
Mass Spectronietric Identification of the Metabolites of Methyl 
N-(o- Aminophenyl) -N-(3-dinie thy1aniinopropyl)an thranilate' 

Four riietabolites of t,he title drug, isolated by thin layer chromatography from dog a i d  hiiiii:tii ririiic, have 
been ident,ified by mass spectrometry. Metabolite A is 5-(3-methylamiriopropyl)-~,l0-dihydro-llH-dibetizo- 
[b,e] [ 1,4] diazepin-11-one, metabolite B is the methyl ester of N-(o-aminophenyl)-N-(3-methylaminopropyl)- 
anthranilic acid, metabolite C is 5-(3-dimethylaminopropyl)-5,l0-dihydro-l1H-dibenzo [ b , e ]  [ 1,4] diazepin-11-one, 
and metabolite D is 5-(3-aminopropy1)-5,lO-dihydro-llH-dibenzo[b,e] [ 1,4]diazepin-ll-oiie. No ot,her met,abo- 
lit,es were detected. The structures of two of the metabolites were confirmed by mass spectrometric, infrared, 
uiid chromatographic comparison to the synthetically prepared compounds. After oral administration of 350 
mg of t,he title drug (us the dihydrochloride) to five human volunteers, the urinary excretion of the drug and 1,hc 
above metalmlites totaled 46% of the dose; about one-tei of the tot'al urinary oril'piit was iiitact drug. After 
itit,ravetious admitiistratioii of I O  mg/ky tmo a dog, ot11y 10 was recovered i t i  the riririe as driig :tiid nietatditw 
(compared to 167, of a lO-mg/kg oral dose), indicating t,hltt biliary excrelioii of the drug and/or its melabolitea 
may be extensive. 

1 Iet hyl S- (o-aminophenyl)-S- (3-diniet hy1:iniinopro- 
py1)anthranilate (I) is an orally active diuretic agent 

I 

i i i  t,fic rat :uid dog.2 In the present ivork, the nicta- 
bolic fate of the drug was studied in the dog and 
also in the human, thus affording qualitative and 
quantit'ative comparison of absorption and metabolism 
in two species. 

Thin layer chroniat80graphy of chloroform extracts 
of dog :md human urine saniples revealed four drug- 
relnted zoncs (designated nietabolites A, B, C, and D), 
i i i  addit ioi i  to :t zone correspoiidi~ig to  intact drug. 
The present paper describes the mass spectrometric 
ideritification of the drug and its metabolites from 
microgram samples elut'ed from thin layer chromato- 
grams and the quantitation of these compounds in 
human arid dog urine samples. The kinetics of the 
excretion of the drug and its metabolites will be the 
subject' of a future conimu~iication.~ 

Results and Discussion 
Isolation of Drug and Metabolites. ----'l'lit: uriiie \vas 

:djusted to i)H 10 and extracted with cahloroforni. A 
measured volume of the latter was evapora,ted to a 
smaller volume and quantitatively transferred to  a 
silica gel G thin layer plate. After development, the 
compounds were eluted from the silica gel support with 
pH 10 buffer, which was then extracted with CHC1, to 
yield solut'ioiis for colorimetric measurement and mass 
aiid infrared spcct'rometry. Three thin layer systems 
\\ere required to resolve completely the drug and its 
four nietabulites. The chromatographic R f  values are 
presented in Table I. 

After extraction at  pH 10, the urine was adjusted to 
pH 2 with HC1 and was extracted again with chloro- 
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forni. Thin layer chromatagraphy revealed no xd- 
ditional drug-related material. Hydrolysis of the urine 
11 ith p-glucuronidase and sulfatase prior to alkaline or 
acidic extraction also did not reveal additional metub- 
olites or increase the yield of nietabolites A, B, C,  :uid 
D, indicating that these mctabolitcs arc not (aoiiju- 

gated with glucuronic or sulfuric. arid*. 
The drug was shown to be stable to hydrolysis a i d  

cyclization under the conditions employed in the isola- 
tion procedure, indicating that all of the observed trans- 
formations occurred i n  L ~ Z ' O .  

