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ALawt4Y~ s~ructurc of bulgccin A. a bacterial mctabolite with bulge-inducing activity. wm dctermina! 
chemically and spcctrw~rically IO be 4-0-(2’-acetylamino-2’dcoxy4’-Ohydroxysulfonyl-~-D- 
glucopyranosyl)-(2S. 4s. SR)4hydroxy-S-hydroxymethylprolyltaurinc monosodium salt. Bulgccms B 
and C. the minor components. were found IO he analogs of bulgacin A in which the uurine moiety was 
rcpld as shown in Fig. I 

Pseudomonas acidophila strain G-6302 and Pseuab- 
monas mesoacidophila strain W-723 IO produce 
monocyclic /I-lactams. sulfazecin’3 and iso- 
sulfazccin,‘~’ respectively, as shown in Fig. 2. The 
same organisms were found to produce new gly- 
copeptidcs. bulgccins. which induce bulge-formation 
in cooperation with /?-lactam antibiotics and enhance 
the lytic activity of /7-lactam antibiotics.’ Bulgccins 
A(1). B(Z) and C(3) have ban isolated and chctn- 
ically characterized.’ The present paper deals with the 
structural elucidation of bulge&s (Fig. I). 

Bulgccins are water-solubk acidic compounds and 
were isolated as monosodium salts; I. C,,H=N,O,,- 
S,Na.H,O. colorless needles, m.p. 21 l-212” (dcc.). 
[x]g + 6.5 <, (N A&H); C H N 0 SNa.H,O, 

white powder, [z$‘- 2 b” “(N I&H) 3 
:,,H,,N,O,,SNa. I :2H 0. Da white powder. [a]% +’ 
2.9’. (N A&H). The ~okcular formulae of 1. Zind 
3 were determined on the basis of microanalysis and 
mass spectrometry. The three components showed 
end absorption in the UV spectra. The IR spectra 
indicated the presence of an amide group (around 
1660 and I560 cm ‘) and a sulfate (around I240 and 
82Ocm I). The ‘H NMR spectrum of 1 revealed 
signals of N-acetyl MC protons (a I.84 ppm), an 
anomeric proton (6 4.45 ppm, J = 8.0 Hz) and two 
amide protons (6 7.76.8.30 ppm). Other components 
exhibited ‘H NMR spectra similar to that of I. except 
that only one amide proton was observed in the case 
of 3. The “C NMR spectra of 1. 2 and 3 showed 16, 
I7 and I4 C signals. respectively, and all of the 
compounds exhibited an anomcric C signal at d 
IO1 ppm (d). 

Fig. I. Structum of bulge&s. 

On acid hydrolysis with 6N HCI, each of the three 
components yielded Dglucosamine and a new amino 
acid (4) in an cquimolar ratio. In addition, taurinc 
and /I-alanine were recovered in the case of I and 2. 
respectively.’ 

In order IO elucidate structures of bulgccins, we 
first carried out structural studies on the novel amino 
acid (8, a common constituent of bulgccins. The 
compound 4, C,H,,NO, (FARMS, (M +H)+ m/e 
162),coloricssprisms. m.p. 182”. [a]&‘- 13.1°(HIO). 
pKa’ 2.6 (-COO ). 8.5 ( ‘NH; or NH; .) showed a 
pink-yellow color reaction to ninhydrin, similar to 
that of a proline derivative.’ 

The “C NMR spectrum of 4 in DrO at 2SM Hz 
confirmed the presence of six C atoms and the signals 
at 174.4 (s). 71.3 (d), 58.8 (1). 37.3 (t) ppm were 

readily assigned to COOH, CH OH, CH,OH and 
C CH, C , respectively. Two residual signals at 

67.6 (d) and 60.1 (d) ppm seemed to attribute to the 
resonances of N-methinc carbons, comparing with 
the “C NMR spectra of proline.* 4-hydroxyproline,b 
and 3-hydroxy4methylprolinc.’ These results sug- 
gested a S-membered N-containing ring having a 
carboxyl group at C-2, a hydroxymethyl group at C-S 
and an OH group at C-3 or C-4. 

From proton spin-decoupling studies of 4, all the 
protons were assigned as shown in Table I. The 
proton couplings bctwan H-2 and H-3, and betwan 
H-3 and H-4 indicated the presence of the 
3-mcthyknc group in the pyrrolidinc ring and estab 
lishcd the structure of 4 as 4-hydroxy-S-hydroxy- 
mcthylprolinc. 

