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Arylazo-glycenosides. Part 7.' Syntheses of Amino-sugars from 
Methyl Arylazo- hexenopyranosides 

By George S. Hajivarnava, W. George Overend," and Neil R. Williams, Department of Chemistry, Birkbeck 
College, University of London, Malet Street, London WC1 E 7HX 

Reaction of the anhydro-glycopyranosiduloses (1 ) and (2) with o-nitro- and o,p-dinitro-phenylhydrazine yielded 
the hydrazones (3)-(6), whereas phenyl- or p-nitrophenyl-hydrazine yielded the phenylatoalkenes (7)-(lo), 
formed by rearrangement of intermediate hydrazones. Reaction of the azoalkanes (8) and (9) with a range of 
nuceophiles yielded the &-substituted phenylhydrazones (1 1 )-(19) and (24)-(28), respectively, by 1,4- 
addition. It has been shown that the a-amino-hydrazones (20), (25), and (28) can be reduced to vicinal diamino- 
sugars, thereby providing a new route to these compounds. Reduction of the azoalkene (9) yielded the 2-amino- 
2,3,6-trideoxy-hexopyranoside, isolated as the ON-diacetyl derivative (31 ). 

IN a previous paper we have reported on the synthesis 
and some reactions of a-epoxyketones derived from 
sugars, which constitute a c k s  of carbohydrate deriv- 
atives with promising potential as intermediates for the 
synthesis of a range of modified sugars. Illustrative of 
this potential we described their use in syntheses of 
colitosc and an ai~ino-deoxysu~ar.2 Paulsen and Sinn- 
well have also described the use of such compounds in 
synthesis and have reported recently a synthesis of the 
naturally occurring branched-chain sugar, 7-octose, 
derived froin isoquinocycJine antil~iotics.~ Now, we 

responding arylhydrazones (3)-(6) as yellow, crystalline 
compounds in 65-75% yields. On the other hand, 
treatment of either epoxyketone with phenylhydrazine 
or 9-nitrophenylhydrazine under similar conditions 
yielded the azoalkenes (")-(lo), which were obtained as 
orange crystals in ca. 70% yield. Examination of these 
reaction mixtures in weakly alkaline solution (pH 8) 
indicated that the arylhydrazone is first formed and, 
subsequently, gives rise to the azoalkene which has a 
lower RF value; the same sequence of reactions occurs 
much more rapidly in acidic, solution (pH 4.0) with the 

report on the reaction of epoxyketones of this type with 
phenylhydrazine or nitrophenylhydrazines to give either 
phenylhydrazones or arylazoalkene derivatives which can 
subsequently be transformed into a variety of substituted 
amino-sugars. The formation and reactions of azo- 
alkenes derived from glycosiduloses have been reported 
previously from these laboratories * and the reactions 
now described provide an alternative route to these use- 
ful intermediates. 

Formation of A ryLhydvazones and AryLazo-alkenes.- 
Treatment of methyl 2,3-anhydro-p-~-erythro-pento- 
pyranosid-4-dose ( 1)  or methyl 3,4-anhydro-6-deoxy- 
cc-~-Zy~o-hexopyranosid-2-ulose (2) with o-nitrophenyl- 
hydrazine or o,$-dinitrophenylhydrazine in ethanol con- 
taining acetic acid at  room temperature yielded the cor- 

initial faster-moving component (t.1.c.) appearing within 
2 min and disappearing within a further 30 s. For the 
various arylhydrazines used, kinetic studies on both 
epoxyketones indicated the expected sequence of 
reactivity of phenyl > 9-nitrophenyl x o-nitrophenyl > 
o,p-dinitrophenyl with the reaction being 10-20 times 
faster a t  pH 4.0 than at  pH 8.0. Thesz results suggest 
that the hydrazone derivative of the ketone is first- 
formed, which then undergoes rearrangement involving 
acid-catalysed opening of the epoxide ring (Scheme 1 ) .  

N 
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lacked signals for an imino-proton, but showed doublets 
in the region S 6.8-7.2 which could be assigned to the 
alkenyl proton at C-3, coupled to either 2-H or 4-H. By 
contrast, the signal for 3-H in the o-nitrophenylhydr- 
azones (3) and (5) appeared at  S 3.97 and 3.82, respect- 
ively, being somewhat deshielded for an epoxide proton 
by the adjacent hydrazone group and exhibiting coupling 
to the adjacent epoxide proton of 3-4 Hz, as expected. 
Compound (5) was obtained as a mixture of syn- and anti- 
stereoisomers in ca. 1 : 1 ratio as indicated by its n.m.r. 
spectrum which shows duplicate signals for 1-H, 3-H, 
5-H, CMe, and OMe. Unfortunately, it was not pos- 
sible to obtain interpretable spectra for the o,P-clinitro- 
phenylhydrazone derivatives. 

Reactions of the Avylazoalkenes.-Treatment of the p -  
nitrophenylazoalkene (8) with a range of nucleophilic 
reagents yielded the series of compounds (1 1)-( 19) which 
a21e formed by 1,4-addition in a manner analogous to the 
reactions of azoalkenes previously dc~cr ihed .~  The 

By contrast, formation of azoalkenes from glycosidulose 
arylhydrazones has hitherto involved base-catalysed (B) 
elimination of an a-ester or halogeno-leaving group 
(Scheme 2).4 

H--B’ 

ArN-N -+ HB + ArN=N < t OBz- 
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Of particular interest is the fact that the phenyl- 

hydrazines with an ortho-nitro-group present in the 
aromatic ring yield the hydrazones as stable products 
whereas those lacking such a group rapidly rearrange to 
azoalkenes. The fact that both 0- and P-nitrophenyl- 
hydrazine conform to this pattern, yet react a t  similar 
rates a t  pH 8.0 with the epoxyketones (1) and ( Z ) ,  sug- 
gests that the nitrophenylhydrazones are formed sim- 
ilarly in both cases, but that, for some reason, the re- 
arrangement of the ovtho-nitro-substituted hydrazone is 
then inhibited. This, possibly, could be ascribed to the 
formation of a strong, intramolecular hydrogen bond 
between the imino-hydrogen and a nitro-oxygen, as in 
(A) (which is only feasible for the ortho-isomer), thereby 
rendering the imino-hydrogen less sensitive to attack by 
base; this does not, however, explain the stability in 
acidic solution. More plausibly, the ortho-nitro-group 
may inhibit the rearrangement by making the resultant 
azoalkene less stable than it is when there is no ortho- 
nitro-group present. This may be ascribed 
through-space electronic interaction between 
and nitrogen lone pairs as in (B). 

to a direct 
the oxygen 

The hydrazones could be distinguished readily from 
the azoalkene derivatives since they differed both in 
colour and in their i.r. spectra in the v 1 600 cm-l region. 
All the compounds in this and previous work4 which 
have been assigned hydrazone structures exhibit strong 
absorption at or close to w 1 600 cm-l, which we ascribe 
to the C=N stretching vibration in these derivatives; in 
contrast, the azoalkenes either lack an absorption band 
in this region or show only relatively weak absorptions. 
In addition, the o,$-dinitrophenylhydrazones exhibit a 
second, strong band a t  v 1580 cm-l, and the o-nitro- 
phenylhydrazones a further band at  v 1560 cm-l. The 
rearrangement of a hydrazone to an azoalkene structure 
also causes a bathochromic shift in the U.V. spectrum; 
A,,,. for the o-nitrophenylhydrazones (3) and (5) occurs 
at 300 nm whereas the fi-nitrophenylazoalkenes (8) and 
(10) have A,,,. at  320 and 314 nm, respectively. 

