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SUlMMARY 

The metabolites of totiopam [Grandaxin; I-(3,4-dimethoxyphenyl)4methyl- 
5ethyl-7,8_dimethoxy-5H-2,3-benzodiazepine] have been studied in patients and 
animals. The major pathway of the metabolic transformation of to&zopam was found 
to be demethylation. The position in which demethylation takes place and the rate of 
this process in various species were determined. Gas-liquid chromatography-mass 
spcctrometry-mass chromatography was used for the identification of the metabo- 
lites. 

INTRODUCTION 

Eenzodiazepines are widely used as psychotropic drugs’ and include various 
chemically related derivatives such as diazepam, oxazepam, chlordiazepoxide, flura- 
zepam and pivoxazepam. These compounds have sedative, tranquillizing, muscle 
relaxant and anticonvulsive effects. 

A recent addition to this series is a drug with a completely different structure, l- 
(3,4-dimethoxyphenyl)-4-methyl-5-ethyl-7,8-dimethoxy-~~-~,3-benzodiazepine 
(Grandaxin; tofizopam) (I) (Fig_ I), which was synthesized by Kdriisi and co-work- 
er&3. Pharmacology of tofizopam has been reported in detail**. As the clinically 
effective therapeutic doses of the compound are low, its metabolic transformation 
requires analytical methods suitable for the determination of the intact drug at nano- 
gram levels and at the same time specific enough to diEerentiate the drug and its own 
metabolites in physiological fhtids. 

In this paper gas-liquid chromatographic (GLC) and GLC-mass spectromet- 
ric (GLC-MS) methods are described for the investigation of tofizopam and its 
metabolites in b~ologkal samples. It has been found that the only metabolic pathway 
for to~opam7~8 was the partial elimination of the methyl moiety of methoxyl groups. 
The position in -which demethylation takes place and the rate of this process in 
various species were investigated 
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Fig. E_ Tofizopam and daivatixs. 

Materials 
N,O-Bistrimethylsilyltrinuoroacetarnide (BSTFA) and trimethylchlorosilane 

(TMCS) (Pierce, Rockford, IL, USA_) were used as silylating reagents. The 
stationary phases were OV-101, XE-60 and Gas-Chrom Q (80-100 mesh) (Applied 
Science Laos., State College, PA, U.S.A.). Tofkopam (I) (Fig. I) was synthesized by 
EGYT Pharmacochemical Works (Budapest, Hungary). The 8,4’-ditrideuterome- 

.thoxy andogue of tofizopam (II) (Fig_ 1) and [I-14C&oEzopam (III) (Fig- 1) were 
prepared in the Institute for Dru,o Research (Budapest, Huqaq~)~- The solvents were 
of anaIytica&reagent grade. 



GLC-MS OF TOFIZOPAM METABOLITES 91 

Apparatus 
An HP 5830 A gas chromatograph provided with a tlame-ionization detector 

was used_ Column A was a 6 ft. x 4.00 mm I.D. glass coil containing 2 % Xl560 on 
Gas-Chrom Q (SO-100 mesh); column B was a 2 ft. x 2.00 mm I.D. glass coil packed 
with 2% OV-IOI on Gas-Chrom Q (SO-100 mesh). The carrier gas was nitrogen at 
flow-rates of (A) 45 ml/mitt and (B) 25 ml/mitt. The column temperatures were (A) 
24O’C and (B) 200°C and the detector and injector temperatures were 250°C in each 
instance_ The chart speed was 0.6 cm/mm. 

An HP 5990 A gas chromatograph-mass spectrometer equipped with column 
B was used with a column temperature of 2OO”C, an electron ener,T of 70 eV and a 
multiplier voltage of 3CioO V. 

Drug m%ninistration 
Rats, dogs. rabbits and monkies were administered orally doses of 3. 15 and 30 

mg/kg of a mixture of II and I (2:l). The composition of the mixture was controlled 
by GLC-MS. Human patients were administered orally a dose of 3 mg/kg of a mix- 
ture of II and I (211). Urines were collected after 24 h. 

Extraction 
A lO-ml volume of urine was extracted with 30 ml of chloroform. After centri- 

fugtion, the chloroform layer was separated, evaporated and examined by thin-layer 
chromatography (TLC)_ The extracts were spotted on silica gel PF-60 plates (20 x 20 
cm) and developed in chloroform-f+hexane-ethanol-concentrated ammonia solution 
(40:40:20:3, v/v)_ The spots were detected by autoradiography or by exposure to UV 

light (254 nm) in the human experiments_ In the animal experiments compound III 
(Fig. I) was used as a tracer indicator. 

