
STUDIES IN THE CARBAZOLE SERIES 

by 

BESSIE MùNRO BARCLAY, B.Sc. 

Thesis for the Decree of Doctor of Philosophy. 

November, 1944. University of Edinburgh. 



INDEX. 

DTRODUCTION.....0......G 

OBJECT OP !TiEEARCH....,,, . tio e e 00t000 Page 10. 

EXPELVIENTAL 3ECTION - introduction Page 11. 

EXPERI/ENTAL obdfilta0 r , el oc .. Page 12. 

TABLE OF EXPERIMENTAL :RE::,L'n Page 66. 

DR3OUSION OF EXPERIYENTAL RESULwS Page 70. 

SUMMARY 4 Page 89. 

BIBLIOGRAPHY........ . cm. w n 01.0*0 Pape 91. 

POTSCRIPT.......... d 0 4 Ol ,0 0*0 Page 93. 



INTkODUCT1ON. 

Carbazole was first discovered in 1872 cs 

a constituent of coal tar by Graebe and Glaser 

(L,er.1372, 5, 12) and (Ann.1872, 163, 343). As a 

result of further investigations, Preebe advanced 

what later proved to be the correct constitution of 

the compound, and along with UllNann introduced a. 

useful synthesis of carbozole and its derivatives 

(Ann.1896, 291, 16). 

In the literature, carbazole is found 

under such naiaes as dibenzo-pyrrole and diphenylene- 

imine and the most usual nomenclature or the 

compound and its derivatives is shown by the 

following : 

cf.( 
.0,14-N, 0, .4 

1 

or simply, 1 

4 
P P 

HH Ilc IV 1-1 CH 

(Ullmann, er, 1d8, 31, 16)7). 

Chemically, carbnzole is an exceedinly 

stable compound. For example, it remains unchan,sed 

on distillation, and is unaffected by concentrated 

hydrochloric acid even at 330°C. (Graebe and A.aser, 

Ann.1872, 163,347). However, it forms substitution 

eroducts and also addition products with such 

reagents as picric acid and trinitrobenzene. These 

addition products are frequently used for 

identifying both the ,:;arent compound and its 

derivatives. 
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By reduction of csrbazole with sodium and 

amyl alcohol, both dihydrocarbazole and tetrahydro- 

carbazole cen be obtained (Schmidt and Jehail, Ber. 

1907, 40, 3229) . Tetrahydrocarbazole on further 

reduction with tin and hydrochloric acid- readily 

yields hexahydrocar-bazole (Borsche, 4itte and Bothe, 

Ann.1908, 359, 70. 

The Graebe-Ullmann method ( see p. S ) was 

used successfully to prepare certain halogenated. 

carbazoles (Ullmann, Ann.1904, 332, 97), and by the 

same method methylcarbazoles heve also been obteined. 

halogenated carbazoles can elso be obtained directly 

from the parent compound, the 3- and then the 3:6- 

disubstituted derivatives being thus prepared, 

Tucker (4.1924, .1251 1146) has also prepared 

3-helogeno-carbazoles from carbazole-3-diazonium 

halides, but the yields are small as much carbazole 

la also formed. Borsche, '4itte and Bothe (Ann.1908, 

359, 75) isolated methylcarbazoles by leading 

methyltetrahydrocarbazolee over lead oxide. 

Certain of the carbazole acids have been 

prepared be the action of carbon dioxide on 

potassium carbazole at high temperatures under 

pressure, but more recently they have been obtained 

by oxidation of the tetrahydrocarbazole-carboxylic 

acids. 

Direct nitration of carbazole under 

suitable conditions leads to mono-, di-, and tetra- 

nitrocarbazoles / 
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nitrocarbazoies, and tnis has been investigated 

mainly by 2dersch (Ber.1909, 42, 3797), Lindemann 

and rierther ( Der.1924, 57, 5)5,1316), Morgan and 

Mitchell (J.1931, 3263) Tucker (J.1942, 500) . 

Lindemann nas reduced the nitrocompounds to the 

correspondin; aTinocerbazoles. 

The most widely applicable method eo far 

hes been thatlalready elentioned, of Grebe and 

Ullmann shown schematically as follows, starting with 

o-aminodiphenylemine 

"Owz,err s 
N 

3 II r 
zN 1 

G L V N/ 
eny (bent. Pr; amo k. 