In confirmation of the assignments, the l H  n.m.r. 
spectra of the compounds with an  azoalkene structure 

(11)  R = NMc, 

(13) R = NHEt 
(14) R = NH, 

(12) R = NHMe 

K 
(15) R = NHNHPh 
(16) R = N, 

(18) R = H 
(17) R = OMe 

reactions occurred readily at  room temperature : they 
could be monitored easily by t.1.c. and in most cases there 
was a change of colour from orange to yellow. The 

(19) 

addition products could be isolated readily in good yield 
as stable, yellow crystalline solids. Optical rotations 
and n.m.r. spectral information for these derivatives are 
summarised in Table 1. All these compounds exhibited 
a strong absorption band at  or close to v 1600 cni-l 
which we assign to the C=N double bond in an aryl- 
hydrazone, indicating the formation of a 1,4-addition 
compound. 

The a-D-threo-configuration assigned to these com- 
pounds is based on the configuration of the starting 
material, which determines the configuration at C-1 and 
C-2, and also by relation to the configuration of the 
derived diamino-sugars, described below [prepared from 
the benzylamino-adduct (20) of the phenylazoalkene 
(7)], which determined the configuration at  C-3. As is 
indicated in Table 1, the close similarity of the n.m.r. 
data, especially the coupling constants for compound 
(20) with those of therelated amine adducts (11)-(14), 
strongly suggests that a similar conformation and con- 
figuration are involved for these compounds. Further, 
the large value of the coupling constant between 2-H and 
3-H ( J  7.2-8.0 Nz) would suggest that these protons 
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c-3 
Compound substituent 

( 1 1 )  NMe, 

(12) NHMc 

(13) NHEt 

(14) N H, 

(15) NHNHPh 

(16) N, 

TABLE 1 

Optical rotations and n.m.r. spectral data for compounds (1 l)--(%) 
N.m.r.  spectral data (8 and Hz) 

[c(]I,' 1-H 
+407 d, 4.86 

+202 d, 4.80 

+ i 4 2  a,  4.76 

d ,  4.83 

-146 d ,  4.94 

-364 d ,  4.85 

-178 d,  4.82 

-55 d, 4.78 

-34.5 d, 4.76 

d, 5.0 

2-H 
q ,  4.12 

4, 3.79 

q ,  3.77 

q ,  3.86 

q, 4.25 

q,  5.22 

in, 4.10 

m, 4.04 

q,  4.04 

q, 4.06 

5-H 
3-H 5'-H 

a ,  3.74 q, 4.74 
(Jvml6) 

d, 3.46 s, 4.60 

d ,  3.57 s, 4.58 

d, 4.10 q ,  4.66 
(Jgem14) 

d,  4.14 q, 4.68 
(Jgeml6) 

d,  4.40 dd, 4.80 
and 4.32 
(Jgem15.5) 

d,  4.23 s ,  4.75 

q t- q, 3.0 
and 2.76 (Jgemlb)  

q ,  4.60- 

d, 2.96 q,  4.60 

d ,  3.83 q ,  4.81 
(Jgem16) 

( J w n  16) 

OMe 
s, 3.34 

s, 3.30 

s, 3.28 

s, 3.36 

5 ,  3.32 

s, 3.46 

s ,  3.35 

s, 3.40 

s, 3.35 

s .  3.40 

NHAr 
s ,  10.48 2.65 

s, 10.08 2.93 

s, 10.04 1.03 and 

(NMe,) 

(NMe) 

(EtN) 
2.64 

s, 10.06 

2.15 
(OAC) 

( O W  
s, 10.35 3.52 

s, 10.12 

Ji,z J2.3 
4.0 8.0 

3.0 7.2 

2 .5  7.0 

3 .0  8.0 

3.0 7.0 

2.7 4.0 

3.0 6.0 

3.0 4.5 
anti 
5.5 

3.0 4.0 

3.0 8.0 

Solvent b 

Y 

z 
z 

z 
Y 

Y 

z 

z 

z 
z 

Rotation5 in McOH, c 0.1-0.2. b Y ,  [2H5]pyridine; Z ,  [2H5]pyridine + (CD,),SO. N.m.r. data for the 2-O-acetyl clcrivative. 
c 0.07 In EtOlH. 

are tvaizs, diaxially oriented, and not cis-related. How- 
ever, the difficulty with this interpretation is that the 
sugars woulcl need to adopt the lC, chair conformation 
(21) to make this arrangement possible, whereas the 
low value of the coupling constant between l-H and 2-H 
( J  2 . 5 - 4 . 0  Hz) clearly indicates that  these protons are 
not diaxially oriented as this conformation would 
require. In  fact, neither chair conformation accom- 
modates the coupling data. We propose that the results 
might be accommodated if these derivatives adopt the 
twist-boat conformation (22) in which 2-H and 3-H 
approach an anti-periplanar orientation, whereas l-H 
and 2-H are closer to an anti-clinal relationship which 
could be compatible with the observed J1,2 values. In  
this conformation the compound avoids the marked syn- 
diaxial non-bonded interaction between the C-1 and C-3 
substituents which would be present in the 4C, chair 
form, whilst tlie marked anomeric effect, which would 
otherwise stabilise this chair form, may still operate 
effectively in the twist form. In  addition, an intra- 
molecular hydrogen bond can operate in the twist form, 
involving a six-membered ring between the hydrazone 
proton and the C-3 amine group, or a five-membered 
ring between the proton of the hydroxy-group a t  C-2 and 
the amino-group at C-3, which is not possible in the *C, 
conformation. ,4lthough both these hydrogen bonds 
could also equally form in the alternative lC, chair form, 
in this case the anomeric effect would be a destabilising 
force. In  addition, it may be noted that the presence 
of an sp2-hybridised atom in a cyclohexane ring reduces 
the energy difference between chair and twist-boat forms 
from >5  to ca. 3 kcal mol-l (1 cal = 4.184 J).5 On this 
basis, we conclude that the methoxy-derivative (17) 

adopts a rather similar conformation, whereas the acetate 
derived from the azido-adduct (16), and the 3-deoxy 
sugars (18) and (19) appear to adopt the 4C1 conform- 
ation. This is not surprising since there is no marked 
syn-diaxial interaction to destabilise this chair form and 
the anomeric effect would be expected t o  control the 
preferred form in this case. 

It is interesting to note the wide range of optical 
rotations observed for these adducts ; whereas the 
amino-adducts, for which we suggest a twist-boat con- 
formation, have a marked positive rotation except for 
the phenylhydrazino-compound (15), those derivatives 
with the 4C, chair conformation have negative rota- 
tions. 

With the exception of the benzylamino-derivative 
(20), attempts to prepare similar adducts from the 
phenylazoalkene (7) were unsuccessful, leading either to 
recovery of starting material, with the addition step 
apparently being reversible under the conditions used 
during work-up, or to complex mixtures of products 
which could not be satisfactorily separated for identi- 
fication. The benzylamino-adduct (20) was obtained as 
colourless crystals from compound (7) with benzylamine 
under conditions similar to those used for the $-nitro- 
phenyl adducts (1 1)-( 19). The fact that compound 
(20) alone crystallises directly from the reaction solution 
could explain why it  could be readily isolated, in con- 
trast to the other adducts. However, when the product 
obtained by reaction of compound (7) with sodium 
methoxide was hydrogenated directly over Raney nickel 
without prior isolation, a product could be isolated 
which, after purification by column chromatography 
and ace t ylat i on, yielded crystalline methyl 4-ace t am i clo- 
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NHCHZPh 

(20) ( 2 1 )  

NHAc 

H.*""' 
I 

H 'OMe 

( 2 2 )  

H A OMe 

(23) 

QoMe 

HO N-NHPh 

( 2 4 )  R =NMe2 
(25) R =NHMe 
(26) R =NHEt 
(27) R =NHz 
( 2 8 )  R =NHCHzPh 

(30) 

R "Oh OMe 

HM&: 

N*NHPh OH 
NHPh H 

(29a) (29b) 

