
(0.4-0.5 inm.), yield 15 g. (13(,!;) 1650 ciii. - - I  (amide C==(.)) 
no amide I1 band. 

Anal. Calcd. for C:IOH~JJ):  N(bitsic], 4. i t i .  Finmcl: 
S( basic), 4.65 (titration). 

The base was dissolved in ether :tiid treated with 10 g. (0.1 1 
iiiole) of oxalic acid in ether to form :L pale yellow solid. This 
was recrystallized from methanol--ether tlJ give a colorless solid 
of n1.p. 147-149" dec. 

7.29. Found: 65.5: 64.8; H, 6.22, 6.10; S, 7.33. 
.-lnnl. Calcd. for C:lsHY2SzOC2H2C)4: C, ti5.ti; H,  

l-Methyl-3-oxo-l-phenethyl-4-phenylpiperazinium chloride. 
-To :in ice-c:old solution of N1-riiethyl-~1-phenethyl-?1'2-phen~l- 

I ,2-rtl-ianediaiiiine (83.4 g., 0.328 niole) in 150 nil. of benzene arid 
100 nil. of 20';; sodiurii hydroxide scihit,ion \\-its added a solution oi 
1~1ili)ro:~c~etyl rhloritle (37.1 g.. 0.33 mole) in 100 nil. of benzenc, 
during 45 niin. Thv niilkj solut,ioii \vas stirred for :in additionti1 
30 niin. ant i  tlie tmiztwe hyer  \vas s e p r a t e d .  A small airiount, 
of 1)enzene insoluble oil was estracted with c~hloroforiri. The 
cornbint:tl ext,ritcts were dried quickly over anhydrous inagnesiuri I 
sulf:Ltc :tnd he:itcd in :in open flask on a steam bath for 5 tir. 
The c lwr  solution soon 1~ec:;tnie c-loutly :tnd it brown uil hegitn t i i  

pitirte which bccxnie it colorless solid d t e r  2 hr. heating with 
ional scrat,c.hing. The solid was collerted, washed with ethyl 
tc~-rt.Iier, :ind dried in the Liir: jield 91.3 g. (7!3.2[,;), m.p. 

-4 sninll sanipl~ wiis rcvqdallized Eroni :I. i i te t l i -  210--21 1 tlcc:. 
:rnol-ethyl :tcet:tte--c,ther mixture t,o g 
212 -213" dev., v ~ ~ . ~ ~  I(i(i0 eiii.-1(:miidc 

l~ i i i ind :  (*, ti!).O; 11, 6.00: ?;, 8.20. 
The filtritto was ho:itetl :ig:tin for .i lir. on :L steal11 hath t o  givc 

:triol hcr 2..5 g. of the product  of ii1.p. 20!J--210° (leu.; tlius thr. 
tofa1 yield \vas 93.8 g. (87.0yc). 

4-Phenethyl-1-phenyl-2-piperazinone. - -The piperaziniurii 
i,IiIoriilo (92.0 g., 0.2713 mole) w:is distilled pyrolytically to givv 
:L fritc,tioii Iioiling :it 203 -211" (0.7--1.3 nmi.), yield 63.5 g. 
(SI .5c,'; ). I t  soliclifirtl in tlie receiver :in(\ ivas recrystallized fr~Jlil 
:tcc~ti~rie-Sliell~ I 3  t o  givc :I light t.:in c*rystallirie solid of iii.1). 

'1  ?la/. ( 'd( 'd .  fo r  cii,j&+c;lx?(): ( 

. . ~ 

The -Metabolism of Carbazole in Rats and Rabbits' 

~-Hjd~cisycarbazolc,  cunjugitttd bvitli glucuronic acid, tias been s h i i u  11 lo t ie i t i c s  iiixjur tiriiiary iiictihulit.i~ iii 
Hydroxylation at position 3 is i n  :ii:cordanw with :in attack 11)- rats arid rabbits after administration of carbazole. 

oxidizing enzymes at the position of highest electrun densit,y in the inolecule. 

l'revious studies2 in this laboratory on tlie nietab- 
olisin of ergometrine and lysergic acid diethylamide 
showed that these complex indole derivatives undergo 
metabolism in the rat  by hydroxylation in t'he aromatic 
ring of the indole skeleton, followed by conjugation of 
this phenol with glucuronic acid. The major metab- 
olite from ergometrine, after hydrolysis with dilute 
hydrochloric acid or p-glucuronidase, could iiot be 
sepamted from syntlietic 12-hydroxyergometrine on a 
number of chromatographic systems, and it, has been 
tentatively suggest'ed that, hydroxylation occurs at 
position 12. 

