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A series of new 5-aryl-2-dialkylamino-2-oxazolin-4ones has been prepared by (a) condensation of mandelic acid deriva- 
tives with dialkylcyanamides (b) aminolysis or (c) alkylation of 2-amino-S-aryl-2-oxa~olin4ones1 and (d) aminolysis of 
5-aryl-2-thio-2.4oxazolidinediones with secondary amines. Pharmacological results indicate that 2dimethylamino-5- 
phenyl-2-oxazolin-4one ( II)Ib is particularly interesting aa a mild stimulant and anorexic agent. 

The reported stimulant action2g3 of 2-imino-5- 
phenyl-4-oxazolidinone (5-phenylp~eudohydantoin~ 
Ia)4 on the central nervous system prompted us to 
prepare a number of related compounds. In  the 
course of this investigation, a series of 5-aryl-2- 
disubstituted amino-2-oxazolin-4-ones, a type of 
compound not previously described, was synthe- 
sized. Comparison of these compounds with the 
unsubstituted derivative, previously formulated 
as la ,  indicates that tautomer Ib  (2-amino-5-phenyl 
2-oxazolin-Pone) is the predominant form of I and 
monosubstituted derivatives with alkyl or aralkyl 
(but not phenyl) substituents on the exocyclic 
nitrogen atom. These results are reported in 
paper 11.5 The nomenclature in both papers is 
consistent with our conclusions on tautomerism in 
this series. The present paper describes four new 
syntheses of 2-amino-2-oxazolin-4-ones and some of 
their limitations, 
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The chemistry of 2-amino-2-oxazolin-4-ones has 
been adequately reviewed by Clark-Lewis.6 Al- 
though additional work has been r e p ~ r t e d , ~ ~ ~  new 
preparative procedures have not been described 
since this review. Synthetic methods include: 
(1) the condensation of a-hydroxy esters with guani- 
dine,4v6z7a with potassium hydrogen cyanamidelg or 
with thiourea and sodium ethoxide83lo ; (2) aminoly- 

(1) (a) Presented in part before the Division of Medicinal Chem- 
istry a t  the 141st National Meeting of the American Chemical Society, 
Washington, D. C., March 26, 1862; (b) The generic name "thozali- 
none" has been proposed for this compound. 

(2) L. Schmidt, Anneimitlel-Forsch., 6 ,  423 (1956). 
(3) G. A. Lienert and W. Janke, Arzneimittel-Forsch., 7 ,  436 (1957); 

(4) W. Traube and R. Ascher, Ber., 46, 2077 (1913). 
(5) C. F. Howell, N. Q. Quinones, and R. A. Hardy, Jr., J. O r g .  

(8) J. W. Clark-Lewis, Chem. Reus. 58,  63 (1958). 
(7) (a) H. Najer, R. Giudicelli. E. Joannio-Voisinet, and M. Joannic, 

Bull. aoc. chim., France, 1226 (1961); (b) H. Najer and R. Giudicelli, 
Bull. 800.  chim., France, 1231 (1961). 

B. Knick, Miinch. Med .  IVochschr.. 102, 2102(1960). 

Chem., 27,  1686 (1962). 

(8) D. T. Elmore and J. R. Ogle, Tetrahedron, 3, 310 (1958). 
(9) 0. Mertens, J. prakt. Chem., 11 [II], 1 (1878). 
(10) (a) E. Clemmensen and A. H. C. Heitman, A m .  Chem. J.. 

40,280 (1908): (b) E. Clemmensen and A. H. C. Heitman, A m .  Chem. 
J.,42,319 (1809). 

sis of 2-ethylthi0-2-oxazolin-4-ones~~; and (3) cycli- 
zation of intermediate a-haloacylureas (prepared by 
several methods) to yield either unsubstituted or 
2-monosubstituted amino  derivative^.'^^'^ 

Condensations of a-hydroxy esters with dialkyl- 
cyanamides have not been described. However, 
Schubert has reported the reaction of diethylcyan- 
amide with mercaptoacetic acid in the presence 
of triethylamine to yield 2-diethyl-amino-2-thia- 
zolin-Pone. la Only starting materials were re- 
covered when we attempted the analogous con- 
densation of mandelic acid or the ethyl ester 
with dimethylcyanamide and triethylamine. The 
desired condensation was effected, however, when 
dimethylcyanamide was refluxed with a benzene 
solution of ethyl mandelate which had been treated 
with a catalytic amount of sodium hydride. 2- 
Dimethylamino-5-phenyl-2-oxazolin-4-one (11) was 
isolated in 60% yield. This product was identical 
with a sample prepared by reaction of the anion 
of 2-amino-5-phenyl-2-oxazolin-4-one (Ib) with 
dimethyl sulfate,6 or by treatment of I b  with excess 
dimethylamine. The structure was proved by 
hydrolysis to the known 5-phenyl-2,4-oxazolidine- 
dione (111) and dimet$hylamine (isolated as the p- 
toluenesulfonamide) .6 These results establish the 
nature of the heterocyclic ring and the position of 
the methyl groups in the alkylation reaction. 

