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ABSTRACT 
The reaction of sulphuryl chloride with D-glucose, with D - x Y ~ o ~ ~ ,  and with nlaltose is de- 

scribed. The products were fully substituted compounds containing both chlorodeosy and 
chloros~ilpl~ate groups. 1;ornlation of the methyl glycosides and subsecluent removal of the 
cl~lorosulpl~ate groups enabled structural investigations to  be carried out on the resultant 
cl~lorocleoxy methyl glycosides. 

Previous communications (1, 2) on the reaction of sulphuryl cllloride wit11 methy1 
glycosides have described the isolation of fully substituted glycosides containing chloro- 
deoxy and cyclic sulphate groups. I11 the case of ~nethyl a-D-glucopyi-anoside the 2,3-cyclic 
sulphate derivative was desulphated to yield substances characterizecl as methyl 4,G-di- 
chloro-4,G-dideosy-a-D-galactoside and 4,G-dichloro-4,G-dideoxy-D-galactose (2). Wlleil 
conditions similar to those described by Bragg et al. (I) were employed the reaction of 
sulphuryl chloride with reducing sugars produced coilsiderable degradatioil of the 
carboh\,drate, and a crystalline product, tentatively identified as a dichloro pyridine 
derivative, was isolated. Wlleil the reaction was carried out a t  a much lower temperature 
degradation of the sugar was reduced and good yields of carbollydrate derivatives were 
obtained. Changes in reaction conditions also produced a new range of carbohydrate 
derivatives \vhich coiltailled the chlorosulpl~ate group. 

DISCUSSION 

I11 view of the ~vorlc of Bragg et al. (1, 2) it was considered liliely that sulphuryl chloride 
would react with reducing sugars in pyridine solution to yield cyclic sulphate derivatives 
with the possible replace~nellt of the hl-droxyl group of C1 by a chloro group. Analysis of 
the crystalline clerivative fro111 maltose illdicated that such a reaction had in fact occurrecl 
but that the cyclic sulphate grouping was absent. Further examination of the crystalline 
derivative from maltose and of the syrupy products from D-glucose and D-xylose showed 
that chlorosulphate residues as well as cl~lorodeoxy groupings were present in the products. 
The infrared spectra of the compounds had two characteristic strong absorption fre- 
quencies, a t  1431-1435 cm-l and 1105-1200 cm-l, the values of which conlpared well 
with the frequencies of absorption of the 0-S02-C1 group reported by Robinson (3). 
The spectra also showed the absence of hydroxyl absorption. Tlle presence of the chloro- 
sulphate group was further substantiated by the reaction of the compouncls with aniline 
and pyridine (4) to give a characteristic red dye. This dye was previously reported by 
Iconig and Bayer (5) and was prepared by them from a wide range of inorganic acid 
chlorides. 

The reactions of sulphuryl chloride with D-glucose (experiments i ancl ii) gave syrupy 
products \vl~ich were probably mixtures of the a- and P-chlorodeoxy compounds (I). 
The formation of the methy1 glycosides and the si~nultalleous dechlorosulphation with 
nletha~lol alone produced, as the main product, inethyl 4,G-dichloro-4,G-dideoxy-a-D- 
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galactopyranoside (11). The corresponding p-anomer (111) was obtained when methanol 
ancl silver oxide were employed. This was evident because both I1 and I11 gave on 
hydrolj-sis 4,6-dichloro-4,6-dideoxy-D-galactose (2) (IV). The reasoil for the isolation 
of both the ct and P methyl glycosides is not clear and could be attributed to either a 
prepoilderailce of the a- or P-1-chloro con~pound in the original product (I) due to different 
reaction conditions, or to the different methods used for the formation of the inethyl 
glj-cosides from I. If i t  is assuined that in all these reactions the chlorosulphate group is 
substituted and renloved without inversion, discouilting the less likely process of double 
inversion; then compound I was 4,6-dichloro-4,6-dideoxy-D-galactopyranosyl chloride 
2,3-dicl1lorosulpl1ate. 