The need for developing unambiguous methods for 
tlie synthesis of all the possible nietabolit'es of such 
complicated structures, vix. all the possible hydroxyl- 
ated ergometrine derivat'ives, would be reduced if the 
mechanism and, hence, the likely position of hydroxyl- 

(1) This work u a s  suypurted by a felloushig (S. R. Johns) from Hurrurlails 
Wellconie 8z Co. (.%ust.) Ltd.  For preliminary cuinmunicatioii see 1;. R 
Johns arid d. 1;. Wright,  Erperieiitia, 18, 416 (1D62). 

(2) If. 13. Slaytor and S. E. Wriglit, J .  .\fed. PlrarnL. Chem.,  6 ,  ,483 (19821. 

ation \\-ere knon 11 This paper deals with an in\ estiga- 
tioii to  ascertain the positioii of hydroxylatioii i n  tlic 
indole nucleus by a study of more siniple indoles. 

Iiidole itself is metabolized mainly to jndoxyl (3-  
hydroxyindole)3 n-hich is excreted conjugated ivitli 
both glucuronic and sulfuric acids. 7'he reactix-ity of 
position 3 in the iiidole iiucleus to oxidation prevctits 
extensive hydroxylation in the aromatic ring ant1 is of' 
little use in determining the positioii of hydrosylatioii 
in that ring. The increase in conjugates, lion CVCI'.  

after the administration of indole to rats4 cannot lw  
cxplaiiied alone by indoxyl formation and 5-liydro?iy- 
indole has been suggested as a minor metabolite. 

A more suitable conipound for comparison with thc 
iiidole alkaloids is skatole, which has the 8-positioii 
blocked to oxidation. Skatole has been extensiwly 
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s t ~ d i e d ~ - ~  and the ethereal sulfates of 5-, 6-, and 7- 
hydroxyskatole have all been identified in the urine of 
rats. The proportion of each hydroxyskatole has not 
been reported and a correlation between electron den- 
sity about the carbon atoms and the position of hydrox- 
ylation cannot be made. 

If it could be shown that some correlation exists 
between electron density and position of hydroxylation, 
then in the more complex molecules such as the indole 
alkaloids a knowledge of the electron density about 
each carbon atom would reduce the number of hy- 
droxylated derivatives required to be synthesized in 
order to identify the structure of the metabolites. An 
accurate study of the activity of the carbazole nucleus 
has been carried out by Brown and Caller.* These 
workers have shown that the order of reactivity to 
attack by electron-deficient species in carbazole is 3 
> 1 > 2 > 4. For this reason the metabolism of 

carbazole (I) has been studied in both rats and rabbits. 
The major urinary metabolite is the glucuroiiide of a 
hydroxycarbazole which has been isolated and purified 
as the tri-0-acetyl-methyl ester. The structure of the 
hydroxycarbazole, obtained after hydrolysis of the 
glucuronide with dilute hydrochloric acid or a p-glu- 
curonidase preparation, has been established by both 
chromatographic comparison and isotopic recrystal- 
lization with the synthetic compound as 3-hydroxy- 
carbazole, the hydroxylation occurring at  the position 
of highest electron density in the carbazole molecule. 

Experimental 
Carbazole-Cl4.-Ani1ine-Cl4 sulfate (3.1 mg., 100 ~ c . ,  Radio- 

chemical Centre, Amersham) was diluted with aniline (186 mg.) 
in 0.5 N hydrochloric acid (1 ml.) and diazotized with sodium 
nitrite (280 mg.) in water (0.5 ml.). The diazonium salt solution 
\vas added to a solution of sodium bisulfite [sodium hydroxide 
(0.2 g.) and sodium bisulfite (0.5 g.) in water (0.2 nil.)] and the 
resulting solution Ivarmed on a water bath a t  60" for 0.5 hr. 
Concentrated hydrochloric acid (0.2 ml.) was added and the nux- 
ture heated for a further 2 hr. The addition of further hydro- 
chloric acid (2  ml.) affected the precipitation of phenylhydrazine- 
C14 hydrochloride (240 mg., m.p. 240-245"). 

