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Abstract-The reaction of 1,2: 5,6-di-0-isopropylidene a-D-mannofuranosyl chloride with chloromercuri- 
6benxamidopurine gives a mixture of a- and &isomers in the ratio 39a: 148. Both isomers have been 

isolated as pure crystalline compounds. Some further extensions of the reaction are described, together 
with attempts to make nucleosides containing free aldehydo- groups. 

RECENTLY’ we described the synthesis of 9-o-mannofuranosyl adenine by a one step 
procedure from 2,3 : 5,6-di-0-isopropylidenea-o-mannofuranose. 

Analytical examination showed this to be a simple anomer, and no indication was 
found of a second anomer. However, although condensation of glycosyl halides 
bearing an ester group in the Cc2) position normally results in the production of only 
one isomer (that having the tram arrangement of the Co., and Ccz.i substituents),’ 
when, as in this particular case, no C,,,, ester group is present, the trans-rule is 
inoperable,2 and the question arose whether only one isomer was actually formed, 
or whether the second isomer was lost in the isolation of the product. 

When reaction of 2,3 : 5,6di-O-isopropyhdenea-D-mannofuranose with triphenyl 
phosphine in carbon tetrachloride was repeated using slightly modified conditions, 
the 2,3 : $6di-O-isopropylidenea-Dmannofuranosyl chloride (I) was isolated in 67% 
yield, the proton magnetic resonance spectrum (PMR) and the molecular rotationt 
being in agreement with the a-configuration previously assigned.’ We have found 
that the triarylphosphine in this reaction may be replaced by trialkylphosphines or 
phosphorous tris-(N~-dialkyl)amides with equally good results, and that a variety 
of other polyhalo-compounds may replace carbon tetrachloride with formation of 
the corresponding halides.3§ 

2.3 : 5,6-Di-O-isopropylidenect-o-mannofuranosylchloride was allowed to react 
with chloromercuri-6~benzamidopurine as previously described, but with the 

l This work is mainly abstracted from Research Reports (by T.J.N.). Loughborough University, 196 5, 
1966 and a Ph.D. Thesis (T.J.N.), Loughborough University, 1967. An outline summary has also appeared 
in the Loughborough University Chemical Society Journal. 

t Present address: Department of Biochemistry, The University, Glasgow. 
_$ The value reported in Ref 1 should read [a]r, ‘es + 72.5’ (c 8.3 acetone), not + 2.75”. 
5 The use of phosphorous tris (di-N-alkyl)amides has a further advantage in the isolation of products, 

where the alkyl halide produced is water stable. In the present case the halide must be used in sim before 
washing out the tris (di-N-alkyl) phosphoric amide with water. 
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omission of the hydrolytic stages. A yellow syrup was obtained which was shown to 
consist of two major and at least nine minor components. The two major components 
(60% total) were isolated by preparative layer chromato~aphy. 

The faster moving component was shown to be 6-benzamido-9-(2’,3’: 5‘,6’di-O- 
isopropylideneu-D-mannofuranosyl)purine (II) while the slower moving component 
was the I&anomer, (III). The ratio a: f3 was found to be 39 : 14 assuming quantitative 
isolation. Both anomers were obtained as crystalline solids which analysed correctly 
for the expected structures, having IR and PMR spectra in accord with these struc- 
tures. The anomeric structures could be clearly distinguished by PMR spectroscopy, 
since they showed considerable differences in the resonance positions and patterns 
of the signals from the protons in the sugar moiety. 

