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Absolute Configuration of the Major Metabolite of 5,5-Diphenylhydantoin,

5-(4'-Hydroxyphenyl)-5-phenylhydantoin
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Chemical conversions, optical comparisons, and chiroptical measurements (CD) were employed to determine the ab-
solute configuration of the enantiomers of 5-(4’-hydroxyphenyl)-5-phenylhydantoin (HPPH) (1b and 1e¢). Studies on
a key intermediate, (—)-2-cyclohexyl-2-phenylglycine (5b), led to the reexamination of the well-known rule of
Clough-Lutz-Jirgensons. Optical comparisons by means of derivatization into hydantoins and 3-phenyl-2-thiohy-
dantoins (application of Freudenberg’s rule of shift) gave conclusions which were consistent with chiroptical mea-
surements on the above compounds. Thus, (-=)-HPPH (1¢), the major metabolite of 5,5-diphenylhydantoin in man,
has the S configuration. This assignment was confirmed by X-ray single-crystal structure analysis of (+)-HPPH 10-

(+)-camphorsulfonate (18b).

The biologic fate of the widely used anticonvulsant, 5,5-
diphenylhydantoin, has received considerable attention.!
The main pathway of biotransformation appears to be hy-
droxylation by the liver microsomal enzyme systems? of
one of the two phenyl substituents to give 5-(4’-hydroxy-
phenyl)-5-phenylhydantoin (HPPH, 1). This process leads
to the creation of an asymmetry center from a prochiral
molecule. Levorotatory HPPH, [«]?®D -16° (EtOH), was
isolated by Butler'2 from human urine and it was inferred
that this material was the optically pure enantiomer. In
dogs, HPPH was found to be slightly dextrorotatory!a
while a specific rotation, [«]?®D —13.5° (EtOH), was re-
ported by Gorvin and Brownlee!? for HPPH excreted by
rabbits. No quantitative conclusion about the stereoselecti-
vity of the hydroxylation reaction could be drawn since the
resolution of the synthetic racemic compound was not
achieved. Furthermore, as a part of an investigation in
progress in this laboratory on the determination of the
stereoselectivity of the hepatic cytochrome P-450 mixed
function oxygenases system by means of substrates such as
5,5-diphenylhydantoin, it was of interest to reinvestigate
the possibility of preparing the pure enantiomers of HPPH
and to assess their absolute configuration.

Hydantoins are a-amino acid derivatives. In spite of nu-
merous studies concerned with absolute configuration of
a-amino acids, asymmetric 2,2-diaryl-2-amino acids have
not yet been investigated. Fortunately, the configuration of
2-methyl- and 2-ethyl-2-phenylglycine and the correspond-
ing 3-phenyl-2-thiochydantoins (PTH) has been reported.®
So, after resolving the pure enantiomers of HPPH (1b and
le), we converted 1b into the corresponding 2-cyclohexyl-
2-phenylglycine (5b), which was investigated with respect
to configuration by classical optical methods (rule of mo-
lecular rotation shift and CD measurements).

Chemistry. HPPH (la) was synthesized by demethyl-
ation of 5-(4’-methoxyphenyl)-5-phenylhydantoin;? this
method proved to be very efficient for large-scale prepara-
tion and gave higher yields than the direct Biicherer syn-
thesis.*

By fractional crystallization of the diastereoisomeric
brucine salts of la in absolute ethanol, both enantiomers
[th, [a]?5s4 +107.3° [c 1, 0.6 N NaOH), and le, [a]®s546
~107.3° (¢ 1, 0.5 N NaOH)] were recovered with the same
specific rotation. Catalytic hydrogenation of 1b with plati-
num oxide afforded (—)-5-cyclohexyl-5-(4"-hydroxyphe-
nyl)hydantoin (2b). The removal of the phenolic hydroxyl
group was achieved by formation of a tetrazole ether deriv-
ative 3b and subsequent hydrogenolysis over palladium on
charcoal.? Thus, (—)-5-cyclohexyl-5-phenylhydantoin (4b)
was obtained. On the other hand, racemic 4a® was hydro-
lyzed with a solution of sodium hydroxide to 2-cyclohexyl-
2-phenylglycine (5a) which was subjected to N-formylation

giving 6a. The brucine salt of 6a was repeatedly crystal-
lized from water. Refluxing with dilute sulfuric acid led to
the isolation of (—)-2-cyclohexyl-2-phenylglycine (5b)
which on fusion with urea afforded 4b (Scheme I).

