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ABSTRACT 
The reaction of sulfuryl chloride with several 1,6-anhydro-hexosa~ls has yielded crystalli~le, 

fully chlorosulfated derivatives. lieplacement of the chlorosulfate moieties by chlorodeoxy 
groups could not be achieved under the reaction conditions employed. This non-reactivity 
is discussed in terms of steric interactions in the transition state for substitution. 

An examination of some chloro-substituted sugar chlorosulfates conhrmed that an  axial 
chlorodeoxy group in a glycopyranoside deactivates a neighboring equatorial chlorosulfate 
group and thus prevents further chlorodeoxy groups being introduced into such positions. 
Methyl a-D-altropyra~~oside, methyl a-L-rhamnopyranoside, methyl a-D-lyxopyranoside, 
L-rhamnose, and D-lyxose were reacted with sulfuryl chloride. The resulting products were 
those expected if these sugars reacted primarily in the C1 conformation. 

INTRODUCTION 

I'revious \v-orlt (1-5) has shown that the reaction of sulfuryl chloride with carbohydrates 
containing free hydroxyl groups gives derivatives containing both chlorodeoxy and 
chlorosulfate moieties, and that these products are foril~ed via fully chlorosulfated 
derivatives. The chlorodeoxy groups are derived by the nucleophilic displacement (S,2) 
of certain of the chlorosulfate groups by chloride ion. Kinetic studies carried out with 
model alkyl chlorosulfates have shown the reinarltable facility \\-ith \\rl~ich the OSOpCl 
moiety can act as a leaving group (6). 

I t  has been sho\\:n in the previous \\:ark carried out n-it11 hexopyranoses and hexo- 
pyranosides that the OSOlCl group a t  C-6 is the most reactive and is readily converted 
into a chlorodeoxy group. Preferential displacement a t  C-6 in hexopyranosides has been 
noted previously, for instance, Ivith the tosyl derivatives (7). 

Whether a secondary chlorosulfate group is replaced by the chloride ion depends on 
the conformation of the pyranoside of \vhich it  forms a part. Several steric factors have 
been de~l~onstrated to affect adversely the replacelllent and may be sui~~marized as: 
(i) 1,3-diaxial interactions to the approach of the chloride ion; (ii) deactivation of the 
C-2 position by anonieric chloro and methoxyl groups; and (iii) deactivation of an 
equatorial chlorosulfate ester group vicinal to an axial substituent \vhich itself is resistant 
to substitution. The relevance of these factors to the synthesis of a fully chlorinated 
sugar glycoside \\.as considered recently (8). 

The present paper reports on a numlber of topics. For the first time, chlorosulfates of 
1,6-anl.;ydro-hexopyrailoside derivatives have bee11 investigated, \\:it11 the vie\\- that the 

lIJrese?zt a d ~ r e s s :  I m p e ~ i a l  Che?ilicnl Indlrstries Ltd., ilIo?zd Divis ion Researclz Laboratories, R z ~ ~ z c o I . ~ ~  Heatlz, 
Cl~eslzire, England.  
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COTTRISLL ET AL.: REACTIOSS O F  SUGAR CI-ILOROSULFATES. VII 1485 

\\.as prepared from methyl 4,G-0-benzylidene-p-D-glucopyranoside. The rneth>.l 3-chloro- 
3-deoxy-P-D-allopyranoside (11) \ \as then treated ~vith sulfuryl chloride in the usual way. 
The product was a syrup which, on dechlorosulfation, gave a crystalline conlpound that 
\\-as lrlost probably methyl 3,G-dichloro-3,G-dideox~~-~-~-a~~opyranoside. Elemental 
analysis showed the formation of a dichlorodideoxy compound, and periodate oxidation 
results indicated that the chlorodeoxy groups were a t  the C-3 and C-6 positions. The 
D-all0 configuratioil is assumed, since in all cases examined hitherto the chlorodeoxy 
groups were observed to be introduced with inversion (3-5). 

The observation that no further substitution by chloride ion occurred ~lnder these 
standard conditions to form a trichlorotrideoxy derivative indicates a deactivating effect 
of the axial chloro group a t  C-3. This is further evidence that an axial substituent which 
cannot itself be replaced deactivates a vicinal, eq~latorial chlorosulfate ester group. 
A possible explanation for this is shown in formulae \i-\:c. To  introduce a chlorodeoxy 

H 

RO 

OCH, OCH, 

group a t  C-4 by SxY reaction, the transition state Va n-ould have to be formed (13). 
The end-on representation of V and \?a, vien-ed along the C-3, C-4 axis, is shoxvn in \Tb 
and Vc, and it is seen that steric interaction in Vc between the chlorodeoxy group on 
C-3 and the large chlorosulfate group on C-4 would strongly hinder Sx2  reaction a t  C-4. 

