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ABSTRACT

N.m.r. spectroscopy (H, '*C) has been used to show that primary amines
condense with D-ribose to give mainly D-ribopyranosylamines in which the « anomer
in the *C, conformation preponderates; the # anomer assumes mainly the *C; con-
formation. Thus, it is possible to deduce the structures of the N-phenyl-D-ribosyl-
amines and to correlate some of the literature data. For 2,3-O-isopropylidene-D-
ribofuranosylamine derivatives, the 48 values for the !*C-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
carrier® and used in the pro-drug approach.

Among the main preparative procedures* 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 glycosylamines® 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 **C-
n.m.r. spectroscopy are the most appropriate methods.

*Part 1.
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We now report a general study of the products of the dlrect condensation of
primary aliphatic or aromatic amines and D-ribose.

Ribosylamine® is an intermediate in the preparation of pyrimidine and imidazole
nucleosides, phenylethylamine and tryptamine are present in living organisms and
their glucosyl derivatives are known’, 13 (as many steroidal amines®) is active on
the central nervous system, and 14 is an intermediate in the biosynthesis of purine
nucleotides®.

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), 178-amino-38-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 Maillard degrada-
tion reaction'®. 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-D-ribofuranose (2), since the presence of a five-membered ring strongly favors
the formation of a second, fused, five-membered ring!!. In these condensations with

CHa0H
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Q o
\c/ o
Me.
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“twon, 780 MeOH, 65°
6
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Scheme 1
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Scheme 2

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 reflux 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-d; or Me,SO-d,, which are known to influence the equilibrinm between
the different isomers and their conformers by way of complex formation® and sup-
pression'? of intramolecular hydrogen-bonding.

In the following discussion, the terms oP, P, «F, and SF connote a-pyranose,
f-pyranose, a-furanose, and f-furanose, respectively.

N-Phenyl-p-ribosylamines

When this manuscript was being prepared, some data were reported'* on
the identification of two crystalline N-phenyl-D-ribosylamines using !*C- and 'H-
n.m.r. spectroscopy. Our findings are similar, and hence our results with aniline will
be noted only briefly.

The *C-n.m.r. spectrum of the condensation product of aniline with 2,3-O-
isopropylidene-p-rivofuranose (Scheme 1) showed the presence of the two anomeric
compounds 17«F and 17pF (Table IT).

The reaction'*“ 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°, [a]3° +60° (c I, pyridine);
lit.">® m.p. 125-127°, [a]2® +63.4° (¢ 1, pyridine). The '’C-n.m.r. spectrum of
this material revealed the presence of 6xP and 6P in nearly equal proportions.
However, the '*C-n.m.r. spectrum of the crude product before recrystallisation
contained (Table 1) four signals for anomeric carbons. The pair of signals at high
field are assigned to 6«F and 6SF by comparison with those for 17aF and 178F,



C. CHAVIS, €. DE GOURCY, F. DUMONT, J.-L. IMBACH

9t'9¢H

LY LT
Yd

6Ccll
SOctl
9°c-

orer

YOV 98t

CO'8t

sS0rl 18t

- [0
[JWAN 0L°8¢T 919P1
06911 0L'8T1 1LY
0 D -2
‘ N 2904

£R19
cres

69°¢9
98't9

6L719
£CCY

v9°¢€9
80799

§T19
60°C9

6079
80°€9

£L19
[0°€9
05709
yee9

£

6tk
18°¢R

csR9
89°L9

c6'08
LE°C8

L¥°89
0S§°L9

¥SI8
[SURRY

FR'LY
0+'L9

S6'CR
£CEs

91°L9
b6’LY

LV

pu
‘pu

‘pu
°9°0L

07’69
867 1L

JSPy
£0°0L

£6°'69
80°0L

LTOL
yO'IL

[£°69
6+'89

£0

pru
81'rL

£0'0L
98'0L

9L°0L
or'sL

£00L
erae

il
88°¢tL

£6°69
oL

18°0L
19°¢L

89°0L
[6'1L

[0

09t

00°t

LO}

8L°0

[-01

£2°68
£8°¢6

FOOR
598

88°6R
88768

LELS
Pres

£L°€8
88°L8

¢CI8
65°1R

81796
sT101

Les
0576

0S
Ot

O
—

O v
W e

0¢

4¢g + 08

; N\
J v,mzuwllz},uu

ddg + 408

=

>

CHY ——HN—d Y
4 L

.