Some hydantoins and PTH derivatives were synthesized
for the purpose of optical comparisons. According to Dud-
ley,” (R)-(—)-5-phenylhydantoin was prepared from (R)-
(—=)-2-phenylglycine; catalytic hydrogenation over plati-
num oxide afforded (R)-(+)-5-cyclohexylhydantoin, which
was also obtained from (R)-(—)-2-cyclohexylglycine.8 The
optically active PTH'’s were obtained by Edman’s method,’
with the exception of 5-cyclohexyl-3,5-diphenyl-2-thiohy-
dantoin (7b and 7¢), which was prepared from the ester
and phenyl isothiocyanate. The cyclic derivatives bearing a
hydrogen in the 5 position are probably racemized to some
extent,'011 but this does not preclude the assignment of ab-
solute configuration by optical methods.

Results and Discussion

Optical Comparisons. The Rule of Shift. The rule of
shift was used according to the following proposal. When
two “‘similar” compounds A and B are subjected to identi-
cal chemical transformations into A’ and B’ and the differ-
ences of molecular rotations, A[®](A’ — A) and A[®](B’ —
B), are found to have the same sign, A and B possess the
same relative configuration.

The principal application of this rule allows the assign-
ment of the absolute stereochemistry of a-amino acids
from the sign of the difference of molecular rotationf in
acidic and neutral solutions: A[®]cry = [®]pH* - [®]pHC is
positive to a-amino acids having the Lg configuration (rule
of Clough-Lutz-Jirgensons!213). In order to apply the
present statement, the ‘‘comparable” character of the
amino acid 2-substituents had to be demonstrated. As
shown in Table I, both (R)-2-cyclohexylglycine (13) and
(R)-2-phenylglycine (15) give a negative shift, A[®]crs.
However, a slightly positive value, A[{®]cLy + 6, was record-
ed for 5b. Taking into account this observation and the
rather similar size of the two substituents in 5b, it seemed
worthwhile to test the validity of the Clough-Lutz—Jirgen-
sonsg rule. Hence the A[®]c1y values of a-amino acids which
are shown in Table I were compared with those of two
other molecular rotation shifts, i.e., A[®]gyqa = [®]pH¥d —
[®]pH20 (with [®]pH¥d = molecular rotation of their hydan-
toin derivatives) and A[®]pTy = [®]pPTH — [®]pH20 (with
[®)pFTH = molecular rotation of their derivatives into 3-
phenyl-2-thiohydantoins).

Comparisons of these shifts, A[®]cLy, A[®]uyg, and

t Most of the experimental specific rotations were measured at 546 or 579
nm; the [®] values observed at these wavelengths were close to those at the
sodium D line and the resulting A[®] values did not endanger the stereo-
chemical conclusions.
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Table I. Molecular Rotation Differences for a-Amino A[®]pry, for the a-amino acids 8-14 showed a consistent
Acids and Their Corresponding Derivatives. A[$] Values behavior. A negative shift A[®]cL; and positive shifts,
Calculated for the R Series A[®)1yq and A{®)prh, were recorded in the R series. Never-
theless, some irregularities were observed for the (R)-2-
COOH phenyl-2-amino acids 15-17 ‘and 5b; increasing negative
R, NH values of A[®]yyq and A[®]pry were obtained in contrast to
? the above 2-alkyl-2-amino acids 8-14, whereas A[®]cLs
R, showed decreasing negative values, with a slightly positive
No. R R, Al®lers” Al®lyyd Alelprs shift for 5b,
! : [#lews Hrd bkl Some comments can be made about the variations of
8 CH, H ~11.4¢ +49.6° +507 A[®]cLs. Branching in the alkyl chain (R!) or introduction
9 C.H, H ~11 8¢ of a phenyl (R, = CHyCgHj, CeH;) residue leads to larger
10 CH(CH,)CH, " —-26.5° +140.6° +48.8¢ A[®)cLs for a-amino acids 8-15, whereas opposition of an
11 CH,CH(CH,;)CH, H -35.4¢ +179.6° alkyl (Rg) and a phenyl (R;) leads to smaller A[®]cLy for
12 CH(CH,)CH,CH, H -35.5¢ +115.3° a-amino acids 16, 17, and 5b. As a matter of fact, A[{®jcLs
13 ¢-CHy, H —45.3¢ +186.3* +957 do not vary in an uniform way, but increase (8-18) with a
14 CH,CH, H —49.6% +125° +57.1¢ maximum for 2-phenylglycine (15) and decrease with final-
15 CgH; H -81.6¢ -30.2¢ ly an inversion of the observed sign for (~)-2-cyclohexyl-2-
18 C¢H, CH, -51 -94.2* -619’ phenylglycine (5b).
17 C.H, C,H; -16¢ -208.7" -82.3/ Chiroptical Measurements. Knabe et al.> have pub-
5b CgH; c-CeH;; +6™ —351.4" —417° lished the ORD and CD curves of (R)-{—)-5-methyl- and