2-O-acetyl-3-O-niethyl-4-deoxy- p-L-ribopyranuside (23). 
The ribo-configuration assigned to tlie conipound was 
deduced from n.ni.r. spectral data (Experimental 
section) wliicli sliows J l , z  1.5 Hz, establishing 1-H and 
2-H as trans-diequatorial and not trans-diaxial, and 
J4,SLu: = J4,Seq = 3.0 Hz, establishing 4-H as equatorial 
also. The configuration at  C-3 is much less certain; the 
coupling J2,3 = J3,4 = 4.0 Hz is compatible with 3-H 
being either equatorial or, perhaps, more likely, axial. 
The apparent absence of long-range coupling between 
3-H and &He,, which could be detected ( J  ca. 0.5 Hz) 
for the &He, signal in the 3-deoxy-analogue of this 
sugar (35), which adopts the same conformation,2 tends 
to support an axial assignment for 3-H. Finally, the 
chair form suggested by the coupling data would not be 
expected to be preferred if the methoxy-group at  C-3 
was axial, since a marked syn-axial interaction between 

the C-1 and C-3 nietlioxy-groups would then occur, aiid 
iiideetl tl ie L- lo-diariiiiio-sugar (34) , described below, 
does adopt tlie alternative lC, conformation. 

Treatment of tlie phenylazoalkene (9) with a number 
of amine reagents yielded the corresponding phenyl- 
liydrazones (24)--(%) by 1,4-acldition, which were 
obtained as pale yellow or colourless crystalline solids, 
except for the benzylariiine adduct (28) which could be 
obtained only as a syrup. In tliis case, the n.m.r. 
spectral evidence suggested the presence of a mixture of 
stereoisomers in ca. 8 : 1 ratio. Optical rotations a,nd 
x1.ni.r. spectral data for these compounds are sum- 
marised in Table 2. All the substances exhibited the 
strong absorption band between v 1590-1 610 cm-l for 
the hydrazone group. Compound (9) also underwent 
ready reaction with phenylhydrazine, sodium methoxide, 
sodium azide, and sodium borohydride, but in each case 
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TABLE 2 

Optical rotations and n.rn.r. spectral data for compounds (24)-(28) 

c - 3  

(24) NMe, - 270 

(26) NHEt - 259 

( 2 7 ) d  NH, - 184 

Compound substituent [a]D" 

(25) NHMe - 397 

(28) NHCH,Ph 

N.m.r. spectral data (6 and Hz) b 
A 7 

l - H  3-H 4-H 5-H CMe OMe other N H  J3,4 J 4 . b  

s, 5.26 d ,  3.19 q, 3.83 oct, 4.43 d,  1.32 s, 3.50 2.46 (NMe,) s, 8.0 5.5 3.0 
s, 5.16 d,  3.17 ca. 3.45" oct, 4.14 d, 1.38 s, 3.43 2.44 (NMe) s, 8.2  5.0 3.6 
s, 5.16 d, 3.26 ca. 3.45" oct, 4.15 d, 1.28 s, 3.43 2.7 (CH,Me), s, 8.2  5.5 3.6 

s, 4.76 d,  3.26 q,  3.32 m, 4.0 d, 2.32 s, 2.96 5.5 (4.0) 
s, 5.17;  d, 3.28 oct, 4.10 d,  1.2;  s, 3.35;  q, 3.78 8.3 5.0 3.0 
s, 4.88 d,  1.03 s, 3.31 

1.12 (CH,Me) 

c 0.1  In CHCl:,. Spectra measured in CDC1,. Signal for 4-H masked under OMe signal. Spectrum measured in can,. 
Data for minor compoiient. 

a niixture of products resulted from which no pure 
compounds could be isolated. 

The xylo-configuration assigned to compounds (24)- 
(28) was deduced from the structures of the ido- and 
gulo-diamino-sugars, described below, and derived from 
compounds (25) and (28). These require a trans-con- 
figuration for the substituents a t  C-3 and C-4, the cis- 
relationship of the C-4 and C-5 substituents following 
from the configuration of the initial azoalkene. The 
n.m.r. spectral results for these compounds are more 
equivocal. In the lC, conformation (29a) which has the 
C-5 alkyl group equatorial as is normally found for L- 
hexopyranoses, the low value of the 4-H-5-H coupling 
( J  3 . 0 4 . 0  Hz) is expected for gauche-related protons, 
with 5-H axial and 4-H equatorial. The value of J3,4 

(5.0-5.5 Hz) is most naturally interpreted also as a 
gauche coupling, but this is excluded by the evidence from 
the diamino-sugars. The 3 - H 4 - H  coupling seems too 
large for diequatorially related protons. One explan- 
ation could be that the alternative 4C, chair form (29b) 
is also present and is, perhaps, the major form. It may 
be that, like the phenylhydrazones derived from com- 
pound (8), a twist-boat conformation is preferred. In 
either event the change from the lC, conformation allows 
the syn-diaxial interaction between the C-1 and C-3 sub- 
stituents to be relieved and, on the other hand, an intra- 
molecular hydrogen bond involving the C-3 amino- 
substituent and either the C-2 phenylhydrazono-group 
or the C-4 hydroxy-group, becomes possible in the 
alternative forms. I t  may be noted that these results 
were consistent with axial attack at  C-3 on the more 
stable half-chair conformation (30). 

Reduction of compound (9) with sodium borohydride 
followed by hydrogenation over Raney nickel and subse- 
quent acetylation yielded crystalline methyl 2-acet- 
amido-4-@ace tyl-2,3,6- t rideoxy- a-~-xyZo- hexopyrano- 
side (31). The xylo-configuration was assigned from 
n.m.r. data; a value of J 2 . b  11.0 Hz established that 
2-H and 3-H,, were diaxially related, whereas Jl ,2  2.5, 
J2,3eq 5.0, and 1.5 Hz suggested that these are gauche 
relationships, as required by the lC, conformation. 

Synthesis of Diami.no-sugars.-Methyl 3-benzylaniino- 
3-deoxy-a-~-threo-pentopyranosid-4-ulose p henyl- 
hydrazone (20) was hydrogenated over Raney nickel and 
the product mixture purified by column chromatography 
to give methyl 4-amino-3-benzylamino-3,4-dideoxy-~-~- 

xylopyranoside (32). This was then hydrogenolysed 
over 10 yo palladium-on-charcoal to give a quantitative 
yield of crystalline methyl 3,4-diamino-3,4-dideoxy-p-~- 
xylopyranoside (33) , characterised as its tri-NNO- 
benzoyl derivative, methyl 3,4-dibenzamido-2-0- 
benzoyl-3,4-dideoxy-~-~-xylopyranoside (34). Although 

BzHN OBz 

( 3 4  1 

OMe 

OMe 7 I 

H mH OH NH2 H mH OH NH2 

(40)  

NHR 

(32) R =CH,Ph 
( 3 3 )  R = H  

AcHNQ 

OMe 

(35) 

H OMe 

H 

OH 

(37 1 

t 

B Z O /  

(39 1 

H 

H 

(41 1 
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this compound was not adequately soluble in the usual amine adduct is sufficiently stable to be reduced whereas 
solvents for n.m.r. spectral analysis, an adequate solution 
could be obtained in trifluoroacetic acid, which allowed 
n.m.r. signal assignments to be made. A doublet at  
6 5.2 (J l , 2  8.0 Hz), was assigned to l -H,  and a quartet at 
6 5.61 (J l , 2  8.0 and J2,3 10.0 Hz) was assigned to 2-H, 
establishing the conformation as a lC4 chair form (34) 
with l -H and 2-H diaxially oriented. The further 2-H- 
3-H coupling of J 10 Hz then establishes the trans- 
configuration of the substituents a t  C-2 and C-3. 
Whereas the signals for 3-H and 4-H could not be clearly 
resolved from each other, J4,5 values could be obtained 
from the signals for 5-He, and 5-H,,, which appeared as 
quartets at 6 4.6 (Jgem 12.0 and J5ep,4 4.5 Hz) and at  6 4.12 
(Jsaz,4 8.0 Hz), respectively. The latter clearly suggests 
that  4-H and one of the 5-H protons are diaxially 
oriented, which leads, therefore, to the L-xylo-configur- 
ation for the product. This establishment of the L- 
xylo-configuration of compound (34) serves to confirm the 
D-threo-configuration of the phenylhydrazone precursor 
(20) and, by analogy, the configurations of compounds 