460+ 40¢
CHN— 34

BN

ddfe + doe

a1

CHN—dH

o

ade + 4v9

HN — dd

. ow

dfg + 409
S 9

HN -~ d ¥

€ F4
471 + a0l

HO — 44

N

461+ dnol
HO ~—d ¥

m, B

oX-d

SHIALLYAINIAA ININYTASOEIN-A HOJ p¥IVA "W N"De1

137dv.lL



N.M.R. STUDIES OF RIBOSYLAMINES

60t
YTye

139 74

$8'19
£9°19

19
9¢’'19
‘HD

6T8T1

€EILI

£6°8C1

L1'8C1
9L'stCl
4d

GLST

7D

vesl

2N

8y Tl
0
6L°0C1
D
HETT
910
SOTIl
L7D
0e°LT1
80
LE9¢]
60

17 ov1

&0

£6°CE
$0°T¢

evbe
97-D

00°€01

LTT01
1701

80°9¢

0r-D

LE9E

D

69°'IS
LLTS

808
8E'CS
-0

968y
S9'8Y

118y
LS'LY
-0

1$°9%

S9'st

0TSy

11-0

ee'LY

1$°9%
90'LYy
I-D

L9
8T'19

£9°¢9
SI°s9

66°19
S 4]

06°¢9
66'Y9

+9°'19
SY'T9

LL'E9
LTSS

06°19
or'To

L9'€9
£1°S9

SU'18
19°C8

79°89
65°LY

19°18
£6'C8

¥9°89
£9°L9

SE'I8
¥8°C8

+¥9°89
£9°L9

£e I8
0L'T8

65°89
6S°L9

96°0L
°6°0L

¥$69
96°0L

S6°0L
LLOL

LL 69
LLOL

‘pu
EL0L

65769
65 1L

£8°0L
SO'IL

05'69
I IL

96°0L
LSPL

86'69
65°IL

€TIL
ol'vL

ceoL
LEIL

tIIL
vive

vI'OL
L8°0OL

£6'0L
SOvL

00°0L
LLOL

8v'y

6£°0

vi'y

50

60V

o

1454

€0

0¢°L8
8L'T6

ev8
IL'$8

29°06
9L'v6

[T°L8
SL'L8

£6°06
916

9T'L8
LS°L8

0£°06
128 ¢

LO'L8
6€°L8

194
123

ot
0s

St
97

ol
01

ov
oy

Q¥

Q B

QB

Q. ¥

B

adar + 4o

Jdfet + doa

g+ a0l
Koo

HY —ZHD—HN—dY

/

“HECO
adit + 4ot

SHi0

N e

\IuNxI Imlnizluu
K20
ador + swo0L

H
N El-3

_-NH
FHD—%HD
dfor + dnol

L n '

ide + 06

CHO—%HD —HN —3

dde + dJpo6

—ZHD—CHD—HN —d
Z I



F. DUMONT, J.-L. IMBACH

C. CHAVIS, C. DE GOURCY,

"PAUIWLISISP JON, “JAsourINjOqLI ‘Y {|Asourikdoqry ‘d¥, ‘(ISYOIN [BUISIUIL) 0S%(EgD) w suonnjos (‘w-d-d) syIys [eorway),

FLLE T
H

Joo
8.M° .Hv.ﬂ .v..ﬁ.— ov.ﬂh ww-mw N I/=\2 N-—J¥
729 PU PU 8EL 60V L6L8 € zluﬁ
OVt91  TSOVI  SELOL  SS'OEI 2=t
ddvl + n”:o!
H
| H
H N N-—d¥
LS €919 6569 pIOL 0018 €2 ki I\
. 9SY9 €819  TEOL  LLOL  8TO  STI8 T e N
§0 4] 4% y
OH
9079 818  ISO0L  6S'IL 0£68 8
1678 I TE0zl IS79 €978  L90L SOV €65 €TS6 Sl ,
. ager + d0€l
610 9D pooL
vTS  SYIL SYIHI 669 L£89  POOL  bOOL SI98 ¢
ige] 810 §D €D SLSY  69L9  OTIL  0TIL 9T 198 b
o) §D #0 €0 o oV oX-d

(ponuiiuoo) 1 41GVL



N.M.R. STUDIES OF RIBOSYLAMINES 7

and hence the other two signals at lower field represent the preponderant (85°%;)
N-phenyl-D-ribopyranosylamines 6«P and 68P (afi-ratio 1.5:1).