Thus, in the spectrum of II (Fig. 1) H(,,, appears as a sharp singlet at 4.10’) from 

H6 

A 
-- 0 

FIG. 1. ‘H NMR spectrum of ~~n~d~9~~,~ : ~,~~i-0-~propylidene~~~nn~ 
furanosyf) adenine. 

which it may be concluded that a trans arrangement exists between H,,,, and H,,., 

($1’2’ approximating to a right angle)4 confirming the a-configuration. The doublet 

tJ2’.3* = 6 c/s) at 4.62 ’ may be assigned to Ht2.), this being cis to, and forming an 
AI3 system* with, H,,,, (4*887 : J,*,,, = l-7 c/s). In contrast, an examination of the 
resonance positions of the sugar protons in the spectrum of the &compound (III; 
Fig. 2) reveals that only the signal for the anomeric proton is below 5.0 ‘. This proton 
appears as a doublet (J,,,. = 2.7 c;s) as is to be expected for a cis relation with H,,,, 
at 3.89T . 

Examination of models indicates that the appearance of the H,., and Hf3,) reson- 
ances at lower field in the a-anomer may be ascribed to anisotropic des~elding by 
the purine nucleus. That Ht4‘) is not likewise deshielded is almost certainly due to 

l WC adopt here the nomenclature of Pople, Schneider and Ihnstein, High Resolution Mqpetic 
Resonmx McGraw Hill, New York (1959). 



Sugars with potential antiviral activity-111 2341 

H,’ 3’ 4’ 5’ 6’ I , . I 

H6 4 
TMS 

; Y v (r) 

6 c/s per unit 

FIG. 2. ‘H NMR spectrum of bbenzamido-9-(2’,3’: 5’,6’-di-0-isopropylidenea-D_manno- 

furanosyl) adenine. 

slight twisting of the sugar-ring with resultant movement of this proton towards an 
“equatorial” position. In agreement with this is the surprisingly low coupling 
constant observed between H(,., ard its cis neighbour, H,,.,. In the pcompound 
anisotropic deshielding of the corresponding protons cannot occur. It is interesting 
to note that in the latter anomer one favoured conformation of the purine nucleus 
permits interactions between the oxygen atom attached to the C,,, atom and the 
Hur, proton. This should result in deshielding of H(s, relative to the situation in the 
a-anomer. A singlet resonance occurs at 2.08 ‘I in the spectrum of compound (II), 
whilst the spectrum of compound (III) shows a corresponding resonance 31 c/s 
downfield. These signals may therefore be attributed to H(s). 

During the course of this work Lerner and Kahn’ described the reaction of 
2,3 : 5,6-di-0-isopropylidenea?~D-mannofuranose with thionyl chloride, followed by 
the condensation of the glycosyl chloride with chloromercuri-6benzamidopurine 
using Davoll and Lowy’s technique. 6 They claimed to have isolated only the a- 
product, but no proof of the anomeric purity of the product, or of the anomeric 
configuration of product or glycosyl halide, was offered. Since thionyl chloride 
often reacts with alcohols with retention of configuration (via an S,i mechanism,)’ 
the mannosyl chloride obtained by these workers probably had the same (a) con- 
figuration as that obtained by us. We assume that the mannofuranosyl-adenine 
obtained by these workers had the a-configuration also. 

One possible explanation for the observed results is that reaction proceeds by 
competing processes, one involving a cyclic transition state, e.g. (IV), the other being 
a normal SN2 process, this latter being somewhat less favoured owing to the steric 
hindrance afforded by the isopropylidene group. 

We have applied this reaction to the synthesis of some other mannofuranosyl 
purines and pyrimidines. Thus reaction of the mannosyl chloride (I) prepared in situ 
was attempted with the mercuri-salts of thymine (V) theophylline (VI), and of 
(2,6_N,Odibenzoyl)guanine (VII). In addition a number of variations in treatment of 
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the mannosyl chloride mixture were examined in attempts to improve the reaction, 
but with little observed difference in yield. 

