Alkoxy substituents (XXIX-
XXXIV) reduced anorectic activity to a very low level
as did a p-isopropyl and p-carbomethoxy group
XXVIII, XXXYV). The 2-imino-3-methyl-5-(m-hy-
droxyphenyljoxazolidine XXXVII (cyelization prod-
uct of phenylephrine) was also relatively inactive (EDsy,
> 10). On the other hand, halogens substituted at the
para position of the benzene ring augmented activity.
The p-chloro analog XX was found to be more than
twice as potent and the p-fluoro compound XXV about
4 times as active as I. The p-bromo derivative XXIV
was similar to XX. Chloro substituents at the ortho and
meta positions were detrimental to activity. A tri-
fluoromethyl group at the meta or para position gave
compounds with about the same activity as I.

Attempts to correlate these structure-activity find-
ings with the nature of the substituent on the benzene
ring were generally unsatisfactory. Thus, the most
active compounds possess electron withdrawing groups
(halogen, trifluoromethyl) at the para position of the
benzene ring. Yet the electronically equivalent
o-chloro compound XVIII, the sterically similar p-iso-
propyl derivative XXVIII and the sterically and elec-
tronically similar p-carbomethoxy compound XXXV
were much less active.

As in the case of anorectic acitivity, the CNS and
cardiovascular effects of these aminooxazolines were
found to vary significantly with changes in structure.
The results of these studies will be reported elsewhere
in detail .’

The anorectic activity found for several of these
compounds in rats has been substantiated in human
beings.

Experimental ®

Amino Alcohols.—The following amino alcohols were ob-
tained commercially: dl-norephedrine from Fisher Chemical
Company; d-norpseudoephedrine from K & K Laboratories,
Inc.; phenylephrine from Specific Pharmaceuticals. The prepa-
ration of dl-norspeudoephedrine was accomplished by tlie in-
version of the benzamide of dl-norephedrine, and is described in
detail below. 2-Hydroxy-3-phenoxypropylamine was prepared
by the reaction of ammonia and 1,2-epoxy-3-phenoxypropane.'?

(15) Prepared unequivocally from plhenylacetone »ia nitrosation, redue-
tion, and cyanogen broniide ring closure due to the possible ambiguity of
known niethods. , ¢b

(18) Anorectic and CNS stimulant activity has been recently revortedsh
for derivatives of IV with alkyl substituents on the 2-amino group.

(17) J. F. Gardockiand J. Yelnosky, manuscript in preparation.

(18) Melting points are corrected. Infrared spectra were obtained on a
Perkin—Elmer Model 2! or 37 spectrometer and ultraviolet spectra were
determined in méthanol with a Cary Model 14 spectrometer.

(19) Obtained from Eastman Organic Chemicals.
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Following the procedure of Boyd® we obtained the primary
atnine (44 vield and the sceondary mnine in 42,59 vield.

The remainder of the amino aleohols ure deseribert i Table 11
and were prepared by one of the following methods for which
representative procedures are given,

Method A, «-Aminomethylvenzsl Alecohol.—A soltition of 42
g. (0315 mole) of prmndelonitrile® in 600 wmlb. of anhydrous
cther wag ndded dropwise to a stirred suspension of 30 g, (0.79
mole) of Hthinm ahinimon bvdride in 600wl of anhydrous
ether at 0° over 1 pertod of 90 min. The mixture was hented
at reflux for 18 hr. It was then cooled to 0° and the excess
hvdride destroyved by the eareful addition of 10 ml. of water md
30 ml. of 204 sodinm hydroxide galiution.  ‘The inorganie solids
were removed by filtration and washed with several portions of
hot ether.  The filtrate was concentrated to ahont one third of its
original volume under rednced pregsure, and white plates pre-
cipitated,  The product was eolleeted und dried:  yvickd 25.0 g.
(58%¢): m.p. 40—41°.%*

Method B, Methy! -(1-Hydroxy-2-nitroethyl:benzoate.—A
soltion of (6.0 g. (0.098 mole) of methyt p-formyibenzonte
in B0 mh of absolute ethanol was added to a solution of 5.23 k.
(0.008 mole) of nitromethane and 0.048 mole of sodinm methaxide
in 60 ml, of absolute methanol.  "The mixture was stirred at 0°
for 2 hr., and 800 vl of absolute cther was added.  The finely
divided white solid which precipitated was eallected by filtratiea
and suspended in 400 ml. of absolute cther.  Glacial nectie aciil
(6.0 g.. 0.10 mole) was added and the mixture was stoppered ail
plreed in the refrigerntor overnight. The galid was renoved by
filtration and the fltrate was concentrated to dryness under re-
dneed pressure.  The resulting oil ervstallized when triturated
with hexane. It was reervstatlized from hexims-ether;  vield,
L6 g (0390 nip. 78-79°.

