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Triazines and Related Products. Part 25.1' Methods for the Attachment 
of Sugar Residues to Cytotoxic 1,3,5-Triazines 

By Richard J. Simmonds and Malcolm F. G. Stevens,. Cancer Chemotherapy Research Group, Department 
of Pharmacy, University of Aston in Birmingham, Birmingham B4 7ET 

The interaction of 2-chloro-4,6-bis(dimethylamino)-l,3,5-triazine (6) with amine nucleophiles gives high yields 
of substituted 2-amino-l,3,5-triazines. 2-Chloro- and 2-azido-4,6-bis(dimethylamino) -1,3,5-triazines do not 
afford carbohydrate-linked melamines (2,4,6-triamino-l,3,5-triazines) when treated with glucosamine or methyl 
2-amino-2-deoxy-a- D-glucopyranoside. 

1 ,2:5,6-Di-O-isopropylidene-a-D-glucofuranose (1 3) and the chlorotriazine (6) yielded the 3-O-substituted 
glucofuranose (1 4) when heated in N,N-dimethylformamide containing sodium hydride ; selective removal of 
the 5,6- and 1,2-0-isopropylidene groups was achieved in acid media. 

The quaternary salt (9) reacted with glucosamine in an alkaline medium to afford an N-triazinylglucosamine 
(1 8) and with D- and L-glucose to yield the P-D-glucopyranoside (20) and the enantiomeric P-L-glucoside, 
respectively. 

HEXAMETHYLMELAMINE (HMM) [2,4,6-bis (dimet hyl- 
amino)-1,3,5-triazine] (1) is an antitumour drug with 
marked activity against certain solid human turn our^.^,^ 
In clinical use the agent suffers two major disadvantages: 
it elicits severe dose-limiting gastro-intestinal side 
effects and is variably ab~orbed .~  The drug is almost 
totally insoluble in water and has to be administered 
orally. Efforts to improve water solubility by molecular 
modification have, in general, produced dyschemother- 
apeutic effects.6 HMM is extensively metabolised by 
oxidative de-methylation in animals and man, and 
structure-activity investigations have led to the con- 
clusion' that a minimum of four methyl groups are 
required for antitumour activity in this series. Penta- 
methylmelamine (PMM) [2,4-bis(dimethylamino)-6- 
methylamino-l,3,5-triazine] (2) has a similar spectrum of 
antitumour activity to HMM but is appreciably more 
water-soluble.* 

Our approach to the design of new water-soluble 
analogues of HMM has been to prepare melamine deriv- 
atives carrying the required minimum of four methyl 
groups but also bearing an attached carbohydrate 
moiety; we were encouraged to pursue this work because 
it has been demonstrated that many transformed malig- 
nant cells exhibit enhanced uptake of certain sugars in 
comparison to their untransformed  counterpart^.^ As a 
prelude to this work we reinvestigated some nucleophilic 
substitution reactions of melamine derivatives. 

HMM is a chemically resilient molecule. I t  has pK, 
4.88 & 0.08 (determined spectroscopically) and can be 
recovered quantitatively from hot 2~-hydrochloric acid 
or 2~-sodium hydroxide, or after exposure to sunlight for 
14 d. The drug resists hydrazinolysis in boiling hydr- 
azine hydrate and can be recovered unchanged after 
prolonged reaction with methyl iodide in boiling meth- 
anol, or dimethyl sulphate in boiling toluene, or hot 2 ~ -  
sodium hydroxide. 

