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Aktrrr(--l_(EMethyl-tiodolyl)pyridinium bromide (I) was prepared by the bromination of skatolc 
with dioxan-dibcomidc in dioxan in the pcesct~~ of pyridine. The compound (I) gave II on catalytic 
hydroguration. Tbc free base of Il was unstable and easily nutoxidized to the Ehydroxy compound 
Iv. The maAan& of the fomMion of I is disaMed. 

THE bromination of indoles with N-bromosuccinimide (NBS) has been rep~rted.~-’ 
Indole and falkylated indoles, with one mole of NBS under anhydrous conditions 
yield Ibromoindole and 2-bromo-3alkylindoles respectively. In contrast, oxindole 
derivatives are obtained in a solvent containing a small amount of water. The reaction 
of 3-alkylindoles with two moles of NBSin t-butanolyield 3-bromooxindolederivatives 
and in aqueous media S-bromooxindoles are formed. The bromination of indole itself 
with dioxandibromidea or pyridinium bromide hydrobromidP has been reported 
to furnish Ibromoindole. 

During the course of the studies on indoles,’ in an attempt to brominate skatole 
an unexpected prtiuct (I), m.p. 2%2%“. which was neither a simple brotninated 
skatole nor an oxindole derivative, was obtained in quantitative yield when skatole 
in dioxan was treated with an equimolar amount of dioxan-dibromide in the presence 
of an excess pyridine. 

The structure of this compound was confirmed as I by the following facts: The 
compound (I) gave 3-methyloxindole on hydrolysis with hydrobromic acid and gave 
skatole and piperidine hydrobromide on the catalytic hydrogenation over Adams’ 
catalyst. The NMR spectrum of I in heavy water showed a singlet for the methyl 
group at 2.36 ppm and multiplets for aromatic protons at between 7.15 to &89 ppm. 
The methyl signal appeared at 2.38 ppm in deuterochloroform and this value was 
close to the chemical shift of the methyl group in skatole, indicating an indolic 
structure in I. 

During the course of this work, Kobayashi’ reported that skatole with NBS in 
the presence of pyridine yielded a quatcmary salt to which he assigned the same 

’ W. B. Lawson, 0. Patcbomik and B. Witkop. J. Amer. Chem. Sot. 82.5918 (1960); W. B. Lewson 
and B. Witkop, J. Org. Chem. 26,263 (1961). 

’ R L. Hinman and C. P. Bauman. J. Org. Chem. 29.1206 (1964). 
’ T. Kobayashi and N. Inokuchi, Terruhedron 20,205s (1964). 
’ L. A. Yanowskaya. Dolk. Akad. Nank. SSSR 71,693 (19SO). Chem. Abstr. 44,83W. 
* K. Piers, G. Mcimaroglow. R. V. Jardine and R. K. Browo, C-d. J. Chem. 41.2399 (1963). 
’ M. Kunori, Nippon Rigaku Zpuhi 03,836 (1962). 
’ T. Hino and S. Yamada. Terrahedron Lams 1157 (1963). 
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structure I. Identity of his compound, prepared by our hands, with ours was con- 
firmed by the direct comparison. 

The catalytic hydrogenation of I over Adams’ catalyst proceeded rapidly at room 
temperature until the uptake of three moles of hydrogen. TLC of the crude reaction 
mixture as well as its NMR spectrum showed the presence of skatole and piper-id& 
hydrobromidc besides the other hydrogenated products. The yield of skatole and 
piperidine hydrobromide was increased to 44% when the hydrogenation was carried 
out until the hydrogen uptake apparently ceased. However, skatole was scarcely 
detected by TLC or in the NMR spectrum of the crude reaction mixture obtained 
on the hydrogenation of I over Pd-C. To isolate the hydrogenated prduct, the 
crude mixture obtained by the hydrogenation of I over Adams catalyst was taken up 
in water and extracted with benzene to remove skatole. The aqueous solution was 
basified with sodium hydrogen carbonate and extracted with methylene chloride. A 
compound, m.p. 20&207”, was obtained from the extract in high yield, and its 
structure was confirmed as IV by the spectral data and the chemical evidence as well 
as elemental analysis. The IR spectrum of IV (KBr) showed strong bands at 1565 
and 1555 cm-l due to the C=N double bond and a medium band at 1095 cm-l 
corresponding to C-O stretching vibration. The presence of an OH group was 
confirmed by a broad absorption band at about 3060 cm-l in a solid phase and by a 
sharp band at 3580 cm-’ in a dilute solution. 

