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Abstract-The conversion of S-methyl-2,3,4,6,7,12-hexahydromdolo[2,3-a] quinolixinium iodide (3) 
into 1.2~dimethyl-3-(2-indolylcarbonyl) piperidine (4) is described along with subsequent transformations 
of 4 and related compounds. A reaction scheme is proposed for this transformation and is supported by 
a carbon-14 tracer experiment and model studies. Several transformations were encountered in which 
3-vinylindoles undergo nucleophilic addition to the vinyl group to give products in which the nucleo- 
phile is attached to the C atom adjacent to the indole nucleus. 

a study of of the 
1 to a mixture of the 2-acylindole 2 and the unsaturated quatemary 

ammonium salt 3.’ Further study of these compounds has revealed some new chemistry 
of 3-vinylindoles. The novel transformations encountered show that 3-vinylindoles 
undergo nucleophilic addition’to give products in which the nucleophile is attached 
to the carbon adjacent to the indole ring. It was further found that the vinyl group of 
3-vinylindoles is removed by treatment with aqueous base and it appears likely that 
this process involves anti-Markownikoff hydration of the vinyl group to give the 
3-(1-hydroxyethyl) indole after which the side chain is lost as acetaldehyde. 

In the earlier study it was established that the quatemary ammonium salt 3 is not an 
intermediate in the conversion of the chloroindolenine 1 into the 2-acylindole 2.’ 
However, it appeared that more drastic conditions might effect the conversion of 3 
into the desired 2-acylindole 2. Accordingly the unsaturated quatemary ammonium 
salt 3 was refluxed with sodium hydroxide in aqueous ethanol. This treatment slowly 
converted 3 into a new 2-acylindole base for which we propose structure 4. 
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Mass spectral and combustion analyses of 4 establish that it is an isomer of the 
2-acylindole 2. The W spectrum shows typical 2-acylindole absorptiorP c 235 
rnp (s 15,200) 310 rnp (26,500) which is unchanged by addition of acid The lack of 
change upon addition of acid indicates that the basic nitrogen is not in a position to 
interact with the carbonyl group as in 24 and certain other 2-acylindoles related to 
tetrahydro-/3-carbolines.s*6 The IR spectrum of 4 shows absorption at 3480 cm - ’ 
(N-H) and carbonyl absorption at 1642 cm- ’ which is normal for 2-acylindoles.6* ’ 
The NMR spectrum shows a sharp singlet at 2.35 ppm (3H) ascribed to an N-Me 
gro1.2 and a three proton doublet (J = 6 cs) at 1.10 ppm which is attributed to a Me 
group on a carbon bearing a single proton. The fact that the indole of 4 is substituted 
only at the 2-position was established by examination of the reduction products of 4. 
Treatment of 4 with sodium borohydride affords an alcohol 5, which is converted back 
to 4 by the action of manganese dioxide. Vigorous LAH reduction of the Zacylindole 
4 yields the oxygen free base 6.along with the alcohol obtained by sodium borohydride 
reduction. These conditions slowly convert the alcohol 5 to the deoxygenated base 6. 

4 

6 

Such behaviour is expected for 2-acylindoles and 2-hydroxyalkylindoles.8 The NMR 
spectra of both the alcohol and the oxygen free base show a signal at 6.22 ppm which 
is not present in the parent Zacylindole. Such an absorption is most consistent with a 
proton at the $-position of the indole ring.’ The absence of a peak in this area in 
the NMR of the 2-acylindole 4 is undoubtedly caused by the deshileding effect of the 
carbonyl group. This hypothesis is supported by the observation that the signal for 
the 3-proton of 2carboethoxyindole is found with the protons of the benzene ring 
whereas the corresponding signal for 2-hydroxymethylindole and 2-methylindole is 
found near 6.22 ppm.” 