EAT 

"ks V 

I 11 11 t 

arreover, the method has been eiuployed, by the eee of 

suitable substituted liphenylamines, to erepere - 

larse number of substituted carbazoles; the elethod is 

also useful for orientetion oC the cartae.oles. e.6. 

the preparation of 2-chlorocaroazole from aniline 

effil3:4-dinitrochlorobeneene as follows :- 
Mx 

NH MO 
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141*.cbean (Thesis, lAinburgh, 1941) , however, found 

that when 7-bromo-5-carboxy-l-pbenyltriazole was 

distilled at 360°0 with _eshly-prepared quicklime 

(Ullmann,Ann.1904, 332, 82), both carbon dioxide ind 

bromine were removed, and carbazole was obtained 

instead of 1-bromocarbazole as expected. 

Another interesting method for the 

preparation of carbazole derivatives is analogous to 

the Ascher synthesis of indoles, by which 

phenilhydrazones of rJdehydes and ketones yield 

indolee on he:,,tin; with zinc chloride. 

(1). indole f,4nthesis. 

CH3.Co.CH3 
CH3 

t,.\NNN. NH2. 
FIcel-one. / N = C.0 H3 

2- Me 1-11y1 

CH 

C,CH3 

ti L 
C.CH 

3 

*Z. nt12, 

CHL \ C. CH3 

NHz 

NI431 

C441 

C.CH 3 



(2). Tetrahydrocarbazole Inthesie. 

"." 

CH2 ..".. 
4- 

ii2.Cf CH,. E-1-1203 . NC ' cg 
z ,, z 

% : ! 

CH2 
NH. N ', CH 7_ 

NH OCN .,.,. ' 

ey 
Cyclohexanone. 

CP '7. 

N,01 
1 

'NV 
NH 

Borsche, vAtte, end Bothe (n.19O8, 359, 60) have 

prepared uy this method E very large number of 

substituted tetrahydrocarbazoles from subetitute,i 

pnenylnydraines and substitated cyclohexanones. 

For example, 6-nitro-1:2:3:4-tetranydrocsrbazole 

can be obtained by condensing p-nitrophanylhydrazine 

with eyclohexanone, while condensetion of m-methyl- 

cyclohexanone with pnenylhydrazine yields 2-methyl- 

1:2:3:4-tetranydrocarteezole. 

By distillinb tetrahpirocarbszole itself 

o'er lead oxide (Barsche, '.ditte, and Bothe, Ann. 

1.9kiW, 359, 74) cerbazole was formed, and this 

method of oxidation was ale() successful in the 

preparation of 2- ved 3.-ethylcarbazoles. However, 

the method is unsuitable for the oxidation of 

halo6eno- and nitrotetrahydrocarbazoles. For 

example, when liorsche, Witte, and Botne (Ann. 1908, 

359,58) distilled 6-chloro-1:2:3:4-tetrahydro- 

carbazole over lead oxide, the hElogen was removed 

and / 
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and carbazole resulted. However, they were able to 

prove the very wide applicebility of this method for 

the preperetion of substituted tetrahydrocerbezoleo, 

and the way was open for inveetiation of R suitable 

oxidisinf:.; agent. 

During the past twenty five yeprs or so, 

much work has been done on tais line witb succese ie 

some eses and failure in others, tee main workers in 

this fieli being Perkin, Plant and co-workers, and 

Tucker and co-workers. Much of the work will be 

discussed in deteil at a inter stage in this thesis. 

For the present, mention will be made of some of the 

oxidising ae§ents used and examples given of some of 

the resulto obtained. 

