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Nucleosides Part XI (1): O- >N-Glycosyl Rearrangement
of Theobromine-O-Glucoside to Theobromine-1-Glucoside

Department of Chemistry, University of Surrey

Twyford Laboratories Ltd., Twyford Abbey Road,

(- = N-Glycosyl rearrangements in heterocyclic deriva-
lives have been studied extensively in recent years (3-10)
and evidence presented for the existence of two alterna-
tive mechanisms (5,6): 1) an acid-catalysed reaction and
2) a mercuric bromide-catalysed inter-molecular reaction
(favoured by non-polar solvents). An O- —> N-glycosyl re-
arrangement in a purine derivative has not previously been
reported and we now describe as the first example the
rearrangement of the labile theobromine-O-glucoside (11).

Theobromine-O-glucoside was first prepared by Fischer
(I11) and later by Ballou and Link (12) by treating theo-
bromine silver salt with acetobromoglucose in boiling tol-
uene. The glycosidic bond in this product was found to
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be very labile to cleavage by acid or alkali, showing it to
be an O-glucoside. The exact position of the glycosidic
bond, however, was not established (enolisation is possible
at cither C-2 or C-6). Treatment of theobromine-O-
glucoside with barium methoxide in methanol (12) gives
a monomethyltheobromine which contains a methoxy
group and, as expected, imidoester rearrangement (13) of
this methoxypurine gives caffeine.

We prepared theobromine-O-glucoside as described by
Ballou and Link (12) and obtained a crystalline product
from ethyl acetate-n-hexane. The product was resolved
into two spots by prolonged thin layer chromatography
(tlc) (ethyl acetate) but the components could not be
isolated by preparative tlc.

There are two possible structures for the O-glucoside
(11 and 1V). That structure (II) is correct was shown by 'H
nmr spectroscopy, which showed the O-glucoside to be a
mixture of the a and B forms of 04-(2',3',4",6"-tetra-O-
acetylglucopyranosyl) theobromine, with the § anomer
predominating. The results are presented in Table I.

Theobromine gives a sharp spectrum and the assign-
ments of the 3-N-Me, 7-N-Me and 8-H are supported by
the spectrum of caffeine (Varian Catalog 1, No. 204) in
which there are two high field methyl signals and one at
lower field. The spectrum for theobromine-O-glucoside

(1) shows signals at 7 6.23 and 6.04 for the 7-N-Me groups

in the § and « derivatives respectively. The fact that the
3-N-Me group is not affected by the glycoside centre and
shows up as a single signal at 7 6.57 definitely establishes
the structure of the O-glucoside as the Og-glucoside de-
rivative (II) and not the O, -glucoside (IV). The existence
of a and B forms (B form predominating 5:3) was estab-
lished by the signals for the anomeric protons which are
centred at 7 3.57 (1' -HB, J,',’ = 7.7 Hz) and at 3.32
(l' -Ha, J,'2" = 3.1 Hz) (14). Moreover the signals for
the 8-H proton were also resolved for the a and § forms:
see Table L.

The formation of both anomers of theobromine-O-
glucoside in this reaction is another exception to Baker’s
rule (15,16) which states that both 1,2<is and trans glycosyl
halides give a 1,2-trans nucleoside by a single or double
SN2 reaction respectively, when condensed with a heavy
metal salt of a purine. According to this rule only the
B-anomer of theobromine-O-glucoside should be formed.
The formation of an a-anomer in the condensation of the
heavy metal salt of a purine with a crystalline 1,2-trans
glycosyl halide was reported for the first time recently
(16,17).

On treatment of the O-glucoside (II) in toluene with an
equivalent of mercuric bromide, cleavage of the glycosidic
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TABLE 1

'H nmr Data for Theobromine Derivatives Measured in Dg-Dimethyl Sulphoxide

3 Me (1) 7 Me
Theobromine 60.08 6.17
0-Glucoside I 0.57 6.04 (®)
6.23 (B)
N-Glucoside 111 6.70 0.17

TABLE 1l

Ultraviolet Spectral Data of Theobromine Derivatives (95% Ethanol)

A max (mg)

Theobromine 275
Caffeine (8) 275
Theobromine N | -glucoside (111) 274
Theobromine-O-glucoside (11) 247
296

Monomethyl theobromine (8) 245
(methoxy derivative) 205

bond occurs and theobromine can be recovered quantita-
tively. When the amount of mercuric bromide is restricted
to 0.1 equivalents, theobromine-O-glucoside (1) partly
rearranges to the N, -isomer, but extensive cleavage still
oceurs.