The Reaction of ~lletlzyl a-L-Rlzamnopyranoside and L-Rhanznose 
AlIethyl a-I>-rharnnopyranoside has the anomeric methoxyl group on C-1 and the 

hydroxyl group on C-2 axially oriented, since its preferred conformation is 1C (9). The 
product obtained from its reaction with sulfuryl chloride in pyridine was a crystalline 
trichlorosulfate, and no further substitution could be obtained even n hen it \\-as heated 
in chloroform solution with pyridine hydrochloride. A cl~lorodeoxy group might perhaps 
be introduced into methyl a-L-rhamnopyranoside a t  C-2 since this chlorosulfate group 
is axially oriented, by analogy with cyclohexyl derivatives where it  is 1;non~n that axial 
substituents are displaced a t  a faster rate than corresponding equatorial substituents. 
The axial methoxyl group a t  C-1 \vould further hinder substitution a t  C-2. 

To  verify the latter effect, L-rhainnose itself was reacted with sulfuryl chloride and 
pyridine. The product from this reaction was a crystalline compound which analyzed as 
(P?)-L-rhamnosyl chloride 2,3,4-trichlorosulfate. Treatinent of this trichlorosulfate \I ith 
pyridine hydrochloride yielded a syrup which, after dechlorosulfation, had the Iif value 
and chlorine content expected for a dichlorodideoxy compound. A periodate oxidation 
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shoned no uptake of reagent within 2 dal  s, as expected for 2,4-dichloro-2,4,6-trideoxy- 
L-galactose \vhich n-ould result if i t  is assumed that inversion taltes place in the nornlal 
manner n hen the chlorodeoxy groups are introduced. The o n l ~ -  other possible structure 
n hich ~kould not be affected by periodate is a 2,3-dichloro-2,3,(i-trideoxy compound, but 
the formation of the compound is unliltely on the basis of previous results. 

The lieactions of llfefhyl a-D-A~fropyranoside, 111ethyl a-D-lyxopyranoside, and D-Lyxose 
Clycosides and free sugars in the D-altropyranose and D-lyxopyranose configurations 

have been reported as existing in the C l  and 1C conformations. 
lleth!l 6-chloro-6-deoxy-a-D-altropyranoside \ \as  obtained from methyl a-D-altro- 

pyranoside after i t  \\-as reacted 111ith sulfuryl chloride in p) ridine follo\ved by dechloro- 
sulfation. This is the product that n-ould be formed if the glycoside reacted in the CI 
conformatio~~, since in this conformation the C-2 aild C-3 hydroxj.1 groups are axially 
oriented. In the 1C conformation the OR (R = 1-1 or SOnC1) group a t  C-4 \\-ould be 
axially oriented, as ~ iould  be also the CI-IZCI group on C-5. Substitution of the axial 
chlorosulfate group a t  C-4 is therefore prevented by the neighboring axial CH2C1 group. 

I'roof of the structure of the methyl 6-ch~oro-6-deox~~-a-~-altropyranoside was given 
by its elemental analj,sis and periodate oxidation. The periodate oxidation of this com- 
pound \\as soine\vhat unusual. The consumption of 2 moles of periodate and the release 
of 1 mole of formic acid were consistent n.ith the chlorodeoxy group being 011 C-6. 
I-Io\\ evcr, unlike the periodate oxidation of the corresponding gluco compound, the rate 
of production of formic acid \\-as much less than half the uptake of periodate during the 
first (i h of the oxidation, and it  was not until the reaction had been proceeding for about 
1 day that the number of moles of formic acid released became approximately half the 
number of moles of periodate consumed. If an internal hemiacetal is postulated as an 
intern~ediate, these results may be explained. 