In  an attempt to convert other amine adducts of the 
phenylazoalkene (7) into diamino-sugars, the reaction 
solution obtained with either dimethylamine, methyl- 
amine, or ammonia was directly hydrogenated over 
Raney nickel, without any attempt to isolate the phenyl- 
hydrazone intermediate (which the colour change from 
orange to pale yellow and t.1.c. monitoring indicated had 
been formed). However, in each case, the product 
obtained after acetylation was found to be methyl 4- 
acetamido-2-0-acetyl-3,4-dideoxy-~-~-erythro-pento- 
pyranoside (35) which had been obtained previously by 
another route.2 This was the product expected from 
direct hydrogenation of the azoalkene ( 7 ) ,  which sug- 
gests that the amine adduct is in dynamic equilibrium 
with the azoalkene and free amine and that the azoalkene 
is reduced more readily than the adduct (see Scheme 3). 

(11)-(19). 

the adducts with simple aiiphatic amines are not. 
In a similar way, methyl 3-benzylarnin0-3~6-dideoxy- 

oc-~-Zyxo-hexopyranosid-2-ulose phenylhydrazone (as), 
prepared in situ by the reaction of benzylamine with 

compound (9), was hydrogenated over Raney nickel. 
T.1.c. examination of the reaction solution indicated that, 
besides a small amount of starting material, four products 
were present; these were considered to be two sets of 
stereoisomers in a ratio of ca. 10 : 1. The major pair of 
products had the higher RP value. Column chromato- 
graphy of the mixture allowed partial separation of the 
components and this was completed by fractional 
crystallisation. In  this way the major pair of isomers 
were separated to give methyl 2-amino-3-benzylamino- 
2,3,6-trideoxy-cc-~-idopyranoside (36) as a syrup, and 
methyl 2-amino-3-benzylamino-2,3,6-trideoxy-~-~- 
gulopyranoside (37) as a crystalline solid, obtained in a 
3 : 2 ratio. The configurations assigned to these com- 
pounds followed from their n.m.r. spectra (see Table 3).  

For the idoside (36), all the vicinal couplings between 
the ring protons were J 2.5 Hz or less, and further 

TABLE 3 
N.m.r. spectral data for diamino-sugar derivatives 

N.m.r.  spectral data (6 and Hz) 
.- \ h - r---- 

Compd. Solvent" l - H  2-H 3-H 4-H 5-H CMe OMe other J1,2 J 2 , 3  J3,.i J4 5 

8.0 10.0 4 .5  
8.0 

K d, 5 .2  t ,  5.61 

L s,  4 .35 q, 3.04 sex, 2.70 q, 3.40 oct, 3.95 d,  1.22 3.26 5.70 (CH,Ph), 1.5 2.5 4 .5  1 .5  

L d, 4.21 t, 3.10 t, 2.74 m ,  3.56 oct, 3.96 d,  1.19 3.26 3.74 (CH,Ph), 2.24 3.0 4.0 3.0 1.5 

1.5 2.5 3 .0  1.5 L s ,  4.38 m, 2.96 m, 2.59 m, 3.42 oct, 3.88 d, 1.22 s ,  3.26 s ,  2.34 (NMe) 
(J2,42.0, J1~31.5) 

M d, 5.3 m, 5.1 m, 5.6-6.0 m ,  4.48 d,  1.36 3.18 d, 8.58 (NH),  

q 1  4.6 } 12.0 q, 4.12 
(34) 

(36) 

(37) 

(40) 

(41) 

br (J 6.5) 2.54 ("2, NH, OH) (J2,41.5,'J1,31.0) 

(NH,, N H ,  OH) ( J  6.5) 

7 .0  9.0 >8.0 - 
br ( J  6.5) 

( J N H , ~ . ~ ) ,  2.96 (NMe) 
a K, CF3C0,H; L, CDCI,; M, C,D,. 

Other evidence for an adduct being in equilibrium with a 
phenylazoalkene and addition reagent has been obtained 
in our l a b ~ r a t o r y . ~ ~ ~  In the case of the reaction with 
ammonia, a trace of another product was obtained, as 
indicated by t.l.c., which had an RF value similar to that 
of the diamino-sugar (33). It is not clear why the benzyl- 

splitting of the proton signals of J ca. 1 Hz for 1- to 4-H 
could be assigned to long-range coupling between 1 -H 
and 3-H and between 2-H and 4-H. This was con- 
firmed by double irradiation experiments which clearly 
suggests that all these protons are equatorially disposed, 
as required for an cc-L-idose derivative in the lC, con- 
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formation shwvii ii i  structure (36). In tlie case of tlle 
gulosc isomer ( 3 7 ) ,  somewhat larger vicinal coupling 
constants for 2-H were observed (J1 ,z  3.0, J2,3  4.0 Hz) 
(compared with the idoside) , compatible with gauche- 
rclated protons, whereas tlie values for J3,4 and J4,5 were 
similar to tliosc for conipound (36) ( J  3.0 and 1.5 Hz 
respectiveljr) ; iur tlier, no long-range coupling between 
2-11 and 4-H Lvas detected. Thcs:: results fit with the 
gulo-coiifiguratioii asigned to compound (37). Hence, 
the two major stereoisomers are epimeric at  C-2, with the 
C-3 substituent axial. I t  may be surmised that the two 
minor products, which were not individually charac- 
terised, were the corresponding isomers having the C-3 
substituent equatorial, i .c .  the talo- and galacto-isomers. 
The ido- antl Yz110-configurations assigned to compounds 
(36) antl ( U ) ,  respectively, serve to establish the xylo- 
configuratioii of compound (28). 

Catalytic hyclrogenation of compound (36) over pal- 
ladium-on-cl~arcoal yielded methyl 2,3-diamino-2,3,6- 
trideoxy-r-I<-idopyranoside (38)  as a crystalline solid 
and, similarly, compound (37)  gave methyl 2,3-diamino- 
2,3 ,6-trideoxy-a-r2-gulopyranoside (39). 

The met1:ylamino-adduct (25) was also hydrogenated 
ovcr Raric!. nickel in sitzb to yield a mixture of two pro- 
ducts (ratio C I I .  10 : 1)  which could be separated by 
column clirc,n~ato~rapli37 to give the major product as a 
syrup in (;TO/,, yield. I t  was identified as methyl 2- 
aniino-3-1netli~lainino-2,3,6-t rideoxy-cr-~-idopyranosicle 
(40), with v:tluc~s for tlie vicinal coupling constants 
similar to tliose for compound (36) and, again, long-range 
coupling wab apparent between the Wrelated ring pro- 
tons, 2-H, 4-H, and l-H, 3-H. The assignment of the 
ido-configurat ion for compound (40) confirms the xylo- 
configuration o f  compound (25). By analogy, com- 
pounds (24), (as), and (27 )  are also considered to have the 
I--A do-configu rat ion. 

Compound (40) was cliaracterised by preparation of its 
SSO-tribenzoj.1 derivative (41), obtained as a syrup. 
In this cast' the vicinal ring-proton coupling constants 
which could be determined indicated that the compound 
had switclicd to the alternative 4C, chair conformation. 
Values of 7.0, J 2 , 3  9.0, and J3,4 > 8.0 Hz clearly 
suggest that the relevant protons are all now diaxially 
related, in contrast with the correspondingly low coupling 
constants found for compound (40) where they are all tli- 
c (1 ua t ( )r i a1 I y r c'l a t ed . 