The data presented thus far established that 4 is a 2-acylindole unsubstituted at the 
3-position and bearing an N-Me group and a C-Me group attached to a methine C 
atom. That compound 4 is a tertiary amine is indicated by the observation that it is 
not acetylated upon treatment with acetyl chloride or acetic anhydride and it com- 
bines with one mole of methyl iodide to afford a quaternary ammonium salt (7). 
Evidence for the skeleton of 4 comes from its mass spectrum and degradation studies. 
The mass spectrum (Fig 1) of the 2-acylindole 4 shows, in addition to the parent ion 
at m/e 256 and an M-15 peak corresponding to the loss of a Me group, an intense 
peak at m/e 144 which is attributed to cleavage along line a Also seen are ions at 
m/e 112,111, and 110 and their M-15 counterparts, which are ascribed to the piperidine 
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FIG. 1 Mass spectrum of 1,2dimethyl-3-(2-indolyloxomethyl) piperidine. 

half of the molecule. This a-cleavage of ketones and 2-acylindoles in particular is well 
documented.5*6~ “* l2 Further cleavage of the piperidine ions leads to the intense 
peaks at m/e 42,57,70, and 84. 

The mass spectrum of the oxygen free base 6 (Fig 2) is readily rationalized. The 
two most intense peaks in the spectrum are at m/e 130 and 111 which are attributed to 
cleavage along line b. 

I30 ; 

T?+J 

I CH, 

m5 
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FIG. 2 Mass spectrum of Qdimethyl-3-(2-indolylmethyl) pipcridine. 

Degradation studies were carried out on the methiodide of 4. Treatment of the 
methiodide with potassium t-butoxide in t-butanol afforded a new 2-acylindole for 
which we propose structure 8. Similar degradation of the methiodide 9 from the tri- 
cyclic 2-acylindole 2 yields the expected 3-vinyl-2-acylindole 10 confirmed by spectral 
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data and further transformations. The W spectrum of 10 shows EH 248 mp 
(E 22,600), 318 mp (19,200) which is in good agreement with that of the 3-vinyl-2- 
acylindole derived from vobasine. l3 The NMR spectrum of 10 shows a sharp singlet 
(6 protons) at 2.23 ppm assigned to the N-Me groups and a typical 3-vinylindole ABC 
pattern l4 for the three viny 1 p rotons. Hydrogenation of the 3-vinyl-2-acylindole 10 
afforded the corresponding 3ethyl-2-acylindole 11 which showed the presence of an 
Et group in its NMR spectrum (Experimental). Prolonged exposure to potassium 
t-butoxide of the methiodide 9 or the derived 3-vinyl-2-acylindole 10 yielded only the 
same 2-acylindole 8 that was obtained by the degradation of the methiodide of 4. 
These transformations are summarized in Scheme I. 

t-BuO - 
7 

, 

10 I 
N(CH,), 

We would propose that the 3-vinyl-2-acylindole 10 is converted to 8 by an internal 
Michael condensation proceeding from the tautomeric 3-alkylideneindolenine. 

10 
t-BuO- 

Structure 8 is supported by its W spectrum which shows c 233 mp (s 23,000) 
and 302 rnp (22,300). This unusually short wavelength absorption indicates that the 
2-acylindole grouping is part of a 5-membered ring fused to the indole nucleus. The 
UV spectrum of 8 is virtually superimposable on that of an authentic sample of l- 
keto-,2,3,84etrahydrocyclopent[b]indole 12.‘s*‘6 The ’ IR spectrum of 8 shows 
carbonyl absorption at 1670 cm- 1 while that for 12 is found at 1675 cm- ’ (chloroform 
solution). The NMR spectrum of 8 furnishes further support for structure 8 (Experi- 
mental). 
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Vigorous LAH reduction of 8 affords an oxygen free base 13. The UV spectrum 
of 13 shows EH 228 mu (s 17,4&l), 280 (3600) which again shows the effect of a 5- 
membered ring fused to the indole nucleus. This spectrum is identical to that of an 
authentic sample of 1,2,3,8-tetrahydrocyclopt[b]indole prepared by a Fischer 
indole synthesis. 