When the condensation between 1 and 6 was carried out in anhydrous methanol
at room temperature, the compound obtained (959,) after recrystallisation contained
6aP and 6SP in the ratio 4:1.

Following a second literature procedure’®® (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 6aP was obtained. Treatment of 6aP with D,0 or 2%, of acetic
acid in methyl sulfoxide or pyridine-ds gave a product mixture similar to that ob-
tained from the reaction at pH 4. Furthermore, when a solution of the mixture of
6oP and 6P in anhydrous ethanol was boiled, 6aP was regenerated (Scheme 1).

The chemical shifts of the signals for the anomeric protons in 6aP and 6SP,
together with the J; , values and the results of decoupling experiments, indicate that
68P adopts mainly the #C,; conformation, and 6«P mainly the 'C, conformation.
These results are in agreement with those of other workers!*.

In solution in pyridine or methyl sulfoxide, the mutarotation of N-phenyl-D-
ribosylamines is retarded. Furthermore. from the [«], values of 6P and of the
equimolar mixture of 6P and 6£P, the [« ] value of 6P can be calculated as ~ —54°
in pyridine. On this basis, the [«]2° value of the mixture obtained from the condensa-
tion of 6 and 1 in methanol indicates the ratio of 6xP and 68P to be ~4:1, which
agrees with the conclusion based on the 1*C-n.m.r. data.

Treatment of 6aP and the mixture of 6P and 6SP with acetic anhydride in
anhydrous pyridine afforded the same mixture of 16P and 168P, as indicated by the
3C-n.m.r. data (see Experimental). Unambiguous syntheses of 2,3,5-tri-O-acetyl-N-
phenyl-p-ribofurancsylamines (15) and 2,3,4-tri-O-acetyl-N-phenyl-p-ribopyranosyl-
amines (16) was accomplished (Scheme 1) by condensation of the corresponding
sugars 4 and 5 with aniline (6) in dry ethanol. Compound 15 was obtained (859,
after chromatography) as an equimolar aff~-mixture.

The *C-n.m.r. spectra (see Experimental) of these compounds were similar
to those®® of 2,3,5-tri-O-benzoyl-N-p-nitrophenyl-x- and -B-D-ribofuranosylamine
obtained by condensation of the appropriate acylglycosyl halide and the amine.
The condensation of 5 and 6 gave a mixture of 16«P and 164P (757, after chromato-
graphy), with an af-ratio of 1:3. A similar mixture was obtained on acetylation of
6aP or of the mixture of 6aP and 6fP. Zemplén deacetylation of the mixture of 16aP
and 16fP gave only N-phenyl-e-D-ribopyranosylamine (6xP). Thus, 6aP appears
to be the thermodynamically favoured product of the condensation between aniline
and p-ribose.

Other D-ribosylamines. — 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 '*C-n.m.r. spectroscopy
(Table I1).

Condensation of D-ribose (1) with each of the amines 7-14 in methanol yielded
a mixture of ribosylamines that gave four '*C resonances (Table 1) for anomeric
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2