This condensation probably involves nucleophilic 
addition of the ethyl mandelate anion to dimethyl- 
cyanamide forming the pseudourea anion IV.I4 

Loss of alkoxide then gives 11. Apparently the 
ethoxide ion then catalyses further reaction (by 
proton exchange with ethyl mandelate) more rap- 
idly than it reacts with dimethylcyanamide. The 
condensation could also be accomplished in meth- 
anol (22% yield) even though formation of 2,3,3- 
trimethylpseudourea (V) is probably an important 

(11) J. S. H. Davies, W. H. Hook, and F. Long, J .  Chem. Soc., 36 
(1 950). 

(12) (a) H. Asplund, Acta Acad.  Aboensis, Math. et Phys.  11, 14 
(1939); Chem. Zentr. 110 [II], 3092 (1939); (b )  idem., Acta Acad. 
Aboensis, Math. et Phya. 12, 5 (1939): Chem. Abstr., 41, 2413 (1947); 
(c) H. Asplund. Pinaka Remistsamfundets filedd. 49, 49 (1940); Chem. 
Abstr., 86, 2143 (1941). 

(13) H. Schubert, German Patent 930,563 (1955); Chem. Abstr . ,  
5 2 ,  20199 (1958). 
(14) The reaction of dialkylcyanamides with alkoxides to  give 

2,3,3-trialkylpseudoureas is well established, Cf., F. H. 9. Curd, D. G. 
Davey, and D. N. Richardson, J .  Chem. SOC.,  1732 (1949) and R. H. 
McKee, Am. Chcm. J . ,  4!f!, l(1909). 
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competing reaction. However, when the dimethyl- 
cyanamide and sodium methoxide mere refluxed in 
methanol (to form the pseudourea V)14 and the 
mandelic ester was then added, no cyclic product I1 
could be isolated. 

Ethyl mandelate could be replaced by mandel- 
amide (10% yield) or N,N-dimethylmandelamide 
(30y0) to obtain the same product. Aliphatic, sub- 
stituted aromatic, and even a,a-disubstituted a- 
hydroxy esters gave the expected 2-dimethylamino- 
2-oxazolin-4-ones (Table I) in yields ranging from 
27 to  61%. Progressively longer reaction times 
were required with ethylmethyl-diethyl- and di-n- 
butylcyanamides and the yields were decreased 
(Table I). 

A second new and useful synthesis of 2-dialkyl- 
amino-2-oxazolin-4-ones was aminolysisl5 of the 
readily arailable 2-amino-5-phenyl-2-oxazolin-4- 
one (Ib) with secondary amines (Table 11). Hin- 
dered amines reacted slowly and yielded less than the 
the 60-9070 generally observed. For example, 60y0 
of 2-dimet hylamino-5-phenyl-2-oxaxolin-4-one (11) 
was obtained by heating Ib  and dimethylamine at  
125" for two hours. Under similar conditions di- 
isopropylamine yielded 26% of the 2-dialky1:imino 
compound and 20% of the starting material was 
recovered even after seventy-two hours. 

With primary amines, the aminolysis was more 
complex. Treatment of Ib  with refluxing allyl- 
amine (b.p. 56.5') gave the normal product, 2- 
allylamino-5-phenyl-2-oxazolin-4-one, but refluxing 
aniline (b.p. 184") yielded an abnormal, acid-stable 
product isomeric with the expected compound. The 
melting point, 204-205 O, of this substance agreed 
with that reportedL6 for 1,5-diphenylhydantoin 

(15) Aniinolysis of ~,~-diplien.vl-2-iniiiio-4-irriidazolidi1ione and 
derivatives with amines and aminonla has been described bg J .  Breuer 
and K Lempert, E x p e r t e n t f a .  16, 107 (1960). 

(16) E. Testa and R Lttoiie, . l i ~ h .  Pharin , 290, 532 (19.57). 
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2 *:. 8 (VIIa). This structure was confirmed by compari- 
son with a sample of VIIa prepared by treatment of 

w m - 3 ~ ~  a-chlorophenylacetylurea with aniline.lZb Sub- 

could be obtained from Ib  and aniline by prolonged E $  

1 d refluxing in ethanol. The properties of VIa agreed 
with those reported by Aspelund12b and 5-phenyl- 

E 2,4-oxazolidinedione (111) was obtained upon 
I g + a In t. CJ u3 rr) 1 5 hydrolysis. Benzylamine, b.p. 184", yielded simi- 

? ? ? ? ? O F ? ? ? ?  6 2  lar products (VIb and VIIb) under comparable m 

2 conditions but formation of the hydantoin mas 
$ F  slower, requiring ca. two hours of refluxing instead e 

* m m m m D 1 * t . ( D t . t .  ? of one hour as with aniline. 1,3-Disubstituted 1 8 i 5 3 E: 5 2; 2 ureas VIII, corresponding to the amines used, were 
," .-% also isolated from the high temperature reaction 
:2 8 mixtures. 