HMM fails to afford an N-oxide, even when treated 
with 86% hydrogen peroxide in a hot acetic acid- 
sulphuric acid mixture. In fact, the only notable 
reaction of HMM discovered in the course of this work was 

its nitrosative de-methylation in a mixture of sodium 
nitrate and acetic acid at  pH 4.2. The product (1 yo) was 
shown to be nitrosopentamethylmelamine (3) since it was 
identical with a sample independently prepared by 
nitrosation of PMM. No dimethylnitrosamine was 
detected, although this malevolent carcinogen is known 
to be formed by the action of nitrous acid on many com- 
pounds containing dimethylamino-groups. lo 

It is known that all three chloro-groups in cyanuric 
chloride (4) can be displaced by dimethylamine, with the 
second and third substitutions requiring progressively 
more forcing conditions.ll9 l2 However, 2,4-dichloro-6- 
dimethylamino-l,3,5-triazine (5) is more reactive than 
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the mono-chloro analogue (6) towards azide ion. Thus, 
when equimolar quantities of compounds (5) and (6) 
competed for sodium azide (2 mol equiv.) in aqueous 
acetone only the diazide (7) was formed. The monoazide 
(8) was efficiently formed from the monochloro-pre- 
cursor (6) and sodium azide in acetic acid. Both mono- 
azido- and di-azido-triazines exist exclusively in their 
azido-forms in the solid phase and in a range of solvents. 
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Apparently tetrazole-isomers of azido-l,3,5-triazines are 
not normally encountered.13y14 Interaction of the mono- 
chlorotriazine (6) with trimethylamine in diethyl ether 
afforded the stable triazinyltrimethylammonium salt 
(9), this last compound proved to be the best substrate 
for carbohydrate-linking reactions (see later). 

The monochlorotriazine (6 )  could not be converted 
into the corresponding amine (10) in boiling concentrated 
aqueous ammonia or molten urea; only starting material 
was recovered. However, the amine can be prepared by 
catalytic hydrogenation of the monoazide (8) over pal- 
ladium-charcoal, or, more conveniently, by decomposing 
the azide in hot hydrazine hydrate. This behaviour of 
the azide (8) was surprising. It might have been 
expected to react in one of two possible ways; either to 
suffer displacement with hydrazine and yield the cor- 
responding hydrazinotriazine (1 1) , or to undergo 
reductive de-azidation in the manner of some ary1a~ides.l~ 
Evidently, the azido-group attached to the x-deficient 
1,3,5-triazine ring does not possess the leaving-group 
character of a ' pseudo1halogen in its reaction with 
hydrazine, whereas the related chlorotriazine (6) is 
smoothly converted into the hydrazinotriazine (1 1) in 
refluxing hydrazine hydrate. In contrast, the chloro- 
and azido-triazines were both hydrolysed to the tri- 
azinone (12) a t  comparable rates in boiling IN-hydro- 
chloric acid. 

In order to reduce the number of possible products 
formed from reactive melamine derivatives and carbo- 
hydrates, a partially blocked sugar was used in initial 
coupling experiments. Thus, prolonged reaction be- 
tween 1,2:5,6-di-0-isopropylidene-a-~-gluco- furanose 
(13) and chlorotriazine (6) in N,N-dimethylformamide 
containing sodium hydride at 130 "C yielded the 3-0- 
substituted glucofuranose (14) in 75% yield (Scheme). 
Gentle hydrolysis in cold methanolic sulphuric acid led 
to the removal of the 5,6-0-isopropylidene group yield- 
ing the diol (15). Further hydrolysis of compound (15) 
to remove the 1,2-O-isopropylidene group was achieved 
in boiling 0.4~-hydrochloric acid ; the highly water- 
soluble melamine-linked glucopyranose (16) was formed 
in moderate yield. 

Oxidation of the 1,2-blocked glucofuranose (15) , to 
afford the aldehyde (17), with sodium metaperiodate pro- 
ceeded much more slowly than is usual for such diols,16 
possibly because of steric interference by the 3-0- 
triazinyl moiety. 