Phenylhydrazine-C'4 hydrochloride (240 mg.) and sodium 
acetate (240 mg.) were dissolved in 1:l aqueous acetic acid (10 
ml.) and added to a solution of cyclohexanone (210 mg.) in 
water ( 5  ml.) and warmed on the water bath for 1 hr. After 
cooling in ice, tetrahydr~carbazole-C~~, colorless plates from 
ethanol, m.p. 117-119" (154 mg.) was obtained. 

Tetrahydrocarbazole-C14 (154 mg.) was dissolved in boiling 
niesitylene (10 ml.) with palladium-charcoal (5%, 200 mg.) and 
refluxed for 2 hr. The palladium-charcoal was removed by 
filtration, the filtrate concentrated to 2 ml., then diluted with 
petroleum ether which afforded carbazole-C'* as colorless plates 
from benzene, m.p. 242-244" (60 mg.) with an  activity of 6.0 
X 105 d.p.m./mg. 

Reference Compounds. 1-Hydroxycarbazole.-Cyclohexane- 
1,2-dione monophenylhydrazone (m.p. 183-185 ") was prepared 
by the method of Coffeyg from 2-hydroxymethylenecyclohexanone 

( 5 )  P. Decker, Natumiss. ,  44, 330 (1957). 
(6) C. E. Dalgleish, W. Kelly, and E. C .  Horning, Biochem. J., 7 0 ,  13P 

(1958). 
(7)  E. C. Horning, C. C. Sweeley, C. E. Dalgleish, and W. Kelly, Bio- 

chim. Bioplrus. Acta,  32, 566 (1959). 
(8 )  R. D.  Brown and B. A. Fy. Caller, Austialian J .  Chem., 12, 152 

(1959). 
('3) M. C'oBey, Zfer. trav. ehim., 42, 528 (1923). 

and benzenediazonium chloride. Cyclization of this mono- 
phenylhydrazone with ethanolic acetic acid gave 1,2,3,4tetra- 
hydro-1-oxocarbazole (m.p. 169'), which was dehydrogenated 
with palladium-charcoal in refluxing mesitylene'o to l-hydroxy- 
carbazole (m.p. 160-162'). 

2-Hydroxycarbazole.-The commercial product (K. and K. 
Laboratories, Inc.), m.p. 276" was used. 
3-Hydroxycarbazole.--p-Anisidine (20 g. j was dissolved in 5 N 

hydrochloric acid (200 ml.) and diazot,ieed with sodium nitrite 
(12 g.) in water (70 ml.). An ice-cold solution of stannous chlo- 
ride" (100 g. j in hydrochloric acid (100 ml.) was added to  the 
cold diazonium salt and the mixture allowed to stand for 1 hr. 
The resulting p-methoxyphenylhydrazine hydrochloride was 
filtered and recrystallized from ethanol as white plates, m.p. 
198-200° (8 g.), Y~~~ 3578 ( S H )  and 1260 cm.-l (OCH3). 
p-IIethoxyphenylhydrazine hydrochloride ( 1.75 g. ), sodiuni 

acetate (1.4 g.), and lohexanone (1.0 g.)  were dissolved in 
aqueous acetic acid (507,, 20 ml.) and warmed on a water bath 
for 1 hr. 6-P\Iethoxy-1,2,3,4-tetrahydrocarbazole, colorless 
needles from ethanol, separated from the reaction mixture, m.p. 
94-95" (0.5 g.). 

.Anal. Calcd. for C13HlsSO: C, 7i.6; H, 7.5; N, 7.0. Found: 
C, 77 .5 ;  H, 7.5; PI', 7.2. 
6-1\Iethoxy-1,2,3,4-tetrahydrocarbazole (300 mg.) was dis- 

solved in mesitylene (20 ml.) and palladium-charcoal (552, 300 
mg. j was added. The resulting mixture was refluxed for 1 hr., 
filtered to remove palladium-charcoal, and then concentrated to  
5 ml. under vacuum. Di1ut)ion with petroleum ether gave 3- 
methoxycarbazole ( 100 mg.), colorless plates from benzene, m.p. 
147-149", ymax 3405 ( N H j  and 1225 cm.-I (OCH3). 

And. Calcd. for C13H11NO: C, 79.2; H, 5.6; N, 7.1. Found: 
C, 79.0; H, 6.1; S, 7.0. 

