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Ahatrac- Acid-catalysed reactions of tri-O-acetyl-c+glucal with benzotriazole, 5,6dimethylbenzotriazole, 
5,bdichlorobenzotriazole and 6-chIoropurine have been found to give anomeric mixtures of the cor- 
responding 2’,3’-unsaturated N-glycosyl derivatives with the a-anomers preponderating. When t&O- 
acetyl-DgalactaI was used the 3’,4’,6’-tri-Q-acetyl-a- and g-o-lyxo-hexopyranosyl nucleoside analogs were 
obtained. The conformation and aoomeric configuration of all the N-glycosyl compounds obtained were 
assigned by NMR studies. 

Smc~ the initial suggestion of Robins et al.’ of employing glycals in nucleoside 
synthesis, a variety of heterocyclic compounds have been shown to react with acylated 
glycals in the presence of acid catalyst (sulfanilic, triBuoracetic and p-toluene 
sulphonic acids).2 The results have shown that either 2’,3’-unsaturated or 2-deoxy- 
pyranosyl nucleoside derivatives are formed depending on the tram or cis orientation 
of the vicinal acyloxy groups at C-3 and C4 of the glycal used, respectively. 

In continuing our work on the synthesis and transformation of purine nucleoside 
analogs we have now studied the acid-catalysed reactions of two hexopyranoid glycals, 
namely 3,4,6-tri-O-acetyl-D-glucal and. 3,4,6-tri-O-acetyl-Dgalactal, with benzo- 
triazole, 5,6dimethylbenzotriazole, 5,6dichlorobenzotriazole and 6chloropurine. 

Condensation of tri-0-acetyl-D-glucal with the above benzotriazoles and 6- 
chloropurine afforded the corresponding 4,6-di-O-acetyl-2,3dideoxy+mythro- 
hex-2enopyranosyl derivatives (la-f and IIa-g, Fig 1) as anomeric mixtures in which 
the a-anomers invariably were the major constituents. However, the reaction of this 
glycal with 5,6_dimethylbenzotriazoIe and 6-chloropurine provided, in addition to 
the before mentioned unsaturated N-glycosyl compounds, the Zdeoxypyranosyl 
derivatives IIIb, d (f3-anomers) and IVb, d (a-anomers) It is noteworthy that these 
products are unstable Thus, the 5,6dimethylbenzotriazole derivatives IIIb and IVb 
were both easily transformed by moderate heating or standing in solution at room 
temperature into 1~4,6-di-O-acetyl-2,3-didcoxy-a-Derythro-hex-2~op~anosyl)- 
5,6_dimethylbenzotriazole (Ilb). 
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Structural, configurational and conformational assignments of all the products 
obtained (Fig 1) are based on analytical and spectroscopic data. Thus, the position of 

I 

la B = Benzotriazol-1-yl 
Ib B = S,6-Dimethylbenzotriazol-1-yl 
lc B = 5,6-Dichlorobenzotriazol-I-yl 
Id B = 6-Chloropurin-9-yl 
Ie B = $6Dimethylbenzotriazol-Z-yl 

AC 

B 

III 

Illb B = 5,6-Dimethylbenzotriazol-1-yl 
llld B = 6Chloropurin-9-yl 

I Ic, I 

Ila B = Benzotriazol-I-yl 
Ilb B = 5.6Dimethyllxnzotriazol-1-yl 
Ilc B = 5,6-Dichlorolxnzotriazol-I-yl 
Ild B = CChloropurin-9-yl 
He B = Benzotriazol-2-yl 
111 B = 5,6-Dimethylbenzotriazol-2-yl 
Ilg B = 5,6-Dichlorobenzotriazol-2-yl 

IVb B = 5,6-Dimethylbenzotriazol-I-yl 
IVd B = 6-Chloropurin-9-yl 

substitution on the heterocyclic bases was established by UV spectroscopy, and it was 
confirmed by the appearance of the pattern of the aromatic protons in the NMR 
spectra Absorption maxima and extinction coeff%%ents of these substances were in 
the range of those reported for l- and 2-alkylbenzotriazole derivatives and 6-chloro-9- 
methylpurine as listed in Table 1. 

TABLE 1 

Compound PoH 
_~_~__ 

I-Methylbenzotriazole’ 255 
283 

2-Methylbenzotriazole’ 275 
1,5,6_Trimethylbenzotriazole* 265. 

286. 
2,5,6-Trimethylbenzotriazole* 284 

293 
I-Methyl-5,6_dichlorobenzotriazoles 268 (sh) 

272 
295 

2-Methyl-S$-dichlorobenzotriazole 286 
293 
300 (sh) 

6Chloro-9-methylpurine’ 265 

c 

6457 
4786 
7943 
6850 
5200 

10,800 
9ooo 
4786 
5012 
4169 
7762 
8913 
6918 
9100 

* Data from our laboratory. 
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The magnetic parameters obtained by first-order analysis of the NMR spectra of 
compounds Ia-f (ganomers) and Ha-g (a-anomers) are shown in Table 2. Second- 
order effects such as those arising in part X of an ABX system involved in more 
complex system have been taken into account. For some complex multiplets not 
amenable to first-order analysis (e.g. H-S and Hd’; H-l’, H-2’ and H-3’) trial cal- 
culations were performed using the non-iterative NMRIT program in order to obtain 
the parameters that best fitted the observed patterns. Errors in chemical shifts and 
coupling constants may be evaluated as i-O-02 ppm and f@5 Hz, respectively. 