5-ethyl-3,5-diphenyl-2-thiohydantoins, which are charac-
2 or 5 N HCI and H;0. °EtOH. c<CHsOH. “See ref 13. ¢T. Su-  terized by a negative Cotton effect around 270 nm. In our

zuki, K. Igarashi, K. Hase, and K. Tuzimura, Agric. Biol. Chem., B aE_d Othi :
37, 411 (1973). /See Experimental Section, optically active 3- hands, (+)-5-cyclohexyl-3,5 diphenyl-2-thiohydantoin (7e)

phenyl-2-thichydantoin derivatives. #C. Djerassi, K. Undheim, prepared from 5¢ sbowefi i? CD a positive Cotton. effect
R. C. Sheppard, W. G. Terry, and B. Sjoberg, Acta Chem. Scand., ~ around 270 nm, which indicated an R configuration for
15, 903 (1961). #See Experimental Section, (R)-(+)-5-cyclohexyl- (—)-2-cyclohexyl-2-phenylglycine (5b).

hydantoin. ‘See ref 7. /See ref 3. *L. M. Long, U.S. Patent 2561284 X-Ray Diffraction. Owing to the discrepancy men-

gully 17, 1955). T}tze ;olvsnt was Cn'c:t indécated. tH. S7o?{>;§;), M-SF- tioned above in the optical comparisons, it was considered
olzman, and J. Kahn, J. Am. Chem. Soc., 54, 469 . mSee . . ’ R
Experitental Section, 5b. "See Experimental Section, 4b. °See desirable to confirm the previous results by X-ray analysis

Experimental Section, 7b. of a derivative prepared from a compound with an asym-
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metric center of known absolute configuration. Since the
absolute configuration of (+)-10-camphorsulfonic acid is
available from the literature,!* the (+)- and (-)-HPPH
(+)-10-camphorsulfonate (18b,c) were prepared by reac-
tion of 10-camphorsulfonyl chloride and 1b,¢ in dioxane-
pyridine solution. Only (+)-HPPH (+)-10-camphorsulfo-
nate (18b) yields the required single crystals in ethyl ace-
tate. According to crystal datal!® of 18b the R configuration
can be definitively assigned to 1b.

Conclusions

The results presented in Table I clearly demonstrate
that 2-cyclohexyl-2-phenylglycine (5b) does not follow the
Clough-Lutz-Jirgensons rule. A similar exception has been
previously reported for isovaline.!3 In both cases, the sizes
of the substituents are similar and the A[®]crs values
small. It would thus appear that these factors preclude a
configurational assignment based on the Clough-Lutz-Jir-
gensons rule. On the other hand, the highly negative values
of A[®)uyq and A{®@]prH observed with 5b allow one to as-
sess the R configuration for this amino acid. Additional
support is given by the 270-nm positive Cotton effect which
is observed with 7¢. Consequently (+)-HPPH (1b), having
the same stereochemistry as 5b, has an R configuration and
(=)-HPPH (1¢), the major metabolite of 5,5-diphenylhy-
dantoin in man, has an S configuration. The present find-
ing establishes that the enzymatic hydroxylation under-
gone by only one of the two phenyl substituents preferably
occurs on the pro-S phenyl group. Work is currently in
progress on the preparation from optically pure labeled
HPPH enantiomers of the corresponding 5-(2’-2H-phenyl)-
and 5-(2’-3H-phenyl)-5-phenylhydantoin to investigate
with microsomal preparations the degree of stereoselectiv-
ity of this hydroxylation reaction.