.\[eth) l a-D-lyxopqranoside in the C1 conformation has the axial glycosidic mcthoxyl 
group a t  C-1 and also an axial substituent a t  C-2. situation is directly analogous 
to the situation in methyl a-D-mannopyranoside and methyl a-L-rhamnopj~ranoside, 
which also have axial groups a t  C-1 and C-2. l~Iethyl a-D-mannopyranoside \vas shon 11 to 
!+Id methj 1 G-chloro-6-deox~~-a-~-mannopyranoside 2,3,4-tricl~lorosulfate \\hen reacted 
n-ith sulfur> 1 chloride ( 5 ) .  I t  \\-as found in the present study that the reaction betbveen methyl 
a-D-lyxopyranoside and sulfuryl chloride yielded methyl a-D-lyxopyranoside 2,3,4-trichloro- 
sulfate ; no chlorodeoxy groups could be introduced by reacting the product further \vith 
pyridine h>.drochloride. Ho\\-ever, if methyl a-D-lyxopyranoside reacted in the 1C con- 
formation, the product might \\ell be the same, since in this collfor~nation the C-3 and 
C-4 h~.droxyl groups \\-ould be axial. 

T o  extend the analogy with the manno conformation further, i t  was decided to examine 
the reaction of D - ~ ~ X O S ~  \\ith the sulfuryl chloride - pyridine mixture. D-IIannose had 
been found to yield a G-chloro-6-deoxy-trichlorosulfate urhich, \\-hen reacted \\ ith pyridine 
hydrochloride, gave a trichlorotrideoxy co~npound \\-hose methyl glycoside \I as assigned the 
structure methyl 2,4,6-tric1~lorotrideoxy-P-D-galactopyranosde (compare n-ith L-rhamnose) 
(5). D-Lyxose also gave a chloro-trichlorosulfate derivative when reacted with sulfuryl 
chloride, and reaction with pyridine hydrochloride folio\\-ed bjr treatment \\;it11 sod iu~ l~  
iodide solution no\\, gave a syrup which \vas shon-n by thin-layer chromatography and 
chlorine analysis to be a dichlorodideoxy sugar. Periodate oxidation shoned no uptalte 
of pcriodate after 48 h, so that the compound \\-as probably 2,4-dichloro-2,4-dideoxy-1,- 
arabiuose if the sugar is assumed to react in the pyranose form. The other possibility, 
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2,3-dichloro-2,3-dideoxy-D-ribose, is considered to be unlikely, since the D-ribose con- 
figuration is kno\\rn to undergo readily further substitution a t  C-4 (14). This indicates 
that  D - l y ~ ~ p y r a n ~ ~ e  reacts primarily in the C l  conformation, as does D-mannopyranose. 
If i t  \\:ere in the 1C conformation, there nrould be an axial chlorosulfate a t  both C-3 and 
C-4 and an equatorial chlorosulfate group a t  C-2. This situation would be unlikely to 
lead to further introduction of chlorodeoxy groups. 

EXPERIMENTAL? 
, . lhin-la)~er chromatogranis were run by the ascending technique on glass plates which had been coated 

\vith silica gel G and dried a t  15G160° for 2 h. The following solvent systems were used: ( a )  benzene- 
nlcthanol (10:1), (6) benzene-lnethanol (20:1), (c )  benzene-methanol (50:1), and ( d )  benzene-isopropanol 
(2 : l ) .  l'he sugars \\?ere detected 011 chro~natogra~ns by spraying them with sulfuric acid and subsequent 
heating of the plate in an oven a t  110'. 

'I'hree general procedures were used. (A) Sulfuryl chloride3 was added dropwise to the stirred pyridine- 
chloroform reaction ~nixtures, cooled in an acetone - solid carbon dioxide bath (approximately -YOo), 
and ~naintained a t  this temperature for 2 h, after which time the mixtures were allou,ed to  come to room 
temperature and held a t  that temperature for 1 to 2 h. The products were then isolated in the lrsual way 
(1-5). (B) The experiment was repeated, except that  the mixture was left for 8-12 h before the products 
\\.ere isolated. (C) If thin-layer chro~natography (t.1.c.) indicated that further reaction had talien place, 
then the product was heated with pyridine hydrochloride in dry chloroform to conlplete, as  far as the con- 
lig~~ratiori would allow, the formation of chlorodeoxy groups. 

' I 'e t ra-?z-butyla~noni~~~n chloride could be ~ ~ s e d  as  a n  alternative source of chloride ions to  effect dis- 
placement (see below). 

7%e Preparation of 1,B-Ax1~ydi.o Sztgars 
1,6-;\nhydro-p-~-glucopyra1iose was obtained by the pyrolytic distillation of starch (15) but with the 

follolving modihcation. The dry starch was mixed with copper powder to improve heat transfer throngh 
the deco~nposi~ig starch, atid a lapcr of glass wool was placed above the charge to reduce frothing. The yield 
mas about 40 g from 150 g of starch ('26.87;). 

