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In the foregoing communication (1), several amino- and guanidino-phenyl- 
@-glucosides were described. The present paper deals with analogous glu- 
cosaminide derivatives which have been tested for their activity in experimental 
tuberculosis. 

To our knowledge, the first synthesis of a phenylglucosaminide was reported 
by Irvine and Hynd (2) and consisted in the reaction of a phenol (e.g., salicylalde- 
hyde) with l-bromo-l-desoxy-3,4,6-triacety~-~-glucosamine hydrobromide (I),l 
pyridine being used as a hydrogen bromide acceptor. Twenty years later, Hel- 
ferich and Iloff (3) prepared phenyl N-acetyl-p-D-glucosaminide by heating phe- 
nol and pentaacetylglucosamine with p-toluenesulfonic acid and deacetylating 
the product with dilute sodium hydroxide. The following year Helferich, et a1 
(4) obtained the completely deacetylated glucosaminide2 by the interaction of 
sodium phenoxide and I (phenol as solvent) and subsequent alkaline hydrolysis. 
Finally, the N-p-tosyl derivative of this glycoside was prepared (5) from 1- 
bromo-l-desoxy-N-p-tosyl-3,4,6-triacety~-~-g~ucosamine and sodium phenoxide 
followed by deacetylation with barium methoxide. 

In preparing glucosaminides of type VI11 from nitiophenols, i t  appeared neces- 
sary to mask the amino group of the sugar moiety with an acyl group capable 
of facile and selective removal at a desired step in the synthesis. The known 
N-carbobenzyloxy-1 3,4,6-tetraacetyi-~-glucosamine (6, 7) (11) appeared to be 
a suitable starting material. However, in the bromination of I1 with hydrogen 
bromide in acetic acid,3 scission of the carbobenzyloxy group resulted giving 
I, identical with that prepared according to Irvine, et a1 (8) from D-glucosamine 
hydrochloride and acetyl bromide. 

We then found that if potassium p-nitro- or 2,4-dinitro-phenoxide, the cor- 
responding free phenol, and I were brought to reaction in dry acetone, 30-45% 
yields of the nitrophenyl-8-D-glucosaminides (111) were obtained and readily 
converted to  the N-carbobenzyloxy derivatives (IV). Hydrogenation of IV in 
ethyl acetate with Raney nickel afforded the amino compounds (V) which, 
as hydrochlorides, were condensed with cyanamide to give the guanidines (VI). 
Removal of the carbobenzyloxy group of VI was effected with palladized char- 
coal and hydrogen and the acetyl groups were subsequently cleaved with meth- 
anolic sodium methoxide, giving the desired products (VIII). 

2 4-Diaminophenyl-3 14,6-triacety1-~-~-glucosaminide (IX) could be prepared 
1 In view of its high positive rotation, this compound is presumed to  have the a-config- 

uration. 
2 As Neuberger and Pi t t  Rivers (5 )  observed, designation of the glucossminides of Hel- 

ferich and co-worker6 (3,4) as /3 is tentative and based only on their mode of formation and 
rotation. Similarly, the &configuration assigned to  our compounds is provisional. 

a N-bromosuccinimide wm without effect in a single attempt to  brominate 11. 
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either by the hydrogenation (Raney nickel) of 111-b or by the hydrogenolysis 
(palladium-charcoal) of V-b. Sodium methoxide deacetylation of IX yielded 
2,4-diaminophenyl-/3-~-glucosaminide. 

Compounds bearing an NIH number in the experimental part were tested 
in zitro. None of them showed significant inhibition of tubercle bacilli (H37Rv, 
Dubos-Davis medium) .4 

Acknowledgment: We are indebted to Mr. H. George Latham, Jr., of this 
Laboratory for the preparation of large amounts of l-bromo-l-desoxy-3,4,6- 
triacetyl-D-glucosamine hydrobromide. The microanalyses are from the Institute 
service analytical laboratory under the direction of Mr. William C. Alford. 

