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ABSTRACT 

N.m.r. spectroscopy (IH, 13C) has been used to show that primary amines 

condense with D-ribose to give mainly D-ribopyranosylamines in which the M anomer 

in the lC, conformation preponderates; the B anomer assumes mainly the 4C, con- 

formation. Thus, it is possible to deduce the structures of the iV-phenyl-D-ribosyl- 

amines and to correlate some of the literature data. For 2,3-O-isopropylidene-D- 

ribofuranosylamine derivatives, the d6 values for the 13C-n.m.r. signals of the iso- 

propylidene methyl groups can be used to establish the anomeric configuration. 

INTRODUCTION 

Glycosylamines are a long-known’ and widely exemplified class of carbo- 

hydrate derivative, some of which (nucleosides, glycopeptides) are of exceptional 

biological interest; others are valuable synthetic intermediates in nucleoside chem- 

istry’. Moreover, in some cases, the glycosyl moiety can be considered as a biological 

carrier3 and used in the pro-drug approach. 

Among the main preparative procedures 4 for glycosylamines, the reaction 

between a sugar and the appropriate amine with an alcohol as the solvent, and with 

or without an acid catalyst, is the simplest. Such methods as condensation between 

amines and acylglycosyl halides, transglycosylation reactions, or reduction of Schiff’s 

bases can be classed as indirect procedures. The stability of glycosylamines5 is strongly 

dependent on the basicity of the aglycon, the hybridisation state and degree of 

substitution of the nitrogen atom, the structure of the sugar moiety, and the pH 

of the solution. 

Glycosylamines exhibit mutarotation phenomena and can rearrange into 

isomeric compounds. Crystallisation, when possible, often occurs with one or several 

molecules of water, alcohol, or amine. These properties often complicate the isolation 

and structural determination of glycosylamines; in the latter context, ‘H- and 13C- 

n.m.r. spectroscopy are the most appropriate methods. 

*Part I. 
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We now report a general study of the products of the direct condensation of
primary aliphatic or aromatic amines and D-ribose.

Ribosylamine6 is an intermediate in the preparation ofpyrimidine and imidazole
nucleosides, phenylethylamine and tryptamine are present in living organisms and
their glucosyl derivatives are known7, 13 (as many steroidal amines s) is active on
the central nervous system, and 14 is an intermediate in the biosynthesis of purine
n u c l e o t i d e s 9.

RESULTS AND DISCUSSION

The following amines were investigated: aniline (6), ammonia (7), benzyl-
amine (8), phenylethylamine (9), tryptamine (10), 2,2-diethoxyethylamine (11),
cyclohexylamine (12), 17/~-amino-3/~-hydroxyandrost-5-ene (13), and 5-amino-4-
carbamoylimidazole (14).

Each of these amines was condensed with D-ribose (1), with an alcohol as
solvent (Schemes 1 and 2) at room temperature in order to avoid the MaiUard degrada-
tion reaction10. The time necessary for completion of reaction ranged from a few
to 24 h. Acyclic, furanoid, and pyranoid products are possible. Reference furanoid
compounds were obtained by the reaction of 6--14 (Scheme 2) with 2,3-O-isopropyli-
dene-o-ribofuranose (2), since the presence of a five-membered ring strongly favors
the formation of a second, fused, five-membered ring tl. In these condensations with
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2, the reaction times at room temperature were much greater than those for 1, because 

of the lower reactivity of 2. The reactions could be carried out at refiux temperature 

in anhydrous methanol. since Maillard or Amadori” side-reactions are precluded. 

Usually, the D-ribosylamine derivatives were obtained crystalline directly, but those 

from 7 and 9 required chromatography before crystallisation. 

N.m.r. spectroscopy was performed on solutions in such polar solvents as 

pyridine-tl, or Me,SO-rl,, which are known to influence the equilibrium between 

the different isomers and their conformers by way of complex formation’ and sup- 

pression’ 3 of intramolecular hydrogen-bonding. 

In the following discussion, the terms ctP, PP, ctF, and jIF connote a-pyranose, 

/?-pyranose, cz-furanose, and /I-furanose, respectively. 

N-Phen_yl-r>-ribosylamittes 
When this manuscript was being prepared, some data were reportedI on 

the identification of two crystalline N-phenyl-D-ribosylamines using 13C- and ‘H- 

n.m.r. spectroscopy. Our findings are similar, and hence our results with aniline will 

be noted only briefly. 
The r3C-n.m.r. spectrum of the condensation product of aniline with 2,3-0- 

isopropylidene-D-ribofuranose (Scheme 1) showed the presence of the two anomeric 

compounds 17ctF and 17flF (Table II). 