13 I 
NKH,), 

Having secured the structure of 4 from the accumulated spectral and chemical 
data, it is of interest to consider how it is derived from the quatemary ammonium 
salt 3. We would propose the sequence of transformation shown in Scheme II. 

SCHEME 11 

CH, 

The formation of the 2,3divinyl indole 14 from 3 is reasonable in view of the similar 
elimination observed with the quatemary ammonium salt 16 (aide infiu). It is not 
possible to determine the order of the following steps, but the important transforma- 
tions are the loss of the 3-vinyl group as acetaldehyde and a subsequent Mannich 
condensation between acetaldehyde and the amino ketone derived from the enamine 
portion of 14. Firm chemical evidence has been adduced to support this reaction 
scheme. Firstly, the reaction conditions used in the conversion of the salt 3 to 4 
serve to efficiently cleave the vinyl group from the 3-vinyl indole 15, which was obtained 
by the action of potassium t-butoxide on the known tetracyclic quatemary ammonium 
salt 16.4 

The structure of the 3-vinylindole 15 follows from its UV and NMR spectra (Experi- 
mental) which compare favourably with those of 3-vinylindole.” Hydrogenation of 
15 affords 2-(N-methyl-2-piperidyl~3-ethylindole which showed an easily recognized 
ethyl group in its NMR spectrum. The structure of the 2-piperidylindole 17 was con- 
firmed by an independent synthesis, as shown in Scheme IV. 

The synthesis proceeds in straightforward fashion from the known 2-[2-pyridyl] 
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OH-, H,O-C,H,OH @7-T 

H 

17 
U 

indole and affords 17 identical to that obtained from the cleavage of 15. In addition, 
3-vinylindole itself yields indole upon treatment with sodium hydroxide in aqueous 
ethanoL The details of the devinylation reaction have not been secured, but it seems 
quite likely that the vinyl group is lost as acetaldehyde and that the corresponding 
hydroxyethylindole is an intermediate. It is well known that 3-hydroxyalkylindole-s 
and their derivatives are readily cleaved to indole and a carbonyl compound in basic 
media.‘7*‘8 Further evidence for the intermediacy of free acetaldehyde and the 
overall sequence involving loss of a two carbon fragment and subsequent conden- 
sation with a two carbon fragment was obtained by carrying out the rearrangement 
of 3 in aqueous ethanol-l- i4C. The specific activity of the 2-acylindole 4 from this 
experiment was 95% of that of the labeled ethanol indicating virtually complete 
incorporation of the ethanol solvent into the product This result is completely 
consistent with the loss of the vinyl group as acetaldehyde, which would rapidly undergo 
oxidation-reduction with the solvent ethanol under the alkaline reaction conditions. 

The important finding of this study is that 3-vinylindoles are susceptible to nucleo- 
philic addition to give products in which the nucleophile is attached to the carbon 
adjacent to the indole ring This is completely the reverse of the situation encountered 
with vinylpyridines for example. That nucleophilic addition to 3-vinylindoles is a 
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fairly general process is shown by the observation that treatment of 3-vinylindole with 
aqueous ethanolic sodium cyanide affords 3-(l-cyanoethyl) indole in good yield. The 
3-(lcyanoethyl) indole was identified from its spectral properties and it was syn- 
sized by another route. 

EXPERIMENTAL 

General. M.ps and b.ps are uncornzcted. Anhydrous K&O, was used to dry solns unless otherwise 
specified. Microanalyscs were performed by Micro-Tech Laboratoriw Skokie, Illinois. Woelm alumina 
was used for column chromatography unless otherwise specilied and Silica gel G (according to Stahl) 
was used for TLC. R, values and spot colors reported herein usually refer to a 98% EtOAc-2% Et,N 
solvent system using a 3% C&O.-lO%H,SO, soln and heat to develop the spots. IR spectra were measured 
in CHCI, soln with a Beckman IR-SA infrared spectrophotometer and UV spectra were recorded on a 
Gary Model 15 spectrophotometer. A Varian Associates A-60 instrument was used to record the NMR 
spectra CDCI, and formamide (for tbe organic salts) were used as solvents and TMS was the internal 
standard The mass speara were determined by the Morgan-Schaffer Corporation, Montreal, Quebec, 
Canada, 

