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- The stabll~t~es of various salts of tha 2.2.6.6-tetra- 

methylnloer~dlne-1-oxon~um Ion were studled. 2.2.6.6-Tstramathyl- 

plperldlne-1-oxonlurn tetrafluoroborate was shown to react wlth 

1.2.3.q-tetrahudrocarbazols (1-E-2.3.r.S-tetrahydrocarbazole) to 

glve. In the cresence OF weter. 9-keto-1.2.3.~-tetrahydrocarbazol~ in 

good yleld. Under the sams condltlons. c y c l o p e n t ~ J ~ n d o 1 ~  and 

~~clohe~t~b]lndole gave the corresponding keto derlvatlves. In 

th8 absence of water. the oxldatlon of tetrahydrocarbazole gave a 

mlxtura of drmers, probably dsrrved From the Dlels-Rlder self 

condensatlon of 1-H-2,3-dlhydrocarbazole. The condensatlon 1s 

reversible and, In acld, the dlmer rnrxture glves e salt of 1-H-2.3- 

dlhydrocarbazole whrch can be reduced wrth sodrum borohydrlds to 

glva back tetrahydrocarbezole. 

Orgenlc nltrosonlum salts, easlly darlved From well known nltroxrde rad~cals * 
bu oxldat~on. are S p e c ~ F ~ c  oxldlzlng agents For a number of Functional groups. 

In addltlon to alcohols. amlnes. ketones, and benzyl sthers whlch were revlewed 

in our prevlous paper.' recent publlcatlons record the oxidatron OF N.N- 

5 6 dlalkylan~llnes end dlfunctlonal alcohols as vell as the nrtrosonlum Lon 

catalyzed hycochlnrltm oxrdatron of al~ohols.~ In thls paoer, we would llke to 

report th8 electrochem~cal oreparatlon of a nltrosonrurn salt. studles on the 

stablllty OF certaln nltrosonlum salts, and, Flnally, thelr reactions wlth some 

lndole der~vat~ves. 



Nltrosonlum salts are conveniently prsparad From n~troxldes by chlorlnatzon or 

bromlnatlon (to glva nltrosonlum chlorides or bromides), by react~on wlth 

nltrogen dloxrde (to glve nitrates), and by acld catalyzed d~sproport~onatlon 

(to give salts OF the acld used in the reactron, spec~flcally, tetra- 

Fluoroboretes, perchlorates, and sulFates) .' We have oxldlzed cornmerclally 

avellable TEMPO (2.2,6,6-tetramethylplperldlnyl-1-ow), A electrochem~cally to 
give the corresponding nltrosonlurn tatraFluoroborate salt, 2 in 84% yleld. It & 

was, however, more convenient to prepare the nltrosonlum salts by the 

dlsproportlonatlon method OF Golubev, (142 + 3) as shown below.' Rlthough the 

d1sproport1onat~on can yleld only 50% OF desrred salt, sFFlclent methods are 

available For mcovery and recycling OF the hydroxyam~ne. 2. Uslng these 
YB~IOUS methods, we prepared the chlor~ds, the nltrate, the sulFate the 

tetrafluoroborate, and the perchlorate salts OF& The nltrate and sulFate 

Salts were too hyercscop~c to work wlth. The chlorlde was also hygroscoplc but 

could be easily isolated. The tetrefluoroborate and perchlorate were only 

sllghtly hygroscoplc and were stable IF kept cold 1reFrrgerator1. Rlthough we 

were never able to detonate the perchlorate, we declded to work exclus~vely 

ulth the tstraFluoroborate rather than rlsk an acc~dent. 

