
tained at 12-16' while 1.08 g. (U.01 mule) uf ethyl chloruformate 
was added dropwise. After the addition was completed, the 
stirred suspension was kept a t  the same temperature for an 
additional 15 niin. and then a stream of amrnonia gas was passed 
through the solution for 3 min. The suspension was :illowed to 
warni to room temperature and remained therr for 4 iir, ,  after 
whirh time the solvent was removed by evaporation. The re>- 
sult,ing solid residue was re stallized from hot ethanol by tlio 
addition of water until the solution became opalesrent and thcn 
cooled. 

Synthesis of cis-6-Styrylnicotinic Acid and Derivatives.- 
To 0.50 g. (0.002 mole) of 6-phenethyny1nic.otinic. wid suspended 
in 50 nil. of methanol \\-as added 1 drop of cluinoline and 0.1 g .  (Jf 
tieactivated lo(;; pslladiuiii-on-rharc~~:il cxtnlyst.8 The niisture 
\\-its stirred in an at,niosphere o f  h>-drogen until 0.002 niole \\-:is 
taken up. The rat'alyst was then removed kiy filtrat,ion :md thc 
filtrate cxtporated in cucr/o. The residiic \vas rrv~yst:~llized froril 

hot, niethanol by the addition of water :tnd rooling t ' 1  g iw 0.i.j.i 
g. (W'j;.) of a c*ryst:tlline solid which melted :it, 14R-l.iO". I-pori 
c*ooling, the liquid in the melting pciint tube rcsolidified :mtl 
rc~riielt~ed at  222-225', w1iic.h \\-as the niclting point r ) f  the t r c tn ,~  
i SI )i npr . 

.Inal. (Mcd. for CLIHIISC)Y: C, T4.65; I t ,  4.!)2; S, ti.22. 
lound: <:> 74.67; H, 3.17; S, ti.24. 

Siniil:rr hydrogenation of the prcviouslj. prepared :iiiiidea o f  
(i-plieni~thyr1ylnicotinic. acid yielded the i,orrt:spondirig tiriiides of 
cis-(j-st,yr?.lnic.otinic acid (see T h l e  I Y). 

&Alkyl- (or Aralkyl) l-iiryl-2-piperazinones 

I nuiiiber cjf 4-alkyl- (or aralkyl) I-aryl-2-piperazinones R eie prepared as potential analgesics. 'I'hcse CUII I -  

pounds were prepared either by catalytic debenzylation or pyrolytic deben&tion (or demethylation) of 1,l- 
dialkyl- (or 1,1-diaralkyl) 3-oxo-Carylpiperazinium halides. 

111 the course of our search for new iioiiiiarcotic type 
analgesics, we have synthesized a group of +alkyl- 
(or aralkyl) 1-aryl-2-piperaxinories (I). 1 ,&Diary]-, I 
1 ,+diaralkyl-, and 1 ,.l-dialk~r1-2-piperaxirio1ies? having 
ideritical substituents a t  the 1 aiid -1- poeitioiis, :3-~ul)- 
stituted 2-piperazinoiies, aiid ;3,:3-disubstituted-2-piper- 
asirioiies4 have beeii reported. I-Cyclohexyl-'-piper- 
aziiioneb aiid 4-alkyl-8-oxo-l-piperazinylalkylplieiiothi- 
azinesK have been described. However, iio &-alkyl- 
(or aralkyl j 1-aryl-2-piperazinoiies have beeii recorded 
in tlie literature except for six compounds disclosed in 
our patent.' Recently very similar compounds, 1-(2- 

'l'he syiithesis of thew compounds \ \as carried out a<  
follons 11 ith h i d  coiiversioii to the desired piperaziii- 
oiie? iiu either catalytic liydioge~iolysis 01 pyrolytic 
distillation. 

The ease of cyciizatioii to form piperaiiiiiurn 1ialidt.s 
(111) from the imctioii of the dianiiiies (11) and chloro- 
acetyl chloride, a-bromopropioiiyl chloride, or (Y-ChlOl.0- 
phenylacetyl chloride seems to  depend on steric factors. 
When I Ia  was tieated with chloroacetyl chloride in 
benzene under. Schotten-Baumann conditions, IIIa 
precipitated from the beiixerie solution on standing a t  
room teniperaturtl. Wli(>ii a-bromopropionyl chloridr 
was used, it wab iicrc.ssary to heat the benzene solutioii 
uiitlci 1 eflux liefore cyclization took placc. The saiiit' 