l~-Dimcthyby2-indolyIcmbony[)piperidine (4). A soln of 177 mg (0483 mmole) of 3 obtained previously,’ 
1Omll~~ NaOH aq, ang 20 ml soo/, aqueous EtOH was refluxed under N2 for 6 days. The soln was extracted 
with benzene and the benzene extract washed well with water. After drying, concentration gave 124 mg 
of an amber semi-solid. Chromatography over activity 111 neutral alumina gave, with benzene elution, 
51 mg (41yJ ofoff-white solid Crystallization from ether gave pure material as prism clusters, m.p. 167-168”. 
The UV spectrum (EtOH) showed 235 rnb (e 15,200) and 310 mp (26,500). The IR spectrum showed 3490 
cm-’ (N-H) and 1645 cm-’ (c=O). The NMR spectrum showed a sharp signal at 2.35 ppm (N-Me) and 
a doublet at 1.10 ppm (J = 6 cs) attributed to the C-Me group. The mass spectrum is shown in Fig. 1. 
(Found: C, 75.23; H, 8Q9; N. 1079. &,HzONZO requires: C, 74.97; H, 7.86; N, 1093%). In another 
experiment, 980 mg of the salt 3.25 ml water, 25 ml 92% EtOH-I-‘v (specific activity 18,600 counts/min/ 
mmole) water, and 25 ml loD/, NaOHaq wcTc refluxed for 6 days and processed as just described. The 
benzene eluata afforded @113 g of pure 4 which crystallized immediately. The material obtained in this 
manner was sublimed and found to have a specific activity of 17,600 counts/min/mmole. 

12-Dimethyl-3~2-indolylmelhyllpiperidine (6) A mixture of 400 mg of 4 and 900 mg LAH in 100 ml dry 
N-metbyhnorpholine was refluxed under N, for 4.5 days, after being stirred for 30 min at 25”. The excess 
hydride was destroyed by the careful addition of water to the ice-cold mixture. After the addition of NaOH, 
CHCl, extraction gave an orange syrup, after concentration of the dried extract. This oil crystallized on 
standing, TLC revealed two new compounds and the absence of starting material. The smaller slower- 
moving spot corresponded to-alcohol 5, the sole product of sodium borohydride reduction of 4. These two 
compounds couM be separated by chromatography on activity III neutral alumina. Benzene elution gave 
260 mg (69”/.) of the oxygen-free base 6. Further elution with benzene gave mixtures of this compound 
and alcohol 5, which could be retreated with LAH to give additional material. Crystallization from hexane 
several times gave pure 6 as clumps of colorless crystals; m.p. 128-129”. Tbe UV spectrum (EtOH) showed 
221 mp (e 31,900), 275 mp (7000) and 287 mp (SMO); the IR spectrum exhibited absorption at 3500 cm-’ 
(N-H). The NMR spectrum had a doublet (J = 6 cs) at 1.17 ppm (C-Me), a singlet at 2.27 ppm (N-Me) 
and absorption at 6.22 ppm (3-indole proton). (Found: C, 79.35; H, 905; N, 11.49. CL6Hz2NZ requires: 
C, 79.29; H, 9.15; N, 11.56%). 

Mangunese dioxide oxidation of5. A mixture of 5, which could not be obtained in crystalline form, 500 mg 
freshly prepared MNO1,” and 20 ml CH,Cl, was stirred at 25” for 14 hr. Filtration and concentration 
of the filtrate afforded ketone 4. 

