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Table II. P NMR Chemical Shifts in Dichloromethane

P shift,2

compd PpPm
(C.H,0),P(0)OH (1) ~12.0
(C;H.0).P(0)C1 (7) ~6.0
(C.H.0).P(0)O(O)P(OC,H,), (6)  -24.8
CEP-OHb (2) 11.4¢
CEP-CI (4) 18.4
CEP-OCEP (3) -1.6

¢ From 85% H,PO, at 0 ppm. Positive values are
downfield from the reference. ® CEP = cyclic enediol
phosphoryl. ¢ 25% dimethyl sulfoxide added.

Experimental Section

Materials. Dipheny! hydrogen phosphate was prepared by
a standard procedure. 1,2-Dimethylethenylene hydrogen phos-
phate (CEP-OH) was prepared as described.® N-Methyl-
pyridinium diphenyl phosphate was prepared by reaction of
pyridine with methyl diphenyl phosphate. N-Methylpyridinium
1,2-dimethylethenylene phosphate was prepared as described.?
Phosgene gas was passed through anhydrous copper sulfate prior
to its utilization in the reaction. The dichloromethane was strictly
anhydrous.

General Procedure. A solution of the N-methylpyridinium
salt of the phosphodiester (1.5 mmol) in anhydrous dichloro-
methane (10 mL) was added dropwise to a stirred solution of
phosgene in dichloromethane (10 mL). The phosphate/phosgene
molar ratios and the reaction temperatures are given in Table
I. After the mixture was stirred for the time indicated, the solvent
and excess phosgene were evaporated (30 torr, 15~20 °C). N-
Methylpyridinium chloride precipitated as evaporation proceeded.
The residue from the evaporation was shaken with dichloro-
methane (1 mL) and the solution separated from the chloride salt
by careful decantation. The *'P NMR spectrum of the solution
was examined immediately, and the results are given in Table
I. The pertinent chemical shifts are listed in Table II.

Care must be exercised to avoid water contamination during
the above procedure. Hydrolysis during reaction introduces the
following step as an artifact: (CgHz0),P(0)Cl + H,0 — (C¢H;0),
P(0)OH + HCI and CEP-Cl + H,0 — CEP-OH + HCI.
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Reaction of 9-methylpurine, 6-chloro-9-methylpurine, and 2/,3’-O-isopropylidenenebularine with potassium
amide in liquid ammonia leads to opening of the imidazole ring, yielding, after hydrolysis during the workup,
4-(substituted amino)-5-formamidopyrimidines. 6-Chloro-9-methylpurine gives, besides 6-chloro-4-(methyl-
amino)-5-formamidopyrimidine as main product, small amounts of 9-methyladenine and 6-chloro-7,8-dihydro-
8-0x0-9-methylpurine. The ring opening will involve adduct formation at position 8. Nebularine, adenosine,
and 2,3’-O-isopropylideneadenosine do not react. With a greater excess of potassium amide 2’,3/-O-iso-
propylideneadenosine loses the sugar moiety. The existence of an anion at position 8 can be proved in 9-
methylpurine via scavenging with bromobenzene in liquid ammonia containing potassium amide, yielding the
8-phenyl derivative. With 6-chloro-9-(2-tetrahydropyranyl)purine this reaction gives 6-anilino-9-(2-tetra-
hydropyranyl)purine. Scavenging of 9-methyladenine with bromobenzene gives 6-anilino-9-methylpurine. 'H
and *C NMR spectroscopy confirm that in this strongly basic medium 7- and 9-methyladenine and 6-(meth-
ylamino)-9-methylpurine deprotonate at C-8 and lose a proton from the amino group. Both 8-(methylthio)- and
8-amino-9-methylpurine give with potassium amide in liquid ammonia opening of the imidazole ring, yielding
5-(cyanoamino)-4-(methylamino)pyrimidine, which can react further to give either 8-amino-9-methylpurine or

7,8-dihydro-8-0x0-9-methylpurine.

In an extension of our study of the reactivity of 2-, 6~
and 8-substituted purines toward potassium amide in
liquid ammonia®* we became interested in the behavior
of 9-substituted purines. In this strongly basic medium
these compounds cannot be deprotonated at N-9, making
them considerably more reactive toward nucleophilic
agents than the purines, being unsubstituted at position

9. In anionic purines only position 6 is attacked by the
amide ion, and in neutral purines positions 6 and 8 are
approximately equally reactive.’

