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The fusion of bis(trimethy1silyl)thymine and tr~-~-acety~-2-deoxy-2-(2,4d~n~troan~~~no)-a-~-g~ucopyranosy~ 
bromide (1 ), with subsequent alkaline treatment, yielded l-(2-amino-2deoxy-~-~-glucopyranosyl)thymine, 
whereas, unexpectedly, only the glycoside, with an oxygen attachment, was formed in the reaction of 1 with 
(dithyminy1)mercury; 

There has been a need for an easily removable and 
conveniently prepared N-blocking group in nucleoside 
synthesis utilizing 2-amino-2-deoxy sugars, especially 
for those with a trans configuration on C-2 and C-3. 
For such purposes, this laboratory has employed the 
2,4-dinitrophenyl group, first introduced in the sugar 
series by Lloyd and Stacy.2 Employment of this group 
was shown to offer the possibility of obtaining both 
anomeric forms in the Davoll-Lowy nucleoside syn- 
thesisa employing mercury complexes of the purine 
bases. In the work herein reported we have extended 
this procedure to a pyrimidine base,4 thymine. We 
have found that the thymine nucleoside was sorbed on 
the resin used to remove the 2,4-dinitrophenyl group 
and could not be desorbed. This N-blocking group 
was, however, removed with hot barium hydroxide. 

When the tri-O-acety1-2-deoxy-2-(2,4-dinitroanilino)- 
a-D-glucopyranosyl hromide2~5 (1) was brought into 
reaction with dithyminylmercury, the only product 
isolated was one anomeric form of the acetylated 2- 
glycoside (2) which on deacetylation yielded 2-0- [2- 
deoxy-2- (2,4-dinitroanilino)-~-glucopyranosyl J thymine 
(3). That this product was the glycoside derivative, 
with the base attached to oxygen, was determined by 
its positive Fehling and Tollens tests and by its in- 
stability toward methanolic hydrogen chloride which 
split it into methyl 2-deoxy-2-(2,4-dinitroanilino)-~- 
glucopyranoside and thymine. Pyrimidine nucleosides 
with the base attached to nitrogen, unlike glycosides, 
have been reported to be characteristically resistant to 
mild acid hydrolysis.6 It is known also that the 
pyrimidine nucleosides from ribonucleic acid (uridine 
and cytidine) cannot< be hydrolyzed by dilute mineral 
acid.6 Moreover, Fox and co-workers4 have removed 
the acetyl groups in 1-(tetra-0-acetyl-@-D-glucopy- 
ranosyl) thymine, 1- (tri-0-acetyl-D-xylopyranosyl) thy- 
mine, and 1-(tri-0-acetyl-L-arabinopyranosy1)thymine 
by methanolic hydrogen chloride at  room temperature 
without concomitant cleavage of the sugar-pyrimidine 
linkage. 

The acetylated 1-nucleoside derivative (4), with the 
base attached to nitrogen, was obtained in one anomeric 
(@-D)7 form by application of the fusion technique* 
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with bis(trimethylsily1) thymine.@ Compound 4 was 
also obtainable by the 0 -t N migration of the glycoside 
2 with mercuric bromide in refluxing toluene according 
to the general procedure of Ulbricht.lo This rearrange- 
ment provides further proof of the glycosidic nature of 
2 and thus of the nucleoside nature of 4. It is surpris- 
ing that the glycoside was obtained in the nucleoside 
synthesis with dithiminylmercury and the glycosyl 
bromide. However, the 0 + N rearrangement pro- 
ceeded in very low yield (7.573 and required a large 
excess of mercuric bromide. The presence of the 2,4- 
dinitroanilino group probably influenced the course of 
the reaction. Deacylation of 4 with methanolic hy- 
drogen chloride yielded 1- [2-deoxy-2-(2,4-dinitroani- 
lino)-@-~-glucopyranosyl]thymine (6),  previously re- 
ported by Wolfrom and Bhatl' through a synthesis 
utilizing the N-trifluoroacetyl blocking group. 

