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DEVELOPMENT OF AN OPTIMIZED SYNTHETIC APPROACH FOR

SYNTHESIS OF CAFFEINE-8-THIOGLYCOLIC ACID AND
ITS ESTER DERIVATIVES
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Summary: Modified and optimized methods for synthesis of 8-bromocaffeine, caffeine-8-thioglycolic acid
and its ester derivatives were developed. The modification of 8-bromocaffeine synthesis included a change
in the brominating agent, which resulted in cost reduction. Some investigations were performed on the
influence of the catalyst type and concentration, using a model reaction of esterification of caffeine-8-thi-
oglycolic acid with methanol. It was established that the application of the ion-exchane resign Wofatit P as
catalyst resulted into significant increase of the ester yields and facilitation of its isolation. Thus the optimal
parameters of the caffeine-8-thioglycolic acid esterification were: 35 fold excess of methanol, temperature
of 65°C and catalyst Wofatit P at 4 wt. % of total acid weight. Thus four other caffeine-8-thioglycolates
were synthesized with high yields (78-98%) and purity and their structures were confirmed.

Key words: caffeine-8-thioglicolyc acid, 8-bromocaffeine, caffeine-8-thioglicolates.

PASPABOTBAHE HA OITUMU3UPAH ITOAXOJA 3A CUHTE3 HA
KO®ENH-8-TUOITIMKOJIOBA KUCEJIMHA U
HEWMHU ECTEPHU NPOU3BOIHU

SABop MutkoB, Masi I'eopruesa, Asiekcanabp 3/71aTKOB
Karenpa no “®apmanesriuna xumus”’, @apmanesriuer paxynaretr, Meauuuackn Yausepcutet, Codust

Pe3tome: Pazpaborenu ca MopruuIUpaHd U ONTUMH3UPAHN METOAN 3a MOJy4YaBaHe Ha §8-OpoMOKo(enH,
Ko(herH-8-THOIIMKOIOBA KUCEIIMHA U HEWHH €CTEpHH NMPOU3BOAHN. MomudukanmsaTa Ha METo/a 3a Moy-
yaBaHe Ha §8-OpOoMOKO(eHH BKIIIOYBA IPOMsIHA Ha OPOMMpALIMs PEAaruHT, KOETO BOJIM O CHM)KaBaHE Ha
paszxomure. [IpoBeneHn ca n3cieBaHusi BbPXY BIMSHUETO Ha B/ U KOJIMUECTBOTO Ha KAaTAIU3aTopa Npu
M3I0I3BAaHE HA MOJIEITHO B3aMMOZCHCTBNE HA KOQENH-8-THOTIIMKOIOBA KICEINHA U METAHOJ. YCTaHOBEHO
e, 1€ U3MOJI3BAaHeTO Ha HoHooOMeHHaTa cmosia Wofatit P karo karann3aTop BOIH JI0 3HAYUTEITHO yBEINYa-
BaHE Ha JOOMBa Ha ecTepa M yJlecHaBa H3oiupaneTo My. ONTUMaIHUTE TapaMeTpH NPU ecTeprdUKamsiTa
Ha Ko(penH-8-THOIIMKOIOBA KHCENMHA ca: 35 KpaTeH M3JIMIIBK Ha MeTaHoI, Temneparypa 65°C u karanu-
3arop Wofatit P B konnuecTBo 4% oT obmiara Maca Ha KuceauHara. [10 To31 HaYMH ca CHHTE3UPaHU YETUPU
JpYyrH KopenH-8-THOTITMKONIATH ¢ BUCOKHU J100KBH (78-98%) u ynctora. CTPyKTypHUTE Ha ChEJMHEHHSATA Ca
MOTBBP/CHU.

KarwyoBu xymu: kohenH-8-THOIIMKOIOBA KUCEIIMHA, 8-OpOMOKO(EHH, KOGCHH-8-THOTITUKOIATH.