It would appear that VIa and VIb might undergo 
2 intramolecular rearrangement to  the hydantoins 

d II 2 
Q m VI1 at  t'hese high temperat~res.~' However, VIa 2 

u was recovered unchanged when a sample mas 
c heated a t  180-190" for one hour. A probable course 

for the reaction involves nucleophilic attack by the 
primary amine at  C-5 to give an intermediate like 

E I X  which can either cyclize to yield VI1 or undergo 
aminolysis to the ureas VIII. Isolation of these 
ureas in which the carbonyl oxygen atom is prob- 
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n ably derived from the oxygen atom of the oxazole 
ring favors this interpretation. A similar inter- 
mediate IX (R = C6H6, R' = H) is probably in- 
volved in the preparation of VIIa from a-phenyl- 
chloroacetylurea and aniline.l*b Also when VIa 

.8 E was refluxed with excess benzylamine, VIIb and 
VIIIb were formed; conversely VIb yielded the 

ON ON OH '2 '2 ON ON g 2 5 5 .; "o ," phenyl derivatives VIIa and VIIIa with aniline. 
k %;Cz,;Cz,;,%%:,5% 0 E 0 . 2  5 Reactions of amines with oxazole derivatives to 

L~ yield imidazoles have been observed previouslyl8 2 
~4 m but are little understood. 9 
- 5 2 6  Most reported 2-amino-2-oxazolin-4-ones have 2 

.. '," ' been prepared by the act'ion of guanidine on a- 2 
: r Q c 4 m c m < 4 r a m r Q  : 2 , d  

4: 
Lz 2 s  ~j 5 3 hydroxy  ester^,^ including the compounds of 

?I'ajcr7a who was also interested in the stimulant m m . 2  5 
z $ F Q  

a properties of this series. Seven new 5-aryl deriva- 
tives (Table 111) were obtained by this method in 

2 A A A A A A A A J 8 yields ranging from 15 to Tloj,. The alternative 
condensation of ethyl mandelate with thiourea and 
sodium ethoxide10v12a gave a smaller amount (43% 
us. 68%) and poorer quality of Ib than the guanidine 

, % ~ ( D " i W N t . N i H N 4  a g z~ procedure. Extraneous infrared bands at 5.7 and 
I f 0  9 . q 8.7 p indicated the probable presence of 5-phenyl-2- 

0 $A % 3 thio-2,4-oxazolidinedioiie (Xa)I9 in the crude prod- 
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+ sI + sI 8 . s  uct. Elimination of ammonia (to yield Xa) as well 
as hydrogen sulfide (to yield Ib) is possible in this 
reaction as noted by Elmore and Ogle.* 

e 

~ 5 5 - .a , ; Reus., 61, 179 (1961). 

(17) Such a process might be analogous t o  the  Chapman rearrange- 
CJ'., R. Roger and D. U.  Neilson, Chem. 

(18) For a review see J. W. Cornforth, "IIeterocyclic Compounds," 
Vol. 5 ,  R. C. Elderfield, ed., John Wiley and Sons, Inc., New Pork, 

(19) N. K. Ushenko and T. E. Goriadra, Ukrain. Khim. Zhur., 16, 

ment  of imidates to  amides. 

9 8 $J 8 $ 8 g a 
p v .g . 3 1957. PP. 330 and 401. 

ir 5 C? y p? 4-9 0 0 rr)- 
p: 

E & & & E R & E E 552 (1950); Chem. Abatr., 48, 11391 (1954). 
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Aminolysis of 5-aryl-2-thio-2,4-oxazolidinediones 
(X)11~19 was another method for preparing 2-amino- 
5-aryl-2-oxazolin-4-ones and is analogous to the 
ammonolysis of 2-ethylthio-5,5-dimethyl-2-oxazo- 
lin-4-one." However, this route was useful only 
under carefully selected conditions. Treatment of 
X a  with dimethylamine or morpholine produced 
the expected derivatives XIa. Compound XIa  
(R' = CH,) was identical with other samples of 11, 
but this method offered no advantages over the 
three previous syntheses. Ammonium hydroxide 
reacted with X a  and the o-bromo derivative Xb to 
give modest amounts of XIa  (R' = H) and XIb  
(R' = H), respectively. The o-fluoro derivative Xc 
gave o-fluoromandelamide (XIIc, R' = H, 83%) 
under these conditions, probably because the more 
soluble 2-amino-5-(o-fluorophenyl)-2-oxazolin-4-one 
(XIc, R' = H) did not precipitate from the solu- 
tion but reacted further with ammonia. Similarly, 
Xa  and aqueous methylamine yielded N-methyl- 
mandelamide (XIIa, R' = CHI, 78%). 12b Another 
type of side reaction was encountered when Xa was 
treated with ethanolic ammonia a t  125". Instead 
of XIa  or XIIa  (R' = H), phenylacetamide (XIII, 
20%) and sulfur (65%) were isolated. These prod- 
ucts may have resulted from reduction of initially 
formed I by ammonium sulfide a t  the benzylic 5- 
position. 