Experimental Section 
2-0- [ Tri-O-acetyl-2-deoq-2-( 2,4-dinitroanilino)-~-glucopyran- 

osyl] thymine (2) .-Tri-O-acetyl-2-deoxy-2- (2,4-dinitroanilino) -a- 
D-glucopyranosyl bromidez,' (1,36.0 g) was added to an azeotropi- 
cally dried suspension of dithyminylmer~ury~ (21 .O g), cadmium 
carbonate (28.0 g), and Celite in xylene (1000 ml) and the whole 
was refluxed for 4.5 hr with stirring. The mixture was filtered 
hot and the filter cake was extracted with hot toluene. The 
combined filtrate and extracts were cooled in ice and diluted with 
petroleum ether (bp 60-80", 1 1.). The yellow precipitate that 
formed was separated and dissolved in chloroform. The chloro- 
form solution was washed twice with 30% aqueous potassium 
iodide solution and then with water. The dried (sodium sulfate) 
solution was concentrated to yield 35 g (84%) of a yellow glass. 
This material was dissolved in a small volume of acetone and 
methanol was added to incipient crystallization. The solution 
was allowed to stand overnight in a refrigerator. Yellow crystals 
formed in a yield of 18.0 g (44%): mp 22O0kB)a]"D +103" ( c  
3.02, chloroform); absorption spectra data, Am,= 3.1 (NH), 5.71 
(OAc), 6.10, 6.25, 6.54, 7.43, (NO,), and 13.51 f i  (substituted 
benzene); 264 rr, (E 12,390) and 340 rr, (e 16,980); X-ray 
powder diffraction data, 12.63 s,  9.21 m, 8.27 s, 6.86 vs ( l ) ,  
5.44 vs (2), 4.96 m, 4.75 s, 4.48 m, 4.15 s, 3.74 m, 3.47 vs (3), 
3.30 m, 3.20 m, 3.05 m, and 2.92 m. The compound was slowly 
reducing toward Fehling and Tollens reagents. 
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Lomb Spectronic 505 spectrophotometer. X-Ray powder diffraction data 
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intensities were estimated visually: 8 ,  strong; m, medium; w, weak: v,  very. 
The stronger lines are numbered in order (1. strongest). Polarimetric read- 
ings were taken in a 2-dm tube. All evaporations were performed under 
diminished pressure below 45O. Microanalyses were by W. N. Rond. 
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Anal. Calcd for C2sH26NaOls: C, 47.66; H, 4.32; N, 12.09. 
Found: C, 47.63; H,  4.63; N, 11.74. 

The mother liquor material from the crystallization was 
chromatographed on silica gel G with ethyl acetate-benzene 
(1 : 1, v/v) as developer and showed the presence of two compo- 
nents, Rt 0.5 and 0.7 (preponderant). The component with Rr 
0.7 migrated a t  the same rate as the crystalline glycoside deriva- 
tive isolated above. The material in the other zone was obtained 
as an acetone-soluble syrup which was not further characterized. 

A solution of the above-described crystalline substance (2, 
0.4 g) in methylene chloride (5 ml) was treated with anhydrous 
methanol (10 ml) nearly saturated with hydrogen chloride at  0'. 
The solution was maintained at room temperature and was 
examined at intervals by thin layer chromatography. After 
6 hr, no starting material was detected. The solution was con- 
centrated to dryness and again twice with benzene. Recrystal- 
lization of the dried product from methanol gave yellow crystals, 
identified as methyl 2-deoxy-2-( 2,4-dinitroan~ino)-~-glucopyrano- 
side, in a yield of 0.2 g: mp 216'; [aI2'D 4-19" (c 1.0, acetone) 
(lit.* mp 216-218'; [ ( Y ] ~ O D  +13' (c 1.0, acetone)). 

Anal. Calcd for C1,HI7NaOs: C, 43.45; H,  4.74; N, 11.69; 
OMe, 8.6. Found: C, 43.46; H,  4.98; N, 12.01; OMe, 7.7. 

The mother liquor from the recrystallization was concentrated 
to dryness and the residue was sublimed a t  0.1 mm and 210'. 
A colorless, crystalline sublimate was obtained with the same 
melting point and infrared spectrum as an authentic sample of 
thymine. I n  another experiment, 2 (0.4 g) was dissolved in a 
mixture of methylene chloride (5 ml) and anhydrous methanol 
(10 ml) and the solution was treated a t  room temperature with 
methanol nearly saturated with hydrogen chloride (10 drops). 
After 16 hr, methyl 2-deoxy-2-(2,4-dinitroanilino)-~-glucopyrano- 
side and thymine were again isolated. 