' h i s  work provides a route for the synthesis of glyco- 
pyraiiosides of clia,mino-sugars and of mono-L2'-alkylated 
diamino-sugars in  which the amino-groups are located on 
adjacent carbon atoms in the pyranoid ring. It is note- 
worthy that in each example cited the major diamino- 
sugar derivative produced by reduction of the phenyl- 
hydrazone is that in wliich the amino-groups are trayzs- 
locatecl. 

EX PE R I M E  ?; T A L 

Methods.-  -1 T.v. spectra were nieasurecl on a l'erkin-Elmer 
402 Ultraviolet and Visible spectrometer, in 96% ethanol 
unless stated otherwise. 1.r. spectra were measured for 

solids dispersed in potassium bromide discs, and for syrups 
as smears on potassium bromide discs. N.ni.r. spectra were 
determined with a Varian A-60D instrument or with a JEOL 
JNM-MH- 100 spectrometer : unless otherwise stated 
measurements were made on solutions in deu teriochloroform 
relative to the internal standard tetramethylsilane. Coupl- 
ing constants were obtained by first-order analysis of the 
spectra. The operating frequency for partially second- 
order spectra was 100 MHz. It is recognised that in the 
first-order analysis errors will be greater from a 60 MHz 
spectrum than from a 100 MHz spectrum. 41so i t  is 
recognised that due consideration must be given to the 
deviation of line spacings from the coupling constants 
in second-order spectra, but this is not critical to our 
determinations. The J values quoted are used only to 
distinguish possible chair forms and not to deduce 
detailed conformational structures. Optical rotations were 
measured with a Perkin-Elmer 14 1 polarimeter, on chloro- 
form solutions unless stated otherwise. T.1.c. was per- 
formed on microscope slides coated with either Kieselgel 
G or G,,, nach Stahl with one of the following solvent 
systems : A, dichloromethane ; B, dichloromethane-ethyl 
acetate, 4 : 1;  C, ethyl acetate; or D, ethyl acetate- 
methanol, 10 : 1. Spots were located with an anisaldehyde- 
sulphuric acid-ethanol spray a t  elevated temperatures, or 
under U.V. light. In the addition reactions the mother 
liquors from the isolation of the major product were not 
examined by t.1.c. for trace or minor products. 

Pvepayation of A rylhydvazones ov '4  yylaxoal/<enes.- 
Geneva1 pvoccduve. The anhydroglycosidulose ( 1 )  or (2) 
(0.15-0.5 g) in ethanol (3-15 ml) was treated with a slight 
excess (1.1 mol equiv.) of the relevant arylhydrazine dis- 
solved in ethanol (4-6 ml) containing acetic acid (0.2 nil). 
The mixture was stirred a t  room temperature for 1--2 h and, 
after cooling the solution in an  ice-bath, crystals were 
filtered off and recrystallised from ethanol to  give the stated 
yields of product. The following compounds were obtained 
by this general procedure : methyl 2,3-anhydvo-P-~-erythro- 
pentopyvanosid-4-dose o-nitrophen3ilhydvazone (3) [from 
compound (1) (0.3 g) and o-nitrophenylhydrazine (0.35 g)] 
as yellow needles (0.43 g ,  74y0), 1n.p. 153-154 'C; [a& 
+144" (c 0.14); A,,,,. 300 nm (E 12 800); wmax. 1 610 cm-1 
(C=N); 6 5.06 (s, 1-H), 4.30 (q, Jg,, 14.5 Hz, 5- and 5'-H), 
3.97 (d, J 2 , 3  4.0 Hz, 3-H), 3.56 (s ,  OMe), and 3.47 (d, 2-H) 
(Found: C, 51.7; H,  4.5; N, 15.0. C,,H,,N,O, requires C,  
51.6; H, 4.7; N, 15.05%). 

With o,+-dinitrophenylhydrazine (0.6 g), compound ( 1) 
(0.45 g) gave methyl 2,3-anhydro-P-~-erythro-fie~~opyvunosi~!- 
4-dose o,p-dinitrophenylhyzydrazone (4) as bright yellow 
crystals (0.75 g, 76y0), m.p. 166-167 "C; La],, + 2 Y  (G 

0.1); A,,,,,, 317 nni ( E  14 800); wnlax. 3 260 (NH)  antl 1 600 
c11i-l (C=S) (Found: C, 44.45; H, 3.9; N, 16.85. C12H12- 
S,O,  requires C, 44.4; H, 3 .7 ;  K, 17.3%)). 

Compound ( 2 )  (0.3 g) with o-nitroplienylhydraziiie (0.3 1 g )  
gave nzethyl 3,4-anl~ydro-6-deoxy-~-~-lyxo-hexo~yv~~usid-2- 
d o s e  0-nitvophenylhydvazone (5) as pale yellolv crystals 
(0.39 g, 690/6), n1.p. 138-139 "C, -395" (G 0.1); A,,,x, 
300 nni (E 15 900); vInax. 3 350 (NH) and 1 GO0 cn- l  (C=N); 
8 5.21 and 4.97 (2 x s ,  1-H), 4.32 and 4.24 (2 x q,  J 5 . ,  1.5 
Hz, 5-H), 3.88 and 3.82 (2 x d, J3,4 3.0 Hz, 3-H), 3.61 and 
3.47 (2 x s, OMe), ca. 3.42 [wz, 4-H (overlapped by OMe)], 
and 1.41 and 1.44 (2  x d ,  Jble,5 6.5 Hz, CMe) (Found :  C,  
52.8; H, 5.0; N, 14.4. Cl3Hl5N,O, requires C, 53.2; H, 
5.2; N, 14.3%). 

With o,p-dinitrophenylhydrazine (0.21 g), compound (2) 
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(0.16 g) gave methyl 3,4-anhydro-6-deoxy-a-~-lyxo-hexo- 
pyvanosid-2-dose o,p-dinitrophenylhydrazone (6) as bright 
yellow needles (0.32 g, 67%), m.p. 163-164 "C; [u], -284" 
(6 0.1) ; &lax. 352 nm (E 21 600) ; vnlax. 3 400 (NH) and 1 600 
cm-l (C=N) (Found: C, 46.7; H,  4.2; N, 16.9. C13H14- 
N40,  requires C, 46.2; H ,  4.2; N, 16.6%). 

Compound (1) (0.5 g) with phenylhydrazine (0.4 g) gave 
methyl 4-phenylazo-3,4-dideoxy-~-~-glycero-pent-3-enopyv- 
anoside (7) as bright orange crystals (0.56 g, 70y0), m.p. 
130-131 "C (from ethanol); [ u ] ~  +87.8" (c 0.2); hnx. 308 
nm ( E  13 500); vmax. 3 300 (OH) and 1 640 cm-l (C=C); S 
6.91 (m, 3-H), 4.72 (d, Jl,2 2.5 Hz, 1-H), 4.53 (t, 5- and 5'-H), 
4.31 (m, 2-H), 3.50 (s, OMe), and 2.51br (s, OH) (Found: C, 
61.3; H, 6.1; N, 11.5. C12H14N203 requires C, 61.5; H,  
6.0; N, 1 2 . 0 ~ o ) .  

From p-nitrophenylhydrazine (0.76 g) and compound (1) 
(0.7 g) methyl 4-(p-nitvophenyl)azo-3,4-dideoxy-P-~-glycero- 
pent-3-enopyvanoside (8) was isolated as orange needles 
(0.79 g, 68%), m.p. 171-172 "C; [uID -45" (c 0.1 in MeOH); 
A,,hlax, 320 nm (E 19 900); v,,,. 3 300 (OH) and 1 600 cm-l 
(C=C); S 7.07 (m, 3-H), 4.73 (d, J1.2 3.0 Hz, 1-H), 4.55 (t, 
5- and 5'-H), 4.39 (m, 2-H), 3.53 (s, OMe), and 2.26br (s, 
OH) (Found: C, 51.65; H,  4.7; N, 14.8. C12H13N305 
requires C, 51.6; H,  4.7; N, 15.05%). 