No suitable conditions could be found for the condens- 
ation of the chloro- or azido-triazines ( 6 )  and (8) with the 
amino-group of glucosamine or methyl 2-amino-2-deoxy- 
a-D-glucopyranose ; decomposition of the amino-sugar 
was invariably encountered. However, success was 
achieved by employing the quaternary salt (9) as react- 
ant. This reactive salt has an excellent leaving group, 
the volatile trimethylamine, and at 25 "C has a half-life 
of 4.2 and 210 min in IN-sodium hydroxide and 1 ~ -  
hydrochloric acid, respectively, hydrolysing to the tri- 
azinone (12) in a pseudo first-order reaction in both cases. 
The quaternary salt reacted with glucosamine at 0 "C 

in aqueous potassium hydroxide to afford an impure N-  
triazinylglucosamine (1 8) which was characterised by con- 
version into the tetra-0-acetate (19) in acetic anhydride- 
pyridine. The chemical shift of the anomeric proton in 
the lH n.m.r. 220 MHz spectrum of the tetra-acetate ( 6  
6.34 in CDCl,) and the coupling constant (8.5 Hz) were 
indicative of the exclusive presence of the p-anomer. 
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SCHEME Reagents: i ,  NaH-DMF; ii, H,SO,-MeOH; iii, HCI 

One of the acetyl groups in the tetra-acetate (19) 
absorbed at higher field (6  1.91) than the remaining three 
acetate functions ( 6  2.05). Inspection of molecular 
models of the tetra-acetate (19) suggested that the 3- 
acetate group would be the one most likely to be affected 
by the shielding influence of the melamine residue. 

The synthetic usefulness of the quaternary salt (9) was 
further demonstrated in its reaction with the di-0- 
isopropylidene-a-D-glucofuranose (13) in cold aqueous 
sodium hydroxide to yield the 0-substituted gluco- 
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( 1 8 )  R = H 
(19 )  R = AC 

furanose (14). Similarly D-glucose reacted with the salt 
(9) under mildly basic conditions to yield the moderately 
water-soluble p-D-glucoside (20). Its  structure was 
established by periodate oxidation. Under basic condi- 
tions, 2.11 f. 0.2 nsol equiv. of periodate were consumed 
without production of formaldehyde; in acid media 
4.9 0.2 mol equiv. of periodate were consumed with 
the generation of ca. 1 mol equiv. of formaldehyde. 
Acetylation gave the tetra-0-acetate with an anorneric 
proton (6 6.2; J 7.8 Hz), diagnostic of the P-configur- 
ation (21). Deacetylation with O.2~-sodium methoxide 
furnished a near quantitative yield of pure P-D-gluco- 
pyranoside (20). A similar reaction between the 
quaternary salt (9) and L-glucose gave the enantiomeric 
P-L-glucoside, which readily crystallised from the reaction 
mixture although the presence of six minor impurities 
could be detected (t.1.c.). 

NMe2 
N'+N 

(20) R = H 
( 2 1 )  R = Ac 

Another convenient method for linking 1,3,5triazinyl 
moieties to carbohydrates was found in the reactions of 
the hydrazinotriazine (1 1)  with the reducing sugars 
glucose and lactose; the products were the mono- 
hydrazones (22) and (23), respectively. Although condi- 
tions were varied with respect to the nature of the acid 
catalyst, molar proportions of reactants, and pH, no 
osazones could be produced in these reactions when the 
hydrazinotriazine (1 1)  alone was employed. However, 
qualitati\Te experiments employing combinations of 
hydrazinotriazine (1 1)  and phenylhydrazine indicated 
that further reaction to yield mixed osazones was practic- 
able. 

The water-soluble carbohydrate-linked melamines (16), 
(18), and (20) showed no antitumour activity against the 
M5076 mouse-ovarian sarcoma, whereas hexa- and 
penta-methylmelamine have pronounced inhibitory 
effects. Preliminary experiments (by D. R. Ross) 

indicate that the sugar derivatives are poorly demethyl- 
ated by rnouse-liver preparations in vitro and that their 
inactivity may be a consequence of the low plasma 
concentrations of cyt o t oxic hydrox ymet hyl metabolites 
which can be achieved in aivo. These studies will be 
reported in full elsewhere. 
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( 2 2 )  R = H 
(23) R = p -0-galactopyranosyl 

EXPERIMENTAL 

Pvoperties of 2,4,6-Tvis(dimethylamino) - 1,3,5-tviazzne 
(Hexamethylnzelaunine) (1) .-(a) P I C a  Determination. This 
was determined a t  25 "C by a spectroscopic method l7 em- 
ploying an analytical wavelength of 227 nm, the A,,a,. of 
the un-ionised species; the cation has A,,,,,a 240 nm. The 
mean pK, was 4.88 f 0.08. 