The reaction15” of D-ribose (1) and aniline (6) in ethanol at pH 4 (Scheme 1) 

afforded 92 ?‘, of a product that had m.p. 125-126”, [cJ]~ +60” (c 1, pyridine); 

lit.‘“” m.p. 125-127”, [a]:” +63.4” (c 1, pyridine). The 13C-n.m.r. spectrum of 

this material revealed the presence of 6rP and 6fiP in nearly equal proportions. 

However, the 13C-n.m.r. spectrum of the crude product before recrystallisation 

contained (Table I) four signals for anomeric carbons. The pair of signals at high 

field are assigned to 6aF and 6CJF by comparison with those for 17ctF and 17pF, 
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and hence the other two signals at lower field represent the preponderant (8596) 

N-phenyl-D-ribopyranosylamines 6ctP and 6fiP (@-ratio 1.5 : 1). 

When the condensation between II and 6 was carried out in anhydrous methanol 

at room temperature, the compound obtained (95 7;) after recrystallisation contained 

6rP and 6pP in the ratio 4: 1. 

Following a second literature procedure15” (1 and 6 in boiling, anhydrous 

ethanol) that was claimed to give a derivative different than for the reaction carried 

out at pH 4, pure 6c~P was obtained. Treatment of 6ctP with D,O or 24;) of acetic 

acid in methyl sulfoxide or pyridine-d, gave a product mixture similar to that ob- 

tained from the reaction at pH 4. Furthermore, when a solution of the mixture of 

6aP and 6/?P in anhydrous ethanol was boiled, 6ctP was regenerated (Scheme 1). 

The chemical shifts of the signals for the anomeric protons in 6ctP and 6pP, 

together with the J, ,2 values and the results of decoupling experiments, indicate that 

6jP adopts mainly the 4C, conformation, and 6ctP mainly the ‘C, conformation, 

These results are in agreement with those of other workers14. 

In solution in pyridine or methyl sulfoxide, the mutarotation of N-phenyl-D- 

ribosylamines is retarded. Furthermore, from the [z]n values of 6ctP and of the 

equimolar mixture of 6ctP and 6flP, the [&II, value of 6pP can be calculated as - - 54’ 

in pyridine. On this basis, the [xl;” value of the mixture obtained from the condensa- 

tion of 6 and 1 in methanol indicates the ratio of 6xP and 6flP to be - 4 : 1, which 

agrees with the conclusion based on the 13C-n.m.r. data. 

Treatment of 6ctP and the mixture of 6ctP and 6fiP with acetic anhydride in 

anhydrous pyridine afforded the same mixture of 16orP and 16jP, as indicated by the 

13C-n.m.r. data (see Experimental). Unambiguous syntheses of 2,3,5-tri-O-acetyl-N- 

phenyl-D-ribofuranosylamines (15) and 2,3,4-tri-O-acetyl-?V-phenyl-o-ribopyranosy\- 

amines (16) was accomplished (Scheme 1) by condensation of the corresponding 

sugars 4 and 5 with aniline (6) in dry ethanol. Compound I5 was obtained (851,, 

after chromatography) as an equimolar a/I-mixture. 

The r3C-n.m.r. spectra (see Experimental) of these compounds were similar 

to those5” of 3,3,5-tri-O-benzoyl-N-p-nitrophenyl-r- and -p-D-ribofuranosylamine 

obtained by condensation of tlze appropriate acylglycosyl halide and the amine. 

The condensation of 5 and 6 gave a mixture of 16ctP and 16jP (75 1; after chromato- 

graphy), with an r/I-ratio of 1 :3. A similar mixture was obtained on acetylation of 

6ctP or of the mixture of 6crP and 6pP. Zemplen deacetylation of the mixture of 16aP 

and 16jP gave only N-phenyl-a-D-ribopyranosylamine (6rP). Thus, 6aP appears 

to be the thermodynamically favoured product of the condensation between aniline 

and p-ribose. 

Other D-ribosylarnincs. - As with aniline, the eight other amines were treated 

first (Scheme 2) with 2,3-O-isopropylidene-D-ribofuranose (2) in order to obtain 

authentic furanoid products as reference compounds for ‘3C-n.m.r. spectroscopy 

(Table II). 

