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At present, there is no cure for epilepsy baaed upon the administration of medi- 
cinals. However, a satisfactory though temporary relief is noted in many epilep- 
tic individuals during the period of their continued use of phenobarbital3 (I), 
Dilantin4 (XI), or Mesantoins (111), or a combination of the former with one of 

OC-NH OC-NH OC-NCHa 

the hydantoin derivatives. Phenobarbital, perhaps, is supericr to Dilantin in the 
alleviation of the petit mal type of epilepsy (l), but is likely to produce central 
depression and hypnosis in the dosages required to control the grand mal type. 
Dilantin is most widely employed in treatment of the grand mal and psycho- 
motor seizures and does not usually exhibit hypnotic effect. Although Dilantin 
appears to possess the greater margin of safety with regard to fatal dose, it  fre- 
quently produces toxic reactions to a mild degree when administered to epilep- 
tics. The formula of Mesantoin (111) reveals that it is a 3-methyl derivative of 
nirvanol, 5-ethyl-5-phenylhydantoin (Z), use of which was discontinued because 
of its production of a characteristic and very disagreeable skin eruption.6 

It was at one time concluded that the anti-epileptic activity of certain bar- 
biturates, hydantoins, and aryl ketones may be due to  the presence of phenyl 
groups in their structures (3). While it is true that essentially all of the hydantoin 
derivatives of pronounced anticonvulsant activity do possess a t  least one phenyl 

1 From the Ph.D. dissertation of William B. Leslie, June, 1944. 
2 Present address: Clovis, New Mexico. 
8 Phenobarbital, U.S.P., 5-ethyl-5-phenylbarbituric acid, used also in the form of its 

Dilantin, trade mark of Parke, Davis and Company for the sodium salt of 5,5-diphenyl- 

I, Mesantoin, trade mark of Sandoz Chemical Company for 5-ethyl-3-methyl-ti-phenyl- 

sodium salt. 

hydantoin, Diphenylhydantoin, U.S.P. 

hydantoin. 
6 It is of considerable interest that  Sabotka, HoIzman, and Kahn, J .  Am. Chem. Soe., 

64,4697 (1932); Am. J .  Diseases Children, 46, 1216 (1933) have been able to  accomplish the 
resolution of this racemic hydantoin; apparently, the destro-isomer is essentially free from 
this undesirable effect upon the skin. 
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group attached directly to the 5-C position of the heterocyclic nucleus (1, 5), 
the requirement of this partial structure for such activity has not been demon- 
strated. A few hydantoins, such as the 5,5-dithienyl derivative, and some other 
compounds, such as Tridione: which are not hydantoins, are powerful anti- 
convulsants, while a large number of 5-phenyl-5-substituted hydantoins are with- 
out any measurable degree of this activity ( 5 ) .  In short, no absolute relationship 
between structure and anticonvulsant activity has, as yet, been established. For 
the time being, while awaiting the development of a more rational approach, 
search for better anticonvulsants is likely to continue to involve synthesis of 
heterocyclic compounds having one or more phenyl substituents. 

I I  
HN-CO 

I I  
HN-CO 

I 1  
HN-CO 

IV V VI 
A spiro-hydantoin (IV), 5 , 5-biphenylenehydantoin, first synthesized in this 

laboratory (6), has been found to possess considerable anticonvulsant activity; 
enough, indeed, to warrant some clinical testing. The close structural similarity 
of IV to I1 is obvious. As far as is known, there have been no substituted hydan- 
toins which possess two phenyl groups attached indirectly to the 5-C position of 
hydantoin, that is, as the benzohydryl grouping, subjected to pharmacological 
investigation. It should be noted that 5-benzohydrylhydantoin (V, R = H) 
is isomeric with 5-benzyl-5-phenylhydantoin (VI) which is known to be strongly 
anticonvulsant. Therefore, synthesis of a few examples of this type (V) was the 
purpose of this investigation. 

The sequence selection for preparation of such 5-benzohydrylhydantoins (V) 
was as follows: 

RCHO ---f RCHOHCN -+ RCHOHCOOCZH~ + RCH(0MgBr)C 
(OMgBr)(GH& -+ RCHOHC(OH)(CsH& + RCOCH(CRH& - V 

There are available several patents describing processes whereby esters of 
a-hydroxy acids may be prepared from cyanohydrins. One of these processes 
(7) was selected because i t  allows the preparation of the estsr directly from the 
aldehyde, without isolation of the intermediate cyanohydrin. 