Perkin and Plant (J.1921, 119, 1825) found 

that potassium permangenete eid not oxidise 

tetrahydrocarbezole, but they noted the necessity for 

a suiteble oxidisirì eeent and suggested the use of 

mercuric ecetete, by use of which they obtained e 

very small yield of cerbezole and a 20: yield of 

9-methylcarbazole by, oxidation of the corresponding 

tetrahydro-compounds. They also mentioned the 

inveetigetion of the effect of mercuric acetate on 

6-nitr4-1:2:3:4-tetrahydrocerbazole, but no results 

were ever reported. Later, the same authors (J.1923, 

123, 676) used sulphur in boiling quinoline and so 

obtained small yields of carbazole, N-methylcarbazole, 

N-ecetylcarbazole and 3-bromocarbazole from the 

corresponding / 
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corresponding tetrahydrocarbazoles. 6-nitro-1:2C3:4- 

tetrehydrocarbazole however, on this treatment, 

yielded a black resin, and -COO'eet was removed from 

9-carbethoxytetrahydrocarbazole to give carbazole 

itself. in 1926, Oakeshott and Plant (J.1926, 1211) 

euccessfully obtained 3-methylcarbazole and 3:6- 

dimethylcarbazoie by sulphur and quinoline 

dehydrogenations, but no yields are quoted. 

Another reagent which ha e been used, not 

always with success, is palladised charcoal in an 

atmosphere of hydrogen. Abggridge and Plant used 

this reagent to oxidise the methyl esters of 6- and 

6- carboxy-1:2:3:4-tetrahydrocarbazole, but when the 

tetrahydrocarboxylic acid itself was so treated, the 

-coon was removed in the course of the oxidation and 

carbazole was obtained. These workers also found 

that oxidation of halogeno-tetrahydrocarbazoleo by 

palladised charcoal resulted in removal of halogen 

2iimultaneously with oxidation, but they prepared 

2-chlorocarbazole by oxidising 7-chloro-1:2:3:4e 

tetrahydrocarbazole with sulphur in quinoline. 

Sufficient examples have been eiven to show 

that, although in some cases the specific reagent 

used has been aucceseful in oxidising substituted 

tetrahydrocarbazoles to substituted carbazoles, no 

reagent of general applicebility has previously beea 

:Pound which is applicable to all types of 

substituted tetrahydrocarbazoles, and which gives the 

corresponding / 
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corresponding substituted carbezole readily, 

reasonably pure, and in good yield. If such a 

reagent i$ found, one of th e numerous problems in 

the carbazole serias will be solved, namely, the 

preparation in good yield of many niono-substituted 

cerbazoles, and in perticular of 1-substituted 

carbazoles. For example, 1-nitrocarbazole is 

obtained only in small yield in the direct 

nitration of carbazole when the main product is 

3-nitrocerbezole, the 3- position beieee reactive in 

pare position to the imino group. Tucker end co- 

workers (J.1942, 500) have increased the yield of 

1-nitrocerbazole obtained by Inis -eethod to 6, by 

chromatographic separation from the 3-isomer. 

They were also successful in effecting the conversion 
"e4','e 4N 

of 7-nitro-l-phenyl-1:2:3-benztriazole s 
'2N 

into 1-nitrocerbazole in 10," yield, a \IFV6" 
X 

conversion which had hitherto not been found 

possible. Finally, they obtained a 38/ yiel6 of 

1-nitrocarbazole by decarboxylation of 1-nitro- 

careazole-3:6-dicareozylic acid . However, 

8-nitro-n2:3:4-tetrehedrocarbozole, readily 

prepared from o-nitroobenylhedrezine and cyclohexanone, 

offers a rich source of 1-nitrocarbazole, a very 

ieleortant derivative in the carbazole series, if e 

imitable oxidising agent can be found. 

Recently, Arnold and Collins published 

their results of work on the low-tempereture 

dehedroe nation / 
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dehydrogenetion of hydroaromatic rings W.A.C.S.1939, 

ül, 1407). The reagent used was chloranil in 

boiling xylene and was found to be effective ie a 

ire nuelber of cases. 2or example, 911-dOe¡dro- 

antAracene was oxidised to anthracane in 63, yield 

after 33 hours, phenyleyclonexene, was oxidised to 

biphenyl in 522; yield after 4 hours, Led eany other 

successful oxideltions are listed. In a later 

paper (J.A.C.3.1940, 62, 983), Arnold, Uollins and 

'eenk reported further work and mentioned that 

groups suck as NO2 were unaffected by the 

dehydro6ehetion reaction with chloranil, althouh 

they are affected when sulphur or eeleniam is used. 