1,12-Trimethyl-Y2-indolyrcmbonyllpi~~~i~ iodide m A soln of 100 mg of 4 and 1 ml Me1 in 10 ml 
benzene was stored at 25” for 2 days. The resulting ppt was collected and crystallized from MeOH-ether 
to give clumps of white crystals, m-p. 225-226”. 

l-Keto-3-methyl-3~3-dimethylaminopropy~1.23.8-tetrahydrocyclopentCblindole (8) from me&iodide 7. 
A soh~ of 200 mg (05 mmole) of 7 and 10 ml 05 M t-BuOK was refluxcd under N, for IO hr. The 
usual workup gave 134 mg of a semi-solid which was filtered through activity II neutral alumina with 
benzene to yield 86 mg (64%) of 8 which was identical with the material prepared from the m&thiodide 9 
as described below. 
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5,5-Dimethyl-12b-keto-5,12~seco-1,23.4.6 iodide (9). A 
som of400 mg of 2’ and 5 ml Mel in 50 ml benzene was allowed to stand at 25” for 12 hr. The resulting solid 
was collected and crystallized from MeOH-ether to give 570 mg (92%) of tiny prisms, m.p. 244-246”. 
The UV spectrum shows typical 2-acylindole adsorption but, as expected, shows no shift with acid because 
the lone pair of electrons on N, is no longer available for this interaction. (Found: C, -53; H, 5.77; 
N, 6.95. C,,H,sN,OI requires: C, 51.26; H, 5.82; N, 793%). 

2-(1-Kero-5-dimethylaminopentyf)-3-cinylindole(lO)and 1-keto-3-methyl-2-(3-dimethylaminopropyl-1,2,3,8- 
te&tydrocyclopent[b]indole (8). A soln of 475 mg (1.2 mmole) of 9 and 15 ml 1 M t-BuOK soln in t-BuOH 
and 15 ml of additional t-BuOH was refluxed under N, for 20 hr. The cooled reaction mixture was poured 
into water and extracted with benzene. The benzene extract was washed, dried and concentrated to give 
380 mg of an amber green syrup. Chromatography over activity III neutral alumina gave, with benzene 
elution, 213 mg of white solid (fraction A). CHCl, elution gave 115 mg of a yellow oil (fraction B). It is 
interesting to note that B had a higher R, value than A when examined by TLC. 

Fraction A puriSted by several crystallizations from hexane to give tiny needles, m.p. 70-71”, or from 
ether-petroleum ether (3w), m.p. 103104”. The UV spectrum (EtOH) showed 248 mu (e 22,600) and 
318 mu (19,200). The IR spectrum had absorption at 3490 cm-’ (N-H) and 1648 cm-’ (N-Me) and the 
NMR spectrum had a typical 3-vinylindole-type ABC pattern for the three vinyl protons. The mass spectrum 
showed the expected parent ion at 270 and was consistent with structure 10 for Fraction A. (Found: C, 
75.83; H, 830; N, 10.63. C,7H22N20 requires: C, 75.52; H, 8.20, N, 1@36%). 

Fraction B crystallized very slowly over a period of months. Crystallization from ether-hexane gave 
colorless crystal clumps, m.p. 124-125”. The UV spectrum (EtOH) showed absorption at 233 mp (E 23,000) 
and 302 mu (22,300) in excellent agreement with that of the model compound 12. The IR spectrum showed 
1670 cm-’ (C&O) which is the location of the carbonyl band in model compound 12 (see separate entry). 
The NMR spectrum showed a singlet at 2.27 ppm (N-Me) and a doublet at 1.47 ppm (J = 7 cs; C-Me). 
The mass spectrum also showed a parent ion peak at 270 These data are in accord with structure 8 for 
Fraction B. (Found: C, 75.41; H, 8.24; N, 1@41. C,,H,,N,O requires: C, 7552; H, 8.20; N, 1036%). 

Shorter reaction periods (3 hr) led only to the production of 10. When pure 10 was treated with t-BuOK 
under the above conditions, it was converted slowly to 8. This reaction was complete in 4 days and could 
be easily followed by TLC. 

I-K&o-1,2,3,8-terrahydrocyclopent[b]indole (12) was prepared according to the procedure of Jenningsis 
The UV spectrum (EtOH) showed 233 mu (e 20,000) and 301 mu (E 24,200) [lit.* c 234 mp (E 20,870) and 
300 mu (E 28,170)]. The car&my1 absorption in the IR spectrum appeared at 1669 cm-’ (lit.’ 1661 cm-‘). 