The reactivity of purines containing a leaving group is
determined not only by its position but also by the position
of the substituent on nitrogen.® Besides substitution, often
ring opening occurs, leading to either an imidazole or a

(1) Part 96 on pyrimidines from this laboratory. For part 95 see: Kos,
N. J.; van der Plas, H. C., submitted for publication in J. Org. Chem.

(2) Kos, N. J.; van der Plas, H. C.; van Veldhuizen, A. J. Org, Chem.
1979, 44, 3140.

(3) Kos, N. J.; van der Plas, H. C.; van Veldhuizen, A. Recl. Trav.
Chim. Pays-Bas 1980, 99, 267.

(4) Kos, N. J.; van der Plas, H. C. J. Org. Chem. 1980, 45, 2942,
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(5) Lister, J. H. In “The Chemistry of Heterocyclic Compounds. Fused
Pyrimidines”; Brown, D. J., Ed.; Wiley: New York, 1971; Part II. Miller,
J. In “Reaction Mechanisms in Organic Chemistry 8, Aromatic Nucleo-
philic Substitution”; Eaborn, C., Chapman, N. B., Eds.; Elsevier: Am-
sterdam, 1968.

(6) Badger, R. J.; Barlin, G. B. J. Chem. Soc., Perkin Trans. 2 1976,
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pyrimidine derivative. The substitution pattern deter-
mines which of the rings will be opened;” in 7- or 9-sub-
stituted purines it is usually the imidazole ring,”!* but it
is found that in some cases the pyrimidine ring is opened.!?

Results and Discussion

(a) 9-Methylpurine, Nebularine, and 2/,3’-O-Iso-
propylidenenebularine. Whereas purine required 20 h
at -33 °C to react with 4 equiv of potassium amide in
liquid ammonia to form adenine,? 9-methylpurine (1a)
reacts in a few hours at -80 °C with 2.5 equiv of potassium
amide, even at a tenfold lower concentration. Not 9-
methyladenine but 5-formamido-4-(methylamino)pyri-
midine (5a) is obtained as the sole product (after 3 h the
yield is 25%; a longer reaction time leads to the formation
of byproducts). The structure of 5a was proved by an
independent synthesis.* These mild conditions show that
the reactivity of the purine ring is greatly increased when
anion formation at the nitrogen is prevented due to the
presence of a substituent at N-9. The 9-methyl compound
la has to react at position 8 in order to give 5a. First the
g-amino adduct (3a) is formed at position 8, followed by
ring opening, giving 5-[ (aminomethylene)amino]-4-(me-
thylamino)pyrimidine (4a), which is hydrolyzed during
workup.’® It is possible that 4a is partly reconverted into
la during workup (Scheme I).

We also observed that reaction of 1a with potassium
amide in liquid ammonia in the presence of bromobenzene
gave 8-phenyl-9-methylpurine. Since bromobenzene reacts
very rapidly with potassium amide in liquid ammonia to
give benzyne,® this result shows that an anion has to be

(7) Badger, R. J.; Barlin, G. B. J. Chem. Soc., Perkin Trans. 1 1976,
151

(8) Baker, B. R.; Hewson, K. J. Org. Chem. 1957, 22, 959. Gordon, M.
P.; Weliky, V. S.; Brown, G. B. J. Am. Chem. Soc. 1957, 79, 3245. Ma-
grath, D. L; Brown, G. B. Ibid. 1957, 79, 3252. Montgomery, J. A,;
Temple, C. Ibid. 1961, 83, 630. Garrett, E. R.; Mehta, P. J. Ibid. 1972,
94, 8542. Bredereck, H.; Effenberger, F.; Rainer, G. Justus Liebigs Ann.
Chem. 1964, 673, 82.

(9) Jones, A. S.; Mian, A. M.; Walker, R. T. J. Chem. Soc. C 1966, 692.

(10) Montgomery, J. A.; Thomas, H. J. J. Org. Chem. 1971, 36, 1962.

(11) Berman, H. M.; Rousseau, R. J.; Manuso, R. W.; Kreishman, G.
P.; Robins, R. K. Tetrahedron Lett. 1978, 3099.