When dithymylmercury (V) was reacted with the glycosyl halide, a variety of 
materials resulted, preparative layer chromatography showing the presence of six 
components. One major component, isolated in crystalline form, was identified by 
spectroscopy and elemental analysis as 1,4-anhydro-23 : 5,6di-O-isopropyhdene-D- 
mannitol, (VIII). This reduction product of the glycosyl halide may possibly arise 
by formation and breakdown of an intermediate mercuri-chloride, and this point is 
being examined. A second portion of material appeared to be the required &nucleo- 
side (IX) since the anomeric proton appeared as a doublet (Ju(u; = 6 c/s) at 4.7’ . 
(H4 also appears as a singlet at 1*85? ), whilst a third fraction was the a-nucleoside 
(X) (singlet anomeric proton, H* at 2.2 ‘). The ratio of a:8 in this case was approxi- 
mately 27 : 20. 

Theophylline mercurichloride (VI) was reacted with the halide (I), and the mixture 
again subjected to PLC. Eight fractions were obtained, but while two appeared to 
be mainly the required a and B materials (XVIII), they were difficult to purify properly, 
and were treated further as described below. Reaction of (2,6-N,O-dibenzoyl guanine) 
mercurichloride (VII) with the halide also produced a complex mixture (XIX), 
difficult to purify, and the further treatment of this is also described below. 

In developing routes to nucieosides of higher sugars, we required as intermediates 
nucleosides containing aldehydo-or keto- groups. Pfitzner and Moffat’ in a pre- 
liminary communication described the use of the DMSO-DCC reagent (the Pfitzner- 
Moffat reagent), and the oxidation of 3’-0-acetyl thymidine, 2’,3’-0-isopropylidene- 
uridine, and 2’,3’-0-isopropyhdene adenosine was stated to lead to the corresponding 
5’-aldehydo compounds In a later fuller paper’ the oxidation of 3’-0-acetyl thymidine 
was detailed, but it appears that the product was not obtained in a pure state. 

We examined the use of the reagent in the oxidation of 2’,3’-0-isopropylidene 
adenosine and 2’,3’-0-isopropylidene guanosine. We also examined the use of DMSO- 
acetic anhydride which was found to be of use in some cases.” When 2’,3’-O-iso- 
propylideneadenosine was reacted with DMSO plus acetic anhydride under mild 
conditions the only materials isolated were 2’,3’-0-isopropylidene-5’-0-acetal 
adenosine, and a number of breakdown products of the nucleoside. No aldehydo 
compound was found. 2’,3’-0-Isopropylidene guanosine behaved in a similar manner. 
The oxidation of this latter material with DMSO containing dicyclohexylcarbodi- 
imide and phosphoric acid was carried out at room temperature for 4 hr. A number 
of fractions were isolated but in none could an aldehyde group be detected by either 
PMR or IR spectroscopy, nor was material obtained which gave a positive Brady 
reaction. 

An alternative route seemed desirable. Silver II picolinate has been shown in these 
laboratories to oxidize alcohols smoothly to aldehydes or ketones,” and appears 
reasonably effective in the sugar series. However, it also oxidizes phenolic and amino 
pups, I2 and since both were present in the compounds under examination, attack 
upon these was possible. Oxidation of both 2’,3’-O&opropylidene adenosine and 
2’,3’-O-isopropylidene guanosine proceeded rapidly, but in each case by attack upon 
base rather than sugar moiety. Experiments with suitably protected materials seem 
more promising l2 

The removal of an isopropyhdene protecting group by dilute acid proceeds more 
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readily for acyclic than for fused rings,13 and advantage of this has been taken in a 
number of cases in the sugar field to obtain selective removal of one protecting group. 
In the case of the di-isopropylidene derivatives synthesised above, preferential removal 
of the 5’,6’-O+opropylidene residue would expose the Cs, and C,. hydroxyl groups, 
(XI), which could then by periodate oxidation presumably be converted into the 
corresponding l’J’-pentodialdo compounds (XII) 