The L-configuration at C-2 was suggested by the 
more positive optical rotation of the hydrochloride 
([a]:! + 12.4’ (c = 0.95 N HCI)) compared with the 
free amino acid ([a]:; - 13.1’ (c = 0.95. HrO)) ac- 

SO,H 
Sulfazecin: I, z H. R, =CH, 

Irorulfozecon: RI = CH,. RI = H 

Fig. 2. slructum of wlfazcrin and isoutlfazain 
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Table I Chcrnical shifts and coupling constants in the ‘H NMR spcarum of 4 in D,O at 400 MHz 
._--_- _._-. .- . _... --.-._.-_ 

Proton 6 (Mm1 J IHrl 

H-2 4.21 (Cd) 
J2,3 

m9.0 and 6.6 

H-3 2.66 (dddt J 
q*lr 

mi3.9, J2 3’9.O, J, (~5.8 

2.16 (dddt J 
9pm 

=13.9, 52,3’6.6, J,,4’5. I 

H-4 4.39 (dddt J3 (~5.6 and 5.1, J,,5.4.2 

tt- 5 3.76 Lrt’ 
J5,b 

.b.L, and 6.0, J,,5.4.2 

ti-6 3.75 Ii=r) 
Jqcr 

-14.0, J 5 bmb.O 

3.YO (ddt 
J9rD 

ml4.0, J 
5,6’6*5 

-__.___.---.---__-___--._- .__..__._._ -_ ..- _ . 

cording to the Lutz rule.‘ The positive Cotton etTcct 
([elm+ 426 (H,O)) in the CD spectrum of 4 
confirmed the L-configuration.P Among the four pos- 
sible configurations for 4. the Z&is-25rrunr- 
stereochemistry was established by the following 
chemical procedure. 

N-Carbobcnzoxylation of 4 with carbobcnzoxy 
chloride (CbzCl) gave N-Cbzderivative (5). Accty- 
lation of 5 with Ac@pyridine gave N-Cbz, di0 
acetate (6). C,,Hr,NO, (MS. M+ m/e 379). which 
confirmed the presence of two OH groups in the 
molecule. When N-hydroxy-S-norbomcnc-2,3dicar- 
boximide (HONB) ester of 5, which was prepared by 
the dicyclohexykarbodiimide (DCC) method,” was 
allowed to stand in CH,CN in the presence of 
tricthylamine, the y-lactonc of 5 (7) was formed in a 
good yield. The IR spectrum of 7 showed an intense 
peak at 18oocm ’ (y-lactone). similar to that ob- 
served for Cbz-ullo-hydroxy-proline lactonc.” An 
apparent downfield shift at H4 (about 0.7 ppm) by 
lactonization was also revealed in the ‘H-NMR spcc- 
trum of 7. y-Lactone formation has been observed 
for cir4hydroxyproline. and not for rranr4 
hydroxyprolinc.“,” Thcrcforc. the sclcctivc for- 
mation of y-lactonc indicated that the carboxyl group 
was on the same side of the ring as the 4-OH group, 
and on the opposite side to the S-hydroxymcthyl 
group as shown in Fig. 3. The (2s. 4s. SR- 

.--. ..- -. .- 
tAssignmcnt of C signals in 8b was confirmal with those 

of glumsamine hydrochloride in Ref. 6. 

configuration of 4 was finally established by X-ray 
analysis of a degraded compound of 1, which is 
described later. 

Mild mcthanolysis and alkaline hydrolysis of 1 was 
carried out, rcspc.cdvcly, to obtain partially degraded 
compounds. Methanolysis of 1 with IN HCI-McOH 
gave methyl z- and /?-glycosidcs of N-acctyl-D 
glucosaminc @a&). dcsulfatcd bulgccin A (9) and a 
ninhydrin positive compound (10). Compound 9, 
C,,H,N,O,,S, FAB MS (M + H)’ m/e 472. gave 
D-glucosamine. taurinc and 4 in an quimolar ratio 
on acid hydrolysis (Tabk 2). and lacked the 1R 
absorption bands at I220 and 820 cm ’ due to sul- 
fate. Compound 10. C,H,,N20,S, FAB MS 
(M + H)’ m/e 269. gave taurinc and 4 in an qui- 
molar ratio on acid hydrolysis (Table 2). The IR 
spectrum of 10 showed the presence of amide (1670 
and lS5Ocm ‘) and sulfonatc (br I200 cm ‘). indi- 
cating the structure to bc 4-hydroxy-S-hydroxy- 
mcthylprolyltaurinc (Fig. 4). 