This reagent usej at low teeleerature seemed 

efficient and yet mild in that it did not sfct 
other groups present in the molecule, and this 

property indicates tieet it mi6ht be a suitable 

reagent for tue uehydroenation of substituted 

tetrahydrocarbazoles. 

it therefore seemed of vulue to 

investigate the possibility of obtaining substituted 

carbezoles, and in particular derivatives which 

had not previously been prepared, by chlorenil 

dehydrogenation of substituted tetrahydrocerbazoles. 
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OBJECT OP RESEARCH. 

The main object of this reseerch. was, 

therefore, the preparation of substituted 

cerbazoles by dehydrogenation of substituted 

hydrocarbazoles, and in particular of substituted 

tetrahydrocarbazolee, using chloranil in boiling 

xylene as the reagent for the dehydrogenation. 

Success in the preparation of substituted 

carbazoles by this method wee dependent not only on 

the successful application of the dehydrogenation 

process, but also on three other factors :- 

I1) the preparation of pure substituted 

phenylhydrazines. 

(2) improved methods of condensation of 

pnenylhydrazines with cyclohexanone. 

(3) improved methods of ring closure of the 

cyclohexanone phenyihydrazones to substituted 

tetrahydrocarbazoles. 

Each of these factors required 

investigation end the results of these investigations 

ere dealt with in detail in the experimental section 

and in the discussion of experimental results. 



EXPERIMENTAL 3ECTI INTROANICTIO1 

The experimental work carried out in 

the course of te. research Li described in the 

fo11owin6 pages. fields of products are qouted 

as percentages of tne maximum theoreticl amounts 

obtainable. Aelting points were determined on 

the apparatus described in ",ualitative Olvanic 

Chemistry" by Neil Campbell (see p.7, fig.4) 

and were checked for sharpness on a micro leitin6- 

point apparatus (Lofler, Mikrocnem. 1934, 15, 242). 

All new compounds obtained in the pure 

state were analysed by micro methods by Drs. ';eiler 

and Strauss of Oxford, or by Yr. A. MacDonald of 

the Heriot-Watt College, Edinburgh. 
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-gXPERIMENTAL. 

As the method of obtaining the substituted 

carbazoles is essentially the same in all cases, one 

example is given in detail, namely the preparation 

of 3-bromocarbazole, from the preparation of the 

required substituted phenylhydrazine to the final 

isolation and purification of the substituted 

carbazole. Por the other compounds, any 

differences in preparation and isolation of the 

various stages in the complete syntheses of these 

compounds are noted. 

Pre aration of 3-bromocarbazole. 

TLA s:tape 2.1:22ELation. of 1)-bromoplItulherazine. 

i5 ho r1 

Fo flowed by 

keduc frion. 

NH. Nil, 

Zieveral attempts to prepare p-bromopheneel- 

hydrazine h,e 'Lee somewhat similar methods of 

Coleman ( Organic syntheses, 1ol.2, 71) and Davies 

(j.1922, 121, 717), by reduction of the p-bromobenzene- 

diazonium chloride with sodium sulphite solution, 

were unsuccessful, although in each case s very 

small quantity of the e-bromophenylhydrazine 

hydrochloride was isolated. Finally, the 

following method of Blow (i;er.1918, 51, 404 ) was 

tried and found to be highly satisfaCtory, giving a 

good yield of clean, crystalline p-bromophenyl- 

hydrazine. 
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P-bromoanilide (21.5 gm.) was dissolve,1 

in 200 c.c. warm dilute hydrocaloric acid; the warm 

solution was added to 320 c.c. of stirred concentrated 

hydrochloric acid, 20 that a fine precipitate of the 

hydrochloride of the base separated. The mixture 

was cooled to about 0°0, and diazotised with 50 c.c. 

of a 20, sodium nitrite aolution. A clear diazo- 

solution was obtained, to which was quickly added an 

ice-cold solution of 64 gm. stannous chloride in 

80 c.c. concentrated hydrochloric acid. The thick 

mass of double salt which separated immediately was 

allowed to stand for 2-3 hours after which time 

it was filtered, well washed witn e saturated 

sodium chloride solution, and pressed fairly dry. 

Decomposition of the double salt was readily 

effecteu by 8v sodium hydroxide solution, and the 

mixture extracted with ether. The ethereal 

solution of the p-bromophenylhydrazine so obtained 

was dried over anhydrous sodium sulphate, and on 

evaporation yielded 18 4:;m. of p-bromophenylhydrazine 

which crystallised from hot weter in colourless 

needles . 