S 
NH&H or XIa. R = H 

b. R = B r  
C. R = F  

Xa. R = H  

C. R = F  

XI11 (from Xa) XIIa. R = H  
C. R = F  

Pharmacological testing of this seriesz0 indicates 
that I1 is a particularly interesting mild stimulant 
and anorexic agent with properties different from 
the amphetamines. This compound has been 
selected for clinical trial in man. Several 2-dialkyl- 
amino-5-phenyl-2-oxazolin-4-ones (including 11) , 
2-methylamino-5-phenyl-2-oxaz0lin-4-one~~~~~~ and 
the o-chloro and o-fluoro derivatives of I show better 
properties than I. The other modifications re- 
ported in our work have either diminished stimulant 
activity or none at  all. For example, 2-dimethyl- 
amino-5-methyl-5-phenyl-2-oxazolin-4-one is a de- 
pressant rather than a stimulant. 

Experimental 
2-Dimethylamino-5-phenyl-2-oxazolin-4-one (11) (Gen- 

eral Procedure of Table I).-A mixture of 0.37 g. (8.2 mmoles) 
of 54% sodium hydride in mineral o i P  and 9 g. (0.05 mole) 
of ethyl mandelate in 25 ml. of benzene was warmed until 
evolution of hydrogen was complete. The solution was 
treated with 3.5 g. (0.05 mole) of dimethylcyanamide and 
heated under reflux for 1 hr. The solution was washed with 
25 ml. of water, and the product was extracted into 25 ml. of 
10% hydrochloric acid and precipitated by the addition of 
solid potassium carbonate. 2-Dimethylamino-5-phenyl-2- 
oxazolin-4-one [11, 6.2 g. (6170)] was obtained which had the 
properties listed in Table I and was identical with a sample 
prepared from 2-amino-5-phenyl-2-oxazolin-4-one ( Ib)  and 
dimethylamine (Table 11). 

Reactions of other a-hydroxy esters and dialkylcyans, 
mides are described in Table I. Ethyl mandelate could be 
replaced by mandelamide and N,N-dimethylmandelamide 
when 2 equiv. of dimethylcyanamide were employed in the 
reaction to yield 10 and 22% of 11, respectively. When 
methanol instead of benzene was used as a solvent, the yield 
of I1 was lower (22%). However, when methanolic sodium 
methoxide and dimethylcyanamide were heated under reflux 
for 1.5 hr. before adding the ethyl mandelate, only methyl 
mandelate, 5.5 g. (60%), m.p. 38-40', was found. No effort 
was made to isolate 2,3,3-trimethylpseudourea (V) which 
may also have been present. A more detailed study of 
conditions affecting the reaction of mandelic esters with di- 
methylcyanamide will be published.2* Preliminary indica- 
tions are that use of more than about 0.2 equiv. of sodium 
hydride or reflux periods longer than 3 hr. are deleterious. 
2-Dimethylamino-5-phenyl-2-oxazolin-4one (11) yielded 

an acid sulfate salt, m.p. 175-178', with concd. sulfuric acid 
in ethanol. 

Anal. Calcd. for CIIHI~NZOBS: C, 43.70; H, 4.47; N, 
9.27; S, 10.61. Found: C, 43.44; H, 5.00; N, 9.13; S, 
10.88. 

Compound I1 was hydrolyzed to 5-phenyl-2,Poxazoli- 
dinedione (111)' by 10% hydrochloric acid.6 It did not 
yield salts with anhydrous weak organic acids and did not 
react with methyl iodide in refluxing methanol (16 hr.). 

2-Dimethylamino-5-methyl-5-phenyl-2-oxazolin-4-one.- 
A solution of 25 g. of ethyl atrolactate2a in 100 ml. of 
benzene was added to a suspension of 2 g. of 50% sodium 
hydride-mineral oil dispersion in 50 ml. of benzene. The 
solution was treated with 13 g. of dimethylcyanamide and 

(20) Pharmacological screening and evaluation studies were carried 
out by A. C. Osterberg, E. N. Greenblatt, et al., of the Experimental 
Therapeutics Research Section of these laboratories. Details will 
be reported elsewhere. 

(21) Supplied by Metal Hydrides Corp., 12-24 Congress, Beverly, 
Mass. 