Introduction

Natural products are an attractive source of varied
structures that exhibit potent biological activities, and
desirable pharmacological profiles. Xanthines have
been an important class of biologically active struc-
tures. Their activities have ranged from antagonists of
adenosine receptors (such as caffeine), to phosphodi-
esterase (PDE) inhibitors (enprofylline) to anticancer

agents (Fig. 1). Xanthine-based structures for new
drug leads have been explored in various therapeutic
areas [1-3] including the treatment of CNS disorders
such as Alzheimer’s type dementia [4]. For example,
recently a new xanthine derivative, propentophylline,
was introduced as a drug with neuroprotective prop-
erties for treatment of brain dementia [5], boosting
the search for new xanthine derivatives with neuro-
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protective activity. However, 8-thiosubstituted xan-
thines and the structures derived from them have not
been well studied. There are 8-thio substituted deriv-
atives of methylxanthines that possess radioprotector
[6], antibacterial [7], antidiabetic (as DPP-IV inhibi-
tors) [8], and typical of methylxanthines bronchodila-
tor activity [7]. Some 8-mercaptoxanthines have been
used as intermediates for new purine-based heterocy-
clic ring systems, such as purinobenzothiazines and
pyridothiazonopurines [9] which have shown antitu-
mor activity (Fig. 1).
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Fig. 1 Biologically active xanthine analogues.

Our interest is pointed to caffeine-8-thioglycolic
acid and its ester derivatives. Literature survey has
shown that the most favored and efficient method to
synthesize 8-thio substituted xanthines is from their
corresponding 8-bromo-, 8-chloro-, and 8-oxo-xan-
thines [10-12]. Organic esters are a very important
class of chemicals with applications as very useful
perfumery agents, flavours, pharmaceuticals, phar-
maceutical intermediates, solvents and plasticisers.
Esterification of carboxylic acids with alcohols in

presence of acid catalysts has been the subject of in-
vestigation by many research workers. First major
drawback of the reaction is that it is equilibrium lim-
ited and the second is that typical homogenous cata-
lysts like H,SO,, HCI and H,PO, are used but due to
their miscibility with the reaction medium, separa-
tion becomes a problem [13]. Therefore heterogene-
ous catalyst become an attractive alternative catalyst
which is nonpolluting, non corrosive and has long ac-
tivity life. The ion-exchange resin is a promising ma-
terial for the replacement of the homogeneous acid
catalysts. The solid type of material has good physi-
cal and chemical properties, and shows no corrosion
as well as pollution, and show both high selectivity
and thermal stability [13-15].

Based on the literature conditions we have de-
signed an optimised synthetic sequence for the syn-
thesis of caffeine-8-thioglycilates.

Materials and methods

Apparatuses and devices

The used chromatographic system for TLC con-
trol and purity elucidation is based on an alimunium
sheets Silica gel F254 (Merck, Darmstadt, Germany),
using CHCI,/CH,CH,OH/Acetone as a mobile phase
with detection at UV 254 nm. Yields were calculated
for purified products. The IR spectra 400-4000cm’!
were recorded on a Nicolet iS10 FT-IR Spectrom-
eter in KBr. The 'H-NMR spectra were registered
at 250 MHz on spectrometer Bruker-Spectrospin
WM250MHz (Faenlanden, Switzerland) as & (ppm)
relative to TMS as internal standard and the coupling
constants (J) are expressed in Hertz (Hz). All OH and
NH protons were D,0O exchangeable. All names were
generated by using ACD/Name Version 2.51 [16].

The starting materials were of commercially avail-
able research - grade chemicals. (Merck, Darmstadt,
Germany). Commercial strong acidic ion-exchange
resin Wofatit P (Germany) was used as solid acidic
catalysts. Physical properties of ion-exchange resin
catalyst are summarized in Table 1.