(12) Suzuki, Y. Bull. Chem. Soc. Jpn. 1974, 47, 898. Fischer, E. Ber.
1898, 31, 542. Shaw, E. J. Org. Chem. 1962, 27, 883.

(13) van der Plas, H. C.; Wozniak, M.; van Veldhuizen, A. Recl. Trav.
Chim. Pays-Bas 1978, 97, 130.

(14) Barton, D. H. R.; Hedgecock, C. J. R.; Lederer, E.; Motherwell,
W. B. Tetrahedron Lett. 1979, 279. Cdng-Danh, M.; Beaucourt, J. P.;
Pichat, L. Tetrahedron Lett. 1979, 2385.
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Table I. 'H NMR Data of the Dianions of Some Adenine
Derivatives in Liquid Ammonia Containing Potassium
Amide at -50 °C¢

chemical shift isomer
distrib-
dianion of H-2 NH CH, ution

9-methyladenine 7.52 4.93 3.57 60
7.70 5.48 3.57 40
7-methyladenine 7.45 4.98 3.95
6-(methylamino)-  7.74 3.65
9-methylpurine 2,94

¢ Chemical shifts in parts per million relative to Me,Si
(6 0).

formed at potassium 8 (2a), which reacts with benzyne to
give the 8-phenyl derivative. Trapping with dimethyl
sulfide, methyl iodide, or diphenyliodonium chloride failed.
This result is in good agreement with the observation that
9-substituted purines when reacted with electrophiles in
the presence of butyllithium involve an anion at position
6 or 8.141% Although we could not prove the existence of
an adduct by low-temperature NMR spectroscopy, it is
possible that an equilibrium exists between the anion and
the adduct. The existence of such equilibria has been
reported for 2,4,6-trinitrotoluene, 2,4,6-trinitrobenzyl
chloride,'®!® and N-substituted picramides,!” where the
anion formed in the side chain was in equilibrium with an
adduct at the aromatic ring.

It cannot be excluded that 1a undergoes addition at C-6
(we will show later that 8-(methylthio)-9-methylpurine
gives an adduct at position 6), but it can be shown that
this adduct does not react further. Since, according to the
literature, an anion at position 6 can exist,'® the conclusion
seems justified that four different intermediates can be
present (anions and adducts at positions 6 and 8) in the
reaction of la with potassium amide (liquid ammonia).
However, only the intermediacy of adduct 3a can explain
the formation of 5a.

Nebularine (1b) does not react with potassium amide
in liquid ammonia; this is probably due to the loss of
protons from the OH groups, deactivating position 8 for
nucleophilic attack. However, 2’,3’-O-isopropylidene-
nebularine (1¢) appeared to be reactive with potassium
amide in a mixture of liquid ammonia and ether, yielding
5-formamido-4-[(2/,3’-0O-isopropylidene-8-D-ribo-
furanosyl)amino]pyrimidine (5¢), although it reacts much
more slowly than 1a. The 8 assignment is based on J; ;%%
(2 Hz for the 8 isomer) and more reliably on the positions
of the methyl signals (occurring at lower field and less close
together than for the « isomer?®?!), When the reaction
is carried out under more drastic conditions (without ether
or with a higher concentration of potassium amide), we
obtained a mixture of the « and 8 isomers. This mixture
can be separated, with difficulty, on TLC. A similar
conversion has been observed in aqueous base, but in this
medium further reactions take place, involving loss of the
formyl group and the sugar moiety.!? Since the reaction
of 1e was much slower than that of 1a we attempted to
measure intermediates by low-temperature NMR spec-

(16) Roberts, J. D.; Semenow, D. A.; Simmons, H. E., Jr.; Carlsmith,
L. A. J. Am. Chem. Soc. 1956, 78, 601.

(17) Crampton, M. R.; Gibson, B.; Matthews, R. S. Org. Magn. Reson.
1980, 13, 455.

(18) Brooke, D. N.; Crampton, M. R.; Corfield, G. C.; Golding, P;
Hayes, G. F. J. Chem. Soc., Perkin Trans. 2 1981, 526.

(19) Brooke, D. N.; Crampton, M. R. J. Chem. Soc., Perkin Trans. 2
1982, 231.

