
with cold 95$; ethanol. Tao crystallizations from ethyl 
acetate gave pure n-rhamnose 2,4-dinitrophenylhydrazone, 
1n.p. 165-166'. (The 2,4-dinitrophenylliydrazone of I.- 
rhamnose is reportedla to  be 164-165'.) 

.4nal. Calcd. for C12H160&;4: N, 16.27. Found: X, 16.01. 
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though the presence of water and room temperature 
resulted in low yields of about 5%, consistently 
good yields of about 40% were obtained when the 
reaction was carried out with dry reagents in the 
cold. 

Attempts a t  deacetylation of the nitronaphthyl 
derivative with methanolic sodium or barium 
methoxide resulted in turbid solutions which be- 
came increasingly yellow with time even in the re- 
frigerator. This suggests that  the nitro group is 
activating basic hydrolysis of the glycosidic link- 
age. The successful synthesis of the desired product 
was achieved by carrying out the reduction prior to 
deacetylation. 

(10) J. Dominguez, J .  A in. Chem. Soc., 73, 849 (1951). 

The Synthesis of 1-(2-Aminonaphthyl)- 
P-D-ghcopyranosiduronic Acid 

SIDNEY BELMAK 
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Bladder cancer in mail and dogs exposed to 2- 
naphthylamine1~2 probably occurs through t'he 
action of urinary metabolites of this compound. 
Accordingly, identification of urinary met,abolites in 
the species which develop this disease is of particu- 
lar interest,. 1-(2-hmiiionaphthyl)-~-u-glucopyrano- 
siduronic acid has been recently identified as an 
important' urinary metabolite of 2-naphthylamine 
in our laboratory in dog urine,3 and by Levitz 
et al.* in human urine. 

ibes a convenient chenii- 
cal synthesis of this material which until now has 
heen prepared biosynt,hetically,j 

The essent'ial starting material methyl (tri-0- 
acetyl-a-u-glucopyranosyl bromide)uronat'e was 
prepared from glucuroiiolactoiie according to the 
procedure of Bollenback et 

Methyl [ l-(Z-nitroiiaphthyl) tri-0-acetyl-P-D-glu- 
copyranosid Iuronate was prepared by a modifica- 
tion of the procedure. of Bollenback et a1.6 for the 
prepar:ition of the corresponding o-nitropheiiyl de- 
rivative. S,N-I)imeth?.lformamide was used instead 
of acetone hecause of the insolutility of t h e  potas- 
sium salt of o-nitronaphthol in this solvent. X1- 

(1)  A I .  IV. (ioldblatt, Brit. J .  Z n d .  M e d . ,  6, 65 (1949). 
( 2 )  W. C. Riieper, F.  H. Wiley, and H. 1). Wolfe, J .  

I n d .  Hyq. and  Toricol., 20, 46 (1938). 
( 3 )  \V. Troll, S. Belmaii, X .  Xelson, 11. Levitz, and 

C;. H. Tvonihly, {'roc. Soc. Exptl. Rid.  a n d  J l e d . ,  100, 7 5  
(1S.50). 

The present paper de 

EXPERIMENTAL 

Methyl  [ I - (  Z--nitronaphthyl)tri-O-acet2/~-8-D-glucopyruno- 
sidluronate. Methyl (tri-0-acetyl-a-D-glucopyranosyl bro- 
mide)uronate,G 2 g. (0.0031 mole) and the potassium salt of 
o-nitronaphthol,' 5 g. (0.0216 mole) (prepared from an ace- 
tone solution of o-nitronaphthol to which an equivalent 
amount of 5N potassium hydroxide was added) were dissolved 
in 200 ml. of 1Y:K-dimethylformamide and allowed to react a t  
4' for 3 weeks. The dark yellow solution was diluted with an 
equal volume of chloroform. The unchanged potassium salt 
precipitated and was collected by centrifugation. The solu- 
tion was then extracted with water? 2 5  sodium hydroxide, 
and finally with water until the extracts were nearly color- 
less. The chloroform layer was dried over anhydrous sodium 
sulfate and evaporated to dryness a t  50" on the water pump. 
The oily yellow residue was dissolved in acetone and pre- 
cipitated by addition of wat,er. The oily precipitate was 
dissolved in a niinimum volume of methanol and crystallized 
on cooling. The crystals were washed with ligroin (b.p. 
90-120') and dried to give faintly yellow crystals (1 g., 
397; yield) melting a t  150' (uncorrected, Fischer-Johns 
block). 