Anal,  Caled. for CoHuNO; © N, 622, Found: N, 6.32,

Methyl ;-{Z-Amino-1-hydroxyethyl)benzoate Fumarate.—A
solution of 16.4 g. (0.073 mole) of methyl p-(I-hydroxy-2-nitro-
cthyl) benzoate in 250 mil. of glaeial ncetie aeid with one teagpoon
of sponge nickel catalyvst*? was hvdrogenated at 3.5 kg /eni.”
and room temperature {or 5 hr.  Approximately 3 equiv. of
hydrogen was taken up.  The eatalvst was separated by filtra-
tion and the solvent was evaporuted under reduced pressure.
The green residual oil was dissolved In 1 ot saturated solution
of 8.5 g. (0.073 mole) of fumarie acid in 2-propanol.  The white
solid which precipitated as the solution cooled was collected by

Altration, Tt weighed 17.0 g. (74.57:).  After reervstullization
from methanal, it melted ot 184° dee.r AR 2095, 3.35, 5.82,
.03 .

Anal. Caled. far CieHeNO3CiH O N, 450, Found: N,
440,

The free base, obtained by treating a solution of the fumarate

salt with potassiuin carbonate, melted at 78-80°.
erythro-pL-N-(8-Hydroxy-«-methyiphenethyl)benzamide.?—

Norephedrine hydrochloride (37.6 g., 0.2 mole) was converted to
its N-benzoyl derivative by a Schotten-Baumann reaction with
35 g. (0.25 mole) of benzoyl ehiloride and 20 g. (0.5 mole) of sodium
hvdroxide in 400wl of water.  After one recrystallization from
cthanol-water, there was obtained 28.6 g. (564¢) of the benz-
amide, m.p. (128°) 145.5-147°. "The literature?” nm.p. for the
compotnd is 143°; AP 2,98, 3.05, 3.30 (w), .10, 6.23(w), 6.32,
6.46, 49w,

Aurd. Caled. for CigHizNOy:
D,

Norpseudoephedrine.!®#—To 48 nil. (0.67 mole) of thionyvl
chloride wis added in portions 10 g. (0.0392 mole) of erythro-di-
N-(g-hyeroxy-g-methvipbenethyvbenzamide. The resultant
elear solution was wartned for 2.5 hr. at 30-60°, then poured
stowly with swirling into ice.  The nqueous mixture was refluxed
for t hr., affording a thick white solid, identified as ()-benzoyl-
norpsetidoephiedrine  hydrochloride.  Ethanol (100 mlb.) was
added to afford solntion and the solution was heated under re-
Hux for 90 hr. and then was concentrated m vacuo to remove the
sleohol. The nqueous solution was cooled and benzoie aetd was
removed by filtration, m.p. 11U-124°. The ncidic filtrate wis

N, 544 Found: N, 549,

201 . R Bayd, J. Ckem. Soe., 97, 1701 (1910).

21 O, Wallacl, Ann., 193, | (1878): prepared by the method of J. Te-
vibe, T. L2, lble, and H, Fishback, J. Am, Clem. Soe., T0. 1930 (1048).

22) Reparted mop 40°; 14 Kolseliorn, Ber., 87, 2474 (1904).

(U3) . Simpionis, Ber, 45, 15384 (1912).

(24) Davison Chemien] (!,

253) S, Kanae, J. Phavpe Soe, Japan, 48, 1070 (1928).