3-Methoxycarbazole (500 mg.) was dissolved in dry benzene 
(20 ml.) containing anhydrous aluminum chloride (750 mg.) 
and refluxed for 3 hr. The reaction mixture was poured into 
ice and extracted with 207, sodium hydroxide solution. Acidi- 
fication and ether extraction gave 3-hydroxycarbazole, a brown 
solid, which recrystallized as off-white needles from benzene, 
m.p. 260-261" (120 mg. j, */max 3400 (NH)  and 3200 cm.-l (OH). 
4-Hydroxycarbazole.-Cyclohexane-l,3-dione monophenyl- 

hydrazone, prepared from cyclohexane-1,3-dione ( 1 equiv. j and 
phenylhydrazine hydrochloride (1  equiv.), was condensed by the 
method of Clemo and FeltonI2 with sulfuric acid to give 1,2,3,4- 
tetrahydro-4-oxocarbazole. Dehydrogenation with palladium- 
charcoal in boiling mesitylene gave 4-hydroxycarbazole, colorless 
plates from dilute hydrochloric acid, m.p. 169-170". 

Animals and Methods of Collection.-Male albino rats (200- 
300 g , )  and a male albino rabbit were used. The rabbit was 
dosed orally by suspending carbazole (1 g. j in u-ater with acacia (1  
g.), administering the suspension with the aid of a stomach tube, 
and collecting the urine over a %day period, each day's collec- 
tion being kept separately. The rats were dosed with carbazole 
in propylene glycol (0.5 ml. per rat), a t  dose levels of 4 mg./kg., 
by intraperitoneal injection and the urine collected over 3 days. 

(A) Paper Chroma- 
tography.-Whatman No. 3 or 4 paper was used depending 
upon the quantity of material to  be chroniatographed. With 
systems A, B, and C the chromatograms were impregnated by 
dipping in a 30% acetone solution of the aqueous phase and allow- 
ing the acetone to evaporate before the chromatograms were 
developed. With systems D and F no impregnation with the 
aqueous phase was required. 

(B) Thin-Layer Chromatography.-Silica gel was used as 
adsorbent; the plates were prepared by the method of Stahl13 
and developed on solvent system E. 

Solvent Systems (by volume)-(A), butanol-acetic acid- 
water, 4: 1 : 5; (B), butanol-water, saturated; (C), butanol- 
ammonia-water (saturated), 1 : 1 ; (D), toluene-isooctane- 
methanol-water, 15:5: 16:4; (E), chloroform-benzene-ethyl 
acetate-water, 6: 2: 2: 5; (F), ethyl acetate-pyridine-water, 
3:l:l. 

(D)  Detection Methods.-The unhydrolyzed metabolites 
were visualized on paper with the aid of ultraviolet light. The 

Paper and Thin-Layer Chromatography. 

( C )  

(10) E. C. Horning, 11. G. Horning, and G. N. Walker, J .  B m .  Chem. 

(11) The reduction was carried out with stannous chloride in preference 
J .  

Sor. ,  T O ,  3935 (1948). 

to  sodium sulfite as  the yield in the latter reduction was extremely low : 
riltschul. Ber. ,  26, 1842 (1892). 

(12) G. R. Clemo and D. G. I. I'elton, J .  Chem. Soc., 700 (1851). 
(13) E. Stahl, I'harmarie, 11, 633 (1956). 
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hydrolyzed, phenolic bands were detected on both paper arid 
thin-layer silica gel chromatograms by spraying with a diazo- 
tized sulfanilic acid-sodium carbonate solution.14 

Counting Techniques.-Radioactive bands on paper chromato- 
grams were detected with a chroniatogram scanner. -411 radio- 
active estimations were carried out using a Packard Tricarl). 
liquid scintillation spectrometer, Model 314, d.c. The aliquots 
to be counted (0.1 nil.) were pipetted into a scintillation solvent 
(10 ml.) which contained 2,5-diphenyloxazole (PPO) (3.0 g.! 
and 1,4-bis-2-(5-phenyloxyazoyl)benzene (POPOP) (0.1 g. i 
dissolved in toluene-ethanol (1 l., 4:  1 .  v./v.). The samples 
were cooled in a refrigerator t.o - 18" and counted at, a high Volt- 
age setting of 5 and with the discriminator at 10-40 v. The 
quenching of the aliquots were determined Iiy adding an internal 
standard of benzoic acid-C14 to the samples and recounting. 