Mass Spectrum of the Drug.-The maw spectrum 
of the drug is reproduced in Figure 1. The spectrum 
of I exhibits major peaks at  mle 242, 85, and 58 and a 
parent ion at  m/e 327, whirh corresponds to the molec- 
1112tr weight, of the free A comparisoit of the 
niass spectra of the drug :tnd its nietaholites (E'igurci 
1-5, Table 11) revealed that three principal fragnieiitti- 
tion modes (cleavages 1, 2 ,  and 3) werc iniportant for 
the identification of the metabolites. 

TABLE I1 
1'RISCII'IL PE.\KS I N  THE ;\l.lSS SPECTRA 

_ _ _ _ - ,  Metabolite-----.- - -~ 
lu l l  Drug A u C 1 )  

R l '  327 28 1 313 293 2ti7 
a+ "2 . . .  242 . . .  . . .  
6 +  85 71 51 S 5 *5 7 
C f  58 44 44 58 30 
d +  . . .  249 . . .  249 249 

(4) T h e  mas8 spectrum produced from about 50 ~.rg of I ,  eluted from a thin 
layer chromatogram as  the  free base, was identical in all respects with the  
spectrum produced from the dihydrocliloride of I as the crystalline solid. 
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satisfactory ipectruni and the dimensions of the car- 
tridge were such that a larger crucible could not be 
accommodated. The metabolite (5O-lSO pg) was 
therefore eluted from the silica gel with pH 10 buffer;'O 
a chloroform extract of the latter was injected with a 
niicrosyringe iiito the crucible, which was maintained 
at 50" t o  evaporate the chloroform." 

Metabolite A,-The molecular ion in the mass 
spectrum of metabolite A (Figure 2) wa5 observed at 
m e 281, which is 46 mas5 units less than the molecular 
weight of I. Demethylation n a s  indicated by the 
ions observed at  m / e  71 and 44 n hich are the demethyl 
analogs of ions b+  arid c +  in the mass spectrum of I 
(Table 11). The loss of 46 mass units suggests the 
loss of the elements of methanol in addition to the loss 
of the methyl group. 

2 ) .  h neutral amine molecule and a hydrogen atom 
are lost from the molecular ion. This fragmeiitation 
is energetically favorable because of the formation 
of the highly conjugated ion d+.  Unequivocal proof 
of this fragmentation mechauisni IuJuld require high- 
resolutioii mass spectrometry and/or deuterium labeling 
experiment E .  

Metabolite B.-The mass q)cctruiii of metabolite U 
(Figure 3) exhibited a molecular ion at m e 313 corre- 
sponding to a molecular weight 14 m a s  units les5 than 
the molecular weight of I. Major peaks were observed 
at  m, e 242, 71, arid 44, but not at 111, e 249, indicating 
that metabolite B was structure 111, the S-demethyl- 
ated analog of the intact drug. The structure vas  
further supported by converting metabolite B to I1 by 
refluxing in methanol. 

b'+, r n / e  71 e '+,  m/e 44 

The absence of an ion at  111 e 242 suggested that the 
loss of the elements of methanol involved the methoxy 
group of the ester arid a hydrogen of the amino group. 
The K-demethyldiazepinoiie (11) was therefore pro- 
posed as the structure of metabolite X. When a 

I1 (metabolite A )  

syiithetically prepared sample of this cunipouiid \vas 
obtained, its niass arid infrared spectra and chroniat'u- 
graphic niobilit'ies in three systems (Table I) were fourid 
to be identical with that of metabolite A. The mass 
spectrum of nietabolit'e A shows a significant fragment 
ion at i q / e  249, which is also present in the spectra 
of metabolites C and D (uide injm). This ion (d+) 
seems to be characteristic of the cyclic diazepinone 
structure. Since it is independent of thealkyl amine 
group, it very lilcely arises through cleavage 3 (Figure 

M', R=CH3 or H; R'=CH, or H 

1' 

d', m/e 249 

(10) R e e m e r y  wa8 very poor i\ hen the silica pel was eluted directly with 

(11) \\-e are grateful t o  K. J .  \\-nuk uf The Upjolin Co. for this technique. 
CHCIa. 