24

25

HN—CO_, 3
N

60

40

55

43

65

35

70

30

35

65

95.83

91.20

96.40

91.21

93.49

88.47

97.05

90.02

90.66

84.70

4.63

5.02

7.03

5.96

84.96

79.54

85.07

79.65

85.49

79.83

85.46

79.80

84.70

78.97

81.54

80.71

81.70

81.02

81.64

80.81

81.86

80.62

g1.61

80.92

84.96

81.40

84.79

81.56

85.05

81.25

84.78

81.49

84.25

§1.61

62.47

61.94

62.63

61.67

62.47

61.99

62.60

61.96

62.17

61.85

111.34

110.75

111.42

111.01

111.19

110.75

111.29

111.10

112.10

111.78

24.17
26.58

24.77
26.19

24.94
26.67
24.80
26.08

24.72
26.58
24.72
26.09

24.87
26.65
24.96
26.19

24.99
26.76
24.90
26.03

1.42

1.73

1.28

1.86

1.37

1.78

1.23

177

1.13

C-11
45.99

46,72

C-1

48.06

48,65

-1
52.28

52.47

C-3
70.04

c-5
141.49

-6
120.32

c-2

131.49

C-10
25.65

25.94

C-2

101.91

102.32

Cc-3
111.34
118.02
Cc-5
120.70
c-8
127.14

60.99
61.13
61.31
61.67

c-7
112.41

C-2
122.36
-9
136.11

15.25

C-2,C-6 C-3,C-5 C-4

31.85
34.04
32.53
34.67

52.61

C-17
52.97

C-1
107.98

107.23

25.65

C-18,19
11.45

c-4
107.98

107.23

24.24

24.48

C-5
146.54

147.15

N/

C

I}

0O

164.31

4Chemical shifts (p.p.m.); solutions in (CD3)2SO (internal MesSi).
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carbons, with those for the pyranond forms preponderating. The signals tor the
anuneric carbons of the furanoid dervatives were eastly recognred by commarison
of their chenucal shifts with those of the corresponding signals Tor the 2.3-0-ise-
propyvlidenc derivatives (Table 11)

Jor the sertes of zf-pairs of rroopyrancsylamines. the dificrence i cheiareal
shift for the signal of the anomerie carbons was in the rnge 0 28 L.o7 popae.
Me.SO-d,, (except tor 12, for which the diffcrence was 146 ppmay From these
small values, 1t may be expected that the pyranoid anomers exist wmainhy m the 'O
and O conformations, Thie v coniteated by the H00-ME7 » e spectra ! the
ribopyranosylammes in pyridine-ds For cach xfi-pare (Tuble HI) after exchange by
0.0, tae doublet wats J S Hz for dl-1f0 was dedliaelded i comparison wath the
stznal (half-band width 4 Hz) correspondine to H-1y, Sutable ireadmtion experieents
gave parttadly coupled TC-nonnr, spectra m whieh the siznals for the corresponding
cnoneric carhons were casiy recognised, Table Iy contams some examples of such
decoupled spectra showmg that, except for amline, the rule’™ that O~y s shiclded
more than C-1f s not always followed. Thus, there iy coalescence of the C-1xp
peaks for 124P und 12/,P or niersion ot the predicted posittons for 8P and 8450,
and 10xP and 10/P. These facts iay be explamed by conformational imversion, vhich
rings together the ancraerie carbon peaks, and this cffect may be Farther amphified
by the mitrogen substitution,

The glucosvlanimes 26 and 27 derived from amiline and ji-phenviethyvlamime
vore prepared according to toe literature '? (Table V. The tmomers of 26 and 27
are known to be m "¢ M, conformation. The signals tor H-1 i e A-phenvl-
alucosylamines 267P and 264P were triplets (330 und 505 popom n pyrdine-ds)

1w

which. after D,O exchange, offorded o broadened signal (W, L 4 17) Toe Hely and

TABLY HI

TH-CHIMIC AL SHIFTS FOR ANOMIRIC PROTONS IN GLYCOSYE AMINES"

Compound ¥ Anomer O Anomer
My 4 Hzo o8& Hoo
6 520 544
7 4,42 4.80
8 4.33 4.76
9 438 182
10 437 182
it 43K 480
12 441 478
i3 432 47t
14 356 S90
26 S 30 315
27 498 unresolved

I pyidine-ds
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a doublet (J 8 Hz) for H-1§ (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 (46C-1) in '*C-chemical shift for the anomeric
carbons of 1 and 3 and of the glycosylamines from f-phenylethylamine and aniline
are reported in Table VI. This 40C-1 value reflects the conformational stability or
flexibility of the 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 A0C-1 for anomeric pairs of D-ribosylamine (Table VI)is constant
or nearly so, but varies for b-glucosylamines.

