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Abstract - The stabilities of various saits of the 2,2,6,6-tetra-
methyloiperidine—l-oxonium 1on were studied. 2.2,6.6-Tetramethyl-
piperidine-l-oxonium tetrafluorcborate was shown to react with
1,2,3,4-tetrahydrocarbazole (1-H-2,3,4.9-tetrahydrocarbazale) to
give, 1in the presence of weter, 4-keto-1.2.3.4-tetrahydroccarbazole in
good yield. Under the same conditions, cgclcpent[hjlndale and
cuclohept [b)indole gave the corresponding keto derivatives. In

the absence of water, the oxidation of tetrahydrecarbezple gave a
mixtura of dimers, probably derived from the Diels-Alder self
condensation of 1-H-2,3-dihydrocarbazole. The condensation 1s
reversible and, in acid, the dimer mixture gives a salt of 1-H-2,3-
dihydrocarbazole which can be reduced with sodium borohydride to

give back tetrahydrocarbazole.

Organ:ic nitrosonium salts, easily derived from well known nitroxidse rad.u:alsIi
by ox:idation. are specific oxidizing agents For a number of functional groups.
In addition to alcohols. amines, ketones, and benzyl ethers which were reviswed
in our previous paper,a recent publications record the ox:dation aof N.N-
dlalkglanlliness and difunctional alcnhuls6 as well as the nitrusanium ion
catalyzed hypachlorite oxidation of alcuhuls.? in this paper, we would liks to
report the electrochemical preparation of & nitrosonium salt. studies on the
stability of certain nitroscnium salts, and, finally, their reactions with some

indole derivatives.
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Nitrosonium salts are convenientiy prepared from nitroxides by chlorinataion or

braomination (to give nitroson:ium chlorides or bromides), by reaction with
nitrogen digxide (to give nitrates), and by acid catalyzed disproportionation
(to give salts of the acid used in the reaction, specifically, tetra-
fluoroborates, perchlorates, and sulfatas).E We have oxidized commercially

available TEMPO (2.2,6,6-tatramethylpiperidingl-i-oxyJ, electrochemically to

};
give the corresponding nitrosonium tetrafluoroborate salt,,gj in 84% yisld, It
was, however, more ggnvenient to prepare the nitrosonium salts by the
disproporticnation method of Golubev, (122 + 3> as shouwn baluw.B Although the
disproportionaticn can yield only 50% of desired salt, efficient methods are
available for recovery and recycling of the hgdrcxgamins._é& Using these
various methods, we prepared the chloride, the nitrate, the zulfatm, the
tetraflucrobcrate, and the perchlorate salts Df/E; The nitrate and sulfate
galts were too hygrescopic to work with. The chloride was also hygroscopic but
could be easily isolated. The tetrafluorchorate and perchliorate were only
slightly hygroscupic and were stable 1F kept cold (refrigeratori. Alithough we
were never able to detonate the perchlorate, we decided to work exclusively

with the tetrafluoroborate rather than risk an accident,
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The cycloalkylindeles, ;E to %c, were oxidized in agueous CHBCN to give the
keto products, §9 to 25' in yields of 71, 60, and 45%, respectively. The
reaction 1s quite similar toc the oxidation of the same indole compounds with
2,3-dichloro-5,6-dicyanp-1,4-benzoquinone (DDQJ,S a8 reaction recently used by
Cook arnd his cowcrkers.lo When }E was oxildized, the corresponding ketuna,’gg,
previously unknown, was obtained in B3% yield. A likely mechanism is shown
belecw which involves an inittial attack of the indole ring system on the
positive nitrogen of the nitrosconium salt to give intermedlate/E which
decomposes to give the unsaturated 1m1na,4& This imine can react with water
11

to form a %—hgdroxgtetrahgdrncarbazcla,5& which is subsequently oxidized to

the ketone, §3, by a predictable oxidation FBBEtan.e
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When tetrahydrocarbazole (23, THC) was treated mith'EE in anhydrous CHBCN, an
ogrange matarial pracipitated in good yield which could be recrystallized, with
difficulty. to a white crystelline material with a constant mp of EEO—EElD c.
The material was extremely acid-sensitive (turning blue) but could be
racrystellized when a drop of ammonia was added to the solvents. Although the
crystallinity and mp would seam to indicate 8 pure material, the 13E nuclear
magnetic resonance spectrum (nmc> had at least 100 peaks, grouped in several
narrow areas. A minor product was separated by chromatography which had a