(2133 W NL Nigai and S Kanao, Aan., 470, 157 (19205,
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nntde stronghy basie with coned. soditn hvdroxide aud extractod
3 lunes with methviene ehloride. The extraets were dried over
potussittin carbomite id coneentraled al reduced pressurve,
vielding 5.25 g 180703 vip. 70-72° e Hterabire® mp is
e

2-Amino-2-oxazolines. Method A. 2-Amino-5-phenyl-2-
oxazoline {I;,—A solution of 15.5 g (0.146 moler of evanogen
bromide! in 30 mb. of methanol was added aver a period of 15
i, to a1 solntion of 20,0 g {0,146 mole) of c-amincemethyl-
benzyt wdealol and 24.0 2. 20292 mole 1 of sodiin aeelate in 300
wl of metlumol at 0% The solution was stirred at 0° for 45 win.
The solvent was evaporated under reduecd pressure aued the oty
restdie was dissolved o witer. A coneentrited soluntion of
potasstim earbomate was added and o white solid preeipitaed.
It was collected by filtration, washed, dried and reervstalttized
from benzene: vield, 15.0 g (639, & nup. £35-136°: 2170 2,05,
5.5, 6.30, ©.13 o nltraviolet: phenyt and end absorption.

deal. Caled. for CHLNLO: C, 66.65: L 622 N, 1727,
Foaud: €, 66.90; H, 6.32; N, 17.08.

2-Imino-3-methyl-5-1,..-hydroxvphenyl oxazolidine (XXXVI1I,,
—Phenvlephrine hydrochloride (16.8 ¢.. 0.083 nolet was dis-
solved i The minimmm amosnt of water aud concentriatod ame-
montit was added. The free base precipitated, and after ervstals
Hziation was cowplete for | b i was removed by filtralion,
washed and dried:  vield 10,28 ¢, 740 (), tap. 12-071% The
free phenvheplivine (103 g, 0615 wole; and 202 500,25 1aole s
of soditnm nectate were suspended in 150 mb of methonol. Fhe
mixtire was cooled to 0° and w sohrtion of 6.6 g 10,063 vrole ! of
cyanogen bromide in 40 mbo of metlmuol was added, The re-
action mixture beemtine homogeneons and was stirred Tor 3 br.
The golvent was evaporated nunder redueed pressure,  Coneenr
trated ammonin solutior was added and white ervstals pirecipi-
tated.  Pliey were cotleeted by filtration, dried and weighed 7.7
2. 17300 Reervstallization twice {rom 2«propanol give 6.3 g
of ervstals melting at F70-182°0 227301, 6.02, (.28, 7.78, 4.8]
B Nax 208 1w e 2003065

Al Caled. far CuH NGO O 5248 H, 6.20.
6:2.53; H, 6.21.

Method B. 1-Methyl-3-:3-hydroxy-o-methylphenethy!jurea.
-—An aqacous solittion of norephedrine hydrochloride was muade
basic with sodinm hydroxide.  The preeipitated norephedrine
wis oextracted into ehloroform und dried over magnesium sulfate,
The eliforoform was evaporated tnder reduced pressire leaving
crystatline norephedrine, vrp. 100-102°, A solution of 151 g.
(0.10 molej of norephedrine in 200 ml, of methyvlene chloride was
coold to 0°. A solution of 5.7 g (0.10 moled of methyl iso-
cyvitte in 10 mb of wnethylene ehloride was added to the stirred
solittion of norepliedrine.  The reaction mixture was stirred for
2 hr. IEowas extracted with a dilute ngueons solution af sodimmnm
dihyvdragen eitrato, The niethvlene ehloride golution was dried
over sodinm sulfate, and the golvent wns evapornted nnder re-
dtreed pressure teaving B35 g0 16391 of a elear oil whieh could
nob be indueed 1o ervslablize, AN .00, G007, G40, 7495,
OO w.