Isolation of Metabolites. ( A )  Rabbit Urine.-Each day's 
urine was estimated for glucurcinide rontent by the method of 
Fishman and C;reen.'S .4 twofold invrease in glucuronide rimtent 
was observed in the first day's urine, bii t  this had retiirncd t o  
normal after 3 days. The gliicuronide was isolated 1)y the rnetiioti 
of Smith and Willianis.'6 The mine was acidified to  pII 4 wit11 
glacaial aretic acid and treated with a saturated lead ac 
tion until no further previpitation orcwred. T h t .  mixture \viis 
ventrifuged and the precipitate discarded. The supernatant 
liquid was made basic (pH 8) with amnionia and sat.ur:~ted hasic. 
lead acetate added. The lead was rerncived as lead sulfide bj. the 
addition of hydrogen sulfide and filtration. The fi1tr:ite was c i in -  
centrated to dryness under reduced pressure to give a gum whic.11 
could not be induced to crystallize. 

(a).-:\ portion of this gum was dissolved in ahsolute ethanol 
and methylated with diazoniethane in ether. The solvent was 
removed under vacuum and the residue acaetylated tvith acetic 
anhydride in pyridine. After treatment with ice-water, chhmi- 
form extraction, and removal of siilvent, the resulting t)ro\vn oii 
wa.s chromatographeti on neutral :tluiiiin:i. I*:liition with Imizrne  
gave a colorless carystalline solid, ni.1). 1.H; -I-I8". <'oniparxtive 
infr:treti, ultraviolet, and mixture melting point identified this 
material as :~-methox2,carbazole. I!:luticin with 10'; ch11ir(1- 
form-benzene gave a pale yellow porvder, the tri-O-:~c.et!.l-rnetliyl 
ester of a hydroxycarbazolc glut-uronide, which was recq.stallized 
from ether-petroleum ether as colorless crystals; m.p. 80-61 O ;  

ymwx 3400 (KH), 17.50 (CHXO),  i s 0  (4 adjacent H in arimi:ttic. 
ring), 810, and 800 

Anal. C a l ~ l .  frir C'2;H23010.H?O: 38 .0 :  H, 6.3;  N, 2.7. 
Found: C:, 57.5; H, 5.6; S , 2 . 6 .  

Elution with chloroforrii-t)enzeiie gave a sniail aniount of 
a third product, :tn off-white powder; 3.100 ( S H ) ,  1740 
(CHsCO), 810, and 86.5 cm.-* ( 2  adj:ic.ent H and n lone H in  
aromatic ring). 

(b).--A second portion of the guni, dissolve in methanol, w:is 
purified using paper r:hroniatography with systems A, 13, anti c' 
( R t  values being 0.7, 0.8, and 0.05, respectively). The band 
fluorescing under u~traviolet light was eluted with methanol, 
the methanol removed under vacuum and the residual colorless 
oil hydrolyzed with a &glucuronidase preparation" a t  36" in  
wetate buffer ( 5  ml., pH 4.5, 0.1 A I )  acrording t o  the method of 
C'OS.'~ After incubation for 12 hr. the solution was evaporatPd 
to dryness under reduced pressure in :in atmosphere of nitrogen 
and the rnethanol-soluble material chr r~ i I~a t i~g~aphe(~  on paper 
with system I), on which the phenolic product had :in Rf 0.31. 
Comparative chroma raphy of the unknomm phenol with the 
foiir synthetic hydro. arbazoles on paper with sJ.steni T) and 
thin-layer wit,h system E (Table I)  showed that the unknown had 
K r  values identical with 3-hydror;!,r.arbazc,It.. 

(B) Rat Urine. (a)  Qualitative Analysis.-The 3-days' urine 
was bulked, filtered, and hydrolyzed with boiling 0.5 -I' hydro- 
chloric acid for 2 hr. The hydrolyzed urine was concentrated to 
half volume and continuously extracted with ether for 6 hr. 
The ethereal layer was concentrated, and the residue was dissolved 
in methanol and purified by paper chromatography with system 
I). Comparative paper and thin-layer chromatography showed 
that t,he phenolic product obtained was identical with that ob- 
tained from the rabbit after @-glururclnidase hydrolysis. 

( 2  adjac'ent H in arrimatic ringj. 

(14) I). Rolling, 11. A .  Sober, and K. J. Nark, Federat ion  Pro<..* 8 ,  185 

(15) W. 11. F'irhnian and S. Green, . I .  B i d .  Chtm.,  216, 527 (1935). 
(16) .J. N. Sniith and R.  T. Williams. Blochem. .I., 44, 242 (1949). 
(17) I t .  I. Cox, A u s t r a l i a n  J .  Sci.,  19, 202 (1957). 
(18) R. I. Cox, Biochem. J. ,  71, 763 (1959). 

