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ABSTRACT 

The synthesis of the title dlsaccharlde derlvatlve (lC), corresponding to the 
Salmonella O-factor 2l, IS described Treatment of 2-O-benzyl-4-O-p-mtrobenzoyl- 
z-paratosyl bromide (5) with p-mtrophenyl 2-O-benzyl-4,6-O-benzyhdene-X-D- 
mannoslde m dlchloromethane, m the presence of mercuric cyamde, gave the c1- and 
/3-hnked dlsaccharlde derivatives (6s and 6b) m yrelds of 34 and 5%, respectively 
The dtsaccharlde derivative 10 can react with free ammo groups m proteins to 
produce artificial antigens useful m studies on Salmonella immunology 

INTRODUCTION 

This paper continues a series of mvestlgatlons aimed at producmg 3,6-dldeoxy- 
X-D-hexopyranosyl-(l-+3)-a-D-mannopyranosides, with the mannosyl unit cc-linked 
to a p-lsothlocyanatophenyl group These derlvatlves are sultable for covalent 

lmkage, tza a throurea moiety, to ammo groups m protems The 3,6-dldeoxyhexoses 
are tyvelose, abequose, and paratose, and the materials thus produced are artificial 
antigens that may be used for dlagnosls, and possibly also prophylaxis, of Salmonella 
infections In the previous syntheses of an cc-tyvelosyl (3,6-dldeoxy-a-D-arablrro- 
hexopyranosy!) and ir-abequosyl (3,6-dldeoxy-x-o-xq Zo-hexopyranosyl) disaccharides 
m which O-l and O-2 of the dldeoxyhexose umt were rrans and CIS, respectively, It 
was possible to use 3,6-dideoxy-x-D-hexosyl bromides with p-mtrobenzoyl groups m 
positions 2 and 4, and the Helferlch mod&icatlon of the Koemgs-Knorr reactIon 3 
Reasonable yields of the a-D-linked disaccharides were obtained However, m the 
synthesis of the cr-paratosyl (3,6-dldeoxy-a-D-rzbo-hexopyranosyl) dlsaccharlde 10, 
the use of 2,4-dl-0-p-mtrobenzoyl-cr-paratosyl bromide produced disaccharides 
containing, almost exclusively, /$paratosyl umts4, a scheme mvolvmg a paratosyl 
bromide with a non-partlclpatmg group at position 2 was therefore devised 

RESULTS AND DISCUSSION 

Methyl 4,6-O-benzylldeneJ-deoxy-a-D-arabzno-hexopyranoside, available from 
previous work’, was oxldlzed with ruthenmm tetraoxlde’ to @ve methyl 4,6-0- 
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benzylzden~-3-deoxy-cr-~-erythro-hexopyranos~d-2-ulose whch, on reduction with 
sodium borohydnde m ethanol, gave methyl 4,6-U-benzyhdene-3-deoxy-+D-rzbc- 
hexopyranoslde (1, 55% overall yzeld) Treatment of 1 with N-bromosuccznurude6 
and hydrogenation of the resultmg 6-bromohexoslde produced the 3,6-drdeoxy- 
hexoslde 2 (54% from 1) Senzylatlon of 2 with benzyl tnfiuoromethanesuIphonate7-g 
produce- 3 (80%), the benzoyl group of wh:ch was removed with methanohc so&urn 
methoxlde and replaced with a p-mtrobenzoyl group to give 4 (80%) Treatment of 4 
with hydrogen bromide m lchloromethane produced the 3,Gdldeoxyhexosyl bromide 
J, wluch was treated with p-mtrophenyl 2-U-benzyl-4,6-O-benzyhdene-cu-D-manno- 
pyranoslde’ m dlchloromethane with mercury@) cyamde as promoter” The 
resulting oc- and j3-bnkeci dlsacchandes were separated after removal of the p-mtro- 
benzoyl group m the paratose residue The pure cr-lmked and fl-finked dlsacchaildes 
6a and 6b were thus obtamed m yzelds of 34 and 5%, respectlvety. Acetylatlon of 6a 
gave 7, and the synthesis then followed a route slmllar to that described for the 

