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Abstract-The synthesis of a-alkyl mercaptohippuric acid @a-d), N-benzyloxycarbonyl-a-methylthioglycine (3e) 

and their methyl esters (Sad) by the amido-alkylation of mercaptans with a-hydroxyhippuric acid (Za), 

a-hydroxy-N-henzyloxycarbonylglycine (2b) and their methoxymethyl ester derivatives 4a and 4b is described. 

Oxidation with m-chloroperbenzoic acid afforded the corresponding sulfoxides and sulfones and treatment with 

N-bromosuccinimide in methanol or chlorine in carbon tetrachloride solution exchanged the sulfur containing side 
chain for a methoxy or a chloro group respectively. (C, 8). 

The occurrence of epidithiadioxopiperazine ring system 
in the antibiotics gliotoxin, sporidesmin and others has 

initiated a number of approaches to the synthesis of this 

novel ring system.’ One approach is the direct introduc- 
tion of the sulfur function into the dioxpiperazine ring. 
Since dioxopiperazines are cyclic dimers of amino acids, 

the epidithiadioxopiperazine can be considered as an 

oxidized dimer of a-mercaptoaminoacids (1) and thus 
synthesised by first preparing a proper derivative of the 
sulfur containing amino-acid followed by cyclization to 

the dioxopiperazinone.2.’ 

SH 

R>-CO,H 

NH, 

Only a few derivatives of a-mercaptc+o-amino-acids 

have been described in the literature. These were 
prepared by the addition of a thiol to oxazolinones’-’ or 

from benzylmercaptomalonate by a Curtius rearrange- 
ment.’ In this paper we would like to describe a simple 

synthesis of N-benzoyl- and N-benzyloxycarbonyl de- 
rivatives of a-alkylthioglycines (3), and the chemical 

properties of some of these derivatives. 
We have used two procedures, which appear to be quite 

general, for the amidoalkylation of mercaptans with the 

glyoxylic acid adducts 2 and 4. Addition of methyl, 
isopropyl, butyl and benzylmercaptan to a suspension of 
a-hydroxyhippuric acid @I) or Q - hydroxy - N - benzyl- 

oxycarbonylglycine (2b) in glacial acetic acid containing 
concentrated sulfuric acid as catalyst, afforded the 
expected products in 72-M% yield respectively: 

HO-CH-CO,H R,S--CH-CO,H 

I HF. 
NHCOR t R,SH- 

I 
*co” NHCOR 

L J 

2a: R=Ph 3a: R,=Me R = Ph 
2b: R = C,H,CH,O 3b: R, = Me*CH R = Ph 

3c: R,=Me(CH,)., R=Ph 
3d: R, = C,H,CHz R = Ph 
3e: R,=Me R = C,H,CH,O 

Refluxing a 1,2-dichloroethane solution of, the non- 

volatile mercaptans, isopropyl, butyl and benzylmercap- 
tan with the methoxy ester derivatives 4a and 4b in the 

presence of catalytic amount of /?-naphthalenesulfonic 
acid, the methyl esters of the N - acyl - a - 
alkylmercaptoglycines in 6&E% yield. 

MeO-CH-CO,Me + R,SH A R,S-CH-CO,Me 

I 
CK‘H~C”+l 

I 
NHCOR NHCOR 

4 5 

C: R=Ph 5~: R, = Me,CH R=Ph 

4b: R = C,H,CHIO 5b: R, = Me(CH,), R = Ph 
SC: R, =C,H,CH, R=Ph 

5d: R, = CaH,CH> R = C&LCH,O 

While the amidoalkylations at C and N atoms are well established, 
little is known on the amidoafkylation at sulfur.6.7 