mp of F_'O‘EJ—Ell':J C. and a similar nmr spectrum. The ultraviolet spectra of bcoth
materials wers essentially identical to tetrahydrocarbazole, and the aromatic
reg:on of the 13E—nmr: spectrum was similar in that a group of peaks was present
corresponding tn each of the aromatic peaks of THC. On this basis, it was
concluded that the materials were mixtures of dimers which contained the indole
moigtiss intact. The diffarsnces in the 13C—hmr spectra were all in the

aliphatic region. THC has all of its aliphatic peaks in a narrow region
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betwesn 20 and 23 ppm. The aliphatic carbeons of the dimeric mixtures appesared
in a broad region fram 20-50 ppm, egain as sets of peaks. The mass spectra,
both chemical iomization angd 2 fast atom hombardment, were in best agreemant
with a dimeric structure, as was a Rast molecular weight. The elemental
analysis was close to the calculated value, but the carbon was consistently
low. However, the values were close enough to axclude any atoms other than
carbogn, hydrogen, and nitrogen. 0On this basis. it appeared that the material
corresponded best to a set of 1somers derived from a8 Disls-Alder reaction
betwesen two intermediates such as E’and %9, which are probably formed from a
common intermediate such ES/Z' by loss of a proton. OUne possible isomer is

shown as 1l1.
Ea—

Diels-Alder reacticns are well known to occur between 3-vinylindoles and
several dienuphilss.1E Two tupss of reaction might poocur, one in which two
molecules Oflglcahdanse to give a dimsr such as i?, and ocne in whichji
candenses with %Qltu glve ;&. In each cas=e, there shouwld bs four isomers,
corresponding to gndo and gxp Forms where the indolas rings are aligned in two
different ways to one ancther. The structure of the dimeric mixture is also
supported by the mass spectral fragmentetion. Two major pesks correspond to
two retro-Disls-Alder reactions; one, to give mnnnmer,ﬁz, at 170 m/z and a
second, loss of 2B units from the molecular ion, corresponding to the two
carbon bridge in the structurs. All attempts to separate the materials failed.
No detailed studies were made on the minor component, although its

microanalusis did correspond to a dimeric product.

In an attempt to gain further insight into the structure of i& or {é, we
prepered the deuterated compound, ig, by reaction of the correspending ketone
with lithium aluminum dauteride. This compound was oxidized under the
conditions used for the preparation of i}. Unfortunately, the deuterium is
distribyted in positions corresponding to 1 and 3 of THC by the equilibria
shouwn ebove, and the mass spectra of the product are uselsss. However, when
the 4,4-didevterc compound, %3, was oxidized, the product lacked a set of peaks
in its 13C—nmr spactrum at SO0 ppm. This would correspond to the carbon-

hydrogen marked as “a” in ;& and %E' The shift valus of S0 ppm is much more in

line with the bicyclo position as in i& than the vinyl carbon in 12,
A
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Furthermore, i} is i1n better agreement with the general uv and nmr spectra as
cited sbhove. Tha structure of the minor material is evan less certain, but is

prokably similar to that of 11, since the 13C—nmr spectra are similar.
S
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The probability of a Diels—-Alder raaction is supported by the fact that acid
treatment of i} seems to reverse the reaction, givingﬁz which can be reduced by
NaBHH to give starting material, 35. Various Diels-Alder reactions ufﬂz are
being studied.

EXPERIMENTAL

Genersl Methpds, Melting points were determined on a Kofler flicrn hot stage and
are corrected. Elemental analyses were carried out by Galbraith Laboretories,
Inc., Memphis, Tenn. High resolution mass spectra were msasured on a Kratos
spectrometer AREl MS-902 with direct inlet at 70 sV and are accurate to + 5

ppm. The fFast atom bombardment (FAE) spectra were measured using argon atoms
on the sample in a thioglycol matrix on a ZAB H/S spectrometar at Peking
University. DRDI (Oirect Analysis of Deughter Ions) was carried out on a ZAB
H/S spectrometar at Peking Univers:ity. Nuclear magnetic resonance spectra were

measured on a8 Bruker AF-270 spectrometer in the FT mode at 270 mHz,
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Dauteriochlorafarm and deutsrated dimethyl sulfexide were used as solvents, but
gll shifts are reported in ppm downfield from tetramethylsilane. Thin layer
chromatographu (tlc) was carried out on silicas gel BO coated plastic sheets
from E. Merck. Prsparative chromatography was carried out by "fFlash

chrcmatugraphg"13 and on a Chromatotron (Model 79247, Harrison Ressarch Co.).