The hydroxy esters were used for the preparation of 1 , l-diphenyl-l,2-glycols. 
The ketones necessary for production of the hydantoins were obtained through 
dehydration of the glycols by means of 25% sulfuric acid. The synthesis of the 
hydantoins was accomplished by the method of Henze and Long (8). Through 
the courtesy of Parke, Davis and Company, these five hydantoin derivatives 

Tridione (Trimethadione, N.N.R.) is the trade mark of Abbott Laboratories for 3,5,5- 
frimethyloxazolidine-2,4-dione which is particularly valuable in control of petit mal. 
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167.0 I 747 
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have received pharmacological testing. The three 5-alkyl-5-benzohydrylhydan- 
toins possess considerable anticonvulsant activity but are quite toxic, the methyl 
derivative tendiig to produce convulsions. 5-Benzohydrylhydantoin and 5- 
benzohydryl-5-phenylhydantoin are without anticonvulsant activity in the dos- 
ages employed. Thus, again, it is demonstrated that the mere presence of the 
5-phenyl substituent does not insure anticonvulsant activity of the hydantoin, 

TABLE I 
ETHYL ESTERS OF CERTAIN a-HYDROXY ACIDS, RCHOHCOOC2Hs 

57.5 

52.5 

B.P., 'c. YY. 1 YIELD, % 

1,1005 

1.0341 

1.0069 

0.9839 

1.1258, 

1.4180 

1.4131 

1.4179 

1.4220 

1.5136' 

YOLECULAX lEPBACTION 

z: 

23.85 

28.47 

33.09 

37.75 

47.96 

Calc'd 

23.84 

28.49 

33. OS 

37.71 

48.16 

0 Schreiner, Ann.,  197,l (1897), reported b.p. 160" (cor.) (760 mm.) ; daa 1 .0826; Palomaa, 
Ann. Acad. Sci. Fennicae, A4, 1 (1913); through Chem. Zen l r . ,  84,II ,  1959 (1913), reported 
b.p. 158"; d i 6  1.0869. *Schreiner, Ann.,  197, 1 (1897), reported b.p. 154.5' (cor.) (760 
mm.); d i i  1.0308; Smith and Claborn, Znd. Eng. Chem., 32,692 (1940), reported @D 1.4121; 
Walden and Swinne, Z. physik. Chem., 79, 723 (1912), recorded 4' 1.0299. ~Schre iner ;  
Ann.,  197, 1 (1897), reported b.p. 167" (cor.) (760 mm.) ; dlo 0.9952. Menozzi, Gazz. chim. 
ital., 14, 19 (1884), reported b.p. 190"; d16 0.9883. Nicolle, Bull. S O C .  chim., 2 150, (1938), 
reported b.p. 170-180" (760 mm.). Beyer, J. prakl. Chem., 121 31, 359 (1885), reported b.p. 
253-255"; Darapsky, J. prakl. chern., (2) 96,297 (1917), reported b.p. 141" (15 mm.) ; McKen- 
zie, J. Chem. SOC., 76, 755 (1899), reported m.p. 37"; Michael and Jeanpretre, Ber.,  25 
1784 (1892), claimed m.p. 34'; Findlay and Turner, J. Chem. Soc., 87, 753 (1905), reportea 
"the ester obtained in this work melted a t  29" after fractionation and a t  30" after re- 
crystallization . . . but could not be raised by further recrystallizations." 'Thesedata  
were obtained on supercooled liquid material ; the product solidified, m.p. 30". 

nor does the absence of the 5-phenyl substituent preclude anticonvulsant activity 
in this series. 

EXPERIMENTAL 

Preparation o j  the ethyl esters of a-hydrozy acids. In  general, 200 ml. of dioxane, 2.74 
moles of a carefully-fractionated aldehyde, and 0.4-0.5 g. of sodium hydroxide dissolved in 
39.3 g. (2.18 moles) of water were placed in a flask provided with a thermometer, mechanical 
stirrer, and dropping-funnel the stcm of which extended well into the lower portion of the 
flask. Meanwhile, 77 y .  (2.74 moles) of commercial grade (96%) liquid hydrogen cyanide was 
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P. YIEW, % 

Ha 58.5 
C H 8 b .  e. d 78.5 
C2Hse. f. 0 92.0 
CJ37* 89.0 
cas 72.5 

drawn into a 250-ml. flask and diluted with 50 ml. of cold dioxane.8 The reaction flask waa 
immersed in an ice-bat h and the hydrogen cyanide-dioxane mixture waa added slowly 
through the dropping-funnel into the well-stirred, alkaline solution of the aldehyde.9 The 
reaction was exothermic but was maintained below25". If evolution of heat ceased, addition 
of a few drops of concentrated sodium hydroxide solution hastened the reaction. The stirred 
reaction mixture was allowed to  come t o  room temperature and then was heated t o  about 
75". 