Yield m.p. 

lit.m.p. 108°C. 

2nd staia condeqqation of cyclohexanone and 

p-bromophenylhydrazine, and subsequent cyclisation of 

the cyclohexanone p-bromophanylhydrazone to 6-bromo- 

1:2:3:4-tetrahidrocarLaaole. 



r( 
'1: ÷ 

oc". 

. 

,,C.4 

'f.tO.NH 
2 C142. 
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CH2, 

CI-12 

Br 
(4. 

31012. 

N q 

NH CA 

-;everal small-ecale condensations were 

attempted, by which it was proved advisable not to 

have present an excess of either reactant, and 60 

reactants were weighed correct to two decimal places 

on an ordinary macro balance. 

P-bromopnenylhydrazine (3.03 gm.) was added 

to cyclohexanone (1.59 gm.), and the mixture warmed 

t;ently over small flame until the hydrazine melted; 

the mixture became uniform and water was given off. 

Immediately on cooliez, the crystalline cyclonexanone 

p-bromophenylhydrazone separated; it crystallised 

from aqueous ethyl alcohol in fine, colourlese 

needles m.p. 49 - 50°C. Boreche, Witte and 

Bothe (knn.1908, 359, 66) give no m.p. for the 

hydrazone, which was found to decompose fairly 

quickly in air in the pure state, although it seemee, 

to be reasonably stable in the crude state. Toe 

cyclonexanone p-bromophenylhydrazone was at once 

added to 50 c.c. dilute sulphuric acid ( 1:9 by vol.) 

in / 
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in which it dissolved on warming gently; 17urtber 

heating formed a 'milky suspension" from which on 

stirring was deposited a fine precipitate of 6-bromo- 

1:2:3:4-tetrobydrocarbazole, which was cooled and 

filtered off. It was readily soluble in hot methyl 

alcohol from which, on cooling it crystallised in 

small colourless plates. m.p. 151-152°C. 

Yield = 3.5gm. lit.m.p. 153°U. 
( 88, ), 

Picrate of 6-bromotetrala5rocarbazole 

elongated prisms (alcohol). 

fd. = 12.35 ;,'% 

1 
C-8 

1Ad. 5 
-N 
4 
BrO, requires N = 11.7 

' 

The high figure for N is probably accounted for by 

the fact that the picrate decomposes, and therefore 

a hi8lior proportion of picric acid was probably 

present in the sample analysed- 

d s action_e_chloranil ir boillylene on 

orane-re4 

m.P. 133 - 134 o; 

6-bromo t2:.3:4-tetrahnrocarbazole. 
o 

+liL ef 6 

Apg 

Ht 

0 

OH 
i 

CI 17'3 
-.......e," -= 

1 
ci 

'-, 
,' " ci 

CI , 

'''.- 

0-, .- , 0 
itm 

OH 

0.82 gn. 6-bromo-1:2:3:4-tetranydrocarbazole. 

1.61 gm. of chloranil. 

15 c.c. sulphur-free xylene. 

The reaction mixture was refluxed for 18 hours and 

cooled. Tetrachlorohydroauinone ( 1.5 gm.) was 

separated b, filtration. After crystallisation 

from glacial acetic acid, it Was identified by m0p., 

and / 
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o 

and mixed m.p. with a sample of tetrachloro- 
o - a 

hydroquinone prepared by reducing chloranile. 
o o 

with sulphur dioxide. 
o 

on standing, the filtrete deposited 0.3 tes. of clean 

cryetals m.p. 194-196°C, which was not appreciably 

raised by repeated recrystallisation from alcohol. 

( 3-bromocsrbazole nelts at 199°C.). 

The filtrate from these crystals was diluted with an 

equal volume of ether, and the extract washed with 

a 4/ aeueoas potassium hydroxide solution to remove 

the last traces of tetrachlorohydroquinone, washed 

with water, dried over anhydrous sodiui sulphate, 

and evaporated to small volume, when a further 

0.28 gm. of oxidation product wes deposited, 

Crystallisetion from ethyl alcohol (charcoal) gave 

small colourless prisms. m.o. 198 - 199°C. 