2-Methylamino-4-methyl-5-phenyl-2-oxazoline (XHIi.---A
solution of 10,5 g. (0,050 mole) of -methyvi-3-(g-hvdroxy-g-
methviplienethytmren i 200 mb of methylene ehloride was
cooled to 0°0 A solution of 5.5 g £0.050 mole) of thionyt chilo-
ride in 20 ml of methylene ehloride was added.  ‘The mixture
was hented at the reflux tetupermiare for 30 min. - A yvellow solid
preeipitated.  The sobvent was evaporated nnder redueed pres-
sire feaving o vellow semisalid,. The restdne was dissolved in
boiling water.  The aqueous solntion was filtered, cooled, and
murcle basie by addition of a conecentrated potassimn carbonste
solution.  The ol which separated was extraeted into methyl-
ene chloride. and dried over sodin sulfate. The solvent was
cvaporated under rechiced prespure leaving €0 go (839¢) af a
solidd which melted at 122--120°.  After two recrystalhizations
from benzene-hexane, ervstals melting at 129--1317 were ob-
tiined. A7 3015, 3,40, 5.05, 6.05, 6.33, 10.00, 14.35 u.
1-Hydroxyimino-1-phenyl-2-propanone.?.—Phenvlscetone
{67.0 g., 0.5 mole) was nitrosated i soidinm ethoxide solution with
hrtyl nitreite essentinbly by the proacednre of Kolb ¥ After re-
ervstallization from  ether-petrolemmn ether 474 g, (3803 of
prochitet waus obtained, mip. 166-170°  Literature™ w.p. Hi5°;
SEB10, 6.00, TO3, T3 we A, 222 e L2300 Ny, 252
Uty Ce 48501,
Al Culed, Tor CyHWN O N 838,

Found: €

Fornd ¢ N, 8.3

ATy () AL Kol dlaae, 291, 253 018060, o WL orsehe, Bee,, 40, TAT
{1007,



May, 1963

B~-Amino-a~methylphenethy! Aleohol.2*—Hydrogensation of a
5 g. smmple al 1-hydraxyimino-l-phenyl-2-propanone over 0.4 g.
of platinum dioxide in methanol on a Paar shaker afforded 3.6 g.
(809%) of the amino aleoinl.  Reerystaliization of a sample irom
metaylene chloride-ether ajfforded a suinpie melting at 76-80°,
it ® m.n., 83°.

2-Amino-5-methyl-4-phen;|-2-oxazoline."—A 9 g. (0.0595
mole) 31 nple 07 B-amini-e-methviphenet'ivt alenhol was eyelized
with evanogen bromide ns deseribed in method A, After two
recrystatlizations fram benzene, 4.1 g. (399 ) of pure oxazoline
wis obtained, mp. 154-156.5°; litcrature m.p.,** 139°; A5 3.03,
321, shE5.99, 5.99, 6,14, 6.32, 6.69, 6.86, 7.02, 7.23 p.

el Caled. for G Ny )0 N, 1500, Found: N, 15.67, 15.71.

Wihen V anl Va were mix-multed with 2-amino-5-methyl-4-
phenvi-2-oxazoline, their melting points were depressed 20°.
T'he infrared spectra of the three compounds were also different.

Acid #fiydrolysis of 2-Aming-5-phenyl-2-oxazoline (I}.—A 5.0 g.
sanple (0.03 mole) of 2-aminn-3-puenylt-2-oxazoline (1) was re-
fluxed for 2 hr. in 310 ml. of 0.1 N hyvdrochlorie acid. "The
salition was congentrated én vacio and dried.  P'he gummy prod-
n:t was washed once with ether and once with methivlence chloride.
The wasties vielded 1.02 g. (18.8¢;) of (8-hydroxyplienethyt)
nren (VID), nip. 84-89° dec.; AjUe' 2.9, 3.0, 3.4, 3.3, 6.12, 6.24,
6.4, 6.75, .85, 6.92 u. The gummy produrt ercstaliized from
methylene chloride and was reerystallized from absolute ethanol-
ether, affording 3.75 g. (56%() of VII hvdrocitloride. After a
gceond reerystaltlization from absolute ethanol-ether, 2.8 g. of
the salt was obtained, m.p. 130-132°. A 1.0 g. sample of VII
hvdrochloride was converted to the free base by pouring it over
1 column of 15 g. of strongly basic ion exchange resin.?®  After
one reerystallization fram acetone-ether, 0.76 g. (91.8¢ ) of VII
was obtained, m.p. 92-94°: literature m.p. 95° (see below).
AR 2,92, 3,05 (br), 6.10, 6.20, 6.37, 6.68, 6.87 4 identical with
tae spectrim of anthentie VIL

B-Hydroxyphenethylurea (VII).2—The reaction of a-nmino-
methylbenzyl aleohol hydrochloride and potassium cyanate
afforded 94.5% of erude VII. Recrystallization first from ethyl
acetute and then from dilute ammonia gave VII, m.p. 93-05°;
literature® m.p. 05°: A5 2,95, 3.05, 6.13, 6.24, 6.40, 6.70, 6.89 u:
Amax 236 mu. (e 140), 252 mu. (e 174), 257 mu. (e 215), 263 mu
(e 167).