(b) Attempted methylation. (i) Hexamethylmelamine (2.0 
g) was boiled in methanol (40 ml) containing methyl iodide 
(3  nil) for 2 h. The colourless solution deposited white 
needles (1.85 g), identical (i.r.) with the starting material. 
(ii) Unchanged starting material (95%) was recovered when 
hexamethylmelamine was boiled (4 h) in toluene containing 
an excess of dimethyl sulphate. (iii) Hexamethylmelamine 
(2.1 g) was dissolved in hot diglyme (20 ml) and the mixture 
was diluted with 1N-sodium hydroxide (20 ml). Dimethyl 
sulphate (2 ml) was added and the mixture was kept a t  25 "C 
for 30 d. Basification of the mixture with concentrated 
aqueous ammonia afforded unchanged starting material 

(c )  A ttenzpted oxidation. Hexamethylmelamine (3.4 g) 
was dissolved in a mixture of acetic acid (20 nil) and concen- 
trated sulphuric acid (24 ml) a t  0 "C. Hydrogen peroxide 
(86% ; 3 ml) was added dropwise during 1 h a t  25 "C and 
the mixture was then heated on a steam-bath for 8 h. 
Hexamethylmelamine (1.3 g) was precipitated on neutral- 
isation of the mixture. 

(d) Oihevv eactions. (i) Hexamethylmelamine (1.0 g) was 
refluxed in hydrazine hydrate (5 ml) for 2 h.  Dilution of 
the reaction mixture with water (20 ml) afforded unchanged 
hexamethylmelamine (0.95 g). (ii) Hexamethylmelamine 
was recovered unchanged when boiled (2 11) in either 2 ~ -  
hydrochloric acid or 2x-sodium hydroxide. (iii) Exposure 
of solutions of hexamethylmelamine (1 mg per 100 ml) in 
O.~N- ,  1 ~ - ,  and 2.5~-hydrochloric acid, and 0 . 1 ~ - ,  1 ~ - ,  and 
2.5~-sodium hydroxide to intermittent sunlight during 14 d 
did not induce any changes in the U . V .  spectra of the solu- 
tions. 

2,4-Bis(dinzethylam~no)-6-me~hylnitvosoawzino- 1,3,5-tri- 
mine [ (N-I\l 'itvosopentale~hyZ~zeZamz~ze) (3) .-(a) 2,4-Bis- 
(dimethylamino) -8methylamino- 1,3, &triazine(penta- 
methylmelamine) (0.59 g) l8 was dissolved in acetic acid 

(96%). 
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(10 ml) and treated with a solution of sodium nitrite (0.45 g) 
in water (5 ml) during 10 min at 25 "C. The pale yellow 
solution was stirred (3 h) until all the pentamethylmelamine 
was consumed (t.1.c. on silica gel plates using toluene- 
acetone, 7 : 3 as developing solvent). Dilution of the mix- 
ture with water (30 ml) precipitated a cream solid (0.18 g)  
which gave a, positive Liebermann nitroso-test. Crystal- 
lisation of the solid from acetone afforded yellow needles of 
nitrosopentamethylmelamine (3), m.p. 91-93 "C (Found: C, 
43.1; H, 6.9; N, 44.0%; M+, 225. C,Hl,N,O requires C ,  
42.7; H, 6.7; N, 43.6%; M ,  225); Amax. (EtOH) 228 nm; 
6 (CDCl,) 3.2 (12 H, s, 2 x NMe,) and 3.4 [3 H, s, N ( N 0 ) -  
Me]; vmax. (KBr) 1 470 cm-l (NO). 