A complete iterative analysis of the NMR spectra of Id and IId was performed by 
using the NMRIT and NMREN programs. For each compound the total 7-spin 
system was subdivided in two 4-spin systems (H-l’, H-2’, H-3’, H4’ and H-4’, H-5’, 
H-6’a, H-&e) which were analysed separately. A total of about 45 lines were measured 
for each compound. The mean deviation between observed and calculated line 
frequencies was fO10 Hz, and maximum errors for chemical shifts and coupling 
constants were of fOO1 ppm and f02 Hz, respectively. Errors in the sub-system 
H-4’, H-5’, H-6$, H&e of IId were larger (f002 ppm and 05 Hz), owing to the 
strong coupling between H-5’, H-6’a and H-6’e. 

Coupling constant values obtained for the N-glycosyl compounds listed in Table 2 
at once reveal that the sugar moiety in these derivatives is in the half-chair Hl con- 
formation. The value of J4,, 5, ( -8.5 Hz) is indicative of a quasi-axial-axial relationship 
between H-4’ and H-5’. In addition, the values obtained for J3,,4, (1.6-2.1 Hz) are in 
support of H-4’ being quasi-axial (a value of J,.,,. N 6 Hz would have been obtained 
for a quasi-equatorial arrangement of H-4’). Anomeric configuration has been 
assigned on the basis of the values of J,.,,, and the homoallylic coupling J,., *,. 
The compounds showing the largest homoallylic coupling have been identified as the 
p-anomers (quasi-axial H-l’), in agreement with reported data for conduritols.6 
On the other hand, these configurational assignments was confirmed by the values of 
J 1’. 2 , which show an angular dependence in qualitative agreement with that shown by 
J 3,,4t and with the trend of the modified Karplus equation for C (sp3)C (sp2) 
fragments.’ In Table 2 the magnetic parameters of 9-(4,6-di-O-acetyL2,3dideoxy- 
~-D-erythro-hex-2-enopyranosyl)-2,6dichloropurine (Ih) and its a-isomer (IIh), 
recently prepared by Ferrier and Ponpipom2@ by fusion of tri-0-acetyl-D-glucal with 
2,6_dichloropurine in which the sugar moiety adopts the HI conformation, are also 
included for comparison. The great resemblance that exists between the magnetic 
parameters of the 2,Gdichloropurine derivatives and those of our own N-glycosyl 
derivatives, justifies the configurational and conformational assignments made. 

Table 3 lists the PMR parameters obtained by first-order analysis for compounds 
IVb and IVd. The assignment to IVb of the Cl conformation is based on the magnitudes 
of the coupling constants J,., 5p = 94 Hq J,., 4, = 11.0 Hz and J,.,, 3s = 9.2 Hz which 
indicate an axial disposition for these protons. The anomeric configuration is given 

by the values of the coupling constants J1r,2ea = 5.4 Hz and J1B,2pc = 1.8 Hz which 
are characteristics for axial-equatorial and equatorial-equatorial arrangements, 
respectively. Accordingly the anomeric proton is in an equatorial orientation and 
therefore the anomeric configuration is a The conformation of IVd will be discussed 
later. 

With regard to compounds IIIb and IIId, the magnetic parameters of which are 
also included in Table 3, the sugar conformation was revealed as being Cl by a 
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characteristic diaxial coupling between H-4’ and H-S with J,., 5, = W-9-6 Hz. In the 
case of IIIb it was not possible to obtain any coupling constant from the multiplet at 
4.74 t (CDCI,) assigned to H-3’ and H-4’. A quartet at 3.86 r and a multiplet at 
7.24 T (CDCI,) were assigned to H-l’ and to the two protons bonded to C-2, 
respectively. These protons form an ABX system further involved by coupling to 
H-3’, in which the difference [r,, - tg] is close to zero. Since part AB is not amenable 
to analysis and the outer lines in the X part are missing we can only get from the 
spectrum the value of the sum [J,..,., + J1,,2,e] = 13.6 Hz. This large value suggest 
the existence of a diaxial coupling, and therefore compounds IIIb and IIId have the 
&D-anomcric configuration. 

Reaction of tri-0-acetyl-D-galactd with the same bases under exactly the same 
experimental conditions, afforded almost exclusively the corresponding 2-deoxy- 
hexopyranosyl derivatives Va-d and Via-g (Fig 2). Only in two cases (VIIa, c) 2’,3’- 

B 

A$ CH,OAc 

H 

Va B = Benzotriazol-I-yl 
Vb B = 5,6-Dimethylbenzotriol-l-yl 
Vc B = 5,6-Dichlorobenzotriazol-l-yl 
Vd B = CChloropurin-9-yl 

Via B = Benzotriazol-l-y1 
Vlb B = 5,6-Dimethylbenzotriazol-1-yl 
Vlc B = 5,6-Dichlorobenzotriazol-1-yl 
VId B = 6_Chloropurin-9-yl 
We B = Benzotriazol-2-yl 
Vlf B = 5,6-Dimethylbenzotriazol-2-yl 
Vlg B = 5,6-Dichlorobenzotriazol-2-yl 

VIIa B = Benzotriazol-1-yl 
VIIC B = 5,6-Dichlorobenzotriazol-I-yl 

FIG 2 

unsaturated products were isolated. Comparison of the UV spectra of all the N- 
glycosyl derivatives obtained with those of suitable model compounds (Table 1) 
allowed us to establish the site of glycosidation. 

