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hr. with 48% hydrobromic acid. At  the end of this period the 
acid waa removed and the residue digested with ethanol. Filtra- 
tion of the suspension removed some unchanged starting material, 
but concentration of the filtrate afforded a small amount of a new 
compound, m.p. 300' dec. Recrystallization of this substance 
from ethanol-ethyl acetate afforded a colorless microcrystalline 
powder, m.p. 301.5' dec. 

Anal. Calcd. for CllH8BrN04.0.5 H20: C, 43.01; H,  2.95; 
N ,  4.59. Found: C, 42.73; H, 3.09; N,  4.62. 
2,3-Dicarboxyquinolizinium Bisulfate .-A solution of the be- 

taine (XV, 0.1 g.) in concentrated sulfuric acid (6 ml.) waa 
heated for 1 hr. a t  170'. The solution was cooled and slowly 
added to 30 ml. of cold ether. Collection of the colorless precipi- 
tate gave 0.1 g. (71%) of a very hygroscopic material, m.p. 
234-235' dec. 

Anal. Calcd. for C1lHQNSOs: neut. equiv., 105. Found: 
neut. equiv., 104. 

When the bisulfate waa washed with water or barium chloride 
solution (colorless precipitate), the betaine (XV) was recovered. 

7,lO-Dimethoxy-l l-phenylacridizinium (XIV) Perchlorate.-A 
solution of 2,5-dimethoxybenzyl bromide" (15 9.) and 2-benzoyl- 
pyridine (12.8 g.) in dimethylformamide (15 ml.) wm allowed to 
stand for 5 days a t  room temperature. When ether was added an 
oil separated. The ether waa decanted and the oil transferred 

(14) A. T. Shulgin and E. M. Gal, J. Chem. Soc., 1316 (1953). 

t,o a round bottom flask by use of methanol. After evaporation 
of the methanol, 90 g. of polyphosphoric acid waa added, and the 
mixture stirred and heated at  90-100' for an hour. The acid 
waa cooled and hydrolyzed by addition of ice. To the filtered 
phosphoric acid solution, an excess of 35% perchloric acid was 
added. The precipitate waa collected and recrystallized from 
ethanol as orange needles, 9.6 g. (36y0), m.p. 254-255' 
dec.; Amax 250 mp (log e 5.08), 323* (3.31), 409 (4.02), and 455* 
(3.84). 

Anal. Calcd. for Cz1HlsClNOB: C, 60.65; H, 4.36; N, 3.37 
Found: C,60.64; H,4.45; N,3.51. 

The picrate crystallized from ethanol aa orange needles, m.p. 
197-198' dec. 

Anal. Calcd. for C ~ T H ~ ~ N ~ O ~ :  C, 59.55; H ,  3.73; N, 10.29. 
Found: C, 59.60; H,  3.64; N, 10.29. 

Betaine (XVI) of l-Phenyl-2,3-dicarboxyquinolizinium Hy- 
droxide.-Five grams of 7,10-dimethoxy-ll-phenylquinoliziniurn 
(XIV) perchlorate waa oxidized in the usual way with 8 M nitric 
acid. The residue left by removal of most of the nitric acid was 
taken up in 50 ml. of water and the water evaporated in vacuo. 
After repetition of the process several times the product was al- 
lowed to crystallize from about 20 ml. of water, 1.78 g. (51%), 
203" dec. (with gas evolution). Recrystallization of the product 
from methanol gave colorless needles, 210.5' dec. (gaa evolution); 
Xmsx 227 mr  (log c 4.26), 255 (4.22), 332* (3.96), and 342 (4.12). 

Anal. Calcd. for C17H11N04: C, 69.61; H, 3.78; N ,  4.78. 
Found: C, 69.72; H,  3.86; N,  5.10. 

Hexofuranosyl Nucleosides from Sugar Dithioacetals' 
M. L. WOLFROM, P. MCWAIN,~ R. PAGNUCCO, '  AND A. THOMPSON 

Department of Chemistry, The Ohio State University, Columbus 10, Ohio 

Received December 3, 196'2 

Improved procedures were found for the partial hydrolysis of the diethyl dithioacetals of D-glucose and D-galac- 
tose ( I )  to their tetra-0-acetyl-1-thio-a-D-glycofuranosides (IIa and 11). The acetylated thioglycoside of D- 
ghcofuranose (IIa)  was converted with bromine to tetra-O-acetyl-D-glucofuranosyl bromide (sirup) which was 
condensed with the chloromercuri derivative of 2,6-diacetamidopurine ( I V )  to give the acetylated nucleoside 
and this on partial deacetylation yielded 2-acetamido-9-p-~-glucofuranosyladenine (VIa). Tetra-O-acety- 
18-D-galactofuranosyl chloride (111), similarly prepared from the dithioacetal (I), was transformed to 9-p-D-ga- 
lactofuranosyladenine (VIII, dimorphous), 2-acetamido-9-p-~-galactofuranosy~adenine (VI) ,  and 2,6-di- 
amino-9-8-D-galactofuranosylpurine (VII). 