Condensation of D-ribose (1) with each of the amines 7-14 in methanol yielded 

a mixture of ribosylamines that gave four 13C resonances (Table I) for anomeric 
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c-11 C-IO c-3 c-7 
95.83 4.63 84.96 81.54 84.96 62.47 111.34 24.77 1.81 45.99 25.65 111.34 112.41 

26.58 118.02 
c-5 c-2 

91.20 79.54 80.71 81.40 61.94 110.75 24.77 1.42 46.72 25.94 120.70 122.36 
26.19 C-8 c-9 

127.14 136.1) 
C-l c-2 

96.40 5.19 85.07 81.70 84.79 62.63 llJ.42 24.94 1.73 48.06 J01.91 60.99 15.25 
26.67 61.13 

91.21 79.65 81.02 81.56 61.67 111.01 24.80 1.28 48.65 102.32 61.31 
26.08 61.67 

C-l c-2,c-6 c-3,c-5 c-4 
93.49 5.02 85.49 81.64 85.05 62.47 111.19 24.72 1.86 52.28 31.85 24.24 

26.58 34.04 
88.47 79.83 80.81 81.25 61.99 110.75 24.72 1.37 52.47 32.53 25.65 24.48 

26.09 34.67 
c-3 C-18,19 

97.05 7.03 85.46 81.86 84.78 62.60 111.29 24.87 1.78 70.04 52.61 11.45 
26.65 

90.02 79.80 SO.62 81.49 61.96 111.10 24.96 1.23 C-5 
26.19 141.49 

C-4 C-17 
120.32 52.97 

II 
c-2 C-I c-4 c-5 0 

90.66 5.96 84.70 81.61 84.25 62.17 112.10 24.99 1.77 107.98 107.98 146.54 
26.76 131.49 164.31 

84.70 78.97 80.92 81.61 61.85 111.78 24.90 1.13 107.23 107.23 147.15 
26.03 

--- --- ___~ -- --. ._~__ 

*Chemical shifts (p.p.m.); solutions in (CD&SO (internal MeG3i). 
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a doublet (J 8 Hz) for H-l/I (Table III). Thus, the rule that the chemical shift of 

the signal for an axial proton is downfield compared with that of the equatorial 

counterpart is verified with glucose derivatives. 

Comparison of the differences (dK-I) in ‘3C-chemical shift for the anomeric 

carbons of 1 and 3 and of the glycosylamines from fi-phenylethylamine and aniline 

are reported in Table VI. This AK-1 value reflects the conforlnational stability or 

flexibility of t!ze glycosylamines and is more important when the two anomers are 

in the same conformation than when they are found mainly in the ‘C, and “C, 

conformations. The LIK-1 for anomeric pairs of o-ribosylamine (Table VI) is constant 

or nearly so, but varies for D-glucosylamines. 

For the 2,3-Q-isopropylidene-o-ribosylamines. tlte d bC- I va!ues were in the 

range 4.63-5.96 p.p.m. (Table II), except for the aminosteroid where the large value 

(7.03 p.p.m.) is mainly due to the steric hindrance of the steroid skeleton. The AS 

values for the exe and e&o isopropylidene methyl-groups were in the range 1.13-l .86 

p.p.m. in Me,SO-d,. The ranges were 1.64-1.86 a:rd 1.13-1.42 p.p.m. for the /I and 

CI anomers, respectively, and we suggest a limiting lo.&er value of 1.50 p.p.m. for a 

fl anomer. The only recorded example, namely 5-amino-1-(2,3-O-isopropylidene+- 

ribofuranosyl)imidazole-4-carboxamide” has ASMe values of 1.30 and 1.75 p.p.m., 

respectively, for the c( and /I anomers in Me,SO-d,, which fall in the range noted above. 

This criterion parallels our rule for determination of the anomeric configuration 

of nucleosides using ‘H-n.m.r. spectroscopy”. However, this approach was limited 

to nucleosides having an aglycon exhibiting anisotropic behaviour”. The r3C- 

chemical shifts of the signals for the isopropylidene methyl groups are mainly the 

result of a steric, orbital compression, and this new criterion is more general than 

our previous rule 21 Furthermore, this approach could be adapted for the determina- . 

tion of the anomeric configuration of C-nucleosides, since Moffatt and co-workers23 

reported examples of a correlation between the 13C-chemical shifts of the signals of 

the methyl groups and the anomeric configuration of C-glycosides. 