After the mixture had cooled t o  room temperature, the flask wag placed in an ice-salt 
mixture, and 199 g. (4.11 moles) of 95% ethyl alcohol (containing 0.55 mole of water) wa8 
added, and the dropping-funnel was replaced by a glass inlet tube, through which a fairly 

Y.P., 'c. (Cor.) 

122.5-123 .O 
95.2-95.4 

92 
89 
166.6 

0 Tiffeneau, Ann. chim., [SI 10, 344 (1907) reported m.p. 122"; Pall and Weidenkaff, 
Ber., 39, 2063 (1906), prepared this glycol (m.p. 121") from ethyl glycolate in  44% yield. 
b When this preparation was repeated employing 183 g. (1.16 moles) of bromobenzene, 
30.5 g. (1.26 gram-atoms) of magnesium and 600 ml. of absolute ether t o  prepare the 
Grignard reagent [by this method a 94.7% yield of the Grignard reagent has been obtained, 
see J .  Am. Chem. Soc., 61, 1576 (1929)) an 82.3% yield of the glycol was obtained starting 
from 39.4 g. (0.33 mole) of ethyl lactate. ~ S t o e r m e r  and Riebel, Ber., 39, 2302 (19061, 
prepared this glycol by the interaction of 30 g. (0.125 mole) of ethyl lactate with phenyl- 
magnesium bromide prepared from 79.8 g. (0.51 mole) of bromobenzene and 12.3 g. (0.51 
gram-atom) of magnesium. Since each mole of ester requires three moles of Grignard 
reagent, i t  is evident that  this reaction was carried out with a deficiency of phenylmag- 
nesium bromide. The melting point of the recrystallized product was reported a8 96.5'. 
d Smith and Hoehn, J .  Am. Chem. SOC., 63, 1177 (1941), prepared this glycol in but 38% 
yield (calculated on the basis of the ester used) because they repeated the error made by 
Stoermer and Riebel; m.p. 95". e Roger, Helv. Chim. Acta, 12, 1061 (1929), prepared this 
glycol from ethyl a-hydroxybutyrate and phenylmagnesium bromide, in 55% yield; m.p. 
115-116". McKenzie and Roger, J. Chem. SOC., 571, (1927) prepared this glycol by a mo- 
lecular arrangement of 2,3-diphenyI-2-hydroxybutylamine. 0 Anal. Calc'd for ClaH~dh: 
C,79.31;H,7.49. Found:C,79.45;H,7.64. &Anal .  Calc'dforCL1H2002:C,79.65;H,7.87. 
Found: C ,  79.56; H ,  8.04. i Acree, Ber., 37, 2863 (1904), reported m.p. 167". 

rapid stream of dry hydrogen chloride was passed. The temperature of the reaction mixture 
was kept below 20" until saturation was complete (about two hours), then the flask was 
fitted with a condenser and heated for a period of 51 hours at the reflux temperature; con- 
siderable ammonium chloride separated. After cooling, the salt was removed by filtration, 

8 Since hydrogen cyanide boils a t  26O, its vapor pressure at room temperature is decreased 
appreciably by dilution with dioxane. 

9 The reaction proceeded equally well if the aldehyde was added through the dropping- 
funnel to  the hydrogen cyanide dissolved in the dioxane and sodium hydroxide solution. 
This sequence of addition might be advantageous in case the aldehyde readily undergoca 
the aldol type of condensation. 
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P Y.P., O C .  (Cor.) B.P., 'c. 