(b) Hexamethylmelamine (5.25 g) was dissolved in 60% 
aqueous acetic acid (50 ml) containing sodium acetate tri- 
hydrate (21.7 g). The mixture (pH 4.2) was maintained a t  
80 "C while a solution of sodium nitrite (5.2 g) in water (100 
ml) was added (30 min). The mixture was stirred a t  80 "C 
(2 h), cooled, and extracted with diethyl ether (3 x 50 ml). 
The ethereal fractions were shaken with aqueous lOyo 
potassium carbonate, dried over anhydrous sodium sul- 
phate, and concentrated to 10 ml. The resulting crystal 
mass (3.4 g) was identified (i.r.) as unchanged hexamethyl- 
melamine. The ethereal mother-liquor was evaporated to 
dryness and the residue redissolved in acetone. A further 
quantity of hexamethylmelamine (1.1 g) separated out. 
Chromatographic fractionation of the yellow acetone-soluble 
products was achieved on 1-mm silica gel plates using ethyl 
acetate-chloroform (1 : 9) as developing solvent. Two 
products were identified : hexamethylmelamine (RF 0.76) 
and a yellow product (RF 0.85). Removal of the zone at  RF 
0.85, extraction, and crystallisation of the product from 
acetone afforded nitrosopentamethylmelamine (0.05 g) as 
yellow needles, identical (i.r .) with the sample described 
above. No dimethylnitrosamine (RF 0.63) was detected in 
the aforementioned chromatographic separation. 

2,4-Diazido-6-dimethylam~no-l,3,5-triazine (7) .-2,4-Di- 
chloro-6-dimethylamino- 1,3,5-triazine l9 (3.0 g) and sodium 
azide (2 mol equiv.) were boiled in acetic acid (10 ml) for 
1 h. After being cooled, dilution of the solution with water 
gave colourless crystals of the diazidotriazine (7) (92%). 
The crude product crystallised from light petroleum (b.p. 
60-80 "C) as white needles, m.p. 142-143 "C, vmx. (KBr) 
2 160 and 2 200 cm-l (N,); Mf, 206 (C,H,N,, requires M ,  
206). The diazide was not subjected to elemental analysis 
because of the detonation risk. [WARNING: 2,4,6- 
triazido-l,3,5-triazine (cyanuric triazide) detonates violently 
when touched, and reactions involving cyanuric chloride (4) 
and an excess of sodium azide are extremely hazTardous.] 

2-Azido-4,6-bis(dimethylamino)-l,3,5-triazine (8) .-This 
compound was prepared by the interaction of 2-chloro-4,6- 
bis(dimethylamino)-1,3,5-triazine l1 and sodium azide (1 
mol equiv.) in boiling acetic acid (1 h). The azide (8), 
deposited on dilution with water, crystallised from aqueous 
ethanol, m.p. 1OP-106 "C (lit.,20 m.p. 106-107 "C) ; v,,,. 
(KBr) 2 180 cm-l (N,). 

( 10) .-(a) 
2-Azido-4,6-bis(dimethylamino)-1,3,5-triazine (1.5 g) was 
boiled (45 min) in hydrazine hydrate (5 ml) and the solution 
was diluted with water (20 ml). The precipitated aminotri- 
azine (10) (68%) crystallised from ethanol as colourless 
prisms, m.p. 220-222 "C (sinters above 200 "C) (1it.,l8 m.p. 

(b) A solution of 2-azido-4,6-bis(dimethylamino)-l,3,5- 
triazine (3.0 g) in ethanol (100 ml) was hydrogenated over 

2-Amino-4,6-bis (dimebhy lamino) - 1,3,5-triazine 

227.5-228.5 "C). 