In  the pentose series, a sugar may be forced into its 
furanose form by suitable blocking of the terminal posi- 
tion. This procedure is not applicable in the hexose 
series and special methods are required to obtain furano- 
side derivatives. Haworth' and associates utilized 
carbonate esters in several successful syntheses of hexo- 
furanosides. In  the galactose structure, a furanose 
pentaacetate is obtainable by direct acetylation of the 
sugar and is separable from the pyranose pentaacetate 
by laborious fractional crystallization methods.6 Todd 
and co-workers6 have reported a crude picrate of ~ -P-D-  
galactofuranosyl-2-methylthioadenine, prepared by us- 
ing tetra-0-acetyl-@-D-galactofuranose derived from 
such an acetylation of D-galactose. 
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the American Chemical Society, Atlantic City, N. J.. September, 1962, 
p. 7D. 
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(4) W. N. Haworth. "The Constitution of Sugars," Longmana Green 
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(5) C. S. Hudson and J. M. Johnson, J. Am. Chem. Soc., 88, 1223 (1916); 

H. H. Schlubach and V. Prochownick, Ber.,  68, 2298 (1930); R. K. Ness, 
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2302 (1949). 

In the glucose series, the isopropylidene cyclic ace- 
tals (1,2 and 1,2:5,6)' possess a furanose ring and have 
been utilized in the synthesis of 9-0-D-glucofuranosyl- 
adenine* as well as 6-deoxy-~-glucofuranosyl~ and 6- 
deoxy-6-iodo-~-iodofuranosyl~~ nucleosides. The nu- 
cleosides of L-rhamnofuranose, l l 6-deoxy-~-allofura- 
nose, l2  and 6-deoxy-~-talofuranose~~ were likewise syn- 
thesized utilizing 2,3-0-isopropylidene-~-rhamnofura- 
nose1* as the initial source of the hexofuranose. 

Most aldose dithioacetals undergo partial demercap- 
talation under suitable conditions to form thioglyco- 
furanosides.16 Ethyl 1-thio-a-D-glucofuranoside has 
been obtained in 63% yield16 from D-glucose diethyl di- 
thioacetal by partial demercaptalation with aqueous 
mercuric chloride and mercuric oxide and it undergoes 

(7) E. Fischer and C. Rund, Bar., 49, 88 (1916). 
(8) E. J. Reist, R. R. Spencer, and B. R. Baker, J. Org.  Chem., 98, 1958 
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A m .  Chem. Soc., 69, 1205 (1937); M. L. Wolfrom, S. W. Waisbrot, D. I. 
Weisblat, and A. Thompson, %bid. 66 ,  2063 (1944). 
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conversion to ethyl 1-thio-@-D-glucofuranoside and 
ethyl 1-thio-a- and @-D-glucopyranoside under mild 
acidic conditions. Acetylation of ethyl 1-thio-a-D- 
glucofuranoside gives the crystalline tetraacetate. 
Partial demercaptalation of D-galactose diethyl dithio- 
ace tal similarly1' yields ethyl 1 -thio- a-D-galactof urano- 
side, isolated in 43% yield as the 2,3,5,6-tetraacetJate 
by chromatographic techniques. 

The present work describes the conversion of D- 
glucose diethyl dithioacetal and D-galactose diethyl 
dithioacetal into the corresponding ethyl tetra-0- 
acetyl-1-thio-a-D-furanosides (I1 and IIa) by partial 
demercaptalation with dilute hydrochloric acid and 
mercuric oxide followed by acetylation. These furan- 
ose intermediates were then utilized in the synthesis 
of hexofuranosyl nucleosides. 

An acetylated thioglycoside is convertible with 
bromine to the acetylated glycosyl bromide in a reaction 
established by BonneP and extended by Weygand and 
a~sociates.1~ This reaction was utilized in the present 
work for the conversion of ethyl tetra-0-acetyl-1-thio- 
a-D-ghcofuranoside (IIa) to  the sirupy tetra-@acetyl- 
D-glucofuranosyl bromide.20 Extension of this reac- 
tion to the synthesis of the crystalline tetra-0-acetyl- 
j3-D-galactofuranosyl chloride (111) of Hudson and 
Johnson5 has been made by Wolfrom and Groebke.21 
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(17) M .  L. Wolfrom, Z. Yosizawa. and B. 0. Juliano, J .  OTQ. Chem.,  

(18) W. A. Bonner. J .  A n .  Chem. SOC., 70,770,  3491 (1948). 
(19) F. Weygand, H. J. Bestmann. and H. Ziemann, Ber.; B l ,  1040 

(1958); F. Weygand. H. Ziemann, and H. J. Bestmann, ibid. .  2354. 
(20) Pra'ctically simultaneously with our preliminary publication,' F. 