 EXPERIMENTAL^ 
1 -~ronro-I-desoxy-S,~,6-tn'acetyl-~-~lucosamine hydrobromide (I)? (a) From ~-glucosa- 

mine hydrochloride. The procedure of Lrvine, el al. (8) was adapted to larger runs. A well- 
stirred mixture of 16.8 g. of D-glucosamine hydrochloride and 32 ml. of acetyl bromide was 
kept a t  60-65" until the brown broth had changed to  a viscous mass (40-60 minutes). Most 
of the excess reagent wv~8 distilled i n  vacuo. The residue was  dried overnight i n  uacuo over 
potassium hydroxide and calcium chloride and digested with 50 ml. of boiling chloroform. 
Filtration gave 7.5-10.5 g. of starting material.' The filtrate was treated with Norit, then 
diluted with dry ether (stirring) until crystallization began. After cooling at 3" the precipi- 
ta te  was washed with acetone-ether (1:2) t o  give 7.5-13.5 g. of I, m.p. 153-155" (dec.), [CY]: 

+149" (c ,  0.34 in acetone) in substantial agreement with the reported values (8). 
(b) From ZZ? Five grama of I1 (6,7), 7 ml. of 30% hydrogen bromide in acetic acid, and 

2 ml. of acetic anhydride were shaken for 15 minutes and left at 25" overnight. Addition of 
30 ml. of dry toluene and 2 ml. of acetic anhydride, evaporation to  dryness in uacuo, tritura- 
tion of the residuewith dry ether, and ice-cooling gave 4.3 g. (85%) of I; m.p. 154-155" (dec.), 
[a]: +150" (c ,  0.49 in acetone) after a recrystallization from acetone ether. 

t?,Q-DinilrophenylJ, 4,6-tn'acetyl-~-~-glucosamzni~e* (I 11-b) hydrochloride (NIH 3317). 
To 10 g. of potassium X,4-dinitrophenoxide, 10 g. of d,Q-dinitrophenol, and 150 ml. of acetone 
(dried over potassium carbonate) waa added during 20-30 minutes (shaking), 9.6 g. of I. 
The mixture was left a t  25" for ca. 15 hours. Ether and excess dilute potassium carbonate 
were added. The aqueous layeld was again extracted with ether and the combined extracts 
were wa8hed once with water, dried, and acidified to  Congo Red with alcoholic hydrogen 
chloride. The oily hydrochloride soon crystallized; yield 3.5 g. (320/,), m.p. 198-199" (dec.), 
needles from methanol-ether, [CY]: -33.1' (c ,  0.51 in methanol). 

Anal. Calc'd for ClsH2&lNsOlr: C1, 7.0. Found: C1, 7.1. 
The base, obtained from the hydrochloride with dilute aqueous ammonia, crystallized 

from ethanol in needled, m.p. 147-148', [CY]: $63.1" (c ,  0.21 in CHCI,), after drying at 7P.  
Anal. Calc'd for ClsH21iX~012: C, 45.9; H, 4.5. 

Found: C, 45.4; H, 4.6. 

The compounds have been tested in the Tuberculosis Research Laboratory, U. S. Public 
Health Service, Cornel1 University Medical College, New York, N. Y., under the direction 
of Dr. Bernard D. Davis. An outline of the over-all plan and methodological aspects will 
be given elsewhere. 

6 All melting points were observed in a capillary and are uncorrected. Rotations were 
made in a 4-dm. tube. 

8 The recovered D-glucosamine aalt could be reused in this experiment without purifica- 
tion. 

This reaction was carried out by Mr. H. George Latham, Jr., of this laboratory. 
* Acidification of this aqueous layer gave 15 g. of 2,4-dinitrophenol. 
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HCNH~ 
I 
I 

(CHOAC) P 

p-Nitrophenyl-b,4,6-tr~acely~-~-~-~~ucosaminide (111-a) hydrochloride (NIH 3898). This 
compound was prepared as described for 1114; yield 44%, fine matted needles from mctha- 
nol-ether, m.p. 218-220" (dec.), [a]: -42.0" (c,  0.37 i n  methanol). 

