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The Action of Phosphorus Pentachloride upon aldehydo-Gsdactose Pentaacetate. 
The 1,1-Dichloride of aldehydo-Galactose Pentaacetate 

B Y M . L . W O L F R O M A N D D . I . W E I S B L A T 

T h e a c t i o n of p h o s p h o r u s p e n t a c h l o r i d e u p o n 

a l d e h y d e s t o p r o d u c e t h e 1,1-dichlor ides 1 is a 

w e l l - k n o w n r e a c t i o n . W e w e r e i n t e r e s t e d in i t s 

e x t e n s i o n t o a n aldehydo-sugar a c e t a t e a n d were 

successful in o b t a i n i n g a c ry s t a l l i ne p r o d u c t in 

t h e g a l a c t o s e s t r u c t u r e . T h e p r o d u c t , 1,1-di-

chloro-aldehydo-d-galactose p e n t a a c e t a t e ( IV) is 

t h e first s u b s t a n c e of t h i s t y p e in t h e s u g a r ser ies . 

I t is a v e r y s t a b l e s u b s t a n c e a n d r e d u c e s 

F e h l i n g so lu t i on o n l y o n p r o l o n g e d boi l ing . 

I t d o e s n o t r e d u c e n e u t r a l c o p p e r a c e t a t e 

so lu t i on on boi l ing . W e h a v e f o u n d t h a t t h e 

r e d u c t i o n of n e u t r a l c o p p e r a c e t a t e so lu t ion 

is a gene ra l p r o p e r t y of aldehydo-sugar ace ­

t a t e s a n d also of t h e v e r y r e a c t i v e a c e t y l 

ch lo r ide c a r b o n y l a d d i t i o n c o m p o u n d of 

aldehydo-galactose p e n t a a c e t a t e . 2 T h e b e ­

h a v i o r of a n u m b e r of s ignif icant s u g a r s t r u c ­

t u r e s t o w a r d t h i s r e a g e n t is t a b u l a t e d in 

T a b l e I . W e be l i eve t h a t t h i s l a ck of r e d u c ­

t i on t o w a r d n e u t r a l c o p p e r a c e t a t e conf i rms 

o u r a s s igned s t r u c t u r e for s u b s t a n c e I V . 

If t h e r e a c t i o n of p h o s p h o r u s p e n t a c h l o r i d e 

w i t h aldehydo-galactose p e n t a a c e t a t e is ca r ­

r ied o u t in e t h e r so lu t ion , a n inso lub le r eac ­

t i o n p r o d u c t s e p a r a t e s w h i c h is a s s igned 

s t r u c t u r e I . T h i s m a y b e cons ide r ed a s a 

c a r b o n y l a d d i t i o n c o m p o u n d of p h o s p h o r u s p e n t a ­

ch lo r ide w i t h t w o mo le s of t h e a l d e h y d e in w h i c h 

t w o of t h e ch lo r ine a t o m s a t t a c h e d to p h o s p h o r u s 

h a v e b e e n h y d r o l y z e d . 

Cl Cl Cl Cl 

t h a t i t c o n t a i n s o n e r e a c t i v e ch lo r ine e x t r e m e l y 

r e a d i l y r e p l a c e a b l e b y a n a lkoxy l g r o u p . O n 

r e c r y s t a l l i z a t i o n f rom e t h a n o l , I y ie lds t h e s u b ­

s t a n c e I I , d e s i g n a t e d di-(l-chloro-aldehydo-d-ga-

l ac tose p e n t a a c e t a t e ) e t h y l p h o s p h a t e . I I ex­

h i b i t s t h e p r e d i c t e d m o l e c u l a r w e i g h t a n d on 

a c e t y l a t i o n w i t h ace t i c a n h y d r i d e a n d z inc ch lo­

r ide , y ie lds aldehydo-galactose h e p t a a c e t a t e . T h e 
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T h e s t r u c t u r e of s u b s t a n c e I , d e s i g n a t e d d i -

(1-chloio-aldehydo-d-galactose p e n t a a c e t a t e ) ch lo-

r o p h o s p h a t e , is m a d e p r o b a b l e b y i t s a n a l y s i s , i t s 

h y d r o l y s i s w i t h w a t e r a n d s i lver c a r b o n a t e t o 

aldehydo-galactose p e n t a a c e t a t e a n d b y t h e f ac t 

(1) C. Friedel (A. Wurtz), Compt. rend., 46, 1015 (1857); A. 
Wurtz and C. Frapolli, ibid., 47, 418 (1858); A. Geuther, Ann., 1OS, 
321 (1858). 

(2) M. L. Wolfrom, T H I S JOURNAL, 57, 2488 (1935). 

c o m p o u n d I I I , a n a l o g o u s t o I I b u t c o n t a i n i n g a 

m e t h o x y l g r o u p , also w a s s y n t h e s i z e d . 