The above results suggested a glycosidic linkage 
between the amino sugar and the dipcptide (10). 
Table 3 shows the “C NMR spectra of 9 and 10. C 
signals of these compounds were assigned from the 
“C NMR wtral data of 8bt and 4. Comparison of 
the spectrum of 9 with that of 10 showed that the 
signal assigned to C-4 in 9 shifts downfield by 
7.7 ppm relative to that in 10. Considering that a 
glycosyl unit causes a downfield shift (7-10 ppm) at 
the C of attachment, I’ the glycosidic linkage in 1 
should exist hctwan the anomcric C (C-,1’) of the 

AC b toon 
6 

Fig. 3. 
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Tabk 2. Ratios of amstitutents of bulgadns and tbcir degr&d COIU~OU~~S 

I 2 3 9 10 11 12 
Lllrc/~cIcyc- 

D-qlucossmlnc 1.07 1.00 1.00 0.92 0.00 0.00 1.00 

4 0.82 0.94 0.92 0.85 0.88 0.94 0.93 

tsurine 1.00 0.00 0.00 1.00 1.00 1.00 0.00 

b-slsnlnt 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Rtcovtry (4) 66 85 07 85 86 91 62 

. 

Compounds were hydrolyzed with 6H l+Cl at 1lO.C for 

18 hr. Analys~e of hydrolysatts wtrt carried out 

on Hitachi 835 amino acid analyzer. 

amino sugar and C4 of the ammo acid moiety. The 
configuration of the glycosidic linkage was confirmed 
to bc the /I form from the following spectral data: the 
chemical shifts of the anomcric C (C-l’) in 1 
( 101. I ppm) and 9 ( 101.3 ppm) were more consistent 
with that of methyl j-glycoside (a. 102.7 ppm) than 
that of methyl a-glycosidc (&. 98.8ppm); the cou- 
pling constant (J = 8.0 Hz) bctwccn H-l’ (anomeric 
proton) and H-2’ in the ‘H NMR spectrum of 1’ 
indicated that thcsc protons arc axial. 

The location of sulfate was determined by com- 
paring the “C NMR spectrum of 1 with that of 
dcsulfatcd bulgccin A (9. Fig. 4). Taking account of 

the report by Honda er af.” that 0-sulfation of 
carbohydrates causes a marked downfield shift 
(8-IOppm) at the a-C and moderate upfield shifts 
(2 3ppm) at the @carbons, C signals in the ‘XI 
NMR spectrum of 1 were assigned as shown in Table 
3, which indicated that the sulfate is located at C-4’ 
of the sugar moiety. Ncitbcr the 3’ & nor the 
6’ 0 4fate structure explaid the “C NMR spec- 
trum of 1. 

From all of thcsc results, the structure of 1 was 
determined as that shown in Fig. I. 

Alkaline hydrolysis of 1 with 0.2N Ba(OHh gave 
a dcsulfatcd derivative (11). Compound 1 I, colorless 

Table 3. “C NMR spectra of bulgams and lhcir degraded compounds m D,O 11 25 MHz 

Carbon 4 Eb* 10 9 1 2.. 3 12 

c-2 

c-3 

c-4 

c-5 

C-6 

c-7 

C-l ’ 

c-2 ’ 

C-3’ 

c-4 ’ 

C-5’ 

C-b * 

PC”, 

COE”3 

C-1. 

C-2’ 

C-3’ 

60.1 (d) 

37.3(t) 

71.3(d) 

67.6(d) 

58.8(t) 

174.4(S) 

102.?(d) 

56.3(d) 

74.9(d) 

70.9(d) 

76.8(d) 

61.7(t) 

175.0(S) 

23.1(q) 

59.0(d) 

37.8(C) 

71.3(d) 

68.0(d) 

58.8(t) 

169.31s) 

50.4(t) 

36.5(t) 

59.4(d) 

36.?(t) 

79.0(d) 

66.2(d) 

59.0(t) 

168.7(s) 

101.3(d) 

56.2(d) 

74.5(d) 

70.8(d) 

76.8(d) 

61.6(t) 

174.8(S) 

23.2(q) 

50.4(t) 

36.5(t) 

59.5(d) 

36.7(t) 