Compound (2) (0.32 g) with phenylhydrazine (0.23 g) 
gave metlzyl-2-phenylazo-2,3,6-tvideoxy-u-~-threo-hex-2-cno- 
pyvanoside (9) as pale orange crystals (0.30 g, goy0), 
m.p. 144-145 "C; [u], + 1 074' (c 0.1 in MeOH) ; A,,,. 305 
nm (E 14 400); vmax. 3 300 (OH) and 1 650 cm-l (C=C); 6 

(m, J4,5  2.0Hz, 4-H), 3.36 (s, OMe), 2.22br (s, OH), and 1.35 
(d, JMle,5 6.0 Hz, CMe) (Found: C, 62.6; H,  6.5; N,  11.4. 
C,,H1,N203 requires C, 62.9; H,  6.5; N,  11.3%). 

Compound (2) (0.24 g) with p-nitrophenylhydrazine (0.24 
g) gave methyl 2-(p-nitrophenyl)azo-2,3,6-trideoxy-a-~-threo- 
hex-2-enopyvanoside (10) as dark orange needles (0.32 g, 
72%), m.p. 140-141 "C; [uID +898" (c 0.1); ha,, 314 nm 
( E  18 200); vnlax. 3 400 (OH) and 1 600 cm-l (C=C); 6 7.15 

4.09 (m, 5-H), 3.47 (s, OMe), 2.26br (s, OH), and 1.38 (d, 
CMe) (Found: C, 52.7; H,  5.2; N, 13.8. C1,H15N305 
requiresc, 53.2; H,  5.2; N, 14.3%). 

Addition Reactions with Compound (8) .-Methyl 3-di- 
s~~ethylamino-3-deoxy-u-~-threo-pentopyvanos~d-4-ulose p- 
nitrophenylhydrazone ( 11). The p-nitrophenylazoalkene (8) 
(0.4 g) in ethanol (5 ml) was added to a solution of dimethyl- 
amine in ethanol (33y0, w/v, 2 ml). The solution darkened 
immediately and t.1.c. analysis indicated that the reaction 
was complete after 10 min, then water (5 ml) was added, and 
the solution was concentrated under reduced pressure. 
The residue was extracted with dichloromethane, the extract 
was dried (MgSO,), and concentrated to yield a crystalline 
residue which was recrystallised from dichloromethane- 
light petroleum (b.p. 40-60 "C) as yellow crystals of the p- 
nitrophenylhydrazone (11) (0.2 g, 63y0), m.p. 139-140 "C 
(decomp.); A,,,. 367 nm (E 22 800) (Found: C, 51.6; H, 
6.2, N, 17.0. Cl,H2,N405 requires C; 51.8; H,  6.2; N, 
17.3%). 

By the same procedure with methylamine in ethanol 
(33y0, w/v) compound (8) (0.56 g) gave methyl 3-methylamino- 
3-deoxy-a-~-threo-~entopyranos~d-4-ulose p-nitrophenyl- 
hydrazone (12) as yellow needles (0.41 g, Yoyo), m.p. 153- 
254 "C; h,nax. 368 nm (E 21 400) (Found C, 50.3; H, 5.85. 
C,,Hl,N40, requires C, 50.4; H, 5.8%). 

Similarly, aqueous ethylamine (70%) with compound (8) 

6.79 (d, J 3 . 4  5.0 Hz, 3-H), 5.26 ( s ,  1-H), 4.2 (oct, 5-H), 3.91 

(d, J3.4 6.5 Hz, 3-H), 5.4 (s, 1-H), 4.34 (q, J4.5 2.5 Hz, 4-H), 

(0.56 g) gave methyl 3-ethy2amzno-3-deoxy-a-~-threo-pento- 
pyranosid-4-dose p-nitvophenylhydrazone (1 3) (0.45 g, 73%), 
m.p. 154-155 " C ;  Am,. 368 (E 25 400) (Found: C, 52.3; H ,  
6.05; N, 16.6. C14H,,N40, requires C, 51.85; H,  6.2; N, 
17.2%). 

With ammonia solution (d 0.88) (1.0 ml) in ethanol (5 nil), 
compound (8) (0.3 g) gave methyl 3-amino-3-deoxy-u-~- 
threo-pentopyranosid-4-ulose p-nitrophcnylhydvazone ( 14) 
(0.24 g, 767;) as bright yellow crystals, m.p. 212 "C (decomp) ; 
A,,,,. 371 nm (E 13 400) Found: C, 48.4; H, 5.G; N, 18.1. 
Cl2Hl,N4O5 requires C, 48.6; H ,  5.4; N ,  18.80/,). 

Compound (8) (0.29 g) with phenylhydrazine (0.13 g) in 
ethanol (2 ml) containing acetic acid (0.1 g) gave methyl 3- 
phenylhydrazino- 3-deoxy-a-~-threo-pentopyvanoszd-4-ulose 
p-nitrophenylhydrazone (15) (0.20 g, 51 yo) as yellow needles, 
m.p. 183-184 "C; Anlax. 367 nm (E 18 700) (Found: C, 55.5; 
H I  5.55; N, 18.15. C18H21N505 requires C, 55.8; H ,  5.5; 
N, 18.1 yo). 

A mixture of compound (8) (0.2 g ) ,  sodium azide (0.1 g), 
and ammonium chloride (0.05 g) in aqueous acetone (75%) 
(13 ml) was stirred for 30 niin a t  room temperature and then 
concentrated to  half-volume to yield, after recrystallisation 
from ethanol, yellow crystals of methyl 3-azzJo-3-deoxy-u-~- 
threo-pentopyranosid-4-ulose p-nitrophenylhydvazone ( 1 6 )  
(0.15 g, 66y0), m.p. 150-151 "C (decomp.); A,,,,. 365 nm (E 

19 700); vmax. 2 100 cm-l (N,) (Found: C, 45.3; H, 4.65; 
N, 25.85. C12H14N,05 requires C, 44.7; H,  4.4; N, 26.1%). 

Compound (8) (0.2 g) in methanol (6 nil) was stirred with 
sodium methoxide, prepared from methanol (4 ml) with 
sodium hydride (0.35 g),  a t  room temperature until the 
reaction was complete (10 min, by t.1.c.). The solution was 
then neutralised (solid CO,), treated with water (5 ml), and 
the product extracted with dichloromethane (3 x 50 ml). 
The combined extracts were dried (MgSO,), and concen- 
trated, and the residue was recrystallised from dichloro- 
methane-light petroleum (b.p. 40--60 "C) to give orange- 
yellow crystals of methyl 3-O-methyl-a-~-threo-pentopyv- 
anosid-4-dose p-nitrophenylhydrazone (17) (0.13 g, 57y0), 
m.p. 202 "C (decomp.); Amx. 367 nm ( E  25 400) (Found: C,  
49.8; H,  5 .7 ;  N, 13.6. C13H1,S30, requires C, 50.2; H ,  
5.5; N, 13.5%). 

Compound (8) (0.28 g) was stirred in methanol (10 nil) 
with sodium borohydride (0.05 g) a t  room temperature for 
20 min, by which time the orange colour faded and no 
starting material remained (t.1.c.). On cooling the solution 
in an ice-bath, the product crystallised directly and was 
recrystallised from ethanol to give methyl 3-deoxy-u-~-threo- 
pentopyranosid-4-ulose p-nitrophenylhydrazone ( 18) (0.18 g ,  
65%) as bright yellow needles, m.p. 185-186 "C; A,,,,,. 369 
nm (E 21 100) (Found: C, 51.7; H, 5.3; N, 14.7. C12H15- 
N305 requires C, 51.25; H ,  5 . 3 ;  N, 14.90,;). 