3-Methyl-2~3-dimethylominopropy~l,23,8-te~ahydrocyclopent[b]indole (13). A mixture of 75 mg of 
S, 400 mg LAH and 25 ml dry N-methylmorpholine was relluxed under N, for 3 days after an initial period 
of stirring for 30 min at 25”. The usual addition of water and NaOH, followed by extraction with CHCI,, 
gave a nearly quantitative yield of light amber solid. Crystallization from ether-pet ether (3(Mo”) gave 
colorless prisms, m.p. 147-148” (another preparation had m.p. 121-122” but showed identical spectra). 
The UV spectrum (EtOH) has 228 mp (E 17,400) and 280 mp (3600). The NMR spectrum showed a sharp 
absorption at 228 ppm (N-Me’s) and a doublet (J = 65 cs) at 1.38 ppm (C-Me). The mass spectrum showed 
the expected parent ion peak at 256 and was fully consistent with the assigned structure. (Found : C, 79.83; 
H, 9.58; N, 1069. C,,H,,N, requires: C, 7964; H, 944; N, 1092%). 

1.2,3,8-Tetrahydrocyclopent[b]indole was prepared by the procedure of Perkin and Plant.2o Crystalliza- 
tion from ether-pet ether (31Mo”) gave pure material, m.p. 106-107” (lit.” m.p. 108”) and UV (EtOH) 
229 mu (E 34,ooO) and 280 mu (E 8200) [lit.” 229 mu (E 26,750) and 280 mu (E 5070)]. 

24N-Methyl-2-piperidylF3-oinylindole (15). A soln of 3.6 g (9.78 mmole) of previously’ obtained 
methoidide 16 in 100 ml t-BuOH and 100 ml 1 M t-BuOK in t-BuOH was refluxed under N, for 45 hr. 
The mixture was poured into water and extracted with benzene. The washed and dried benzene extract 
was concentrated to give 2.7 g of foamy material. TLC showed two compounds Chromatography over 
activity111 neutralaluminagave, withbenzeneelution. l~g(64o)ofalightyellowsyrupwhichcorresponded 

to the faster-moving compound on TLC (blue-black major spot). Further benzene elution gave foamy 
material which corresponded to the slower-moving compound on TLC (dark-brown minor spot). The 
structure of this minor compound remains unknown but it is likely a degradation product of the major 
compound since shorter reaction times (I 7 hr; 45% of 15 isolated) showed none of this compound on TLC. 
Spectral data readily established the structure of the faster-moving compound. The UV spectrum showed 
typical 3-vinylindole absorption at 228.261.283 and 291 mu. The IR spectrum showed peaks at 3495 cm-’ 





6386 L. J. DOLBY and G. W. GRIBBLE 

3-(1-Cycnoer/ryf)imiole.~ A soht of 3-vinylindole (800 mg), prepared by the method of Noland and Sund- 
berg,‘* 600 mg NaCN in 140 ml 70”/, EtOH-water was refluxed overnight. The usual, processing afforded a 
mixture from which 3-(1-cyanoethyl)indole, 330 mg (60”/,) could be isolated by chromatography over 
alumina. The 3-(1-cyanoethyl) indole, m.p. 48-52”. obtained in this manner showed m.p. 58605” after 
crystallization from benzene. The UV spectrum showed normal indole absorption and the NMR spectrum 
showed a doublet (3H) at 164 ppm and a quartet at 4a ppm (1H) The IR spectrum exhibited a peak at 
2250 cm-’ (C==N). The same compound was obtained by treating 3-(1-piperidylethyl) indole prepared by 
the procedure of Albright and Snyder,” with Mel and then NaCNaq. (Found: C, 77.32; H, 5.93; N, 1641. 
C,,H,,N, requires: C, 77.62; H, 592; N, 1646%). 

* This experiment was performed by Mrs. Zahra Esfandiari. 
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