PMR parameters obtained for compounds Va-d (ganomers) and Via-g (a- 
anomers) are given in Table 4. In the following discussion we will refer to Vc and VIc 
as representative compounds of both sets of anomers, and the conclusions drawn 
may be applied to the other N-glycosyl derivatives as well. On the other hand, despite 
the fact that the configurations and conformations of the N-2 (Vie-g) and the N-l 
(Via-c) glycosyl derivatives are the same we discuss them separately since there are 
differences in their respective NMR spectra. 

A complete analysis of the NMR spectra of Vc and VIc was performed using the 
NMRIT and NMREN programs. The total system was subdivided as above. A total 
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of about 65-70 lines were measured for each compound; the mean deviation between 
the observed and calculated frequencies is kOO6 Hz and the maximum errors for the 
chemical shifts and coupling constants are fOO1 ppm and f01 Hz, respectively. 

The magnitude of the coupling constants J?,,, at = 12.2 Hz and Jr,,, 3, = 5.3 Hz in 
the case of Vc, and J,,, 3, = 12.5 Hz and J,.,, 3, = 5.1 Hz for VIc suggest that H-3’ 
occupies an axial position and therefore that both compounds adopt the Cl con- 
formation. The anomeric proton of Vc appears at 3.78 t as a quartet with Ji., 2,. = 11.2 
Hz and J,,,Z,c = 2.6 Hz These values of the coupling constants are consistent with 
an axial orientation of H-l’, and indicate the I%anomeric configuration of Vc Similarly, 
the assignment of an a-anomeric configuration to WC is based on the magnitude of the 
coupling constants J1,,2,. = 5.4 Hz and J1,,Z,c = 1.2 Hz as determinated in the 
quartet at 3.57 7. 

Table 4 includes the magnetic parameters obtained from the NMR spectra of the 
N-2 glycosylbenzotriazoles (We-g). As all these spectra are very similar we will refer 
to compound VIg and the conclusions drawn can be applied to the remaining 
products. The narrow multiplet at 7.37 7 is assigned to H-2’ protons. Due to accidental 
degeneracy these protons behave as magnetically equivalent, and this makes the 
anomeric proton to appear as a pseudo-triplet (3.42 7). From this signal only the sum 
[J1,e2,. + Ji,,2J = 67 Hz can be determined which is sufficient to establish that 
H-l’ is equatorialy oriented (a value of 14 Hz can be expected for an axial H-l’ as in 
Vc). The multiplet centered at 4.047 is assigned to H-3’. The value of the sum 

CJ 2,a 3s + J,,,,,] = 168 Hz is large enough to allow the existence of a diaxial 
couphng between H-3’ and H-2’a. AU these conclusions clearly support the Cl 
conformation and the a-anomeric configuration of VIg. 

The NMR spectra of the 2’,3’-unsaturated compounds derived from D-gala&al 
VIIa and WC (Fig 2) present close similarities as well (Table 5). As in the previous 
cases we only refer to the NMR spectrum of one of these products (VIIa). In CD& 
the accidental overlap of the signals due to H-l’, H-2’ and H-3’ on one hand and H-5’ 
and H-6’ on the other precluded any analysis. Partial analysis was possible when 

TABLE 5. NMR P- OF 4’,6’-Dl-G-A~YL-~,3’-DlDeoxY-a-~-threo-~X-2’-~oPnN~YL 
DERIVATIVBS (60 MHz) 

Chemical shifts (r values) 

Compound Solvent H-l’ H-2 H-3’ H-4 H-5’ H-6 H-6’ Base OAc 
---- ----- 

VIIa CLq - 3.31 - 4.71 - 5.83 -- 1.74-260 7.96 8.20 
Vlla CJ’, 3.94 3.91 3.71 495 496 ---58~- 1.74-400 8.25 8.45 
VIIC CDCI, - 343 - 4.18 - 5.86 - 1.81 2.08 7.85 8.15 

Coupling constants (Hz) 

Vlla CJb 2.6 2.1 11.0 4.8 2.2 

VIIC CDCI, - - - 
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hexadeuteriobenzene was used The quartet centered at 4.95 T was assigned to H-4’. 
The magnitude of the observed coupling constant J,,,,, = 4.8 Hz is consistent with a 
quasi-equatorial orientation of H-4’; further, the magnitude of the coupling constant 
J 4t, 5t = 2.2 Hz is also consistent with a quasi-equatorial-axial coupling Conse- 
quently the N-glycosylbenzotriazole VIIa preferentially adopts the Hl conformation. 
The anomeric configuration of this compound was easily determined from the values 
of the vicinal and homoallylic coupling constants J1,, 2s = 2.6 Hz and JIsv .+, = 0 Hz, 
respectively, which are indicative of a quasi-equatorial disposition of H-l’.” 