CH, CI 

The reaction of sulphuryl chloride with D-~ylose gave a syrup (V) which was dechloro- 
sulphated with great difficulty using silver oxide and aqueous methanol. Analysis indicated 
the presence of one cl~lorodeoxy group in the dechlorosulphated methyl glycoside (VI) 
and periodate oxidation of VI gave results (1 mole/mole uptake) consistent with the 
presence of adjacent hydroxyl groups. I-Iydrolysis of VI yielded a monochloropentose 
(VII) \\-hich formed a phenylosazone which still contained chlorine. D-XyloSe may have 
reacted in the p>;ranose or furanose form and the cl~lorodeoxy group could be assigned 
to positions C4 or Cg depeilding whether V was a pyranose or furanose derivation. 
Periodate oxidation of the i~1onochloropentito1 (VIII) (produced by reduction of VII) 
liberated 0.9 inole of formic acid and proved that the cl~lorodeoxy group was on position 
C4 of the molecule, thus establishiilg that the original sugar had reacted in the pyranose 
form. The high positive rotation of VI (+23'i0) suggested that illversion of configuration 
had taken place a t  C4, forming an L-arabinose derivative, and this was supported by the 
fact that VI remained unchanged when treated with sodiuill hydroxide solution. If 
inversion had not occurred the con~pound would have remained in the D-xylose con- 
figuration, and it is known that under alkaline conditions chlorine is eliminated from 
methyl 4-chloro-4-deoxy-a-L-xyloside to give the 3,4-anhydro compound (2). Compound 
VI was found to have a specific rotation similar to that of methyl p-L-arabinopyranoside 
(+ 245.5") (6) and therefore it was characterized as methyl 4-cl1loro-4-deoxy-~-~-arabino- 
pyranoside. On this evidence V was probably 4-chloro-4-deoxy-L-arabinopyranosyl 
chloride 2,3-dicl~lorosulphate. 
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The reaction of sulpl~uryl chloride with maltose gave a crystallille product (IX) 
(C12H14016C18S4). Forlnation of the lnethyl glycoside and decl~lorosulpl~atio~~ ~lsing 
sodium iodide gave two crystalline products, one of which was shown by analysis to be 
a trichlorotrideoxy methyl glycoside (X). Sodiunl iodide was elnployed because of the 
difficulty encountered in dechlorosulpliating this product by the previous methods. 
Hydrolysis of X produced a syrup from which two main products were separated and 
identified as chlorodeoxy hexoses (I11 and XI) .  The crystalline diclilorodideosj~ liexose 
(111) was characterized as 4,6-dichloro-4,G-dideoxy-D-galactopyraiose (2). The other 
chlorohexose (XI) ,  which could not be obtained crystalline, was identified as 6-chloro-6- 
deoxy-D-glucopyranose on the following evidence. I t  was found to have a specific rotation 
similar to that of the equilibrium value obtained for crystalline 6-cliloro-6-deoxy-D- 
glucopj~ranose (7) and gave a plienylosazone (XII) identical witli the phenylosazone of 
6-cliloro-6-deoxy-D-glucopyranose obtained by a synthetic route (8). Tlie phenylosazone 
(XII) was oxidized with periodate by tlie method of I-Ioug11, Powell, and Woods (9) and 
initially consumed 1.93 inoles of periodate, releasing O.G4 mole of formic acid and no 
formaldehyde, with an immediate precipitation of the 1,2-bisphenyll~ydrazone of mesoxal- 
dehyde (XIII).  Tlle low yield of formic acid agreed with the findings of I-Iough, Powell, 
and Woods, who obtained similar results from the periodate oxidation of phenylosazones 
(9), but the gradual loss of forlnic acid with time callnot be satisfactorily explained. Tlie 
initial results, however, are consistent witli the presence of a chlorodeoxy group on 
position CG of the molecule. Accordingly compound X was characterizecl as lnethyl 
4-0-a-4',G'-dicl~loro-4',6'-dideoxy-~-galactopyranosyl6-chloro-G-deoxy-~-glucop~~ra~1oside, 
and the fully substituted compound (IX) fro111 which it  was obtaiiled would be 4-0-a-4',6'- 
dichloro-4', 6'-dideoxy -D-galactopyranosyl -6-chloro-G-deoxy-D-glucopyranosyl chloride 
2,3,2',3'-tetracl~lorosulphate. 