The NMR spectrum of IV is shown in Fig. I. The signal for nine protons cor- 
responding to one methyl group and three methylenes in the pip&dine ring appeared 
at I.58 ppm as a broad singlet and the signals at about 3.55 ppm have been assigned 
to four protons in a-position of the piperidine ring, and four aromatic protons 
appeared at 640-7-25 ppm. 

In order to prove the position of the OH group in IV, the latter was hydrolysed 
by heating with 10 % aqueous sodium hydroxide to furnish 3-hydroxy-3-methyloxindolc 
(VI) in low yield, which was raised to 70% when IV in methylene chloride was filtered 
slowly through an alumina column. The compound IV was found to be identical in all 
respects with an authentic sample,B~epreparedfromisatinandmethylmagnesium iodide. 

a M. Kohn and A. O~tcrsctztr. hfonWh. 32, 905 (1911); E. Giovannini and J. Rosaless, Heb. 
Chim. Acta 46, 1338 (1963). 

@ H. H. Wasserman and M. B. Floyd, Tetrahdon L.etfcrs 2009 (1963). 
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chart2 

The conclusive evidence of the molecular formula and the presence of skatole and 
pipcridint moieties was provided from the mass spectrum (Fig. 2) beside elemental 
analysis. The fragmentation pattern for the main peaks of this compound could be 
suggested as shown in Chart 3.* 

The same structure as IV was proposedlO for the compound obtained by the 
reaction of pipcridine with the intermediate in the oxidation of skatole with NBS. 
Although the m.p. and other prepcrties were not reported the UV spectrum was very 
close to that of ours. 

Introduction of an OH group into J-position of indole to form IV during the 
hydrogenation of I appeared remarkable. As the introduction of an OH group 

FIO. 1. ‘I%c NNR spccmtm of IV in CDCl,. 

‘ThcsmrturtJOfm~r187~146inChart3~rrvis#lbythesuggati~0ftbt~f~tO 
whom the authors thanks arc due. 
** N. M. Green and B. Witkop, RUM. FLY. Acod. scf, 26,659 (1964). 
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during the catalytic hydrogenation was unlikely, the hydrogenation product was 
isolated as a hydrobromide directly from the reaction mixture without using a base. 

Attempted isolation of the hydrogenation product by crystallizing the crude 
reduction product from various solvents invariably gave only tarry substances. 
When, however, the crude product was covered with benzene for some time, followed 
by recrystallization of the deposit from water, compound II, m.p. 188-189” was 
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FIO. 2. The mass spectrum of IV. 
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cbart4 

under any working conditions even with more nucleophilic pip&dine. The mechanism 
for the reaction of skatole and dioxan-dibromide in the presence of an excess pyridine 
may, therefore, be proposed as shown in Chart 4. The mazhanism is similar to that 
proposed for the bromination of indoles with NB!La 

TMS 

Pi 
a 7 6 5 4 3 2 0 

Fig. 5. a: The NMR spectrum of III (au& praluc(; immediately after isolation). 
b: The NMR spednun of Ill (after sting in an open air). 

EXPERIMENTAL” 
I -&Methyl-uIdo/yl)+illh bromfk 0 

(i) W&h &Mbro&. A soln of 6.S ml (0.12 mok) Br, in 250 ml diow was added dropwim 
over a period of 2-S hr to a rtirred coln of 16.5 g (@12 mole) skatok in 6S ml pm and 150 ml 

I@ All m.pa arc uxorrcctcd. The IR spectra were taken with a JASCGDS301 spcUrophotomzter: 
UV spactra with a Guy Model 14 or PcrGn-Elmer 202 spectrometer. and NMR spectra with a 
Vaxian Asociates HR-100 spectrometer. The chemical shifta were expressed by the bvalua in 
ppm from internal standards, TMS in ot@c solvents aod DSS in heavy water. 
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dioxan at G3” urxkr a stream of N,. The soln was allowed to warm up IO 25-27” and the stirring 
continued for 2 hr. The yellow ppt was 5ltercd otf, washed with 1 I. dioxan, and dried in wcyo at S@. 
Rccrystalliration from 1.5 I. EtOH gave 3 crops of I as yellow nocdks, (33.6 g; 97ya, m.p. 243-w’ 
(dec.). Additional maystallizations from EtOH raised the m.p. to 2S7-258”. The IR, UV. NMR 
spectra and JZf value on TIC were identical with those of the sampk made by the Kobayashis 
procedure and no depression was observed in a mixed m.p. with the specimen prepared in (ii). UV 
2”” rnp (log e) 2S3 (4.08), 355 (3.76). IR c,i an-’ 1630, 1480. 1455. 775, 765. 755 (indok and %.X 
pyridinium). NMR (in D.0. ppm from DSS) 2.36 (6. CH,), 7+1S-8+t7 (m. aromatic Ii). (Found: 
Cl. S7.78; H. 4.31; N, 9.69; Br. 27.71. Calc. for C,,H,,N,Br: Cl, X3.14; H, 4.53; N. 9.69; Br, 
2764x.) The chloride was prcpamd from the bromide using an ion exchange resinc (Ambcrlitc-400 
Cl form) in EtOH, yellow needles, m.p. 261-262.Y (dec). (Found: C. 68.76; H, 541; N. 11.14; 
Cl, 1457. Calc. for C,,H,,N,CI: C. 68.78: H. S.35; N. 11.45; Cl, 14.49x.) 