1 , 6 - ~ \ n h y d r o - 3 , 4 - 0 - i s o p r o p y l i d e n e - ~ r a o s e  was prepared f ron~  a-lactose monohydrate (16) 
except that copper po\vder Lvas rnixed with the charge to  i~nprove heat transfer through the decomposing 
lactose. 1,6-.-\nhydro-3,4-0-isopropylidene-~-~-g1actopraiose (10 g) was dissolved in water, and the 
solutio~i was treated with 8 g of ,-\mberlite 11:-120 (11+) resin for 14 h on a water bath a t  70" and then 
liltered. 'l'lle prodi~ct, after evaporation, was recrystallized from alcohol-water (80:20). The yield of 1,G- 
anhydro-D-galactop)~ra~iose, m.p. 220", was practically cl~rarltitative. 

l,G-i\nhydro-p-~-a1tropyranose was prepared as follo\vs. ;\ solutiori of syrupy methyl a-D-altropyranoside 
(17) in 200 1n1 of GO! hydrochloric acid was refluxed for 2 h. The solution was ne~~tralized with lead carbonate 
and filtered, and the lead ions were re~noved from the filtrate as  lead sulfide. The hltered solution was then 
deio~rized to ).icld 10.5 g of syrup. 'I'he syrup (6 g) was separated on a cellulose column (63 X 5 a n ) .  The 
eluting solvent was butan-1-01 half s a t ~ ~ r a t e d  with water. The hrst fraction xvas uonreducing in character, 
and cr~rstallized as long, needle-shaped crystals upon evaporation of the solvent. The relative speed of 
movement on paper of D-altrose and 1,6-anhydro-p-D-dttopyranose is not great but was sufficient to follow 
the separation xvitho~rt difficulty. In solvent system e (ethyl acetate-acetic acid - formic acid - water 
(1S:3:1:4 by volume)) the RI~I ,  of D-altro~e was 0.70, and of l,6-allhydro-p-D-altropyranose 0.95. The yield 
of 1,G-anh>rdro-8-D-aItropyra11ose was '3 g (6300), and of D-altrose 1.5 g (58y0), characterized as the penta- 
acetate (IT). 'I'he yields are based on a 53:47 ratio of anhydro compound to free sugar. 1,G-Anhydro-p-o- 
altropyranose analyzed as the anhydrous sugar. 

:\rial. Calcd. for CoH~o05:  C, 44.4; 11, 6.32. Found: C, 44.4; 13, 6.07. 
S o  dehnite 111elting point has previously been reported for 1,6-arihydro-P-D-altropyraliose. 'I'he melting 

point of the above sample was 133", with slight preliminary si~itering. I t  had [ a ] ~  -210" (c ,  1.0 in water). 
:\ sample of 1,6-a1thydro-p-~-altropyranose was also obtained fro111 Dr. S. I<. Richtrnyer; this had a melting 
point atid a mixed melting point with the above sample of 133". 'The infrared spectrographs of the t\vo samples 
were also identical. Dr. Iiichtmyer's sample was believed to have bee11 the monohydrate before it was 
stored. 

1,6-.~l?rhydro-p-~-glz~cop3~ronose d,S,/t-Tricllloroszrlfnle 
1,G-.-Inhydro-8-D-glucopyratiose !2 g, 0.012 ~nole) in dry pyridine (8 ml, 0.099 mole) and dry chloroform 

(25 ml) was treated with sulf~rr).l chloride (5 ml, 0.061 mole) and the product isolated according to 

?For details see refs. 1-5. 
a T l ~ e  n~ i loz~n t  of szrlfit~jd clzloride used to nzake the clzlorosztljate ester was 1.5 to 2 moles pcr I~ydroxyl jirottp. 

Tlzc pyridine - s l r l f i ~ ~ y l  cl~loride rolio was i?z tlze r a q e  1.5 to d n~oles  per mole. 
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procedure 4. Recrystallization from chloroform-petrol gave colorless needles, 3.6 g (GG'jb), lll.p. 144-14G0, 
[ a ] ~  -17' (c, 1.0 in chloroform). 

Anal. Calcd. for CeI-I?CI3011S3: C, 15.7; I-I, 1.54; CI, 23.2; S, 21.0. Found: C, 15.6; H, 1.66; CI, 23.1; 
S, 21.3. 