OH OR 

1 
2R= t-l 

3 R = Bzl 

6aR=H 

7 R=Ac 

Oh lo 
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synthesis of hsacchandes c~ntammg tyvelose and abequose’ 3 Hydrogenation of 7 
over palladium to Bve the analogue of 9a havm g a free ammo group was expected 
to proceed m low yield due to catalyst pslsorung2, and hence the mtro group m 7 was 
first hydrogenated (Adams’ catalyst) to an ammo group which was then tnfluoro- 
acetylated to produce 8 Hydrogenation of 8 over palladium gave 9a (69% from 6a) 
For identtication purposes, the same reaction sequence was performed with 6b to 
gve 9b Deacylation of 9a, followed by reactlon with thlophosgene’ I, gave 10 (76% 
from 9a) 

The constitution of the various mtermediates and the final product followed 
from the methods of synthesis, elemental analyses, and n m r , g I c , and I r data 
The constltutlon of the dlsacchande derlvatlves 9a and 9b was corroborated by sugar 
analyses ’ * ’ 3 and methylatlon analyses 1 a 1 5, and their anomerlc configurations 
followed from the optlcal ro:atlons and J, 2 values for the paratose residues 

EXPERMENTAL 

General methods - Concentrations were performed under reduced pressure 
at below 40” (bath) Melting points are corrected Optlcal rotations were measured 
at 20-22” with a Perkm-Elmer 141 instrument I r and ‘H-n m r spectra were 
recorded with Perkm-Elmer 257 and with Varlan A-60 A and XL-100 Instruments, 
respectively Chemical shfts are recorded m p p m downfield from that of Internal 
tetramethylalane, and couphng constants were measured to the nearest 0 5 Hz 
‘H-N m r spectra were recorded for all new compounds and were m agreement with 
postulated structures, hence, only selected data are presented below 

T 1 c. was performed on s~hca gel F254 (Merck) with detection by charrmg with 
sulphunc acid Preparative separations were performed with Merck slhca gel (0 040- 
0 063 mm), on prepacked slhca gel columns, or on 0 25-mm layers of slhca gel F253 
G 1 c was performed with a Perkm-Elmer 900 instrument equipped with an ECNSS- 
M columu (3% on Gas Chrom Q), and g 1 c -m s with Perkm-Elmer 270 or Varlan 
MAT 311 instruments equipped with OV-225 columns (3% on Gas Chrom Q) Mass 
spectra were recorded at 70 eV 

Methyl 4,6-0-benzybdene-3-deox~-rr-D-ribo-hexopyranosmdeS (1) - Methyl 
4,6-0-benzylldene-3-deoxy-cr-D-~~a~z~~-hexopyranoslde1 6 (2 g) was stn-red *lth a 
mixture of potassmm metaperiodate (3 4 g). ruthenium dioxide (42 mg), and potassium 
carbonate In ethanol-free chioroform (10 ml) and water (9 ml) After 18 h, t 1 c 
(ether_chIoroform, 1 1) showed the absence of starting material Propan-2-01 (1 ml) 
was added and stlrrmg was contmued for 15 mm The mixture was filtered through 
Cehte, and the aqueous layer was extracted with chloroform The extract was dried 
(MgSO,), filtered, and concentrated to a syrup (1 67 g) whch crystalhzed from ether- 
light petroleum to yield methyl 4,6-0-benzyhdene-3-deoxy-cc-D-eryrhro-hexopyra- 
nosed-2-ulose (1 2 g), m p 107-log“, [& f97” (c 0 5, chloroform), ht I7 m p 
11~115”, [or]n + 109” (chloroform, 

A solution of the 2-ulose (9 6 g) and sodium borohydrlde (1 3 g) m ethanol 
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(400 ml) was bolled under reflux for 1 h, and then neutralized with Dowex 50(H’) 
resm, filterecl, and concentrated BOW acid was removed from the residue by repeated 
evaaoratlon of methanol therefrom G 1 c (ECNSS-M) revealed the rrbo Isomer 1 to 
be the only product (9 6 g), m p 187-189”, [2]o i 101” (c 0 2, chloroform), ht I8 m p 
190-192”, [~]o f 116” (chloroform) 