The cycloalkyllndoles, 2 to ?ILfc, were oxldlzed ln aqueous CH3CN to glve the 

keto oroducts 5_e to z, in ylelds OF 71. 60, and YS%,  raspectlvely. The 

reectlon is qulte slrnllar to the oxldatlon OF the same lndole compounds wlth 

2,3-dlchlor0-5.6-dl~yan0-1, 4-benzoqu1none (DUO,, a reectlon recently used by 

C m k  and his When 'id was oxldlzed, the correspondrng ketone. zd. 
0 

previously unknown, was obtalned in 83% yleld. A llkely mechanism is shown 

bslow whlch lnvolves an lnltlal attack of the lndols rlng system on the 

posltlve nltrogen OF the nltrosonlum salt to glve lntermedlate 6 whlch 
,%, 

decomposes to glve the unsaturated imlne, 7. Thls lmlne can react wlth water - 
to Form a 4-hydroxytetrahydrocarbazole, 8 l1 wh~ch rs subsequently ox~dlzed to 

-' 

the ketons, Sa,  by a pred~ctable oxldatlon reectlon. 2 - 
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When tetrahydrocarbazole <'hz THC) was treated with L a  _an anhydrous CH3CN, an 

orange materlal prec~p~tated in good yleld whlch could be recrystelllred, wlth 

0 
dlffl~ulty. to a whlte crystall~ne matsr~al wlth a constant mp of 220-221 C. 

Ths mater~el was extremely acrd-sensltrve Cturnlng blue) but could be 

rscrystsll~zed when e droo of ammonla was added to the solvents. Although the 

crystalllnlty and mp would seam to lnd~cate s pure materlal, the 13C nuclear 

magnetlc resonance spsctrum inmr) had at least 100 peaks, grouped in several 

narrow ersas. R mlnor product wes seoarated by chromatography whlch had a 

np of 209-211° C. and a slmllar nmr spectrum. The ultraviolet spectra OF both 

materiels were sssentlally ldentlcal to tetrahydrocarbazole, and the aromatic 

ragLon of the I%-nmr spectrum was slmllar in that a group of peaks was present 

CorreSDondlng to each OF the aromatlc oeaks of THC. On thls basls, it was 

Concluded that the materials were mrxtures of dlmers whlch contained the ~ndole 

moletles intact. The dlffsrences In the 13C-nmr spectra were all In the 

aliphstlc region. THC has all of its allphatlc peaks rn a narrow reglon 



betwesn 20 and 23 ppm. The allphat~c carbons OF the drmeric mlxtures appeared 

rn a broad region From 20-50 ppm, egaln as sets OF psaks. The mass spectre. 

both chemlcal lonlratlon and a Fast atom bombardment, wers i n  best agreement 

wlth a dimerlc structure, as was a Rest molecular welght. Ths elemental 

analysls was close to the calculated value, but the carbon was consistently 

low. However, the values were close enough to exclude any atoms other than 

carbon. hydrogen, and nitrogen. On thls basls. ~t appeared that the materlal 

corresponded best to a set OF lsomers der~ued From a Olels-Alder reactlon 

between two lntermedlates such as z a n d  LO. whlch are probably Formed From a 

Common intermedrate such as 7 by loss of a oroton. One possible Isomer 1s 
a,. 

shown as 2.  

O~els-Alder reactlons are well known to occur between 3-vlnyllndoles and 

ssveral dlenophlles. TWO ~ Y P B S  OF reactlon mlght occur, one ln whlch two 

molecules OF 9 condense to give a dlmer such as 12, and one in which 9 -- +- - 
condenses wlth 10 to glue 12. In sach case, there should be four isomers, - 
correspondrne to Q@sb and m Forms where ths lndole rlngs are aligned rn two 

diFFerent Ways to one anoth~r. The structure OF the dlmerrc mixture is also 

supported by th8 mass spectral Fragmentatmn. Two major peeks correspond to 

two retro-O1e1s-Alder reactlons, one, to glve  monomer,^, at 170 m/z and a 

second, loss of 28 unlts From the molecular Ion, correspending to the two 

carbon bridge in the structure. R11 sttempts to separate the mater~als Failed. 

NO detalled studles wsre made on the mlnor componsnt, although its 

mlcroanalys1s dld correspond to e d~merlc product. 