EXPERIMENTAL 

General methods. - Melting points were determined with a Gallenkamp 

apparatus and are uncorrected. T.1.c. was performed on silica gel F-254 (Merck) with 

detection by U.V. light and charring with sulphuric acid. Column chromatography 

was performed with silica gel (70-230 mesh, ASTM Merck). Optical rotations were 

determined with a Perkin-Elmer 241 M.C. polarimeter, and U.V. spectra with an 

Optica model 10 Spectrometer. ‘H-N.m.r. spectra were recorded with a Varian 

HA-100 spectrometer, and 13C-n.m.r. spectra with Bruker WP-80 or Jeol PS-100 

spectrometers for solutions in Me,SO-d, or pyridine-d, (internal Me,Si). Chemical 

shifts are expressed on the S scale. Selective decoupling was accomplished by use of 

monochromatic irradiation at the resonance of the anomeric proton; the frequency 

was determined from IH-n.m.r. spectra obtained for the same sample as used for 

13C-n.m.r. spectra. Mass spectra were recorded with a Jeol JMS D-100 spectrometer 
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40 87.93 -0.09 70.13 71.68 72.69 66.62 

50 88.02 69.13 71.23 72.96 65.48 

C-l 
50.05 

49.23 

7 95.68 3.26 77.05 72.32 86.00 64.38 49.69 

3 92.42 n.d. n.d. 84.78 64.13 50.42 

43 88.61 -0.64 69.13 71.82 72.73 66.85 
46 89.25 70.27 71.32 73.19 65.61 

C-II C-IO 
47.36 27.27 
47.95 27.38 

7.5 96.46 4.20 76.11 72.37 84.82 63.74 47.54 
3.5 92.26 n.d. n.d. 83.50 63.47 47.86 

c-2 
141.68 

141.54 

Ph 
128.76 
127.17 

129.36 
127.81 
127.49 
126.03 

c-3,7 
112.11; 114.12; 114.30 
C-4,6 
119.18; 119.41 
C-5 
121.83 
c-2 
123.29 
C-8 
128.76 
c-9 
137.84 

‘Chemical shifts (6); solutions in pyridine-&. bNot determined. 
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TABLE VI 

36c-1 VALUES FOR 6, 9, 26, AND 27 

Compound Solvent Anomer 

1 

3 

9 and 6 

21 and 26 

9 and 6 

27 and 26 

(CD&SO B 

(CD&SO F 
(CD&SO ; 
(CD3)aSO ; 

Pyridine-ds ; 

Pyridine-ds ; 
a 

lx-1 

sugar 
bC-I AdC-I 
NH-CHa- NH+ (A-B) 
CHv# (B) 
(Al 

94.50 
93.72 
96.52 
92.59 

86.52 81.59 5.42 
86.24 81.25 3.94 
90.71 85.29 4.93 
86.78 82.84 4.99 
89.20 83.38 5.65 
88.61 82.19 3.13 
92.12 86.47 5.82 
88.32 84.59 5.82 

3hC-I (/%a) 

0.78 

3.93 

0.28 

3.93 

0.59 

3.80 

0.34 

2.45 

0.59 

1.88 

by the direct-insertion procedure. Analyses were performed by the Service Central 

de Micro-Analyse du CNRS. 

Spthesis of D-ribosylamines. - Physical data are reported in Table VII. 

Process A. To a solution of dry D-ribose (1; 2 g, 13 mmol) or 2,3-O-isopropyli- 

dene-D-ribofuranosez4 (2; 2 g, 10 mmol) in the minimum amount of anhydrous 

methanol was added a stoichiometric amount of freshly purified amine. The mixture 

was stirred at room temperature for the time noted in Table VII. The reaction mixture 

was then subjected to short-column chromatography on silica gel, or the product 

was ctystallised. 

Process B. The reaction mixture as in A was boiled under reflux. 

Process C. As in B, but with anhydrous ethanol as the solvent. 

2,3,5-Tri-0-acetyh-ribofuranose (4). - This compound was obtained as an 

oil by the literature16 procedure and had [u];” $45” (c 1, water). 

2,3,4-Tri-0-acetyZ-D_ri~o~~ru~~ose (5). - To a solution of 2,3,4-tri-@acetyl-D- 

ribopyranosyl bromide” (3 g, 9 mmol) was added cold distilled water (10 mL), 

and the solution was stirred at 0” for 1 h and then extracted with chloroform 

(3 x 200 mL). The combined extracts were washed with cold, saturated, aqueous 

sodium hydrogencarbonate (20 mL) and then water (2 x 100 mL), dried (Na,SO,), 

and concentrated in vacua. The oily residue (2.25 g) was purified by column chromato- 

graphy (chloroform-methanol, 9.5 :0.5), to give 5 (2.15 g, 86 YJ as an oil, [a];” 

-16” (c 1, water), R, 0.6 (acetone-chloroform, 1 : 1). P.m.r. data (CDCl,): S 3.59 

(q, 1 H, Jse,se 11.4 Hz, H-50), 3.92 (q, 1 H, J4,5e 6.6 Hz, H-5e), 4.90 (d, 1 H, Jr,2 