79.1 Id) 

66.2161 

59.0(t) 

l68.8(s) 

lOl.lld) 

56.0(d) 

73.1 (d) 

77.5(d) 

75.2(d) 

61.3(t) 

174.9lSl 

23.2(q) 

50.41t1 

36.5(t) 

59.2(d) 

36.?(t) 

79.?(d) 

65.9(d) 

59.6(t) 

170.5(S) 

101.3(d) 

56. I Id) 

73.0(d) 

77.7(d) 

75.3(d) 

61.3(t) 

175.3(S) 

23.1(q) 

180.6(s) 

37.8(t) 

37.2(t) 

60.4 Id1 60.4(d) 

35.9(t) 35.9(t) 

79.?(d) 79.6(d) 

65.9(d) 65.9(d) 

58.9(t) 58.8(t) 

174.0(S) 174.0(S) 

101.4(d) 101.50(d) 

56.1(d) 56.4(d) 

72.9(d) 74.3(d) 

77.6(d) 70.7(d) 

75. I Id) 76.7(d) 

61.3(t) 61.6(t) 

175.2(s) 175.1 IS) 

23.1(q) 23.1 (ql 

l OCH 
3 

: 57.8(q). l * Waasursd at 100 MHz. 
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Fig. 4. 

prisms, C,,H,N,O,,SHIO, had a diffenznt IR spec- 
trum and specific rotation value from those of de- 
sulfated bulge& A (9). On acid hydrolysis, 11 gave 
taurine and 4, but not Dglucosamint (Tabk 2). The 
structure determination of 11 was accomplished by 
X-ray crystallographic analysis. Compound 11 was 
crystallized from aqueous McOH in the triclinic 
space group PI with a = 8.620 (3), b - 8.898 (5). 
c = 8.100 (3) A. z = II 1.86 (3). j? = 90.27 (3). 
y = 72.1 I (3). and one mokculc of C,6H~N,0,,S. 
H,O in the unit cell. The structure was solved as 
described in the Experimental. Fig. 5 shows a pcr- 
spcctive view of the molecule of 11. 

As shown in Fig. 5.1 I has a 2-acctylamino_2dcoxy- 

D-gulosc moiety instead of acctylglucosamine in 9. It 
was assumed that double inversions of the configu- 
ration at both C-3’ and C4’ of 1 occurred by alkaline 
solvolysis of sulfate (Fig. 6).” 

Structures of 2 and 3 were determined by com- 
paring the “C NMR spectra of 2 and 3 with that of 
I. All C signals of 2 and 3 were assigned as shown in 
Table 3. Consequently, the terminal tauiinc moiety in 
1 was @aced by j?-alanine in 2 and lost in 3 (Fig. 
1). Bulge&n C (3). on miM acid hydrolysis, gave 
desulfatcd bulgacin C (12), C,,HI,NIOg, colorless 
nccdks, m.p. 235238” (dcc.) (Fig. 4). Comparison of 
the “C NMR spectrum of 12 with that of dcsulfatcd 
bulge& A (9) showed that the chemical shilts of the 

Cl9 

Fig. 5. Pcrspcctivc view of 11. 
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R -77 c0Nncn7cn,so,n 
-W 

non,c H 

Fig. 6. Alkaline solvolysis of sulfate in 1. 

carbons in 12 agreed well with those of the com- 
spending carbons in 9 (Table 3). supporting the 
structure of 3. 

Bulgccins arc new glycopeptidcs having &unique 
stnrcturc and interesting activity. QHydroxy-5- 
hydroxymcthylprolinc. a common constituent of 
bulgccins, is a new cyclic imino acid, although a 
number of proline or pipecolic acid derivatives have 
been identified so far in natural souccfs. It is notc- 
worthy from a biosynthetical point of view that 
bulgccin and sulfazcin. both of which are prduud 
by the same bacterium, have a sulfate group in the 
molecule. even if N-sulfate in the case of sulfazccin. 
Further studies on biological activities and structure- 
activity relations will be described in the future. 

EXPEEIMENTAI. 

h4.p. determinations were performed with Yamato modd 
MP-21 m.p. apparatus. IR spectra were tuxwdcd with 
Hitachi 28s grating IR spcctrophotcmctcr. Rotations wtfc 
determined with Jasco DIP-181. and CD speara were 
recorded with Jasco ORD/UV-5. NMR spectra were ob 
lained using Vsrian XL-100. EM-390 or JNMGX 400 
instrummC chemical shKt (a) am reported in ppm down 
field from an mtcmal TMS rckrena. Mus spectra were 
dctennincd witi JEOL JMS-DX 300 or JEOL JMS-OISG 
mass spcctrometcr. 