! h J  \ l ~ l , < ~ l  I - i '.it,Ilt , O I r l k l l  I h O i  (1 l l l t i l  
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METHOD A 
ZTazCOa 

i -PrOH 
C6H5CH2NHR1 + SCH(I12)COXHAr __f 

(X = C1 or Br) 

CBH,CH2S(R1)CH( R2)CONHAr ___) 

LlhlHa 

XCH(R)COCl 

an. N a O H  
C6H&CH&(R1)CH( It2)CH2SHAr --+ 

a h  H t-\ 
RL-NkfN-Ar 

CsHS CH27N-N-Ar 

R‘ R 0 R O  
I11 I 

lIIa (It = R’ = H, Rl  = CH,) 
IIIb (It R’ = CH1, R2 H )  
IIIc ( R  = H, R1 = R 2  = CH,) 

I I Id  (R = CH,, It’ = C:,H,CH,CHz, It2 = H) 
IIIe (R = H, R’ = C ~ H ~ C H ~ C H Z ,  RP = CH,) 

METHOD B 

R4-N (R’)-CH (R2)CH2NHAr 
X CH(R)COCl 

I1 (R4 = CH3 or C6H5CH2) 

R2 

I11 I 
IIIf 
IIIg (R  = R 2  = CH,, R’ 
IIIh (lt = R 2  = H, R’ = R 4  = CeHjCH2) 

( R  = H, R’ = CsHsCHZCHz, R2 = CGH5, R 4  = C~HLCHP) 
CsHjCH,CH,, R4 = C~HSCH,) 

4-Pheriethyl-1-phenyl-2-homopiperazinone ( I V )  wa9 prepared by 
method B. 

CH3\ CICHpCOCl , N- (C H2) 3N HCsH5 
C~HSCHZCHP 

(CH2)3 
C6H5CH2CHz-N’ ‘N-CsHs 

% 
0 

I V  

conditions were required for the formation of IIIc arid 
IIId.  On the other hand, IIIe, IIIf, IIIg, and I I Ih  
were obtained only when their benzene solutions were 
evaporated and the remaining sirups mere heated a t  
200’ for a few hours in a wax bath. 
l-Benzyl-l-methyl-3-oxo-4-phenylpiperaziniuni chlo- 

ride (V) was distilled pyrolytically to determine whether 
methyl chloride or benzyl chloride would be eliminated. 
At first, benzyl chloride and 4-methyl-l-phenyl-2- 
piperazinone (VI) distilled together and reacted in a 
receiver to give V in 33% yield after recrystallization; 

then 4-be1izyl-l-plienyl-2-pipera~irio1ie (VII) distilled 
a t  a higher temperature in 12% yield. 

The elimination of benzyl chloride also occurred 011 

pyrolytic distillation of l,l-dibenzyl-3-oxo-4-phenyl- 
piperazinium chloride (VIII) to give 4-benzyl-1-phenyl- 
2-piperazinone (IX) in 87% yield. The hydrochloride 
of IX was debenzylated by hydrogenolysis with pal- 
ladium-on-carbon catalyst to give l-phenyl-2-pipera- 
zinone (X). 

A 
HN NCsHs 
U 

‘0 
Y 
A 

The presence of the 2-piperazinone ring system was 
established by lithium aluminum hydride reduction of 
4-phenethyl-1-phenyl-2-piperazinone to 4-phenethyl-l- 
phenylpiperazine. The reduction product was pre- 
pared independently from 1-phenylpiperazine and phen- 
ethyl bromide. 

Pharmacology.-A11 the 4-alkyl- (or aralkyl) l-aryl-2- 
piperarinones (I) described in this paper showed very 
little or no hypotensive activity in pentobarbitalized 
dogs (intravenous route) a t  5 mg./kg., almost no setla- 
tive activity by the rotarod testg or hexobarbital sleep- 
ing time test,1° and very little or no anti-inflammatory 
activity against rat-foot inflammation induced by the 
injection of yeast solution.11 However, some of these 
compounds, 4 (I, Ar = C6H.5, R = R2 = H, R’ = R3 
= CH,), 6 (I, -\r = C6H.5, R = R2 = R3 = H, R’ 
= C G H ~ C H ~ C H ~ ) ,  5 (I, h r  = CsH.5, R = R2 = R3 
= H, R’ = CBHLCH2), 13 (I, Ar = 4-CH3OCsH4, 
R = R3 = H, R2 = CH,. R’ = C6H5CH2CH2), and 23 
(I, -4r = R = C6&, R’ = R2 = CH3, methiodide) 
showed borderline analgetic activity by the phenyl- 
quinone’? writhing test in mice a t  100 mg./kg. (sub- 
cutaneous route). The Randal l -Se l i t t~~~ method 
showed that 6 had moderate analgetic activity com- 
parable to aminopyrine a t  100 mg./kg. in rats (oral 
route). 