Compound IX was hydrolysed by 70% aqueous acid at 50” for 150 min and by 
fractionation of the syrupy mixture of products a poor yield of (2’,3’4&isopropylidene- 
fJ+mannofuranosyl) thymine (XIII) was obtained, having IR and PMR spectra in 
agreement with this structure. This material consumed approximately 1 mol. of 
periodate, formaldehyde being produced, together with an off-white low-melting solid, 
which showed an aldehyde signal in the PMR (0.15 ‘) and had other PMR and IR 
spectral characteristics in agreement with the expected compound, viz.: (2’,3’-O- 
isopropylidene-1’,5’-pentodialdofuranosyl) thymine (XIV) 

When compound (X) was hydrolysed under similar conditions a small amount of 
(2’,3’-O-isopropylideneu~mannofuranosyl)-thymine, (XV), was formed, but the 
amount obtained was not sufficient for further reaction 

The crude theophylline derivatives were subjected to similar hydrolysis, and, with 
some difficulty, (2’,3’-O-isopropylidene&o-mannofuranosylttheophylline (XVI) was 
obtained, the b-configuration following from the H1 signal, which appears as a doublet 
at about 3.75 ‘. The treatment of this material with aqueous sodium metaperiodate 
(1 mol.) gave formaldehyde and an oil which, whilst giving a positive Brady test, was 
obtained in too small amount to be positively identified as the required aldehyde 
compound. In further experiments material showing essentially the required PMR 
spectrum (including an aldehyde proton at O-2’ ) was obtained, contaminated by 
further material, but the purification of this material was not accomplished. 

The hydrolysis of the crude mixture from the dibenzoyl guanine reaction was then 
attempted, using the conditions described above. Isolation of the product proved 
easier in this case, but examination of the IR and PMR spectra showed complete 
absence of isopropylidene residues, the presence of one amide and four other proton 
signals, all removed on treatment with D20, and the remaining spectral and physical 
characteristics, indicated the material to be 2,6-N,O-dibenzoyl-(D-mannofuranosyl) 
guanine (XVII). Further experiments are under way to improve these preparations, 
and to obtain the 1’,5’-ribopentodialdo compounds, via the corresponding allose 
derivatives 

I, R = Cl 

II, R = 

VIII, R = H 

III, R = 
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EXPERIMENTAL 

IR spectra were measured using Perk&Elmer 237 and 257 spectrophotometcrs. Optical rotations 
measured using a Bendix N.P.L. Automatic Polarimetcr, PMR Spectra measured on a Perkin-Elmer 
R 10 (60 M) spectrometer usually in CD& at 34” using TMS as internal standard. PLC on Kieselgel HF 
254 support elptal with either (A) benzene-methanol 9: 1, or (B) benzene-methanol 19: 1. Carbon tetra- 
chloride, stored over calcium chloride+ was distillal before use, rejecting the first -2o”/, distillate. 

Triphenylphosphine was kept in uacuo over phosphorus pentoxide. Other materials were purified 
commercial samples. 

2,3 : 5,6-Di-0-isopropylidenea-D-monMfuraMsyl chloride. (I) To a solution of 2.3 : 5.6-d-O-isopropyli- 
denea-D-mannofuranos (5.2 g) in carbon tetrachloride (25 ml) was added triphenylphosphine (5.25 g) and 

separate soon afterwards and after 45 min anhydrous lead carbonate (@5 g) and powdered anhydrous 
charcoal was added. The mixture was concentrated after filtration through dry kieselguhr. and the residue 
was extracted with anhydrous 80-100” petrol. The combined extracts were filtered, concentrated to a 
syrup, and the syrup distilled in a short-path distillation apparatus under vacuum, giving 2.3 :5,6&O- 
isopropylidenea-D-mannofuranosyl chlorid+ (I), (375 g, 67%), nf.’ 14649, [a]? ’ + 76.4” (c 2.16 in 
acetone). 