N-Cbr-drriwfiaro/4(5).Toaalnof4(l6l mg)inwater 
(IOml). C%z Cl (2lOmg) pnd NaHCO, (240mg) were ad- 
dd at (r’. After stirring at (r for I hr and PI room temp. 
overmgh~, the soln was washed with &her. The aqueous 
layer was neutrali& with N HCl and to this was ad&d 
AdIEt (20 ml). Tbc AcOB soln was washed with sapt Nail 
aq. dried over Na$O, and evaporated 10 give 250 mg of 5 
as an 011. This was dissolved in AcOEt (IO ml) together wrti 
dtcyclohexylamine (DC’HA. 0.18 ml). Tbc msultiig cryscab 
wcrc colkctal by filtration 10 give 395 mg of DCHA salt of 
5. m.p. 203-204”. [u]c + 11.8’ (c - 1.0. DMF). (Found: C. 
65.63; Il. 8.32; N. 6.10. Cak for C,,H,,N,O,C,IH,,N: C. 
65.52; H. 8.46; N, 5.8Ro/..) 

h’-Cbz-dr-0-acewe of-4 (6). The soln of DCHA salr of 
S(36Sma) in A&Et (IOml) was washed vnth O.IN H,SO. 
(loml). and dried o&r Na.$O,. To the AcOEt soIn’& 
added Ac,O (0.2 ml) and pyridinc (I ml). The mixturc was 
stir& a1 room temp. for 3 hr. and poumd Inlo 5% NaHCO, 
aq (20 ml). The aqueous layer was neutraliza! with N HCI 
and cxlractcd with AdIEt (2Oml). The AcOEl layer was 
washod mth waler. drkd om Naw, and evaporated 10 
g~vc 4lOmg of 6 as an oil (MS. M’ m/c 379). This was 
dissolved in A&Et (IO ml) together with DCHA (0. I4 ml). 
The resulting crystals WC Collazted 10 give 3timg df 
DCHA salt of 6, m.p. l94-l95O. [a]:: - 19.8” (c = 0.5. 
DMF). (Found: C. 64.17; H. 7.76; N, 4.89. Cak for 
C,,H,,NO,C,,H,,N: C. 64.26; H, 7.91; N, S.WA.) 

N-Cbr4hydroxy-S-hydroxynwrhylprol kacrm (7). 
The soln of DCHA salt of 5 (950 mg) in AcOEt (20 ml) was 

wasbrd with 0. IN Hw, (20 ml). dried over Na$D, and 
cvaporatai. The rauhing oil was Wvcd in CH,CN 
(IOml), and to tis was added N-bydroxy-S-norbor- 
23dicarboximide (HONB) (395md and dicydohexyl- 
carbodiimidc (440 me) aI 0”. The mixture was stirred at 0 
for 4 hr and f&red lo run.o~ inrdubks. To the tlltra~c was 
addal Et,N (0.28ml) and Ibe mixture was kept a( room 
temp. OWmighC and evaporated. TlK f&due was exW&claJ 
wil A&Et (lOOmI). which wu washed with water and 
dried over Na,SO,. AdIEt was cvaporati 10 gin 7 as an 
oil (580 mg). &ich gave a nngk sp& on TLC.-TLC (silica 
gel. Merck prazoata! plate). Rj- 0.31 (CHCl,- 
MeOH - 19: I); IR. vz” 1800. 17lOan-‘. ‘H NMR 
(CDCI,. 90 MHz) d @pm): 3.8 (3H. m, H-S. H-6). 4.55 (IH. 
m. H-2). 4.97 (IH. m. HA). (Found: C. 60.84; H. 5.72: N. 
5.08. Cak for C,,H,,NO,: C. 60.64; H, 5.45; N, S.OS%.) 