TABLE VII 

Com- Method Yield M.p. RF 
p01ttld (“,, J (degrees) (T.i.c.i 

6 

9 

10 

11 

12 

13 

A 

(16 h) 

B 

100 135-136 0.41 MeOH 
(CHCbMeOH, 
8.5:1.5) 

130-132 

c 125-126 

A 
(17 h) 

A 
(1 h) 

A 
(60 h) 

;h, 

A 
f4 h) 

80 107-109 0.45 Et20 
C CHCIZ- MeOH, 
5:5) 

89 129-130 0.40 MeOH 
(dec.) (AcOEt-.MeOH, 

7:3) 
57 Oil 0.41 

(CHCbiMeOH, 
5:5) 

100 107-109 0.45 MeOH 
(CHClz-MeOH, 
5:5) 

70 109-110 0.30 MeOH 
(CHK&-MeOH, 
9.6:4) 

Crysfullisa- 
lion solvent 

Ialg 
ic Ii 
(degrees) 

-7 129 C~IHI~NOJ 58.66 6.71 6.22 283 (1977) 
ipyridine) 58.54 6.70 6.18 236 (14,299) 

+174 
(pyridine) 
f60 
(pyridine) 
-4 
( MeOH) 

-1 21 
(Me&O) 

_. 9 Cl1HaN0-1 57.12 9.15 6.06 
( MeOH ) 57.16 9.17 5.93 

-- 39 CJ 1HjaN0j OSCHaOH 67.25 9.44 3.20 
(MeOH) 67.32 9.33 3.19 

Formula AtzaZy.tis (“, i 
CHN 
Cab. 
Fortnd 

CsHlsN0~ 61.66 7.50 5.33 257 (19,930) 
61.68 7.58 5.40 

CI jH*JoNeOl 61.63 6.89 9.58 221 (38,710) 
61.52 6.67 9.59 283 ( 7,740) 

290 ( 6,450) 
CllHssNOc 49.44 9.33 5.24 

49.61 8.68 5.29 
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17 

19 

20 

21 

22 

23 

24 

25 

A 42 
(42 h) 

f-k3 h) 
70 

A 86 

(60 h) 

A too 

(3 days) 

A 62 
(4 &YS, W 

&h) 
52 

;Oh) 
82 

A 52 
(4 days) 

$Oh, 
50 

166A68 0.31 MeOH 
(CHC13-MeOH, 
7:3) 

98-100 0.41 cc14 
(CHCk-MeOH, 
9:l) 

72-14 0.35 Ether- 
(CHCk-MeOH, cyclohexane 
9.5 :0.5) (1:2) 

92-93 0.51 Ether 
(CHCIa-MeOH, 
9:l) 

73-75 0.30 &OH-Et20 
(CHCb-MeOH, 
9.5:0.5) 

Oil 0.45 
(CHCL-MeOH, 
9.6 : 0.4) 

84-86 0.54 CHC13- 
(CHClrMeOH, Pentane 

9.6 :0.4) (W) 
134-136 0.44 MeOH 

(CH&k--MeOH, 
9.5:0.5) 

146-148 0.30 Hz0 
(CHCkMeOH, 
4:1) 

f7 
(Me&SO) 

t52 
(pyridine) 

-51 
(MeOH) 

-34 
(MeOH) 

-59 
(Me&O) 

-6 
(Me&O) 

-59 
(MeOH) 

&SO) 

Cs1H14N405 

C14HmN04 

CI~HZINO~ 

GsHasNOs 

CkHwNOe 

ChHsiN04 

CmH4aNOe 

41.86 5.46 21.70 270 (12,596) 
41.82 5.52 21.39 231 ( 4,799) 

(Hz01 
63.38 7.22 5.28 282 ( 3,230) 
63.53 7.14 5.28 236 (19,091) 

64.49 7.58 5.01 262 (8,780) 
64.20 7.63 5.02 

65.52 7.84 4.77 257 (19,930) 
65.33 7.89 4.83 

65.04 7.27 8.43 221 (34,805) 
64.97 7.18 8.43 280 (6,060) 

‘290 (5,108) 
53.00 8.84 4.58 
53.02 8.88 4.47 

61.97 9.28 5.16 
62.00 9.02 5.23 

70.25 9.39 3.03 
70.30 9.25 3.00 

45.61 6.39 17.73 272 (11,100) 
45.77 6.38 17.72 235 (4,840) 
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5 Hz, H-l), 5.03 (m, 2 H. ./S.-i 3.5, J-(.5<, 3.6 Hz. H-2,J). 5.33 (t. J, i 3.5 Hz. H-3), 

and 6.97 (d. J,,,,, 5.5 HI). 