The pH values of 10 ml of the aqueous phases containing conjugated metabo- 
lites were adjusted to 4.6 with borate buffer (1 M) and incubated for 72 h at 37C with 
&$ucuronidase. The samples were extracted with chloroform, the chloroform layers 
were evaporated and aliquots of the concentrates were examined by TLC as described 
above. Radioactive spots were scraped off from the plates and eluted with chloro- 
form-methanol (2:1) and concentrated to 0.5 ml. Aliquots of the samples were injected 
into the GLC-MS evaporator directly or 10 ml of the extracts were evaporated with a 
stream of nitrogen and 30 ~1 of BSTFA and 3 ~1 of TMCS were added to the samples_ 
kept at 60°C in sand-bath for 30 min and injected into the equipment_ 

RESULTS AND DISCUSSION 

Preliminary runs were carried out on stationary phases with different selectiv- 
ities for the separation of totiopam from its metabolites. As the major part of 
urinary metabolites were found to be conjugated with glucuronic acid, the samples 
were hydrolysed and pm-&cl using preparative TLC and analysed on polar and 
apolar stationary phases. The samples were analysed as TMS derivatives on XE-60 
and OV-IO1 and without derivatization on OV-101. R, values and relative retention 

data are given in Table I. 
The metabolic pathway of tohzopam was assumed to E>e elimination of methyl 

group(s). Owing to interaction of these phenolic compounds with XE-60 stationary 
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TABLE I 

RF AND RELATIVE RETENTION TI-UES (TOFIZOPA!! = LOO) OF IMJZT’ABOLITES OF TOFI- 
ZOP_4M OBTAINED BY TLC AND GLC 

RF 
rahze.++ 

Relative retention time- 

-YE40 0 v=101 
- 

* See Fig. 7 for structures. 

- RF values in solvent system chloroforwl-hcxane~thanol-con~n~t~ ammonia solution 
(#:4O20:3)_ 

- t’ = retention time (min); r12 = relative retention = (r’:. metabolite)~(r’,. tofizopam). 
a Relative retentioo of TMS derivatives 

* * Relative retention of samples without derivdtization. 

phase, they could be studied in the form of TMS derivatives. In the presence of the 
bulky TMS group the separation of the compounds was also insufficient when they 
were analysed without derivatization cn OV-101. Comparing the relative retention 
data (Table I) on these two stationary phases, we established that compounds IV and 
V and VI and VII eluted with the same retention time on Xl560 but could be sep- 
arated on OV-lOl_ 

Fig, L Radio-scan of thin-layer chromatogram from urine extraa of monkey. Zones i b, c and d xvere 
scr&ped OK the plate, eluted with chlorofotm-ethanol(2: I) and anal+ by GLC-MS. The TLC solvent 
system was chloroforn-n-h:ne-ethanol-concentrared ammonia solution (40:4X0:3). Zone d was 
aped OE the plate eluted with chlorofonwthanol @I), treated with /?-glucuronidase and invrstigated 
by TLC in a second run. 
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Fig. 5. The main fragmentation pathway of [‘H,jtofizopam (II). 

The extracts investigated by thin-layer chromatography (Fig. 2) or mass spec- 
trometry only were found to be mixtures of various demethylated metabolites. 

The mass spectral fragmentation of tofizopam has been reported earlier3. 
There is a possibility of differentiating between compounds demethylated at the C-l 
aryl group and the condensed aromatic ring on the basis of the fragmentation pat- 
tern. In order to distinguish between the methoxyl groups on the same ring a labelled 
analogue of toflzopam, 8,4’-ditrideuteromethoxyto6zopam (II) (Fig. 1) was synthe- 
sizedv. In a quadrupole mass spectrometer we used an automatic peak se!eetor to 
monitor more (up to twenty) ions and measured the peak heights of the ions of 
interest. ‘Ihe main fragmentation pathway of [‘H,]totiopam (II) is shown in Fig. 3. 

The mass spectrum (Fig. 4”) of the peak eluted in 4.40 min on OV-101 (‘Table I) 
showed the deuterated and uulabelfed tofizopam demethylated at position C-7 (IVa 
and IVb). J&se compounds were isolated as major metabolites from urine extracts of 

* For Figs Q 5.6,S.g and 10 the notations of rhe principal fmgments Ue given in Table XL 
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Fig. 4 Mass spctra OF IVa and IVb. Conditions as sprcifkd in _-lpparufw (B). 

M+ 
374 

3:3 

J sd IhI. , * . . I. . . . 1 

Fig_ 5. Mass spoctrd of Vlvla and k-lb. Codtiom as spaifxd in -4ppamh.s (El)_ 
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Fig. 6. Mass spectra of VIiIa and VIIIb. Conditions as specified in Appmms (B). 

monkies, rats and rabbits. The deuterated and unIabeIIed tofizopam demethylated a6 
position C-4 (Via and Vib) was eluted with the same retention time. 

The compounds were identified with the aid of mass chromatography. The 
molecular ion of IVa is at m/z 374 and that of IVb at nr/r 368. The base peak of the 
spectrum of IVa appears at m/r 3I8 and that of IVb at nrjz 313 The characteristic 
ions [M - ArCN -‘CH,I’ and [M - ArCN - CH,CHJZ” appear at nz/z 193 and 180 
for compound IVa and at m/z 190 and 177, for compound IVb respectively. The 
molecular ion of Via is at nz/z 371 and that of VIb at m/z 365. The base peak of the 
spectrum of Via (Fig_ 5) appears at m/z 3 15 and that of VIb at r~r/z 312. The charac- 
teristic ions [M - ArCN --X&Ii and [M - ArCN - CHZCH2f*’ were at m/z 207 and 
194 for compound Via and at I+ 204 and 191 for compound Vlb, respectively. 