~Tetcam jdine—1-oxoni a a, Bu Elsctrolusis.
The slectrolysis was carrisd out under deoxygenatsad nitrugen,l& in & dividead
cell (Nafion membrana) using a graphite felt ancdals and a platinum cathode.
it was carried out at constant currsnt as controlled by a Princeton Applied
Research potsntiostat/galvanostat, Model 363, and a standard calomel
electrode. Cnmpcund:& (1.04% g7 in 100 ml of electrolyte (0.1 N LiBF& in
CHBCN:HED‘ 9:1) was electrolyzed at a constant current of 80 mA. The initial
potential was 0.55 ¢ but increased slowly to 0.67 V and to 0.7% VU when the
reaction was complete C(about 2 h). Tlc CEHBCHEDﬁc:thans. 3:7) showed the
reaction to be complets. The reaction mixture was placed in a freezer
overnight during which time, most of the water froze. The suparnatant liquid
was decanted from the ice and svaporated to dryness on a rotary vacuum
gvaporator, kespang the sxternal temperature below EOn C. The residual

crystals were washed with cold, dry CHBCH OAc to yield 1.35 g (B4%) nE’E, mp

=
158—183DC., lit.B 162.5-163.5° C. (dec.). tost of the lithium ion had passad
through the membrane and precipitated on the cathode as Li0OH; the remainder wes

apparently removed in the ice decantation,

b. Bu Di ; £y n.B‘lE

mol) was added, with sticrring, and dropwise, to 5.0 g (0.032 mol) nfﬂi

Tetrafluoroboric acid (9 ml of 48% agqueous, 0.0B

dissolved in 20 ml of ether in an ice bath. The solution warmed to 15° C, and
8 yellow precipitate formed. AFter 10 min, the precipitate was collected by
filtration and dried in a vacuum gesiccator to yield 3.48B g af’g (88%), mp 164~
165°C. The filtrate was made basic with agueous ammonia to pH 10, whereupon
the laysrs saeparated. 7The layers were separated, and the agusous layer was
extracted with five 15-ml portiens of ether. The combined sther layers were
concentratad to 3-5 ml and placed in a hood in an open Flask so that the
hydroxyamine, 3. could air coxidize kack ta‘i. After three weeks. the residue

solidified to glve‘i, 1.95 g ¢(78%), identical with an authentic sample of 1.
s
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The perchlorate, mp 155~157“, 11t.E 157-15a° C, was prepared in 91% yisld by a

similar procedurs.

Stabilaty Studies., Samples of the perchlorate, the tetrafluoroborate and the
CthrldEl7 were left (a) open and closed to the atmosphere at roem temparaturs,
(b) open and closed in a desiccator at room temperaturs and, (o) clossd in a
refrigerator. At periodic intervals, the samples were examined hy mp, uv
spectroscopy, and by titration with thiosulfatse, according to Gclubav.le The
open sample of chloride liguified in @ few days, but the closed samples were
steble for a few wesks. All of the perchlorate and tetraflusroborate samples
at room temperature had gradually falling melting points and shifting wv
spactra over a twelve month pariod. The refrigerated samples of perchlorate
and tetrafluoroborate had constant melting points for ona year. although the
thiosulfate titraticns showed a lowered activity of about 10%. The
refrigerated tetrafluorcborate had a constant uv spectrum over one year, but

the pecchlorats changed slightly.

Oxadation of 43, 4h. 4c. and 4d in Aguegus guaguL A spolution of 4a (0.50 g,
B -t o [t Rl

2.92 mmol) in 30 ml of CHBEN:H 0 €39:1) wes added dropwise to 1.42 g (5.84 mmol)

2

of §s 1n 30 ml of the same solvent. The mixture was stirred one h and
evaporated to 5-10 ml, whereupon Sa, (0.20 g» precipitated. The precipitate
Fa v

was collected by filtration, and the filtrate was diluted with HEU (5 ml) and

extracted with five 15-ml portions of ether. The ether solution was dried
(sat. aguecus NaCl and NaESO&), avaporated and chromatographed over an alumina
column with EHECHaDﬂc as eluant, The fractions containing Ef were combined,

evaporated, and, slong with the precipitate, recrystallized from 95% CHBCHEUH
8

to give 0.38 g, (71%) of Sa, mp ElS-EEOo C, 1lit. ElE!—E!iElE| C. A similar

reaction carried put with the nitrosonium pescrchlorate gave a 79% yield of

product

18

The oxidation of cyclopent|b]indole, 4h™~ with 2a gave a 60% yisld of Sh, mp
faYl L Y

es1-252° c., 11t.° ase-253° C.

The oxidation of cyclohept[b)]indole, 1520 with 2a gave a 45% yield of 25, mp
B

213-220° c., 1it.? aep-221° . .