The infrared spectrum of a 5Yc chloroform solution was 
compared with the spectrum of the corresponding o-nitro- 
phenyl derivative.6 The spectra were almost identical and 
exhibited the characteristic bands for methyl (2,3,4-tri-O-ace- 
tyi-p-D-ghcosid)uronates.8 

Methyl[l-(Z-a,ninonaphthyZ) t,i-0-ucet,~l-4-D-C/lucopyra,lo- 
sidluronate. Methyl [1-(2-nitronaphthy-1) tri-0-acetyl-8-n- 
glucopyranosid]uronate, 1 g. (0.002 mole) in 180 nil. 
methanol, was catalytically hydrogenated wit,h 100 mg. of 
10% palladium-on-charcoal. The slightly yellow solution 
became colorless and highly fluorescent. The uptake of 
hydrogen was quantitative; calcd. 144 nil., found 148 ml. 
The solution was filtered and evaporated a t  40' on the water 
pump. The residue consisted of light, pink crystals melting 
a t  160" (corr.). I t  was unnecessary to isolate the reduced 
compound prior to deacetylation. 

l-(Z-Awiino?inphthyl) P-D-glucop2/ranoszdu~o?zic ucid. 
Nethyl [1-(2-nitron:iphthyl) tri-O-aeetyl-P.n-glucop?.rano- 
sid]uronate, 1.5 g. (0.003 mole), was reduced as above. .4 
tenfold excess of sodium methoxide was added to the 
filtered niethanolic solution and allowed to react at 4' 
for 2 days. The solution was evaporated on the water 
pump and the residue dissolved in a minimal amount of 
water. The pH was adjusted to 4.0 and cooled. The pink 
crystals recrystallized from water5 weighed 910 mg. (8SC& 
yield). The melting point was 178-180" (corr.); (reported5 

(4) 11. Lrvitz, L. Soif, and C;. H. Tivonibly, Proc. .Im. - 

:Issoc. Cancer Research, 3,  36 (3059). 

(1057). 
( 5 )  E:. I3oyland and n. llnnson, Riochrm. .I . ,  67, 2 i 5  

(6)  G .  S .  Ihllcnl)ark, .J. IT, Loiig, 1). G .  &iij:tiiiiti, aiid 

( i )  Obtained from li and K Laboratories, Inc., 177-10 

(8) E. Smakula, J. H. Leftin, niid H. H. ]Yotie, J .  A m .  
!)Yrd Ave., Jamaica, X. Y. 

.T .  :I. I,indqiiist, .J .  .?in,. <'hem. Soc., 77, :3:310 ( l ! l55) ,  C ' h p r t ? .  Soc., 81, 1 i 0 8  (1959). 
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n1.p. 178-180"). Mixed melting point with the biosynthetic 
preparationg was 176-178" (corr.). 

Anal. Calcd. for ClsHn07N. H20: C, 54.40; H, 5.39; N, 
3.96. Found: C, 55.06; H, 5.60; N, 3.62. 

Paper chromatography in 1-butanol-1-propanol-water; 
2/1/1, gave R f  = 0.15; mixed chromatogram with bio- 
synthetic compound gave one fluorescent spot R ,  = 0.19. 
When large amounts were chromatographed, an additional 
slower moving fluorescent spot was observed. This could be 
decreased but not removed by repeated recrystallizations. 
Paper electrophoresis on Whatman 3 MM, pH 9.2, 0.05.l.I 
borate, 500 volts, for 3.5 hr. gave one major fluorescent spot 
which moved 7 cm. toward the anode. The biosynthetic 
preparation had the same mobility. The minor component 
moved 1 cm. toward the cathode. 
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Nitrolutidine and Nitrocollidine 
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The nitration of 2,B-lutidine using the method of 
Plazek2 gave an 80% yield of 3-nitro-2,B-lutidine 
(I). Upon treating this product with an amount of 
potassium permanganate calculated to oxidize one 
methyl group, an acid (JI) was obtained in 170,;. 
yield which was then decarboxylated in 97y6 yield 
to 3-nitro-2-methylpyridine (111). Again, oxida- 
tion of this material gave 17% of a nitropyridine- 
carboxylic acid which was shown to be 3-nitro-2- 
pyridinecarboxylic acidaa by comparison with the  
corresponding amino compoimd of known st r w -  
ture prepared by S ~ c h a r d a . ~ ~  Kogl and co-workers4 
oxidized 3-nitro-2,4,6-collidine (IV) to a mixture of 
three acids; the main product melted a t  1 3 6 O ,  which 
they assumed to be 3-nitrc~-2,4-dimethylpyridin4- 
carboxylic acid (VI). Wc osidized the nitro- 
collidine and obtained two acids. The third acid, if 
present, was in an amount nut, dctrctcd by our 