Weygand and H. Ziemann, Ann.,  667, 179 (1962), published the same result. 

94,1529 (1959). 

The cldoride I11 was converted to  a nucleoside by cou- 
pling with 2,6-diacetamido-9-chloromercuripurine (IV), 
by the general method of Davoll and  LOW^,^^^ to  give, 
after deacetylation, the crystalline 2,6-diamino-9+3- 
D-galactofuranosylpurine (VII). Partial deacetylation 
led to  the crystalline 2-acetamido-9-@-~-ga~actofurano- 
syladenine (VI). Coupling of tetra-O-acety1-/3-D-galac- 
tofuranosyl chloride with 6-benzamido-9-chloromercuri- 
purine, followed by deacylation, gave the crystalline 
9-0-D-galactofuranosyladenine (VIII) . 

In our experience, the employment of the tetra-0- 
acetylglycosyl chloride is perferable to the use of the 
corresponding bromide in this relatively high tempera- 
ture reaction. Judged by its rotation, the tetra-0- 
acetyl-D-galactofuranospl chloride possessed the / 3 - ~  
anomeric structure which in turn gave rise to a / 3 - ~  
nucleoside. An anomerization of the p-D chloride 
may have occurred prior to  reaction as the P-D-halo 
derivatives of the gluco and galacto series are known to 
be unstable and readily anomerize in solution. An 
alternative explanation has been given by Baker and 
associates22b who postulated the formation, from 
either anomeric halide, of a transient 1,2-ortho ester 
carbonium ion which would then form the 1,2-trans 
glycoside on attack by the nitrogen heterocycle. 

The sirupy tetra-0-acetyl-D-glucofuranosyl bromide 
was likewise condensed with 2,6diacetamido-9-chloro- 
mercuripurine (IV) to  give an amorphous 2,6-diacet- 
amido-9-(tetra-o-acetyl-@-D-glucofuranosyl)purine (Va) 
which on partial deacetylation yielded the crystalline 
2-acetamido-9-@-~-glucofuranosyladenine (VIa) . 

Experimenta123 
Improved Preparation of Ethyl Tetra-0-acetyl-1-thio-a-D- 

galactofuranoside (II).-D-Galactose diethyl dithioacetal ( I ) ,  
28.6 g. (0.13 mole), 600 ml. of water, and 8.5 ml. (0.1 mole) of 
concentrated hydrochloric acid were stirred vigorously 20 hr. a t  
20". Yellow mercuric oxide, 32.9 g. (1.5 moles), was added and 
stirring waa continued for 5 hr. After cooling in iced water, the 
suspension waa filtered and the colorless filtrate was concentrated 
under reduced pressure to a thin sirup. A white precipitate, 0.1 
g., formed during the concentration and was discarded. The 
aqueous sirup was dissolved in absolute methanol and thrice 
evaporated. Crystalline D-galactose was recovered by succes- 
sive treatments of the residue with absolute methanol and abso- 
lute ethanol and standing a t  O " ,  8.07 g. (44.5%), m.p. 167-170'. 
The alcoholic mother liquor waa concentrated under reduced 
pressure and dried to a nonreducing glass, 11.8 g. (56%). The 
glass waa suspended in 40 ml. of pyridine, treated with 75 ml. of 
acetic anhydride, the mixture allowed to stand 21 hr. at room 
temperature, and then poured with stirring into iced water. 
The product was extracted with chloroform, the extract washed 
with several portions of water, dried (anhydrous sodium sulfate), 
and evaporated under reduced pressure. Anhydrous ether was 
added and evaporated to give a colorless sirup which crystallized 
on storage in an evacuated desiccator over phosphorus pentaoxide 

(21) M. L. Wolfrom and W. Groebke. J .  Org. Chem.,  98, 2986 (1963). 
(22)(a) J. Davoll and R .  4 .  Lowy, J .  A m .  Chem. Soc.. 18 ,  1650 (1951); 