(20) Rayner, B.; Tapiero, C.; Imbach, J. L. Carbohydr. Res. 1976, 47,
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(21) Imbach, J. L. Ann. N. Y. Acad. Sci. 1975, 255, 177.
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13C NMR Data of 9-Methyladenine, 8-(Methylthio)-9-methylpurine, and

5-(Cyanoamino )-4-(methylamino )pyrimidine in Liquid Ammonia Containing Potassium Amide at -50 °C*¢

chemical shift

substrate species c2 C-4 C-5 C-6 C-8 NCH, SCH, NCN
9-methyladenine dianion? 152.9 146.8 122.2 164.0 c 29.7
154.6 148.7 122.2 166.6 c 30.4
8-(methylthio)- neutral? 151.3 153.9 134.4 144.4 157.7 28.3 13.9
9-methylpurine adduct (14) 154.3 135.6 e 65.4 145.6 28.3 18.6
5-(cyanoamino)-4- anion or 150.5 161.7 e 130.1 35.1 118.8
(methylamino)pyrimidine dianion
neutral’ 146.4 156.4 ¢ 135.3 27.1 126.1

¢ Chemical shifts in parts per million relative to Me,Si (s 0). b These signals cannot be assigned to the isomers except for

C-2, for which selective decoupling shows that the signal at 152.9 p

4 Measured in CDCl,. ¢ We observed only a signal at 130.1

troscopy of le in liquid ammonia containing potassium
amide, but without success.

(b) 7- and 9-Methyladenine, 6-(Methylamino)-9-
methylpurine, Adenosine, and 2',3-O-Isopropylidene
Adenosine. 9-Methyladenine (6a) does not react with
potassium amide in liquid ammonia, but low-temperature
NMR spectroscopy indicated that 6a is converted under
these conditions into a dianion, formed by abstraction of
a proton from both the amino group and C-8. This dianion
is present in two geometrical isomers,??2® as is apparent
from two sets of signals for H-2 and the NH™ group. The
signals of the methyl group coincide. The isomeric ratio
was 60:40. The syn—anti assignment of the isomers could
not be made, since there are no ortho protons present.?
The *C NMR spectrum confirmed the occurrence of two
geometrical isomers. Evidence that 6a has lost a proton
from C-8 in this strong basic medium was provided by the
fact that 8-deuterio-9-methyladenine gave an identical
spectrum as 6a in potassium amide in liquid ammonia (see
Table I). This was confirmed by the 3C NMR spectrum,
in which the C-8 signal could not be observed. All our
attempts to trace the signal for C-8 (that can be expected
to be very small) failed?® (see Table II). Reaction of 6a
with bromobenzene in liquid ammonia containing potas-
sium amide did not give 8-phenyl-9-methyladenine but
only 6-anilino-9-methylpurine. 'H NMR spectroscopy
shows that 7-methyladenine and 6-(methylamino)-9-
methylpurine also give a dianion, but these dianions are
present as only one geometrical isomer.? Apparently the
influence of the methyl group at N-7 is such that it shifts
the syn—anti ratio to one side and shows that this influence
is much greater than that of an ortho methyl group as has
been observed in the anions of aminopicolines.?

Adenosine (6b) and 2’,3’-O-isopropylideneadenosine (6¢)
do not react with potassium amide in liquid ammonia.
Only with a greater excess of potassium amide (8 equiv)
does 2/,3’-0-isopropylideneadenosine lose the sugar moiety,
giving adenine? (reaction time 45 min, yield 30%).

(e) 6-Chloro-9-methylpurine. 6-Chloro-9-methyl-
purine (7) does not react with liquid ammonia but gives
in the presence of potassium amide three products: 4-
chloro-5-formamido-6-(methylamino)pyrimidine (11, yield
35%), 9-methyladenine (6a, 6%), and 6-chloro-7,8-di-

(22) Kos, N. J.; Breuker, J.; van der Plas, H. C.; van Veldhuizen, A.
Heterocycles 1981, 15, 1041.

(23) Dodin, G.; Dreyfus, M.; Dubois, J. E. J. Chem. Soc., Perkin Trans.
21979, 438.

(24) Breuker, J.; Kos, N. J.; van der Plas, H. C.; van Veldhuizen, A.
J. Org. Chem. 1982, 47, 963.

(25) The presence of a signal for the vinyl carbon atom in vinyl anions
generated with butyllithium has been reported: Oakes, F. T.; Sebastian,
J. F. J. Org. Chem. 1980, 45, 4959.