The product gave a positive test for chlorosulfate groups. The infrared spectrum exhibited very sharp 
peaks a t  1200 and 1 435 cnl-1 characteristic of chlorosulfate groups (18). 

A small amount of crystalline 1,6-anhydro-8-D-gl~icopyranose 2,3,4-trichlorosulfate was dissolved in 
methanol (5 ml), and barium carbonate (1 g) was added. One drop of N sodium iodide solution \\-as added 
to dechlorosulfate the product; after 8 h the liquor was co-chromatographed against 1,6-anhydro-p-D- 
glucopyranose on a paper run in solvent J (butan-1-01-ethanol-water (3: l : l  v/v/v)).  The only sugar 
detected was 1,6-anhydro-p-D-gl~~copyranose. 

The reaction between 1,6-anhydro-(3-D-glucopyranose and sulfuryl chloride was carried out according to 
procedure B. The only chloroform-soluble product obtained \\,as 1,6-anhydro-p-D-glucopyranose 2,3,4- 
trichlorosulfate. 

1,6-Anhydro-p-D-gl~icopyranose 2,3,4trichlorosulfate (2 g, 0.043 mole) in dry chloroform (20 ml) and 
pyridine hydrochloride (2 g, 0.012 mole) was treated according to procedure C. The white crystals so obtained 
(0.6 g (40.0y0)) were found to be identical with the starting material. A small amount of a reducing product 
(0.012 g) was also obtained but could not be identified. 

1,6-A?tkydro-p-D-galaclopyranose 2,5,4-Tuicl~lorosulfale 
1,6-Anhydro-p-D-galactopyranose (1.5 g, 0.0093 mole) in dry pyridine (6 ml, 0.075 mole) and dry chloro- 

form was reacted with excess sulfuryl chloride (4 ml, 0.049 mole) (procedure A). The product was recrystal- 
lized from chloroform - petrol (b.p. 35-60") to give colorless needles, 1.7 g (40y0), m.p. 105-106", [ a ] ~  -21' 
(c, 1.0 in chloroform). The material gave a positive test for chloros~ilfate groups and the infrared spectr~un 
exhibited very sharp peaks a t  1418 and 1 183 cm-I corresponding to OSO?CI groups (18). 

Anal. Calcd. for CeH7ClaOliS3: C, 15.7; H, 1.54; S, 21.1; C1, 23.2. Found: C, 15.4; H ,  1.64; S, 20.8; 
C1, 23.0. 

Procedure B gave 1,6-anhydro-6-D-galactopyranose 2,3,4-trichlorosulfate in somewhat lower yield. 

1,6-Anltydro-8-D-allropyranose 2,5,4-TrichZoros~~lfale 
1,6-Anhydro-6-D-altropyranose (0.67 g, 0.0041 mole) in pyridine (3 mi, 0.038 mole) and dry chloroform 

(10 ml) was treated with an  excess of sulfuryl chloride (2 ml, 0.025 mole) according to procedure A. The 
product was recrystallized from chloroform - petrol (b.p. 40-65") as white needles, 0.74 g (40%), m.p. 
143", [a]D" -130" (c, 0.1 in chloroform). I t  gave a positive test for chlorosulfate groups and the infrared 
spectrum exhibited very sharp peal<s corresponding to OS02CI groups. 

Anal. Calcd. for C B H ~ C I ~ O I I S ~ :  C, 15.7; H, 1.54; C1, 23.2; S, 21.1. Found: C, 15.3; H, 1.4; CI, 23.0; 
S, 21.0. 

Procedure B gave 1,6-anhydro-8-D-altropyranose 2,3,4-trichlorosulfate in somewhat lower yield. 

1,6-Anltydro-p-D-idopyraltose 2,5,4-Tricklorosulfate4 
1,6-Anhydro-p-D-idopyranose (1.01 g from 2.0 g of the triacetate) in pyridine (4.5 ml) and dry chloro- 

form (12.0 ml) was converted into the trichlorosulfate by addition of sulfuryl chloride (2.2 ml) to the 
mixture (procedure A). The crystalliile product had m.p. 164r165" and (a]D -41" (c, 1.8 in methanol). 

Anal. Calcd. for CGH7C13011S3: C, 15.7; H, 1.54; CI, 23.2; S, 21.1. Found: C, 16.1; H, 1.83; C1, 12.9; S, 
21.1. 