(b) see J. J. F o x  and I.  Wempen, Advnn.  Carbohydrate Chem., 14, 377 (1959). 
(23) The ultraviolet absorption analyses were made on a Cary recording 

spectrophotometer, Model 10, Applied Physics Corp.. Pasadena, Calif. 
The infrared spectral data were obtained with an infrared recording 
spectrophotometer, Model R. Raird Associates, Inc., Cambridge, Mass. 
Structural assignments were made essentially according to W. R.  Neely 
(Advan.  Carbohudra/e Chen.. 19, 13 (1957)l and B .  R. Baker and K. Hew- 
son [ J .  Org.  Chem.,  99 ,  959 (1957)l. Chromatographic data refer to de- 
scending chromatograms on Whatman No. l paper with l-butanol-ethanol- 
water (40:11:19 v./v.) with indication b y  ultraviolet light and b y  sodium 
metaperiodate and ammoniacal silver nitrate sprays according to  L. Hough 
and J. K .  N.  Jones ["Methods in Carbohydrate Chemistry." Vol. I . ,  R. L. 
Whistler and M. L. Wolfrom, Ed.,  Academic Press. New York, N. Y..  
1963, p. 281. 
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and sodium hydroxide, 19.0 g. (48.5%), m.p. 43.5-4i0, [aIz8~ + 104" (c 1.14, chloroform). The ethyl tetra-o-acetyl-l-thio-a- 
galactof~ranoside~~ so obtained was of sufficient purity for use in 
the next step. 

2,6-Diacetamido-9-( tetra-0-acetyl-p-~-galactofuranosyl)pu- 
nne  (V) .-Tetra-O-acetyl-p-D-galactofuranosyl chloride21 (111, 
2.0 9.) was added to an azeotropically dried mixture of 2,6-di- 
acetamido-9-chloromercuripurine2z (IV, 2.8 g.), CeliteZ4 (1 g.), 
cadmium carbonate (1.8 g.), and toluene (100 ml.). The BUS- 
pension was stirred 4 hr. under reflux, the hot mixture filtered, 
the filter cake extracted with warm chloroform, and the com- 
bined filtrate and chloroform solution evaporated under reduced 
pressure to a sirup. The sirup was extracted with chloroform. 
The chloroform solution was washed with 3oyo aqueous potas- 
sium iodide, then with water, and dried (magnesium sulfate). 
Evaporation of the chloroform solution under reduced pressure 
yielded a white amorphous solid, 1.24 g. (40.4%), m.p. 
100-112', [aIZ0u -28.5 f 3" (c  0.3, chloroform); absorption 
spectra data? XEz 236.2, 273 5, 279.5 mM; 3.15, 3.25 
(NH), 5.75 (ester carbonyl), 5.95 (amide carbonyl), 6.15, 6.25, 
6.75 (NH and purine ring), 7.30 (methyl hydrogen), 9.04, 9.25, 

Anal. Calcd. for C Z ~ H ~ ~ O I ~ N B :  C, 48.92; H,  5.06; N,  14.89. 

Attempts to crystallize V were unsuccessful. 
2-Acetamido-9-p-~-galactofuranosyladenine (VI)  .-The partial 

deacetylation of V was effected with boiling methanolic n-butyl- 
amine.26 Amorphous V (700 mg.) was dissolved in methanol (25 
ml.) containing n-butylamine (1.0 ml.) and heated 6 hr. under 
reflux, during which time precipitation of a colorless crystalline 
solid resulted. After partial evaporation and cooling, the crys- 
talline material was removed by filtration, 340 mg. (%yo), m.p. 
212-213'. The crude crystalline material was decolorized (ac- 
tivated carbon) in water and recrystallized from aqueous ethanol 
to give analytically pure material, m.p. 240-241', [ a ] * 3 ~  -53 
f 5" (c 0.18, water); absorption spectra dataZ3: Ai:: 226.0, 
268.0 mp; A",: 2.95, 3.15 (OH, NH) ,  5.88 (amide), 6.10, 6.24, 
6.44, 6.80 ("2, NH, and purine ring), 8.90, 9.08, 9.30, 9.55 M 
(C-0-C, C-OH); X-ray powder diffraction dataz6: 10.40 s, 
8.27 vs ( l ) ,  5.95 vw, 5.34 m, 4.58 m, 4.24 m, 3.97 vs (2), 3.65 
vs (3), 3.43 vw, 3.19 vw, 2.96 w. 

Anal. Calcd. for C13H18N606: C, 44.05; H,  5.12; N, 23.73. 
Found: C, 43.85; H, 5.17; N,  23.90. 

Compound VI moved on paper chromatographyz3 as a single 
zone, Rad 0.49. 