(22) C. F. Howell, S. Peluso, and H. G. Arlt, Jr., to  be published. 
(23) K. Freudenberg, J, Todd, snd R. Seidler. Ann., 601, IRQ 

(1933), 
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heated under reflux overnight. The reaction mixture was 
washed with 30 ml. of water, dried over sodium sulfate, and 
concentrated. Recrystallization of the residue from 200 ml. 
of 5Oy0 ether-petroleum ether afforded 14 g. (49%) of 
2-dimethylamino-5-methyl-5-phenyl-2-oxazolin-4-one, m.p. 
63-66'. Two more recryst,allizations gave analyt,ically pure 
material, m.p. 68-69". 

Anal. Calcd. for C12H1402h'z: C, 66.04; H, 6.47; N, 
12.85. Found: C, 66.23; H, 6.32; N, 12.66. 

Ethyl o-Fluoromandelate.-o-Fluoromandelic acid, pre- 
pared by the method of Hager and S t a r k e ~ , ~ ~  as very soluble 
in water and the yield of acid, m.p. 115-116.4" (lit.,24 m.p. 
116.5'), was increased from 6 to 90% by saturation ole an 
aqueous solution with sodium chloride before continuous 
extraction with ether. Treatment of 13.6 g. of the acid 
with ethanol and a trace of p-toluenesulfonic acid26 gave 
11.5 g. (72%) of ethyl o-fluoromandelate, b.p. 71-72" (0.2 
nim.), T L * ~ D  1.4938. 

Anal. Calcd. for CIOHIIOBF: C, 60.60; H, 5.60; F, 9.59. 
Found: C, 60.64; H, 5.93; F, 9.70. 

Ethyl o-et'hoxymandelate, prepared similarly from o- 
ethoxybenzaldehyde, boiled at  135-137' (3  mm.) and was 
not characterized further. 
2-Dialkylamino-5-phenyl-2-oxazolin-4-ones by Amiioly- 

sis (Table II).-A mixture of 3.5-8 g. (0.02-0.05 mole) 
of 2-amino-5-phenyl-2-oxazolin-4-one (I) and an excess 
of the required amine was heated t,o reflux (or in a steel 
bomb with volatile amines) as indicated in Table 11. When 
no ammonia was evolved and the starting material did not 
dissolve, ethanol or 2methoxyethanol was added to the re- 
fluxing solution. When no more ammonia was evolved the 
excess amine was removed by distillation under reduced pres- 
sure and the product,s described in Table I1 were obtained. 
5-Phenyl-2-piperidino-2-oxazolidin-4-one.-A mixture of 

2 g. of 2-allylamino-5-phenyl-2-oxazolin-4-one and 4 g. of 
piperidine was heated on a stesm bath for 30 min. Volatile 
material was removed by distillation under reduced pressure 
and the residue \vas recrystallized once from ethyl acetate. 
The crude product [1.2 g. (53%) m.p. 112-114°] was not 
quite pure but had an infrared spectrum essentially identical 
Tvith that of 5-phen)-l-2-piperidino-2-oxazolin-4-one (Table 
11, m.p. 128-129') and clearly distinguishable from that of 
the start.ing mat,erial. 

Reactions of Primary Amines with Ib, VIa, and VIb at 
180'. A. Reactions of Aniline with: (1) 2-Amino-5-phenyl- 
2-oxazolin-4-one (Ib).-A mixture of 3.5 g. of I b  and 10 ml. 
of purified aniline26 was heated under reflux for 1.5 hr. The 
cooled mixture was added to 75 ml. of cold ether and filtered 
after 2 hr. The resulting solid (2.75 g.) was stirred with 100 
ml. of 1 M potassium carbonate until no more material ap- 
peared to dissolve and then filtered. The insoluble fraction, 
(0.60 g., 14%, m.p. 228-238") was ident'ified as crude 1,3- 
diphenvlurea (carbanilide (VIIIa), lit.,27 m.p. 235") by the 
infrared spectrum. Acidificat'ion of the potassium car- 
bonate solution yielded 2.0 g. (38%) of 1,5-diphenylhydan- 
toin (VIIa), m.p. 205206", (lit.,16 n1.p. 204-206') with an 
infrared spectrum identical ivith a sample, m.p. 196-198", 
prepared by the method of Aspelund'*b from a-chlorophenyl- 
acetylurea and aniline. A sample of 1,5-diphenylhydantoin 
12.0 g.) mae heatcd on a steam bath with 20 ml. of 3 ,V 
hydrochloric acid for 2 hr. Filtration yielded 1.5 g. ( 7 5 7 , )  of 
unchanged 1,5-diphenplh>-dant~oin, m.p 195-198". 