(26) This reaction has also been observed with potassium tert-butoxide
in dioxane both for adenosine and 2’,3’-O-isopropylideneadenosine:
Follman, H. Tetrahedron Lett. 19783, 397.
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hydro-8-ox0-9-methylpurine (12, 6%): 50% of starting
material is recovered besides 3% of an unidentified dimer
(see Scheme II).

The formation of 11 from 7 is similar to the formation
of 5a from 1a and bears resemblance to the ring opening
of 9-substituted 6-chloropurines, except 6-chloro-9-ethyl-
purine,? on treatment with sodium hydroxide.*!® The
occurrence of ring-opening reactions in these 6-chloro-9-
alkylpurines is strongly determined by the basicity of the
system, as no ring opening occurs with ammonium hy-
droxide, but only substitution at C-6 to give 9-substituted
adenines.??® 6-(Methylamino)purine is not formed in the
reaction of 7 with potassium amide in liquid ammonia,
which shows that in the intermediate 4-chloro-5-[(amino-
methylene)amino]-6-(methylamino)pyrimidine (8), i.e., the
precursor of 11, no intramolecular ring closure occurs by
reaction of the chloro atom with the amino group in the
(aminomethylene)amino side chain.!! 9-Methyladenine
(6a) is a byproduct in the reaction of 7. It can be formed
by an Sy(AE)iP* substitution at position 6.5272° However,
an alternative explanation is possible since we observed
that on being allowed to stand in aqueous ammonia, 11
is converted into 6a, suggesting that the formation of 6a
takes place (partially) from 11. Support for this possibility
comes from the experimental fact that a larger yield of 6a
is obtained when the reaction of 7 with potassium am-
ide/liquid ammonia is quenched with water, giving am-
monia, which converts 11 into 6a.

It is evident that some ring opening, followed by hy-
drolysis and ring closure, must be involved in the formation
of 12. We postulate (using results given in section d) that
4-chloro-5-(cyanoamino)-6-(methylamino)pyrimidine (9)
is an intermediate in the formation of 12. It is not clear

ct 0 c
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~ N
N NHCH, N N
CH,
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(27) Montgomery, J. A.; Temple, C., Jr. J. Am. Chem. Soc. 1957, 79,
5238.
(28) Robins, R. K.; Godefroi, E. F.; Taylor, E. C.; Lewis, L. R.; Jackson,
A. J. Am. Chem. Soc. 1961, 83, 2574.

(29) Robins, R. K,; Lin, H. H. J. Am. Chem. Soc. 1957, 79, 490.
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Table III. 'H NMR Data of 8-Substituted 9-Methylpurines in Liquid Ammonia Containing Potassium Amide at ~50 °C¢

chemical shift

compd species H-2 H-6 NCH, SCH,
8-(methylthio)-9-methylpurine neutral b+3! 8.83 8.90 3.71 2.79
adduect (14) 7.02 5.51 3.39 2.30

5-(cyanoamino)-4-(methylamino)pyrimidine anion or dianion 7.45¢ 6.95¢ 2.76

¢ Chemical shifts in parts per million relative to Me,Si (6 0).
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how 12 is formed from 9. The formation of 9 is supported
by the observation of absorptions at 2165 and 2174 cm™!
(NH-CN) when an IR spectrum of the reaction mixture
was made as quickly as possible after evaporation of the
ammonia. The cyanamino compound 9 can be formed
from 8 which is supposed to be intermediate in the for-
mation of 11. The conversion of the (aminomethylene)-
amino group into a cyanamino group in strong basic me-
dium by a redox-type reaction is not without precedent.
Several examples of these reactions have been observed
in reactions of halogenoazines with potassium amide in
liquid ammonia.®

Reaction of 6-chloro-9-(2-tetrahydropyranyl)purine with
potassium amide in the presence of bromobenzene gave
6-anilino-9-(2-tetrahydropyranyl)purine instead of the
desired 8-phenyl compound. The same product was
formed when aniline was used instead of bromobenzene.
This reaction involves an Sy(AE)iP*® substitution of the
anion of aniline at position 6. Taking into consideration
all our experiments made in this study, we have to con-
clude that reaction with potassium amide in liquid am-
monia in the presence of bromobenzene gives 8-phenyl
derivatives only if position 6 is not substituted by a leaving
group or an amino group.