Synthesis of 8-bromocaffeine

The bromination of caffeine was carried out in a
laboratory-scale reactor in the form of a four-neck
round bottom flask (total volume 1000 ml) placed in
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Table 1 Characteristics of ion-exchange resin Wofatit P

Bulk weight (t/m’) . Limits of Average Wear Exchange
— . Coefficient L . .
in air-dry | in swollen of swellin grains size particle away for capacity
state state & (mm) diameter(mm) | year (%) | (g-eq/m’)
0.62 0.50" 1.19 03-20 1.26 3-4 1400

* - excluding the weight of absorbed water

a heating mantle with a mechanical stirrer and tem-
perature controller. The centre neck was fitted with
mechanical stirrer whose speed was maintained at
700 rpm. A thermometer for temperature control
and a Liebig condenser for reflux were inserted into
two of the side necks. The other side neck allowed
sampling of the reaction mixture. To 300 ml of water
0.35 mol (42 g) potassium bromide and 0.1 mol (18.4
g) caffeine were added. Then at temperature below
60°C and with stirring 26 ml of sulfuric acid were
added dropwise, after which the temperature was
rised to 80°C. After complete homogenization of the
reaction mixture 25 ml 30% hydrogen peroxide were
added dropwise. Reaction mixture was left under the
same conditions for 4 hours, then cooled to room
temperature and decolourized with sodium sulphite.
The colorless solution was poured into 400 ml ice
water and kept for 12 hours at 4°C. The separated
precipitate of 8-bromocaffeine was filtered under re-
duced pressure and recrystallised from ethanol. Yield
—23.2 g (85%), m.p. — 205°C. The structure of the
compound was confirmed by IR spectral analysis and
comparison with the standard substance.

Synthesis of caffeine 8-thioglicolic acid

The reaction was carried out in reactor of 500 mL
capacity which was equipped with mechanical stir-
rer (speed was maintained at 700 rpm) and a reflux
condenser was placed on top of the reactor in order
to prevent the escape of volatile compounds. Ethanol
(100 ml) and 66 ml of 0.1 mol sodium hydroxide so-
lution were mixed and thioglicolic acid (0.05 mol, 3.5
ml) was added to the mixture. Then 8-bromocaftfeine
(0.05 mol, 13.65 g) was added and the reaction mix-
ture was heated under reflux for 1 hour. The reaction
was controlled by TLC and stopped after exhaustion
of the starting compounds. After cooling 200 ml wa-
ter were added for separation of the unreacted 8-bro-
mocaffeine. The obtained precipitate was filtered and
the clear filtrate was acidified with hydrochloric acid

until pH = 2. After 6 hours the precipitated caffeine
8-thioglicolic acid was filtered and purified by re-
crystallization from acetic acid/water mixture in 1:10
ratio. Yield — 13.6 g (96%), m.p. — 229-231°C. The
structure of the compound was confirmed by IR spec-
tral analysis and its purity was elucidated by TLC.

General procedure for the synthesis of the caf-
feine-8-thioglicolates

Esterification of caffeine-8-thioglycolic
(0.01 mol, was performed in a three-necked reactor
of 150 mL capacity equipped with mechanical stirrer
and a reflux condenser to avoid alcohol vaporization.
The three-necked reactor was immersed in a constant
temperature water bath equipped with a temperature
controller. In order to eliminate external mass transfer
effects, the stirring speed was adjusted to 1000 rpm.
Esterifcation reaction were carried out in the temper-
ature range of 60—80°C. Resin catalyst (35 wt% of
total acid weight) and 1,4-dioxan of known amount
were charged into reactor and also, in predetermined
amount of corresponding alcohol (0.35 mol) were
added into the reactor. After reaching desired tem-
perature, caffeine-8-thioglycolic acid dissolved in
small amount of 1,4-dioxan was placed in the reac-
tor. This was considered as the starting time of the
reaction. The reaction was monitored by TLC and the
sampling were done manually at reaction times of 3,
5, 10 min and every 20 min after that. After the end
of the reaction time the ion-exchange resin was fil-
trated and 50 ml water was added to the filtrate. The
mixture was kept 2 hours at 4°C until formation of a
volumetric precipitate, which was filtrated and puri-
fied by re-crystallization from ethanol, if necessary.