A similar experiment starting with N-methyltetrehydrocarbazole, &d,al gave an
A
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., 1 -_— n - - -
83% gield of §5. mp 1B7-1BB- C. Anal. Caled for C13H13ND. C, 7B.33; H, B.5Y4;
N, 7.04. Found: C, 78.15; H, 6.53; N, 7.04.

The byproduct, 3, was receovered from the aqueous layer (hy ether extraction)
Fas

and reconverted to i by the procedure given above. Yislds were 60-70%,

Q3;gg;Agg_gﬁ_ﬂg_;ﬂ_ﬂgﬂug;gugﬂguBgN. The glassware was oven and Fire dried
before use, and the experiment was carried out under deoxygsanated nitrogen. A

solution of 2.75 g (11.3 mmol) of EP in 10 ml of dry CH_CN (distilled from

3
phosphorus pentoxide asnd stored over moleculsr sieve 3A) was added, dropwise,
to an ice-~bath epoled and stirred solutien of 1.892 g (11.3 mmol uf,E? in 15 mi
of dry CH3CN. At norange precipitate started to form after one-fFourth of the
nitrosonium salt had bhesn added. After half gf the salt was added, the
precipitate was filtered to give an urange solid. This solid, when washed with
cold dry CHBCN and, subsequently, a few drops of concentrated agueous ammonia,

turned white. It contained only one material (tlc using hexana:CHECH OAc,

2
1:1). AFter the rest pf the salt solution was added, the mixture was fFiltarad
again to give a purple precipitate which showed two components, one the same as
above and a minor material of lowsr RF' The combined products were dissolved
in CHBCHEDQG and deposited on silica gel. This was placed on a column of
silica gel and developed with haxana:CHHCHEDﬂc. 7:3., The appropriate fractions
were combined, evaporated to dryness, and recrystallized from acetone (very
soluble) and 895 % CHBCHEDH (glmost insoluble). In sach recrystallization, a
drop of agueous ammonia was added. The crude precipitats obtained in the first
case could also be racrystallizsd in this manmer. The yield of the major
comperant was 1.13 g (S9 %), mp EEO—EElnE. Ms (m/2z): EI, 338 CH+J, 310 CH+ -
28), 168 (base psak), 143; FAB, 339 M +1), 677 (@M + 1), 1015 (3d + 1), 170
(" + 1 - 163); DADI, 338 ("), 310 ' - 2@, 170 1° - 1683, *3C Nme
(deuterated OMSOY, clusters of peaks, centered at the values given; 22, 30, 40
(as seen in CDClB. hut coversd by OMSO), 50, 108, 122, 116, 120, 126, 137. Uv
(CHCND ﬁ.max (nm, log ¢ ) 286 (4.15), 287.8 (4.72)., Anal. Calcd for CoyHoaNs:
C, B85.2; H, 6§.51; N, B.@8. Found: C, B3.39; H, B.95; N, B.40 (using a
Thermalite ignition catalyst). Rast molecular weight in camphor: (alcd 338.
Found: 400.

Tha yield of minor component was 0.25 g (13%), mp EOS—Elln C., @Anal. Found: C,
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B5.46: H, 6.74: N, B.10. The =pectra wers essentially identical with those of
tha major companant.

When the major component {10 mg) in 5 ml of CHBCN was treated with three drops
of cone. HCl, the solution turned blue. To the blus solution was added 20 mg
of NaBH& in 1 ml of CHBDH. The mixture was hydrolyzed with water and extracted
with ether. The ether selutipon was shown to contain almost entirely
tetrahydracarbazole by tlc and goc—-ms, by direct comparison with the known

material.

Y. 4-Dideytecotetrahydrocarhagole. l3J. Compound Sa (370 mg? in &0 ml of dry
o N

tetrahydrofuran was added to & suspsnsion of 336 mg of LiAlD, in 40 ml of the

l*
same solvent. After 24 h, the mixture was concentrated under vacuum to about

10 ml and hydrolyzed with 6 ml of 10% XOH and 10 ml of H_ 0. Extraction with

2
CHECIE followed by drying of the organic salvent (NEESD&J and evaporation to
dryness gave 318 mg (92%) of product, mp 118—121° C. Ms (m/z) Calcd for
C oMy Ny, 173.1174. Foumd: 173.1178. The H-nmr soectrum of

tetrahydrocarbazole shows one peak at 2.7 ppm for the protons on carbens 1 and
Y. In the spectrum of %E, the integral of this peak was reduced by half as
predicted.

Oxidation of ;9 under the conditions described above gave a deuteratad i& which

lacked the clustsr of peaks at 50 ppm in its 13C-nmr spectrum.
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