Anal. Caled. for CgHNsOy: C, 59.98; H, 6.71; N, 15.53.
Found: C, 60.08; [, 6.70; N, 15.64.

Hydrolysis of 2-Amino-5-pheny!-2-oxazoline (I) in Water.—A
solution of 3.50 g. of 2-amino-3-phenyi-2-oxazoline in 200 ml. of
water was heated with stirring at the reflux temperature for 4-5
hir.  An odor of ammonia was detected. The aqueous solution
was extracted 5 times with chloroform. The chloroform solution
wns dried nver magnesium sulfate and the solvent was evaporated
under reduced pressure. Approximately 0.5 g. of an oil re-
mained whiclt ervstallized upon standing. The ecryvstals were
triturated with .V hydrochloric acid and collected by filtration:
vield 0.20 g. (3.69(): wmelting at 87-87.5° after one recrystalliza-
tion from ethanuol-hexane. It was identical by melting point,
mixture melting point and infrared spectrim with authentic
H-phenyl-2-oxazolidinone (VIII) (see below); A\<P73.07,5.81, 6.70,
6.95, 7.30 u.

The aqueous solution was evaporated to dryness under reduced
presstire.  An oil remained which erystallized when triturated
with ether. There was obtained 4.2 g. (68%.) of (B-hydroxy-
phenethylurea (VII) melting at 86—-90°. After one recrystalliza-
tion from acetane-ether, it melted at 90-92°. It was identical
with the mithentic sample by melting point, mixture melting
paint and infrared spectrum: 57 2.95, 3.05, 6.14, 6.24, 6,40, 6.70,
6.89 u.

5-Phenyl-2-oxazolidinone (VIIT).*—A 25.0 g. (0.138 mole)
sample of a-aminomethyltbenzyl aleohol acetate was treated with
27.4 g. (0.276 mole) of phosgene and 22.6 g. (0.276 mole) of sodium
acetate in ethyvl acetaty. The crude product was recrystallized
from methylene chloride~ether, affording 19.8 g. (88%) of VIII,
m.p. 88.5-89.5°.  Literature® m.p. 89-90°; A5 3.07, 5.80, 6.68,
6.90 (br), 7.30 u.

Anal. Caled. for C4HNO:: N, 858, Found: N, 852,

Attempted Acid Hydrolysis of di--75-2-Amino-4-methyl-5-
phenyl-2-oxazoline (V).—A 2.0 g. sample (0.011 mole) of di-cis-
2-nmino-4~-methyl-5-phenyl-2-oxazoline (V) was dissolved in 50
ml. of .V hydrochlorie acid and refluxed for 4 hr. The solution

(28) J. Richer and M. Pinkova, Collection Czech. Chem. Commun., 20, 1409
(1955).

(20) TRA-400, Rehm and Haas.
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was cooled, washed with ether and made basic with sodium
hivdroxide solutian,  The solid was filtered, washed twice with
water and dried, giving 1.0 g. of V, m.p. 151-153°. Extraction
of the aqueous solution afforded an additional 0.56 g. of less pure
V, m.p. 133-138°, identical with V by its infrared spectrum. The
total recovery was 787..

Attempted Alkaline Hydrolysis of dl-cis-2-Amino-4-methyl-5-
phenyl-2-oxazoline (V).—A 2.0 g. sample (0.011 mole) of di-cis-
2-amino-4-methyl-3-phenyl-2-oxazoline (V) was dissolved in 23
ml. of ethanol and 50 ml. of dilute sodium hydroxide (0.15 mole)
and refluxed for 4 hr. The ethanol was removed by distillation
and the gummy solid extracted into ether. The organic solution
was extracted 3 times with dilute hydroclilorie acid, which was
made basic and extracted with methylene chloride. The solu-
tion was dried and concentrated, yielding 1.1 g. (35%.) of V.
After recrystallization from benzene, 0.82 g. of V was obtained,
n.p. 145-152°, identified by infrared spectra.