5% palladium on charcoal (0.2 g)  a t  atmospheric pressure 
(18 h). The heated, filtered solution yielded the same (i.r.) 
aminotriazine (2.6 g) on cooling, m.p. 228-230 "C. 

pCTo reaction occurred when 2-chloro-4,6-bis(dimethyl- 
amino)- 1,3,5-triazine (6) was boiled in concentrated aqueous 
ammonia (4 h) or fused with an excess of urea a t  180 "C 
(0.5 h). 
2,4-Bis(dimethylamino)-6-hydr~~no-1,3,5-triazine (1 1) .- 

2-Chloro-4,6-bis(dimethylamino) - 1,3,5-triazine (6.0 g) and 
hydrazine hydrate (7 ml) were boiled in ethanol (25 ml) for 
1 h. Addition of water to the mixture afforded the hydr- 
azinotriazine (1 1) (5.3 g) which crystallised from toluene- 
light petroleum (b.p. 60-80 "C) as colourless prisms, m.p. 
150-152 "C (sinters a t  145 "C) (lit.,21 148.5-152.5 "C). 

( 12) .-2- 
Chloro-4,6-bis(dimethylamino)-l,3,5-triazine (0.5 g) was 
boiled in IN-hydrochloric acid (20 ml) for 3 h. An excess of 
sodium acetate trihydrate was added to the cooled mixture 
and the product was extracted into chloroform (3  x 25 ml). 
Removal of the solvent afforded the triazinone (12) (0.4 g), 
m.p. 285-288 "C (lit.,22 m.p. 290-292 "C), vnlax. (KBr) 1 625 
cm-l (CO). 

3-0- [4,6-Bis(dimethylamino)- 1,3,5-triazin-2-yl]- 1,2:5,6-di- 
0-isopropylidene-a-D-glucofuranose ( 14) .-To a solution of 
1,2:5,6-di-O-isopropylidene-a-~-glucofuranose 23 (13) (1 1.7 
g, 0.05 mol) and 6-chloro-2,4-bis(dimethylamino) - 1,3,5- 
triazine (10.1 g, 0.05 mol) in dry N,N-dimethylformamide 
(50 ml) was added sodium hydride (50% in oil; 4 g, ca. 
0.08 mol) and the mixture was heated at  130 "C for 18 h. 
The gum (15.3 g, 75%) which separated out when the 
mixture was poured into water was collected and crystal- 
lised from chloroform-light petroleum (b.p. 60-80 "C) to 
yield the 3-0-triazinylglucofuranose (14), m.p. 89-95 "C 
which could not be satisfactorily crystallised to analytical 
purity. The lH n.m.r. spectrum of the crude product 
showed 6 (CDC1,) 1.28 (6 H, s, 2 x Me), 1.40 (3 H, s, Me), 
1.51 (3 H, s, Me), 3.08 (12 H, s, 2 x NMe2), 4.2 (4 H, m), 
4.6 (1 H, d), 5.56 (1 H, br s), and 5.9 (1 HI d). 

The same product (48%) was precipitated when the 
glucofuranose (13) (2.6 g) and the quaternary salt (9) (2.6 g) 
were stirred in O.1N-sodium hydroxide (100 ml) for 18 h a t  
25 "C. 
3-0-[4,6-Bis(dimethylamino)- 1,3,5-triazin-2-yZl- 1 ,Z-O-iss- 

propylidene-a-D-glucofuranose ( 15) .-A solution of com- 
pound (14) (3.0 g) in methanol (25 ml) and 0.3~-sulphuric 
acid (25 ml) was kept a t  25 "C for 5 d. The solution was 
concentrated to 20 ml under reduced pressure and extracted 
with chloroform (3 x 20 ml). Addition of an excess of 
diethyl ether to the chloroform solution afforded a pre- 
cipitate which was crystallised from chloroform-light 
petroleum to give the pure triazinyZgluGofuranose (15) (2.4 g, 
goyo), m.p. 189-190 "C (Found: C, 49.9; H, 7.0; N, 18.1. 
Cl,H2,N,0, requires C, 49.9; HI 7.1; N, 18.2%); [OiJDz6 
123 f 3" (c 1.6 in CHCl,); 6 (CDCl,) 1.33 (3 33, s, Me), 1.55 
(3 H, s, Me), 3.10 (12 H, s, 2 x NMe,), 3.10-6.10 (9 H, 
br m). 