Ir7nl. Calc. for C, , H,,,08: C, 47.X3; H. 5.84. Found. C‘, 47.69: H. 5.93. 

r>-Rihop?‘~nrlos,,/~~tfrif?c, (7 ). ~~ This compound ~1;~s prepared roliobvinp the 

procedure of Cusack ct trl. I’. and !~nci 111.p. 13X : lit.” m.p. 17% I29 

N-B~~/7_1~/-L~-/~thi~.~~~/ctr777i7c~ (8 1. ~ This compound k\as synthksed by process -1 

(3 h). The crude solution \~a> concentrated under reduced prcasurc. the resulting 

orl (quantitatibc yield) could not be crystallised or chromatographed lvithout rapld 

dcpdation. thercby precluding the usual analysis. The compound had R, 0 42 
(chIorofor17i~methaliol. 7. 3). Mass spectrum: 111 ‘z 239 (M + H,O) 

4-Crohcrrl7c?:,/-5-1~-~~/?~~.~1./f7~}7;/7~-~~77i~/~/~~~/‘, (14). ~~~- -I-his compound was synthe- 

sised by procedure A. chromatogrnphcd on silica gel (Xl g I.5 g of compound: 

chloroform-mrtllanol, 8.5 : I 5). :tnii then crystallised from methanol at 0 ., 

,7,3,5-T~i-O-~r(~~~~i~/-N-/~/~~~ff.~~/-~-f~i~~~~~f~~f?~,s.~~/~fff?iff(~ ( 15 ). A mixture of -I 

(4.1 g, I5 mmol) and’aniltne ( 1.3X g. 15 mniol) in anhydrous ethanol (Xl mL) \v;is 

heated at 50’ overnight. ::ncl then concentrated to dryness. The oily residue \vas 

purified by column chrom:ltoFraphy (chlorof~~rm-methnnol, 99.5 : 0.5 ). to gve IS 

:is an oily. momeric mixture (10 “,,; $-ratio, 2 : 3 in C‘DCI, )_ [‘xl: - 0 (1, I. chloro- 

form), R, 0.6 (chl~~rofor~n-rnctiianc;l, 9.5: 0.5). ‘“C-N.m.r. data (CDCI,): ii 20.6S 

(Me). 86.36 (C-l/j,, S3.78 (C-Ix). 7X.32 (C-4/1), 77.64 (CAY), 73.35 (C-Z/I), 71.60 

(C-3x). 71.10 (C-3/j), 70.18 (C-3~). 63.93 (C-5/3). 63.39 (C-530. 114.51 (Ph. C-2.6). 

119.68 (Ph. C-42), 119.91 (Ph, C-4/1,. 129.X (Ph, C-3.5), 144.94 (Ph. C-l/G. 145.55 

(Ph. C-l%). 169.23. 169.62. 169.86. 170.05. 170.59 (C = 0) 

-It?cri. Calc. for C,-,H,,NO-.. C. 5X.15; H. 5.9S; N. 3.99. FOLIIIL~. C. 57.77; 

H, 6.00: N. 4.14. 

-7.3,4-T~i-0-~~~~~t~~~-N-/~/?~,/i.~~/-~-~;bop~~~~~t7~.s~~/~/t~?it7(, (16). ~- The above procedure 

was used with 5 (I g, 3.6 mmol) and aniline (0.337 g* _ 3 h mmol) in anhydrous ethanol 

(5 mL). The oily residue u’as purified by column chromatography (chloroform - 

acetone. I : I ). to give 16 a$ an oilv. anomerx mixture (7.5 ‘I,,; x/i-ratio. 1 :-I in CDCI, ), 

lx - 0” ((, 1. chloroform ). Xi 0.65 (chloroform-methatiol. 9.5 .O. 5). ‘“C-N.m.r. 

data (CDCI,): 20.77 (Me). X1.39 (C-l/I). 79.73 (C-l I). 6X.76 (C-2.-$/1). 6X.71 (C-4x). 

67.15 (C-Ix), 66.76 (C-3/?). 66.18 (C-3x), hl.S4 (C-S/,‘,. 59).0X (C-5x). 114.X (Ph. 

C-3.6). 119.69 (Ph. C-41, 119.34 (Ph, C-3.5). 144.60 (Ph. C-I r). 13J.X9 (Ph, C-l/j,. 

169.52. 169.76, 169.91. 170.54 (C = 0). 