Treatment of dl-cis-2-Amino-4-methyl-5-phenyl-2-oxazoline
(V) with Nitrous Acid.—To 2 g. (0.011 mole) of di-¢is-2-amino-4-
methyl-3-phenyl-2-oxazoline (V), dissolved in 15 ml. of water and
1.3 ml. (0.023 mole) of coned. sulfuric acid and cooled i an ice-
water bath, was added slowly a solution of 1.6 g. (0.023 mole) of
sodiuin nitrite in 10 ml. of water. After stirring at 0° for 1.5 hr.,
the solid product was filtered, washed with water and sucked dry,
vielding 0.94 g. (34.7%,) of V nitrate, m.p. 154-156.5%. A 0.085
g. sample was recrystallized from methanol-benzcne, yielding
0.08 g. of the salt, m.p. 154-156°; AY"° 312, 3.7, 3.46, 3.53,
5.82, 6.20, 6.57, 6.90, 7.15, 7.26 u.

Anal. Caled. for CipHisN:0Oy: C, 50.20; H, 548:; N, 17.57.
Found: C,49.91; H, 5.47; N, 17.40.

The authentic nitrate was prepared from V and nitric acid
and was identical in all respects to this salt.

The aqueous mother liquor from the nitrous acid reaction
was made basic with sodium hy-droxide and the solid product
filtered, washed with water and sucked dry, vielding 1.04 g.
(329% ) of V, m.p. 154-156.5°: identified by infrared spectra.

Hydrogenolysis of d.-¢i5-2-Amino-4-methyl-5-phenyl-2-oxazo-
line (V).—A solution of 1.50 g. (0.010 mole) of dl-ris-2-amino-4-
methyl-3-phenyl-2-oxazoline (V) in 30 ml. of methanol containing
0.13 g. of 104 palladium on charcoal in suspension was hydro-
genated at room temperature and atmospheric pressure. The
uptake of hydrogen was complete in 2 hr. The catalyst was re-
moved by filtration and the filtrate was concentrated under re-
duced pressure. White crystals, m.p. 151-152°, were obtained;
yield 1.50 g. (98¢7). This material was identical by melting
point, mixture melting point and infrared spectrum with authen-
tic e-methylphenetliviurea (IX) prepared by the method of
Jones and Wallis.!!

Methylation of dl-7s-2-Amino-4-methyl-5-phenyl-2-oxazoline.
—To 2 g. (0.011 mole) of di-is-2-amino-4-methyl-*-phenyl-2-
oxazoline (V) in 35 ml. of methanol was added 4.7 g. (0.034
nmole) of potassium carbonate and 4.85 g. (0.034 mole) of methyl
iodide. The mixture was heated under reflux for 5 hr.. diluted
with water and concentrated to remove the alecohol. The solid
product was filtered, dissolved in ether and extracted into dilute
hydrochlorie acid. The acid solution was made basic and ex-
tracted 3 times with methylene chloride. The extracts were
dried over magnesium sulfate and concentrated, yielding 2.0 g.
of basic product. Crystallization of the material from benzene-
petroleum ether afforded 0.65 g. (32¢¢) of unchanged V, m.p.
133.5-156°, identified by infrared spectra.

The mother liquor, 0.8 g. (4097 ), was dissolved in methanol and
treated with 0.4 g. of fumaric acid. After dilution with ether,
crystallization occurred. The erystals were filtered, washed with
ether and dried, giving 0.5 g. of 2-imino-3,4-dimethyl-5-phenyi-
oxazolidine (X) fumarate, nip. 173-178° dec. After one re-
crystallization from methanol-ether, an analytical sample was
obtained, m.p. 171.5-175%; AE™ 3.35 (br), 5.85, 6.20, 6.57, 6.86,
.0 u.

Anal. Caled. for 015}115.\.2051 C, 5881. H, 5.92;
Found: C, 58.94; H, 6.02; N, 9.12.