Experimental Section

Melting points were determined in a Thomas-Hoover capillary
melting point apparatus and are uncorrected. The ir spectra were
recorded on a Perkin-Elmer Model 237 infrared spectrometer. The
NMR spectra were recorded on a Perkin-Elmer R24 (60-MHz) in-
strument. Optical rotations were measured with a Perkin-Elmer
Model 141 polarimeter. Mass spectra were obtained from a LKB
9000 S apparatus (70 eV). CD measurements were performed using
a Cary 61 spectropolarimeter. Elemental analyses are indicated
only by symbols of the elements and are within 0.4% of the theo-
retical values. Precoated silica gel 60 Fgs4 plates (Merck) were used
for TLC with the following systems: I, CHCl;-MeOH-benzene-
25% NH,OH (66:22:11:1); II, butanol-AcOH-H0 (40:20:40); III,
CHCl;-acetone-benzene-AcOH (60:20:20:5). The spots were de-
tected by uv light or iodine vapor.

(R,S)-5-(4'-Hydroxyphenyl)-5-phenylhydantoin (la). To a
stirred warm (60°) solution of 5-(4’-methoxyphenyl)-5-phenylhy-
dantoin? (58 g, 0.23 mol) in acetic acid (500 ml) was added 48% hy-
drobromic acid (500 ml). The mixture was refluxed for 3 hr, cooled,
and diluted with water (2 1.). The products were filtered off,
washed with water, and crystallized from ethanol or water-dioxane
70:30 (v/v): yield 48.75 g (80.5%); mp 305-307° dec; Ry 0.50 (I).

(R)-(+)- and (8)-(-)-5-(4'-Hydroxyphenyl)-5-phenylhy-
dantoin (1b and lc). Anhydrous brucine (225 g) was added to a
stirred hot solution of 1a (100 g) in absolute ethanol (4 1.). After 24
hr at room temperature and 24 hr in a refrigerator, pellets of the
resulting salt were collected (230 g). Decomposition of a sample of
this salt with 2 N hydrochloric acid afforded le, [a]?%54 —27° (c 1,
0.5 N NaOH). After five further crystallizations from absolute eth-
anol and decomposition of the brucine salt, 24 g of 1¢ was recov-
ered; |a|?Ps46 —71.5°. Three crystallizations of the free hydantoin
furnished 9 g of le: [a]?%54 —107.3 £ 0.8° (¢ 1, 0.5 N NaOH);
[a]?P546 —26.7° (¢ 0.43, CH30H). The dextrorotatory mother li-
quors were concentrated and additional amounts of 1¢ were isolat-
ed until the filtrate had a specific rotation of approximately +60°.
The filtrate was evaporated to dryness and treatment with 2 N
HCI afforded 28 g of 1b: [a]?%546 +60°. Three crystallizations from
ethanol yielded 9.5 g of 1b, [«]?3;46 +107 + 0.8° (c 1, 0.5 N NaOH).

(R,S)- and (R)-(—)-5-(4’-Hydroxyphenyl)-5-cyclohexylhy-
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dantoin (2a and 2b). To a solution of 1b (2.68 g, 10 mmol) in
methanol (150 ml)-acetic acid (50 ml) was added platinum oxide
(400 mg). The hydrogenation was performed at a pressure of 60 psi
in a Parr apparatus. After 2 hr, the hydrogen uptake was 3.7 equiv.
The catalyst was filtered off and the solvent evaporated to dry-
ness. The residue was dissolved in boiling acetone (150 ml); water
was added to a total volume of 400 ml. After 1 day at room temper-
ature, 2.36 g (86% yield) was recovered. Three additional crystalli-
zations from acetone-water gave analytical samples: Ry 0.55 (I);
mp 325-332° dec; [a]?®546 —111.5° (¢ 0.22, EtOH); ir (KBr pellet)
3280 (broad, OH and NH), 3020, 2930, 2850, 1760-1705 (C=0).
1610, 1510, 760, 725 cm™!; NMR (Me2S0-de) 6 9.35 (1 H, s, NH),
6.45-6.80 (2 H, m), 7.0-7.50 (2 H, m), 2-0.5 (11 H, m, ¢-CeH1,):
mass spectrum m/e molecular ion 274. Anal. (C;sH;sNy0O3) C, H,
N. In the same way, from la was obtained 2a: mp 305-307° dec.
Anal. (Cl5H13N203) C, H, N.