Mixed m.p. with a specimen kindly supplied by 

Dr. Tucker ( m.p.194-5°C.) t 196-197°C.(softening 194°C 

Yield : 0.58 gm. ( 71 ). 

Colour test with conc. H2304 + one drop conc. RW)3 

3-bromocarbazole ,;ives a deep bias-green colouration. 

It should be noted that et least 90 -;;; of 

tetrechlorohydroquinone has been recovered in this 

experiment, althougo, included in the 1.5 gm. noted 

above, is a small residue ( about. 0.05 gm.) which 

does not melt up to 280°C, and is very insoluble in 

all the usual solvents. These properties suggest a 

substituted dicarbasyl which might be formed in the 

course of tne oxidation, but it was not further / 
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further investigated. 

It is advantageous at this point to note 

one or two modifications which were made of the 

original experimental procedure of Arnold and. 

Collins (J.A.C.S.,1939, 610 1407). These authors 

observed a slight oxidation of the solvent over 

long periods of reflux, and for this reason a 

5-10/ excess of chlorani/ was used. In the 

experiments with tetrahydrocarbazoles , such an 

oxidation of the solvent was not observed, and the 

best results were obtained when no excess of the 

quinone over the two molecular proportions 

required was used ; the presence of excess unused 

quinone introduced complications in the working up 

of the reaction mixture at the end of the reflux 

period. It was also found that a cleaner 

mixture was obtained when sulphur-free xylene was 

used instead of ordinary commercial xylene (b.p.140°C), 

the solvent employed by the above authors. The 

amount of sulphur-free xylene used was the 

minimum volume required of boiling solvent to 

dissolve the reactants. 

LE122,r4tion of i bromocarbazole. 

0-bromophenylnydrazine was prepared in good yield 

from o-bromoanailine by the method of Balow already 

described, and crystallised from hotwater in 

colourless needles m.p. 46-47°0. 

lit. m.p. 48°C. 
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Tess co,::_oetic,- i gm. of the o-brornopnenyl- 

hydrazine was heated gently for a few minutes over a 

small flare with 0.53 gm. of cyclohexanone until 

water was given off. The eolution, when cooled and 

scraped with a ¿lass rod, deposited a solid 

cyclohexanone o-bromophenylhydrazone, which 

crystallised from methyl alcohol in small colourless 

needles m.p.51-52°C. A mixed ì.p. with o-bromo- 

peenylhydrazine was 45-50°C, showing that condensation 

had occurred. On treatment with dilute sulphuric 

acid ( 1:9 bj volume) , the hyerazone dissolved, and 

on further warming the solution became 'Inky ; 

finally a dark-reddish oily layer separated. even 

after washing several times with water, the oily 

layer die not crystallise, out remained as e semi- 

solid oil which was assumed to be 8-bromo-1:2:3:4- 

Itetrahydrocarbazole. 

Re- eat condensation on laree scale : the cyclohexanone 

o-bromophenylhydrazone reeuired to be warmed oì the 

water-bath for some the with the dilute sulphuric 

acid, and eventually deposited a heavy viscous oil 

which wes washed twice with water, dissolved in 

methyl alcohol and ether added. The ether was 

allowed to evaporate at room temperature, and as no 

crystals appeared, the nethyl alcohol was also 

evaporated at room temperature, leaving a good yield 

of a thick semi-solid oil which was assumed to be 

the 8-bromo-1:2:3:4-tetrahydrocarbazole. 
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Action of chloranil on 8-bromo-1:2:3:4-tetrahx1ro- 

cerbazole. 
CM, 

CM 

1 

2 
cklor.,,i( in 

616- xy[em> 

: I 

5 e i 
---- 

ße ^et CH Br Nil 

This was carried out twice according to 

the instructions given for the oxidation. of 6-bromo- 

tetrahydrocarbazo1e, the period of reflux being 

21.5 hours. In each case at least an 87 yield of 

1-bromocarbazole was obtained, though the product 

was somewhat sticky. it was purified first by 

triturating with benzene, leaving a fairly clear 

precipitate m.p.104-106°O, which was dissolved in 

benzene and chromatograbhed through a short column - 

of alumina leaving a narrow dirty ring at the top of 

the chromatogram. Four portions ( 30 c.c.each) of 

the benzene eluate were evaporated giving clean 

precipitates, which were again triturated with 

benzene. m.p. of 1-bromocarbazol BO obtained, 111-112°C. 