2-0-[2-Deoxy-2-( 2,4-dmitroanilino)-~-g~ucopyra.11osyl] thymine 
(3) .18-2-O-[Tri-O-acetyl-2-deoxy-2-( 2,4-dinitroanilino) -D -gluco- 
pyranosyllthymine (2, 3.3 g) in methylene chloride (40 ml) and 
absolute methanol (100 ml) was cooled to 0' and a stream of 
ammonia was passed in for 30 min. After keeping it at room 
temperature for 2 hr, the solution was concentrated to 30 ml under 
diminished pressure whereupon crystallization occurred. The 
deep yellow, crystalline compound was removed by filtration to 
yield 2.30 g (A%%): mp 185-187' dec; [a]% +lo4 f 2 '  (c 2.01, 
acetone); A,, 2.90-3.10 (OH, NH), 6.20 6.30, 6.60, 7.55 
(NO*), and 13.44p(substitutedbenzene); A~$264mp(e13,000) 
and 346 mp ( e  19,400); X-ray powder diffraction data, 10.40 s 

6 
4 ,  R = A c  
5 ,  R = H  

(13) This experiment wa8 performed by M. W. Winkley of this labora- 
tory. 

( l ) ,  7.89 m, 6.75 w, 5.64 s (3), 3.90 s (2), 3.54 w, and 3.37 w. 
The compound was slowly reducing toward Fehling and Tollens 
reagents. 

Anal. Calcd for C1,HION6010: C, 45.03; H, 4.22; N, 15.45. 
Found: C, 44.64; H,  4.20; N, 15.14. 

Experiments designed to remove the 2,44initroanilino group 
with methanolic sodium methoxide were unsuccessful. On 
attempted removal with Dowex 1 (OH-) resin, the material was 
adsorbed on the resin and could not be desorbed. 

1-[ Tri-O-acetyl-2-deoq-2-( 2,4-dinitroanilino)-~-~-glucopyran- 
osyl] thymine (4) .-A mixture of tri-O-acetyl-2-( 2,4-dinitroani- 
1ino)-a-n-glucopyranosyl bromide2v6 (1, 10.9 g) and bis( tri- 
methylsily1)thymine (7.0 g) was evacuated with a water pump 
and the system was closed. The residue was heated slowly to 
135' and so maintained for 45 min, whereupon the material waa 
cooled and evacuated to dryness. The dark-colored residue was 
treated with 80% aqueous methanol and concentrated to a small 
volume. The residue was taken up in chloroform, the chloro- 
form extract was filtered, and the solvent was removed from the 
dried filtrate. The residue was crystallized from acetone in lemon 
yellow, fluffy needles to yield 3.5 g: mp 219'; [a]*'D f37' (c  
1.36, chloroform); A::' 263 mp (e 18,030) and 340 mp ( e  15,870); 
A",: 3.1 (NH), 5.8 (OAc), 5.9 (thymine), 6.22, 6.32, 6.6, 7.55 
(NO2), 8.1-8.25 (ester), 8.9, 9.7, 10.8, 12.0, and 13.5 p (sub- 
stituted benzene); X-ray powder diffraction data, 10.53 vs (l), 
8.67 m, 8.04 w, 7.08 w, 5.68 s, 4.90 s, 4.33 vs (2), 3.93 vs (3), 
3.71 m, 3.62 m, 3.40 m, and 3.14 m. 

Anal. Calcd for C ~ P H ~ L N ~ O I ~ :  C, 47.66; H,  4.32; N, 12.09. 
Found: C, 47.22; H,  4.47; N, 12.40. 

Chromatography of the mother liquor material, from the 
crystallization of 4, on silica gel G with ethyl acetate-benzene 
(1  : 1 v/v) as developer, showed the presence of two components 
with Rr 0.9 and 0.3. The former band contained unreacted sugar; 
the material from the other band was syrupy and waa not char- 
acterized. 