.dtzn/. Calc. for C,-H,,NO-: C. 5X. 15: H, 5.9s: N. 3.99. Found: C. 57.83: 

H, 5.95: N. 4.09. 

.4cet~datioll of’6xF) UIU! 6rP + 6pP. This reaction was performed following 

the literature’i” procedure. 

kncxVj~/~liorz of‘ 16. To a solution of 16 ( 1.76 g. 0.005 mol) rn anhydrous 

methanol (5 mL) ~~1s added AI methanolic sodium methoxide (0.5 177). The mixture 

was kept at room temperature for 1.5 h, neutraliscd \vrth solid (‘0, filtered, and 

concentrated under dimrnishcd pressure. The solid resrdue v,;t\ crystallisetl from 

anhydrous methanol. to give 6-sP (0.95 6. X? I’,,) 
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2,3-0-Isopropylidene-D-ribofuranosylamine (18). - This compound was 

synthesised by the action of 0.15~ methanolic sodium methoxide (3 mL) on 2,3-O- 

isopropylidene-N-tosyl-D-ribofuranosylamine (0.5 g, 1.4 mmol). The mixture was 

neutralised with solid CO,, filtered through Celite, and concentrated under diminished 

pressure, to give amorphous 18 (0.2 g), which rapidly decomposed on attempted 

purification, thus precluding the usual analyses. It has R, 0.42 (chloroform-methanol, 

8.5: 1.5). Mass spectrum: m/z 189 (M+.). 

N-2,2-Diethoxyethyl-2,3-O-isopropylidene-D-ribo~~ranosylamine (22). - This 

compound was synthesised by procedure C, and chromatographed on neutral 

alumina 90 (Merck, Activity I, 70-230 mesh ASTM, 25 g/g of product) with chloro- 

form-methanol (9.6 : 0.4). 

N-Phenyl-D-gkopyranosylamine (26). - A mixture of D-glucose (3 g, 17 mmol), 

aniline (1.55 g, 17 mmol), and anhydrous ethanol (50 mL) was boiled under reflux 

for 16 h and then stored at 4” overnight, to give 26 (3.8 g, 89”,;), m.p. 138-140”, 

[E]? + 14” (c 1, methanol); lit.19 m.p. 140”, [K]: +10.5” (~0.8, methanol). 

N-2-Phenylethyl-D-glucopyranosylamine (27). - A solution of D-glucose (9 g, 

0.05 mol) and 2-phenylethylamine (12.1 g, 0.1 mol) in anhydrous methanol (20 mL) 

was stirred overnight at room temperature and then poured dropwise into anhydrous 

ether (200 mL) with vigourous stirring, to give 27 (11 g, 75 %), m.p. 94-96”, [a]:” 

-21.5” (c 1, methanol); lit.7” m.p. 89”, [alp -25” (c 1, methanol). 

REFERENCES 

1 G. P. ELLIS AND J. HONEYMAN, Adv. Carbohydr. Chem., 10 (1955) 95-98. 
2 (a) M. PREOBRAZENSKAYA, I. V. YARTSEVA, AND L. V. EKTOVA, Dokl. Akad. Nauk SSSR, 215 

(1974) 873-876; (b) P. MAMALIS, V. PETROW, AND B. STURGEON, J. Pharm. Pharmacol., 2 (1950) 
491-502; (c) G. W. KENNER, H. J. RODDA, AND A. R. TODD, J. Chem. Sot., (1949) 1613-1623; 
(d) C. DE GOLIRCY, H. ABDEL-BARY, C. CHAVIS, AND J.-L. IMBACH, Carbohydr. Res., 77 (1979) 
234-240. 

3 C. CHAVIS AND J.-L. IMBACH, Actual. Chim. Ther., 56me s&tie, Sot. Chim. Thtr., Paris, (1977) 3-28. 
4 L. MESTER, D&rives hydruziniques des glucides, Hermann, Paris, 1967, pp. 18-21. 
5 (a) E. Mrrrs AND R. M. HIXON, J. Am. Chem. Sot., 66 (1944) 483-486; (6) W. PIGMAN, E. A. 

CLEVELAND, D. H. COUCH, AND J. H. CLEVELAND, ibid., 73 (1951) 1976-1979; (c) J. SOKOLOWSKI 
AND R. WALCZYNA, Rocz. Chem., 50 (1976) 437-449. 