The cr-hydroxyhippuric acid (2a) and the 2 - hydroxy - 

N - benzyloxycarbonylglycine (2b), used in the reactions, 
were prepared from glyoxylic acid and benzamide or 

benzyl carbamate in 72 and 73% yield respectively. 
Treatment of the hydroxyacids with methanolic sulfuric 
acid, afforded the methoxy methyl esters 4a and 4b in 80 
and 92% yield respectively. The acids 3 thus prepared, are 

crystalline substances, easily purified and characterized. 
The methyl esters 5 however, are either oils or low 
melting solids. The hydrolysis of the esters to the 
corresponding acids or the esterification of the acids to 
the methyl esters could be conducted smoothly and in 
high yields. 
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Oxidation of sulfides of type 5, using one equivalent of 
m~~o~~~oic acid (MCPA) tiorded the pure 
sulfoxide 6 directly by tiltration of the mixture. Using 
three equivalents of the ovation agent and longer 
reaction time, afYorded the corresponding sulfone 7. The 
yields in aU were fair to good. Prehminary work showed 
that the sulfones of type 7 are quite resistant, in the 
absence of a base, to nucleophihc displacement. Thus, 7h 
was recovered unchanged when treated with benzyl 
mercap~ in refluxing benzene for 18 hr. 

Treatment of Se (R=Me) with N-bromosuccinimide 
afforded the methoxy derivative $a in high yield. 
Similarly, treatment of SC with chlorine afforded the 
chloro compound 8. The latter observation recalls the 
easy exchange of the sulfur containing side chain by 
halogen in penicillm chemistry.’ Reacting amethyl- 
thiohippuric acid (3a) with benzene in eonc sulphuric acid 
afforded N - benzoyl - 2 - pheny~lycine identical with an 
authentic sample prepared from phenylglycine and 
benzoyl chloride. The methylthio group is a good enough 
leaving group in cone sulfuric acid and thus suggests the 
use of the a-alkylthio derivatives (3) as amidoalkylating 
agents of aromatic compounds, analogously to similar 
reactions of a-alkoxy derivatives of acylglycines and 
related compounds. 

a-Hydroxyhippuric acid Zs. Benramide (24*28g, 0*2mol) and 
aivoxylic acid mooohy~te (292 g, 0.219 mol) were refluxed for 
3ir ii 15Oml acetone. The- solutioo was aliowed to cool and 
crystallixation of the product started immediately. Filtration 
afforded after dry@ 28.05 g (71.8%) of the colorless product, m.p. 
157-W (resohdified) and 2085-2015” (decf Bit.’ m.p. 280-202 
(from diixane-CHCl,)]. IR (KBr): 3355, 3320, 1745, 1603, 1567, 
1533, 1197, 1110, 1052, 922, 740, 687 cm-‘; NMR (DMSW): 6 
9.22 (d, IH, NH), 811-780 (m, 2H, arom), 7.73-7.30 (m, 3H, 
arom), 5.65 (t, IH, CH). 

a - ~y~xy - N - b~zy~xycarbony~~~ine 2b. A mixture of 
benzyl carbamate (3023 g, 0.2 mol) and glyoxytic acid mooohyd- 
rate (20.2 g, 0.22 mol) in 200 ml dry ether was stirred overnight. 
The crystalline product was washed with ether to give 31.0 g (73%) 
adduct; m.p. 196-198” (dec). IR (KBr): 3327, 1731, 1696, 1532, 
1452, 1265, 1246, 1084, 1003, 890, 694cm-‘; NMR @MSO_cl6): 8 
7.4 (s, 5H, atom) 5.28 (t, lH, CH), 5.12 (s, 2H, OCH& (Found: C, 
53.42; H, 5.Id; N, 6.29. C,,H,,NO, requires: C, 53.33; H, 4.92; N, 
6.2%). 

Satyr ~rn~~xy~pp~a~e (&). To an ice bath cooled and 
stirred soln of a-hydroxyhippuric acid (12.7 g.O.065 mol) in abs 
MeOH (ISOml), was added cone HSO. (%%, 2,Oml). The 
mixture was stirred for 2 days at room tcmp and then poured into 
ice-saturated NaHCO* aq, and the organic material was extracted 
3 times with EtOAc. Dryiog (MgSO.), filtering and evaporation of 
the solvent, left an oil which crystalked under light petroleum 
(40-6@. The product was purified by tiltmtion through deacti- 
vated neutral afumioa (75 g+ 8 ml MeOH) and elution with 

CkCH--C02Me l 01 R-S-CH-CO~Me 
-z? 