3-O-[4,6-Bis(dirnethylamino)-l,3,5-triaz~n-2-y~-~-glwo- 
pyranose (16).-A solution of compound (15) (2.0 g)  and 
0.4~-hydrochloric acid (25 ml) was heated to boiling, 
cooled, and neutralised by stirring with IRA-400 (HC0,-) 
ion-exchange resin. The filtered solution was freeze-dried 
and the residue crystallised from ethyl acetate-ethanol to 
yield the 3-0-triazilaylglucopyranose (1 6) (0.75 g, 44%). 
m.p. 179-181 "C (Found: C, 45.5; HI 7.2; N, 20.5. 
Cl,H19N,0, requires C, 45.2; HI 6.7; N, 20.3%). 

4,6-Bis(dimethylamino)- 1,3,5-trZazin-2( 1 H) -one 
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3-0-[4,6-Bis (dimethylamino)- lI3,5-triazin-2-y1]- 1,2-0-iso- 
propyl~dene-cc-~-xylo-pentod~aldo-1,4-furanose (17) .-To a 
solution of compound (15) (1.3 g) in chloroform (15 ml) was 
added sodium hydrogencarbonate (0.2 g) in water (25 ml). 
The vigorously stirred emulsion was treated with sodium 
periodate (0.78 g) in portions. After 24 h a further quantity 
of sodium periodate (0.1 g) was added and the mixture was 
re-stirred (24 h) . Evaporation of the chloroform layer gave 
a mixture of starting material and product (t.1.c.). Chrom- 
atographic fractionation of the mixture on a column of silica 
gel using diethyl ether as eluant gave, as the first fraction, 
the triazinylpentodialdofuranose (0.25 g), m.p. 109-1 18 "C 
(Found: C, 50.8; H, 6.4; N, 19.7. C15H,,N505 requires C, 
51.0; H, 6.6; N, 19.8%); m/z 353 ( M + ) ,  338 (M' - Me), 
266, 184, 183, 141, and 83. 

2-A mino-N- [4,6-bis (dimethy lamino) - 1,3,5-triazin-2-y1]-2- 
deoxy-D-glucopyranose ( 18) .-To a solution of glucosamine 
hydrochloride (4.15 g) and potassium hydroxide (1.55 g) in 
water (5 ml) a t  0 "C was added in portions a solution of the 
quaternary salt 24 (9) (5 g) in water (10 ml). The mixture 
was stirred at 0 "C for 4 d and the crude amino-D-gluco- 
Pyranose (18) (3.5 g, 53y0), m.p. 155-160 "C (with decomp.) 
was collected. The crude product (2.0 g) in pyridine (12 ml) 
was stirred a t  25 "C with acetic anhydride (12 ml) for 66 h 
and poured into ice-water to afford the tetra-acetate (19) (1.8 
g ,  54%) which crystallised from dichloromethane-light 
petroleum-diethyl ether, m.p. 213-214 "C (Found: C, 
48.9; H, 6.4; N, 16.5. C,,H,,N,O, requires C, 49.2; H, 
6.3; N, 16.4(;6); 6 (CDC1,) 1.91 (3 H, s, COMe), 2.05 (9 H, 
s, 3 x CORle), 3.12 (12 H, s, 2 x NMe,), 3.5-4.3 (4 H, br 
m), and 6.34 (1 H, d, 1-H, d, 1-H, J 8.5 Hz). 
2-0-[4,6-Bis(dimethylumzno)- 1,3,5-trZazZn-2-yl]-P-D-glucO- 