Procedure C gave starting material as the main product. Some small quantities of other unidentified 
sugar derivatives were also produced. 

Methyl S,6-Dicl1.loro-3,6-didcoxy-p-~-allopyra?zoside 
Methyl 3-chloro-3-deoxy-p-D-allopyranoside (1.4 g, 0.007 mole), prepared from methyl 4,6-0-benzylide~~e- 

6-D-glucopyranoside, in pyridine (6 ml, 0.0075 mole) and chloroform was treated with sulfuryl chloride 
according to procedure A. The product was a syrup (2 g (88%)) which solidified but could not be recrystal- 
lized. Dechlorosulfation with sodium iodide gave a crystalliile product which, after two recrystallizations, 
was shown to be pure by t.1.c. in solvent J (as used for paper chromatography), Rc 0.59, yield 1.0 g (75%), 
[U]D -45", m.p. 145-156' with some decomposition. 

Anal. Calcd. for C7HlnClzOd: C, 36.4; H ,  5.23; C1, 30.7. Found: C, 36.6; H, 5.37; Cl, 30.5. 
Periodate oxidation of the methyl 3,G-dichloro-3,6-dideoxy-p-D-allopyranosd, determined in the ~isual 

way (19, 20), showed no consunlption of periodatc during 24 h. 

Methyl or-L-Rlzamnopyranoside 2,3,4-Trichlorosz~lfate 
Methyl or-L-rhamnopyranoside (31) (C.5 g, 0.003 mole) in anhydrous pyridine (3 ml, 0.038 mole) and dr)- 

chloroform (10 ml) was treated with sulfuryl chloride (2 ml, 0.025 mole) (procedure A). The crystalline 
product was recrystallized from chloroform-petrol, 0.9 g (647;), m.p. 112-113", [orlo -2" (c, 1.0 in chloro- 
form). Infrared analysis and the aniline-pyridine spray test confirmed the presence of chlorosulfate groups. 

4Tltis erperiine?tt was carried ozil by llr. S. S. AL?'. 
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Anal. Calcd. for C7HllC13011S3: C, 17.8; H, 2.3; CI, 22.5; S, 20.0. Found: C, 18.1; I-I, 2.1; C1, 22.5; 
S, 20.1. 

.A portion of the above crystals (0.5 g, 0.002 mole) in chloroform and anhydrous pyridine hydrochloride 
(0.5 g, 0.044 mole) \\,as treated according to  procedure C. The melting point (112-113°) of the product 
(0.3 g) was undepressed on admisture with the starting compound. 

(P?)-~-Rlrc~iil?~osyl Clzloride 2,3,4-Triclzlorosii~ate 
L-Rhanlnose (8 g, 0.05 mole) (dehydrated by heating i t  a t  50° in a vacuum oven for several hours) in 

pyridine (30 ml) and chloroforln (85 ml) was treated with 17 ml of sulfuryl chloride (procedure A). The 
cryst,llline product was recrystallized from chloroform - petrol (b.p. 40-6O0), 8.5 g (35y0), m.p. 140°, 
[a]" +57.So (c, 0.1 in chloroform). 

:\rial. Calcd. for CGEI~C~~O,OS~:  C, 15.1; El, 1.69; CI, 29.7; S ,  20.1. Found: C, 14.8; H,  1.69; CI, 29.6; 
5 ,  20.5. 

The tr~chlorosulfate (5 g) was dissolved in a minimum of dry chloroform which contained an excess of 
p) ridine hydrochloride, and the solution was heated for 12 h. The product, after dechlorosulfation, contained 
a major component with Ri 0.67 (solvent e). I t  was purified by preparative thin-layer chromatography and 
then distilled. The syrupy product had [a]= -45" (c, 1.0 in chloroform). 

Anal. Calcd. for CeHloClnO3: CI, 35.3. Found: CI, 35.8. 
Perlodate oxidation of the dichlorodideosy compound showed no consumption of periodate during 48 h. 

dlethyl 6-Cl~loro-6-deoxy-a-D-altropyranoside 2,5,4-Trichlorosz~~ate 
AIethll a-D-altropyranoside (1 g,  0.0052 mole) in anhydrous plrldine (5 ml, 0.062 mole) and chloroform 

(20 mi) Lvas treated with sulfuryl chloride (3 nll, 0.037 mole) (procedure A). The crystalline product was 
recrystalli~ed from chloroform-petrol to  give colorless prisms, 2.1 g (79.5'30), m.p. l5g0, [a]= +99.2" (c, 0.97 
in chloroform). 

