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REACTIONS OF THEOPHYLLINES.
CHEMICAL CONVERSIONS OF
8-AMINOTHEOPHYLLINATES

1. I. Kuz'menko and T. V. Zvolinskaya

Thermally stable, colored 8-aminotheophvllinates (betaine derivatives of theophylline) form unstable,
colorless salts with strong mineral acids and undergo partial decomposition to a uric acid upon prolonged
refluxing with concentrated base solution. Substituted S-pyvridinium theophvilinates readilv take part in
iypical reactions of the functional group in the substituted pyridine ring with retention of the betaine
structure. The formation of the synthesized compounds was confirmed by IR and NMR spectroscopy.
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The recaction of theophylline (in the presence of an oxidant) and some 8-substituted theophyllines with
quinoline, trimethylamine. pyridine, and a serics of substituted pyridines gives the betaine derivatives of
thcophylline, 8-aminothcophyllinates 1-3a-1 [1-4]. We have cstablished the conditions for their formation.
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3a R =H; 3b R =2-CH;: 3¢ R = 3-CH3; 3d R = 4-CHj;; 3¢ R = 3.5-(CH:)z;
3f R = 3-COOH: 3g R =4-COOH: 3h R =4-NH.; 3i R = 3-CHO;
3j R = 4-CN: 3k R = 3-C(O)NHCH.-C,Hs; 31 R = 4-C(O)NH>-C4Hs«

A study and analysis of somc physicochemical propertics of the obtained 8-aminotheophyllinates has
shown that betaines 1-3a-l arc comparatively stable, can be kept at room temperature for a long time, have high
thermal, photo- and hydrolytic stability, and are poorly soluble in the majority of organic solvents and in water. In
concentrated solutions of strong inorganic acids the colored 8-pyridinium theophyllinates 3a-e are readily soluble
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to give colorless salts which are once again converted to the starting betaines in water [3]. Only in the casc of the
reaction of 8-(4-aminopyridinium) theophyllinate 3h with hydrochloric acid was a reasonably stable hydrochloride

salt 4 formed and this decomposes very slowly in water to the starting betaine:
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In contrast to betaincs 3a-e (which even upon prolonged refluxing with hydrochloric acid form only
hydrochloride saits), 8-trimcthylammonium thcophyllinate 2 undergoes decomposition when refluxed with
hydrochloric acid to form 8-chlorotheophylline (5) quantitatively:
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It has alrcady becn noted that betaines 1, 3a-h show high thermal stability and melt at temperatures above
300°C without decomposition. In contrast to these. betaine 2, at temperatures above 300°C, isomcerizes to

7-methyl-8-dimcthylaminothcophylline [2].
Betaines 1-3a-¢ arc stable to the action of dilute basc solutions but upon prolonged refluxing (8-10 h) in

concentrated base solution arc approximatcly 30% decomposed to uric acid 6:
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A study of the possible reaction of betaine 3a with chlorinating agents has shown that the results of the

reaction depend strongly on the chlorinating agent itsclf:

PCl,. PCl.. POCI,
————

HC - 12t HC H
T Xy e
O | N A 0O N
CH, é”;

SOCI,. SO,

3a 59,
75 5

When treated with thionyl chloride or sulfuryl chioride, betaine 3a decomposes to give
8-chlorotheophylline in 75% yield. Phosphorus oxychloride and phosphorus tri- and pentachloride do not
decompose betaine 3a and only 1-2% of 8-chlorothcophylline is formed in this case.
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As we showed previously [3], 8-methylpyridinium theophyllinates 3a-e react with neither methyl iodide,
ethyl bromide, nor phosphoric acid chloride.