Ha 116-117 
CHI' 60 .MO. 5 
CzHrC. d 29 130-131 
CiH, * *  f 
C&Is.* 138.0-138.5 

the filter cake was waahed with 50 ml. of dioxane, and the washings were added t o  the 
filtrate which was replaced in the flask and saturated with ammonia a t  ice-bath temperature. 
Again, precipitated ammonium chloride was filtered off and wvashed with dioxane. The 
filtrate waa distilled at 150 mm. using a warm-water bath as source of heat. The ester w a ~  
distilled a t  25 m. or less; considerable still residue resulted. The ester waa redistilled 

TABLE I11 
BENZOHYDRYL KETONES, (CbHs)&HCOR 

~~ 

MOLECULAR REFPACTIOU 
MY. Y E L D ,  % .io d:' 

z Calc'd 

1.5 49 1.5893 1.0980 59.66 60.28 
92 

1.5 93 
95 1.5621 1.0436 73.52 74.06 
43 

---___-___- 
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YIELD, % 

44 
76 
77 
68 
76 

mately one-half of the solvent was distilled off. The resultant mixture was poured int,o 80 
ml. of glacial acetic acid and 400 g. of cracked ice, and was stirred t o  dissolve any glycol 
present. After separation of the two layers, the ether layer was washed with dilute alkali 
and then with water before being warmed until the  temperature reached 65". After cooling 
t o  room temperature, the glycol was precipitated by the addition of two 50-ml. portions of 
Skellysolve F. One recrystallization was sufficient t o  yield the glycols listed in Table 11. 

Preparation of diphenylacetaldehyde and benzohydryl ketones. Approximately 0.2 mole of 
purified glycol and 105150 ml. of 25% (by volume) sulfuric acid were heated t o  reflux tem- 
perature for about 33 hours. The organic material was separated, and if solid was purified 
by crystallization from Skellysolve C or ethyl alcohol. The liquid ketones were puritied by 
distillation a t  1.5 mm. Data  for these ketones are collected in Table HI. 

Preparation of 6-henzohydryl-6-substituted hydantoins. One-tenth mole of purified ketone 
was dissolved in 225 g. of molten, commercial grade acetamide, and 7.16 g. (0.11 mole) of 
potassium cyanide was added with stirring; the mixture was allowed to  cool before 34 g. of 
ammonium carbonate was added. The reaction mixture was placed in a glass liner, sealed in 
a Monel pressure vessel and heated a t  110' for 16 hours. After cooling, the mixture was dis- 
solved in about 450 ml. of hot water, and was cooled and filtered. Acidification of the filtrate 
caused precipitation of solid material which was separated and combined with that  obtained 

TABLE IV 
5-BENZOEYDRYL-5-8UBBTITUTED HYDANTOINS 

HN-CO CH(C&H& 

C 

N 

Calc'd Found 

223.0-223.6 10.52 10.66 
265.0-265.5 10.00 9.95 
219.2-219.5 9.52 9.63 
236.7-236.9 9.06 8.84 
264.0-264.5 8.18 8.06 

Y.P., 'C. (cor.) 

I /-\ 
OC-NH R 

1 

prior to acidification. The crude hydantoin waa purified, either by solution in 10% sodium 
hydroxide solution, followed by filtration and reacidification, or by recrystallization from 
glacial acetic acid. In  general, the berizohydrylhydantoins were quite soluble in hot glacial 
acetic acid, only moderately soluble in hot alcohol, and insoluble in water. For comparison 
with this procedure, which is that developed by Henze and Long (8), the procedure of 
Bucherer and Lieb (9) was tried for preparation of the methyl and propyl analogs. This 
method gave a slightly larger yield of crude methyl derivative, but a much poorer yield of 
the  propyl product. Data  for these benzohydrylhydantoins are collected in Table IV. 

In  the case of benzohydryl phenyl ketone, owing t o  its low solubility, it  was necessary t o  
employ 440 g. of molten acetamide for the 0.1 mole of ketone. The crude hydantoin, after 
trituration with hot benzene melted a t  264.0-264.5"; recrystallization from glacial acetic 
acid or diluted alcohol failed to  alter the melting point. 

Anal .  Calc'd for C~ZHUNZOI: N,  8.18. Found: N, 7.16. 
A 0.4347-g. sample of this material was heated for two hours at 150" and 10 mm. pressure 

Anal .  Calc'd for Cz2H,sNoOt: N ,  8.18. Found: N, 8.08. 
From the mother liquor in this preparation there was recovered 10.5 g. of unreacted 

and was found to  have lost 0.0434 g.; the melting point remained 264.0-264.5'. 

ketone. 
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SUMMARY 

Five 1,l-diphenyl-1 ,Zglycols, one of which waa new, have been prepared from 

The glycols were dehydrated to yield diphenylacetaldehyde and four benzo- 

These benzohydryl ketones have been converted into five, new 5-benzohydryl- 

ethyl esters of &-hydroxy acids by means of the Grignard reaction. 

hydryl alkyl or phenyl ketones. 

5-substituted hydantoins. 

AUSTIN, TEXAS. 
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