It is likely that this cleavage takes place by an inter-
molecular reaction with mercuric bromide (mechanism 2),
since when the reaction mixture is diluted 4-fold unchanged
O-glucoside can be recovered quantitatively (10). Such a
mechanism would involve the initial formation of aceto-
bromoglucose (8,9) which in the presence of traces of
water would give rise to acidic conditions and cleavage
of the sensitive O-glucoside.
corresponding O-glycosidic bond is also observed in 05,04 -
bis-(2',3",4",6’ - tetra- 0 - acetyl -B-D- glucopyranosyl) uracil
when it is treated with mercuric bromide (10), although

Extensive cleavage of the

the simultaneous O,- > Ny -glycosyl rearrangement in this
compound appears to be quantitative.

Further experiments with theobromine-0-glucoside
showed that cleavage of the glycosidic bond can be largely
prevented if traces of water and acid are rigorously removed
When
this is done the O-glucoside (I1) can be converted to an

from the reaction mixture with molecular sieve.

Nj-isomer in boiling toluene containing an equivalent of
mercuric bromide, in 17% yield.

The ultra-violetl spectra of theobromine and its gluco-
sides are listed in Table 1. The spectra of the N-glucoside

Vol. 8
8-H 11 J1'2' (Hz)
2.04
1.85 () 3.32(0) 3.1 (w)
1.89 (B) 3.57(P) 7.7(0)
2.03 3.28 ()
3.58(0)
¢ max x 10~% A min (mu)
0.93 245
0.87 245
0.78 247
0.41 237
0.70 260
0.36 235
0.85 200

and caffeine are virtually identical, indicating that the pro-
duct is the V; -glycosyl derivative (111).

The 'H nmr spectrum of the product is consistent with
this structure. The methyl and ring proton shifts are very
like those in theobromine (see Table 1), in accord with
structure (111) where the N-tetraacetylglucosidyl group is
well removed from those groups. The signals for the ano-
meric protons centred at 7 = 3.28 and 3.58 indicate the
Ny -glucosidyl derivative also Lo be a mixture of the a and
B forms. :

When the mercury salt of theobromine was heated with
acetobromoglucose in a mixture of toluene and dimethyl-
acetamide, it gradually went in solution, and then a new
precipitate appeared. This was shown to be theobromine,
which was quantitatively recovered, suggesting that the
mercury salt reacts initially to give the O-glucoside, which
is cleaved, since mercuric bromide is also formed; no theo-
bromine Ny-glucoside (111) could be detected in this ex-
periment. Attempts to prepare the IV, -glucoside by direct
reaction of theobromine with acetobromoglucose in the
presence of mercuric cyanide (6,19) gave only traces

(< 2%) of the desired product.
EXPERIMENTAL
Ultraviolet Spectra, in 95% ethanol, were recorded on a Hilger

Watts ‘Ultrascan’ spectrophotometer, and ir spectra in methylene
chloride, were obtained with a Perkin Elmer 237 grating spectro-
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'H nmr spectra were obtained using a Perkin Elmer
R.10 spectrometer operating at 60 m Hz and with tetramethyl
silane as internal standard. Thin layer chromatography (tlc) was
carried out on Merck silica gel 254. Toluene was dried by azeo-
tropic distillation before use and mercuric bromide crystallised
from dry toluene. Molecular sieve refers to BDH powder type 3A.
Preparation of the silver salt of theobromine and its reaction with
acelobromoglucose were carried out in the dark.

photometer.

0g-(2',3",4" 6" Tetra-O-acetyl-D-glucopyranosyl )theobromine (11).

The silver salt of theobromine (8.0 g.) was condensed with
acetobromoglucose (11.5 g.) in toluene (130) ml.) as described by
Fischer (11). The toluene solution of the product was added to
light petroleum (b.p. 60-80°) (800 ml.), and the pale crecam solid
obtained (7.0 g., 50%) washed with light petroleum, dissolved in
boiling ethyl acetale and treated with n-hexane until a precipitate
started to appear. Sufficient ethyl acetate was added to redissolve
the precipitate and the solution left to crystallise (3.4 g., m.p.
176-178°). Recrystallisation from ethyl acetate gave a product
m.p. 186-187°; v max 1750 ecm~! (CO ester); A max 247 mu
(e = 0.41 x 107%): A min. 237, 260 my, tlc in ethyl acetate, RF
0.06 (bright blue in 1.V light). This product was shown to consist
of a mixture of the « and g anomers (3:5) by 'H nmr spectro-
scopy (see Table V). B

Anal. Caled. for Caytl34NgOp: C, 4935 H, 5.1; N, 110,
Found: C.49.1; H.5.0; N, 10.8.