dBenzamido-9j2’,3’ ; 5’,6’-d:-0-isopropyhdene-D- mannofiranosyf) purines, a and p forms, (II, III). A 
suspension of Celite (48 g) and chloromercuri-6-benmido purine (4.75 g) in sodium dried, redistilled 
xylene (200ml) was partially distilled under reduced pressure. When the volume was reduced to about 
150 ml, 2,3;5,6di-0-isopropylidenea-D-mannofuranosyl chloride (I), (2.79 g), contained in dry xylene, was 
added. The mixture was stirred for 15 hr at 120°C under an atmosphere of nitrogen. Charcoal was added, 
the hot mixture was filtered, the residues were washed with chloroform, and the combined filtrate and 
washings were evaporated, using a rotary evaporator, to small bulk. The residues were dissolved in chloro- 
form (150 ml) and the solution again filtered, washed in succession with WA aq. KI solution, (3 x 50 ml), 
and water (50 ml), dried over sodium sulphate, and concentrated to a syrup (5.85 g). 

Analytical TLC of the syrup on Keiselgel PF 254 eluted with solvent (B), with two further repetitive 
elutions, showed two major components, with at least eight minor constituents. Using the same conditions 
portions of syrup were subjected to PLC (on 3 x 100 x 20 cm plates). The two major bands were removed 
in turn, and each component was separated from siliceous material by extraction with methanol evaporation 
of the solvent, and extraction with chloroform. In each case the chloroform extracts were dried, concentrated 
in uacuo, and the residue recrystallized from -80” petrol-ether mixture. In a typical experiment the 
faster running component had R, 0.65. and was 6-benzamido-9-(2’.3’;5’.6’-di-O-isopropylidenea-D- 
mannofuranosyl) purine (II) (387 mg), mp. 113-115, [a];’ +62” (c, 1 in CHCI,), as confirmal by its 
PMR spectrum (Fig 1). (Found: C, 57.7; H, 5.9; N. 14.4. Cz4H2,H,06 H,O requires: C, 57.7; H, 5.8; 
N, 140%). 

The slower moving component was (R, 048) 6-benzamido-942’,3’ : 5’.6’di-O-isopropylidenebp- 
mannofuranosyl) purine, (III), (13.6 mg) mp 114-115”, [a]p - 4” (c+ 09 in CHCI,) again confirmed by 
its PMR spectrum (Fig 2). (Found: C. 57.5; H. 5.8. C2,H2,N506*H20 requires: C, 57.7; H. 5.8%1 

PMR spectral assignmenrs. (in CDCI,, TMS internal standard). 
Compound II-H,, appears as a singlet at 4.10T. The doublet at 4.62 r was assigned to H,. coupled up 

field to H,. (4.88z , J,.,. = 6Oc/s). The coupling constant I,., is low (1.7 c/s approx.). Hq’ and Hss appear 
largely as a broad singlet antred at 568 *, and the H,, protons are another broad signal at about 6 13 ‘. 
The isopropylidene methyls are at highest field (8.55-8.78 T, overlapped. The two protons of the purine 
nucleus occur as singlets at I.45 ? and 2.08 r, the latter. probably H,. being overlapped with the ortho 
protons (1~95-2.~ of the benzoyl phenyl group. The remaining aromatic protons are at 2.5-2.8r The 
broad one-proton singlet at 0.45 ‘, removed by treatment with D20, is the amide proton. 

Compound III-H,. (3.89’ ) appears as a doublet (J,.Y = 2.7 c/s). The isopropylidene methyls are at 
high field (8.w.8 ‘I ), the remaining protons of the sugar moiety occur in the range 4.986.36’. and have 
the correct integration and the distribution pattern expected for the hexofuranosyl system. H2 and H, 
in the purine are singlets at 1.31 and 1.56 r. The ortho protons of the phenyl group, deshieldcd by the 
amide C=O, are at 19&2.18 ‘. The remaining aromatic protons are at 240-275 ‘. One exchangeable 
low field proton is the amide proton. 