Anlypis : Br Fd. = 32.2 

°12H811Br 
re quires Br = 

tote : although the figure 32.2v also agrees with 

that of 31.97, the bromine figure for the bromo- 

tetrahydrocarbazole, it can be assumed that the 

compound analysed was indeed 1-bromocarbazole, since 

as a result of the action of chlorenil on the 8-bromo- 

tetrahydrocarbazole, the quantitative amount of 

tetrachlorohydroquinone was recovered, showing that 

oxidation has occurred. 

Colour test: with cono.Hj30 
4 

1 drop cone. HNO 

l-bromocsrbazole givee an intense bottle-green. 
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/il Preparation of 2-bromocarbazole and 4-bromocarbazole. 

As is obvilir-,s from the followin, scheme, 

in application oi: Fischer's reaction to T4eta- 

substituted phenylnydrazones, the cyclisation 

process can occur in two distinct poition.), and a 

mixture of substituted tetrahydrocarbazoles may be 

expected to reit 
ell,. 

C 

/I 
''' 

FI, 

C r " , cil 

,,, , 

+ 1 L E._ g o} 
rul z 

, 

, 

1 i 

8 r NH. NH X 
CUL 

NH- 
0C , ì, , 

Br. ' Cg,lit 
CH, 

5 

i 

Elts 

NH CHI 

lki-bromophenjihydrazihe was prepared in good yield 

in this department ( by Mr. (ow) by Alow's method, 

and used to prepare a mixture of 5- rind 7-bromo- 

l:2:3:4-tetrahydrocarbazoles accordim.; to the 

instructions of Plant and riilson ( d.1939, 237). 

7-bromotetrahydrocarbazole ( m.p. 183°C with 

decomposition ) was obtained by alcoholic 

extraction of the semi-solid product from dilute 

sulphuric acid treatment of the cyclohexanone 

m-bromopnenylhydrazone. The alcoholic filtrate 

was assumed to contain mainly 5-bromotetrahydro- 

cltrbazole and was retained for oxidation with 

chloranil after evaporation to dryness ( see 
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(a) i,.ctiou ofnloraqil crt 7-brogo-1:2:3:4-tetra- IL. 
; 

L loranif 
bor 

, cif.t xylen 

NH .c/f, 

7-bromo-1:2:3:4-tetranydrocarbazole (0.85 g-1.) was 

refluxed for 24 hours in 15 c.c. sulphur-free 

xylene with chloranil (1.66 ,sm.). On cooling, 

1.95 gm. of a mixture of tetrachlorohydroquinone 

and oxidation product separated ; the former (1.4ç.) 

was removed by extraction with dilute Na0H, and the 

residue (0.5 jm. ) was recrystallised twice from 

glacial acetic acid (charcoal) small 

colourless plates of 2-bromocarbazole. ri.p.250-251°C. 

Mixed m.p. with carbazole (246°4, 2)0-233°0., 

softening from 220°C. 

The xylene filtrate was diluted with an ecro.l 

volume of ether, and the remainder of the trrt,,.achloro- 

bydroquinone removed by basic extraction. On 

evaporation, a further 0.275 gm. of product was 

obtained, containing a small amount (0.05 sm.) of a 

high-melting, very insoluble residue, which was 

removed when the 2-bromooarbazole was chromatoc;raphed 

in benzene. Finally, the 2-bromocarbazole was 

recrystallised from glacial acetic acid. m.p. as above. 

Yield : 0.725 gin. (85 0). Aljsis : Br fd.. 32.4 

12 8 
32.5 C H NBr requires Br 

Colour test : with conc. FA 
2 
SO4 + i drop conc. 

2-oromocarbazole gives an intense blue-2;re .n colour. 
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(b) Action of Chloranil on oil assumed to contain 

mainl, 5-bromo-1:2g3:4-tet_truadrocarbazole. 