pyranoside (20 ; D-enanliomer) .-D-Glucose (1.05 g) and 
potassium hydroxide (0.33 g) in water at 0 "C were treated 
with a solution of the quaternary salt (9) (1.5 g) in water 
(2 ml). The mixture was stirred at 0 "C (2 h) and allowed to 
warm to 25 "C (12 h). The crude 13-D-glucopyranoside (20) 
(0.55 g) was collected, m.p. 197-198 "C. Further product 
was obtained by concentration of the mother-liquor (total 
yield 1.5 g, 52%). The crude product (0.25 g) in pyridine 
(5 ml) was stirred with acetic anhydride for 18 h at 25 "C and 
the mixture was poured into ice-water. The precipitate 
was collected, dried, and crystallised from chloroform-light 
petroleum to afford the 2-0-[4,6-bis(dirnethylamZno)- 1,3,5- 
triazzn-2-yl] 3,4: 5,7-d~-O-tetra-acetyl-13-~-glucopyranoside (2 1) 
(0.22 g), m.p. 194-195 "C (Found: C, 48.8; H 6.0; N, 
13.55. C21H,lN5010 requires C, 49.1; H, 6.1; N, 13.60/): 
6 (CDC1,) 2.03 (12 H, s, 4 x COMe), 3.13 (12 H, s, 2 x 
NMe,), 4.86 ( 1  H, m), 4.20 (2 H, m), 5.25 (3 H, m), and 6.20 

De-acetylation of the tetra-acetate was achieved in a 
O.O2~-sodium methoxide solution at 25 "C (2 h) ; the pro- 
duct, m.p. 197-198 "C was identical (i.r. and t.1.c.) with 
the P-D-ghcopyranoside (20). 
2-0-[4,6-Bis (dimetlzylarnino) - 1,3,5-tviazin-2-yl]-P-~-gluco- 

pyranoside (20 ; L-Enantiomer) .-Interaction of L-glucose 
with the quaternary salt (9) according to the procedure 
described above yielded the P-L-glucopyranoside (27y0), m.p. 
196-197 "C (Found: C, 44.8; H, 6.65; N, 20.5. C,,H,,- 
N50, requires C, 45.2; H, 6.7; N, 20.3y0), with an i.r. 
spectrum indistinguishable from that of the D-enantiomer. 
Reactions of 2,4-Bis(dimethylamino)-6-hydrazino-l,3,5-tri- 

mine with Sugars.-(a) A mixture of the hydrazinotriazine 
(11) (3.25 g) and anhydrous D-glucose (1.0 g) was refluxed in 
0.5~-hydrochloric acid (30 ml) for 2 h. The solution was 

(1 H, d, 1-H, J 7.8 Hz). 

extracted with ethyl acetate (2 x 25 ml) to  remove the 
excess of hydrazinotriazine and the aqueous layer was 
evaporated under reduced pressure to 15 ml. On cooling 
crude D-glucose 4,6-bis(dimethyZamino)- 1,3,5-tetrazin-2-y1- 
hydrazone (22) (1.25 g ,  63%, based on D-glucose) was 
deposited, m.p. 200-212 "C (decomp.). Crystallisation 
(ethanol) afforded pure product, m.p. 205-206 "C (de- 
camp.) (Found: C, 43.6; H, 7.2; N, 26.8. Cl,H,5N70, 
requires C, 43.4; H, 7.0; N, 27.3y0), 6 [(CD,),SO] 2.97 
(12 H, s, 2 x N(Me),), 3.36 (5 H, s, exchanged with D,O), 
2.5-4.5 (3 H, m), and 5.83 (2 H, br s). 

(b) Interaction of lactose monohydrate with an excess of 
2,4-bis(dimethylamino)-6-hydrazino-1,3,5-triazine (1 1) in 
boiling 0.5~-hydrochloric acid, according to the procedure 
described above, afforded 4-0-( P-~-galacto@yranosyl)-~- 
glucose 4,6-bis (dimethy lamino) - 1,3,5-tetrazin- 2-ylhydrazone 
(23) (60%) when the mixture was concentrated. The 
hydrazone crystallised from chloroform-methanol-light 
petroleum (b.p. 60-80 "C) as white crystals, m.p. 169-171 
"C (decomp.) (Found: C, 39.1; H, 6.6; N, 17.4. C,,H,,- 
N7OlO*3H,O requires C, 39.5; H, 7.1; N, 17.0%). 
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