(2) 5-Phenyl-2-phenylimino-4-oxazolidinone (VIa).--A 
mixture of 2.0 g. of VIa (Table 11) and 5 ml. of aniline was 
heated under reflux for 2 hr., cooled and diluted ryith 50 ml. 
of petroleum ether. The resulting polid was st,irred with 200 
ml of 10% sodium carbonate for 0.5 hr., filtered from an in- ______ 

(24) G. P. Hazer and E. B. Starkey. J .  A m .  Pharm. Assoc . .  82, 44 

(25) 8. L. Shapiro, I. .\I. Rose, F. C. Testa, and L .  Freedman. J. 

(26) A. V. Few and J. W. Smith, J .  Chem. Soe., 753 (1949). 
(27) T. L. Davis and K, C. Blanehard. Or@. Syntheses ,  Coll. Vol. I. 

(1 943). 

A m .  Chem. Soc., 81, 5646 (1939). 

463 (1041), 

soluble residue, and isolated by acidification with concd. 
hJ7drochloric acid. The precipitate was treated with 20 ml. 
of boiling acetone and filtered. The filtrate, dilut,ed with 30 
ml. of petroleum ether yielded 0.6 g. (30%) of crude re- 
covered starting material (VIa), m.p. 206-209'. Concen- 
tration of the filtrat,e to 10 ml. gave 0.5 g. (25Yc) of 1,5- 
diphenylhydantoin (VIIa), m.p. 191-194', identified by 
comparison of its infrared spectrum with t>hat of an authentic 
sample. 

A 50-mg. sample of 5-phenyl-2-phenylimino-4-oxazoli- 
dinone (VIa. m.p. 219-220') was kept a t  180-190" for 1 hr. 
with only slight discoloration. The recovered st'arting 
material melted at  216-217' and the infrared spectrum was 
unchanged. 

(3)  2-Benzylamino-5-phenyl-2-oxazolin-4-one (VIb).- 
-4 mixture of 2.5 g. of VIb (Table 111) and 5 g. of aniline was 
heated under reflux for 2 hr., cooled, and diluted with 150 ml. 
of ether. The solution was washed with 10% hydrochloric 
acid and with water, and dried over calcium chloride. Con- 
centration to 25 ml. yielded 1.0 g. (40y0) of 1,5-diphenyl- 
hydantoin (VIIa, m.p. 200-203"), identified by its infrared 
spectrum. 

B. Reactions of Benzylamine with: ( 1 )  2-Amino-5- 
phenyl-2-oxazolin-4-one (Ib).-A mixture of 7 g. of I b  and 
20 g. of benzylamine was heated to boiling during 0.5 hr. and 
refluxed for 2 hr. The solution was cooled, diluted 
with 250 ml. of ether, and filt.ered to remove 3.0 g. (31%) of 
1,3-dihenzylures, m.p. 165-168" (lit..,28 m.p. 167-169'). 
The filtrate was extracted with 100 ml. of 10% sodium hy- 
droxide. Acidification of the lower layer with 10% hydro- 
chloric acid yielded 0.75 g. (7%)  of 1-benzyl-5-phenylhydan- 
toin [VIIb, m.p. 210-212' (uncorr.)]. Sublimation at  170' 
(0.1 mm.) gave a pure sample, m.p. 222-224" (corr.), 

AnaE. Calcd. for C16H14N202: C, 72.16: H, 5.30; N, 
10.52. Found: C, 71.95; H, 5.54; N, 10.64. 

A sample of VIIb (0.10 g.) was recovered (90%) unchanged 
after heating with 5 ml. of lOyc hydrochloric acid at  95-100" 
for 15 min. The infrared spectrum was similar to but not 
identical with that of 1,5-diphenylhydantoin (VIIa). 

( 2) 2-Benzylamino-5-phenyl-2-oxazolin-4-one (VIb).- 
Refluxing 3.0 g. of VIb with 6 g. of benzylamine for 1.8 hr. 
gave 1.25 g. (46%) of 1,3-dibenzylurea, m.p. 160-164", and 
0.11 g. (4%) of l-benzyl-5-phenylhydantoin, m.p. 210-212" 
(uncorr.) which were isolated as above and identified by 
their infrared spectra. 

( 3) 5-Phenyl-2-phenylimino-4-oxazolidinone( VIa ).- 
Similarly, a mixture prepared by refluxing 2.0 g. of VIa 
and 4 g. of benzylamine yielded 0.6 g. (30y0) of 1,3-di- 
benzylurea, m.p. 168-170", and 0.4 g. (20%) of VIIb, m.p. 
210-212" (uncorr.). 

5-Aryl-2-amino-Z-oxazolin-4-ones (Table 111) : Pro- 
cedure 1.-A solution of 0.02 mole of the substituted 
ethyl mandelate in 10 ml. of absolute ethanol was heated and 
stirred under reflux for 2 hr. with 10 ml. of 2.05 A' ethanolic 
guanidine prepared from gwnidine hydrochloride and 
sodium ethoxide. Evolution of ammonia wa6 observed dur- 
ing the early part of the reaction and had ceased by the end 
of 2 hr.4 The products are described in Table 111. 