(1949). 

TABLE I 
f2( \ ' . ~ I , L  ES OF HYDRO 

K r .  
li)-steili 

I-)- 

1 -Hydroxy carbazole 0 .  .-); 0 . 6 2  lteti 
2-Hydroxycarbazole . 2; ,:<!I ()range 
3-hydroxy carbazole . :$ I , ; i t  l'urplch 
4-hydroxy carbazole , 45 . S t  f ink 
Hydrolyzed metabolite .:$I , . J  I'urplc 

- -  

-- 
Silica gel thin-layer c,lirorii:rtograiiis. \Vh:itrnan 10. 1- 

p:iper. c Reagent, diazotized sulfanilic acid. 

Alean excretion 5 . 0 1 0 . 300 0 .04.5 d :<ti 
(60) ( 3 , . 5 )  (0 .h)  (64) 

(1 Initial dose 4.13 X 1 0 5  dp.ni./'r:it, nrine collec*ted froni (i rats 
with 2 rats in each group. 

( b )  Quantitative Analysis.--After the rats \vcrc doscd \vi t l r  
c.urhazole-C"' (4 .13 X 1 0 5  d.p.ni./r:it),  c1:ic.h d:iy's urine LV:IS 

cwunted, :rnd the excwticin figures :ire tabulated in Titblc I I .  
The urine was then bulked and hydrolyzed, as before, with dilute 
hj.tirochloric wid nnd ether extracted. Table 111 shows the 
distribution of (mints in the tiiffererit extracats during thc pui-i- 
ficaation process. The inore polar band, obtained along with the 

irbazolc after i~hroiiiatography of the ether extr:tct, 
\vas further separated on paper with system F tii give two sepa- 
rate pheniilic. Iiands. 

T4ni1: 111 

I )I,TKIBLTIOh Or C(OLAT5 D U R I A G  >1hTABOLITE I ' L  RII-l('A l l O L  

Initial dose, carbazole 
( 2  48 X 1 0 6  d.p.m ) 

I 

I 1 - -  

Ether extravt 
(1.36 X IO6 d.p.ni.1 

Aqueous extract 
(0 .23  X lofi d.p 111.) 

Paper ~ chromatography 

1 
I 

~ .- ~ _______ 

More polar bdnd 
(0.50 X 106 d.p.m.) 

r -  
3-Hydroxvcarb:tzolc 
(0.82 X 106 d.p.rn.) 

(c) Isotopic Dilution Method.-The band corresponding to tho 
monohydrosycarhazole, from the carbazole-CI4 experiment, was 
eluted with methanol, concentrated to 5 ml., and divided into 
two portions. To one portion 3-hydroxycarbazole (20 mg.) 
was added, the methanol removed under vawum, and the re- 
sidual solid recrystallized from benzene-petroleum ether to 
ronstant melting point, and constant radioactive coiint ( n 1 . p .  
280-261", 8530 zk 160 d.p.nl./rng.). The secwnd portion was 
vcincentrated to dryness, dissolved in absolute ether ( 5  nil.),  and 
methylated with diazoniethane. The exress diazornethane 
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and ether were removed by distillation, 3-methoxycarbaxole 
(20 mg.) was added, and the resulting solid recrystallized to 
constant melting point and constant radioactive count from 
benzene (m.p. 147-149", 6224 f 180 d.p.m./mg.). 

Results and Discussion 

The lack of functional groups susceptible to enzy- 
matic attack, together with the symmetrical nature of 
the carbazole molecule, suggests that an oxidative 
hydroxylation of an aromatic ring followed by conjuga- 
tion of this phenol with either sulfuric or glucuronic 
acid is the most likely metabolic route of detoxication. 
A qualitative study of the metabolism of carbazole in 
rat urine gives, after acid hydrolysis of the urine fol- 
lowed by purification of the acidic product by paper 
chromatography, only one monohydroxycarbazole as 
the major metabolite. 

To determine the structure of this hydroxycarbazole 
the four possible hydroxycarbazoles were synthesized 
by unandiguous methods. These four compounds 
were separated using paper and thin-layer chroma- 
tography and comparison of the unknown metabolite 
with these known phenols indicates that hydroxylation 
has taken place a t  position 3 in the carbazole molecule 
(Table I). 