MetlzJI I-0-bexor J-3,6-dzdeorq-cr-D-nbo-lzexopyra?zoszde (2) - A mixture of 

71 (9 6 z), N-bromosuccmlmlde (7 6 g), banum carbonate (26 g), and carbon tetra- 
chIoI?de (3.50 ml) was bolled under reflux with vigorous stlrnng for 3 h T I c (ether- 
chIoroform, 1 1) then showed the absence of 1 The mixture was dlfuted with chloro- 

forr, filtered, washed with water, dried (Na,SO,), filtered, and concentrated The 
amorphous product (11 1 g), methyl 4-O-benzoyl-6-bromo-6-deoxy-r-D-nbo-hexo- 
pymnoslde, was used without further purlficatron A small amount of the material 
was purified oy chromatography 3n slhca gel (chloroform-‘methanol, 8 1) and then 

had &, + 127” (c 0 6, chloroform;), lit l9 f 169” (chloroform) 
Anal CaIc for C,,H,,BrO, C, 45 7. H, 4 96. Br, 23 1 Found C, 48 9, 

H,-t78, Br 230 

A so!utton of the 6-bromo compound (1 I g) m methanol (150 ml) contammg 
trrethylamme (15 ml) was hydrogenated over 10% palladrum-on-carbon (0 5 g) at 
410 KPa and room temperature for 20 h The catalyst was removed, the filtrate was 
concentrat:d, and a solution of the residue m chloroform was washed successively 
with water, saturated, aqueous sodmm hydrogen carbonate, and water, dried 
(NalSO,), filtered, and concentrated The product was purified by chromatography 
on s&a se1 (chloroform-acetone, 8 I) to yleId 2 (5 3 g), [rlr, f 170” (L 0 67, chloro- 
form) N m r data (60 MHz, CDCI,) S 1 22 (d, 3 H, H-6), 1 80 (q, 1 H, H-3ax), 
2 I2 (I H, OH), 2 40 (dir, 1 H, H-3eq), 3 50 (s, 3 H, OMe), 3 7-4 1 (m, 2 H, H-2,5), 

4 67 (d, I H H-l), d 75 (m 1 H, H-4), 7 3-7 6 (3 H, Ph), and 7 9-8 1 (2 H, Ph), 
J , 2 35, JZxerl 50 JZ30r 11 5, JjCyjrrr 11 5, fleoS 50, J30rS II 5, J3s 9, and 
Ji 6 6 Hz 

&al Calc for CLSH1 so5 C, 63 1, H, 6 81 Found C, 63 3 H, 6 72 
Hydro!ysls of 2 with 0 25n1 sulphurlc acid at 100” for 12 h, foIiowed by reduction 

Ith sodmm borohydrlde and acetyIatlon ’ ’ , gave 1,2,4,5-tetra-ff-acetyl-3,6-dldeoxy- 
o-nbo-nexltol mdlstmgulshable from an authentic sample by g 1 c -m s ” I 3 

Meting i &O-benzo~I-2-O-be~zz~I-3,6-dzdeox~-r-~-r~bo-izexop~ranoszde (3) - A 
solution of tnfiuoromethanesulphomc anhydride (1 35 ml) m anhydrous dlchloro- 
methane (35 ml) at -60° was added to a solution of benzyl alcohol (0 85 mI) and 
2,6-dl-terr-butyl-4-methylpyrldlne (1 7 g) m anhydrous dlchloromethane (20 ml) 

After 30 mm, a soUlon of 2 (970 mg) and 2,6-reef-butyl-4-methylpyridme (4 g) m 
anhydrous dlchloromethane (25 ml) was added durmg 30 mm at -60” The rem 
perature was allowed to rise to -20” and the mrxture was stirred thereat for 15 hS ’ 
Pyndme was then added slowIy, and the mixture was dllured with drchforomethane 
and shaken with water The organic layer was dned (Na,SO,), filtered, and concen- 

trated The product was punfied by chromatography on shca gel (toluene-ethyl 
acetate, 9 1) to yield 3 (1 10 g), [&, f 50” (c 1 02, chloroform) N m r data (100 MHz, 
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CDCIJ 6 1 19 (d, 3 H, H-6), 198 (q, I H, H3ax), 2 43 (dtr, 1 H, H-3eq), 3 46 
(s, 3 H, OMe) 3 64 (m, 1 H, H-2), 3 92 (m, 1 H, H-5), 4 50 and 4 61 (2 H, AB-spec- 
trum, PhCH,), 4 64 (d, 1 H, H-l), 4 74 (m, 1 H, H-4), 7 2-7 6 (m, 3 H, Bz), 7 32 
(s, 5 H, Ph), and 7 9-8 1 (m, 2 H, Bz), J1 2 3 5, J2,3eq 5, J2,30x 11 5, J3eq, 30x 11 5, 
J 3eq 4 5, J3ox 4 11 5, J4.5 10, Js.6 6, and JH H(P~CH~) 12 5 Hz 