An investigation of the possibility of exchanging one of the substituted pyndine residues for another in
betaine has shown that the betaine system formed is quite stable and substitution does not occur [4]. Thus, with the
combined presence of pyridine and isonicotinic acid in the rcaction mixture with 8-bromothcophylline, betaines 3a
and 3g arc formed at the same rate. By contrast, for 2-methylpyridine with the simultaneous presence of pyridine
in the recaction mixture, a reaction with 8-bromothcophylline occurs (probably for steric reasons) only after all
pyndine has rcacted [4].

We have also studied the ability of 8-pyridinium theophyllinates to rcact with functional groups in the
pyridine ring. As was shown, betaine 3h forms salt 4 with hydrogen chloride. This same betaince 3h reacts with
benzaldchydec to give the Schift base 7, typical of primary amincs.

)\ |l\>—l\\'\"/_:/>—NH: 4+ O=CI-CH, —
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Betaine 7 is a crystalline, high melting material which is insoluble in water and many organic solvents. Its
characteristics are given in Table 1. Betaine 3d. containing a 4-mcthylpyridintum residuc, reacts at the methyl
group with pyridine in the presence of iodine to form the quaternary salt 8:
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Betaince 8 is a violet crystalline powder with a melting point above 200°C and is insoluble in watef and
common organic solvents, but solublec in DMF and hot acctic acid (the characteristics for compound 8 are given in
Tablc 1).

Betaines 3k,l contain fragments of the quatemary benzylamides of nicotinic and isonicotinic acid and they
react readily with sodium cthylate to form the corresponding imidole type sodium salts 9,10.

965



(H-0 P "HT) 0F "6 Q1P 9y
YD) THS) ULEHD TP HD Y ORT]STE) ORE) OOFT St roic | oot | ety
[ PHDAINS THE) BE'E CHDINCS THE I Y SREDSTSLU9S T 0EY ] TORY ] CORET C0stY | $Ty-TTe | 00TTE | OOF | 00719 FOUNSHYD £
(H-0"P ' HD) 86 H-© P HI) €6 HH-¢ P HI) 68
HHACVHD UG CHYD S THS0'Y (EHD P HT 9 O8C1 TORE ] "00F) FSIT hCRS
L HEHDAINCS THE) 8¢ CHDIN S THY) 81 OSELTORFL 0981 T0FY1 T0RY 1 CORET oSk | ske-Tre ) 0071 | 00F OYNYTHYD At
(H-0:19=/"P'HO OF 6 AH-W ) =P HT) TR 0crl 6L'6g NS RARYY
0t HOHDAINS THEN 097 (D IN S HE) THE ORI STST 0YST 0091 0891 "SRYESETT | ILE70LE | FE6C | §6°C | §9FS COUNMTHY'D Ie
(HD 'S 'H1)S6'6
AH-2 S THD 086 ((H-0 P HI 0%'6 0cel
(-4 P HD 006 HH-# "V HI ST'Y OIEL 0T 061 T0LS] 08y ] 0891 0491 95t | oowe | pots
z§ MEHIPIN S THE) SEECHI NS THE) SIE DOLT OR61 "0RTE ROET "BYVT DOVE "0SEE | £LT-0LT ) S8TEC ) DY | TOFS YOSN'YYD h
(H-0°P HD) tF'6
HH-CPTHTD) £6'8 HN S THD £E8 OX11°0TTL "OTET "09E 1 "0TE] "0SEL "00% | |8R0E I+t to TS
o HUHD-INS THE) TFECIDIN S THE) 1T 06510891 $LY1 TETLTTOTOL OTIE 00gE | ove-wsy | TOOY | 00F [ OR70S COUNEUHELD ye
(H-0 P HD) OF'6 HH9 = £ PO OF'8 [IISYIIIN czvr b osoy | zwis
€ HUHD-IN S HE) SEECCHIIN S THE) S 1Y ORFLSTEL TUTYTSEYLSRYL S ILL Srre | wee-9ey | TSEC | TLE | S60S FOSNFIHYD dg
(H-0 P HIN 066 (H-0 P HI) 0v°6
NH-P T 016 -V HD TR 0Tl 0oLl oot NS e MY
¥s CHDINCS THE) 0P € CCHDIN S U Tl CERELSTST STYLUSEILTORYL STLL oSty | rTer Iy 0re 0670% FOSN'THMD »”
6 % L 9 s 4 t < |
N H o) J
.E.W.; (24 1) wdd 0 (OO 4 D) wdads YIAN H, AU wiuads | D, dw ‘Wﬁﬁw_u _nw__ps_““”d.“ _w,.____ﬁ,u
‘punoy