Attempted oxidation of 2’3’-0-isopropylidene guanosine. Using the conditions described by Plitzner 
and Moffat**’ the nucleoside (1.6g) was reacted at room temperature for 4hr. After removal of solid 
dicyclohexylurea and of solvent the oily residue was examined by PMR. Some aldehyde was present as 
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indicated by a signal at low field. The residue was extracted with chloroform, and the insoluble material, 
which gave no low field signal, separated. The llltrate was evaporated to give an oil which was subjected 

to PLC (solvent A). Four fractions were obtained, two of which showed no low field signal in the PMR. 
In a third fraction, which proved difficult to examine since it was relatively insoluble, proton signals were 
noted in CDsSOCDs at 1.8, doublet, 2.1 singlet, 38, (all one-proton signals), 44-56 (four protons) and 
85 (six protons). It is unlikely that an aldenyde proton will occur at such a high tau value as 1.8 r, and this 
material was not further examined. The final fraction showed a singlet resonance at 1.15 ‘, but no lower 
signals, and again was not examined further. 

2’,3’; 5’,6’-Di-0-kopropylidenea-D-mrmnoflrano~ thymine (X) and its $ (IX) Dithymyl mercury 
was prepared and the mannosyl chloride preparation was carried out to the point of extraction with 
80-100” petrol. The mercury salt was then reacted under similar conditions to those described above. 
After several fractionations of the syrupy product the syrup was finally subjected to PLC. Seven fractions 
were present. 

Fraction 6. (R, = 091) (140 mg) was 1,4-anhydro-2,3;S,6-di-O-isopropyliden~o-mannitol (VIII) which 
showed no bands in the IR in the OH, NH, or the C=O regions, but showed signals in the PMR in 

CDCI, at 8.55, 8.65 and 868’ (6, 3 and 3 protons, slightly overlapped singlets) and in the range 4.75 to 
6.2 ‘(8 protons) not readily analysed by first order methods. Found: C, 5933; II, 8G7. CisH,,O, requires: 
C, 59.01; H, 8.19%. 

Fraction 4. (R, = 075) was 2’,3’;5’,6’di-0-isopropylidene~D-mannofuranosyl thymine (IX) (200 mg) 
m.p. 1011lW, showing signals in its PMR spectrum in CDCI, at 1.8S7 (H,, 1 proton singlet), 37 T (Hi., 
J 1’2’ = 6 c/s, 1 proton doublet), 852-8.65 (12 protons) 506.2 r (6 protons, complex). 

Fraction 5. (R, = @83) was 2’,3’; 5’,6’di-0-isopropylidenea-o-mannofuranosyl thymine (X) (270 mg) 
mp. 168170” showing signals in its PMR in CDCI, at 2.27 (H, 1 proton singlet) 3.6 7 (1 proton singlet) 
85-8.7 7 (6 proton singlet and two 3 proton singlets somewhat overlapped) 4.762 7 (6 protons, complex). 

2’,3’; 5’,6’-~i-O-i~p~Opyliden~D-~~~~Sy/ tkophyke (a8 mixture). (XVIII). Using similar 
conditions the theophylline mercuri salt was made and reacted with the chlorosugar. Attempts to fractionate 
the product were only partially successful, and two fractions which appeared to contain nucleoside were 
combined for hydrolysis as described below. 

2.6N,O-Dibenzoyf (2’,3’;5’,6’-&-O-isopropylene-n- manno~ianosyf) guanine (a8 mixture). (XIX). By 
similar methods the reaction of the mercury salt, VII, and the chloride, I, yielded a mixture which proved 
dilIicult to fractionate and the partially purified material was hydrolysed as described below. 