I t is p r o b a b l e t h a t t h e s u b s t a n c e I r e p r e s e n t s 

a gene ra l s t r u c t u r e for t h e in i t ia l r e a c t i o n s t a g e s of 

a l d e h y d e s w i t h p h o s p h o r u s p e n t a c h l o r i d e . I n t h e 

cyclic s u g a r s t r u c t u r e s , F r e u d e n b e r g a n d B r a u n 3 

h a v e r e p o r t e d a c rys t a l l i ne r e a c t i o n p r o d u c t of 

2 ,3 ,6 - t r ime thy lg lucose w i t h p h o s p h o r u s p e n t a ­

ch lo r ide w h i c h o n a n a l y s i s p r o v e d t o b e (CeH8O3-

(OCH 3 )S) 2 PCl 3 . He l fe r ich a n d d u M o n t 4 h a v e o b ­

t a i n e d a c ry s t a l l i ne tr i-(0-<Z-glucopyranose t e t r a ­

a c e t a t e ) - 6 - p h o s p h a t e b y t h e r e a c t i o n of p h o s p h o r u s 

o x y c h l o r i d e w i t h /3-J-glucose 1 ,2 ,3 ,4 - t e t r aace ta t e . 

E x p e r i m e n t a l 
Di-(l-chloTo-aldehydo-d-gaXactose pentaacetate) Chloro-

phosphate (I).—aldehydo-d-Galactose pentaacetate6 (10 g., 

(3) K. Freudenberg and B. Braun, Ann., 460, 303 (1928). 
(4) B. Helferich and H. du Mont, Z. physiol. Ckem., ItI , 800 

(1929). 
(5) M. L. Wolfrom, THIS JOUKNAL, »3, 2464 (1930). 
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TABLE I 

REDUCTION OF ^-GALACTOSE DERIVATIVES BY COPPER 

ACETATE" 

Substance 

i-Galactose 
/3-d-Galactopyranose pentaacetate 
a-d-Galactopyranose pentaacetate 
aldehydo-d-Galactosz pentaacetate 
aldehydo-d-Galactosz isopropyl 

hemiacetal 
(/-Galactose heptaacetate 
l-Chloro-<Z-galactose hexaacetate 
1-Methoxy-cf-galactose hexa­

acetate 
1 - Chloro-1 - ethoxy - d - galactose 

pentaacetate 
d-Galactopyranose tetraacetate 
l.l-Dichloro-oWefeyio-i-galactose 

pentaacetate" 
Di-(I -cMoro-aldeh ydo-d-galactose 

pentaacetate) chlorophosphate0 

" One mole equivalent of 0.05 g. (/-galactose in 5 cc. of 
saturated aqueous cupric acetate solution. ' In the case 
of a positive reduction, the time of boiling recorded is that 
at which visible reduction was initiated. i-Galactose 
gave a visible reduction before the boiling point was 
attained. ' No reduction also on addition of ethanol. 

1 mol) and powdered phosphorus pentachloride (5 g., 0.9 
mol) were suspended in 200 cc. of anhydrous ether and re-
fluxed for twelve hours in an all-glass apparatus equipped 
with a drying tube. The product began to separate from 
the reaction mixture within the first hour of reflux. At 
the end of this period of refluxing an equal volume of pe­
troleum ether (b. p . 65-110°) was added and the mixture 
kept overnight at icebox temperature. The product was 
removed by nitration and washed three to four times with 
ether-petroleum ether (1:1); yield 4.5-6 g., m. p. 145-
155°. The product was immediately recrystallized from 
about 80 parts of hot ethyl acetate; yield 3.5 g., m. p. 190° 
(dec), spec. rot. - 2 0 ° (26°; c, 2.2; CHCl3). ' 

The substance was very soluble in chloroform, moder­
ately so in acetone and practically insoluble in ether, 
petroleum ether and cold water. I t showed no reduction 
toward copper acetate (see Table I) but slowly reduced 
boiling Fehling solution. I t gave a positive Schiff test 
very slowly on standing. The material is very unstable 
unless of maximum purity, in which condition a sample in a 
desiccator over soda lime has shown no decomposition 
over a period of one year. 

The substance was also formed by shaking the reaction 
mixture a t room temperature over a period of several days. 
No appreciable difference was noted on starting with the 
aldehydrol form of aldehydo-d-gala.ctose pentaacetate. 

By working up the mother liquor material from the ethyl 
acetate recrystallizations by means of alcohol-water, a 
very small amount of !,l-dichloro-aMe/jyio-d-galactose 
pentaacetate (see below) could be obtained in very high 

(6) All specific rotations are recorded to the D-line of sodium light; 
26° is the temperature; e is the concentration in grams per 100 cc. of 
solution. 

purity. No conditions could be found for converting 
compound I into the dichloride (IV). 