I11 (metabolite B) 

A loss of 14 mas5 units could also correspond to the 
acid IV, although peaks na/e 71 and 44 would then be 
difficult to rationalize. Compound IV, was subse- 
quently synthesized and its mass and infrared spectra 
and chromatographic mobility were shown to differ 
from metabolite B. 

IV 

Metabolite C.-Thc mass spectruni of nictabolitc C 
(1;igure 4) exhibited a molecular ion at  m/e 295 corrc- 
sponding to a molecular weight 32 mass units less thaii 
the molecular weight of I. Major peaks were observed 
at  nz/e  85 and 58 (b+ and c+), indicating that the alkyl- 
amine group was unchanged from that  of the drug and 
at  nile  249, indicating the formation of the diazepinone 
structure. The 32 mass unit difference could be ex- 
plained by hydrolysis and cyclization of the drug in vivo 
to yield the diazepitione V, or, less likely, by complete 
dehydration within the mass spectrometer of IV if it 

V (metabolite C) 

had been the metabolite. When synthetic samples of 
IV and V were obtained, their mass and infrared spec- 
tra and chromatographic mobilities were found to differ 
considerably. Compound V was identical with metab- 
olite C by these criteria. 





recovered in the urine 24 hr after the oral route of ad- 
ministration was about SO% of that recovered after 
the intravenous route, indicatirig that a t  least SO% of 
the drug is absorbed iri the dog. Extensive biliary 
excretion is indicated since only 19.3y0 of the dose was 
recovered in the urine after intravenous administration. 

Metabolism of Structurally Related Drugs.-The 
investigated drug, although noricyclic, has some struc- 
tural similarity to the phenothiazine drugs (e.g., 
chlorpromazine, VII) and imipramine (WII). Like I, 

c1 

VI1 VI11 

both of these compounds are mono- and didcmethylated 
in oivo by several species.I3 However, both of these 
drugs are also ring hydroxylated and then conjugated 
with glucuronic acid. Even after hydrolysis with @- 
glucuronidase, no evidence was found for ring-hy- 
droxylated or conjugated metabolites of I. Although 
Fishman, et aZ.,’* have reported the isolation of the 1;- 
oxides of chlorpromazine (0.7yG of the dose) and imi- 
pramine (-2yc of the dose), no evidence \vas found 
for K-oxide metabolites in the present study. 

Experimental Section 
Human Studies.-A single dose of 350 mg of I as the dihydro- 

chloride was administered to each of five male volunteer subjects 
after an overnight fast. Food was allowed 1 hr after drug 
administration. Water intake was limited to 240 ml at’ the 
following times relative to the time of dosing: -1, 0, 1.Sj 4, 6.5, 
10, 14, 23, 24, 25.5, 28, aiid 30.5 hr. Prine was collected quari- 
titatively during the intervals 0-1, 1-3, 3-5, 5-8, 8-12, 12-16, 
and 16-32 hr after drug administration. 

Dog Studies.-Oral and intravenous 105-mg doses of I as the 
dihydrochloride were administered on successive weeks to a 
10.5-kg female beagle, fasted overnight. Water and food were 
allowed ad libilum after administration of the drug. Urine was 
collected for 24 hr after drug administration. 

Isolation of Metabolites (Thin Layer Chromatography).-The 
urine was adjusted to pH 10 and extracted with CHCl,, and the 
latter was evaporated to dryness in a conical centrifuge tube. 
The residlie was transferred with a small amount of CHCl3 t o  a 
silica gel G thin layer plate which had been impregnated with 
phosphors. The following three solvent systems were employed 
for development: system A, CcH6-CH30H-SH40H (50: 50: I ) ;  
system B, EtOAc-DlIF-NH40H (50:50:5 j ;  system C, CH3OH- 
__- 