Phenyltetrazole Ether of 5-(4'-Hydroxyphenyl)-5-cyelo-
hexylhydantoin (3a and 3b). To a stirred solution of 2b (900 mg,
3.28 mmol) in DMF (7 ml) were added anhydrous potassium car-
bonate (1500 mg, 10.85 mmol) and 5-chloro-1-phenyl-1H-tetrazole
(592 mg, 3.28 mmol) in two portions over 1 hr. The mixture was
stirred for 4 hr and then left for 16 hr at room temperature. After
dilution with water, the precipitate was filtered off and washed
with water, yielding 860 mg (56.4%). The crude product was crys-
tallized from ethanol-water: mp 235-238°; Ry 0.68 (III); [«]%546
+85° (¢ 1.28, EtOH); mass spectrum m/e 418 (M*), 390, 308, 236,
192, 176, 135, 120, 118, 104, 91, 77. In the same way from 2a was
obtained 3a: mp 220-223°.

(R,S)-5-Cyclohexyl-5-phenylhydantoin (4a). A solution of
cyclohexyl phenyl ketone (60 g, 0.319 mol) and potassium cyanide
(30 g. 0.46 mol) in a mixture of DMF, water, and ethanol (270:75:50
ml) was placed in a 500-ml pressure bottle. After addition of am-
monium carbonate (100 g), the bottle was warmed in an oil bath at
100° for 68 hr and at 123° for an additional 48 hr. After cooling,
hot water was added and the turbid mixture was acidified to pH 2
with concentrated hydrochloric acid, cooled, and filtered. The
crude product was dissolved in 10% NaOH and the resulting mix-
ture was extracted with ether. The aqueous layer was acidified to
pH 2 and filtered. 4a was crystallized from ethanol with a yield of
789 g (95%): mp 269-270°° R; 0.82 (I); 0.65 (II). Anal.
(C15H18N209) C, H, N.

(R)-(—)-5-Cyclohexyl-5-phenylhydantoin (4b). (a) From 3b.
A solution of 3b (440 mg, 1.05 mmol) in absolute ethanol was sub-
mitted to hydrogenolysis® (50 psi) in a Parr apparatus at 50° for 6
hr over 5% palladium on charcoal (400 mg). After filtering, fresh
catalyst (200 mg) was added and hydrogenolysis was continued for
a further 18 hr. The catalyst was filtered off and washed with hot
ethanol and the solution was evaporated to dryness. The residue
was dissolved in 1.25 N NaOH (40 ml); the insoluble fraction was
discarded and the filtrate gave after acidification crude 4b, which
was filtered and washed with ethanol: 80 mg (29.4%). The product
was crystallized three times from absolute ethanol, yielding a sam-
ple identical (melting point, TLC, ir) with 4b obtained from 5b:
[@]?P546 —152° (c 0.135, EtOH).

(b) From 5b. A mixture of 5b (2 g, 8.58 mmol) and urea (20 g)
was warmed at 145° for 2 hr. To the hot solution was added 0.5 N
hydrochloric acid (50 ml) and the resulting mixture was boiled for
2-3 min. After cooling, the product was filtered off, washed with
water, and dried over P;O5 with a yield of 1.61 g (73%). After three
crystallizations from ethanol, the product had mp 307-309° dec:
[«]?%546 —158.6° (c 0.28, EtOH). The ir and the TLC behavior of 4b
was identical with 4a: mass spectrum m/e 258 (M*), 176, 147, 132,
104, 77.