Anal.  Calc'd for ClJ€~&lhT,O,o: C1, 7.7. Found: C1, 7.6. 
~ , ~ - D i a m i n o p h e n ~ l - S , ~ , 6 - l r i a c e l ~ ~ l - R - ~ - g ~ u c v s a m i n ~ d e  ( IX) (NIH 3921). A mixture of 1.6 

g. of 111-b, 23 ml. of ethyl acetate! and 2 g. of Raney nickel absorbcd three moles of hydro- 
gen during 3-5 hours. Rapid filtration a t  0' through Filter-Cel into an equal volume of lig- 
roin (30-60") and iec-cooling gave 1.3 g. (90%) of 1X. A quick recrystallization from ethyl 
acetate gavesilvery plates of m.p. 104-107" to a froth; [a]: -33.3'' (c, 0.42 in ethyl acetate). 

Anal.  Calc'd for CI%HtrNtOa.H1O: C, 50.3; H, 6.3; N, 9.8; H1O, 4.2. 
Found: C, 50.3; H, 6.4; N, 9.5; Loss (77", 1 mm.), 4.0. 

HCNH2 .HBr 

J 
D 

111-a R = H 
b R = NO2 

HCO '2 
I 

CH~OAC 
I 

I 
I 

HCO 

CHzOAc 
IV-a R = H 

b R =: NO2 

I X  was also prepared in 50-70% yield by the hydrogenation of V-b in ethyl acetate- 
methanol with 5% palladium-charcoal ; reaction time, three hours. 

),9-Diaminophenyl$-D-glucosaminide (NIH 3913). A mixture of 0.8 8. of IX, 2 ml. of 
methanol, and 0.2 ml. of methanolic sodium methoxideI@ was shaken to solution and left for 
one hour a t  25" and overnight at 3"; yield of dark brown prisms, m.p. 182-185', 0.4 g. (75%). 
They could be obtaiued white by dissolving them in 10 ml. of boiling methanol, treating 
the solution with Norit, concentrating the filtrate in vacuo under hydrogen t o  3 ml., and 
seeding; m.p. 184-186", [aJE -48.4" (c, 0.19 in water). 

8 With methanol as the solvent absorption proceeded smoothly, but the resultant filtrate 
became discolored so rapidly that  isolation of IX in a reasonably pure s ta te  was practically 
impossi ble. 

10 Three grama of sodium in 100 mi. of methanol. 

Va 
vb 
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Anal.  Calc'd for CI~HH~ONIOL: C, 50.5; H, 6.7. 

I, 4 ,  -Dinitrophenyl-N-carbobenz$ory3,4,6-/~~acetyl-~-~-glucosam~nida (IV-b). To a 
stirred mixture of 2.0 g. of 111-b hydrochloride, 0.8 g. of sodium bicarbonate, and 150 ml. 
of water was added during 15-20 minutes, 1.2 cc. of benzyl chlorocarbonate. After stirring 
for 2-3 hours the solid was washed with water and recrystallized from methanol; yield of 
needlee 2.1 g. (88%), m.p. 172-173", [a]: +33.1" (c, 0.27 in CHCI,). 

Found: C, 50.5; H, 7.0. 

Anal.  Culc'd for C&It,NaOlc: C, 51.6; H, 4.5. 
Found: C, 51.6; H, 4.6. 

I 
I 

V-a R = H 
CHzOAc 

b R = N H n  

I 
CH~OAC 

VI-a R = H 
b R = HtNCNH 

I 
HCO- 

1 
CHzOH 

VII-a R = H VIII-a R = H 

I 
CH~OAC 

b R = HaNCNH b R =  HsNCNH 
II 
" 

II 
NH 

111-b -+ 2 ,CDiaminophenyl-3,4,6-tricetyl-~-~-g~ucosarn~nide (IX) + V-b 

p-Nitrophen~l-N-carbo~enzyloxy-S,~,6-ln'acetyl-~-~-glucosamin~de (IV-a). Ae described 
for IV-b, this product was obtained from aqueous methanoP in 90% yield. It cry8tailized 
from cthanoP as needles, m.p. 176-177", [a]: -8.2" (e, 0.46 in CHCIs). 

Anal. Calc'd for C26HaN20tz: C, 55.7; €1, 5.0. 

I, 4-Daaminophenyt-N-carbobenqlory-S, 4 d- l r iace ty l -~ -~-g~ucosarn~n~ds  (V-b). Two g r a m  
of IV-b and 25 cc. of ethyl acetate absorbed six moles of hydrogen (Rmey nickel) during 

Found: C, 55.8; H, 5.1. 