The other crystalline compound obtained fro111 I X  gave, on hydrolysis, products 
similar in properties to those observed when X was hydrolyzed. Failure to obtain a 
sharp melting point aiid a consiste~lt analysis of the crystalline product from I X  indicates 
that it is probably a mixture containing tlie a-  and /?-anomers of compound X .  

EXPERIMENTAI, 

Melting points were determined on a Icoller hot stage and were uncorrected. Optical rotations were 
measured a t  21fi3" C. Solutions were concentrated under reduced pressure below 50" C. Paper chroma- 
tography was carried out by the descending method on Whatman No. 1 filter paper using the following 
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solvent systems (v/v):  (a )  ethyl acetate, acetic acid, formic acid,-water (18:3:1:4) and (b)'butan-1-01, 
ethanol, water (3:l : l) .  Sugars were located on chromatograms by p-anisidine hydrochloride (10) or all~aline 
silver nitrate (11) sprays and the rates of ~ l ~ o v e ~ i ~ c n t  are quoted relative to  that  of D-xyloSe (R,). Sugars 
containing the chlorosulphate group mere located specifically with a spray made of a butan-1-01 solution 
of aniline and pyridine (4). Infrared absorptions were measured as  solutions in chloroform or as  a powder 
suspended in a potassium bromide pellet on a PerGitl-Elmer Model 21 spectrophotometer. A11 solutions 
were deionized by passage through Amberlite IR120 (H form) and Duolite A4 (OH form) unless otherwise 
stated. 

Getzeial Method 
The reducing sugar (10 g), previously dried over phosphoric oxide, was partially dissolved in d ry  pyridine 

(40 mi). Chlorofornl (100 ml), dried over anhydrous sodi~lln sulphate, was added to the pvridine solution. 
A - 

and of some of 'the reducing sugar occurred. The hkterogeneous I-eaction mixture was cooled 
in a solid carbon dioxide -acetone bath, and an excess of redistilled sulphuryl chloride was added drop 
by drop over a period of half an hour with vigorous stirring (21 ml of sulphuryl chloride for a pentose and 
26 ml for a hexose or disaccharide). Cooling mas continued for a further 2 hours and the reaction mixture 
was then allowed to come to  room temperature. During this rise in temperature the viscosity of the solution 
decreased rapidly and a white precipitate, possibly of pyridine salts, was formed. The  precipitate was 
filtered from the chloroform solution, and the chloroform solution was mashed successively with 10yO 
sulphuric acid, s a t ~ ~ r a t e d  sodium bicarbonate solutiol1, and distilled water. The final chloroform solution 
was dried over anhydrous s o d i ~ ~ ~ n  sulphate, filtered, and the filtrate mas concentrated to  a syrup which 
crystallized on standing, in the case of maltose. 

~-Glz~cose (i) 
The general method was applied and the reaction mixture was allowed to  stand for 24 hours a t  room 

temperature. D-Glucose gave a pale yellow syrup (8.8 g) which could not be obtained crystalline. I t  had 
[ a ] ~  +6Go (6, 2.8 in chloroform) and paper chromatography in solvent ( a )  gave one spot t ha t  moved with 
the solvent front (aniline/pyridine spray). 

Methyl ~,6-Dichloro-~,6-deo?iy-a-n-galacto9ylaoxide 
The above syrup (8.2 g) was refluxed in anhydrous methanol (200 1111) solution for 12 hours. The  methanolic 

solution was passed through Duolite -44 (OH form) ion exchange resin and concentrated to  a pale yellow 
syrup (4.5 g) which crystallized on standing. The  crude crystals were dissolved in water, the solution was 
continuo~~sly extracted with chloroform, and the chloroform solution on concentration gave a crystalline 
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mass. Recrystallization from chloroform - light pet role~~nl  (b.p. 40-60' C) gave long colorless needles 
(2.5 g) of m.p. 157" C and [O]D + l i g O  (c, 2.1 in water). The nlixed melting point nrith an  authentic sample 
of methyl -1,6-clichloro-4,G-dideoxy-a-D-galactopyranosd (1, 2) was 157" C. The crystals gave an infrared 
spectrum identical with that of the authentic specimen of the galactosicle derivative. 