Upon bas&ation with NaOHaq, I in water afforded red needles which wae very susaptibk to 
air oxidation and could not bc isolated as a crystalline form, but only as a darkcolored oil. 

(ii) W&h NBS.* To a stirred soln of 790 mg skatolc and 640 mg pyridine in 16 ml anhyd. dioxan 
was added in a small portion 1*076 g NBS at 12-15”. The yellow ppt of I was colkctcd. washed with 
dioxan and then ether, and dried in cvcuo (1.47 g; 84%) m.p. 211-219”. Rccrystallizations from 
EtOH+ther gave yellow needles, m.p. 2S7-2%” (dcc) (reported m.p. 230” ‘). 

HHolysis of I wirh HBr : Formation of 3-methyloxindole 

A soln of SO0 mg of I in 15 % HBr was r&wed for 10 hr. The reaction mixture was extracted 
with bcnmne several times. The benzene extracts were washed with water, dried and evaporated 
in wcy). The residue (100 mg, 40 %) was rcaystallired from tolucn&cxaoe to give 3-methyloxindok 
as colorless ncedks, m.p. 1 19-120°. The sample showed no depression of the m.p. on admixture 
with the authentic specimen pnlmred from skatok.i’ The IR spectra of both sampka were super- 
imposable. The aqueous soln was conantrakd to dryness leaving 230 mg (83 %) pyridiae HBr 
which was rccrystallitbd from EtOHxther, m.p. 223~224”, and showed no depmasion of the m.p. on 
admixture with an authentic specimen. The IR spectra of both samples were supcrimposabk. 

3-Hydroxy-3-methyl-2-p@ddino-3H-tife (IV) 

A soln of 5.8 g of I in 230 ml anhyd. EtOH was hydrogenated over 620 mg PtO,. After H, up-take 
ctased (ca. 4.S moks) the catalyst and the solvent were rcmovcd. The residue (6.4 g) was taken up in 
warm water and washed with benzene. The benzene layer was evaporated to dryness leaving 780 mg 
skatole. The aqueous soln was ma& alkaline with NaHCO,aq at below 0”. giving an oil which was 
extracted with mcthykne chloride, and dried. The residue (3.1 g) obtained on evaporation of mcthy- 
lent chloride was crystallired from acetone to give 246g (60%) of IV, colorkss needles, m.p. 
202-20s”. Rccrystallixations from acetone gave m.p. 206207”. W g’&x rnp (log c): 317 (3.82). 
289 (4.13), 280 (4.14) 224 (4.30); &,, “‘a 302 (3.7s). 248 (3.23). IR 4.: cm-i 30643 (broad, OH) 
156s. 1SSS (C-N). 109s (C-O), 755 (odisubstitutcd bcnuoc); *ix cm-l 3580,320O (OH). NMR 
(Fig. 1). Mass spectrum (Fig. 2). (Found: C. 73-U; H, 755; N, 11%. Cak. for C,,Hi,N,O: 
C, 73.01; H, 7%; N, 12.17x.) 

3-Hy&oxy-3-nuthyl-2-pi$erkfitw-3H-lndole hydrobromide (v) 

(i) From IV. The hydrobromidc V was prepared by adding an ethanolic HBr solution to the fret 
base IV in EtOH, colorless needles, m.p. 233.%23SS” (m~ryrtallimd from EfOH+fbcr). (Found: 
C, 53.72; H, 6.01; N, 9.17; Br, 26.01. Calc. for C,,H,,N,OBr: C. S4.02; H, 6.15; N. 9X)0; Br, 
2568X.) uv J;:: rnp (8) 292 (7ooO), 278 (8700). m (18SOO); d,i, 287 (6600) 244 (Too). IR 
r::: cm- I 3230 (OH), 1670 (C-N). NMR (in CDCl, ppm from TMS): 168 (s, broad, 9H. CHI 
and three B and 7 mcthyknes in the pipcridinc), 3.614.41 (m, 4H. a-methykne in the piperidinc). 
7.068.23 (m. aromatic H). 