2,6-Diamino-9-P-~-galactofuranosylpurine (VII) .-Crystalline 
VI, 170 mg., was suspended in 10 ml. of absolute methanol, 
treated with a solution of sodium methoxide made by dissolving 
two freshly cut pea size pellets of sodium metal in 20 ml. of abso- 
lute methanol and the mixture refluxed 5.5 hr. The solution was 
cooled, neutralized with glacial acetic acid, and treated with 5 ml. 
of 10% methanolic picric acid. Precipitation resulted immedi- 
ately. The yellow picrate was cooled, separated by filtration, 
and washed with absolute methanol, 180 mg., m.p. 220- 
228" dec. The picrate was dissolved in boiling water and re- 
generated with Dowex-1 (COS+) anion-exchange resin. The 
colorless solution was concentrated under reduced pressure to 
give a sirup which crystallized on evaporation from absolute 
ethanol, 65 mg. (43.5YG), m.p. 224-225', [CY] '~D -64" (c  
0.23, water); absorption spectra dataz3: 258, 281 mp; 

3.04 (OH, NH), 6.04, 6.30, 6.88 (XH and purine ring), 
9.14, 9.70 p (C-OH); X-ray powder diffraction dataz6: 7.53 m, 
6.07 w, 5.74 m, 5.22 m, 4.82 m, 4.46 m, 4.26 s (3), 3.81 s ( l ) ,  
3.48 s (2), 3.25 w, 3.07 vw, 2.95 vw, 2.76 vw. The material 
moved as a single spot, R A d  0.31, on paper ch romat~graphy .~~  

Anal. Calcd. for clIHlsX6o5: C, 42.30; H, 5.17; N, 26.91. 
Found: C, 42.13; H,  5.74; N,  26.22. 

The complete deacetylation of V with boiling methanolic 
sodium methoxide in 6 hr. gave 33.4% VI1 while deacetylation 
with boiling methanolic n-butylamine produced 68% VI and 

9-.p-~-Galactofuranosyladenine (Dimorphous) (VIII) .-Crystal- 
line tetra-0-acetyl-@-D-galactofuranosyl chloridez1 (111,1.6 g.) was 

9.60, 9.82 p (C-0-C). 

Found: C, 49.12; H, 5.01; N ,  15.80. 

147c VII. 

(24) A silicous filter aid, Johns-Manville Co., New York, N. Y. 
(25) L. Goldman, J. W. Marsico, and R.  B. Angier, J .  Am. Chem. Soc., 

78, 4173 (1956): E. J .  Reist and B. R.  Baker, J .  Ore. Chem., 2 3 ,  1083 
(1958); B.  R. Baker and K. Hewson, ibid., 29, 959 (1957). 

(26) Interplanar spacing. A, .  Cu Ka radiation. Relative intensity. 
estimated visually: s. strong; m,  medium: w. weak; v ,  very; three strong- 
est lines numbered ( I ,  strongest). 

added to an azeotropically dried mixture of 6-benzamido-9- 
chloromercuripurine~~ (2.07 g.), Celitez4 (1 g.), cadmium carbon- 
ate (1.8 g.), and toluene (150 ml.). The suspension was stirred 
4.25 hr. under reflux, the hot mixture filtered, the filtrate ex- 
tracted with warm chloroform, and the combined extracts evapo- 
rated under reduced pressure to a sirup. The sirup was extracted 
with chloroform, washed with 30% aqueous potassium iodide, 
then with water, and dried (magnesium sulfate). Evaporation of 
the chloroform under reduced pressure gave a white amorphous 
solid, 1.71 g. (69.0%), m.p. (range) 67-87', [ C Y ] ~ O D  -15'(c 1.25, 
chloroform); absorption spectra data? A::: 2.8-3.0 (broad, 
NH), 3.33 (C-H), 5.65 (ester carbonyl), 5.82 (amide carbonyl), 
6.05, 6.18, 6.28, 6.6, 6.7, 6.86 (NH,  purine ring, benzene ring), 
7.29 (methyl hydrogen), 8.15 (C-0-C, acetate), 9.4-9.7 
(broad, C-0-C). 

Deacetylation and debenzoylation of 6-benzamido-9-(tetra-O- 
acetyl-p-D-galactofuranosy1)purine was effected with boiling 
methanolic n-butylamine.25 The acylated nucleoside (0.26 8.) 
was dissolved in methanol (20 ml.) containing n-butylamine 
(0.5 ml.) and the solution was refluxed 6 hr. The sirup obtained 
on solvent removal, under reduced pressure, was dissolved in meth- 
anol, and ether added to incipient turbidity. Crystals formed 
on standing in the refrigerator. Filtration of the fine white 
crystals was effected in a drybox because of their extremely hy- 
groscopic nature, 0.05 g. (Si%), m.p. 209-212' dec., [ c Y ] ~ ~ D  
-52 f 3" ( c  0.3, water); absorption spectra data23: 262.5 
mM; A::: 3.05, 3.15 (OH, NH), 6.15, 6.25, 6.40, 6.85 ("2, 
XH, and purine ring), 9.15, 9.45, 9.70, 9.95 p (C-0-C, C-OH); 
X-ray powder diffraction data? 9.35 m, 6.63 m, 5.77 m, 5.47 s 
(3), 5.13 s (Z), 4.60 m, 4.20 w, 3.88 m, 3.63 s ( l ) ,  3.39 s, 3.27 m, 
3 . 1 2 ~ , 2 . 9 8 ~ ~ , 2 . 8 1 ~ , 2 . 7 4 w , 2 . 4 1 r n , 2 . 2 9 w , 2 . 1 9 ~ .  