MeO-CH--CO&fe 
I w I I 

NHCOPh 

8 

0 
t 

R-S-CH--C0&e 

NHCOPh NHCOPh 

5 

I\ 

4a 

b(cP* all!& ClHa WSO.. 

0 
t 

R-S-CH-COMe Ph-CH-CO~H 

i! kfCOPh - 
I I 

NHCOPh NHCOPh 

1 6 9 

7s: R=Me 
fb: R = C&CH, 

k R=Me 
6b: R = Me&H 
6cz R = &H&H, 

-AL 

General Mps are uncorrected. The IR spectra were recorded 
on Perkin-Ebner 237 s~~phot~et~; NMR spectra were 
obtained oo a Varian T-60 spectrometer. Chemical shifts are 
reported in ppm downfield from TMS. Mass spectra were 
recorded on Atlas CH4 MAT mass spectrometer. 

*Both the methyt ester (Se) and the pure acid (3e) were used in 
the reaction is produce 9. As the ester hydrolyses to the acid under 
the reaction conditions, 9 is described in the Ex~~rnen~ as 
coming direct from the acid. 

benzene; m.p. 8GWC; yield: 11.6 gr (80%). IR(CHCI,): 3435, 
2955, 2837, 1748, 1675, 1603, 1582, 1483, 1438, 1349, 1083cm-‘; 
NMR (CDCI,): 8.06-7.72 (m, 2H, arom), 768-7.27 (m, 3H, atom, 
+lH, NH), 581 (d, IH, CH), 3.83 fs, 3H, OCH& 354 (s, 3H, 
OCH,). 

Me&y2 a - methoxy - N - benzy~xyca~ny~8lyc~nate (4b). 
Using the procedure described above, 2b (11.27 g, 0.05 mol) 
affarded 116tl R (915%) of the colorless solid 4b, mu. 76-78”. IR 
(KBr): 3310,3tk, 29482849, 1755, 1689, 1432. 136& 1261, 1223, 
1101,98t, 813,738 cm-‘; NMR (CDCI,): 6 7.37 (s, 5H, arom), 5.98 
(broad s, IH, NH), 5.35 (d, IH, CH), 517 (s, 2H. CWh), 3.81 (s, 
3H, CO&H,), 3.47 (s, 3H, OCHd. (Found: C, 56.76; H, 5.88; N, 
5.63. C12H,,NOs requires: C, 5691; H, 597: N, 553%). 
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Amidoalkylation of mawptans ester was hydrolysed to the corresponding acid (see below). 
Procedun (A). To a stirred suspeosioo of la or 2b @OS mol) 

and the mwcaptan to be amidoalkyhttcd (0~2mol; 4quivs) in 
glacial AcOH (5Od) at ice bath temp, was added cone Hm, 
(Merck 9696,s ml), followed by stirriag at room temp for 2 days. 
The mixture was poured into ice and the organic material 
extracted with EtOAc. The EtOAc soln was washed with water (to 
remove the excess AcOH) followed by extraction with 5% 
NaHCO, aq. The separated queous layer was washed with ethyl 
ether and then acidified with coot HCl. Extraction of the acidified 
soln with EtOAc, drying (MgSO,), &ring and removal of the 
solvent under reduced pressure gave the crude, i.e. 3a-e. 
Trituration with light petroleum (hp. 4OXV) followed by tUtration 
gave colourless solids which were pure enough for further 
synthetic procedures. Analytical samples were obtained by 
recrystallization from ether-light pctrolcum. 

Prwceduns (B). (used only with the high boiling mercaptans). 
A solo of 4a or 4b (0.05 mol), the mercaptan (0.055 mol benxyl 
mercaptan and 0.15 mol with the more volatile alkyl mercaptaos), 
and 2-naphthaleoesulfooic acid as a catalyst (0.20 g), was refluxed 
(24 hr for benzyl mercaptan and 2 days for the alkyl mcrcaptans) 
in dry l&dichloroethane (200 ml). The organic solo was washed 
with water, dried (MgSO.) and the solvent evaporated under 
reduced pressure. 