saul|jAydoat | painsqng-g pue -/ 10j sonsualoetey) | VL

966



91T | o1g | 0£8r )
{g o1 [eanuapy OLELTOSET '0EST OLET 0T "08Y] 09¢ SOCC | TSE | SCBE | POSNENYHM'D 4
. LY | oIt | 0EsE )
J€ 01 [EMUAPI OLELTOSEE 0TS OLS L 0TV 069 09¢ SOTC | TSt ) STRE | YOPNeN"IR'D 1
11T | 6Tt | 1909 N
1€ 01 [RONUSPL OTTE'SSET 0TS SESTT08S1 0T "ovy 1 | ore-8ey | FOTC | SRF | D19 | *OYNEN-'H"D 01
icic | elr 19'09 i
HE 01 JEdnuap! DITITOVELTOTST 0SS 'OLS T 0T 09 | REE-SEY | FOTC | §RF | DTI19 | OYNENY'H™D 6
(H-0"P ' HO 6 {H-0 P HTI 06 HH< D11 9y
(HACD P UHE) TRICHD S HD 0FY OTTL0LT) LT 0Ll oSt SYL] s | osesr
e DTN THEY 0T O HDNS THE) 9CE TORET CSTST 098 T 091 0891 "066< "0C0E | RTIT-9TT | SOLT 0ot 6t CONI='H 8
(H-0 'S "HD 00
RSO 6'8 HHD=N P 'HL) 68
HH-CS THD 1978 SCHY) S HESICRY 081 0RE 1 e | owrr | goey
CHDAINCS THE) 0P CHDEN S THE) $TE DOFLOREL 0FST 0981 0F91 0891 09tE | £0g-cot | Detc | 06F | S6t9 COUNUHIND L
vy | osewg | osor | ook
CHD-INCS THE) CEETOHIAN S THE) L1°E SOELOTE] '$E6T "SE91 0691 "OFFY 0lf CI'RT Ehitd SO'tf YOYNYH-) 9
NG Loz | gz | 9les |
(HD-IN S THY) L8°Y (P HDIN S THE) St 66l-L6T | RTOT oF CR6t TO'NLYH-D s
(H-0 P HIU e
HH-CPHD 68 (CHN S "HD +E'8 O0T1'0TELTOSET O8] "ORE] CTLT 1y | woor
HUHDAINCS THE) TFECITHDINCS THY) 1Y VEYT 0L TOEL] T0S6C TOREY | Tev-oce | OOTLT 00T TTLE | FO"NIDU'HED {4
¥ L 9 < I3 € < 1

(panuyuod) [ ITVL

967



H.C_ - — R
3k, 3 + NaOCH, + HO — | ‘>; +
: : A NN 7

O
&,
9.10

9R = 3—C|‘=N-CII:C“1L. I0R = 4-|C=N—C113Chll\.
ONa ONa

Sodium salts 11 and 12 of betaines 3f,g contain carboxyl groups at positions 3 or 4 of the pyridine ring and
arc readily obtained in the same way:

H.C__ _ =
3, 3g + NallcO, + H.O —— | '>7 +
; \ /
o] I N
CH

11,12
11 R=3-COONa, 12 R = 4-COONa

Salts 9-12 arc high melting, crystalline matcrials, readily soluble in water (Table 1).