Anal. Calcd. for CllHlbNB05: C, 44.43; H,  5.09; N, 23.54. 
Found: 

Crude 6-benzamido-9-(tetra-O-acetyl-~-~-galactofuranosyl)- 
purine (0.5 9.) was dissolved in 10 ml. of absolute ethanol, and 2 
ml. of a 10% ethanolic picric acid solution added. The mixture 
was boiled 4 min. during which time yellow crystals separated 
from the solution and were removed by filtration of the hot solu- 
tion, 0.33 g. This product was recrystallized three times from 
ethanol, m.p. 208-209"; X-ray powder diffraction datala: 
8.89 vw, 8.01 w, 7.41 m, 6.44 vw, 6.09 m, 5.70 vw, 5.28 w, 
5.01 w, 4.60 vw, 4.44 m (3), 4.05 w, 3.87 w, 3.34 m ( l ) ,  3.21 m 
(2). Removal of the picrate anion27 by stirring, in an aqueous 
acetone solution, the 0-acetylated picrate (0.134 g.) with 
Dowex-1 (c03C2) anion-exchange resin*8 gave a white gummy 
material which failed to crystallize from common solvents. The 
gummy 9-(tetra-O-acetyl-p-D-galactofuranosyl)adenine was de- 
acetylated with boiling methanolic n-butylamine as described 
above. A white crystalline solid precipitated from the hot solu- 
tion. Upon cooling and filtering, pure 9-p-D-galactofuranosyl- 
adenine (VIII) was obtained, 0.043 g. (75%), m.p. 224-225", 
[aIz4~ -52 + 2' (c  0.3, water), spectral and X-ray powder dif- 
fraction data identical with those cited before. A recrystalliza- 
tion of the previously prepared hygroscopic VI11 (m.p. 209- 
212" dec.), utilizing the higher melting VI11 (m.p. 224-225') aa 
nucleating agent, yielded white crystals, m.p. 224-225". 

Ethyl Tetra-0-acetyl-1-thio-a-D-gluLofuranoside (IIa) .-~-Glu- 
cose diethyl dithioacetal was partially demercaptalated to ethyl 
1-thio-a-D-glucofuranoside by a modification of the procedure of 
Pacsu and co-worker~~51~~ and Wolfrom and co-worker~.~' D- 
Glucose diethyl dithioacetal, 28.0 g. (0.10 mole), was stirred 1 
hr. a t  room temperature with 600 ml. of water containing 8.0 ml. 
of concentrated hydrochloric acid. The suspension was neutral- 
ized with 32.9 g. (0.05 mole excess) of yellow mercuric oxide. 
The heavy suspension was stirred 1 hr., then cooled in iced water, 
and filtered. The colorless filtrate was evaporated under re- 
duced pressure to 75 ml. and maintained a t  0".  Crystallization 
of a nonreducing solid resulted, 18.8 g. (840/,), m.p. 143-146'. 
Recrystallization from hot methanol gave ethyl 1-thio-a-D-gluco- 
furanoside,'6tZ9 m.p. 151-153', [ a I z 4 ~  +121" (c 1.23, Water). 
Acetylation of 5.0 g. of the thiofuranoside with 18 ml. of pyridine 
and 25 ml. of acetic anhydride a t  room temperature for 24 hr. 
gave a neutral sirup which crystallized from 50y0 aqueous ethanol 
on evaporation under reduced pressure, 9.5 g., m.p. 62-64'.*O 

C,44.13; H, 5.42; N,  22.50. 

(27) J .  R. Parikh, M. E. Wolff, and A.  Burger, J .  Am. Chem. Sac., 1 9 ,  

(28) A product of the Dow Chemical Co., Midland, Mioh. 
(29) M. L. Wolfrom, D. I. Weisblat, and A.  R.  Hanze, J .  Am. Chem. 

2778 (1957). 