MetI~yl a-benzylthfohyppwate (SC). This compound was pre- 
pared from 4a and benzylmercaptan in 68% yield by urocedure B: 
h melted at 67-69” after &talli&oo from &OH. -g(KBr): 3336; 
3023, 1731, 1698, 1601, 1580, 1516, 1489; NMR (CDCI,): 6 
3.79-7.12 (m, IOH) 6.85 (In. s, lH), 5.78 (d, 1H; J = 8.5 c/s), 397 (s, 
2H), 3.77 (s, 3H); MS: m/e 256 (M-CO&e), 224, 193, 164, 161, 
121. 105. 92. 77. Found: C. 64.62: H. 5.36: N. 4.59: S. 10.05. 
CniinNb,S~ requires: C, 4.74; H; 5.h3; N; 4.64; S, ‘li.i7%). 

Methyl a - benzylthio - N - benzyloxycarbonylglycine (sd). This 
compound was prepared from 4b and benzylmercaptan in 88% 
yield by procedure B; m.p. 48-50” (lit.’ oil). JR (KBr): 3325.3020 
i733,1688, 1503 cm-‘; Nn;iR (CDCI,): 6 737 (s,jH),-8.33, (s, 5H), 
5.71 (d. 1H). 5.35 (d. 1H: J = 9cls). 5.13 Is. 2H). 3.91 Is. 2M. 3.71 
(s, 3tij; MS: m/e‘286 &CO&j, 246; i23,214, 198; Iti; 181, 
162,150, 129, 123, 115, 107, 105,91,77. (Found: C, 62.76; H, 5.45; 
N. 4.18: S. 9.50. GdLN0.S reauires: C. 62.59: H. 5.56: N. 4.06: 
s, 9*uI%). 

a-Mefhylthiohyppwic acid (3a). This compound was prepared 
from 2a and methyl mercaptan in 84% yield by procedure A; 
IR(KBr): 3350, 3160-2370, 1700, 1637. 1575, 1511 cm-‘; NMR 
(DMSW): 8 908 (d, IH, NH), 8*16-7.t5 (m, SH, arom.), 5.60 (d, 
1H. J = 8.5 c/s. CH). 2.21 Is. 3H. SCH.1. MS: m/e 225 (M’L 207. 
179, 120, 103;77. &ouod; c, 5j.45; ii, 4.93; N, 6.16;‘S, 13.98: 
C,J$,NO,S requires: C, 53.32; H, 492; N, 6.22; S, 14.23%). 

a-lsopropylthiohyppurric acid (3b). This compound was pre- 
pared from 20 and isopropylmercaptao in 87.5% yield by 
procedure A. It melted at 143-144”. IR (KBr): 3255, 2947, 1700, 
1637. lSlOcm_‘: NMR ICLXI,): 8 9.31 abroad s. IH. CO,HL 
8*02-7*34 (m, SI$; 7.11 (4 1HjT 5.85 (d, lfi J = Il*jc/s), 3.37(6: 
IH), 1.41 (d, 3H, J = 7 c/s), I.37 (d, 3H; J = 7cls). MS: m/c 253 
(M’), 235,211,209,178,148,133,105,103,77. (Found: C, 57.15; H, 
597; N, 546; S, 12.65. C,,H,,NO,S requires: C, 5690; H, 5.96; N, 
5.53; s, 1266%). 

Eslerijication of a-alkythio (or benrylW)-hippwic acids and 
N-benzyloxycarbonylglycine. To the stirred solo of the acid 3, 
(0.01 mol) in abs MeOH (25 ml), was added coot H2S0. (%%, 
0.3 ml). The mixture was stirred at room temp for 3 hr and was 
then poured into ice-saturated NaHCO,aq. Extraction with 
EtOAc, drying (MgSO.), filtration and removal of the solvent 
under reduced pressure, afforded the desired esters in 8O-90%, 
yield. 