The ITUPAC names of the newly synthesized
compounds together with the interpretation of their
IR spectra are presented below; the chemical struc-
tures are presented on Scheme 7, the relevant melt-
ing points and the individual yields are presented in
Table 3.

acid
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Methyl 2-((1,3,7-trimethyl-2,6-dioxo-2,3,6, 7-tetrahy-
dro-1H-purin-8-yl)thio)acetate (4a): IR (KBr): v 2939,
1704, 1664, 1558 and 1539, 1360, 1289 and 1232; 'H
NMR (250 MHz, DMSO-d,) 6, ppm: 3.43 (s, 3H, N1-
CH,), 3.47 (s, 3H, N3-CH,), 3.68 (s, 3H, COO-CH,), 3.75
(s, 2H, S-CH,), 3.81 (s, 3H, N7-CH,).

2-Phenoxyethyl 2-((1,3,7-trimethyl-2,6-dioxo-2,3,6,7-
tetrahydro-1H-purin-8-yl)thio)acetate (4b): IR (KBr): v
3100, 2939, 1733, 1699, 1661, 1558 and 1539, 1232, 744;
'H NMR (250 MHz, DMSO-d,) 6, ppm: 3.43 (s, 3H, N1-
CH,), 3.47 (s, 3H, N3-CH,), 3.74 (s, 2H, S-CH,), 3.81 (s,
3H, N7-CH,), 4.40 (q, 2H, C.H,O-CH,, J=7), 4.44 (q, 2H,
COO-CH,, J=7), 6.80 (d, 1H, C.H.-H4, J=7.45), 6.88 (d,
IH, C,H-H3, J=8.15), 6.88 (d, 1H, CH.-HS, J=8.15),
6.91 (d, 1H, CH-H2, J=0.17), 6.91 (d, 1H, CH.-H6,
J=0.17).

2-Methoxyethyl 2-((1,3,7-trimethyl-2,6-dioxo-2,3,6,7-
tetrahydro-1H-purin-8-yl)thio)acetate (4c): IR (KBr): v
2935, 1703, 1699, 1557, 1289, 1041, 744; '"H NMR (250
MHz, DMSO-d,) 3, ppm: 3.20 (s, 3H, O-CH,), 3.43 (s, 3H,
NI1-CH,), 3.45 (d, 2H, CH2-O-CH,, J=7), 3.47 (s, 3H, N3-
CH,), 3.74 (s, 2H, S-CH,), 3.81 (s, 3H, N7-CH,), 4.32 (d,
2H, COO-CH,, J=7).

2-Ethoxyethyl  2-((1,3,7-trimethyl-2,6-dioxo-2,3,6,7-
tetrahydro-1H-purin-8-yl)thio)acetate (4d): IR (KBr):
v 2939, 1699, 1562, 1537, 1487, 1269, 744; 'H NMR
(250 MHz, DMSO-d,) 8, ppm: 1.05 (d, 3H, O- CH,CH,,
J=6.69), 3.43 (s, 3H, N1-CH,), 3.45 (m, 2H, -O CH,CH,),
3.47 (s, 3H, N3-CH,), 3.61 (d, 2H, CH,-O, J=7), 3.74 (s,
2H, S-CH,), 3.81 (s, 3H, N7-CH,), 4.28 (d, 2H, COO-CH,,
J=7).

0 CH; Q CH;
CHs,_ J CHs_ N,
N N
L — LT
o/ N o/ N
CH, CH

2-Isopropoxyethyl 2-((1,3,7-trimethyl-2,6-dioxo-2,3,6,
7-tetrahydro-1H-purin-8-yl)thio)acetate (4e): IR (KBr): v
2939, 1701, 1689, 1590, 1232, 1175; '"H NMR (250 MHz,
DMSO-d)) 6, ppm: 1.30 (d, 6H, 2xCH,, J=6.3), 3.43 (s,
3H, N1-CH,), 3.47 (s, 3H, N3-CH,), 3.74 (s, 2H, S-CH,),
3.81 (s, 3H, N7-CH,), 4.93 (m, 1H, O-CH).