(d) 8-Substituted 9-Methylpurines. Reaction of 8-
(methylthio)-9-methylpurine (13) with potassium amide
in liquid ammonia gives 8-amino-9-methylpurine (16, yield
50%) and some 7,8-dihydro-8-oxo-9-methylpurine (19),
although the last-mentioned compound could never be
obtained in a reproducible manner (Scheme III). Com-
pound 16 is probably formed by an Sy(AE)P* substitution,
involving the 8-amino ¢ adduct 15. Low-temperature
NMR spectroscopy showed, however, that 13, when dis-
solved in liquid ammonia containing potassium amide,
gives an adduct at position 6, i.e., 14, as indicated by the
large upfield shift for H-6 (3.4 ppm) and C-6 (79 ppm)

(30) Geerts, J. P.; van der Plas, H. C. J. Org. Chem. 1978, 43, 2682.
Kroon, A. P.; van der Plas, H. C. Recl. Trav. Chim. Pays-Bas 1974, 93,
111. Lont, P. J.; van der Plas, H. C. Ibid. 1978, 92, 311.

(31) Brown, D. J.; Ford, P. W. J. Chem. Soc. C 1969, 2620.

b Measured in CDCI,.

¢ These assignments can also be

(Table ITI). This adduct does not lead to C-6 substituted
products but has to be converted into the adduct at pos-
ition 8 (15) in order to account for the formation of both
products 16 and 19. The formation of 15 is not observed,
since this adduct will lose the methylthio group immedi-
ately, as indicated by the appearance of a signal at 9.5 ppm
in the 3C NMR spectrum (characteristic of the methylthio
anion). It leads to either 17 (route aa) or to ring-opened
product 18 (route ab). Low-temperature NMR spectros-
copy shows that 17 is not observed either and undergoes
ring opening into 18. This is evident from the identity of
the NMR spectrum of 16 in liquid ammonia, containing
potassium amide, with that of 13 after standing, showing
that in both solutions 5-(cyanoamino)-4-(methylamino)-
pyrimidine (18) is present.3? We were successful in iso-
lating 18 when the amination reaction was quenched very
rapidly (not with ammonium sulfate, which dissolves
slowly, but with ammonium chloride or methanol).
The IR spectrum of the reaction mixture showed ab-
sorptions at 2106 and 2140 ¢m™, which confirmed the
structural assignment. On being allowed to stand with
several reagents (aqueous ammonia, ammonium sulfate in
water or methanol, aqueous acid or base), 18 was converted
into 16, not into 19. The way in which 19 is formed is not
quite clear. 16 does not react with potassium hydroxide
into 19, indicating that the conditions necessary for the
conversion of 18 into 19 (similar to the conversion of 9 into
12) are only satisfied during the reaction or workup. Since
18 cannot be isolated when the reaction is quenched with
ammonium sulfate (it dissolves too slowly), we have to
conclude that 19 is formed during quenching (Table IV).

Experimental Section

IH NMR spectra were obtained with a Varian XL-100-15 or
a Varian EM 390. For measurement in CDCl; internal Me,Si was
used as the standard. For measurement in liquid ammonia the
sample temperature was ca. -50 °C, and NH; was used as the
standard. The spectra were converted to the Me,Si scale by
adding 0.95 ppm. ®C NMR spectra were obtained by means of
a Varian XL-100-15 equipped with a Varian 620/L16K computer.
Me;N was used as the internal standard. By addition of 47.5 ppm
these spectra were converted to the Me,Si scale. Typical 1*C NMR
spectral parameters were as follows: spectral width, 5120 or 7500
Hz: pulse delay, 0-1.2 s; pulse width, 10 us. Mass spectra were
determined on an AE] MS-902 mass spectrometer. IR spectra
were obtained with a Perkin-Elmer 237 and a Hitachi EPI-G3
and UV spectra with a Beckman Acta CIII and a Perkin-Elmer
550.

Preparation of Starting Materials. Adenosine (6b) was
purchased from Aldrich. The following compounds were syn-
thesized according to common procedures: 9-methyladenine (6a),
8-deuterio-9-methyladenine,® 7-methyladenine,? 6-(methyl-
amino)-9-methylpurine,?® 6-chloro-9-(2-tetrahydropyranyl)purine,?®
8-(methylthio)-9-methylpurine (13),% nebularine (1b),% 2/,3’-0-

(32) Compare with the signals of the anions of (methylamino)pyridines
in liquid ammonia containing potassium amide (18 is present as only one
geometrical isomer): Kos, N. J.; Breuker, J.; van der Plas, H. C.; van
Veldhuizen, A. J. Org. Chem. 1981, 46, 3509.