.Anal. Calcd. for C~HIOCIIOIISJ: C, 16.5; I-I, 1.98; CI, 27.9; S, 18.9. FOLI I I~ :  C, 16.8; H,  2.04; CI, 28.1; 
S ,  i n  0. 

ilIetl~y1 6-Chloro-6-deory-a-~-a~lropyranoside 
The above crystals (2 g) were dissolved in methanol and dechlorosulfated with sodium iodide as  previously 

described. The colorless syrup (1 g (60$70)) was shown by t.1.c. to be one component with Rr 0.25 in solvent 
b ,  [a]= + l O l 0  (c, 0.92 in chloroform). 

Anal. Calcd. for C7H13ClOa: C, 39.5; H, 6.16; CI, 16.5. Found: C, 39.3; El, 6.07; C1, 16.7. 

Polodate Oi-~dalion of AIetkyl 6-Cl1lo~o-6-deory-a-~-al~ropy~a7~oside 
-2 sample of the g1)~osidc (39 mg) I\-as oxidized in the usual way (20). The  results are shown in Table I. 

'TABLE I 

Periodate oxidation of 
methyl 6-chloro-6-deoxy-a-D-altropyranoside 

Periodate uptake Formic acid released 
Time (moles ~ e r  mole) (mole ~ e r  mole) 

Alellzyl a-D-Lysojyra?zosidE 2,5,4-Trichloros~~lfQle 
Methyl a-D-lysopyranoside (21) (2 g, 0.012 mole) in anhydrous pyridine (10 ml, 0.02 mole) and chloroform 

(25 ml) was treated with sulfuryl chloride (6 ml, 0.074 mole) (procedure A). The crystalline product was 
methyl a-D-lysopyranoside 2,3,4-trichlorosulfate, 3.3 g (60y0). I t  was recrystallized froin chloroform - petrol 
(b.p. 35-60"). The colorless plates had m.p. 129-130' and [ a ] ~  -5' (c, 1.0 in chloroform). 

Anal. Calcd. for C81-IeC13011S3: C, 15.8; H, 1.96; CI, 23.1; S ,  20.8. Found: C, 15.5; H,  1.98; CI, 23.5; 
S ,  20.6. 

A portion of the crystals (1 g, 0.006 mole) obtained from the previous experiment mas treated according 
to procedure C. The crystalline product, 0.52 g (52yo), n1.p. 129-13O0, was indistinguishable from the 
starting material. 
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D-Ly.cosy1 Cl~loride 2,S,/,-Trichlorosulfate 
D-I,)~xos~ (2 g, 0.013 mole) in anhydrous pyridine (10 ml, 0.12 mole) and chloroform ('25 ml) \\.as treated 

with s ~ ~ l f ~ l r y l  chloride (6 ml, 0.074 mole) according to procedure i-1 and gave colorless crystals, 3 g (527h), 
m.p. 94-96", [alr, +20.4' (c, 1.0 in chloroform). 

Anal. Calcd. for CjHeCl.iOloS3: C, 13.0; H, 1.30; CI, 30.6; S, 20.7. 1:ound: C, 13.1 ; H, 1.3'7; CI, ;:0.4; 
S, 20.6. 

The Reaction of D-Lyxosyl Chloride 2,S,C-Trichlorosz~dfate with lJyl.idi?ze Hydroclrloride 
The crystals (1.5 g,  0.003 nlole) (above) in anhydrous chloroform and pyridine h>drochloride (1.2 g, 

0.012 mole) gave (procedure C) a syrupy product containing several substances. A positive test for chloro- 
sulfate groups was obtained. The syrup was dechlorosulfated with sodiurn iodide. A syrup was obtained which 
was shown by t.1.c. to contain one main substance, Rr 0.53 and An,, 2.5 in solvent b ,  and several minor 
substances. small a~noun t  of the main substance was purified by t.1.c. follo\\led by vacuLlrn distillation. 
I t  had [alu +39.g0. 

Anal. Calcd. for C;HIoCI?Oj: Cl, 37.9. Found: CI, 35.6. 