Anai. Calcd. for C32H42O23Cl8P: Cl, 11.41; P, 3.32; 
saponification value (15 equivalents), 16.1 cc. 0.1 JV 
NaOHper 100 mg. Found; Cl, 11.3; P, 3.34; saponifica­
tion value (Kunz and Hudson procedure7), 16.0 cc. 

Hydrolysis of Di-(l-chloro-aMe/i:y<Z<J-<2-galactose penta­
acetate) Chlorophosphate (I) to aldehydo-d-Gala.ctose 
Pentaacetate.—I (2 g.) was suspended in 100 cc. of toluene 
and 4 g. of freshly prepared silver carbonate and 0.5 cc. of 
water added. The mixture was refluxed for twenty-one 
hows with vigorous mechanical stirring. The silver salts 
were then removed by filtration and crystalline material 
was obtained by solvent removal under reduced pressure. 
The crystalline material was recrystallized from absolute 
ethanol and 0.3 g. of pure aldehydo-d-galactost pentaace­
tate ethyl hemiacetal was obtained which was identified 
by melting point (133-135°), mixed melting point and 
optical behavior in chloroform solution,8 

T>i-(l-chloTO-aldehydo-d-galnctose pentaacetate) Ethyl 
Phosphate (II).—When di-(l-chloro-aMeA;y<fo-<Z-galactose 
pentaacetate) chlorophosphate (I) was recrystallized from 
75 parts of boiling absolute ethanol, hydrogen chloride 
was evolved and on cooling, filtering, and concentrating 
the mother liquors, a practically quantitative yield of the 
di-(l-chloro-aMe.Vy<2o-d-galactose pentaacetate) ethyl phos­
phate (II) was obtained; m. p. 156-158°, spec. rot. - 2 4 ° 
(21°; c, 1.3; CHCl3). 

The product was similar to substance I in solubility 
and behavior toward copper acetate, Fehling solution and 
the Schiff reagent. 

Anal. Calcd. for C 3 2 H M O 2 3 ( O C 2 H 5 ) C I 2 P : Cl, 7.53; P, 
3.29; OC2H8, 4.79; saponification value (15 equivalents), 
15.9 cc. of 0.1 JV NaOH per 100 mg.; mol. wt., 941.6. 
Found: Cl, 7.60; P, 3.30; OC2H6, 5.0; saponification 
value,7 15.9 c c ; mol. wt. (Rast), 950, 

Conversion of Di-(l-chloro-aWe/i^(io-d-galactose penta­
acetate) Ethyl Phosphate (II) to aldehydo-d-Gala.ctose 
Heptaacetate.—II ( I g . ) was dissolved in a solution of 0.3 
g. of freshly fused zinc chloride in 10 cc. of acetic anhydride 
and the solution heated for one hour a t 98°. The black 
solution was poured on a mixture of sodium bicarbonate 
and crushed ice. This mixture was extracted with chloro­
form and the extract washed with an aqueous solution of 
sodium bicarbonate and finally with water. The dark 
sirup obtained on solvent removal of the dried (decoloriz­
ing charcoal) extract was dissolved in benzene and pe­
troleum ether added to incipient opalescence. After 
standing overnight at icebox temperature the supernatant 
liquid was removed by decantation and the separated 
sirup was crystallized from 50% ethanol; yield 0.32 g., 
m. p. 95°. Pure material was obtained on recrystalliza-
tion from ethanol and from methanol; yield 0.10 g., m. p. 
100-102° (mixed m. p. unchanged), spec. rot. + 1 0 ° 
(20°; c, 2, abs. EtOH). Micheel and co-workers' report 
for aldehydo-d-ga\a.ctose heptaacetate m. p. 103°, spec. rot. 
+ 10° (EtOH). 

Di-(I-ch\oio-aldehydo-d-gaia.ctose Pentaacetate) Methyl 
Phosphate (III).—This substance was prepared according 

(7) A. Kunz and C. S. Hudson, THIS JOURNAL, 48, 1982 (1926). 
(8) M. L. Wolfrom, ibid., 53, 2275 (1931). 
(9) F. Micheel, H. Ruhlcopf and F. Suckfall, Ber„ 68, 1623 (1935). 
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to the procedure described for the corresponding ethyl com­
pound (II) except that 150 parts of methanol was used in 
place of the ethanol. A good yield was obtained; m. p. 
187-188° (dec), spec. rot. -19° (30°; c, 4.2; CHCl3). 
The substance crystallized in rod-shaped prisms and 
showed solubilities and behavior similar to II. 