A 0.15 g. sample of X fumarate was dissolved in water and the
solution was made baste with 5¢, sodium hydroxide and ex-
tracted 3 times with ether. The extracts were washed with water,
dried and concentrated. Trituration of the solid product with
petroleum ether afforded 0.04 g. of X, m.p. 68-71°; ALY 3.00,
3.35, 3.48, 5.99, 6.45, 6.66, 6.89, 7.02, 7.19, 7.27, 7.37 u. The
material is identical with an authentic sample described below
by melting point, mixture melting point and infrared spectra.

Anal. Caled. for CyHsN2O: N, 14.73. Found: N, 14.74,

N, 9.15.
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2-Imino-3,4-dimethyl-5-phenyloxazolidine (X).*—A 7.0 g.
snmple (0.0425 mole) of dl-ephedrine® was eyelized with c¢yano-
gen bromide using Method A, After reeryvstallization from ether-
petroleum ether, 4.77 g. (59.539%) of pure 2-imino-3,4-diniethyi-5-
phenyl-Z-oxazolidine ( X) was obtained, m.p. 67--71°, Literaturet
nup. 71-73% AR 300 335, 347, 5.95, 6,45, 6.63, 6.88, 7.02,
77T, 727,735 .

1-(or 3-)Acetyl-1-(3-hydroxy-«-methylphenethyljurea (XI or
XII).—To a solution of 5 g. (0.0286 mole) of 2-amino-4-methyvi-5-
phenyl-2-oxazoline (V) in 65 mlb of pyridine was added 8§ ml. of
acetie anhydride.  Fhe solution was left to staud at room temn-
perature for 72 hro: it was then acidified with cald 104 hyedro-

(30) Obtained from Merek and Co., Yne.
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chiforie neid and washed 3 times with cther.  The aqueous sola-
tion was made basic with 304 sodiimn hydroxide sahrtion wud
extracted thoroughly with ether and methylene chloride. 'Phe
extraets were dried and concentrated, affording 3.3 g. of produet.
The aqueons basie solution was satnrated with salt and re-ex-
tracted, affording an additional gram of producet. Fhe two erops
were combined and reervstallized from methanol-henzene, vield-
ing 3.2 g. (50390 of the substitnted urea: mp. (198.5) 208.5
211.5° dee. The sumple was reerystallized once from methanol
benzene and anee frout neetone affording .77 g. of product, mp.
2006--207.5°0 AR 204, 3,02, 3005, 335, 5.86. 6,10, 6.40, 6.6,
0.86, 6.96, .17, 7.25 u.

beal. Ciled. for CraHgNOy CL 60000 FL G830 N
Found: O, 612 H, 6.00: N, (1,91,

FENG.

Hypotensive 1,2,4-Benzothiadiazines

BarBara AxN BierBauw, Joux J. TravErso, axp CavveErr W, WHITEHEAD

Lilty Research Laboratories, Indivapelis £, Didiaa

Recerved October 22, 1962

2-Aminobenzenesulfonamides were prepared by way of (1) the chlorosulfouation of nminobenzenes, (2) the
nmination of 2-chlorobenzenesulfonamides and (3) the chlorine oxidation of 2-benzylmerecaptonitrobenzenes.
New 1,2,4-benzothiadiazine-1,1-dioxides were obtained by the cyeclization of the 2-mminobenzenesulfonamides

with formic acid, ortho esters, mixed anhydrides and with nldehyvdes.

cvelic sulfonamides nre described.

Since the hypotensive activity of O-chloro-7-suli-
amoyl-1,2,4-benzothiadiazine-1,1-dioxide was recog-
nized clinically,' there has been a search i this lab-
oratory forsulfonamides having principally or exclusively
cffective hypotensive activity. This paper describes
part of the investigation concerned with 1,2,4-beuzo-
thiadiazine-1,1-dioxides not coutaining an extranuclear
7-sulfamoyl group.