In an attempt to garn Further inslght lnto the structure OF 11 or 12, we - 
prepared the deuterated compound, 13, by reactlon OF the corresponding ketone - 
with llthium aluminum deuterlde. This compound was oxrdlzed under the 

conditions used For the preparetion OF 11. Unfortunately, the deuterium is ,.- 
distrlbutsd in posltlons corrsspondlng to 1 and 3 OF THC by the equilibria 

shown above, and the mass spectre OF the product are useless. However, when 

the 9.9-dideutero compound, 13, was oxidized, the product lacked a set OF peeks 
.- 

in its 13C-nmr spectrum at 50 ppm. This would correspond to the carbon- 

hydrogen marked as "a" In 11 and jS .  The shiFt value OF 50 Ppm is much more in 
,L 

line with the brcyclo positlon as rn then the vinyl carbon in 12. 
z.., 
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Furthermore. 11 is in better agreement with the general uv and nmr spectra as 
N 

cited above. The structure of the mlnor material is even less certain, but 1s 

probably slmilar to that of 11, slnce the 13c-nmr spectra are slmilar. - 

The probab~litu of a Olels-Alder raact~on is supported by the Fact that acld 

treatment of 51 seems to reverse the reaction, g l v l n g  which can be reduced by 

NaBH to g l v ~  startlng material, Lfa. Uerrous Oiels-Alder reactions o f 2  are 
'i - 

baing studled. 

EXPERIMENTAL 

mneral net- Meltlng pornts were det~rmrned on a KoCler nlcro hot stage and 

are corrected. Elemental analyses were carrred out by Galbraith Laboratorres, 

Inc., nemphls, Tenn. H ~ g h  resolution mass spectra were measured on a Kratos 

Spectrometer RE1 flS-902 wlth direct lnlet at 70 eU and are accurate to + 5 

PPm. The Fast atom bombardment (FAB) spectra were measured uslnu argon atoms 

on the sample In a thloglycol matrlx on a ZRB H/S spectrometer at Paklng 

Unlversltu. DAD1 (Direct Analysrs of Daughter Ions) was carrlad out on a ZAB 

H/S spectrometer at Peklng Unrverslty. Nuclear magnetlc resonance spectra were 

measured on a Bruker eF-270 snectrometer in the FT mode at 270 mHz. 



Dauter10chL0rof0rm and deuteratad dlmethyl sulfoxlde were used as solvents. but 

all shlfts are reported rn ppm dovnfleld From tetramethyls~lane. Thln layer 

chromatography (tlc) was carrled out on s~llca gwl 60 coatad plastlc sheets 

From E. nerck. Praoaretlve chromwtogrephy was carrled out by "flash 

chr~matography"'~ and on a Chromatotron (Model 79291, Harr~son Research Co.). 

? 7.6.6 - 1 et re m ethul~loarldlne-1-oxDnium TetraFluoroP p a t e .  a. -.8ctrolus+9. 

The electr~lysls was carried out under deoxggenated n1trogen,l9 in a divided 

cell (Naf10n membrsns) using a graphite Fslt anode15 and a platinum cathode. 

It was carrled out at constant current as controlled by a Princeton Applied 

Research potentlostst/galvanostat, nodel 363, and e standard calomel 

electrode. Comonund 1 (1.09 g) In 100 ml OF electrolyte (0.1 fl LIEF9 in 
.% 

CH CN:H20. 9:l) was electrolyzed at a constant current OF 80 me. The lnltial 
3 

potential was 0.55 U but increased slowly to 0.67 U and to 0.75 U when the 

rsactlon was complete (about 2 hj. Tlc (CH CH 0Ac:hexane. 3:7) showed the 3 2 

reactlon to be complete. The reactron rnlxturs was placed in a Freezer 

ov~rnlght durlng which tlme, most oF the water Frozs. The supernatant liquld 

Was decanted From tne ice and evaporated to dryness on a rotary vacuum 

evao~rator. keeprng the external temperature below .Boo C. The resldual 

crystals were washed with cold, dry CH3CH20Rc to yield 1.35 g (895) of 2, mp + 
162-163~~., lit.' 162.5-163.5~ C. (dec.). Most OF the lithium Ion had passed 

through the membrane and prscipltated on the cathode as LiOH; the remainder was 

apparently rsmoved in the rce decantation. 

b. BU n .  "16 TstraFluorobor~c acid (5 ml of 98% aqueous, 0.06 

moll was added, with stirring, and dropw~se, to 5.0 g (0.032 molj o F 1  

dissolved in 20 ml of ether in an ics bath. The solution warmed to 15' C, and 

a ysllow preclpltatw Formed. M t ~ r  10 min, the precrprtate was collected by 

Filtration and drled rn a vacuum desiccator to yxeld 3.98 g o F s  (894), mp 169- 