(ii) Direct frolorion from the hydr~enurionproducfs o/I. A roln of 6.0 g of I in 2SO ml EtOH was 
hydrogenated over 700 mg of PtO, for 17 hr until H, uptake ceased (ca. 4.5 moles). Filtration and 
evaporation of the solvent yielded 6.3 g of a residue which was taken up in warm water. The aqueous 

I7 C. E. Dalgiesh and W. Kecly, 1. Ckm. Sot. 3726 (19S8). 
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solo was extracted with bcnznc. The extracts were concentrated to dryness to give I.13 g (43%) 
skatolc. The aqucoua layer was conaotrated in mew at a bath tanp not exoaeding 40”. The residue 
(4.4 g) was chromatographed over 150 g silica gel pmparcd in mcthykne chloride. The 10% MeOH 
in mthykne chloride elute furnished 2.4 g (90%. based on non-fissioned product) of V, mp. 23&235”, 
which was identified by its undepresscd mixed m.p. with an authentic specimen and by comparison 
of IR, W and NMR spectra. TLC was also carried out using an authentic sampk of V and the 
reaction product both giving a spot of the same R/value. Further elution of the column with 20% 
MeOH in tncthyknc chloride affordad 765 mg of a crystalline residue which on mtion from 
EtOH-ether gave pipcridinc HBr, colorless nccdlu, m.p. 239-240”. 

3-Methyi-2-pQdab3H-tik (II) 

(i) By the cmo(yric hydrogendon o/I 00~1 PtO ,. An cthanolic soln of 29 g of I was hydrogenated 
over PtO, until 3 moles of H, was absorbed. Removal of the catalyst and the solvent kft 3.1 g of a 
semi-solid which crystallirrd partially on contact with dry benzene. The crystals were colkcted and 
washed with aatone (800 mg), slightly colored &. m.p. 13@180”. Raxystallirations from H,O 
gave colorless needles, m.p. 131-132”, which on Mating at 80” in WQY, for 12 hr gave II H.0, m.p. 
187-188”. UV eLii mp (c); 274 (13XX3), 214 (18%); d.i, 237 (2460). IR vF.i cm-‘; m 
(broad, crystalline water), l-1670 (strong, G-N). NMR (Fig. 3). (Found: C, 54498; H, 6.43; 
N. 8.71; Br. 26.05. Cak. for C,,H,,N&trH,O: C. S368; H. 6.77; N. 8.9s; Br, 2551%) 

This monohydrate gave an anhydrous compound when it was heated at 130” over PIOI in wcw. 
colorkss nccdks. m.p. 188-189”. (Found: C, S6S6; H. 6.82; N, 9.29. Cak. for C,,H,,N,Br: 
C, 56.38; H, 6.42; N. 9400/) 

The non crystalline portion was separated from the bcnrznc and crystallizd from H,O to gin 
IWO crops of II, totaling 970mg. whose NMR spectrum was identical with that of the analysis 
sample and no significant evidcna of V contamination was obsetvcd. Total yield of II, 1.77 g 
(56%). The mother liquor was made basic with NaHCO,aq. yielding a crystalline ppt which was 
filtered off dried and rccrystallizcd from aatonc to give 690 mg (30%) of IV. m.p. 202-203”. identical 
with a spazimco prcparcd in the previous manner. 

All attempts to isolate II by crystallization of the crude hydrogcnetioo product from a variety of 
solvents and solvent mixtures failed. as it Ktmal to d-pose in organic solvents to a dark-colored 
oil. 

(ii) By rLe curufyric hyafrqenufion of I over W-C. A solo of 64 g of I in 300 ml EtOH was 
hydrogenated over 30% Pd-C at room temp. Removal of the catalyst and the solvent kft a r&due 
in which skatole could not be detected by TIC or in the NMR spectrum. The residue was crystallized 
from HI0 to afford 3.4s g (57 %) of II. m.p. 128-I 30”. Its IR and NMR spectra mrc identical with 
an authentic specimen. On basifkatioo of the aqueous soln with NaHCO, I.9 g (40%) of IV was 
obtained. 