I* If the compound was not  allowed to  crystallize slowly from a warm solution, it precip- 
itated as a gelatinous mass. 
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4-7 hours. Rapid filtration into two volumes of ligroin (30-60") gave an oil which soon crys- 
tallized; yield 1.7 g. (94%), m.p. 149-150", needles from propanol-ligroin, [u]: fO.0" ( c ,  
0.45 in CHCld). 

Anal. Calc'd for CzrHaINsOlo: C, 57.2; H, 5.7. 

p - A  minophenyl-N-carbohenzylory-3,4 , 6-triacetyl-~-~-glucosaminide (V-a). Hydrogena- 
tion of IV-a as described for 1V-b gave a 91% yield of V-a; needles from ethanol, m.p. 167.5- 
168", [a]; +14.7" (c ,  0.46 in CHCla). 

Found: C, 57.2; H ,  5.7. 

Anal. Calc'd for C ~ ~ H J O N ~ O I O :  C, 58.9; H, 5.7. 

PJ4-Diguanidinophenyl -N-carbobenr ylory-3 ~,6- t r ince ly l -~-~-g lucosaminide  (VI-b) dihy- 
drochloridc. To 1.5 g. of V-b, 0.5 g. of cyanamide, and 75 ml. of ethyl acetate was added 0.45 
ml. of conc'd hydrochloric acid and the gelatinous mass was refluxed briskly for 23-24 hrs. 
During the first eight hours 0.4 g. of cyanamide was added a t  equal intervals in 0 2-g. por- 
tions. After ice-cooling the liquid was decanted from a brown, viscous residue which, in 
ethnnol, was cleared with Norit. .4ddition of dry ether to the filtrate gave an amorphous 
hygroscopic solid which was again subjected to  this precipitation process. After washing 
with ether and drying at 77'14, the sample (1.0 g., 53%) was satisfactory for analysis; [aJF 

+1.2' (c, 2.18 in water). 

Found: C, 59.0; H, 5.6. 

Anal. Calc'd for CZsH3~Cl2NlOl~: C1, 10.1; N, 14.0. 

The sulfate wacl prepared by adding 0.24 g. of silver sulfate in water to  0.54 g. of the dihy- 
drochloridc in water, cooling, filtering, and evaporating the filtrate in  vacuo; oblong plate8 
from water-methanol, m.p. 282-284" (dec.) in a bath preheated to  250', [aJE fO.0" ( c ,  1.59 
in  water). 

Found: C1,g.g; N, 13.8. 

Anal. Calc'd for CzsH,7N,0,L3.Hz0: C, 45.1; H, 5.3; HZO, 2.4. 
Found: C, 44.9; H, 5.4; Loss (160', 1 mm.), 2.4.13 

8,4-Diguanidinophenyl-S, ~ , 6 - l r i a c e l y l - ~ - ~ - g ~ u c o s a ~ ~ n ~ d e  (VII-b) Hydrogen was 
passed through a mixture of 0.5 g. of VI-b sulfate, 0.2 g. of 5% palladium-charcoal, and 10 
ml. of water for six hours. The filtered solution waa concentrated in  vacuo to  ca. 3 ml., ice- 
cooled, and treated with 0.15 ml. of 5 N H2S04. Dilution with a few drops of dioxane gave 
0.3 g. (60%) of cubic prisms, m.p. 205' (dec.); fa]: -31.8' (c ,  0.45 in water) after a recrys- 
tallization from water. Upon drying a t  78" the sample waa very hygroscopic but soon be- 
came stable as the crystalline pentahydrate. 

Anal. Calc'd for CzoH12N7014Sl/n.5Hz0: C, 32.8; H, 5.8; HIO, 12.3. 
Found: C, 32.3; H, 5.9; Loss (97", 1 mm.), 12.1.l) 
A dried sample was also analyzed.'* 

Anal. Calc'd for C20Hl~N1014S~/l: C, 37.4; H, 6.0. 
Found: C, 36.8; H, 5.2. 

