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Carboxyl-Reduced Heparin 
Sir: 

Heparin (sodium salt), purified through the cetyl- 
trimethylammonium salt, was treated with meth- 
anolic hydrogen chloride to yield a product contain- 
ing one sulfate acid ester group per disaccharide 
unit, in agreement with Wolfrom and co-workers' 
and with Danishevsky and associates. N-Acetyla- 
tion allowed some further desulfation2 to give I: 
[a]?  + 66' ( c  0.8, water). Anal. S, 3.8. Repetition 
of this stepwise procedure with 0.15N methanolic 
hydrogen chloride for 2 days a t  25' followed by 
treatment with ion exchange resins gave a nearly 
desulfated product (11); [CY]: + 66' ( c  0.5, water). 
Anal. C. 39.55; H, 5.39; lu', 3.21; S, 0.2; Ea, 0.1. 

Product I was freeze-dried to a solid which dis- 
solved in formamide or N,N-dimethylformamide 
(as does heparin, sodium salt, in formamide) and 
was acetylated homogeneously according to the pro- 
cedure utilized by Wolfrom and Spoors3 in the per- 
acetylation of sodium chondroitin sulfate A. The 
product (111) was isolated as the sodium salt of an 
incompletely 0-acetylated polymer (reacetylation 
did not increase the acetyl value) by pouring the re- 
action mixture into ether-ethanol (2: l), cen- 
trifuging, dissolving in very dilute (ca. 0.001N) 
bodium carbonate, dialyzing, and freeze-drying; 
[a]g4 + 15' ( c  1, water). Anal. Calcd. for CZL- 
Hz408 (CO&a)z (NHCOCH3)Z (OCOCH~)~.~(OH)Z 6- 

(OS02Na)l.l: C, 39.06; H, 4.33; COCHI, 24.3; Na, 
0.3. Found: C, 39.28; H,  4.55; COCH3, 24.8; Na, 
5 . 7 ;  OCH3, 0.0. An aqueous solution of 111 was 
passed through Amberlite IR-120 (H+) ion ex- 
change resin and the product (IV), isolated by 
freeze-drying, was dissolved in bis(2-methoxy- 
ethyl) ether and N,N-dimethylformamide (4: 1) and 
reduced with diborane,' following the adaptation of 
Smith and S t e ~ i i e n . ~  

The reduced product (V), isolated by dialysis and 
~~~~ 

(1)  M. L. Wolfrom, R. Montgomery, J. V. Karabinos, and 

(2) J. Danishevsky, H. B. Eiber, and J. J. Carr, drch. 

( 3 )  M. L. Wolfrom and J. W. Suoors. J .  Ora. Chem., 25 ,  

E'. Rathgeb, J .  Am. Chem. Soc., 72, 5796 (1950). 

Biochem. Biophys., 90, 114 (1960). 
- I  

308-(1960). 

1135(1957). 
(4)  H. C. Brown and B. C. Subba Rao, J .  Org. Chem., 2 2 ,  

( 5 ) '  F. Smith and A. M. Stephen, Tetrahedron Letters, No. 
7,17 (1960). 

freeze-drying, wab partially de-0-acetylated with 
methanolic sodium methoxide; [a]k5 + 52.5' 
( c  1, water). Anal. Calcd. for C24H2sOs(NH- 

H,  5.5; N, 3.1; S, 3.2; COCH3, 21.15; Na, 2.26. 
Found: C, 43.7; H, 5.7; N, 3.6; S, 3.5; COCH3, 
20.8; Na, 1.6; uronic acid,6 trace. The water-soluble 
product was hydrolyzed in 4N hydrochloric acid 
(c  1.0) a t  reflux for 8.5 hr. (rotation constant 
[a ]E + 40°, a t  7 hr.) and the hydrolyzate was de- 
ionized. Paper chromatography on the hydrolyzate 
solution showed three spots with Rglueose values: 
0.32, 0.72 (2-amino-2-deoxyglucose), and 1.0. Con- 
centration of the hydrolyzate to a sirup and addition 
of ethanol yielded crystals identified as 2-amino-2- 
deoxy-a-D-glucose hydrochloride. Isolative paper 
chromatography yielded sirups from the spots of 
Rllueoss 0.32 and 1.00. The latter sirup was con- 
verted to the acetylated diethyl dithioacetal accord- 
ing to the procedure of Wolfrom an3 Karabinos,' 
and the crystalline product obtained, in very low 
yield (ca. 2%), was identified as glucose diethyl 
dithioacetal; m.p. 48-47' unchanged on admixture 
with authentic material, x-ray powder diffraction 
pattern identical with that of authentic material. 

The previous isolation of potassium hydrogen 
D-glucarate by oxidative hydrolysis8 and its identi- 
fication by optical rotation and analysis limit the 
uronic acid present in the heparin to D-glucuronic 
acid or L-guluronic acid. The above isolation of the 
D-glucose derivative eliminates the latter and con- 
firms the recent notice of Foster, Stacey, and co- 
workers.9 The sirup of Rgluoose 0.32 is under further 
investigation. 

Acknowledgment. Support of the National Science 
Foundation (Grants G13967 and G4494) is grate- 
fully acknowledged as well as is the counsel of Dr. 
Derek Horton of this laboratory). 

M. L. WOLFROM 
J. R. VERCELLOTTI 

G. H. S. THOMAS 

COCH~)Z(OCOCHJ~ E,(OH)~.~(OSO~~T~)O 9 :  C, 43.4; 

DEPARTMENT OF CHEMISTRY 
THE OHIO STATE UNIVERSITY 
COLUMBUS 10, OHIO 

Received March 31, 1961 

(6 )  Z. Dischc, J .  Biol. Chem., 167, 189 (1947). 
(7) M. L. Wolfrom and J. V. Karabinos, J. Am.  Chem. 

(8) M. L. Wolfrom and F. A. H. Rice, J .  Am. Chem. SOC., 

(9)  A. B. Foster, A. H. Olavesen, M. Stacey, and J. M. 

SOC., 67,500 (1945). 

68,532 (1946). 

Webber, Chem. & Znd. (London), 313 (1961). 