A solo of 100 mg of II in 20 ml 95% EtOH was hydrogenated over PtO, at atm press for 1 hr 
(H,-uptake. 12 ml). Removal of the catalyst and the solvent kft 92 mg of a residue which was 
extractal with bcnrene and H,O. The benzene extract gave 31 mg of skatolc on evaporation of the 
solVCOl. 

Treaohnmt of II w&h Et,N: A formarion of IV 

To a soln of 300 mg of II in 5 ml mcthyknc chloride was added 2 ml Et,N, giving a crystalline 
ppt. The mixture was filtered and the filtrate evaporated to drynms to give a residue which was 
extracted with ether several times. The ethereal solo was evaporated to dtyncss leaving 200mg 
(98%) of semi-solid. Its NMR spectrum showed that the crude product essentially consisted of IV. 
Rccrystallixatioo from Me&O gave 160 mg (80%) of IV, colorku needks, m.p. 201-202”. 

lkotment of II with NaOEt : a formaflon of IV 

The hydrobromide II(220 mg) was dissolved in anhyd. EtOH and basifkd with EtONa in ECOH. 
The solvent was mmovcd to give a semi-solid which was extracted with mcthylene chloride. dried 
and conantratcd to dryness. The residue was contlrmcd as IV by its spectral properties. TLC was 
also carried out using an authentic sample of IV and the reaction product both giving a spot of the 
same R/ value. Rcaystallirations of the residue from acetone gave I30 mg (80%) of IV, m.p. 
199-204”. 
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lkmmu of II vith NaOH; Formdon of a mixture of LU ad IV 

An aqueous soln of 96 mg of II in 3.5 ml H.0 wm made basic with NaOHaq. with scmtioo of 
an oil. The aqueous solo was decanted from the oil, which was rapidly was&l with water and drkd 
in catyo at 70-SO” IO give a colorkss glassy residue. The residue was shown to contain the expected 
f~~IIIuchtmaincomponentaccompanibdwithIYiotbeNMRs~~eninCDCI, 
(Fig. 5). The imtability of the compcund (III) precluded further puri&atioo. 

Air oxki&&n of III 

An ethanolic solo of II (about IO-* molar) was basi with a small amount of ethanolic NaOHaq. 
The solo was oxidized by passing air for 4 hr. Its UV spectrum WBS essentially the same as that of IV. 
Spectral change during the oxidation was shown in Fig. 4. 

The air oxidation of the hydrobromidc II in D,O for 53 hr and in EtOH for 2rl hr by passing air 
into each soln at room tanp was carried out. Neither the NMR spectra of the air oxidation product 
in D.0 or EtOH showed the presence of V in the reaction mixture. 

Hydrolysis of IV: Fowmtion of 3-hydroxy-3-mcthyloxlrvrblc (VI) 

(i) With NaOH. A mixture of 110 mg of V and 5 ml 10% NaOH was gently heated at 9Y for 
2 hr. The solo was neutralized with dil HCl. utrnctcd with methylene chloride. wa&d with H.0, 
dried and evaporated to dryness leaving 10 mg residue which was identified as VI by NMR, IR and 
UV spectra and R/value oo TLC. 

(ii) Wfrh Al,O,. To a soln of m mg of IV in mcthylene chloride was ad& 10 g AI.0, and the 
solvent removed. llc Al.0, was left overnight and then put on 150 g of AI.0, column prepared in 
mcthyk chloride. The 10% MeOH in methykne chloride elute furnished 340 mg (67 “/3 of VI, 
which on rca-ystallizPtion from acetone gave colorless necdks, m.p. 161-162” (reported m.p. 
161+162+5” @, 160”‘). A mixed m.p. with the specimen8 prepared from isatio and Me&I gave oo 
depression and their IR, UV and NMR spectra and R/value oo TLC were idcotical. 

Reaction of 2-bromoskatole wi:h pyridinc or p@ridlnc 

Qridinc did not react with 2-bromoakatok in either anhydr. dioxan at tcmps from 0” to tha b.p. 
or without solvent at 100-180” for 12 hr under a stream of N,. The UV spectra and TLC of the 
rcactioo rnixtuns showed no apprcciabk change. 

A few experiments were also cmial out in ao attempt to prepare III dirccUy from 2-bromoakatok 
and piperidine, using the similar conditions. The UV spectra as well as TLC faikd to show formation 
of III or IV in the reaction mixtures. 
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