Results and Discussion

The synthesis of caffeine-8-thioglycolates con-
sists of brominating of caffeine to obtain the 8-bro-
mocaffeine (2), its further interaction with thiogly-
colic acid and subsequent esterification of obtained
caffeine-8-thioglycolic acid according to Scheme 1:

The synthesis of 8-bromocaffeine (2) was carried
out via oxidative bromination of caffeine (1) in aque-
ous media. This synthetic approach is a variant of a
literary method [17] based on application of HBr and
H,0, in glacial acetic acid. In our modification the re-
quired bromine was obtained in situ after oxidation of
hydrogen bromide with hydrogen peroxide. The nes-
essary HBr was derived from interaction of potassium
bromide and sulphuric acid. At these conditions the
reaction is more cost-effective but the time of 5 hours
and the corresponding yield of recrystallised 8-bromo-
caffeine (85%) are kept unchanged (Scheme 2):

The second stage of our synthetic sequence is ob-
taining of caffeine-8-thioglycolic acid (3). The known
method for synthesis of 3 [18] includes interaction of

3

1 2
l HSCH,COOH
(0] (0]
CH CH
CHj, N CHs N
N ROH/H" N
//]\ | />—SCH2COOR — //1\ | />—SCH2COOH
N~ N N~ N
o |
Scheme 1. General scheme of synthesis of CHj CHj
caffeine-8-thioglycolic acid. 3
v
CH;_ N CH,. SFHs
N KBI‘/H2504/H202 N N
A ) ="
Scheme 2. Modified method for synthesis of 0 ITI ITI N
8-bromo caffeine. CH; 4 CH; 2
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2 with thioglycolic acid in DMF at 140°C. The dura-
tion of the reaction is published to be 6 hours with
40% yield. The authors do not provide an explanation
of the relatively small yield of 3, but probably this is
due to side reactions. We consider that the most prob-
able side reaction is hydrolysis of 2 to 1,3,7-trimethy-
luric acid. This reaction is most probable having in
mind the high temperature of the reaction and ability
of DMF to absorb water very well and forms alkaline
media (pH = 9) — all of this forms conditions suitable
for this reaction [19]

In an attempt to optimize the yield and the reaction
time we changed the reaction conditions, whereat the
reaction was led in water/ethanol media, in the pres-
ence of sodium hydroxide, according to Scheme 3:

At these conditions side reaction is not observed,
the reaction time was shortened up to 1 hour and the
yield was increased up to 96 %.

The synthesis of the targeted esters was conducted
according to Scheme 4.

The classical esterification method is optimized
by variation of the conditions of synthesis of the me-
thyl ester of caffeine-8-thioglycolic acid (4a). The re-
action was carried out in 35 fold excess of methanol
to shift the equilibrium towards the products and was
monitored by TLC. The type and amount of catalyst
were varied and the results are shown Table 2.

As a result the yield of the obtained ester deriva-
tive is in the range of 62-98%, and the reaction time
varies from 90 to 300 min. Best results were ob-
tained, using concentrated sulfuric acid as catalyst
(with molar ratio of caffeine-8-thioglicolyc acid : cat-
alyst equal to 1:10) with 90% yield for 60 min. and
in the presence of Wofatit P (1g) with yield 98% for
90 min. Despite a strong catalytic effect, the use of
sulfuric acid as homogeneous catalyst, suffers from

(0]
CH /CHS O CH3
30 N HSCH,COOH CH;_ N
N | gy H20/CoHsOH/NaOH N
/I\ J r )\ | )—SCH,COOH  §cheme 3. Modified method
Y ITI 0 If N for synthesis of caffeine-8-
CH; 2 CH; 3 thioglycolic acid.
CH; CH;
CHs N/ CHs N/
N ROH/H" N
)\ | />—SCH2COOH <:> )\ | />—SCH2COOR
N -H,O N
o” N : o N
CH3 CH; 4a-e
4a, R = CHj B
4c, R = CH;0CH,CH, CH;j Scheme 4. General scheme for

e a0 { )

4d, R = CH;CH,0CH,CH,

I
4e, R = —CHCH; synthesis of esters of caffeine-§-

thioglycolic acid.