Methyl a-methylthiohyppuratc (Se). ‘Ihis compound was pre- 
pared in 81% yield by the esteriticatioo procedure described 
above; m.p.. 75-76” (EtOAc-light petroleum). IR (KBr): 3320, 
2955. 1734. 1636. ISlOcm-‘: NMR ICDCl,I: 8 8.02-7.36 Im. SH) 
7.16 (d, lti broad), 5.79 (d, iH, J = 8.5 cps), 3.88 (S, 3H), iei6 (!$ 
3H). (Found: C, 55.43 H. 5.37 N, 6.03 S, 1364 C,,H,,NO,S: 
requires: C, 55.21 H, 548 N, 5.85 S, 1340%). 

Hydrolysis of esters 
a-Buthylthiohyppwic acid Compound Sb (0,845 g, 3 mmol) 

was retluxed overnight in MeOH aq (15 ml, 1:9) containing 
KOH (0.20 g, 1.2 es). Water was then added, and the queous soln 
was washed with ether, followed by acidification with cone HCI. 
The acidified solo was extracted with EtOAc. Drying (MgSO,), 
filtration and evaporation, afforded the colorless 3e (0.741 g, 
92.4%) which was further purified by trituration with light 
petroleum (M) and filtration. An analytical samule was 
bbtaioed by recrystallization from ether-light petroleum; m.p. 
111-112~5”. IR ICHCl3: 3410. 1722. 1665. 1603. 1580. 1476. 1314: 
NMR (CDCI,): b 9*49_is, IH); 8@-&2 (A, 5H; aro&. + IH: NH): 
5.81 (d., IH; J = 8.5 c/s), 3.13-2.50 (1, 2H), 1*90-1.12 (m, 4H), 
1.07-0*69 (m, 3H); MS: m/e 267 (M’), 266 (M-H), 249 (M-H,O), 
222,210, 179, 162, 135, 121, 117, 106, 105,90,77, 57. (Found: C, 
5846; H, 6.10; N, 5.32; S, ll+O. C,.H,,NO,S requires: C, 58.42; 
H, 6.41; N, 5.28; S. 1199%). 

a-Bmzythiohypparic acid (&I). This compound was prepared 
from 2a and benzylmercaptan in 73% yield by method A; m.p. 
172-173” (lit.’ m.p. 17&171”). IR (KBr): 3360, 3200-2250, 1716, 
1628, 1521, 1491 cm-‘; NMR (DMSOd): 8 9.3 (d, IH), 8.17-7.20 
(m. IOH), 5.67 (d, 1H; J = 8.5 c/s), 4.02 (s, 2H). 

a - Methylthio - N - benryloxycarbonylglycine (3e). This 
compound was prepared from 2b and methylmercaptan in 72% 
yield by procedure A; m.p. 112-114”. IR(KBr): 3340, 308U-2400, 
1710, 1655,1512, 1401 cm-‘; NMR (CDCI,): 8 9.25 (s, IH). 7.35 (s, 
SH), 5.70 (very br. s, IH), 5.33 (d, IH, J = 8.5 c/s). 5.17 (s, 2H), 
2.17 (s, 3H). (Found: C, 51.84; H, 5.14; N, 6.06; S, 12.48. 
C,,H,,NOS requires: C, 51.75; H, 5.13; N, 5.49; S. 12.56%). 

MetItyI a-isopropyllhiohyppurale (91). This oily compound 
was prepared from 4a and isopropylmercaptan in 92% yield by 
procedure B. IR (CHCI,): 3420.1737, 1665,1602,1582, 1474 cm-‘; 
NMR (CDCI,): 8 799-7.32 (m, SH), 7.24 (d, IH) 5.88 (d, IH; 
J = 8.5c/s), 3.83 (s. 3H), 3.59-2.96 (m, 1H). 140 (d, 3H; J = 7 c/s), 
I.33 (d, 3H; J = 7cls). MS: m/e 235 (M-MeOH), 224, 208, 193, 
162, 147, 136, 133, 121, 117, 105, 89, 77, 59. The ester was 
hydrolysed with sodium hydroxide to give an acid identical with 
3b. 