Methy2 2-0-6enzyl-3,6-dzdeoxy-4-O-p-nztrobenzoyl-a-D-nba-hexopyra~zoszde 

(4) - A solution of 3 (1 2 g) m methanol (50 ml) contammg sodmm (20 mg) was 
boiled under reflux for 30 mm, and then neutrahzed with Dowex SO(H+) resm, 
filtered, and concentrated To a solution of the resxdue m pyndme (20 ml) at 0”, a 
solution of p-mtrobenzoyl chloride (1 g) m pyrldme (10 ml) was added with stlrrmg 
The mrxture was stored at room temperature for 4 h Ice-water was then added, the 
mixture was extracted with chloroform, and the extract was washed with water, dned 
(Na,SO,), and concentrated Purlficatlon of the product by chromatography on 
slhca gel (toiuene-ethyi acetate, 8 1) ylelded 4 (1 2 g), m p 78-79” (from ether-light 
petroleum), [c& +35” (c 0 65, chloroform) N m r data (100 MHz, CDCI,) 6 1 20 
(d, 3 H, H-6), 2 02 (q, 1 H, H-3ax), 2 44 ( m, 1 H, H-3eq), 3 45 (s, 3 H, OMe), 3 64 

(m, 1 H, H-2), 3 92 (m, 1 H, H-5), 4 66 (d, 1 H, H-l), 4 74 (m, 1 H, H-4), 4 53,4 63 

(2 H, AB-spectrum, PhCHp), 7 l-7 4 and 8 O-8 3 (m, 9 H, aromatlc H), J1 ,2 3 5, 

J2,seq 5 J2,sax 11 5, J+,w 11 5, Jseq,4 5, J3ax 4 11 5, J.4 5 10, J5 6 6, and JH H(PWH~) 

125Hz 
Anal Calc for CZ1HZ3N07 C, 62 8, H, 5 78, N, 3 48 Found C, 62 8, H, 5 75, 

N, 3 61 

p-Nztrophenyl 2-0-benzyI-3-0-(2-0-benzyl-3,6-dzdeoxy-c-D-rzbo-/zexopy~ano- 

syl)-4,6-0-benzyizdene-Z-D-matznopyranoszde (6a) - A solution of 4 (327 mg) m 
d&loromethane (50 ml) at -20” was saturated with hydrogen bromide After 3 h at 
-2O”, t 1 c (toluene-ethyl acetate, 9 1) revealed the absence of 4, and the solution wa3 
concentrated to gve syrupy 2-O-be~yl-3,6-dldeoxy-4-O-p-nltrobenzoyl-~-x-D-nbo- 
hexopyranosyl bromide (5), (a], + 152” (c 0 2, chloroform) 

A soWon of 5 (prepared from 327 mg of 4) m dlchloromethane (3 ml) wes 

added wrth stlrrmg to a solution of p-mtrophenyl2-0-benzyl-4,6-O-benzylidene+D- 
mannopyranoslde’ (422 mg) and mercury(I1) cyamde (285 mg) m dlchloromethane 
(6 ml) After stlrrmg ar room temperature under dry mtrogen for 18 h, the mixture 
was dduted with dlchloromethane, washed successively with water, saturated, aqueous 
sodium hydrogen carbonate, and water, dried (Na,SO,), filtered, and concentrated 
to a syrup (682 mg) Column chromatography (toluene-ethyl acetate, 9 1) ylelded a 
syrup (493 mg), RF 0 54 (t I c ), a solution of wblch m methanol (50 ml) contammg 
sodmm methoxlde (from 30 mg of sodmm) was boiled under reflux for 30 mm, then 
neutrahzed with Dowex 50(Hf) resm, filtered, and concentrated Column chro- 
matography (toIuene_ethyl acetate, 2 1) of the product yle’lded 6a (210 mg), RF 0 52, 
[c& f 143” (c 0 4, chloroform), and 6b (33 mg), RF 0 46, [a], + 89” (c 0 7, chloroform) 
N m r data (100 MHz, CDCl,) for 6a 6 1 24 (d, 3 H, .J, 6 6 Hz, H-6, paratose residue), 
1 7-2 3 (m, 2 H, H-3eq,3ax, paratose residue), 4 84 and 5 05 (2 H, AB-spectrum, 
JH,H 12 HZ, PhCHz), 5 37 (d, 1 H, Jl,z 3 Hz, H-l, paratose residue), 5 46 (s, 1 H, 
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PhCH), 5 62 (d, 1 H, J, t 1 5 Hz, H-l, mannose residue), 7 12 and 8 20 (2 d. 4 H, 
J 9 Hz, p-N0,C6H40), for 6h 6 1 27 (d, 3 H, J5,6 6 Hz, H-6, paratose residue), 
1 4-l 9 (m, 1 H, H-3rzx, paratose residue), 2 3-2 6 (m, 1 H, H3eq, paratose residue). 
5 52 (d, 1 H, J, Z 1 5 Hz, H-l, mannose residue), 5 64 (s, 1 H, PhCH), 6 99 and 8 16 
(2 d, 4 H, J 10 Hz, p-NO&H,O) 