For the 2,3-O-isopropylidene-p-ribosylamines, the A3C-1 values 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 46
values for the exo and endo isopropylidene methyl-groups were in the range 1.13-1.86
p.p.m. in Me,SO-d,. The ranges were 1.64-1.86 and 1.13-1.42 p.p.m. for the S and
o anomers, respectively, and we suggest a limiting lower value of 1.50 p.p.m. for a
f anomer. The only recorded example, namely 5-aminoc-1-(2,3-O-isopropylidene-b-
ribofuranosyl)imidazole-4-carboxamide®® has A6Me values of 1,30 and 1.75 p.p.m.,
respectively, for the « and f 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.n.r. spectroscopy?!. However, this approach was limited
to nucleosides having an aglycon exhibiting anisotropic behaviour??. The '*C-
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?!. Furthermore, this approach could be adapted for the determina-
tion of the anomeric configuration of C-nucleosides, since Moffatt and co-workers??
reported examples of a correlation between the **C-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.l.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 '3C-n.m.r. spectra with Bruker WP-80 or Jeol PS-100
spectrometers for solutions in Me,SO-d,, or pyridine-ds (internal Me,Si). Chemical
shifts are expressed on the § scale. Selective decoupling was accomplished by use of
monochromatic irradiation at the resonance of the anomeric proton; the frequency
was determined from 'H-n.m.r. spectra obtained for the same sample as used for
P3C-n.m.r. spectra. Mass spectra were recorded with a Jeol JMS D-100 spectrometer
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HO OH

HO OH

10

]! ™

40

50

43

7.5
3.5

87.93

88.02

95.68

92.42

88.61
89.25

96.46
92.26

—0.09

3.26

—0.64

4.20

70.13

69.13

77.05

n.d.

69.13
70.27

76.11
nd.

71.68

71.23

72.32

n.d.

71.82
71.32

72.37
n.d.

72.69

72.96

86.00

84.78

72.73
73.19

84.82
83.50

66.62

65.48

64.38

64.13

66.85
65.61

63.74
63.47

C-1
50.05

49.23

49.69

50.42

C-11
47.36
47.95

47.54
47.86

C-2
141.68

141.54

C-10
27.27
27.38

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

eChemical shifts (6); solutions in pyridine-ds. °Not determined.
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TABLE VI

A06C-1 VALUES FOR 6, 9, 26, AND 27

Compound  Solvent Anomer 6C-1 oC-1 A6C-1  AOC-1 (B-a)
sugar NH-CH2- NH¢  (A-B)
CH:¢  (B)
(A)
1 (CD3)2SO B 94,50 0.78
o 93.72
3 (CD3)2S50 B 96.52 3.93
o 92.59
9and 6 (CD3)2SO ) 86.52 81.59 542 0.28 0.34
o 86.24 81.25 394
27and 26  (CD3)sSO B 90.71 85.29 4.93 3.93 2.45
1 86.78 82.84 499
9and 6 Pyridine-ds g 89.20 83.38 5.65 0.59 0.59
x 88.61 82.79 3.73
27 and 26 Pyridine-ds B 92.12 86.47 5.82 3.80 1.88
o 88.32 84.59 5.82

by the direct-insertion procedure. Analyses were performed by the Service Central
de Micro-Analyse du CNRS.

Svnthesis of D-ribosylamines. — Physical data are reported in Table VIL.

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

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-O-acetyl-p-ribofuranose (4). — This compound was obtained as an
oil by the literature'® procedure and had [«]2° +45° (¢ 1, water).

2,3,4-Tri-O-acetyl-p-ribopyranose (5). — To a solution of 2,3,4-tri-O-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 vacuo. 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%) as an oil, [«]2°
—16° (¢ 1, water), Rr 0.6 (acetone-chloroform, 1:1). P.m.r. data (CDCl,): ¢ 3.59
(9, 1 H, Js,. 5, 1.4 Hz, H-5a), 3.92 (q, 1 H, J, 5. 6.6 Hz, H-5¢), 490 (d, 1 H, J, ;



TABLE VII
Com-  Method
pound
6 A
(16 h)
B
C
9 A
(17 h)
10 A
¢1 h)
11 A
(60 h)
12 A
(1h
13 A
(4 h)

")

80

89

100

70

Yield M.p.

Rr

(degrees) (T.1.c.)

135-136

130-132
125-126

107-109

129-130

(dec.)