(13) For a review of phenothiazine metabolism, cf. J. L. Emmeraon and 
T. S. JIiya, J. Pharm. Sci.. 62, 411 (1963); for imipramine, cf. E‘. HaHizer 
and V. Burckhardt in “Psychopharmacological Agents,” Val. I, h1. Gordon, 
Ed., Academic Press Inc.. New York,  N. Y., 1964, Chapter 3. 
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)\fed., 109, 548 (1962); V. Fishman and H. Goldenberg, ibid., 110, 187 
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(CIq3)&O-C6H6-7 A\f NaOH ( 5 0 : 5 0 :  10: 1 1. Syst,eni .A was used 
for the isolation of I and metabolite C, system B for metabolites 
A and B, and system C for metabolite 1). The silica gel con- 
taiiiiiig each of the zoites was scraped from the plate arid eluted 
with pII 10 bit8er. The latter was then extracted with CIIC13 
to yield a solution for aiialysis. 

Procedure for Determination of Drug and Metabolites in Urine. 
-To 5.0 nil of urine in a 35-ml centrifuge tube was added 3.0 
ml of pH 10 buffer (20.0 g/l. of Na2C03 + 12.4 g/l. of Na&07) 
followed by 25.0 ml of CHC13. The mixture was shaken vigor- 
ously and allowed to stand for 30 min. The phases were sepa- 
i,ated by centrifugation (2000 rpm for 10 min) and the aqueous 
layer was removed by aspiration. A 20.0-ml aliquot of the CHCl, 
was transferred to a 50-ml open-mouth centrifuge tube and evapo- 
rated to dryness under a stream of nitrogen. The tube was 
washed down with 5,  3, and 1 ml of CHC13, evaporating to  dry- 
ness between each washing. The residue was dissolved in a few 
drops of CHCI,, and quantitatively transferred to a silica gel f 
thin layer plate (250-p thickness, impregnalctl with EnSi03 
arid (ZnCdjZS phosphors). Staitdards were spotted, the plate 
was developed with the appropriate system (Table I j, and the 
zoiies were located with a mercury lamp (254 nip). The driig 
and metabolite zones were individually scraped from the chro- 
matogram and transferred to 15-ml centrifuge tubes. Five 
milliliters of pH 10 buffer was added to each tube and, after 
shaking, the mixtures were centrifuged to settle the silica gel. 
Four-milliliters aliquots of t’he clear, aqueous solutions were 
transferred to another set of 15-ml centrifuge tubes, 4.0 ml of 
CHC& was added, and the mixtures were shaken vigorously and 
centrifuged at, 2000 rpm for 5 min. The aqlieous phases were 
aspirated and 3.0 ml of the CHC13 phases were transferred to 
10-ml volumetric flasks containing 0.3 ml of broni cresol piirple 
reagent (50 mg/100 ml of CHC13). The ahsor1)aticea were 
measiired a t  410 mp with a Cary spectrophotonieter, employiiig 
CHC1, in the reference cell. A zero-hour urine sample wits sib- 
jected to the same procedure in order to correct for background 
material. The concentrations of drug and metabolites were 
calculat,ed using previously prepared calibration curves, havitig 
the following slopes (microgram of drug equivalents per milliliter 
per absorbance unit): drug, 32.9; metabo1it.e A, 30.7; metabo- 
lite C, 28.1. Since samples of metabolites B and L, were not 
available for calibration, an estimated slope of 30.0 was iised. 

Mass Spectrometry.-The mass spectra were recorded emplop- 
ing an Atlas CHI mass spectrometer, ionizing potential 70 ov, 
ionizing current 20 pa, The solid samples were ionized by elev- 
tron bombardment after sublimation directly iiito the electron 
beam from a small graphite crucible heated by a t,uiigstett coil. 
A cathode with a tungsten wire of 0.15-mm diameter was rised. 

Materials.-Brom cresol purple (5‘,5”-dibromo-o-cresolsulfoii- 
phthalein indicator) was obtained from Eastman Organic 
Chemicals. The preparation of compounds I and V has been 
described previously.l6 Compound IT’ was prepared by Dr. 
A .  R .  Hanze of The Upjohn Co. via hydrolysis of I with Ca(OH)?. 
Compound I1 was prepared by Dr. R.  S. P. Hsi of The Ppjohtt 
Company using the procedures described by Hanze, et a1.Ih 
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