The NMR spectra of the purine derivatives 9(3,4,6-tri-O-acetyl-Zdeoxy-a-D- 
mubino-hexopyranosyl)-6chloropurine (IVd) and 9-(3,4,6-tri-O-acetyl-2deoxy-a- 
D-lyxo-hexopyranosyl)-6chloropurine (Vld) present some differences with regard 
to those of the N-glycosylbenzotriazoles IV and VI. Coupling constant of these latter 
compounds are in satisfactory agreement for a pure Cl conformation.g From the 
comparison of the observed values for [J1, Zfa + J1s,2se], [J,,,,. + Jzsc,jt], J,.,,. 
and J4,, s of IVd and VId with the correspondingly observed for compounds IVb and 
VIac (Table 6) it is clear that the former values deviate from the latter ones in a 

TABLE 6 

Compound J,..,., + J,..,., J,.,,,. + J,.,,,. JY,, J *‘. 5’ 

IVd 96 13.2 65 67 
IVb 7.2 14.8 11.0 94 
Vld 1.5 153 
Via, b, c (average) 65 17.7 

larger proportion than attributable to experimental errors. This is particularly 
obvious in the case of the coupling constants J,.,,. and J,,,,. for IVd. 

All these observed deviations can be explained admitting that a small proportion 
of the alternative 1C conformers of IVd and VId are present in equilibrium with the 
favoured Cl forms Nevertheless, it is noteworthy that in the 1C conformation the 
acetoxy-methyl group at C-5’ is axially oriented. The existence of this equilibrium 
implies that the 6-chloro-9-purinyl moiety has a strong predisposition for an 
equatorial position. Although reason for this stereochemical preference is not 
clear, it can be attributed to the effect of the unfavourable interactions which exist 
in the Cl conformation between the H-8 proton of the purine and the H-3’ and H-5’ 
hydrogen atoms of the sugar, as is apparent from the molecular models. 

OAc 

wr 
AcO 

B 

CUUB 
B = Benzotriazolyl 

VIII 

FIQ 3 

lc(UB 
B = 6-Chloro-9-purinyl 

IX 
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The fact that this interaction may play a role in determining the sugar conformation 
is confirmed by the conclusions obtained from prior studies2’*/ on the reactions of 
3,4di-0-acetyk-arabinal with several benzotriazoles and 6chloropurine. There, it 
was shown that whereas the benzotriazole derivatives VIII (p-anomers) (Fig 3) 
showed a small preference for the Cl (L) conformation (5(Mo”/,), in the case of the 
6chloro-9-(3,4di-O-acetyl-2deoxy-~-L-mythro-pentopyranosyl)purine (IX) the con- 
formational equilibrium was strongly shifted towards the 1C (L) conformation (90%). 

EXPERIMENTAL 

M.ps are uncorrected. UV absorption spectra were taken with a Perkin-Elmer 350 spectrophotometer. 
NMR spectra were recorded with Perkin-Elmer R-IO and Varian HA-100 spectrometers, in 10-15x w/v 
solutions at standard probe temp, TMS being used as an internal referenct. Optical rotations were measured 
with a Perkin-Elmer 141 polarimeter. Preparative layer chromatography (20 x 20 cm, 2 mm thickness) 
was performed on PF,,, silica gel (Merck): silica gel GF*,, (Merck) was used for analytical TLC. Spots 
were visualized with UV light (254 mp). 

Reaction of3,4,6-tri-0-acetyI-D-glucal with benzotriazole 
A mixture of benzotriazole (1.19 g, 001 mole) and the glycal (544 g, 002 mole) in pure EtOAc (70 ml) 

with a few drops of trifluoracetic acid was heated in a sealed tube under continuous agitation at 90”. After 
39 hr the solvent was evaporated in UUM and the residue was dissolved in CHCI, and applied to 25 
preparative TLC plates. The plates were developed 16 times with a mixture of ether-light petroleum (3 :4). 
Under W light three major bands were visible, which were removed and the compounds extracted with 
EtOAc. 

1-(4,6-Di-O-acetyl-2,3-dideo~y-~-o-crythro-hex-2-~nopyr~~sy~)benzo~r~azole (la). The slowest running 
band gave 06 g of a syrup which was rechromatographed lo pure Ia, [a&, + lw2” (c 03, CHCI,): ). ,&:I*254 
(s, 76CQ 259 (s, 7450), 279 mp (E, 5850) (Found: C, 58.23: H, 544: N, 12.38. C,,H,,N,O, requires: C, 
58.00: H, 5.17: N, 12.68%). 

1-(4.6-Di-O-acetyl-2,3-dideoxy-a-Derythr~hex-2-enopyr~sy~)benzotri~zo~ (Ila). The second band gave 
0.8 g of a solid lla, m.p. 122-123” (from EtOH), [a], + 127.2 (c 1, CHCI,); Az 253 (E, 7210), 259 (E, 6670) 
(sh), 280 mp (s, 4140). (Found: C, 58.39: H, 5.25; N, 12.59. C16H,,N305 requires: C 58.00; H, 5.17: 
N, 12.68%). 

2-(4,6-Di-O-acelyI-~3-dideoxy-u-o-erythro-~x-2-e~p~~sy~b~zo~ri~zole (lie). The third band af- 
forded 05 g of a solid which was crystallized from MeOH to give lle, m.p. 127-128”, [a]n -966” (c 1, 
CHCI,): 1 L::“,” 274 (E, 14,000), 278 mp (s, 14,200). (Found: C, 58.30; H, 5.26; N, 12.88. C16H,,N,0s 
requires: C, 58.00; H, 5.17: N, 12.68%). 