Anal. Calcd. for C32H44O23(OCHs)Cl2P: OCH8, 3.35. 
Found: OCH1, 3.97. 

1,1-D'KhloTO-aldehydo-d-gaXaLCtose Pentaacetate (IV).— 
aldehydo-d-Galactose pentaacetate (10 g., 1 mol) was dis­
solved in 100 cc. of pure benzene, 15 g. of Drierite (an­
hydrous calcium sulfate) added and the whole refluxed 
in an all-glass apparatus equipped with a drying tube. 
Powdered phosphorus pentachloride (6.8 g., 1.3 mol) 
was introduced quickly and the reflux maintained for 
twelve hours, whereupon the pale yellow solution was fil­
tered and the filtrate washed with ice water and with an 
aqueous solution of sodium bicarbonate until halogen free 
(eight to twelve washings). Solvent removal from the dried 
(decolorizing charcoal) solution left 3 to 5 g. of a pale yellow 
sirup. This sirup was dissolved in the minimum quantity 
of hot ethanol and was crystallized on the addition of an 
equal volume of water. Pure material was obtained on 
further recrystallizationfrom 80% ethanol; yield 0.8-1.6 g. 
of m. p. 148-150°; spec. rot. +11° (20°; c, 3.2; CHCl3). 

The substance was soluble in the common solvents 
except petroleum ether and cold water. It showed no 
reduction toward copper acetate (see Table I) and reduced 
Fehling solution only on long boiling. It gave a positive 
Schiff test very slowly on standing. 

It was found that a reflux period less than specified 
above (twelve hours) yielded compound I while a longer 
period yielded only sirups which could not be crystallized 
and which readily decomposed. 

A well-established procedure in organic chemis­
try is the characterization of carbinols as N-aryl 
urethans prepared by the reaction of N-aryl iso-
cyanates with the carbinol. Maquenne and 
Goodwin1 investigated the extension of this 
reaction, using phenyl isocyanate, to a number 
of unsubstituted sugars but obtained only amor­
phous powders. Jolles and Botrini,2 likewise 
employing phenyl isocyanate, obtained as amor­
phous powders the phenylurethans or carbanilates 
of several naturally occurring glycosides. Crys­
talline fully substituted carbanilates of some of 
the sugar alcohols have been reported.1,8 

(1) L. Maquenne and W. Goodwin, Bull. soc. chim., [3] Sl, 430 
(1904). 

(2) E. Jolles and M. Botrini, Gatt. chim. ital.. 61, 1217 (1935,1. 
(8) H. Tessmer, Ber., 18, 968 (1885). 

Anal. Calcd. for C6H7O6(CH3CO)6Cl2: C, 43.2; H, 
4.98; Cl, 15.9. Found: C, 43.3; H, 5.07; Cl, 15.6. 

We are indebted to Mr. John Walker (W. P. A. 
Project 18062) for assistance rendered in the 
analytical determinations. We also acknowledge 
the general assistance of Mr. Irving Auerbach 
(N. Y. A. Project O. S. U. 167). 

Summary 

1. The action of phosphorus pentachloride 
upon aldehydo-d-galactose pentaacetate in dry 
benzene produces a crystalline substance (IV) 
which is shown to be 1,1-dichloTo-aldehydo-d-
galactose pentaacetate. 

2. The action of phosphorus pentachloride 
upon aldehydo-d-galactose pentaacetate in ether 
leads to the isolation of a crystalline substance 
(I) designated di-{l-chloro-aldehydo-d-galactose 
pentaacetate) chlorophosphate. 

3. From I is obtained di-(l-chloro-aldehydo-d-
galactose pentaacetate) ethyl (and methyl) phos­
phate, II, and III. 

4. The structure assigned to I is made prob­
able by its hydrolysis to aldehydo-d-galactose pen­
taacetate and by its reaction with ethanol to form 
II, from which aldehydo-d-galactose heptaacetate 
is obtained on acetylation. 

COLUMBUS, OHIO RECEIVED MARCH 2, 1940 

We have now been successful in obtaining in 
crystalline form the carbanilates of four of the 
methyl glycosides of the sugars, in which deriva­
tives all of the free hydroxyls have been brought 
into reaction. These substances melt with de­
composition at high temperatures and exhibit cor­
respondingly low solubilities. Under certain con­
ditions they show a pronounced tendency to 
separate as gels and are in general rather difficult 
to manipulate. 

These polyurethans or polycarbanilates were 
not sufficiently soluble in chloroform for satisfac­
tory polarizations. Rotations are recorded in 
acetone solution for all except /3-methyl-J-gluco-
side tetracarbanilate, for which pyridine was 
found to be the only suitable polarization sol-
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