In the cases of 5-(o-fluorophenyl)- and 5-( 2,4-dichloro- 
phenyl)-Z-amino-2-0xazolin-4-one, hy-products containing 
excess nitrogen were encountered. The crude products \yere 
best purified by suspending them in 1 equiv. of .V sodium 
hydroxide and filtering to remove the impuritiev. hcidifira- 
tion of the filtrate wit,h an equal volume of 2 S acetic acid 
then yielded the desired product in a nearly pure condition. 

Procedure 2.-Guanidine hydrochloride (9.55 g.)  and 5.0 
g. of potassium hydroxide pellets were mixed in 100-200 ml. 
of absolute ethanol. The substituted ethyl mandelate (0.1 
mole) was added and the mixture was heated under reflux 
for 1 hr. The mixture was diluted with 3-4 vol. of water and 
cooled. Filtration gave 15-5770 of the 5-aryl-Z-amino-2- 
oxazolin-4ones reported in Table 111. 

(28) 0. C. Dermer and J.  King, J .  Ow. Chsm.,  8, 168 (1943). 
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2-Amino-5-phenyl-2-oxazolin-4-one (Ib) from Ethyl 
Mandelate and Thiourea.-To a solution of sodium ethoxide 
prepared from 2.3 g. of sodium in 50 ml. of absolute ethanol 
was added 7.6 g. of thiourea followed by 18.0 g. of ethyl 
mandelate in 50 ml. of ethanol.lO The solution was refluxed 
for 1 hr. and concentrated to dryness. The residue was 
dissolved in 50 ml. of water and acidified with 50 ml. of 2 N 
acetic acid (hydrogen sulfide evolution). The mixture was 
cooled overnight and filtered to give 10.5 g. of crude product, 
m.p. 225230" dec., which had extraneous absorption bands 
a t  5.72 and 8.7 p in the infrared. [These band8 are strong in 
the spectrum of 5-phenyl-2-thio-2,Poxazolidinedione (Xa)] . 
The crude material was recrystallized from aqueous di- 
methylformamide to give 7.7 g. (43%) of 2-amino-5-phenyl- 
2-oxazolin-4-one (Ib)  which was identical Kith that prepared 
from guanidine and ethyl mandelate. 
5-Aryl-2-thio-2,4-oxazolidinediones (Xa, b, c).-These 

compounds were prepared from the appropriate aromatic 
aldehydes, sodium cyanide, and potassium thiocyanate, 
following the procedure used for the preparation of 5-methyl- 
2-thio-2,Poxazolidinedione.~~ Crude products were purified 
by dissolving them in 2 equiv. of 1 M sodium bicarbonate and 
precipitation with hydrochloric acid. 
5-Phenyl-2-thio-2,4-oxazolidinedione (Xa, 45% yield) was 

recrystallized from chloroform, m.p. 144-145' (lit.,l9 m.p. 
180"). 

Anal, Calcd. for CgH7X02S: C, 55.95; H, 3.66; K 
7.25; S, 16.59. Found: C, 56.34; HI 4.03; N, 7.06; S 
16.32. 

5-( o-Bromophen~l)-2-thio-2,4oxazolidinedione (Xb, 16 '% 
yield) was rerrystallized from benzene-carbon tetrachloride, 
m.p. 145146'. 

Anal. Calcd. for CsHBN02SBr: C, 39.72; H,  2.20; S, 
11.79; Br, 29.37. Found: C, 39.85; H ,  2.41; S, 11.90; Br, 
29.57. 

5-( o-Fluorophenyl)-2-thio-2,4oxazolidinedione ( Xc, 34y0 
yield) was recrystallized from benzene-carbon tetrachloride, 
m.p. 132-133". 

Anal. Calcd. for CgHeN02SF: C, 51.18; H, 2.87; S, 
15.19; F, 8.99. Found: C, 51.33; HI 3.04; S, 14.80; F, 
8.86. 

Reactions of 5-Aryl-2-thio-2,4-oxazolidinediones (X) with 
Amines. A. With Secondary Amines. (1) 2-Morpho- 
lino-5-phenyl-2-oxazolin-4-one.-A mixture of 2.4 g. of 
Xa and 6.4 ml. of morpholine was warmed until hydrogen 
sulfide evolution began. When the reaction moderated, the 
mixture was refluxed for 5 min. and poured on ice. The prod- 
uct, 2.4 g. (SO%), m.p. 164-166', was recrystallized from 
ethanol and had the same infrared spectrum as the sample of 
2-morpholino-5-phenyl-2-oxaaolin-4-one listed in Table 11. 