p-Guanidinophenyl-S,4,6-triacety2-~-~-glucosaminide dihydrochloride (VII-a). A meth- 
anol-ether solution of V-a was acidified to  Congo Red with alcoholic hydrogen chloride to  
give a gelatinous hydrochloride which was filtered, washed with ether, and dried in the 
desiccator. This hydrochloride (1.5 g.), 0.5 g. of cyanamide, and 20 ml. of 97% ethanol were 
refluxed for 2-3 hours. Dilution with an equal volume of ether and frequent warming gJve 
0.9 g. of hygroscopic needles of VI-a hydrochloride. The latter (1.1 g), 0.4 g. of 5% palla- 
dium-charcoal, and 25 ml. of methanol were treated with a stream of hydrogen for 6-8 hours. 
The filtered solution was ice-cooled, acidified to Congo Red with alcoholic hydrogen chlo- 
ride, diluted with 70 ml. of ether, and cooled in ice to give 0.9 g. of crude VLI-a dihydrochlo- 
ride. For analysis it was recrystallized from methanol-ether, than methanol-ethyl aoetate;I1 
needles, m.p. 226-227" (dec.), [a]: -28.1" ( c ,  0.32 in water). 

19 The dried compound was very hygroscopic and had to be weighed in a "pig." 
13 On exposure to  air the dried sample quickly attained its original weight. 
14 The amorphous trihydrochloride (NIH 3899) was tested-. 
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Anal. Calc'd for ClsH&12N408: C, 44.6; H, 5.5; C1, 13.9. 

The found values are corrected for 1.1% of water, determined by a weight loss a t  77":: 
f ,4-Diguanidinophenyl-~-~-glucosaniinide (VIII-b) sulfale (NIH 4086). A mixture of 

0.6 g. of VII-b sulfate, 6 ml. of methanol, and 3 ml. of methanolic sodium methoxide'o was 
shaken for 1-2 hours, cooled t o  3', and filtered. The filtrate, diluted with one volume of 
ether, gave an amorphous base which, in methanol, was treated with 0.6 ml. of 5 N H2S0,. 
The resultant solid was recrystallized from water-dioxane to give 0.4 g. (83%) of sulfate, 
m.p. 240" (dec.) in a bath preheated to 230'; needles [a]: -48.7' (e,  0.37 in water). For anal- 
ysis i t  was dried at 97" for three hours.l* 

Found: C, 44.4; H, 5.6; Cl, 13.8. 

Anal. Calc'd for CIIHPBNIO~~SZ./*: C, 32.6; H, 5.1; S, 9.3. 

A sample dried to  constant weight a t  97" gained 11.7% on exposure t o  air; calc'd gain 
t o  Cl,H,s~;,011Sn/~.3HI0, 10.5%. Thus the air-stable sample appears to  be a trihydrate. 

p-Guanidinophenyl-8-D-glucosarninide (VIII-a) (NIH 4092). A mixture of 0.6 g. of crudo 
VII-a dihydrochloride, 4 ml. of ethanol, and 4 ml. of sodium methoxide solutionla gave 
0.4 g. of VIII-a, m.p. 224-225' (dec.), containing a little sodium chloride, after two hours 
at 25' and 1.5 hours at 3". Recrystallization from water ( 1  m1.)-methanol (6 ml.) gave heavy 
prisms or needles, m.p. 225-226' (dec.), [a]: -66.7' (c,  0.24 in water). The analytical sample 
was dried at 97". 

Found: C, 32.4; H, 5.2; S, 9.6. 

Anal. Calc'd for C I S H ~ O N , ~ ~ :  C, 59.0; H, 6.5. 
Found: C, 49.6; H, 6.5. 

SUMMARY 

Starting from p-nitrophenol and 2,4-dinitrophenol, the &D-ghcosaminide 
derivatives (VIII) of p-guanidinophenol and 2,4-diguanidinophenol have been 
synthesized and found ineffective in yitro against tubercule bacilli (H37Rv, 
Dubos-Davis medium). 
2,4-Diaminophenyl3,4,6-triacetyl-/3-~-glucosam~nide (IX) wm prepared 

either from 2,4-dinitrophenyl-3,4,6-triacetyl-#3-~-glucosaminide (111-b) or from 
2,4diaminophenyl-N-carbobenzyloxy-3 ,4,6-triacetyl-#3-~-glucoeaminide (V-b) 
and deacetylated with methanolic sodium methoxide. 
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