The same procedure on compound (8) with sodium boro- 
deuteride (0.05 g) in [2Hl]methanol (4 nil), with addition of 
deuterium oxide (0.5 ml) after 25 min to encourage crystal- 
lisation, and recrystallisation from [2Hl]methanol afforded 
methyl 3-deoxy-2-0,3-C,N-trideuter~o-a-~-threo-~cnto~yrano- 
sid-4-dose p-nitrophenylhydrazone (19) (0.18 g, 72%) as 
yellow needles, m.p. 188-18!3 "C; A,,,,, 369 nni (E 20 900) 
(Found: C, 51.2; H,  5.4; S, 14.5. C12H121>,S305 requires 
C, 50.7; H, 5.65; N, 14.8%). 

Addition Reactions with Compound (7)  .-Methyl 3-benzyl- 
amino-3-deoxy-u-~-threo-pentopy~anosid-4-ulose phenyl- 
hydrazone (20). The phenylazoalkene (7) (5.5 g) in ethanol 
(30 ml) was treated with benzylamine (3 ml) and the mix- 
ture was stirred for 2 h a t  35-40 "C until the reaction was 
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complete (t.l .c.), the colour fading from orange to pale 
yellow. ('rystals were obtained on cooling the solution in 
an ice-bath and were collected and recry2tallised from ethanol 
to give needles of tlie benzylanzino-adduct (ZO), (6.75 g, 85y0), 
n1.p. 156-157 "('; 277 nm (E 13 039) (Found: C, 66.7; 
H, 6.65; S ,  12.3. C1,H,,N,O, requires C, 66.8;  H, 6.8;  
N, 12.37;). 

MetlLjJ1 4-acetai~z~do-2-O-acetyl-3-O-unethyl-4-deoxy-P-~- 
,vibopyvanosidc (23).  Sodium niethoxide (0.1 g) in methanol 
(25 ml) WLS xkled to compound ( 7 )  and the mixture was 
stirred for 12  11 a t  room temperature. The colour of the 
solution changed from orange to pale yellow and examination 
by t.1.c. indicated a single product and no residual starting 
material. 'I'he solution was transferred to a hydrogenation 
flask containing Itaney nickel ( 1  g) and methanol (25 ml) 
mtl Iiytlrogenntion was carried out for 6 h (at  room tem- 
perature ant1 atmosplieric pressure) after which time uptake 
of hydrogen ceased. The crude, syrupy product was 
isolated conventionally and was purified by chromatography 
on a silica-gel column [solvents: (i) R ,  (ii) 01. The amino- 
glycoside (1.14 g)  obtained was acetylated [pyridine (15 nil)- 
acetic anhy(1ride (15 nil)] to afford the title compound (23)  
( 1 . 1  g ) ,  111 .p. $15 ---!I(; "C [from dietliyl ether-light petroleum 
(b.p. 40-60 g C ) ] ;  :a],) +91.2" ( c  O . G ) ,  vmax. 3 350 (NH) and 
1 7 2 0  ( G O )  cni 8 [(?H6!benzene) (see test)  6.32-6.10br 

1-H), 4.50----4.25 ( 1  H, m,  4-H), 3.55 ( 2  H, oct, J5nr,  5eq 12.0, 
J501,4 and .J5, , , f ,4  5.0 Hz, 5-H,, and &He,), 3.38 ( 1  H, t, J3,4  

and J, , ,  4.0 Hz, 3 - H ) ,  3.02 ( 3  H, s, ORle), 2.93 ( 3  H,  s, OMe), 
1.60 (3  H, s, N A c ) ,  and 1.G3 (3  H, s, OL4c)*(Found: C, 50.5; 
H, 7.3;  -T, 5.2.  C,,H,,?I'O, requires C, 50.6; H ,  7 . 3 ;  IS, 

Addition React ions with. Compound ( 9 )  .-Methyl 3- 
dii~iethylni?zi~~io-3,6-dideoxy-a-~-xylo-hexopyvanosid-2-zklose 
jbhcnylhydvasone (24).  Compound (9) (0.4 g) in ethanol (6  
nil) was treated with a solution of dimethylamine in ethanol 
(3314, WJ/\-, 2 ni l )  a t  room temperature. After 15 min, when 
reaction \vas complete (t.l.c.), the solution was concentrated 
under reducctl pressure and the residue was crystallised 
from tlieth~-l etlier-light petroleum (b.p. 40-60 "C) to give 
the diiiietli~~laiiiino-adduct (24)  (0.31 g, 66%) as cream 
colourctl crystals, n1.p. 122-123 "C; A,,,,,. 282 nm (E 19 500) 
(Found: C ,  til.1 ; H, 7 .8 ;  N, 14.4. C15H,,N303 requires C, 
61.4; H, 7.!);  N, 14.3(%). 

By a similar procedure, coinpound (9) (0.25 g) with niethyl- 
ainine in etlianol yicldect ~nethyl  3-meil~ylanzino-3,8-dideoxy- 
cc-~-xylo-Iiexo~yvc17losid-B-Ulose phenylliydvazone (25)  as 
plates ( 0 . 2  g, 71'%,), 1n.p. 8 5 - 4 6  "C;  A,,,;,,. 282 nm (E 18 400) 
(Found:  C, ii0.3; H ,  7 . 6 ;  13, 14.6. C14H21K303 requires 
C', 60.2; H, i . G ;  3 ,  15.0:,;). 

Compound (9) ( 0 . 2  g) with aqueous etliylamine (70(,&,) 
similarly ga\.c i n e t l r ~ l b  3-efliyla~~~i~zo-3,6-dideo,~~-a-~-r;ylo- 
hexo~yvanosirl-"-7tlose pl~enylhydrazonc (26)  as fibrous 
crystals (0.lii g ,  (iiy"), n1.p. 118-119 " C ;  )L,l,kLx, 281 nni (E 
18 600) (1;ountl: c', 61.1;  H, 7 . 7 ;  N, 14.8. C,,H,,N,O, 
requires C, ij1.4; H, 7.9; N, 14.3%).  

Compound (9) (0 .25  g)  with aqueous ammonia (d  0.880) 
(2  nil) in etllanol ( 5  nil) likewise yielded nzethyl 3-anzino-3,6- 
didroxy-cc-1~-r!- lo- l iexop~~vanosid-2- lo~~e phenylhydvazone (27)  
as pale yelhnv crystals (0.21 g, 79o/b), ni.p. 130-131 " C ;  
A,,,cLx, 281 nm (E 14 900) (Found: C,  58.85; H, 7.1;  IS, 15.2. 
C,,H,,N,O, requires C ,  58.85; H, 7 . 2 ;  N, 15.8%).  

Treatment of compound (9) (3.2 g) with benzylamine 
according to the above procedure yielded a pale yellow 
syrup, purified by preparative t.l.c., which could not be 

( 1  H, S, N H ) ,  5.18 ( 1  H ,  cj, 2-H) ,  4.55 ( 1  H ,  d, J 1 , 2  1.5 Hz,  

5.4Y0).  

obtained crystalline. The lH n.m.r. spectrum of this 
material suggested that the syrup was a mixture of the 
stereoisomers of methyl 3-benzylamino-3,6-dzdeoxy-a-~- 
xylo-hexapyvanosid-2-dose phenylhydvazine (28)  in ca 8 : 1 
ratio (see Table 2 for spectral data). 