Soc.. 66, 2065 (1944). 
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2,6-Diacetamido-9-( tetra-0-acetyl-p-~-glucofuranosyl)purine. 
-Ethyl tetra-0-acetyl-1-thio-0-D-glucofuranoside ( I Ia )  was 
converted to a sirupy tetra-0-acetyl-D-glucofuranosyl bromide by 
the method of Weygand and co-workersl* and this derivative was 
converted to a nucleoside by the general method of Davoll and 
L~wy, .*~  Crystalline ethyl tetra-0-acetyl-1-thio*-D-giucofu- 
ranoside (IIa ,  8.5 g.)  was dissolved in absoluteether (90ml.) and 
treated under magnetic stirring at  room temperature with bro- 
mine (1.25 ml.). After 7 min. stirring, the amber solution was 
evaporated under reduced pressure; petroleum ether (b.p. 3& 
60") was added and the mixture wae twice evaporated to a dry 
sirup, 9.9 g. This product, dissolved in dry toluene, wm added 
to an azeotropically dried mixture of 2,6-diacetamido-9-chloro- 
mercuripurine (10.1 g.),2z cadmium carbonate (10 g.), Celite ( 5  
g.),Z4 and toluene (275 ml.), and the suspension wm heated 2.5 hr. 
at reflux. Filtration of the hot suspension and collection of the 
material soluble in hot chloroform, followed by washing of the 
chloroform extract with 307, aqueous potassium iodide, then 
with water, and drying (sodium sulfate), gave a sirup, 13.63 g. 
(quantitative). Solid material was obtained by the addition of 
absolute ether to a concentrated ethanolic solution, m.p. 107- 
116', [ c x ] ~ ~ D  $30 f 3" (c  0.37, chloroform); absorption spectra 
dataz3: A::" 237, 264, 288 mp; A",: 3.15, 3.25, 3.35 (KH), 

5.70-5.95 (ester carbonyl, amide carbonyl), 6.10-6.25, 6.60- 
6.90 (NH and purine ring), 7.25-7.35 (methyl hydrogen), 9.24- 
9.80 p (C-0-C). This amorphous substance could not be ob- 
tained in analytical purity 

Anal. Calcd. for C23H28011N6: C, 48.92; H,  5.00; N ,  14.89. 
Found: C, 48.26; H, 5.10; ?;, 12.74. 

2-Acetamido-9-~-~-glucofuranosyladenine ( VIa ) .-Partial 
deacetylation of 2,6-diacetamido-9-(tetra-O-acetyl-~-~-glucofu- 
ranosy1)purine (Va, 850 mg.) in absolute methanol (50 ml.) and 
n-butylamine (1.5 m1.)z6 by refluxing 5 hr. resulted in crystalliza- 
tion from the hot mixture. Pink needles separated at  0", 380 
mg. (81%). Recrystallization (carbon) from water gave color- 
less needles, m.p. 241-242" dec., [ c x ] ~ ~ D  -77 f 8" (c0.13, water); 
absorption spectra dataz3: A::: 226, 269 mp; A",: 2.98, 3.18 
(OH, YH),  5.90 (amide), 6.10, 6.25, 6.38, 6.85 (NHz, NH, and 
purine ring), 9.00, 9.15, 9.40, 9.60 p (C-0-C, C-OH); X-ray 
powder diffraction data? 8.85 s (3), 7.90 s (2),  4.93 m,  4.51 m, 
3.97 s ( I ) ,  3.88 vw, 3.60 w, 3.48 vw, 3.38 w, 3.03 m, 2.92 vw, 
2.85 vw, 2.69 vw, 2.61 vw, 2.45 vw, 2.36 vw, 2.32 vw, 2.18 vw, 
1.95 w. This material moved as a single zone on paper chroma- 
t o g r a p h ~ , ~ ~  RAd 0.61. 

Anal. Calcd. for C13H18x606: C, 44.05; H, 5.12; N ,  23.73. 
Found: C, 43.83; H,  5.19; K, 23.85. 