Oil

107-109

109-110

0.41
(CHCl3-MeOH,
8.5:1.5)

0.45
(CHCl3~MeOH,
5:5)

0.40
(AcOE1-MeOH,
7:3)

0.41
(CHCl:-MeOH,
5:5)

0.45
(CHCla-MeOH,
5:5)

0.30

(CH2Cl:-MeOH,

9.6:4)

Crystallisa-
tion solvent

MeOH

MeOH

[}
fc i}
(degrees)

Formula

--129
(pyridine)

C1uiH1sNOy

+174

(pyridine)

+60

(pyridine)

—4 C13H1sNOs
(MeOH)

+21 Cy5H2oN204
(Me2SO)

Ci1HasNOg

—9 C1H21NOy
(MeOH)

-39 C21H4oNOs - 0.5CH30H

(MeOH)

Analysis (°,)

CHN
Cale.
Found

58.66
58.54

61.66
61.68

61.63
61.52

49.44
49.61

57.12
57.16

61.25
67.32

6.71
6.70

7.50
7.58

6.89
6.67

933
8.68

9.15
9.17

9.44
9.34

6.22
6.18

5.33
3.40

9.58
9.59

5.24
529

6.06
5.93

3.20
319

AELOH (ym) (¢)

283 (1977)
236 (14,299)

257 (19.930)

221 (38,710)
283 ( 7,740}
290 ( 6,450)

91
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14

17

19

20

21

22

23

25

A
(42 h)

B
@8 h)

A
(60 h)

A
(3 days)

A
(4 days, Na)

c
a7h

B
(10 h)

A
(4 days)

c
@oh

42

70

86

100

62

52

82

52

350

166-168

98-100

72-74

92-93

73-15

oil

84-86

134-136

146-148

0.31
(CHCl3-MeOH,
7:3)

0.41
(CHCl3-MeOH,
9:1)

0.35
(CHCIs-MeOH,
9.5:0.5)

0.51
(CHCIs-MeOH,
9:1)

0.30
(CHCls-MeOH,
9.5:0.5)

0.45
(CHCl3-MeOH,
9.6:0.4)

0.54
(CHCl3-MeOH,
9.6:0.4)

0.44
(CH2Clz-MeOH,
9.5:0.5)

0.30
(CHCls-MeOH,
4:1)

MeOH

CCla

Ether—
cyclohexane
(1:2)

Ether

EtOH-Et20

CHCls—
Pentane
(1/2)
MeOH

H 0O

+7
(MezS0O)

+52
(pyridine)

—51
(MeOH)

—34
(MeOH)

—59
(MeSO)

—6
(Me2SO)

—7
(MeOR)

—59
(MeOH)

—6
(Me2SO)

CoH14N4Os

CrsHisNO4

CrsHzNO4

CrsH2aNO4

Ci1sH24N204

C14H27NOsg

C14H25NO4

CayHasNOs

Ci2H1sN4Os - H2O

41.86
41.82

63.38
63.53

64.49
64.20

65.52
65.33

65.04
64.97

53.00
53.02

61.97
62.00

70.25
70.30

45.61
45.77

5.46
5.52

.22
7.14

7.58
7.63

7.84
7.89

7.27
7.18

8.84
8.88

9.28
9.02

9.39
9.25

6.39
6.38

21.70
21.39

5.28
5.28

5.01
5.02

4.77
483

8.43
8.43

4.58
4.47

5.16
5.23

3.03
3.00

17.73
17.72

270 (12,596)
231 { 4,799)
(H20)

282 ( 3,230)
236 (19,091)

262 (8,780)

257 (19,930)

221 (34,805)
280 (6,060)
290 (5,108)

272 (11,100)
235 (4,840)
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5 Hz, H-1), 5.03 (m, 2 H, J,, 3.5, J, 5, 3.6 Hz. H-2.4). 533 (1. /. ; 3.5 Hz, H-3),
and 6.97 (d. J; oy 5.5 He).
4nal. Calc. tor €, H,,04: C, 47.83; H. 5.84. Found- C, 47.69: H, 593,

D-Ribopyranosviamine (7). — This compound was prepared foliowing the
procedure of Cusack e7 v/.”. and had m.p. 128 : 1it.° m.p. 128129
N-Benzyil-p-ribasylamiie (8). -— This compound was synthesised by process

(2 h). The crude solution was concentrated under reduced pressure. the resulting
o1l (quantitative vicld) could not be crystallised or chromatographed without rapid
degradation, therchy precluding the usual analysis. The compound had Ry 042
(chloroform-methanol, 7.3). Mass spectrum: #2239 (M” H,0)
4-Carbamo{-3-p-ribosvlamino-imidazole (14). -— This compound was synthe-
sised by procedure A, chromatographed on silica gel (40 g 1.5 ¢ of compound:
chloroform-methanol, 8.3:1 5). and then crystallised from methanol at 0.