(9) N. W. Dunham and T. S. . \ h a ,  J .  Am. Pharm. Sssoc., Sci. E d . ,  46, 

(10)  C. A.  Winter, J .  I’hai.macol. E s p f l .  Therap. ,  94, 7 (1948). 
(11) L. 0. Randall, J .  J. Selitto, and J. Valdes, Arch. Intern. Piiarmaco- 

(12) L. C. Hendelshot and J. Forsaitli, J .  Pharmacol. Esp t l .  Therap . ,  125, 
237 (lYSY). 

( 1 3 )  L. 0. Randall and J. J. delitto, A r c h .  I ,~ tc ,n .  I ’ I~a ,mucodyn. ,  111, 409 
(1957). 

208 (1957). 

d y n . .  113, 233 (1937) .  
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Experimentali4 
4-Benzyl-1-phenyl-2-piperazinone. A.-To an ice-cold solu- 

tion of N-phenyl-N',N'-dibenzylethanediamine (71.0 g., 0.224 
mole) in a mixture of 150 ml. of benzene and 200 ml. of 207, 
aqueous sodium hydroxide was added dropwise a solution of 
chloroacetyl chloride (25.5 g., 0.225 mole) in 100 ml. of benzene 
during 15 min. with vigorous stirring. Stirring was continued 
for an additional GO min. and then the benzene layer was sep- 
arated. The aqueous layer Tyas extracted viith ether and the 
combined extracts were dried over anhydrous magnesium sulfate. 
After concentration in vacuo the residue was heated in a wax bath 
a t  200" for 5 hr. to give a dark semisolid. This was dissolved 
in 700 ml. of methanol and hydrogenated a t  room temperature 
with 5 g. (5% by wt.) of palladium-on-charcoal catalyst under 
50 lbs. (3.52 kg./cm.2) of hydrogen during a 30-hr. period. The 
solvent was removed in vacuo and the residue was distilled to give 
a light yellow liquid of b.p. 175-202" (0.44.5 mm.), yield 37.6 g. 
The product solidified in a receiver and was recrystallized from 
benzene-Skelly B to give a pale yellow solid of m.p. 100-103", 
yield 22.6 g. A sample was again recrystallized to give a colorless 
solid of m.p. 105-105.5O. 

Anal. Calcd. for C17H18N20: C, 76.7; H, 6.77; N, 10.5. 
Found: C, 76.4; H,  7.01; N, 10.6. 

The free base (21.3 g.) was converted to the hydrochloride, 
m.p. 21C-212", yield 19.5 g. 

Anal. Calcd. for C1~H19C1N20: C, 67.4; H, 6.29; N, 9.25; 
HC1, 12.1. 
4-Benzyl-1-phenyl-2-piperazinone. B.-To an ice-cold solu- 

tion of N-phenyl-N',N'-dibenzylethanediamine (147.9 g., 0.468 
mole) in 150 nil. of benzene and 150 ml. of 207, aqueous sodium 
hydroxide was added a solution of chloroacetyl chloride (53.2 g., 
0.47 mole) in 100 ml. of benzene during 15 min. to give a milky 
solution which was stirred for GO min. The benzene layer was 
separated and the aqueous layer was extracted with ether. The 
combined organic solutions were dried and the solvent was re- 
moved in vacuo, leaving a light tan  sirup which was heated in a 
wax bath a t  190' for 17 hr. The dark melt gave a tan solid mass 
on cooling. This was distilled pyrolytically under reduced pres- 
sure to give a t  first benzyl chloride (36.6 g.) and then a yellow 
viscous liquid of b.p. 215-244' (0.8-1.7 mm.), yield 109.3 g. 
(87.27,). The latter product was redistilled to give a light yellow 
liquid of b.p. 184-207" (0.2-0.15 mm.), yield 105.4 g. It was 
dissolved in 300 ml. of hot benzene and added to 200 ml. of 2- 
propanol saturated with dry hydrogen chloride (30.0 g., 0.82 
mole) to give a colorless powder, yield 98.0 g. One recrystal- 
lization from aqueous methanol-ether gave 88.9 g. of hydrochlo- 
ride melting a t  307-211". A sample was again recrystallized for 
analysis, m.p. 210-212". -4 mixture melting point with the 
sample from method A showed no depression 