Attempied Rearr wement of Compound (11).
a)
In the Absence of Molecular Sieve.

i) The O-glucoside (11) (200 mg.) was added to a dried solution
of mercuric bromide (144 mg., 1 Eq.) in toluene (8 ml.) and the
mixiure heated under reflux for 60 minutes after which time a
while precipitate appearcd. This was filtered, washed with chloro-
form and shown to be theobromine (50 mg.). Starting material
could not be detected in the filtrate by tle. The filtrate was evap-
orated in vacuo, chloroform added and the suspension shaken
with potassium iodide solution (2 x 5 ml., 30%) when a further
precipitate of theobromine (20 mg.) separated. (Quantitative
recovery.)

ii) A similar result was obtained when the above reaction was
carried out for 30 minutes at 80°.

iii) The O-glucoside (11) (200 mg.) was added to a dried solu-
tion of mercuric bromide (15 mg., 0.1 Eq.) in toluene (8 ml.) and
the mixture heated under reflux for 3 hours. No theobromine-O-
glucoside could be detected after this time. Theobromine was
precipitated from the reaction mixture and also from the filtrate
after evaporation, dissolution of the residue in chloroform and
washing with potassium iodide solution (total recovery 35 mg.,
80%). Tlc of the chloroform soluble components showed the
presence of a trace of the Ny-glucoside (H1) (Rf 0.03 in ethyl
acelate.)

b) In the Presence of Molecular Sieve.

i) The O-glucoside (11) (200 mg.) was added to a solution of
mercuric bromide (144 mg., | Eq.) in toluene (8 ml.) containing
molecular sieve (1 g.). The suspension was heated under reflux
for three hours, filtered and evaporated in vacuo. Tlc (ethyl
acetate) on the solid obtained showed the presence of the V-
glucoside, unchanged O-glucoside and a trace of theobromine.
‘The residue was treated with chloroform (25 mt.) washed with
potassium iodide solution, dried and evaporated. The residue
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obtained was treated with aqueous ethanol, filtered and left at 0°.
Theobromine Nj-glucoside tetraacetate (III) was obtained as a
white amorphous solid m.p. 300° (34 mg., 17%). Tlc (ethyl acetate)
showed a main spot Ry 0.03 accompanied by a very weak spot
corresponding to theobromine Ry 0.1. Recrystallisation from
aqueous ethanol gave N{{(2',3'.4’,6'-tetra-O-acetylglucopyranosyl)
theobromine, m.p. 300°; A max 274 mp (e = 0.78 x 10%4) A
min. 247 mu.

Anal. Caled. for C21H26N4()111
Found: C, 49.4; H,5.1; N, 11.0.

C,494; H, 5.1; N, 1L0.

ii) When the above experiment was repeated using 0.1 equiv-
lents of mercuric bromide, only a trace of the NV -isomer could be
isolated. Tle on the reaction mixture showed that most of the
glucoside was unchanged after three hours.

Mercury Salt of Theobromine.

Theobromine (720 mg.) was dissolved at 60° in water (150 ml.)
containing N sodium hydroxide (4 ml.). Mercuric chloride
(1.08 g., 1 Eq.) dissolved in ethanol (10 ml.) was slowly added
and the white suspension heated to 70° for 30 minutes. The pro-
duct was filtered, washed with water, ethanol, ether and dried
(1.3 g).

Reaction of Theobromine Mercury Salt with Acetobromoglucose.

The mercury salt of theobromine (650 mg.) was suspended in
a mixture of toluene (15 ml.) and dimethylacetamide (13 ml.) and
about 1 ml. of solvent was distilled. Acetobromoglucose (822 mg.,
1 Eq.) was then added to the stirred suspension and the mixture
heated under reflux. After 5 minutes the mercury salt went into
solution and soon afterwards a white solid appeared. The heating
was continued for two hours. The solid was collected and shown
to be theobromine (340 mg.). The filtrate was evaporated in vacuo
and treated with potassium iodide solution as described above.
Tle (ethyl acetate) of the residue obtained after evaporation of
the organic layer only showed the presence of traces of theobromine;
no N-glucoside could be detected.
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