Anal (for 6a) Calc for C3,H,,N0,, C, 66 9, H, 5 90, N, 2.00 Found 
C, 668, H, 593, N, 194 

p-Nltrophenyl 3-0-(4-O-acetyi-t-O-benzyl-3,6-dzdeoxy-u-D-~bo-hexopyra~zo- 
~~d)-2-O-benzyi~,6-O-benzyZzdene-a-D-~~nopyranoszde (7) - Treatment of 6a 

(328 mg) with acetic dnhydnde (3 ml) m pyndme (3 ml) for I5 mm at IOO”, followed by 
concentration with codlstlllation with toluene, gave 7 as a syrup (332 mg), [aID + 165” 
(c 0 8, chloroform) N m r data (100 MHz, CDCl,) 6 1 17 (d, 3 H, J, 6 6 Hz, H-6, 
paratose residue), 1 7-2 3 (m, 2 H, H-3eq,3ax, paratose residue), 2 07 (s, 3 H, OAc), 
4 86 and 5 05 (2 8, AB-spectrum, JH H 11 Hz, PhCHZ), 5 38 (d, 1 H, Jl ,2 3 Hz, 
H-l, paratose residue), 5 46 (s, 1 H, PhCH), 5 63 (d, 1 H, J, 2 1 5 Hz, H-l, mannose 
residue), 7 10 and 8 20 (2 d, 4 H, J 9 Hz, p-NO,C,H,O) 

p-TrzJSoroacetamrdophenyZ 3-0-(4-0-acetyi-2-0-ber~zyi-3,6-d~deo_~~~-~-o-nbo- 
hexopJ ranosyl)-2-O-benz~~l-4,6-O-be~zyIzdene-~-D-nzannopyranossde (8) - A solution 
of 7 (332 rngj m ethyl acetate was hydrogenated over Adams’ catalyst (40 mg) at 
room temperature and atmospheric pressure When sufficient hydrogen (NOz+NH2) 
had been consumed, tnfluoroacetlc anhydnde (0 4 ml) and pyndme (1 0 ml) were 
added, and tne reactIon mixture was kept at 60” for 30 mm, and then filtered and 
concentrated A solution of the residue m toluene was washed with water, dned 
(Na,SO,), filtered, and concentrated to a syrup (367 mg), wbch was punfied by 
column chromatography (toluene-ethyl acetate, 4 1) to yield 8 (270 mg), [or]u + 144” 
(c 0 5, chloroform) N m r data (100 MHz, CDCI,) 6 1 16 (d, 3 H, J5 6 C Hz, H-6, 
paratose residue), 2 06 (s, 3 H, OAc), 4 86 and 5 02 (2 H, AB-spectrum, JH H 11 Hz, 
PhCH& 5 38 (d, 1 H, J1 2 3 Hz, H-l, paratose residue), 5 45 (s, 1 H, PhCH), 5 53 
(d, 1 H, J,,z I 5 Hz, H-l, mannose rewdue), 7 02 and 7 46 (2 d, 4 H, J 9 Hz, 
p-CF3CONHC,H40) 