1 6 5 ~ ~ .  The filtratw was made baslc wlth aqueous ammonla to pH 10, whereupon 

the laysrs separatsd. The layers were seoarated, and the aqueous layer was 

extracted wrth five 15-ml portions OF ether. The comblned sther layers were 

concentrated to 3-5 ml and placed in a hood in an open flask so that the 

hydroxyamlne, 3, could air oxldize back t o l .  AFter three weeks. the resldue 
.v 

solidlfled to grve 1. 1.55 g (78343. ldentlcal wlth an authentic sample of 1. - 
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The perchloreta, mp 156-157". lrt.' 157-158 C, was praoerad in 91% yleld by a 

slmllar procedure. 

Sampla~ of the perchlorate. the tatrafluoroborata and the 

chlorlde17 were left ial open and closed to the atmosphere at room temperature, 

(b) open and closed in a desrccatar at roam temperature and, tc) closed ln a 

rafrlgerator. At Perlodl~ rntarvals, the samples wers sxeminsd by mp, uv 

S!JeCtroSCOpy, and by tltretlon wlth thlosulfate, accord~ng to ~ o l u b e v . ~ ~  The 

open sample of chlorlde liqulFied in a few days, but the closed samples were 

stable For e few weeks. R11 OF the perchlorats end tatrafluoroborete samples 

at room temperature had gradually Falllng maltlng pornts and shlftrng uv 

spectra Over a twelve month perlod. The reFrlgerated samples OF perchlorate 

and tetrafluoroborate had constant meltlng polnts For one year. although the 

thlosulfate tltretlons showed a lowersd ectlvlty OF about 10%. The 

refr~garated tetrafluoroborate had e constant uv spectrum over one year, but 

the perchlarate changed slrghtly. 

k d a t l o n  of Lfa. Lfb. 9c. and Lfd ~n 
.- - - - noueous GtL3& A sol~ticn OF La i0.50 g, 

2.92 mmol) in 30 ml of CH3CN:H20 (9:lj was added dropwlsa to 1.92 g (5.89 mmol) 

OF 2a rn 30 ml of the same solvent. The mrxture was atrrred one h and .% 
Evaporated to 5-10 ml, whereupon 5a, (0.20 gj preclpltated. The precipitate - 
Yea collected by f~ltratlon, and the Filtrate was diluted with H20 (5 ml) and 

extracted wlth Five 15-ml port~ons of ether. The ether solutlon was drlad 

(Sat. aqueous NeCl and Naz50y), evaporated and chromatographed over an alurnlna 

Column wrth CH CH OFlc as eluant. The Fractions contalnlng 2 wers combined, 3 2 

evaporatsd, and. along with the praclpltete, racrystallized From 952 CH3CH20H 

to grve 0.38 0. (71%) OF z ,  mp 219-220~ C, lit.' 219-221° C. R similar 

raactlon cerrled out with the nitrosonrum parchlorats gave a 79% yield OF 

Product. 

The oxidation OF cyclopentl.blindole. qb19 with 2 gave a 660 yield OF z, mp 
A, 

251-252' C., l ~ t  .' 252-253O C. 

The oxldatlon of cycloheptrb]rndole. Lf_c20 wlth 2a gave a 955 yreld of 5c, mp 
.% % 

219-220° C . ,  lit.' 220-221° C. 

R slmller awerimant startlng wlth N-methyltetrahydrocarbazole, gave en 
rU 



83% yreld of z ,  mp 187-188O C. Anal. Calcd For C1.,H13NO: C, 78.39; H, 6.59; 

N, 7.04. Found: C, 78.15; H. 6.53; N, 7.09. 