Structural Investigations of Acetylated Sugar Phenylhydrazine Derivatives 

M. L. WOLFROM, G. FRAEKKEL, D. R. LINEBACK,' AND F. KOMITSKY, JR.* 
Department of Chemistry, The Ohio State University, Columbus 10, Ohio 
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The n.m.r. spectra of the following compounds were investigated to ascertain the utility of this technique in 
assigning cyclic or acyclic structures to such derivatives: ~-ara6~no-3,4,5,6-tetraacetoxy-l-phenylazo-tra~s- 
1-hexene (I), ~-arabino-3,4,5,6-tetraacetoxy-l-(p-bromophenyl)azo-lrans-l-hexene (II), n-lyro-3,4,5,6-tetra- 
acetoxy-1-phenylazo-trans-1-hexene (III) ,  penta-0-ace tyl-aldehydo-~-galactose phenylhydrazone (IV), penta-0- 
acetyl-aldehydo-~-ga~actose p-nitrophenylhydrazone (V), penta-0-acetyl-D-mannose p-nitrophenylhydrazone 
(VI), D-glucose "0"-phenylhydrazone pentaace tate (VII),  tetra-0-acetybarabino-hexose phenylosazone 
(VIII) ,  and tetra-0-acetyl-n-lyzo-hexose phenylosazone (1x1. It was found that the presence of a low field signal, 
due to a formyl proton on C-1, is indicative of an acyclic structure in sugar derivatives. Fischer's D-glucose"0"- 
phenylhydrazone pentaacetate has been so found to be I-acetyl-l-phenyl-2-( tetra-0-acetyl-p-~-glucopyranosyl)- 
hydrazine. Three striking 
examples of magnetic nonequivalence of two apparently equivalent protons due to asymmetry at  an adjacent 
center have been found, all occurring in acyclic galactose derivatives. Optical rotatory dispersions of 111, IV, 
V, VI, and VI11 have been determined and analyzed. 

Definitive evidence for the chelate structure of phenylosazones has been obtained. 

The structure of the crystalline tetra-0-acetyl deriva- 
tive isolated by Wolfrom and Blair3 from the acetylation 
of D-mannose phenylhydrazone has been shown to 
be ~-arabino-3,4,5,6-tetraacetoxy- 1 -phenylazo-trans- 1 - 
hexene (I) by means of n.m.r. spectroscopy4 as applied 
to the 1)-bromophenyl analog, ~-arabino-3,4,5,6-tetra- 
ace toxy- 1 - (p-bromophenyl) azo-trans- 1 -hexene (11). The 
analysis of the n.m.r. spectrum of I (Fig. 1) itself 
is now reported (Table I), along with that of I1 for com- 
parative purposes. In  the spectrum of I, the quartet 
a t  r 2.68, half buried in the phenyl multiplet, shows a 
coupling constant in common with the quartet a t  r 3.26. 
The low field quartet is assigned to the C-1 proton, 
which is coupled with the C-2 and C-3 protons. The 
quartet a t  higher field is due to the C-2 proton, coupled 
with its adjacent protons. The allylic C-3 proton, 
coupled with the protons on C-1, C-2, and C-4, gives 
an octet a t  r 4.08. The quartet a t  r 4.37 is assigned to 
the C-4 proton and the multiplet centered a t  r 4.78 to 
the C-5 proton. The C-6 protons give the multiplet 
centered a t  r 5.80. The complexity of this multiplet is 

(1) Fellow of the Corn Industries Research Foundation. 
(2) National Science Foundation Cooperative Graduate Fellow. 
(3) M. L. Wolfrom and M. G. Blair, J .  Am. Chem. Soc.,  68, 2110 (1946). 
(4) M. L. Wolfrom, A .  Thompson, and D. R. Lineback, J .  070. Chem.,  

97, 2563 (1962). 

probably due to slight nonequivalence of the C-6 protons 
due to asymmetry a t  C-5. 

It has been shown that ~-~yxo-3,4,5,6-tetraacetoxy-l- 
phenylazo-trans-1-hexene (III), an analog of I and 11, 
may be prepared4 through elimination of 1 mole of 
acetic acid from penta-0-acetyl-aldehydo-D-galactose 
phenylhydrazone6 (IV) by heating in aqueous ethanol 
solution. The analysis of the n.ni.r. spectrum of I11 is 
tabulated in Table I. A doublet a t  r 2.70 and a 
quartet a t  r 3.29 were assigned to the C-1 and C-2 pro- 
tons, respectively. Two masses of lines centered a t  
r 4.50 and 5.86 of relative areas 2:3 are due to the pro- 
tons on C-3 and C-4 and those on C-5 and C-6, respec- 
tively. This spectrum differs from those of the pre- 
viously discussed arabino analogs in that the C-3 and 
C-5 proton signals are shifted upfield and there is no 
observable coupling between the C-1 and C-3 protons. 
In  general, however, this spectrum substantiates the 
previous assignments, as one may expect such differ- 
ences as noted due to the difference in configuration. 

The analysis of the n.m.r. spectrum (Fig. 2 )  of penta- 
0-acetyl-aldehyde-D-galactose phenylhydrazone (IV), 
of proven acyclic structure,56 is given in Table 11. 

( 5 )  M. L. Wolfrom and C. C. Christman, J .  A m .  Chem. Soc.. 69 ,  3413 

(6) J. Compton and M. L. Wolfrom, %bid., 1157 (1934). 
(1931). 