Reaction of3,4,6-Lri-0-1lcelyI-D-glucal with 5,6_dimethylbenzotriazoie 
Tri-acetil-D-glucal (952 g, 0035 mole) and 5,6dimethylbenzotriazole (3.67 g, 0025 mole) in EtOAc 

(150 ml) containing trifludracetic acid (6-8 drops) were heated for 4 days as in the preceding case. The crude 
thick syrup obtained was dissolved in a small amount of EtOAc and applied to 40 preparative TLC plates 
which were eluted 9 times with ether-light petroleum (1: l), resulting in the separation of the following 
seven compounds : 

1_(3,4,6-~i-O-acetyl-2-deoxy-~-D-arabino-hexopyronosyl)-5,6-dimethylbenzo~r~zole (Illb). The slower 
moving band gave 02 g of as a fairly heat sensitive solid. This product was purified by preparative TLC 
(same solvent system as above); the compound so obtained was dissolval in a minimum volume of benzene 
and the soln was treated with light petroleum till turbidity. The soln was allowed to stand in the refrigerator 
for 20 min. and the colourless crystals which formed were Iiltered, m.p. 132-133”, [a]n -31.2’ (c 06, 
CHCI,): i &:I’, 260 (E, 7lOO), 286 mp (e, 4250). (Found: C, 57.20; H, 5.96; N, 981. C,,H,,N,O, requires: 
C, 57.27; H, 600; N, 1001%). 

1~3,4,6-~i-O-4cetyl-2-deoxy-a-D-arabino-hPxop~~sy~5,6~~e~hylb~zo~ri~ol (IVb). The second 
band gave 024 g of IVb which was recrystallized from EtOAc-light petroleum as in the preceding case in 
order to avoid its transformation in llb. Pure produd had m.p. 137-138”, [a]n + 172.2” (c D5 CHCI,); 



Heterocyclic N-glycosyl derivatives- XIII 4109 

22.9 261 (c, 5200), 266 (z, 4900) (sh), 284 mp (E, 3050). (Found: C, 57.27; H, 5.89; N, 979. C,,H,,N,O, 
requires: C, 57.27; H, 600, N, 1001%). 

1-(4.6-DCOace?yC~+dideo*y~~erythrohex-2-enopyranosyl)-5,6-dimethy~~~~~zo~ (Ib). Extraction 
of the next band using ether as solvent and evaporation in oacxw, gave 06 g of a solid material which easily 
converted into IIb. A NMR spectra of a fresh CDCI, soln showed the product to be a mixture of Ib (-70%) 
and the unsaturated compound Ilb. 

1~4,6-Di-O-aceiyI-23-dideoxy-a-D-erythro-~x-2-e~pyr~sy~-5,6-d~~~~y~beazo~r~o~e (IIb). The 
fourth band was formed by 05 g of Ilb, which was recrystallized from EtOAc-light petroleum, m.p. 16?- 
163”. [u]o + 1494” (c 1, CHCI,); 1. 2:“. 260 (E, 7500X 266 (c, 7200X 290 mp (E, 4100). (Found: C, 6004; H, 
607; N, 11.89. C,,H,,N,OS requires: C, 6015; H, 5.84: N, 11.69%). 

5,6-Dimethylbenzotriozole. The following band afforded 1 g of 5,6dimethylbenzotriazole identical with an 
authentic sample. 

2-(4.6-Di-0-aceiyl-~3-dideoxy-~o-erythro-hex-2-enopyraMsyI)-S,6-dimethy~enzo~ri~o~e (If). The next 
babd gave @32 g of If m.p. 154-155” (from EtOAc-light petroleum) [a], +211W’ (c 1, CHCl,); A=“, 279 
(s, 12,250) (sh), 284 (E, 13,850), 2% mp (z, 11.500) (Found: C, 6036, H. 5.92, N, 11.54. C,,H,,N,O, requires: 
C, 6015; H, 484; N, 11.69%). 

2-(4,6-Di-O-ac~yI-2,3-dideoxy-a-D-erythro-~ex-2-e~p~a~sy~-5,~~~e~~y~benzo~ri~~e (IIf). The 
fastest moving band afforded 086g of IIf, m.p. 132-133a (from EtOAc-light petroleum) [a]u -98.5’ 
(c 1, CHCI,); L”s”, 277 (E, 10,050) (sh), 284 (E, 11,900), 295 mp (c, 9800). (Found: C, 6038; H, 607; N, 11.87. 
C,sH,,NaO, requires: C, 6015; H. 5.84: N, 11.69%). 

Reaction of 3,4,6-tri-0-aceryl-D-glucal with 5,ddichlorobenzotriazoie 
The glycal (8.5 g, 0032 mole) and 5,6-dichlorobenzotriazole (4 g, 0021 mole) in 150 ml of EtOAc were 

heated for 4 days under the same experimental conditions above indicated. The crude product was dis- 
solved in hot benzene and the soln was allowed to stand at room temp for 24 hr. The crystallized 5,6- 
dimethylbenzotriazole was removed by filtration and the filtrated concentred in vocuo to a syrup. Pre- 
parative TLC (35 plates) of this material using ether-light petroleum (1:3) as eluent (10 developments) 
resulted in the separation of 3 fractions. 