Methyl a-butylthiohyppurare (Sb). This oily compound was 
prepared from 40 and o-butylmercaptan in 89% yield by procedure 
B. IR (CHCI,): 3415, 1741, 1662,1602,1582cm-‘; NMR (CDCI,): 8 
8.02-7.06 (m. 5H, arom. +lH, NH), 5.86 (d, IH; J = 8.5 c/s), 3.82 
(s, 3H), 2.76 (1, 2H); 192-1.13 (m, 4H) 0.89 (t,3H); MS: m/e 381 
(M’), 249, 222, 192, 176, 161, 135, 133, 121. 105, 77, 59, 43. The 

Oxidation of a-alkylthio- and benzyllhiohyppurales 10 the 
corresponding sulfoxides and sulfones 

Wfoxides 6. In an ice bath, to a cooled and stirred solo of 
methyl a-alkylthicF or benzythi&ppurate (5-10 mmol) in 
anhydrous ethyl ether (35-7Oml), was added dropwise MPCA 
(Fluka >85%, 1.043-2.09 g, approx. 1 equiv +I@% excess) in ethyl 
ether (25-50 ml) over a period of 20 min. After stirring for 30 min 
with cooling, the mixture was allowed to stir an additional 5 hr at 
rmm temp. Filtration afforded the essentially pure sulfoxides in 
good to high yields. 

Methyl a-methyl sulfoxyhyppurate (6). This compound was 
prepared in 91% yield by the general procedure described above; 
m.p. 108-I It?’ (methylene chloride-hexane). IR (KBr): 3245,1746, 
l640,1511,132U, 1210,1028 cm-‘; NMR (CDCL): 8 8.14-7.29 (SH, 
arom. +lH NH), 5.82 (d, 1H; J = 9 c/s), 3.93 (s. 3H), 2.61 (s, 3H); 
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MS: m/c 239 (M-O), 237, 192,180, 158, 134,126,121,105,94,93, 
77, 63, 59. (Found: C, 51.67; H, 5.22; N, 540; S, 12.28. 
C,,H,,NO.S requires: C, 51.75; H, 5.13; N, 5.49; S, 12.56%). 

Methyl a-isopropylsul~oxyhyppumre (6b). This compound was 
prepared in 64% yield by the above general procedure; m.p. 
98-100” (EtOHaq). JR (KBr) 3230, 1727, 1663, 1603, 1535. 1312, 
1288,1037 cm-‘; NMR (CDCI,): 8 8*10-7.23 (5H arom. t1H NH). 
5.94 (d, 1H; J = 10 c/s), 392 (s, 3H), 298 (d, 1H; J = 7 c/s), 1.32 (d, 
6H; J = 7 c/s); MS: m/e 267 (m-O), 224, 208, 192, 161, 150, 121, 
105, 92, 77, 59. (Found: C, 5-498; H, 6.05; N, 5.13. C,,H,,NO.S 
requires: C, 55.11; H, 6.05; N, 494; S, 11.32%). 

Methyl a-benzylsuljoxyhyppure (SC). This compound was 
prepared in 64% yield by the general mocedure described above: 
m.p. 142-143” (EiOH). iR (KBr): 3330, 1735, 1648, 1600, 1528, 
1488. 1288. 1240. 1043 cm-‘: NMR (CDCI.): 8 8.187.18 (m. 5H. 
arom. tlH, NHj,7.43 (s, 5Hj 5.91 (d, 1H; J= 10 c/s), 4.11 (s,‘lH); 
4.08 (s, IH), 3.83 (s, 3H); MS: m/e 314 (M-OH), 282,213,192,180, 
161, MO, 121, lO5,91,77. (Found: C, 6144; H, 5.16; N, 4.09; S, 
948. C,,H,,NO.S requires: C. 61.62; H, 5.17; N, 4.23; S,9.67%). 

Methyl a-methylsrdfonyfhyppurare (7a). This compound was 
prepared in 87% yield by the procedure described above for the 
synthesis of the sulfoxides except that 3 quivs of MCPA were 
used and the time was extended to 2 days. The sulfone was filtered 
and crystallized from 95% EtOH; m.p. 158-160”. IR (KBr): 3340, 
1740,1649,1680,1507,1337,1307,I168,112rlcm-’; NMR (CDCI,): 
8.15-7.27 (m, SH, arom. +lH, NH), 6.17 (d, IH; J = 9.5c/s), 397 
(s, 3H), 3.12 (s, 3H); MS: m/e 194 (M-Ph), 193,159,157,142,140, 
l14.112.187.106.79.78.77.64. (Found C. 48.85: H. 487: N. 584: 
S, 1189. C,;H,,NO;S rquiresl C, 48.76; H, 4.83; N,‘5.i6; S; 
1 I .78%). 