Mcltiysis o/ 1. Compound 1 (5 9 R) in N HCI-McOH 
(I SO ml) Was r&xal for i hr. The mix& was cvapotatal 
in cwcw and the ruiduc was dissolved in water (100 ml). The 
soln was passed through a column (100 ml) of Ambcditc 
IR45 (OH ). The dsumt was suazusinly @ through 
a column (100 ml) of Amberhtc IRC-SO (H ’ ). The dfluent 
was diluted with water to 5ood and applied 10 a wlumn 
(IO0 ml) of Ambcrlite IRA-68 (OH ). The column was 
wruhed with waler (100 ml) and elutcd wilh N A&H. The 
passed soln was evaporated lo give a solid of a mixture of 
glyco&dcs (checkal by TLC). which was ~tal1ize.d from 
MeOH-A&Et; 82Ommp. The cryslats were dissolvai in a 
nuxlure of CHCl,-Mc(lH- H,O (8:2:0.2) and the soln was 
applied on a nhca gel cdumn (silica d 40 g). The column 
was developed with the same solvent and the fractions from 
240 10 42Og were collected and cvaporati. The resulrmg 
crysbls wcrc rccrystallizcd from MeOH-AcOEt 10 g~vc 
nadks of & 440 mg m.p. 194”. In]: + 140.0” (c = 0.50. 
H>O). ‘H NMR (LOO MHz. D,O) b @pm): 2.09 (3H. s, 
CbY,). 3.44 (3H. S. (Xij,). 3.h.O0(6H. N.O-whine). 
4.80 (IH. d. J = 3.8 Hz_ anomcric proton). “C NMR 
(25 MHz. Dp) 6 @pm): 22.9 (9). 54.5 id). 55.0 (q), 61.5 (I), 
70.9 (d), 72.@(d) 72.6 (d), 98.9 (d). 174.6 (s). (Found. C, 
45.79; H. 7.10; N, 5.77. Cak for &H,,NO,:$. 45.95: H. 
7.28: N. S.%%.) The fractions from 480 to 680 g on the silica 
gel chromatography dcscribbd above were collected and 
evaporated (0 give cry-Is. which wcrc ncrystallizai from 
MeOH-AcOEc logivcncaiksofW 12Omg. m.p. 192-193’. 
[a]:: - 41.8’ (c - 0.50. Ha). ‘H NMR (IO0 MHz. Dfl, d 
@pm): 2.07 (3H. s. CYICY,). 3.53 (3H, s, Oclj,). 3.W.10 
(6H. N.O-mcthine. Omc&ykac), 4.47 (IH. d: J = 7.8 Hz_ 
anorncnc proton.) “C NMR (25 MHt D,O): see Tabk 3. 
(Found: c. 46.17; H. 7.40: N.‘S.89. Cak rbr.GH,,NO,: C. 
45.95; H. 7.28; N. ?I.%>;.) 

The duate with N AcOH from the Ambcrlitc IRA-68 
column described above were concenrrated. The rcsrduc was 
dissolved in water (IOml) and applkd on a column 
(3.3 x 5Ocm) of Scphadcx LH-mO, which was developed 
wlh IWe aqueous MeOH. The fractions from 210 IO 230 ml 
were collected. conccntfalal and lyophllirrd. The resulting 
powder was treated Mth EtOH 10 give crystalline sohd of 
F. 780 mg. [u]g + 1.4’ (c - 1.0. N &OH). “C NMR 
(25 MHz. D,O): see Table 3. (Found: C, 38.91; H, 6.42: N. 
8.47; S, 6.16. Cak for C,&N,O,,SH,O: C. 39.25; H. 6.38; 
N. X.59; S. 6.55:&) 
The fractions from 231 10 250 ml on the Scphadcx LH-20 

chromatography describal above were collcctcd. cvap 
fated and lyophilioed. The resulting solid was crystallized 
from MeOH-EtOH. and rarystallitsd from aqueous 
McOH to give nctdks of I& 52Omg. m.p. IM 166”. 
[u]8 - 10.2’ (c - 0.50. N &OH). ‘H NMR (IO0 MHz. 
D,0)6@pm):2.10(IH,ddd,J-5.0.6.4.14Hr).2.79(IH. 
ddd. 6.0. 8.0. I4 Hz). 3.16 (ZH, 1. J - 6.4 Hz). 3.70 (ZH, 1, 
J - 6.4 Hz). 3.7G4.10 (3H. N-methinc. O-methylme). 4.S2 
(IH, dd. J = 6.4. 8.0 Hz). “C NMR (25 MHz_ D,O): se 
Table 3. (Found: C. 35.98; H. 5.95; N. 10.26; S. I I.%. Cak. 
for C,H,,N,O,S: C. 35.81; H. 6.01; N. 10.44: S. ll.95%.) 

Al&dint bydrdysu o/ 1. To a soln of 1 (l.Og) in water 