(33) Myers, T. C.; Zeleznick, L. J. Org. Chem. 1963, 28, 2087.

(34) Kos, N. J.; van der Plas, H. C. J. Org. Chem. 1981, 46, 5000.

(35) Prasad, R. N.; Robins, R. K. J. Am. Chem. Soc. 1957, 79, 6401.
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isopropylideneadenosine (6c),? 5-formamido-4-(methylamino)-
pyrimidine (5a),%° and 4-chloro-5-formamido-6-(methylamino)-
pyrimidine (11).#0 9-Methylpurine (1a) was synthesized by re-
duction of 6-chloro-9-methylpurine (7) (yield 65%).*  6-
Chloro-9-methylpurine (7) was synthesized by reaction of 5-
amino-4-chloro-6-(methylamino)pyrimidine with methyl dieth-
oxyacetate*? (yield 80%).4

6-Chloro-7,8-dihydro-8-0x0-9-methylpurine (12). 5-
Amino-4-chloro-6-(methylamino)pyrimidine (500 mg) was fused
with urea (800 mg) at 180 °C for 30 min.¥® Recrystallization from
ethanol gave 6-chloro-7,8-dihydro-8-0x0-9-methylpurine: yield
10%; mp 278-281 °C. Anal. Caled for C;H;CIN,O: C, 39.04; H,
2.73. Found: C, 39.34; H, 2.86.

6-Anilino-9-methylpurine. Methylation of 6-anilinopurine*
with tetramethylammonium hydroxide via sublimation at 160 °C
and 0.1 mm® gave, after recrystallization from benzene, 6-
anilino-9-methylpurine: yield 40%; mp 156-159 °C; exact mass
caled for C;,H (N5 225.1014, found 225.1007. Anal. Caled for
CoH;1Ns2.5H,0: C, 53.32; H, 5.97. Found: C, 53.33; H, 5.79.

8-Phenyl-9-methylpurine was prepared by fusion of 4-
amino-5-(methylamino)pyrimidine with benzamidine:* yield 30%;
mp 167-168.5 °C. Anal. Caled for C,,H(Nyg C, 68.55; H, 4.79.
Found: C, 68.76; H, 4.81.

8-Amino-9-methylpurine (16). A 200-mg sample of 8-
(methylthio)-9-methylpurine (13) was heated with 10 mL of
ethanolic ammonia in a sealed tube for 24 h at 180 °C. Evapo-
ration of the solvent and column chromatography on silica gel
with 15% methanol/chloroform as the eluent gave 8-amino-9-
methylpurine (yield 20%). Anal. Calcd for C¢gH,N;: C, 48.31;
H, 4.73. Found: C, 48.09; H, 4.74.

Amination Procedure. The potassium amide was prepared
in dry liquid ammonia, and when necessary dry diethyl ether was
added. After the mixture cooled, the starting material was added
at the reaction temperature; in cases where scavenging experiments
were carried out the bromobenzene was also added immediately.
After the reaction the mixture was quenched with ammonium
sulfate, the ammonia was evaporated, and the residue was ex-
tracted with chloroform and methanol. Separation of the products
was achieved by column chromatography or preparative TLC with
mixtures of chloroform and methanol as the eluents. All reaction
products being formed and isolated were familiar compounds or
were synthesized independently except for 6-anilino-9-(2-tetra-
hydropyranyl)purine ['H NMR (CDCly) é 1.3-2.2 (m, CH,’s),
3.5-4.2 (m, OCH,), 5.67 (dd, J = 4, 8 Hz, OCH), 6.9-7.8 (m,
phenyl), 7.98, 8.48 (s, H-2 and H-8), 8.30 (br s, NH); exact mass
caled for C;gHsNsO 295.1433, found 295.1432] and 5-form-
amido-4-[(2’,3’-O-isopropylidene-3-D-ribofuranosyl)amino] pyri-
midine: mp 161-165 °C, (reconverts to 2/,3’-O-isopropylidene-
nebularine on longer heating); UV \,, 265 nm (pH 1), 238 and
274 (pH 7), 265 (pH 12); !N NMR (Me,S0-dg) 6 1.27 and 1.43
(2 s, CHy's), 3.4 (m, Cs’ H), 4.7 (m, Cy H and C4’ H), 5.87 (d, J
= 2 Hz, C H), 8.25, 8.31 and 8.36 (s, H-2, H-6, and CHO).
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Acetolysis of permethylated methyl a- and 8-glycopyranosides of D-glucose, D-galactose, and D-mannose was
studied. It was found that a-glycosides of D-glucose and D-galactose acetolyze at a greater rate than the corresponding
3 anomers, contrary to the behavior of these substrates toward acid-catalyzed hydrolysis and contrary to previous
findings on the acetolysis of peracetylated disaccharides. The results were rationalized as a consequence of the
coplanar and trans-diaxial orientation of the C(1) to glycosidic oxygen bond and the axially oriented nonbonding
electrons of the ring oxygen in « anomers, resulting not only in orbital mixing of the axial lone-pair electrons
of the ring oxygen with the C(1) to the glycosidic oxygen antibonding orbital but also in a highly favorable geometry
for an E1 elimination. The reversed behavior of permethylated methyl a- and 8-D-mannopyranoside as compared
to permethylated o- and 8-D-gluco- and -galactopyranosides was explained to be the consequence of a much higher