Compound (9) (1.2 g) in methanol (20 ml) was reduced 
with sodium borohydride (0.2 g). Reaction was complete 
in 0.5 h and then the reaction mixture was diluted with more 
methanol (20 ml) and further reduced with hydrogen a t  
atmospheric pressure and room temperature in the presence 
of Raney nickel ( 1  g). Uptake of hydrogen ceased after 4 h 
and t.1.c. revealed two components which were separated 
by chromatography on silica gel, solvents B and D being 
used successively as eluants. The major component (0.7 g) 
was obtained as a syrup and was acetylated in pyridine ( 1  5 
ml) with acetic anhydride ( 2  ml). The product, nzethy2 2- 
acetamido-4-O-acetyl-2,3,6-tvideoxy-a-~-xylo-hexo~yvanoszde 
(31)  (0.65 g, 55y0), was recrystallised from ethyl acetate- 
light petroleum (b.p. 40-60 "C) as white, chunky crystals, 
m.p. 137-138 "C; [a], - 100" (c 0.2) ; vmax, 3 350 (NH) and 
1 730 cm-l ( G O ) ;  6 (CDCl,), 5.6-5.4br ( 1  H, d, NH) ,  4.80 
( 1  H, m, 4 - H ) ,  4.50 ( 1  H, d, J1,2 2.5 Hz, 1-H), 4.40-4.10 
( 1  H, m, 2-H), 3.82 (1 H, oct, J4,5 1.5 Hz, 5-H), 3.30 ( 3  H, s, 
OMe), 2.08 ( 3  H, s ,  OAc), 1.90br (s, NAc, 3- and 3'-H), and 
1.08 ( 3 H ,  d, Me) (Found: C, 53.9; H, 7 . 8 ;  N, 5.8. Cl1H1,- 
X05 requires C, 53.9; H, 7.75;  N, 5.7%).  

Methyl 4-Anzino-3-benzyla~ino-3,4-dideoxy-P-~-xylo- 
pyvanoside (32)  .-The benzylamino-phenylhydrazone (20) 
(5 g )  in ethanol (100 ml) was shaken with hydrogen over 
Raney nickel (1.5 g) a t  room temperature for 6 h until 
hydrogen uptake ceased. T.1.c. examination of the filtered 
solution showed tha t  the reaction was incomplete, but a 
repeat treatment with more reagents and then evaporation 
of the solvent and column chromatography on silica gel with 
ethyl acetate-methanol ( 4  : 1, v/v) yielded compound (32) 
as a glass (2.95 g, 7 8 % ) .  

When compound (32) (2.5 g) in methanol (50 i d )  was 
shaken in hydrogen over 10% palladium-on-charcoal ( 2  g) 
uptake of gas ceased after 7 h. The solution was filtered 
and its volume reduced to one-fifth when methyl 3,4-dzawiino- 
3,4-dideoxy-P-~-xyZopy~anoside (33)  (1.52 g, 95%) separated 
as needles, m.p. 190-192 "C (decomp.) (Found: C, 44.4; H, 
8.7; hT, 17.2. C,H14S203 requires C, 44.4; H, 8.7;  N, 
17.376). Benzoylation (BzCl-C,H,N) of compound (33)  by 
standard procedure yielded methyl 3,4-dibenzanzido-2-0- 
benzoyl-3,4-dideoxy-~-~-xyZo~y~anoside (34)  (3 .1  g, 'is:/,) as 
crystals, n1.p. 269 "C (from ethanol) ; v , , ,~~ .  1 730 cni ( G O )  
(see Table 3 for n.ii1.r. spectral data) (Found: C, ti7.9; H, 
5.45; h7, 5 . 7 .  C,,H,,N,O, requires C, 68.3;  H, 5.5;  N, 

lLlethyl 2-A1iziizo-3-beu~zylnmini~-2,3,6-tvideo,~~-x-~-atlo- 
PjJYanoside (36) and -plopyvanoside (37)  .-Compound (I)) 
(6.5 g)  in ethanol (50 nil) was treated with benzylaniine (4 
nil) and tlie mixture was stirred a t  40 "C for 1.5 h .  It was 
added to  a suspension of Raney nickel (15 g) in ethanol 
(50 ml) and shaken with hydrogen ( 4  atni) a t  room temper- 
ature. Uptake of hydrogen ceased within 24 h, a t  which 
stage the reaction was incomplete, so the treatment was 
repeated with a fresh quantity of Raney nickel for a further 
36 h, when only a trace of starting material remained. 
T.1.c. examination of the solution then indicated the 
presence of four products : the two with the higher RF values 
were the major components. The solvent was evaporated 
to afford a viscous syrup which was subjected to column 
chromatography on silica gel (solvent B )  to  yield the a-L- 

5.9 7;) .  
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idopyvanoside (36) as a syrup, [aID -87" (c 1.15, CHCl,) 
(Found: C, 61.9; H, 8.4; N, 10.0. C,,H2,N203 requires C, 
63.1; H, 8.3; N, 10.5'$(0) and the u-L-gdopyranoside (37) as 
needles after recrystallisation from ethyl acetate-light 
petroleum (b.p. 40-60 "C), m.p. 130-131 "C; [a], -93" 
(c 1.75, CHCl,) (Found: C, 62.9; H, 8.1; N, 10.5. C,,H,,- 
N203 requires C, 63.1; H, 8.3; N, 1O.5y0). The total 
yields of compounds (36) and (37) were 2.4 g (58%) and 1.5 g 
(36%), respectively. 
Methyl 2,3-Diamino-2,3,6-trideoxy-u-~-idopyvanoside (38) 

and -gulopyranoside (39) .-Compound (36) (1 .O g) in 
methanol (40 ml) was shaken with hydrogen (4 atm) a t  
room temperature over 10% palladium-on-charcoal (0.5 g) 
for 12 h. Filtration and concentration of the solution to one 
third volume yielded the u-L-idopyranoside (38) (0.6 g ;  92%) 
as needles, m.p. 199-200 "C; [a], -96" (c 0.9, MeOH) 
(Found: C, 46.9; H, 9.0; N, 15.7. C7H16N203 requires C, 
47.7; H, 9.15; N, 15.9%). 

By a similar procedure compound (37) (1.5 g) yielded 
methyl 2,3-diamino-2,3,6-trideoxy-a-~-gulopyranoside (3 9) 
(0.90 g, 92%) as crystals, m.p. 221-222 "C; [a], -97" (c 
1.2, MeOH) (Found: C, 47.0; H, 9.0; N, 15.8. C7H,,N20, 
requiresc, 47.7; H, 9.15; N, 15.9%). 
Methyl 2-Amino-3-methylamino-2,3,6-fvideoxy-a-~-ido- 

pyranoside (40).-Compound (9) (3.75 g) in ethanol (30 ml) 
was treated with methylamine in ethanol (3 ml, 33%, w/v), 
and the solution was stirred for 1 h a t  room temperature. 
It was then added to a suspension of Raney nickel (10 g) in 
ethanol (50 ml), and this mixture was shaken with hydrogen 
(4 atm) at room temperature for 12 h ;  the procedure was 
repeated with a fresh quantity of nickel to complete the 

reaction. 'Y.1.c. analysis indicated that two products were 
present in ca. 10 : 1 ratio. Filtration and concentration of 
the solution afforded a pale yellow syrup which was sub- 
jected to column chromatography on silica gel (solvent B )  
to give the partially pure major product, identified as the 
ct-L-idopyranoside (40), (1.6 g, 67%) as a syrup, [LY], -100" 
(c 1.5, CHCl,) (Found: N, 12.7. C8H18N20, requires N, 
14.7%). Benzoylation of this compound (0.2 g) by stan- 
dard procedure (BzC1-C,H,N) yielded a product which was 
purified by column chromatography on silica gel using 
solvent B to afford methyl 2-benzaunido-4-O-benzoyl-3-N- 
methylbenzamido-2,3,6-trideoxy-u-~-idopy~anoside (41) (0.37 
g, 72%) as a viscous syrup, [a], -97' (c 1.05, CHC1,) (Found : 
C. 68.8; H, 6.0; N, 5.4. C,,H30N,06 requires C, 69.3; 
H, 6.0; N, 5.6%). 
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