Anal. Calcd. for C17H&1S20: HCl, 12.1. Found: HCl, 
12.2 (titration). 
l-Phenyl-2-piperazinone.-The aqueous solution of the above 

hydrochloride (40.0 g., 0.132 mole) was hydrogenated with 5 g. 
(57, by weight) of palladium-on-charcoal catalyst a t  room tem- 
perature under 50 lbs. (3.52 kg./cm.*) of hydrogen The calcu- 
lated amount of hydrogen was taken up in 2 hr. Another sample 
(48.6 g., 0.16 mole) of the hydrochloride was debenzylated in the 
same manner. The combined solution was concentrated in 
vacuo and made alkaline with sodium hydroxide solution. The 
mixture was extracted with chloroform, and the combined ex- 
tracts were dried and added to 200 ml. of 2-propanol saturated 
with dry hydrogen chloride to give a colorless solid, yield 28.5 g. 
(467,). m.p. 178-179". One recrystallization from methanol- 
ethyl acetate gave 18.2 g. of pure product melting a t  181-182". 

Anal. Calcd. for CloH13C1N20: C, 56.4; H, 6.11; X, 13.2; 
HC1, 17.2. Found: C, 55.8; H, 6.55; N, 13.0; HC1, 17.2. 

N1-Methyl-Ni-phenethyl-N2-phenyl-1,2-propoanediamine.- 
To an ice-cold mixture of N-methylphenethylamine (54.0 g., 
0.4 mole) in 100 ml. of benzene and 150 ml. of 2Oy0 sodium hy- 
droxide solution was added a solution of 2-bromopropionyl chlo- 
ride (72.6 g., 0.4 mole) in 100 ml. of benzene during 30 min. with 
vigorous stirring. After an additional 20 min., the benzene layer 
was separated and the aqueous layer was extracted with benzene. 
The combined extracts were dried and aniline (74.5 g., 0.8 mole) 

Found: C, 67.7; H,  5.97; X, 9.41; HC1,12.2. 

(14)  A11 melting points were determined in a Biichi apparatus (Snitzer- 
land) and corrected. Infrared spectra were measured by a Perkin-Elmer 
Spectracord Model 137 and Perkin-Elmer 237 grating infrared spectro- 
photometer. Titrations were done by a Sargent Model 13 recording titra- 
tor. 

was added. The solution was stirred under reflux for 15 hr. and 
aniline hydrobromide (47.3 g., 687, yield) was removed by fil- 
tration. The filtrate was concentrated in vacuo to give a viscous 
liquid which was dissolved in 250 ml. of tetrahydrofuran (THF) 
and added to a slurry of lithium aluminum hydride (15.2 g., 0.4 
mole) in 400 ml. of T H F  during 40 min. The mixture was 
stirred under reflux for 8 hr. and set aside overnight. The excess 
hydride was decomposed as usual and the solution was concen- 
trated in Z'QCUO to leave a dark sirup which was distilled, b.p. 
150-152' (0.3-0.35 mm.), yield 63.3 g. (59.2%). 

Anal. Calcd. for C18H24N2: iT (basic), 5.22. Found: S 
(basic), 5.38 (titration). 
6-Methyl-4-phenethyl-l-pheny1-2-piperazinone.-To an ice- 

cold solution of the above diamine (60.1 g., 0.23 mole) in 100 mi. 
of benzene and 100 ml. of 209?, sodium hydroxide solution was 
added n-ith stirring a solution of chloroacetyl chloride (25.5 g., 
0.23 mole) in 50 Inl. of benzene during 5 min. The resulting 
milky solution was stirred for 30 min., the benzene layer was 
separated, and the aqueous layer was extracted with ether. The 
combined extracts were dried and then heated on a steam bath to 
give a slurry of solid and a hard glassy precipitate. The solid 
was collected on a filter, yield 25.5 g., m.p. 174-186" dec. The 
precipitate was dissolved in a small amount of hot methanol and 
added to the above filtrate. The clear amber solution was heated 
on a steam bath for 5 hr. to give 21.0 g. of the solid product. The 
filtrate was refluxed overnight to furnish an additional 4.2 g. of 
product. The crude 
solid was heated under vacuum to eliminate methyl chloride and 
the resulting liquid was distilled, b.p. 191-199" (0.6-0.3 mm.), 
yield 33.8 g. It solidified a t  once in the receiver and was re- 
crystallized from benzene-Skelly B to give a slightly tan solid of 
m.p. 97-101", yield 29.9 g. A sample was recrystallized from 
benzene-Skelly B, m.p. 101-102" ~2:~ 1645 cm.-' (amide C=O). 