Anal Calc for C.+3H44F,N0,2 C, 628, H, 527, F, 693, N, 170 Found 
C,629,H,546,F,679,N,181 

p-TrrfluoroacetamdophenyI 3-0-(4-0-acetJI-3,6-dldeoxy-a-mnbo-hexopytano- 
syl)-a-mmannopyranosrde (9a) - A solution of 8 (246 mg) m ethanol (25 ml) was 
hydrogenated at rcom temperature and atmosphenc pressure over 10% palladmm- 
on-charcoal (80 mg) When hydrogen consumption had ceased, the mixture was 
filtered and concentrated to sve nearly pure 9a as a syrup (160 mg) A portion, 
purified by t 1 c (chloroform-methanol, 9 l), had [& + 170” (c 0 7, methanol) 
N m r data (100 MKz, CDCI,) 6 1 14 (d, 3 H, J5 6 6 Hz, H-6, paratose residue), 
1 7-2 3 (m, 2 H, H-3eq,3ax, paratose residue), 2 05 (s, 3 H, OAc), 5 07 (d, 1 H, 
J, ,2 3 Hz, H-l, paratose residue), 5 50 (d, 1 H, Jl,t 1 5 Hz, H-l, mannose residue), 
7 13 and 7 56 (2 d, 4 H, JH H 9 Hz, p-CFsCONHCBH,O) 
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Ana1 Calc for Cz2H,,F,N0,, C, 490, H, 523, F, 105, N, 259 Found 
C, 49 0, H, 5 35, F, 10 5, N, 2 68 

Hydrolysis of 9a with 0 25~ sulphunc acid for 12 h at loo”, followed by reduc- 

tion with sodmm borohydnde and treatment with acetic anhydride m pyru$ne’2, 
gave paratltol tetra-acetate and manmtol hexa-acetate, which were mdlstmgulshable 
from authentic samples m g 1 c -m s l2 ’ 3 

Methylatlon ’ 4 of 9a, followed by hydrolysis, reduction, and acetylatlon as 
described above, gave methylaldltol acetates which were mdlstmgulshable from 
authentic 1,5-d~-O-acetyl-3,6-d~deoxy-2,4-d~-O-methyl-~-rzbo-hex~tol and 1,3,5-tn- 
O-acetyl-2,4,6-tri-0-methyl-D-manmtol, respectively, on g 1 c -m s 1 ’ 

p-Trl~lroroncefar~lrdo~henyl 3-0-(4-0-acetyl-3,6-~~~~feoxJ,-B-D-nbo-i~exop~~t ano- 

syi)-cr-D-mmmopyrmzosrde (9b) - The above sequence used for the conversion 
6a+9a was apphed to 6h (74 mg) to give 9b (29 mg), [& +77” (c 0 3, methanol) 
N m r data (100 MHz, CDC13) 6 1 23 (d, 1 H, J5 6 6 Hz, H-6, paratose residue), 

1 56 (q, 1 H, Jz,3ox = J3nx,4 = J3eq,3ax = 11 5 Hz, H-3ar, paratose residue), 2 06 
(s, 3 H, OAc), 2 40 (dt, 1 H, J2 3eq = J3 4eq = 5 5 Hz, fAeq 3nz 11 5 Hz, H-3eq, paratose 
residue), 4 46 (d, 1 H, J, ,z 7 Hz, H-l, paratose residue), 5 54 (d, 1 H, J, ,2 2 Hz, H-l, 
mannose residue), 7 14 and 7 54 (2 d, 4 H, J, H 9 Hz, p-CF,CONHC,H,O) 

Sugar and methylatlon analyses, as described above for 9a, gave the same results 

for !?b 
The ‘H-n m r spectrum of the tetrakls(tnmethylslly1) ether of 9b contamed 

signals for anomenc protons at 6 4 48 (J1 2 7 Hz, paratose residue) and 5 34 (J, z 

3 Hz, mannose residue) confirming a /3-mterglycosldlc linkage 
p-lsotJuocyanatopJ~eny1 3-0-(3,6-d~deox~~-cr-D-nbo-hPuop~~ranosyl)-~-D-)nanno- 

pyrasoszde (IO) - A solullon of 9a (50 mg) m saturated, methanohc ammonia 
(10 ml) was kept at room temperature for 20 h, and then concentrated The syrupy 
residue, t 1 c (chloroform-methanol, 3 1) of which showed the presence of one 
compound only, was dissolved m 80% aqueous ethanol (10 ml) and the pH was 
adjusted to -8 with barium carbonate and maintained thereat by adding barium 
carbonate whilst thlophosgene (0 1 ml) was added and the reaction mlvture was 
stirred for 2 h’ * F&ration and concentration gave a syrup which was punfied by 

t 1 c (chloroform-methanol, 5 1) to give 10 (31 mg), [XI,, + 174” (c 0 3, water), 
~2:; 2130 cm- ’ (broad) 
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