D-Glz~zose (ii) 
The same methocl was applied as in thc previous case (i) except that the reaction product \\!as isolated 

immediately after the reaction mixture had attained room temperature. D-Glucose gave a pale yellow syrup 
(8 g) which coulcl not be obtained crystalline and paper chronlatography in solvent (a) gave one spot that 
nloved with the solvent front (aniline/pyridine spray). 

JIetl~yl 4,6-Dicl~loro-4,6-dideoxy-P-~-galactopyra1zo~ide 
The above syrup (6 g) mas dissolved in anhydrous methanol (150 ml) and the solution was shaken in a n  

aluminunl foil covered Ilasl< with silver oxide (10 g),  'drierite' (5 g), and glass beads for 24 hours. Distilled 
water (10 1111) was then added to the reaction mixture, which was shaken for a further 24 hours. The hetero- 
geneous 111isture was filtered and the filtrate was deionized and concentrated to a syrup (2.5 g) which crystal- 
lized immediately. Two recrystallizations from chloroforn~ - light petroleum (b.p. 40-60" C) gave colorless 
needles (0.5 g) of 1n.p. 154" C and [ a ! ~  -8" (c, 0.8 in water). Analysis: Calc. C.IH~?CI?O~:  C, 36.4'h; H, 
5.27,; CI, 30.7%. ITound: C, 36.3Y0; 1-1, 5.5%; CI, 30.4%. 

The crystals \\rere hydrolyzed with iV sulphuric acid and the solution was neutralized with barium carbo- 
nate, filtered, and thc filtrate mas deionized to give a syrup which crystallized on standing. Recrystallization 
fro111 methanol gave colorless crystals of m.p. 154' C (decomp.), [a]n +130° (30 minutes) -+ + O i O  (equili- 
brium, 24 hours) (c, 0.98 in methanol), and mixed melting point with authentic 4,G-clichloro-4,G-c1ideos)r-D- 
galactose (2) 184" C (decomp.). 

n-Xylose 
The reaction mas carried out by the general method and the reaction p r o d ~ ~ c t  mas isolated after the 

reaction mixture had been allonred to  stand a t  room temperature for 4 hours. D-XyloSe gave a yellow syrup 
(9.5 g) which had [O]D -41" (c, 5.8 in chlorofornl) and did not crystallize. Paper chromatography in solvent 
(a) gave one spot t ha t  moved with the solvent front (aniline/pyridine spray). 

JIethyl 4- Cltloro-4-deoxy-~-~-arabi~ropyra?~oside 
,The above syrup (5.5 g) was treated in the same way as  the syrup from D-glucose (ii). Dechlorosulphation 

of the syrup using silver oxide, methanol, and distilled water was found to be incomplete even after 96 hours. 
Therefore, the sulphur-containing syrup (3.75 g) was dissolved in chloroforin and the chlorofornl solution 
\\ras evtracted with distilled water. The  distilled-water fraction was conccntrated to a syrup (0.75 g) which 
partially crystallized and which was found to be free of sulphur. The semicrystalline mass was thcn dissolved 
in water and continuously extracted with ether. The ether extract on concentration produced a crystalline 
procluct (0.7 g). Recrystallization from ethyl acetate gavc needle-shaped crystals of m.p. 152" C and [ale 
+",3i0 ( r ,  0.96 in methanol). Analysis: Calc. CGHIICIOI: C, 39.4%; H ,  6.0%; CI, 19.5%. Fo~und: C, 39.4%; 
15, 6.37;; CI, 19.170. 