Anal. Calcd. for CI~HZZNZO: C, 77.5; H, 7.49; n', 9.53. 
Found: C, 77.0; H ,  7.52; N, 9.51. 

The hydrochloride melted a t  224-226' dec. after recrystalliza- 
tion from methanol-ether. 

ilnal. Calcd. for ClsH23ClN20: C, 68.9; H ,  6.95; N, 8.46; 
HC1, 11.1. 

Pyrolysis of l-Benzyl-l-methyl-3-oxo-4-phenylpiperazinium 
Chloride.-The piperazinium chloride (57.9 g., 0.182 mole) was 
heated under vacuum to give the following fractions: (1) b.p. 
115-142" (3.2-2.5 mm.), 8.0 g.; (2)  b.p. 143-160" (2.5-1.7 mm.), 
13.2 g., (3) b.p. 161-1il0 (1.7-2.4 mm.), 20.1 g. ;  (4) b.p. 213- 
206" (0.8 mm.), 5.8 g. The first three fractions solidified in the 
receiver. They were combined and recrystallized from methanol- 
ethyl acetate to give a colorless solid of m.p. 205-206" dec., yield 
19.1 g. (33% recovery). This was identical with the starting 
l-benzyl-l-methyl-3-oxo-4-phenylpiperazinium chloride. The 
last fraction (5.8 g., 12%) was dissolved in methanol, saturated 
with dry hydrogen chloride, and diluted with ethyl acetate to give 
a hydrochloride of m.p. 209-211", yield 3.8 g. The mixture 
m.p. with authentic 4-benzyl-1-phenyl-2-piperazinone hydrochlo- 
ride was not depressed. 

N3-Methyl-N 3-phenethyl-N1-phenyl-l,3-propanediamine.-A 
mixture of 3-bromopropionanilide (91.3 g., 0.4 mole), anhydrous 
sodium carbonate (56.7 g., 0.42 mole), and N-methylphenethyl- 
amine (54.0 g., 0.4 mole) in 350 ml. of 2-propanol was heated 
under reflux with stirring for 18 hr. The mixture was filtered 
and the filtrate was concentrated in vacuo to leave a viscous amide. 
The material was dissolved in 150 ml. of THF and added dropwise 
to a slurry of lithium aluminum hydride (22.8 g., 0.4 mole) in 
300 ml. of THF, and the mixture was heated for 6 hr. The 
reaction mixture was treated with 23 ml. of water, 23 ml. of 2097, 
aqueous sodium hydroxide, and 71 ml. of water, respectively. 
It was filtered and the filtrate was evaporated to dryness in vacuo, 
leaving a residue which was distilled to give a liquid of b.p. 
151-180" (0.30-0.45 mm.), yield 77.4 g. (72.27,). 

Anal. Calcd. for C I ~ H ~ ~ K ; ~ :  S(basic), 10.45. Found: N 
(basic), 10.41 (titration). 
l-Phenyl-2-oxo-4-phenethyl-1,4-homopiperazine.-A solution 

of chloroacetyl chloride (42.4 g., 0.375 mole) in 50 ml. of benzene 
was added slowly t o  an ice-cold mixture of N3-niethyl-N3-phen- 
ethyl-X1-plienyl-l,3-propanediamine (93.0 g., 0.375 mole) in 250 
nil. of benzene and 80 ml. of 20y0 sodium hydroxide solution. 
Stirring was continued for an additional hour and then the benzene 
layer was separated. This was dried and concentrated on a steam 
bath to give a viscous liquid which solidified on cooling. Py- 
rolytic distillation under vacuum gave a liquid of b.p. 202-203" 

Thus, the total yield was 50.7 g. (65.27,). 

Found: C, 68.4; H, 6.92; N,8.93; HC1, 11.1. 



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

.Inal. 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 c:ollerted, washed with ethyl 
tc~-rt.Iier, :ind dried in the Liir: jield 91.3 g. (7!3.2[,;), m.p. 

-4 sninll sanipl~ \viis 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 ])roduct 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:cortlanw 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 & 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 