Methyl 2-Clzloro-2-deo.cy-p-~-gnlactopyrano~ide~ 
Methyl 2-chloro-2-deoxy-p-~-galactopyra1ioside 2,3,4-triacetate (2.1 g, 0.007 mole), prepared from tri- 

acetyl D-galactal (22) in 197; yield according to the procedure of Le~nieus and 12raser-Reid (23) except that 
silver carbonate was used in place of silver acetate, was dissolved in anhydrous methanol (25 ml) and 
cooled to 5". I t  was de-0-acetylated catalytically with a cold, freshly prepared solution of soditun~ methoxide 
in the usual way. ?'he methyl 2-chloro-2-deosy-p-~-galactop~~ri~1~oside, 0.95 g (72%), had m.p. 145-147" 
(mixed 1o.p. with a sample obtained from Dr. R. U. Lemie~lx 144-146") and [a]n $25' (c, 0.58 in xvater). 

iWetlty1 2,~,/,,6-Tetrnchloro-2,S,/t,6-tetmdeoxy-~-~-alloside~ 
Methyl 2-chloro-2-deoxy-0-D-galactopyranoside (1.28 g ,  0.006 mole) in pyridine (6 ml, 0.075 mole) and 

dry chloroform (24 ml) was treated with sulfuryl chloride (2.5 ml, 0.020 mole) (procedure A). 'The syrupy 
product (1 g) contained, as show11 by t.l.c., one major component, RI  0.94, and small amounts of two other 
components with RI  0.83 and 0.75 (solver~t a). 'Tests indicated that there was probably a small a ~ u o u ~ ~ t  of 
material present containing the OSO?CI group. 'The syrup (1 g) iu a n h y d r o ~ ~ s  chloroform and pyridine 
hydrochloride (0.5 g) was reacted according to procedure C and gave n syrupy product (0.85 g (54%)) 
which contained a single co rnpo l~e~~t ,  Rr 0.93 in solvent a and 0.62 in solvent d (t.1.c.). The volatile component 
was purified by vacuum distillation a t  0.15 mm. The aniline-pyridine test for chlorosulfate groups \vas 
negative. The infrared spectrograph showed the absence of any hydrosyl pealis and confirmed the absence 
of any chlorosulfate groups. 

Anal. Calcd. for CiI-IloCI.,O?: C, 31.4; H,  3.76; Cl, 52.9; OMe, 11.6. Fou~id: C, 31.7; I-I, 3.7; CI, 52.4; 
OMe, 11.9. 

Tlze Use of iretra-71-bzrtylanrnroniz~nr Chloride as a Source of Chlo,.ide Ions insteud of Pyridilze Ilydrochloride 
dfetlzyl a-D-Glz~copyranoside 2,3,4,6-Tetrachlorosr~lfate 
Methyl a-D-glucopyranoside (10 g, 0.051 mole) \\,as treated with sulfuryl chloride (26 rnl, 0.32 mole) and 

pyridine in chloroform solution a t  -70" for 2 h. The mixture was allo\ved to warm up rapidly to -30' so 
that  it became less viscous, while a t  this temperature an ice-cold iOT0 solution of sulfuric acid (500 ml) was 
added to the reaction mixture, with stirring. 'Shis modihed method gave a considerabl>r improved yield of 
the tetrachlorosulfate, 24 g (goy;), m.p. 111-114". 

Methyl ~,6-Diclzloro-~,6-dideo3:y-a-~-gala~topyra?ios~de 
The above material (2 g, 0.034 mole) in dry chloroform and anhydrous tetra-n-butylan~moni~lirn chloride 

(2.06 g, 0.072 mole) was heated on a water bath a t  50-60" for 5 h. From the chloroform so lu t io~~  was isolated 
a syrup which gave a positive test for chloros~~lfate groups (aniline-pyridi~~e test). The syrup was dechloro- 
sulfated with sodium iodide to give a crystall i~~e product, 0.70 g (85y0), which, after recrystallization fro111 
chloroform-petrol, had 11i.p. 156-15i0, ~rndepressed on admixture with lnethyl 4,6-dichloro-4,6-dideosy- 
a-D-galactopyranoside (3, 4). 

'The previous experiment was repeated with a mole ratio of tetrachlorosulfate to tetra-?1-but).la1111llo11i~1111 
chloride of 1:4.4. The reaction was left for 24 h on the water bath a t  50". The only chlorofor~n-sol~tble 
product obtained was methyl 4,6-dichloro-4,6-dideoxy-a-D-galactopyranoside 2,3-dichlorosulfate. 
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G A  short accoz~?~t of tlzese reactions lzns  bee?^ given (8). 
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