4- Chloro-4-deo.t.y-~-c~rabi?tose 
The above crystals (0.3G g) mere refluxed in N sulphuric acid solutiol~ (50 ml) for 10 hours. The  solution 

was ncutrali~ed with barium carbonate, filtered, and the filtrate mas deionizcd and conccntratcd to a syrup 
(0.33 g) which crystallized on standing. Recrystallization fro111 ethanol gave colorless crystals of m.p. 
150" C and +l55' (10 minutes) + +119" (equilibrium, 36 hours) (c, 0.4 in water). Analysis: Calc. 
C5HsC1O4: C, 35.6%; H,  i51.47~; CI, 21.0%. Found: C, 35.67,; PI, 5.65;; Cl, 20.4%. 

'The phenylosazone of the above conlpound mas inade and purified by three successive precipitations 
from methanol solution using distilled water to give fine ycllo~v crystals of m.p. 123" C (decom~.).  Analysis: 
Calc. C17H19CIS402: Cl, 10.3%; N, 16.2%. Found: CI, 10.0%; N, 15.8%. 

4- C/~loro-$-deoxy-~-arabi101 
The crystalline monochloropentose (0.15 g) was dissolved in distilled water (50 ml) and a n  excess of 

sodium borohydride (0.15 g) was added. When the solution bccame non-reducing acetone was added to  
deco~npose the excess sodium borohydride. The solution \vas deionizecl and concentrated to a syrup which 
was codistilled (X10) with methanol. The resultant colorless syrup (0.14 g) did not crystallize and had 
[elD +loo (c, 0.9 in water). The syrup contained chlorine and gave one spot with allialine silver nitrate (11) 
a t  R, 1.0 on paper chroinatograms when developed in solvents (a) and (b). 

Periodate Oxidations 
The oxidations mere carried out in the dark a t  25O C, using a small sample (20 mg) of the compounds in 

distilled water (25 1111) containing 0.3 ibf sodium metaperiodate (1 ml). Aliquots (1 1111) were removed a t  
intervals and the consumption of periodate (12) and the production of formic acid (13) were measured. 
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0.xidation of .iIetI~yl 4-Chloro-4-deosy -~-~-arab i?zo~~y~a~tos ide  
The moles of periodate consumed were as follo\vs: 0.37 (3.25 hours); 0.37 (5 hours); 1.01 (23 hours); 

1.13 (68 hours). S o  formic acid ~ v a s  produced. 

Oxidatiot~ of 4-Cl~loro-4-deoxy-L-arabitol 
The moles of periodate consumed and moles of formic acid produced were respectively as  follows: 2.04, 

0.89 (0.5 hour); 2.08, 0.9 (9.5 hours). 

Reaction of -1Iethyl 4-Cl~loi.o-4-deory-P-~-a~abinopyranoside wit11 ~ O ~ ~ L L I J Z  FIydroxide 
The crystals (18 mg) were dissolved in 0.1 IV sodium hydroxide solution (2 1111) and the solution mas 

left to stand for S hours. Titration of the solution with 0.1 iV sulphuric acid, using phenolphthalein as the 
indicator, indicated that  only a negligible quantity of the sodium hydroxide solution had been spent in the 
reaction (0.02 1111). The solution was deionized and concentrated to  a crystalline Inass (18 mg) which was 
recrystallized froin ethyl acetate to give a product with m.p. 151" C and mixed melting point with the 
starting material 150-151" C. 

Idaltose 
The general method mas applied except that the reaction product was isolated immediately after the 

reaction mixture had attained room temperature. Maltose gave a pale yellow syrup (11.6 g) which crystallized 
on standing, Recrystallization was carried out by cooling a saturated solution of the crude crystalline 
procluct in chloroform in an  acetone - solid carbon dioxide bath. The crystals (6.8 g) \\,ere isolated by 
liltration and I\-nshed with chloroforn~ -light petroleum (b.p. 40-60" C) (1:1, v/v). The crystals had 111.p. 
'203" (decomp.) and [O]D +1-43" (c, 1.28 in chloroform). Analysis: Calc. CI?I1~4C18o1jS~: C, 18.2%; 11, 1.8yA; 
Cl, :35.8(5,; S, lG.lc?,. Found: C, 18.0%; H, 2.0%; CI, 335.4%; S, 15.7%. Paper chromatography in solvent 
(a) gave one spot that moved with the solvent front (aniline/pyridine spray). 