Methyl a-benzylsulfonylhyppurafe (7b). This compound was 
prepared in 88% yield by the procedure described above for the 
synthesis of the sulfoxides, except that 3 equivs of MCPA were 
used and the mixture stirred at room temp for 2 days; m.p. 
167-168’. IR (KBr): 3323,3038,1760,1664,1601,1581,1516,1490, 
1329, 1315,1191,1123cm~‘; NMR (CDCl,): 8 8.067.17 (m, IOH. 
arom. +lH NH), 6.14 (d, 1H; J = SC/S), 4.51 (s, 2H). 389 (s, 3H); 
MS: m/e 329 (M-H,O), 316,283,224, 192, 162,134,121, 105,91, 
77, 59. (Found: C, 58.57; H. 489; N, 3.79; S, 9.21. C,,H,,NO,S 
requires: C, 58.78; H, 4.93; N, 4.03; S, 9.23%). 

Cleavage of the CS bond in ofkylthio- (or benzylrhio-hippurafes 
through sulfur oxidation 

(a) With NBS. To a stirred solution of methyl abenzylthio- 
hippurate (315.4mg, 0801 mol) in abs. MeOH (7.5 ml) at 
acetone&y ice temp. was added in one portion N-bromo- 
succinimide (267 mg, 0.0815 mol). The mixture was stirred for 3 hr, 
letting the temp graduapy reach room temp. The MeOH was 

evaporated and water was added. Extraction with EtOAc, drying, 
filtration and removal of the solvent a8orded crude 4a in 
quantitative yield. The spectral data of 4a thus obtained, was 
identical with that of an authentic sample. 

(b) Wirh Chlorine: Methyl a-chlorohipprrnre 8. To a stirred 
soln of SC 1’1% g, 0.005 mol) in CCL (48 ml) at ice-bath temp, was 
added Cls (0.71 g, 0.01 mol) in CCL (10 ml). The mixture was 
stirred at room temp. for 2 days. Evaporation of the solvent under 
reduced pressure followed by trituration of the crude product with 
light petroleum (4O-fXP) afforded the somewhat labile g as a white 
solid (l+49g, 92.2%). m.p. 62-6? (somewhat dependent on the 
rate of heating since most probably HCI is being evolved). JR 
(CHCI,): 3410, 1750, 1676, 1683. 1581, 1477, 1343 cm-‘: NMR 
(CDCI,): 8 8.06-7.75 (m, 2H, arom.), 7es7.32 (m. 3H, arom, 
t1H. NH). 6.57 (d. 1H: J = IO c/s. CH). 394 (s. 3H. CH,) MS: m/e 
192 (M-clj, 170; i64, i50, (M-Pit), 135,121; io5,.88,77, 59. The 
compound 8 is quite sensitive to moisture by which it is 
hydrolysed to the corresponding hydroxycompound. 

Amidoalkylafion of benzene wifh a-methylthiohippuric acid to N - 
benzoyl - 2 - phenylglycine 9 

A stirred soln of 3a (I g, 08@l4mol) in cont. HJO. (Merck 
%%, 5 ml) at ice-bath temp, was treated with benzene (2 ml). The 
mixture was allowed to stir at room temp for 3 days, and then 
poured into ice-saturated NaHCO,aq. Extraction with EtOAC, 
drying (MqSO,) and filtration followed by evaporation of the 
solvent gave the expected crude 9 in almost quanti~mtive yield. The 
IR, NMR and MS spectra of 9 showed it to be identical with 
authentic sample (m.p. 1650) prepared by an alternative route. The 
crude acid 9 was est&ified by the procedure previously described 
to yield the expected methylester A; m.p. 105-lw”. The methyl 
ester was also identical with the ester of the authentic sample 9. 
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