1 - [ 2-Deoxy-2-( 2,4-dinitroanilino)-~-n-g1ucopyranosyl] thymine 
(5). A .-l-[Tri-O-acetyl-2-deoxy-2-( 2,4-dinitroanilino)-p-~ - glu- 
copyranosyllthymine (4, 300 mg) was dissolved in methylene 
chloride (10 ml) and methanol (30 ml) and was deacetylated with 
ammonia as described above for the deacetylation of 2-O-[tri-O- 
acetyl-2-deoxy-(2,4-dinitroanilino) -D - glucopyranosyl] thymine 
(2). The residue obtained on solvent removal was crystallized, 
as orange-yellow needles, from ethanol to yield 175 mg of 5: 
mp 249-250'; (elan -125' (c 0.94 ethanol); A=" 264 m c ~  (e 
16,350) and 348 m . ~  ( e  15,900); Ak: 2.9-3.1 (OH, NH), 5.9 
(thymine), 6.15, 6.25, 6.5, 7.5 (NO2), 7.8, 8.8, 9.1, 10.8, and 
13.5 p (substituted benzene); X-ray powder diffraction data, 
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11.19 m, 8.85 vs ( l) ,  7.76 s, 6.66 vs (3), 6.19 w, 5.50 m, 4.44 s ,  
37.4 w, 3.43 vs (2), 3.27 m, 3.01 s ,  and 2.88 m. 

Anal. Calcd for Cl,HloNsOlo: C, 45.03; H, 4.22; N, 15.45. 
Found: C, 44.77; H, 4.36; N, 15.34. 

Attempts to remove the 2,4-dinitroanilino group in this com- 
pound with Dowex 1 (OH-) resin encountered the same difficul- 
ties as were found in like experiments with the glycoside deriva- 
tive 3. 

B.-Compound 4 (300 mg) was dissolved in methylene chlo- 
ride (10 ml) and methanol (30 ml). The cooled solution was 
nearly saturated with hydrogen chloride and was then maintained 
a t  room temperature for 25 hr. Solvent removal under diminished 
pressure left a crystalline residue which was recrystallized from 
ethanol to yield 190 mg, mp and mmp 249-250'; infrared spec- 
trum and X-ray powder diffraction data are identical with those 
of 5 prepared by method A above. 

0 4 N Rearrangement1o of the Glycoside Derivative 2 into the 
Nucleoside Derivative 4.-Compound 2 (200 mg) was refluxed 
with toluene( 10 ml) and mercuric bromide(500 mg) for 20 hr. The 
dark mixture was diluted with methylene chloride (50 ml) , washed 
with water, dried, and concentrated to dryness. The residue 
was purified by thick layer (1.25 mm) chromatography on silica 
gel G with ethyl acetate-benzene (1 : 1 v/v) as developer. The 
band of Rr 0.5 was eluted with ethyl acetate to give a lemon 
yellow, crystalline product which was recrystallized from acetone 
to yield 15 mg (7.5%), mp and mmp 219'; infrared spectrum and 
X-ray powder diffraction data are identical with those of 4. 

1-( 2-Amino-2-deoxy-~-~~-glucopyranosyl)thymine ( 6 )  .-A mix- 
ture of 1-[2-deoxy-2-( 2,4-dinitroani~ino)-~-~-g~ucopyranoys~] thy- 
mine (5, 0.5 g), barium hydroxide octahydrate (3.0 g ) ,  and water 

(100 ml) was gently refluxed for 2 hr. After cooling, the mixture 
was treated with 1 N sulfuric acid to pH 3.0. After settling, the 
barium sulfate was filtered and the orange filtrate was extracted 
three times with ethyl acetate. The aqueous layer was stirred 
with barium carbonate (1.0 g) to pH 8.0 and filtered through 
Celite. The filtrate was evaporated to dryness; the residue was 
dissolved in dilute methanol (2  ml) and chromatographed on 
two silica gel G plates using ethyl acetate-methanol (1 : 1 v/v) 
as developer. The band of Rr 0.5 was extracted with 9574, 
ethanol. Evaporation of the ethanol extract gave a colorless 
residue which was readily crystallized from methanol to yield 
210 mg (80%): mp 240-242'; [ff]"D f6.0' ( c  3.46, water); 
X-ray powder pattern identical with the sample prepared pre- 
viously.11 