conformational energy of the 8§ anomer.

In connection with other work, we wanted to hydrolyze
the O-glycosidic bond of selected permethylated methyl
glycopyranosides. Since the glycosidic bond of these sugars
was remarkably resistant even at elevated temperatures
to acid-catalyzed hydrolysis, we became interested in
acetolysis® as an acceptable alternative.

Preliminary experiments with methyl 2,3,4,6-tetra-O-
methyl-a- and -G-D-glucopyranosides indicated that at +2
and/or —20 °C, acetolysis of the glycosidic bond with acetic
anhydride containing 1% (v/v) of concentrated sulfuric
acid was very fast, giving an equilibrium mixture of a- and
B-1-acetates as the only reaction products. The observation
that the a-glycosidic bond was cleaved faster than the
B-glycosidic bond was contrary to reported rates for gly-
cosidic bond cleavage by acetolysis of several peracetylated
disaccharides® as well as the reported rates for acid-cata-
lyzed hydrolysis of the glycosidic bond in anomeric methyl
D-glycopyranosides’ and their permethylated derivatives.?
This unexpected finding, together with a lack of available
data on the influence of stereoelectronic factors other than
neighboring group participation upon the acetolysis rates
of alkyl a- and (3-glycopyranosides, prompted us to un-
dertake a detailed study of the acetolysis of permethylated
methyl a-and B-glycopyranosides of D-glucose, D-galactose,
and D-mannose. The chosen substrates are the only ones
which do not have the O-O or C-O 1,3 nonbonding in-
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Table I. Experimental Conditions for Separation of
Permethylated Methyl «- and 8-Glycopyranosides 1-6 and
the Corresponding 1-a- and 1-3-Acetates (7-11) by
Reverse Phase HPLC

flow
solvent rate,
CH,CN/ mL/ retention

sugar H,O min time, min
Methyl 2,3,4,6-tetra-O-methyl

a-D-glucopyranoside 1:3 1.0 5.60
1)

B-D-glucopyranoside 1:3 1.0 7.40
(2)

a-D-galactopyranoside 1:5 1.2 4.80
(3)

g-D-galactopyranoside 1:5 1.2 5.45
(4)

a-D-mannopyranoside 1:4 1.2 6.55
(5)

g-D-mannopyranoside 1:4 1.2 4.86
(6)

1-O-Acetyl-2,3,4,6-tetra-O-methyl

a-D-glucopyranose 1:3 1.0 8.10
(7)

B-D-glucopyranose 1:3 1.0 11.80
(8)

«-D-galactopyranose 1:5 1.2 6.90
(9)

§-D-galactopyranose 1:5 1.2 9.45
(10)

«-D-mannopyranose 1:4 1.2 7.70
(11)

teractions in either « or 8 anomer of a given hexo-
pyranoside. This is very important for the interpretation
of the kinetic data since the presence of such interaction
would enormously complicate the situation.

Because of its complexity, the progress of acetolysis of
a glycosidic bond is difficult to follow by observing the
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