1~4,6-Di-Qacetyl-2,3-dideoxy-B_D-erythro-~x-2-e~p~~sy~5,6-dic~lorobe~o~ri~o~ (1~). Elution 
of the slowest band aNorded 1.2 g of crystalline Ic, m.p. 102-103” (from MeOH), [a]u + 207.4” (c 1, CHCI,); 
I::“. 262 (~7 %90), 268 (s, 6500) (sh), 2% (E, 4730). 303 mp (z, 3790) (sh) (Found: C, 48.09; H, 3.83; N, 1065. 
C,,H,,Cl,N,O~ requires: C, 48.00; H, 3.75; N, 1050%). 

1_(4,6-Di-O-crcetyl-2,3-dideo*pa-D-erythro-~x-2-e~pyr~sy~-5,6~ic~~robe~o~r~zo~ (11~). The 
second band gave 1.2 g of 11~ mp. 113-l 14” (from MeOH), [a& + 177.P (c 1, CHCI,); rlg”, 263 (z, 7200), 
27O(e, 6750) (sh), 2% (E, 4540), 304 mp (E, 2940) (sh). (Found: C, 48.08; H, 3.83; N, 1060. C,,H,,CI,N,O~ 
requires: C, 48GO: H, 3.75; N, 1050%). 

2_(4,6-Di-O-acefyI-23-dideoxy-a-D-erythro-hex-2-e~pyr~sy~5,6-dich~robenzotri~zo~ (Ilg). The 
fastest band gave 077 g of II& m.p. 137-138” (from MeOH), [~]o - 115.3” (c 1, CHCI,); AZ”, 287 (z, 11,500) 
(sh), 295 (c, 19,300), 305 rnp (8, 13,000). (Found: C, 47.77; H. 3.67; N, 1025. C,,H,,CI,N,O, requires: 
C, 48.00; H, 3.75; N. 1050%). 

Reaction of 3,4,6-tri-o-aCelyI-D-glucal with Cchloropurine 
A mixture of tri-0-acetil-D-glucal (444 g, 002 mole) and 6-chloropurine (1.55 g, 001 mole) in 50 ml 

EtOAc was heated 24 hr as in the preceding cases The crude mixture (604 g) was separated into 3 fractions 
by preparative TLC (19 plates) after 19 consecutive developments using ether-light petroleum (2: 1). 

6-ChIoro-9-(4,6-di-O-aceiyl-2,3-dideoxy-~D-erythro-~x-2-~p~a~sy~puri~ (Id) Elution of the fastest 
band followed by rechromatography using ether-light petroleum (3 : 1) (15 developments) gave 034 g of 
crystalline Id, m.p. 110” (from EtOAc-light petroleum), [a&, + 85-6” (c 06, CHCI,); J&t”, 263 m)l(&, 8625). 
(Found: C, 48.89; H, 3.94; N, 1405; Cl, 978. C,,H,,CIN,O, requires: C, 4912: I-I, 4.09; N, 15.28; Cl, 
966%). 

6-ChIoro-9~4,6-di-O-acetyl-23_dideoxy-a-D~rythro-hex-2-e~pyra~sy~~ri~ (IId) Extraction of the 
second band followed by re-chromatography using EtOAc-light petroleum (1: 1) (7 developments) gave 
068 g of IId, m.p. 85-86” (from EtOAc-light petroleum), [a]n +599” (c 1, CHCI,); LLt”, 264 mp (e, 9450). 
(Found: C, 48.83: H, 4.23; N, 1499; Cl, 992. CIsH,,CIN40, requires: C, 4912; H, 4.09; N, 15.28; Cl, 
966%). 

6-Chloro-943,4,6-tri-0-acetyl-2-deoxy+ and a-D-arabino-hexopyrunosyl)purine (IIId) and (IVd) Elution 
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of the slowest band followed by chromatography using ether as developer gave two bands The slower 
moving of these gave 6chloropurine. The other one gave 027 g of a syrup. Rechromatography of this 
material using EtOAc-light petroleum (1: 1) (20 developments) separated it into two compounds. The 
fast moving band gave 008 g of Illd, m.p. 143-l@(from EtOAc-light petroleum), [a]u - 18.9” (c 08, 
CHCI,); A::“, 264 mp (p, 7920). (Found: C, 4753: H, 455; N, 12.87; Cl, 848. C,,H,,ClN.O, requires: 
C, 47.84; H, 4.45; N, 13.13; Cl, 8.30%). 

The slow band gave 017 g of as a syrup IVd which could not be crystallized, [a]u + 52.6” (c 05, CHCI,); 
LetoH 264 mp (+ 8300). (Found: C, 47.56; H, 448: N, 12.89; Cl_ 8.49. C,.,H,&IN*O, requires: C, 47%; mU. 
H, 445; N, 13.13: Cl, 8.30%). 

Reaction o/tri-0-aceiyl-D-gnloctal with benzotriazole 
A mixture of glycal (544 g, 002 mole) and benzotriazole (1.19 g, 001 mole) was heated for 37 hr as in 

the preceding cases The crude product obtained was separated into 5 fractions by preparative TLC 
(27 plates) after 7 consecutive developments using ether-light petroleum (1: 1). 