The peak eIuted with 4.00 min on OV-101 (Table I) represents the deuterated 
and unIabe&d tofizopam di-demethylated at positions C-7 and C-4 (VIIIa and ViIIb) 
(Fig, 6). The mohxular ion of VLIIb is at nzjz 354, the base peak of the spectrum of 
VIIIb appears at m/s 298 and character&ic ions [M-ArCN--‘C&3+ and 
fM-ArCN-CCH2CHL]+- are at miz 130 and 177, respectively_ The same ions are 
shifted to m/z 357,301,193 and IS& respectiveky, for compound VIIf;t 

In the species investigated six metaboiites were identified (Fig. 7) The relative 
abundances of principal fragments of aIS meEabohtes are given in Table II_ 

As can be seen from ~.hese daEa, the fragmezmxtion pat&em of the demethylated 
metabohtes is the same as that of tofizopam. The identification of the metabolites that 
were found as minor components in the species investigated was based on mass 
chromatography_ The high relative abundances of moPecuIar ions and the base peaks 
in the spectra indicate the possibility of using the method in practice_ Fragment ions 
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TABLE II 

RELATIVE AEWNDANCES OF PRINCIPAL FRAGMENTS OF METABOLITES OF TOFI- 
ZOPAM (I) AND [‘H&OFIZOPAM (II) 

m/z and rehire inrensitieti 
of some frcgmeat ion+* 

IVa 374 
SVb 368 
\-a 374 
%.b 368 
\‘Ia 371 
\-Ib 368 
\%a 371 
\1Ib 368 

\‘lIIa 357 
VJIIb 354 
IXa 360 
IXb 354 

42 333’(39), 31Sb(IOO), 193<(a), 180d(l 1) 
41 327’(38), 312b(100). 190=(T), 177(6) 
46 333’(31). 318b(100). 2OT(ll). 194d(9) 
4 327432). 312b(100), 2CW(9). 191d(9) 
45 330=(31), 315b(100), 207’(1!), 194d(17) 
44 327q3O). 312b(lOO), 204=(10). 191q7) 
27 33W(30). 315”(100). K’O=(lO), 177”(S) 
28 327’(29). 312b(100), 204ylO), 191d(10) 
58 316*(46), 301b(100). 193’(13), lSod(l3) 
63 313=(27). 298b(100). lW(9), 177”(11) 
56 319’(45), 304b(100). 193=(13). 180d(13) 
62 313’(26), 29Sb(71), 190=(19). 177d(8) 

l Relative intensities in parentheses_ 
*Notations: a = [M-CHaCN]“; b = [M-CH,CN--‘CH,]+; c = [M-A&-N--‘CH,]*: d = 

[M-ArCN-CH2CH2]+‘. 

L G,= Rz= R33= R4=CL-iij 

II FZ,= R3-CG$ ;Rz=Rs=CQ 

iEaR,= H;S2=R4=CD,;Rj=C.L)3 

EbR, = H :R2= Rj = R,= C;i, 

Izo%= H;R2= R__=Cl&:R, =SL, 

SLbR3=H;R,=Rz=Rd zCH3 

EbR4=H;R,=R2= Rj=CH-, 

I.LtcR,=H;R,=R3=CH3 :Rt=CD3 

2iZaRz=H ;R,=R~=CH~;R~ =a3 

?ZEbR>=H ;R, =R3=Q= CH3 

ZZlIa R, = Ra = H ; R, =CD,; R,=CH, 

ZiZbR, =R.,=H ;R, = R.,=Cs 

iXaR,=R3=H ;R2=R4=CL3 

IXb 4, = s_= H ; R2 = Rz = CH3 

I=i& 7. swctures of lllmbolitr of tofszopm (1 and II). 
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Fig._ 10. Mass cbrmatograns of IXa VllIa zmd VIIIb. Conditions as spxifkd in Apparazur (B). 

of Va at m/z 3X,3 18,207 and 194 that of Vb at q!z 368,3 12,204 and 19 1 were used 
to monitor the compounds_ They eluted from coiumn B in 5.1 min. Fig 8 shows the 
mass chromatograms of compounds Va and Vb. 

The mass chromatograms of compounds VIIa and VIIb arc given in Fig. 9. 
Fis_ IO shows the mass chromato_pam s of an extract from monkey urine_ This 

sample contained Viila and Vii15 as major metabolites and XXa as minor metabolite. 

TABLE 111 

PERCENTAGE OF METABOLITES OF TOFIZOPAM IN DIFFERENT SPECIES 

Major compoml Mtir compmenr % 

5 

3i 
4 
2 

15 
05 
4 

15 
9 
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Four diEerent monodemethylated metabolites were identified. Accordins to 
the relative retention data given in Table iI, the metabolites could be separated 
chromatographically from each other if they contained the phenolic group in a p- or 

nz-position relative to C-l_ The percentages of the metahoiites that have been isolated 
from the urine of the various species investigated are given in Table III. 
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