( 1) Present address: Chemistry I)epartmeiit, Univeraitj. 
of Kentucky, Lexington, Ky., to  whom all inquiries should 
be directed. 

(2) E. Plazek, Ber., 72,577 (1039). 
(3)(a) E. V. Brown, J .  Am. C h ~ i .  Soc., 76,  316T (1959). 

(4)  F. Kogl, G. M. van der n'ant, and C. A. Salcniirdi, 
( I ) )  E. Sucharda, Ber., 58,  1727 (1025). 

Rec. lrav. chim.,  67, 20 (1918). 

method. The acid melting at  138' \\as the i m i n  
pi oduct and was decarboxylated to 3 

C H 3 0 i : :  -+ HOOCO; , " :  --* k T ) C I l j  
7 NO, 

I I1 /7 111 
/ ' COOH COOH 

Y I X  

iiitrolutidino (VII )  wliich on further oxidation gave 
tn-o products both nitromethylpyridinecarboxylic 
acids. The lo\ver melting (1X) of these two acids was 
then decarltosj~lated niid the product proved to he 
3-nitro-4-methylpyridine by reduction to 3-amino- 
4-methylpvridine (X) and comparison with a knowi 
sample. Thtj higher melting acid (VIII) was decar- 
boxylated aiid the product identified as 3-nitro-2- 
methylpyridine (111). Thus it is definitely estab- 
lished that the original main oxidation product of 
nitrucoliidine is 3-nitr0-2,4-dimethylpyridine-cai,- 
boxylic acid (VI) as it is the only one that could pro- 
duce the> obtained result. The second acid melted a t  
233" ivhich was an indication that i t  might be a 4- 
~~:ii~boxylic acid, namely, 3-nitro-2,6-dimethyl- 
p?.l.iiiine--l.-carbox~lic acid (V). This was confirmed 
whcii the product of decarboxylation was shown to 
be 3-iiitro-~,B-lutidine (I). 

EXPERIMENTAL 

3-Sitro-2,O-lulidine. 2,6-Lutidine (174 g.)  was nitratcd 
by the method of PIazek* to give 200 g. (81 %) of 3-nitro-2,Ci- 
lutitiine ( I ) ,  boiling at 105' ( I O  mm) and melting at 38". 

S-.Vitro-2-melh~~lpy~idine-6-carbozylzc acid (11). One hiin- 
dred grams of 3-nitro-2,0-lutidirie in 1.5 1. of w,itcr IV:M 

heated to 90" mid treated with 200 g. of solid potassiiinl 
permanganate in sinall portiuns over a pcriod of 1.5 hr. Aft1.r 
rcrnoval of t,hc munganrse dioxide, the filtrate w a ~  extrttcttd 
with ether  to  rc~~ivc:r 50 g. of unchanged nitro compound. 
Thc  :iqueoas solution \viis evaporated t,o low volunic~ :tnd 
acidified Ten grams of acid was recovered melting at. 12ti'. 

.lnal.b Cnlcd. for CiI&,O,S~: C, 46.16; H,  33.32. X(.III,. 
i!qiiiv.: 182. Fuund: C, 45.96; H. 3.37. Xeut. equiv.. 185. 

d- ~i t ro-B-7ncthy lpyr i t l ine .  3-Titro-2-nietliylp3.riclin~,-(i-c:ii - 
hoxylic :tcid (11.2 g.! I\ its tlocnrhoxylated by heatin:: iiiidi.r 

ni t r t rym (, tmth temp. 205") wider 320 nim. prcssurc'. l'hc,rc* 
\vas olJt:iinetl 10.,5 g. ( Y7.6cJ0) of 3-nitro-~-metIiyl~,yr.idinl.?' 
(111) h i l i n g  a t  104' (15 nim) and melting at 28.5"-. ' 1 1 1 t h  