Study of the propertics of betaine derivatives of theophylline has shown that the majority ot them show
high thermal stability but, at the same time, quite rcadily undergo reaction at tunctional groups in the pyridine ring
without destruction of the betaine structure, thus pointing to a marked cnergetic advantage and stability. This
observation opens up broad possibilitics for the synthesis of novel betaine derivatives of theophylline.

EXPERIMENTAL

The clectronic spectra were taken on an MRS-5000 spectrometer (water solvent), and IR spectra on a
Perkin-Elmer 325 spectrometer (for KBr tablets). 'H NMR spectra were recorded on Tesla BS-486 (80 MHz)
machine using CF:COOH solvent. TLC was performed on Silufol UV 254 plates. Characteristics for compounds
3f-1 and 4-12 arc given in Table 1.

The method for synthesis of compound 1 was reported in [1], compound 2 in [2]. compounds 3a-¢ in
[3. 4], and the starting theophyllines were obtained by known methods [5-7].

8-(3-Carboxypyridinium) Theophyllinate (3f). A. A mixturc of 8-nitrothcophylline (0.87 g, 3.9 mmol),
nicotinic acid (0.98 g, 8 mmol), acetic anhydride (1 ml). and DMF (10 ml) was stirred at 120°C for 3 h. The
mixture was cooled, dioxane (10 mi) was added, and the precipitated theophyllinate 3f formed was filtered off. It
was recrystallized from water, 1:10.

B. A mixture of §-nitrotheophyliine (0.87 g. 3.9 mmol), nicotinic acid (0.98 g, 8 mmol), and DMF (15 ml)
was stirred at 60-70°C until complete solution of the precipitate, cooled to 30-40°C, and therc was added
monochloramine B (1.1 g, 3.9 mmol) in small portions. The mixture was stirred for a further 1 h. The precipitated
betaine 3f produced was filtered oft and recrystallized trom water.

8-(4-Carboxypyridinium) Theophyllinate (3g) was obtained from isonicotinic acid similarly to the
synthesis of 3f. It was recrystallized from water, 1:4.

8-(4-Aminopyridinium) Theophyllinate (3h) was obtained as for betaine 3f from 4-aminopyridine. It
was recrystallized from DMF, 1:10.
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8-(3-Formylpyridinium) Theophyllinate (3i). A mixture of 8-bromothcophylline (52 g. 20 mmol),
3-pyridine aldchyde (4 g, 40 mmol). and acctic anhydride (4 ml) was refluxed with stirring for 3 h. It was then
cooled and the precipitate tormed was filtered off and recrystallized from DMF, 1:5.

8-(4-Cyanopyridinium) Theophyllinate (3j) was prepared as for betainc 3f using method B from a
mixture of 8-bromotheophylline (1.3 g, S mmol) and 4-cyanopyridine (1.0 g, 10 mmol). [t was recrystallized from
DMF, 1:10.

8-(3-Benzylcarbamoylpyridinium) Theophyllinate (3k) was synthesized similarly to compound 3i from
8-bromothcophylline (5.2 g, 20 mmol) and N-benzylamide of nicotinic acid (8.4 g, 40 mmol) in Ac-O (4 ml). It
was recrystallized from DMF, 1:5.

8-(4-Benzylcarbamoylpyridinium) Theophyllinate (31) was prepared similarly to compound 3k from
N-benzylamide of isonicotinic acid (8.4 g, 40 mmol). It was recrystallized from DMF, [:5.

8-(4-Aminopyridinium) Theophyllinate Hydrochloride Salt (4). A mixture ot compound 3h (2.72 g,
10 mmol) and concentrated hydrochloric acid (8 ml) was retluxed to full solution of the precipitate. The solution
was cooled and the precipitate was filtered off, washed with acctonitrile and cther, and then dried.