Estimation of the glucuronide content of rabbit 
urine after carbazole dosing shows a twofold increase in 
the first day's urine which has returned to normal after 
3 days. The glucuronide was isolated from the urine 
by the method of Smith and Williams16 but could not 
be obtained as a solid. Hydrolysis of a sample of this 
glucuronide with a 0-glucuronidase preparation gives a 
phenol which cannot be separated from either the acid 
hydrolyzed metabolite obtained previously from rat 
urine or 3-hydroxycarbazole on the chromatographic 
systems used. The conjugate mas shown to be essen- 
tially the glucuronide in preference to the ethereal 
sulfate (the p-glucuronidase preparation used may also 
contain some sulfatase activity) by preparation of the 
glucuronide tri-0-acetyl-methyl ester. This deriva- 
tive was obtained as a solid after methylation of the 
glucuronide with diazomethane, acetylation with acetic 
anhydride in pyridine, and absorption on neutral 
alumina. Two other products were isolated by this 
method; first, a small amount of 3-methoxycarbazole 
formed by hydrolysis of the glucuronide during isola- 
tion and subsequent methylation with diazomethane, 
and second, a small amount of solid material, also a 
glucuronide tri-0-acetyl-methyl ester, the infrared 
spectrum of which suggests a symmetrically disub- 
stituted carbazole structure, possibly a 3,6-dihydroxy- 
carbazole. 

It has been shown conclusively by admjnistration of 
carbazole-C14 to rats that the hydrolyzed metabolite is 
3-hydroxycarbazole. Carbazole-CI4 was prepared from 
aniline-C14 sulfate by diazotization and reduction to 
phenylhydrazine-C14 followed by condensation with 
cyclohexanone and dehydrogenation of the 1,2,3,4- 

tetrahydrocarbazole-C14. The radioactive metabolite 
was isolated, after acid hydrolysis of the urine, and 
purified by paper chromatography. Isotopic recrystal- 
lization of the metabolite with authentic 3-hydroxy- 
carbazole gives a constant melting, constant counting 
radioactive product. RIethylation of the metabolite 
with diazomethane and similar isotopic recrystallization 
with authentic 3-methoxycarbazole gives a similar, 
constant melting, constant counting product. 

A quantitative study of the excretion of counts in 
urine after carbazole-CI4 injection to rats is shown in 
Tables I1 and 111. After 3 days' collection an average 
64% of the original injection counts is excreted. Acid 
hydrolysis of the urine and continuous ether extraction 
gives an ether eytract which possesses 85% of the ex- 
creted counts. Concentration of the ether extract and 
chromatography of the residue on paper with a toluene- 
isooctane-methanol-water (15 : 5 : 16 :4) solvent system 
gives two major radioactive bands, both possessing 
phenolic properties. The less polar band, 3-hydroxy- 
carbazole, Rr 0.31, contains 60% of the counts from the 
ether extract. The more polar band, which remains 
a t  the starting line with this solvent system, is a mix- 
ture of compounds and contains a t  least two other 
phenolic products which have been separated using an 
ethyl acetate-pyridine-water (3 : 1 : 1) solvent system. 
Further work is required to determine the structures 
of these minor metabolites but it is probable that one 
of the phenols is related to the minor metabolite isolated 
as its glucuronide tri-0-acetyl-methyl ester from rabbit 
urine. 

These results show that the major position of attack 
in the carbazole nucleus by the hydroxylating enzyme 
in both rats and rabbits is the 3-position. Brown and 
Coller8 have shown this to be the position of highest 
electron density in the carbazole nucleus. This sug- 
gests that the attacking agent is an electron-deficient 
species, hence either a hydroxyl cation or a hydroxyl 
free radical. Preliminary studies on the hydroxylation 
of carba~ole '~ by Udenfriend's free radical systemZo 
indicate that more than one monohydroxycarbazole is 
formed. Further work is required to show which 
position is attacked predominantly by this system, 
but the apparent exclusive attack a t  position 3 in vivo 
suggests that the reaction may be heterolytic rather 
than homolytic. 

The hydroxylation a t  position 3 in the carbazole 
nucleus further supports the assignment of position 12 
as the position of hydroxylation in the metabolism of 
ergometrine and lysergic acid diethylamide as proposed 
by Wright and Slaytor.2 
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