6 N. J. CUSACK, B. J. HILDICH, D. H. ROBINSON, P. W. RUG& AND G. SHAW, J. Chem. Sot., Perkin 
Tram I, (1973) 1720-1730. 

7 (a) N. S. VOLODARSKAYA, V. I. MAMONOV, V. I. SVERGUN, AND V. G. YASHUNKII, Zh. Obshch. 
Khim., 41 (1971) 2328-2332; (b) M. M. VIGDORCHIK, R. P. OLAD’KO, N. P. KOSTYUCHENKO, AND 
N. N. SUVOROV, Dokl. Akad. Nauk SSSR, 193 (1970) 337-340; (c) M. M. VIGDORCHIK, R. P. 
OLAD’KO, N. P. KOSTYUCHENKO, Yu. N. SHEINKER, AND N. N. SUVOROV, Zh. Obshch. Khim., 
8 (1972) 880-884. 

8 J. SCHMITT, J. PANOUSE, P. COMOY, P. J. CORNU, H. PLUCHET, AND A. HALLOT, Bull. Sot. Chim. 
Fr., (1963) 2229-2239. 

9 D. H. ROBINSON AND G. SHAW, Experientia, 28 (1972) 763-765. 

10 M. L. C. MAILLARD, Ann. Chem., 5 (1916) 259-317. 
11 J. F. STODDART, Stereochemistry of Carbohydrates, Wiley-Interscience, New York, 1971, ch. 5. 
12 M. AMADORI, Atti Accad. Naz. Lincei, 13 (1931) 72-77. 
13 (a) B. CASU, M. REGGIANI, G. G. GALLO, AND A. VIGEVANI, Tetrahedron, 22 (1966) 3061-3083; 

(6) V. S. R. RAO AND J. F. FOSTER, J. Phys. Chem., 69 (1965) 656-658. 
14 G. P. ELLIS AND 5. M. WILLIAMS, Curbohydr. Res., 95 (1981) 304-307. 



20 C. CHAWS, C. DE GOURCY, F. DUMONT, J.-L. IMBACH 

15 (a) L. BERGER AND J. LEE, .I. Org. CIzem., 1 I (1946) 75-83; (b) ibid., 91-94; (c) G. A. HOWARD, 

G. W. KENNER, B. LYTHGOE, AND A. R. TODD, J. Chem. Sot.. (1946) 855-861; (d) G. P. ELLIS 

AND J. HONEYMAN. ibid., (1952) 1490-1496; (cJ) K. BUTLER, S. LAMND, W. G. OVEREND, AYD 
M. STACEY, ibid., (1950) 1433-1439; (f) G. DOUGLAS ANI) J. H~MYMAN, rhirl., (1955) 367-t--3681 : 
(g) S. TSUIKI, J. Exp. Med.. hl (1955) 365-379; t/r) G. P. ELLIS AND J. HoN~~YMA~, ‘lirtwe ( Lo&w I, 

(1951) 239-240; (i) G. P. ELLIS. J. Chem. Sot., B. (1966) 572.-576. 
16 C. CHAVIS, F. DUMONT, AND J.-L. IMBACH, J. C’urbohydr. Nuc/eos. rl’uclcor., 5 f 1978) 133-147. 
17 R. WALCZYNA AND J. SOKOLO~SS~I. PO/. J. Chem.. 52 (1978) 1933-1947. 
18 (a) E. BREITMAIER AND U. HOLLS~I IN, 0,~. Mug17. Rcsot~.. 8 (1976) 573-575: (b) E. BREITMAIFR 

AND W. VOELTFR, in H. E. Est~ (Ed.), ‘“C-N. 1211. R. Spertro ~cop.v: ~t1omyraph.c iu ,Zl~Jd~,~trChl~rni\,rl,. 
Vol. 5, Vet-lag Chemie, Weinheim, 1974, p. 230. 

19 J. HONIY~MAN AND A. R. TATCHFLL. J. Chem. Sot., (1950) 967-9’1. 
20 B. RAYNER, unpublished data. 
II J.-L. IMBACH, J. L. BARASCU~, B. L. KAM, B. RAYN~R, C. TPIMBY, ~NL) C. TAPIERO. J. Hetcrocycl. 

Chem., 10 (1973) 1069.-1070. 

22 B. RAYNFR, C. TAPIERO. A~II J.-L. IMMRACH, Curbohydr. Rex.. 47 (1976) 195-102. 
23 H. OHRUI, G. J. JONES, J. G. MOFFATT. M. L. MADDOY. A. T. CHRISTFNSFU. ANI) S. K. BYR4hl. 

J. Am. Chem. Sot., 97 (1975) 46024613. 
24 P. A. LEVENE AND E. T. STILLFR. 1. Biol. Chem., 102 (1933) 187-201. 
25 P. A. LEVENE AND R. S. TPSON. J. Biol. Chem.. 92 (1931) 109-115. 