Chlorosulfonation of 3-chlovo-t-methylaniline and of
4-chlorobenzoic acid yielded, respectively, 2-amino-4-
chloro-5-methylbenzenesulfonyl chlorvide and H-car-
boxy-2-chlorobenzenesulfonyl chloride. The reactive
chlorine atoms of 2,3-dichloronitrobenzene and of 2-
chloro-H-methylnitrobenzene were displaced by benzyl-
thiol in alkaline solution. Chlorine oxidation of the
resulting  2-benzylmercapto-s-chloronitrobenzene and
2-henzyhnercapto-i>-methylnitrobenzene yielded the
corresponding 2-nitrobenzeunesulfonyl chloride.  All the
above sulfonyl chlorides were converted to sulfonamides
by treating them with liquid amimonia. Reactions of
d-chloro-2-nitrobenzenesulfonyl chloride with n-pro-
pylamine and with benzylamine yielded N-n-pro-
pyl- and N-benzyl-3-chloro-2-nitrobenzenesulfonamides.
Catalytic reduction of the 2-uitrobenzenesulfonamides
and displacemeut of the chlorine of 2-chloro-5-carboxy-
beazenesulfonamide yielded the 2-aminebenzenesulfon-
amides listed in Table 1.

Cyelization of 2-aminobenzenesulfonamides  with
formic acid, triethyl orthoformate, triethyl ortho-
acetate and with triethyl orthopropiouate yielded 3-H-,
S-methyl- and 3-cthyl-1,2,4-benzothiadazine-1,1-diox-
ides (Table 1I).  Mixed anhydrides of trifluoroacetic
acid with alkane, aralkane and cyeloalkanecarboxylic

(1} W. Yollander and R. W. Wilkins, Bostorx Wed. Quart., 8, 69 (19175;
R. W. Wilkins, Vew Euagland J. Med., 267, 1020 (1937); A. A. Rubin, ¥. 1.
Roth, R. M. Taylor, and H. Rosenkilde. J. Pkasmacol. Krptl. Therap.. 136,
344 (1962,

The hypotensive activities of the endo-

acids reacted with the 2-aminobenzenesulfonamides to
give  2-carboxamidobenzenesulfonamides.  Oune  of
these. S-chloro-2-phenacetylaminobenzenesulfonamide,
was isolated and characterized. The other crude 2-
carhoxamidobenzenesulfonamides were cyclized in con-
centrated ammonium hydroxide to yield 3-alkyl (4 or
wore carbons), 3-aralkyl- and 3-cycloalkyl-1,2,4-bei-
zothiadiazine-1.1-dioxides (Table II). The mixed
anhvdride method was uot successtul with benzoie
acid, and G-methyl-3-trifluoromethyl-1,2 4-benzothi-
diazine-1,1-dioxide was obtained from the reaction with
the anhydride of trifluoroacetic acid and 3,4.5-tri-
methoxybenzoic acid. Condensations of aldehydes
with the Z-aminobenzenesulfonamides in acid gave the
2.3-dihydro-3-atkyl-, aralkyl- and cycloalkyl-1.2 4-ben-
zothiadiazine-1,1-dioxides (Table IIT). The wnusual
and new adamantane-1-carboxaldehyde was prepared
by the lithium aluminum hydride reduction of
N-methyl-N-phenyl-adamantane-1-carboxamide.  This
aiide was obtained from adamantane-1-carboxylic acid
through the acid chloride.

Experimental

Chlorosulfonations (Table I}).—To | kg. of chlorosulfonic aeid
was added carefully 100 g. of 3-chloro-4-methylaniline or 100 g.
of p-chlorobenzoic¢ acid. The mixture was stirred mechanically,
and 150-200 g. of NaCl was added in small portions. The es-
caping hydrogen chloride was conducted to o water-wash column.
The reaction mixture was heated in an oil-bath at 160° for 5 hr.,
then cooled and added to ice water. The separated sulfonyl
chloride was extracted with ether or collected on a filter, washed
with water and dried. The product was added cautiously ta
excess liquid ammonia in an open beaker. After the excess
ammonia had evaporated, the solid sulfonamide was recrystal-
lized from alcohol.

2-Benzylmercaptonitrobenzenes and their Chlorine Oxidation
(Table I).—To a cold solution of KOH (54-108 g.) in 2 L of
alcohol was added 100 g. of benzylmercaptan and either 154.5 g.
of 2,3-dichloronitrobenzene or 128 g. of 2-chloro-3-methylnitro-