8-(4-Benzylidencaminopyridinium) Theophyllinate (7). A mixture of compound 3h (1.4 g, 5 mmol),
benzaldehyde (5 ml), and BF;-McOH (0.5 ml) was stirred at 160°C for 8 h. After cooling, the precipitate formed
was filtered off and recrystallized from DMF, 1:8

8-(4-Pyridiniummethylpyridinium) Theophyllinate lodide (8). A mixturc of compound 3d (0.4 g,
15 mmol). iodine (0.38 g, 15 mmol), and pyridine (5 ml) was refluxed for 2 h and then left for 10 h. Acctonitrile
(10 ml) was added to the rcaction mixture and it was stirred and the precipitate filtered off, washed with
acctonitrile, and recrystallized from acetic acid, 1:3.

Sodium Salt of 8-(3-Benzylcarbamoylpyridinium) Theophylline (9). Sodium (0.16 g, 7 mmol) was
dissolved in cthyl alcohol (200 ml) and compound 3k (2.7 g, 7 mmol) was added to the clcar solution. The mixture
was stirred at room temperature for 1 h. The precipitate obtained was filtered off and recrystallized from cthyl
alcohol, 1:10.

Sodiurm Salt of 8-(4-Benzylcarbamoylpyridinium) Theophylline (10) was prepared similarly to salt 9
from compound 3l.

Sodium Salt of 8-(3-Carboxypyridinium) Theophyllinate ¢I1). A solution of sodium bicarbonate
(0.85 g, 10 mmol) was added portionwise with stirring to a solution of theophylline 3f (3.0 g, 10 mmol) in cthyl
alcohol (20 ml) at 0°C. The mixture was stirred for 30 min and the solvent was cvaporated in vacuo. The obtained ~
precipitate was reerystallized from 30% cthyl alcohol, 1:3.

Sodium Salt of 8-(4-Carboxypyridinium) Theophyllinate (12) was prepared similarly to 11 from
thcophylline 3g.

Reaction of 8-Trimethylammonium Theophyllinate 2 with Hydrochloric Acid. Conc. HC] (6 ml) was
added to compound 2 (0.47 g, 2 mmol) and refluxed for 1 h. The reaction mixture was trcated with water (20 ml)
and then allowed to stand overnight. The white precipitate formed was filtered, dried, and recrystallized from
DMF to give 8-chlorothcophylline 5 (0.42 g, 99%) [5).

Reaction of 8-Trimethylammonium Theophyllinate 2 with Base. A mixturec of compound 2 (1.2 g,
S mmol) and NaOH (0.8 ¢, 20 mmol) in water (5 ml) was refluxed for 8 h. The cooled mixture was neutralized
with hydrochloric acid to pH 5-6. The precipitate formed was filtered. washed with water, and dried to give uric
acid 6 (0.31 g, 29%) [6]. The reaction with betaines 1 and 3a-e occurred similarly.

Reaction of 8-Pyridinium Theophyllinate with Chlorinating Agents. A mixture of compound 1 (1.3 g,
5 mmol) and sulfuryl chloride or thionyl chloride (15 mi) was refluxed for 8 h. The solution was then evaporated
and isopropanol (10 ml) was added to the residue. The product was stirred and the precipitate formed was filtered
oft' to give 8-chlorothcophylline 5 (1.6 g, 75%) [5].

Reaction of 8-Pyridinium Theophyllinate 1 with Diphenylphosphoric Acid Chloride.
Diphenylphosphoric acid chloride (1.4 g, 5 mmol) was added dropwise with stirring at 60-70°C to a mixture of
compound 1 (1.3 g, 5 mmol) and tricthylamine (1.5 ml) in dry acctonitrile (10 ml). The mixture was refluxed for
3 h. No spots ditfering from starting material were seen on chromatographic analysis.
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Reaction of 8-Pyridinium Theophyllinate 1 with Isonicotinic Acid. A mixture of compound 1 (0.3 g),
isonicotinic acid (0.3 g). and acctic anhydride (2 ml) in DMF (10 ml) was refluxed for 3 h. No spots differing from
starting material werc secn on chromatographic analysis.
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