(R,S)-2-Cyclohexyl-2-phenyiglycine (5a). A hot (90°) solu-
tion of 4a (30 g, 0.116 mol) in 20% NaOH (300 ml) was placed in a
pressure bottle and warmed at 160° for 12 hr. After cooling, the
pasty mass was dissolved in hot water (800 ml) and acidified to pH
6.5 with hydrochloric acid. The precipitate was filtered off, washed
with water, extracted with boiling ethanol, and dried yielding 18 g
(73%): mp 260-265° dec; Ry 0.72 (II); mass spectrum m/e 188, 186,
150, 132, 104; ir (KBr pellet) 3060, 2940, 2860, 1640, 1595 (sh),
1530, 1500 (sh), 1450, 1370, 1115, 730, 690 cm™!.

(R,S)-N-Formyl-2-cyclohexyl-2-phenylglycine (6a). The
amino acid 5a (18 g, 0.077 mol) was dissolved at room temperature
in formic acid (98-100%, 50 ml). To the cooled (—10°) stirred solu-
tion was added acetic anhydride (75 ml) in three portions over 0.5
hr. The mixture was allowed to come to room temperature. After 2
hr, ice-water (500 ml) was added. The precipitate was filtered off,
washed with water, and dried. The yield of 6a was 14.5 g (71.4%):
mp 195-196°; Ry 0.50 (IID). Crystallization from ethanol-water did
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not improve the melting point. Prolonged boiling of a methanol so-
lution of 6a decomposed the product: mass spectrum m/e 243, 2186,
161, 133, 104: ir (KBr) 3280, 2930, 2860, 1750, 1725 (C=0), 1610,
1510 cm™L. Anal. (CI5H1903N~%H20) C, H, N.

(R)-(—)- and (8S)-(+)-N-Formyl-2-cyclohexyl-2-phenyligly-
cine (6b and 6c). The N-formylamino acid 6a (10 g, 38.4 mmol)
and brucine-4H;0 (23 g, 49.4 mmol) were dissolved in boiling
water (1200 ml). By successive concentration to around 200 ml, 9.2
g of the brucine salt of the dextrorotatory acid was obtained. The
specific rotation of each fraction was measured on a sample ob-
tained by treatment of a small amount of the salt with 0.5 N
NaOH, extraction of brucine with CHClj, and precipitation of the
acid with 0.5 N HCI. Three crystallizations from water and decom-
position of the salt afforded 6e: [«]%554¢ +68.4° (¢ 0.4, 0.5 N
NaOH). By subsequent concentration of the above mother liquor
(200 ml), 8 g of the salt of the levorotatory acid was isolated. Two
crystallizations from water and decomposition of the salt afforded
6b: [«]25546 —69.3° (c 0.4, 0.5 N NaOH).

(R,S)- and (R)-(-)-2-Cyclohexyl-2-phenyiglycine (5a and
5b). A suspension of 6b (1.5 g, 5.7 mmol), [«]?554¢ —68.4° (c 0.4, 0.5
N NaOH), in 10% sulfuric acid (25 ml) was refluxed for 6 hr. The
hot solution was cooled, filtered, and brought to pH 1.3 with 20%
sodium hydroxide yielding 0.566 g. Further neutralization to pH 4
afforded 0.503 g of additional material (80.5%): R; 0.72 (II); mp
274-276° dec; [a]2545 —26.25° (¢ 0.1295, Hy0); [o]25546 —23.7° (c
0.135, 2 N HCI). In the same way, 6a gave 5a (0.984 g, 74%): mp
270-271° dec.

(R)-(+)-5-Cyclohexylhydantoin. A solution of (R)-(—)-5-
phenylhydantoin? [ [a]?%546 —115° (c 0.1, EtOH)] (7 g, 40 mmol) in
methanol-acetic acid (200:50 ml) was hydrogenated under 40 psi
over platinum oxide (250 mg) for 3.5 hr at room temperature in a
Parr apparatus. The catalyst was filtered off. The filtrate gave
white crystals on standing (4.42 g, 60.7%): mp 223-224° (EtOH);
[a]25546 +97° (C 0.2, EtOH) Anal. (CQH1402N2) C, H, N. The melt-
ing point of the racemic compound!® was 226-227°.