2. 3.5-Tri-O-cacetvl-N-pheuyvi-p-ribofuranosyiamine  (18). - A mixture of 4
(4.1 g, 15 mmol) and aniline (1.38 g. 15 mmol) in anhydrous cthanol (20 mL) was
heated at 50" overnight. and then concentrated to dryness. The oily residue was
purified by column chromatography (chloroform-methanol, 99.5:0.5). to give 15
as an oily, anomeric mixture (49°: 2ff-ratio, 2:3 in CDCly), [«]3" ~0 (¢ 1. chloro-
form), Ry 0.6 (chloroform-methanol, 9.5:0.5). "*C-N.m.r. data (CDCl,): ¢ 20.68
(Me), 86.36 (C-15). 83.78 (C-1x). 78.32 (C-4p3), 77.64 (C-dv), 73.35 (C-2f), 71.60
(C-22), 71.10 (C-3f), 70.18 (C-3x). 63.93 (C-5f), 63.39 (C-5x). 114.51 (Ph, C-2.6).
119.68 (Ph. C-4x), 119.92 (Ph, C-4f8). 129.38 (Ph, C-3.5), 144.94 (Ph. C-1p3), 145.55
(Ph, C-1x). 169.23. 169.62. 169.86. 170.05. 170.59 (C = 0)

dnal. Calc. for C-H, NO-- C. 38.15; H, 598 N. 3.99. Found. C. 57.77;
H. 6.00; N. 4.14.

2.3.4-Tri-O-acctyl-N-phenyl-D-ribopyranosylamine (16). — The above procedure
was used with 5 (1 g. 3.6 mmol) and aniline (0.337 g, 3 6 mmol) in anhvdrous ethanol
(5 mL). The oily residue was purified by column chromatography (chloroform -
acetone. 1 :1). to give 16 as an oily. anomeric mixture {757, xfi-ratio. 1 :4 in CDCly),
[2]3" ~0" (¢ 1. chloroform). R, 0.65 (chloroform-methanol, 9.5.0.5). "*C-N.m.r.
data (CDCly): 20.77 (Me), 81.39 (C-1f). 79.73 (C-1%), 68.76 (C-2.48), 68.72 (C-4x),
67.25 (C-2x), 66.76 (C-3f). 66.18 (C-3x), 61.84 (C-5£). 59.08 (C-5x), 114.26 (Ph,
C-2.6). 119.69 (Ph. C-4), 129.34 (Ph, C-3.5), 144.60 (Ph. C-17). 144.89 (Ph, C-15).
169.52, 169.76, 169.91, 170.54 (C = 0).

Anal. Calce. for C,-H,,NO-: C, 58.15; H, 598: N, 299, Found: C. 57.83:
H, 5.95: N. 4.09.

Acetylation of 6P and 6xP + 6BP. - This reaction was performed following
the literature'*® procedure.

Dcacetylation of 16. — To a solution of 16 (1.76 g. 0.005 mol) in anhydrous
methanol (5 mL) was added m methanolic sodium methoxide (0.5 mL). The mixture
was kept at room temperature for 1.5 h, neutraliscd with solid CO, filtered. and
concentrated under dimmished pressure. The solid residue was crystallised from
anhydrous methanol. to give 6P (0.95 2. 85" )
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2,3-O-Isopropylidene-D-ribofuranosylamine (18). — This compound was
synthesised® by the action of 0.15M methanolic sodium methoxide (3 mL) on 2,3-0-
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-ribofuranosylamine (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-nD-glucopyranosylamine (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, 899;), m.p. 138-140°,
[2]2° +14° (¢ 1, methanol); Lit."® m.p. 140°, [«]3° +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]2°
—21.5° (¢ 1, methanol); lit.”* m.p. 89°, [«]2° —25° (¢ 1, methanol).