il%tltyl .~-O-ol-~',6'-dicl~loro-~',5'-dideoxy-~-ga~n~topyrat~osyl 6-c l~ loro-6-deo .~y-~-~ l~~copyranos ide  
'l'he above crystals (10 g) were clissolved in anhydrous methanol and reflused for S hours to form the 

methyl glycoside. Sodiurn iodide (10 g) was added to the solutio~l and a n  immediate evolution of iodine and 
sulphur diosicle was noticed. 'The reaction ~nis ture  was left to stand for 8 hours. lodine was renloved fro111 
the solution by passing hydrogen sulphide through it and the excess hydrogen sulphide mas removed by 
aeration. The solution was neutralized with barium carbonate and filtered. Silver nitrate was added to  
remove the iodides from solution and after filtration of the silver iodide, potassium chloride was added to 
the soli~tio~l to remove the excess silver nitrate. Finally the silver chloride was filtered from the solution 
ancl the solution was concentrated to a sernicrystalline mass, which was extracted with cold acetone (X3) .  
Evaporation of the acetone solution gave a colorless syrup (5 g). The syrup mas dissolved in water and 
extracted cont i r~~~ously  with chlorofor~n for 4 hours and then for a further 4 hours, giving two fractions, 
A and B. 

Frn:tion A 
Conce~~tration of the chlorofor~n solution gave a colorless syrup (2 g) which did not crystallize. Crystal- 

lization occurrecl froin ethyl acetate - chloroform and recrystallization from n-propanol gave colorless 
needles (0.25 g) of m.p. 184-186" C and [O]D +17-4" (6, 0.58 in methanol). klnalysis: Calc. for the mono- 
hyclrate ClaI-I!iOsCla: C, 36.2%; I-I, 5.6y0; C1, 24.7%. Found: C, 36.0%; I-I, 5.0%; CI, 24.67;. The  sainple 
above was dried to constant weight a t  60' C in  vacz~o over phosphoric oxide. Analysis: Calc. for C13H?208C1B: 
C, :3T.S(;i;: 11, 5.3%; Cl, 25.8%. Found: C, 37.8%; H, 5.1%; CI, 26.1%. 

6-Cliloro-5-deo.vy-~-g~1~cose and ~,6-Dicltloro-/t,6-did~oxy-~-~nL~~close 
'I'ha crystals of the monohydrate above (0.25 g) were dissolved in ~Vsulphuric acid (50 ~ n l )  and the solution 

\\.as rcllu\ed for 16 hours. The reaction mixture was ~leutralized and deionized as described for previous 
hydrolyzates. Corlcentratiorl of the resultant solution gave a syrup (0.2 g) which was shown by paper 
chromatography in solvents (a) and (b) to  contain t\vo major r ed~~c ing  components a t  R, 1.7 and R, 2.5. 
A minor reducing co~nponent a t  Rs0.G3 cochrornatographed with D-glucose in solvents (a) and (b). The syrup 
\vas fractionated on Whatman 3L1li\l paper using solvent (b). End strips of the chromatogram were sprayed 
with al1:aline silver nitrate and the  areas of paper corresponding to  the t u ~ o  con~ponents a t  R, 1.7 and R, 2.5 
were eluted with water to  give solutions of the two components. 

Co,npo~teitt at R, 2.5 
The solution was filtered and concentrated to  give a crystalline mass (120 ~ n g )  which was recrystallized 

from ethanol. The crystals had 1n.p. 183-184" C (decomp.) and mixed melting point with an  authentic 
sample of 4,G-dichloro-4,6-dideoxy-D-galactose (2) 184" C (decomp.). The crystals also cochro~natographed 
with the authentic specirnen in solvents (a) and (b). 

Cornpone)tt at R, 1.7 
The solution was filtered and concentrated to  give a syrup (100 ~ n g )  which could not be obtained crystalline. 