1-(3,4,6-Tri-O-acetyI-2-deoxy-B-~-lyxo-hexopyru~sy~ benzotriazok (Vaj The slower moving band gave 
025 g of Va, m.p. 140-141” (from EtOAc-light petroleum), [a&, -24.1” (c 1, CHCI,); A::“, 253 (e, 8100). 
259 (E, 7420) (sh), 282 mp (E, 5300). (Found: C, 54.99; H, 457; N, 1071. C,sHz,N,O, requires: C, 55.24: 
H, 440; N, 1@74”/,). 

1-(3,4,6-7ti-O-acetyI-2-deoxy-a-D-lyxo-hexopyranosy~ benzotriazok (VIaj The next band afforded 1.2 g 
of a syrup which further purified by preparative TL,C using EtOAcCHCl,-light petroleum (1: 1:4) as 
developer (7 developments) giving pure Via, [alo + 1208” (c 1, CHCI,), I E;“, 253 (E, 6950). 259 (4 6550) (sh), 
279 mp(e, 3950). (Found: C, 55.52; H, 5.45: N, 1099. C,sHz,N,O, requires: C, 55.24; H, 540; N, 1074%). 

1-(4,6-Di-0-acetyI-2,3-dideoxpa-~-threo-~x-2-~op~~sy~ benzotriazole (VIIa). The next band gave 
033 g of VIIa, m.p. 123-124” (from EtOAc-light petroleum), [a&, -85.7” (c 1, CHCl,); i.::“, 254 (s, 7450). 
260 (e, 6850) (sh), 282 mp (E, 4050). (Found: C, 57.75; H, 5.32; N, 1260. C,6H17N301 requires: C, 58.00: 
H, 5.17; N, 12.68%). 

2-(3,4,6-‘Ri-O-acetyl-2-deoxyu-~lyxo-hexopyranosyf) benzotriazole (VIej The next band gave @3S g 
of solid Vie, m.p. 160-161” (from EtOH), [LX&, +904” (c 1, CHCI,); c”,“, 273 (E, 11,600). 277 (P, 11,700), 
283 mp (e, 10,100) (shj (Found: C, 55.24; H, 566; N, 1094. C,sH,,NJO, requires: C, 55.24; H, 540; 
N, 1074%). 

2~4,6-Di-0-acetyI-l,2,3-trideoxy-D-xy]o-hex-l-enopyronos-3-y[)benzorriazole. The fastest band gave 
025 g of a syrup which was further purified by TLC using EtOH-CHCl,-light petroleum (1: 1:7) as 
developer system. After 8 consecutive developments a homogeneous syrup was obtained, [z]n + 3692” 
(c 05, CHCI,): I,, , ELO” 274 (z, 735Oj 278 (E, 7500), 284 mp (r, 6450). Its structure was tentatively assigned from 
an NMR spectrum analysis and it was not further studied. NMR (CDCI,, r), 3.17 (H-l’), 482 (H-21. 460 
(H-3’). 447 (H-4’). 5.29 (H-5’), 5.73 (H-6’). Coupling constants (Hz) J,., z. = 49. J,., 3. = 1.0, J,., 3. = 4.9, 

J ,,s,& = 1.7, J3,,4, = 2.0, J4,.5< = 1.8. (Found: C, 57.70; H, 5.23: N, 1281. C,,H,,N,O, requires: C, 58X)0: 
H, 5.17; N, 12.68%). 

Reaction of3,4,6-tri-O-ocetyI-~-golnctal with S&din!ethylbenzotriazoZe 
The crude product obtained from reacting the glycal (68 g, 0025 mole) and 5.6-dimethylbenzotriazole 

(2.2 g, 0015 mole) for 65 hr at 95” was chromatographed on 33 preparative plates. ARer 5 consecutive 
developments with ether-light petroleum (4: 3), four major bands were separated. 

5,6_Dintethylbmzotriazole. The fastest band gave 1.35 g of crystalline 5.6dimethylbenzotriazole. 
1-(3,4,6-~i-O-ac~yl-2-deoxy-~~-lyxo-hexopyranosyI)_5,6-dimethylbenzo~riazo~ (Vb). The slowest band 

afforded a solid compound (03 g) which was crystallized from EtOH to give pure Vb, m.p. 155-156”. 
[a], - 32.6” (c 1, CHCI,); A=, 259 (E, 7OOOj 264 (e, 6600) (sh), 287 mp (c, 4050). (Found: C, 5699; H, 6.00; 
N, 987. C,,H,,NaO, requires: C, 57.27: H, 5.96: N, 1002%). 

1~3,4,6-~i-O-acetyl-2-deoxy-a-D-lyxo-hexop~~sy~5,~di~~e~hylb~zo~ri~o~ (Vlb). The second band 
gave 1.3 g of a syrup which was further chromatographed using two developments with ether-light 
petroleum (4:3) giving pure VIb, [a]n + 1790” (c 05, CHCI,): at”, 261 (e, 7600), 266 (e. 7400) (sh), 286 mp 
(F, 47603. (Found: C, 57.31: H, 588: N, 1024. Cz0Hz5N307 requires: C, 57.27; H, 496; N, 1002%). 