(2)  2-Dimethylamino-5-phenyl-2-oxazolin-4-one (II).- 
A mixture of 3.8 g. of Xa, 1.8 g. of dimethylamine, and 
20 ml. of ethanol %as heated in a steel bomb a t  105" for 1.5 
hr. The mixture was concentrated to dryness and the res- 
idue was purified as in the preceding preparations of this 
compound. 2-Dimethylamino-S-phen~-l-2-oxazolin-4-one, 
0.98 g. (24%,), m.p. 136-139', was obtained arid had the 
same infrared spectrum as samples listed in Tables I and 11. 

B. With Ammonium Hydroxide at 25'. (1 )  2-Amino-5- 
(o-bromophenyl)-2-oxazolin-4-one (XIb).-.4 solution of 2.7 
g. of 5-(o-bromophenpl)-2-thio-2,4-osazolidinedione (Xb) in 
5 ml. of concd. ammonium hydroxide was stored at  room 
temperature for 16 hr. and filtered. After 2 days a second 
crop was collected from the filtrate. The two crops were 
recrystallized from aqueous dimethylformamide to give 0.39 

g. (15%) of 2-amino-5-(o-bromophenyl)-2-oxazolin-4-one, 
m.p. 259-262' deo. An analytical sample recrystallized 
twice from aqueous dimethylformamide was crushed and 
dried in vacuo a t  100" for 4 hr.; i t  had the properties listed in 
Table 111. 

(2 )  2-Amino-5-phenyl-2-oxazolin-4-one (Ib).Similarly, 
a solution of Xa in ammonium hydroxide slowly deposited 
2-amino-5-phenyl-2-oxazolin-4-one (Ib) which was identified 
by its infrared spectrum. 

o-Fluoromandelamide (XIIc).-A solution of 12.6 g. 
of 5-(o-fluorophenyl)-2-thio-2,4-oxazolidinedione (Xc) in 30 
ml. of concd. ammonium hydroxide was stored a t  room tem- 
perature for 4 days, but no precipitate was formed. The 
solution was continuously extracted with methylene chloride 
for 12 hr. and the solvent was removed by distillation. The 
residue was dissolved in cold water, filtered, and concen- 
trated to give 8.4 g. (83%) of crude o-fluoromandelamide, m.p. 
79-85'. A sample for analysis was sublimed, recrystallized 
again and resublimed, m.p. 75-76'. 

Anal. Calcd. for CsHgNOzF: C, 56.80; H, 4.77; N, 
8.28; F, 11.23. Found: C, 56.93; H, 4.97; N, 8.37; F, 
10.90. 

C. With Aqueous Methylamine at 25'. (1) N-Methyl- 
mandelamide (XIIa. R' = CHz).-A mixture of 4.8 g. of Xa 
and 10 ml. of 40% aqueous methylamine stored at  room tem- 
perature for 4 days yielded 3.2 g. (78%) of N-methylmandel- 
amide, m.p. 88-95'. Recrystallization from water raised 
the melting point to 96-98' (lit.,12b m.p. 95"). 

Anal. Calcd. for C9HllN02: C, 65.44; H, 6.72; N, 8.48. 
Found: C, 65.22; H, 6.76: N, 8.35. 

D. With Ammonia at 125'.-A mixture of 4.8 g. of Xa 
and 1.7 g. (4 equiv.) of ammonia in 25 ml. of ethanol was 
heated at  125" for 2 hr. in a steel bomb. Concentration 
yielded a residue which was recrystallized from about 100 ml. 
of ethyl acetate (charcoal). A yellow product, 0.52 g. 
(65y0), m.p. 120-134", was removed by filtration. Recrys- 
tallization from ethanol gave pure sulfur, m.p. 122-123", 
identified by the blue flame and choking odor on combustion 
and the virtual lack of an infrared spectrum. 

The ethyl acetate-mother liquor yielded 0.66 g. (2001,) of 
phenylacetamide (XIII) ,  m.p. 144-152 ". Recrystallization 
from ethyl acetate and then from water afforded a pure 
sample, m.p. 157-158", undepressed upon admixture with 
an authentic sample which had the same infrared spectrum. 

5-Phenyl-2,4-oxazolidinedione (III).-An authentic 
sample of 5-phenyl-2,4-oxazolidinedione prepared from 3.0 
g. of 2-amino-5-phenyl-2-oxazolin-4-one by the method of 
Traube and Ascher4 was recrystallized from water and sub- 
limed, m.p. 111-112' (lit.,4m.p. 108"). 

Anal. Calcd. for C9H7NOs: C, 61.00; H, 3.98; N, 7.91. 
Found: C, 60.92; H, 4.06; N, 7.82. 

Similar hydrolysis of 2-dimethylamino- (11), 2-piperidino-, 
2-benzylamino-, 2-allylamino-5-phenyl-2-oxazolin-4one, and 
5-pheny1-2-phenylimino-4-oxazolidinone gave 4561% of 
I11 which was identified by the melting point and infrared 
spectrum. 

(3) 
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