(2’,3’-O-lsopropylidenea-D_mMnofurMosyl) thymine, (XIII). A solution of (2’,3’;5’.6’-di-O-isopropyli- 
deneI3-o-mannofuranosyl) thymine (IX) (02 g) in 70% aqueous acetic acid was kept at 50” for 150 min. 
Solvent was removed at the pump, ethanol was added_ and again removed under vacuum. This process 
was repeated, then toluene was added and also removed under vacuum The oily residue could not be 
persuaded to crystallize. It behaved as a single spot on TLC in a number of solvents. It showed strong 
broad absorption at 3400 cm- 1 in its IR spectrum, together with a band at 1660 cm- ’ with shoulders at 
1680 and 1695 cm-i. Its PMR spectrum in CDCI, showed signals at 8% and 8.65 7 (2 three proton 
singlets), had three protons replaceable by treatment with D,O; a one proton doublet at 3.7 ’ was in 
agreement with a II-confiiguration. The remaining signals from the sugar moiety integrated correctly but 
were insufficiently resolved for complete analysis. 

(2’,3’-O-lsopropylidene-l’.S’-lyxopentodiahfofuranosyt) thymine (XIV). Tbe diol horn the previous 
experiment was dissolved in the minimum amount of methanol, and the solution was added with stirring 
to a solution of sodium metaperiodate (@7 g) in water (20 ml). The mixture was kept with stirring for 2.5 hr. 
Formaldehyde (detected in the usual way) was set free (@78 mol). The solution was poured into ethanol, 
the solid was separated and the solution evaporated (rotary evaporator) to dryness The residue was 
extracted with hot absolute ethanol_ and the cooled solution filtered. The filtrate was evaporated and the 
residue recrystallixed with difficulty to give the title compound (O-064 g) m.p. 53-W. This showed bands 
in the IR at 1703 cm- *, 1660 cm- * (shoulders at 1680, 1695 cm-‘. The NMR spectrum (in methanol) 
showed a one-proton signal at @15 *, confirming aldehyde. 

(2’,3’-0-lsopropylidenea-twnannojknosy[ thymine (XV). When compound (X) was treated under 
similar conditions to those given above, a very low yield of the title compound was obtained, m.p. 191- 
192=, (0.022 g). 

2.6N,O-Dibenzoyl (a-n-manno~iranosyl) guaniae (XVII). The crude mixture of isopropyhdene com- 
pounds was hydrolysed with acetic acid as above for 25 br and worked up as usual. Tbe product (0.029 g), 
m.p. 24&241”, showed no PMR signal in CD,SOCD, at 85-9 7. and had five protons exchangeable with 
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D,O (at 04 and 3.6 T, a singlet proton (H,) plus ten aromatic protons in the range 1.7-3?, a singlet at 
4Q5 r, and a five-proton complex from 5a to 5.8 ‘. The IR showed bands in the region 1625171Ocm-’ 
and a broad absorption at 3300 cm- I. 

(2’,3’-O-lsopropylidenegD-mMnofurMosyl) theophylline (XVI). This material, obtained from the crude 
di-isopropylidene compounds by hydrolysis, followed by fractionation on silica, and PLC using several 
diRerent systems, was a semi-solid oil which showed bands at 34oocn-i (broad), 17OOcn-‘, and 
1655 cm-’ (several shoulders) in the IR, and gave signals in its PMR spectrum in CDsCOCD, at 1.7’ 
(singlet, 1 proton), 3.75 r (doublet, J,.,. = 5.8 c/s), 8.5 and 86T (2 singlets, 6 protons), 4.75-6.5 * (multiplets, 
twelve protons, incl. 3-proton singlets at 6.45 and 6.32K, plus two additional protons removed by treatment 
with D,O). 

When this material was treated with sodium periodate at 5°C. for 30 mitt, formaldehyde was obtained 
(@73 mol) and a small amount of material giving a positive Brady test. When a further portion was reacted 
a pale yellow solid was obtained (175 mg) which was obviously impure, since it showed OH bands (weak) 
in the IR at 3300 cm-‘, and whilst its PMR spectrum contained the expected signals at @8, 1.8, 3.9, 49-6 
and 85-87 ?, various other signals were present, and the integrated signals were not in proportion. 
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