I t  harl [DID +34" ( c ,  0.98 in water), and formed a phenylosazone which was recrystallized from methanol- 
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water to  give yellow needles of m.p. 167-168" C (decomp.). Analysis: Calc. C I ~ H ~ ~ C I N ~ O ~ :  C, 57.2%; H ,  
5.6%; CI, 9.4%; N, 14.9%. Found: C, 57.67;; H, 5.7%; CI, 9.17;; N, 15.0%. 

Prepa~alion of 6-Chloro-6-deoxy-~-g~z~cose 
This was carried out esse~itially by the method of \Viggins and Wood (8). 6-0-Tosyl n~ethyl  a-D-glucoside 

(0.5 g) was heated witli anhydrous lithium chloride (0.25 g), absolute methanol (10 nil), ancl anhydrous 
acetone (10 ml) a t  150' C in a sealed tube for 60 hours. The solution was concentrated to  a syrup which 
was dissolved in water, deionized, and reconcentrated to a syrup (0.35 g) which did not crystallize and gave 
110 spots on paper chromatograms developed in solvents (a) and (b). The syrup was refluxed with Nsulphuric 
acid for 8 hours, and the solution was neutralized and deionized as in previous hydrolyses. The solution was 
concentrated to  a syrup which was shown to consist of one ~ilajor reducing component (R, 1.0) ancl two 
minor reducing components (R, 0.65 ancl R, 1.35) by paper chromatography in solvents (a) and (b). The 
syrup was fractionated on What~llan 3MM paper in solvent (b) and the component a t  R, 1.9 was isolated 
by the  neth hod used in the previous fractionation by chromatography on 3MM paper. Concentration of 
the aqueous solution gave a syrup (0.17 g) which could not be obtained crystalline. The syrup gave a phenyl- 
osazone of n1.p. 165' C (deco~mp.) and had a mixed melting point with the phenylosazone from above of 
166-167" C (decomp.). The two phenylosazones also gave identical infrared spectrums. 

Periodale 0-~idal io~t  of 6-Chloro-6-deoxy-~-g~2~cose Phe?tylosazone 
The crystalline phenylosazone (above) (14.7 mg) was oxidized witli sodium metaperiodate in 50%, aqueous 

ethanol by the method of Hough, Powell, and Woods (9). A yellow-orange precipitate was filtered from the  
solution after 30 ~ninutes and the ~noles of periodate consumed and the formic acid produced were respec- 
tively as follows: 1.93, 0.64 (0.66 hour); 2.06, 0.62 (2.66 hours); 2.09, 0.17 (29.5 hours). S o  formaldehyde 
\\-as produced. 

I,$-Bisplreityllzydi.cczo~ze of il&esoxaldelzyde (9) 
The yellow-orange precipitate was recrystallized from 50% aqueous ethanol aud galre crystals of m.p. 

189" C. An authentic specimen had 111.p. 193-194' C and the mixed nlelting point was 1S7-189° C. The 
infrared spectra of the authentic and derived specimens were identical over the range 4000-600 cm-1. 

Fractio?t B 
The chloroform solution gave on concentration a syrup (2 g) which crystallized 011 the addition of hot 

chloroform. Iiccrystallization from chloroform -ethyl acctate gave non-reducing colorless crystals (1 g) of 
m.p. 98-102' C ancl [a]= 4-76' ( c ,  1.0 in nietha~iol). A consistent analysis co~ilcl not be obtai~lccl for this 
compound even after repcatcd recrystallizations; therefore it was considered to be a mixture. 

6-Cl~loi.o-6-deoxy-~-g~2~(:ose u?zd ~,6-Dich~oi~o-~,6-d~ideoxy-~-ga~a~lose 
The crystals from fraction B gave results sirnilar to those observed when thc crystalliiie prodrict fro111 

fraction A was hydrolyzccl ~lnder  the same conclitions. Paper chromatography produced reducing spots of 
the same intensities with similar I?, values a t  R, 0.63, R, 1.7, ancl R, 2.5. Thc hydrolysis product was frac- 
tionated as described for the crystalline product from fraction A and both 6-chloro-6-deoxjr-D-gaiactose 
ancl -I,6-dicliloro-4,6-dideoxy-~-gI1i~ose were isolated and characterized. 
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