REFERENCES

1 G. P. ELLis AND J. HONEYMAN, Adv. Carbohydr. Chem., 10 (1955) 95-98.

2 (@) 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. RopDA, AND A. R. Topp, J. Chem. Soc., (1949) 1613-1623;
(d) C. pE Gourcy, 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., 5¢me série, Soc. Chim. Thér., Paris, (1977) 3-28.

4 L. MESTER, Dérivés hydraziniques des glucides, Hermann, Paris, 1967, pp. 18-21.

5 (@) E. Mitts ANp R. M. HixoN, J. Am. Chem. Soc., 66 (1944) 483-486; (b) W. Pioman, E. A.
CLEVELAND, D. H. CoucH, aNp 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. RUGG, AND G. SHAW, J. Chem. Soc., Perkin
Trans 1, (1973) 1720-1730.

7 (a) N. S. VOLODARSKAYA, V. . Mamonov, V. I. SVERGUN, AND V. G. YASHUNKN, Zh. Obshch.
Khim., 41 (1971) 2328-2332; () M. M. VIGDORCHIK, R. P. OLAD’KO, N. P. KOSTYUCHENKO, AND
N. N. Suvorov, Dokl. Akad. Nauk SSSR, 193 (1970) 337-340; (¢) 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. Soc. 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. REGGIANL, G. G. GALLO, AND A. VIGEVANI, Tefrahedron, 22 (1966) 3061-3083;
(b) V. S. R. Rao AND J. F. FOsTER, J. Phys. Chem., 69 (1965) 656-658.

14 G. P. ELLIS AND J. M. WiLLiams, Carbohydr. Res., 95 (1981) 304-307.



20 C. CHAVIS, C. DE GOURCY, F. DUMONT, 1.-L. IMBACH

15 (a) L. BERGER AND J. LEE, J. Org. Chem., 11 (1946) 75-83; (b) ibid., 91-94; (¢) G. A. HOwARD,
G. W. KenNER, B. LYTHGOE, AND A. R. Topob, J. Chem. Soc., (1946) 855-861; (d) G. P. ELLIs
anND J, HONEYMAN, ibid., (1952) 1490-1496; (e) K. BUTLER, S. LALAND, W. G. OVEREND, AND
M. STACEY, ibid., (1950) 1433-1439; (f) G. DouGLAS AND J. HONEYMAN, 1hid., (1955) 3674-3681;
(g) S. Tsuikl, J. Exp. Med., 61 (1955) 365-379. (&) G. P. ELLIS AND J. HONEYMAN, Natare ( London ),
(1951) 239-240; (/) G. P. ELLIS. J. Chem. Soc., B, (1966) 572--576.

16 C. Cuavis, F. DUMONT, AND J.-L. IMBACH, J. Carbohvdr. Nucleos. Nucleor., 5 (1978) 133147,

17 R. WALCZYNA anND I. SokoLowskl, Pol. J. Chem., 52 (1978) 1933-1947.

18 (a) E. BREITMAIER AND U. HoLLSTHIN, Org. Magn. Reson.. 8 (1976) 573-575: (b) E. BREITMAIFR
AND W. VOELTFR, in H. E. EBEL (Ed.), '3C-N.M.R. Spectroscopy . Mornographs in ModernChemistry,
Vol. 5, Verlag Chemie, Weinheim, 1974, p. 230.

19 J. HoNnEyMaN anD A. R. TaTcHELL, J. Chem. Soc., (1950) 967-971.

20 B. RAYNER, unpublished data.

21 J.-L. ImBacH, J. L. Barascur, B. L. Kam, B. Ray~Ner, C. Tamsy, anp C. Tariero. J. Heterocycl.
Chem., 10 (1973) 1069-1070.

22 B. RAYNER, C. TAPIERO, AND J.-L. IMBACH, Carbohydr. Res., 47 (1976) 195-202.

23 H. Ourui, G. J. Jongs, J. G. MorraTT, M. L. MapDOX. A. T. CHRISTFNSEN, AND S, K. BYrRAM,
J. Am. Chem. Soc., 97 (1975) 4602—-4613.

24 P. A. LEVENE AND E. T. SnLLER. J. Biol. Chem., 102 (1933) 187-201.

25 P. A. LEVeNE AND R. 8. Tipson, J. Biol. Chem., 92 (1931) 109-115.