The byproduct. 5, was recovered From the aqusous layer (by sther extractron) 
and reconverted to 1 by the procedure glvsn above. Ylelds were 60-704. 

gxidat~on of 9a ln R n h u d r o U  3W The glassware was oven and Fire dried 

b ~ F o r e  use, and the experiment was carrled out under deoxygenated nrtrogen. fi 

solution OF 2.75 9 (11.3 mmol) of c a  in 10 ml OF dry CH3CN (distilled From 

phosphorus Pentoxlde and stored ovsr molecular sleve 3R) was added, dropwise, 

to an ice-bath coolsd and stlrred solution OF 1.32 g (11.3 mmol o F L a  in 15 ml 

of dry CH3CN. Rn orange preclpitate started to form after one-Fourth OF the 

nitrosonlum salt had bean added. AFtar halF OF the salt was added, the 

precipitate was Flltared to give an orange solid. This solid, when washed with 

cold dry CHfN and, subsequently, a few drops OF concentrated aqueous ammonia, 

turned white. It contained only one material (tlc usrng hexane:CHfH$Ac, 

1 RFter the rest OF the salt solutlon was added, the mixture was Filtered 

again to give a purple preclpitate whlch showed two components, one the same as 

above and a minor material OF lower RE. The combined products were dissolved 

in CH3CH20Rc and daposltad on silica gel. This was placed on e column of 

Silica 9-1 and developed with hexane:CHfHpRc. 7:3. The appropriate fractions 

were combined, evaporated to dryness, and recrystallized From acetone (very 

soluble) and Y5 % CH CH OH (almost insoluble). In each recrystalllzation, e 3 2 

drop of aqusous ammonia was added. The crude precrpitata obtalned in tha Flrst 

Case could also be recrystallrzed in thls manner. The yield OF the maJor 

componmt was 1.13 g (53 % ) ,  mp 220-221'~. ns im/z): EI. 338 (n+), 310 (nC - 

201, 168 (base peak), 143; FAB, 339 (n+ +I), 677 (2n+ + 11, 1015 (3n* + I), 170 

(nf + 1 - 169); OAOI, 338 cn+), 310 tn+ - 261, 170 tn+ - 168). 13c Nmr 

(deuterated Onso), clusters of peaks, cantared at the values given; 22, 30, 90 

Caa Sean in C0Cl3, but covered by 0nS03, 50, 108, 122, 116, 120, 126, 137. Uv 

CCH3CN) max (nm, log e ) 286 CLf.151, 227.8 (4.72). Anal. Calcd for C H N : 
24 22 2 

C, 85.2; H, 6.51; N, 8.28. Found: C, 83.39; H, 6.95; N, 8.90 (using a 

Thermolite ignition catalyst). Rast molecular weight in camphor: Calcd 338. 

Found: 900. 

The yield OF minor component was 0.25 g (I%), mp 203-211° C. Rnal. Found: C, 
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85.96. H. 6.79: N. 0.10. The soectra were sssentlally ldentlcal wlth those of 

the major component. 

When the major component 110 ma) In 5 ml of CH3CN was treated wlth thrse drops 

of conc. HC1. the solutlon turned blue. To the blue solutlon was added 20 ag 

of Na0H9 In 1 ml of CHPH. The mlxture was hydrolyzed wlth water and extracted 

ulth ethEr. The ether solutlon was shown to contain almost entlrely 

tetrahydrocarbazole by tlc and gc-ms, by drrect comparison with the known 

materlal . 

3- - . Compound 5a ~ 3 7 0  mgJ i n  60 ml of dry - 
tetrahydrofuran was added to a suspension of 336 mg of LlelD,, In 90 ml of the 

same solvent. Rfter 29 h, the mrxturs was concentreted under vacuum to about 

10 ml and hydrolyzed wlth 6 ml of 10% KOH and 10 ml of H20 Extraction wlth 

CH Cl Followed by drylng of the organlc solvent (Na2S09) and evaporation to 
2 2 

dryness gave 318 mg (92%~ of product, mo 119-121' C. ns Lrnlz) Calcd for 

1 ClZHl1ND2. 173.1179. Found: 173.1178. The H-nmr soectrum of 

tetrahydr~carbazole shows one peak at 2.7 ppm For the protons on carbons 1 and 

. In the spectrum of 13, the ~ntsgrel of t h ~ s  peak was reduced by half as -- 
predicted. 

Oxldatlon of 13 under the cond~t~ons described above gave a deuteratsd 11 which 
hl - 

lacked the cluster of peaks at 50 ppm in its 13~-nmr spectrum. 
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