2_(3,4,6~i-O-acetyl-2-deoxy-a-D-lyxo-hexopyranosy~5,6-dime~hyl~nzo~~o~ (VIfj The next moving. 
band gave D5 g of VIZ m.p. 124-125” (from EtOHj [alo +82.2” (c 1, CHCl,): ids”. 278 (E, 10,300) (sh), 
285 (F_ 12,000), 295 mp (.s, lO,ooOj (Found: C, 57.18: H, 5.91: N, 1012. C1,,HzSN307 requires: C, 57.27: 
H, 496: N, 1002%). 
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Reaction of3.4,6-tri-0-ocetyl-D-ga~tai with 5,6-dlchlorobenzotriazole 
The reaction was accomplished as for the preceding cases starting from 544 g (002 mole) of glycal and 

1.88 g (001 mole) of 5,6_dichlorobenzotriazole. The crude product obtained after heating for 70 hr at 
90-95” was dissolved in CHCl, and applied to 23 preparative TLC plates. The platcs were developed 15 
times in ether-light petroleum (3:4) resulting in the separation of 5 fractions. 

1~3,4,6-~i-O-ocetyl-2-deoxy-&D-lyxo-hexop~anosyl)-5,6-dichlorobenzotri~o~ (Vc). The solid obtained 
from the slowest moving band (017 g) was recrystallized from EtOH-Hz0 to give Vc, m.p. 160-161”. 

[a]o -33.3’ (c 1, CHCI,): I, , moH 262 (F_ 6480), 268 (r; 6050) (sh), 296 (z, 4300), 304 mp (E, 3360) (sh) (Found : 
C, 4673: H, 4.20: N, 916. C,sH,&I,N,O, requires: C, 4695: H, 4.13; N, 913%). 

1~3,4,6-Tri-O-acetyl-2-deoxy-a-D-lyxo-hexopyr~osy~5,~d~hloro6enzo~ri~o~e (VIc). The next band 
gave 032 g of VIc, m.p. 151.5-152” (from EtOH-H,O), [alo + 198.9 (c 1. CHCI,): et”, 263 (z, 6900), 270 
((; 6570) (sh), 2% (E, 4500). 304 mp (c, 3560) (sh). (Found: C, 47.04: H, 432: N, 922. C,sHIPC12N30, 
requires: C, 4695: H, 4.13: N, 913%). 

1~4,6_Di-O-acetyl-2,3~~eoxy-a-D-threo-~x-2-enopyr~osy~5,~ichloro~enzo~riazo~ (VIIc). The solid 
obtained from the following band was recrystallized from EtOH to yield 004 g of VIIc, m.p. 196”, [z]F 
+246” (c 025, EtOH): A::“, 262 (z, 8950), 268 (z, 9000), 292 (F, 9650), 301 mp (e, 7180) (sh). (Found: C, 
48.05: H, 3.82: N, 1079. C,6HI,CI,N,0s requires: C, 48.00: H, 3.75: N, lD5~~). 

2-(3,4,6-~i-O-acetyl-2-deoxy-a-D-lyxo-hexopy~a~sy~5,~dichlorobenzorr~zole (VIg). The fourth band 
gave 06 g of VIg, m.p. 117-118” (from EtOH), [a]o +8&O” (c 1, CHCI,); A=:“, 287 (E, 11,500) (sh), 296 
(e, 13,700), 305 mp (E, 12.350). (Found: C, 47.11: H, 4.19: N, 8.87. C,sH1&I,N,O, requires: C, 4695: 
H, 4.13: N, 9 13%). Finally, from the fastest moving band 5,6-dichlorobenzotriazole was isolated. 

Reaction oj3,4,6-tri-O-acetyl-D-galactal with Cchloropurine 
A mixture of glycal(5.44 g, 002 mole) and Cchloropurine (1.55 g, 001 mole) was heated for 44 hr as in the 

preceding cases. After this time a small amount (035 g) of a solid was removad by filtration and the solution 
was washed with water, and fmally dried over NazSO,. The crude thick syrup obtained after removing the 
solvent was dissolved in CHCI, and chromatographed on 20 preparative TLC plates using ether resulting 
in the separation of two major bands. 

The slow band gave unreacted Cchloropurine while rechromatography of the material obtained from 
the fast band (2.3 g) using ether-light petroleum (5: 1) gave two fractions. 

6-ChIoro-9~3.4.6-tri-O-aceryl-2-deoxy-B-D-lyxo-hexopyronosyl)purine (Vd). The slow band afforded 
053 g of Vd, m.p. 145-146” (from EtOAc-light petroleum), [a]o +2” (c 07, CHCI,): AZ::“.“, 264 mp (z, 9170). 
(Found: C. 47.55: H, 4.59: N, 13.02: Cl, 8.33. C,,H,,CIN,O, requires: C 47.84: H.4.45: N, 13.13: Cl, 
8.300/,). 

6-ChIor~9~3,4,6-tri-O-acetyl-2-deoxy-a-D-lyxo-hexopyr~osy~~i~ (VId). The fast moving band gave 
065 g of a syrup which was rechromatographed (EtOAcCHCI,, 1: 1) to give pure VId, [a]o + 58.0 
(c 07, CHCI,): A,,,, , “OH 264 rnp (E, 9120). (Found: C, 47.59: H, 448: N, 1418. C,,H,&IN*O, requires: 
C, 47.84 : H, 4.45, N, 13.13%). 
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