Table 2. Variation of the conditions for synthesis of methyl ester of caffeine-8-thioglycolic acid (4a).

caffeine-8-thioglycolic H,SO, H;PO, PTSA Wofatit Time Yield
acid, mol mol mol mol P min %
0.01 0.01 300 62
0.01 0.02 300 68
0.01 0.05 300 83
0.01 0.1 60 90
0.01 0.05 300 80
0.01 0.1 60 85
0.01 0.05 300 81
0.01 0.1 240 83
0.01 05¢g 120 75
0.01 1.0g 90 98
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Table 3. Reaction conditions and the corresponding reaction time and yield and melting points for the

synthesis of each of the targeted products.

compound temperature, °C | reaction time min. Yield % melting point, °C
4b 80° 90 98 119-120
4c 80° 120 85 105-106
4d 80° 120 80 109-111
4e 80° 100 78 168-170

drawbacks, such as difficulty in isolating of the final
product.

The use of ion-exchange resin Wofatit P as solid
catalysts have many advantages over homogeneous
acid catalysts. It can be separated from liquid reac-
tion mixture by filtration or decantation, reaction was
carried out at low temperature, the yield is highest
compared to yields obtained in the presence of ho-
mogeneous acid catalysts which fulfill some of con-
ditions of “green chemistry”. Wofatit P is a conden-
sation product of phenol, formaldehyde and sodium
sulfite, sulfonated with concentrated sulfuric acid
and contains sulfo groups in benzene rings and in the
side chains. Wofatit P compared to some other ion
exchange resins is more active and more resistant to
mechanical factors, does not crumble and is not sub-
ject to abrasion powder. Its loss of activity is slow and
may be consequently applied for 10-20 times [20].

Using the optimized method four other esters de-
rivatives were synthesized.

The reaction conditions and the corresponding
reaction time and yield for each of the targeted prod-
ucts are given in Table 3.

It is clearly seen in Table 3 that target products
4b-e are obtained with high yield and purity. The
structure of newly synthesized compounds was prov-
en by elemental analysis, IR and "H-NMR spectros-

copy.

Conclusion

The synthesis of caffeine-8-thioglycolates con-
sists of bromination of caffeine to obtain the corre-
sponding 8-bromocaffeine and its further interaction
with thioglycolic acid. The corresponding ester de-
rivatives are further obtained by esterification with
the desired alcohol. For the synthesis of the initial
8-bromocaffeine a change in the brominating agent
was applied, which resulted in reduction in the cost,

but maintaining the time and the corresponding yield
unchanged. The effects of catalyst type and catalyst
concentration on the model reaction of esterification
of caffeine-8-thioglycolic acid with methanol were
investigated and was found that they significantly
influenced the acid conversion. When homogenous
acid catalyst was used, the increase of catalyst con-
centration leads to increasing of yield of the ester
but there are problems in isolating the final product.
The use of ion exchange resin as solid acid catalyst
leads to significant increase in the yield of the ester
and facilitates its isolation. The optimal parameters
for esterification of caffeine-8-thioglycolic acid with
methanol were: 35 fold excess of methanol, tempera-
ture of 65 °C and catalyst Wofatit P at 4 wt.% of total
acid weight. Using the optimized method four other
caffeine-8-thioglycolates were synthesized with high
yields (78-98%) and purity and their structures were
confirmed. Solid acid catalysis is very effective from
the point of view of activity and reusability compared
with homogeneous catalysts. We found that after re-
cycling, the resin catalyst showed high catalytic ac-
tivities and could be used repeatedly.
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