(R)-(—)- and (S)-(+)-5-Cyclohexyl-3,5-diphenyi-2-thiohy-
dantoin (7b and 7¢). A solution of 5b [240 mg, 10.3 mmol, [«]?%546
—6.65° (¢ 1, 2 N HCI)] and 99% sulfuric acid (0.6 ml) in dry
CH30H (15 ml) was refluxed for 10 days. The solvent was evapo-
rated and to the residue were added triethylamine (2 ml) and phe-
nyl isothiocyanate. After 0.5 hr, benzene (5 ml) was added. The
mixture was refluxed for 0.5 hr, left overnight at room tempera-
ture, and evaporated to dryness. The residual oil was triturated
with 2 N hydrochloric acid (10 ml) and the mixture was boiled for
10 min. The oil was separated and dissolved in hot ethanol. After
cooling, white crystals of 7b were collected and recrystallized from
methanol: yield 80 mg (22%); mp 251-253°; R; 0.90 (III); [a]?%579
—43° (c 0.5, CH30H); ir (KBr pellet) 3300, 3060, 2940, 2860, 1730
(C=0), 1595, 1500 cm™!. Anal. (C2;H2:N208) C, H, N. In the
same way, from 5¢, [a]?5546 +22° (¢ 0.185, 2 N HCI), was obtained
7c: mp 224-225° [a]%546 +136.5°; CD (c 3.23 X 1075 g/mli,
CH30H); [®]330 —810°, [#]300 0°, [®]26e +26.000°, [®]a4s +24.900°,
(@235 0°, [®]215 +44.400°.

Optically Active 3-Phenyl-2-thiohydantoin Derivatives of
Amino Acids (Table I). The procedure of Edman et al.? was ap-
plied. Cyclization of the 5-phenyl-4-thiohydantoic acids was per-
formed by refluxing in 10% hydrochloric or sulfuric acid for 5-10
min. The PTH derivatives were crystallized from methanol or eth-
anol.

(S)-(—)-5-Methyl-3-phenyl-2-thiohydantoin: mp 174.5-
175.5°; Ry 0.60 (III); [«]®%s46 —28.5° (¢ 0.2, CH3OH). Anal.
(C10H10N20S8) C, H, N.

(S)-(—)-5-Benzyl-3-phenyl-2-thiohydantoin: mp 172-174.5°;
Ry 066 (III); [«]?5s4¢ =—40.4° (c 0.225, CH30H). Anal.
(C16H14N208) C, H, N.

(R)-(+)-5-Cyclohexyl-3-phenyl-2-thiohydantoin: mp 245-
246°; R; 0.77 (III); [a]®s6 +30.8° (c 0.2, CH;OH). Anal.
(C15H18N20S) C, H, N.

5-(4’-Hydroxyphenyl)-5-phenylhydantoin 10-(+)-Camphor-
sulfonate (18a—c). To a stirred cooled (0°) solution of 1a (5.38 g,
20 mmol) in pyridine (12 ml) and dioxane (100 ml) was added
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(+)-10-camphorsulfonyl chloride'” (5.80 g, 23 mmol) over 1.5 hr.
The mixture was allowed to come to room temperature. After 24
hr, water (500 ml) was added. The pasty mass was separated and
dissolved in ether. The ether phase was filtered on aluminum
oxide, and the filtrate on standing gave white needles of 18a (2.5 g,
26%), which were crystallized from methanol: mp 217-219°;
[a]25546 +25° (C 0.57, MeOH); R/ 0.5 (III) Anal. (CQ5H2606NzS) C,
H, N. In the same way, from 1b was obtained 18b: mp 197-198°;
[a]2554e +4.9° (C 0.55, CHsOH)’, R/ 0.5 (III) Anal. (CZ5H2606N2S)
C, H, N. Similarly, from lc¢ was obtained 18c: mp 194-195°;
[«]®546 +44.2° (¢ 0.095, CH3OH); R; 0.5 (III). Anal
(Cg5H2606N3S) C, H, N. The NMR and ir spectra of 18a—c were
consistent with the proposed structure and were identical.
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