Registry No.-2, 13388-99-3; 3, 13389-00-9; 4, 
13421-40-4; 5, 13428-21-2; 6, 13389-01-0; methyl 
2-deoxy-2- (2,4-dinitroanilino)-~-glucopyranoside, 13389- 
02-1. 
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Treatment of 2-acetamido-2deoxy-~-glucose with benzyl alcohol and hydrogen chloride a t  70' gave both 
anomers of the benzyl glucopyranoside; they were separated as 3,4,6-tri-O-acetyl- or 3-0-acetyl-4,6-O-benzylidene 
derivatives. Treatment of both anomers of benzyl 2-acetam~do~,6-0-benzyl~dene-2deoxy-~-glucopyranoside 
with potassium hydroxide in ethanol a t  110" gave the 2-amino derivatives. Treatment of these two derivatives 
with acid chlorides or with acids in the presence of a carbodiimide derivative gave, in both series, the N-benzyl- 
oxycarbonyl, N-phenoxycarbonyl, and N-chloroacetyl derivatives and, in the cy series, the N-benzoyl and N- 
bromoacetyl derivatives. In addition, the N-p-methoxybenzylidene Schiff bases of both 2-amino derivatives 
were obtained. 

The study of a new synthesis of muramic acid [2- 
amino-3-0- (D- 1-carboxyethyl)-2-deoxy-~-glucose ] and 
of the conversion of 2-amino-2-deoxy-~-glucose into 
Zamino-Zdeoxy-~-galactose~ required the preparation 
of optically pure glycosides of 2-amino-2-deoxy-~- 
glucose. The benzyl glycosides were selected for this 
purpose because removal of the aglycone by hydro- 
genolysis required only mild conditions. I n  addition, 
the aromatic nucleus facilitates the solubility in organic 
solvent and crystallization. The benzyl glycosides 
may be detected by the extinction of the ultraviolet 
fluorescence of thin layer plates coated with silicic acid 
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Lovett Memorial Group for the Study of Crippling Diseases, Harvard Medi- 
cal School at the Mascachusetts General Hospital, Boston, Mass. 
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Institute of Allergy and Immunology, National Institutes of Health, U. 8. 
Public Health Service (AI-04282 and 06692), and the National Science 
Foundation (GB-5031). 

(3) A preliminary communication was presented at the Winter Meeting 
of the Americsn Chemical Society, Phoenix, Ariz., Jan 1966: P. Gross and 
R. W. Jeanloz, Abstracts, C-032 and C-033. 

(4) P. H. Gross and R. W. Jeanloz, unpublished results. 
(5) P. H. Gross, F. Du Rois, and R. W. Jeanloz, Carbohydrate Res., 4, 

244 (1967). 

containing zinc silicate, thus omitting the need for spray 
reagents. Since derivatives of 2-amino-2-deoxy-~- 
glucose are present in natural products as N-acetyl 
derivatives, the glycosidation of 2-acetnmido-2-deoxy- 
D-glucose (1) was reinvestigated. Although both 
anomers of beneyl2-acetamido-2-deoxy-~-glucopyrano- 
side have been previously ~ynthesized,~J the method6 
for obtaining the CY-D anomer is not completely satis- 
factory. This procedure involves heating under reflux 
1 in benzyl alcohol in the presence of hydrogen chloride, 
thus causing extensive degradation, and low yields. 
Although samples of both anomers with optical rota- 
tions approaching the highest value could occasionally 
be obtained after several recrystallizations, the method 
was not always reproducible. Moreover, no solvent 
system could be found to  separate both anomers by 
thin layer chromatography in order to control their 
purity. 

When 2-acetamido-2-deoxy-~-glucose (1) was heated 
at  70" with benzyl alcohol in the presence of hydrogen 
(6) R. Kuhn, H. H. Baer, and A. Seeliger, Ann.,  611, 236 (1958). 
(7) A. Kuhn and W. Kirschenlohr, Ber., 86, 1331 (1953). 