Oxidation was carried out in tne usual way on 2.58 gm. 

of the oil; the product wes dissolved in benzene 

and chromatographed ( sluTine, 18x inch) with 

benzene followed by a 3:1 mixture of benzene end 

light petroleum (100-120°0.) as elution agents. 

The eluate was tested with conc. 11304 e 1 drop 

core. fr-t intervals, and collected until the 

cherecterietic intense blue-green colour was no 

longer observed. The numerous extracts were 

evaporated to smell volume; in all cases crystals 

melting from 2459to 250°C were obtained, which gave 

a depressioe with carbazole, and which on 

recryeteliieetion from glacial acetic acid (once) 

melted at 249-251°C ( see(e)sbove). 

2-bromocarbazole has again been obtained ( the 

4-isomer melts et 104-105°C. eee p.2S ) , and no 

trace of 4-bromocerbazole as wes to be expected if 

the above oil had contained 5-bromo-1:2:3:4-tetra- 

hydrocerbazole. 

It was therefore decided to repeat the 

preparation of the mixture of the bromotetrahydro- 

cerbazoles, and with a view to obtaining cleaner 

products, a slies,ht modification of the original 

procedure for the cyclisation of the cyclohexanone 

m-bromophenylhydrazone was adopted. A mixture of 

30 C.C. conc. H 
2 
SO 

4 
, 100 c.c. alcohol, and 170 c.c. 

water / 
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water was added to the hydrazone prepared from 

m-bromophenylhydrazine (17 jee.) and cyclohexanone 

(11 gm.), and the whole warmed until complete 

solution was obtained. 5.5 6m. clean crystals WI 
decomposieLg 15(1°0., separated from the cold solution. 

As it was thought this might be o molecular compound 

of the 5- and 7-;)romotetrahydrocarbazoles, 1 ,em. was 

chromatographed (alumina) in benzene, but only one 

product was obtained, and that quantitatively. It 

eielted with decomposition about 180°O.after one 

crystallisation from a mixture of methyl tend ethyl 

aloohol, and therefore wes 7-bromo-1:2:34-tetrahydro- 

carbazole. 

The filtrate from (A) was warmed and 50 c.c. warm 

water added; on cooling, e further 1 gm. of 7-bromo- 

1:2z3:4-tatrah,OrocarbazoIe was obtained and 

filtered off. A large volume of water was added to 

the filtrate, until a. heavy oily layer was deposited. 

Mi.- was separated , taken up in ether, the ether 

solution well washed with water to remove alcohol, 

and finally dried over anhydrous sodium sulphate. 

One third (by volume) of the ether eolution was 

evaporeted to dryness and the semi-solid obtained 

weighed and treeted with chloranil. 

Action of Onlorani1 on seeirsolid assumed to 

contain 5-bromo-1:2:3g4-t.latadalEaperoazole. 

Bromotetrahydrocarbaeole (2.83 gm.) was efluxed for 

24 hours with chlorenil (5.6( ;:.) in 50 c.c. sulphur 

free / 
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free xylene. 85 of the tetrachlorohyaroquinone 

was recovered. Qn. evaporation of two-thirds of the 

xylene, u.24 6m. of crystals separated which,after 

crystallisation once from glacial acetic acid, 

melted at 247-243°C tney gave a depression with 

carbazole, but not with the 2-bromocarbazole already 

prepored. The xylene filtrate from these crystals 

w evaporated to dryness giving a further 2.10 gm. 

of product . The total yield of crude oxidation 

product was therefore 2.34 gm. (A.;'). 

2.10 gm. were diseolved in benzene (25 c.c.) and 

chromatographed (alaminn, 18x 0.75 inch.) using as 

elution agent a 331 elixture of benzene and light 

petroleLen (100-120cC.). The eluate was tested in the 

usual way witn conc. H,o4 + one drop conc. H\03 
r_. 

and 30 c.c. portions of eluate collected until the 

result of the colour test was only e very faint 

blue-green colouretion. light 30 c.c. portions in 

all were collected and allowed to evaporate. 

Portions one, two and three on evaporation gave 

very small amounts of a high-melting, yellow, very 

insoluble by-product, which again may he a 

subotituted dicarbazyl, but was not further 

investigated. Portions four to eight have a total 

of 1.17 gm. of a product melting about 100°,C., and 

which was very much more soluble in glacial acetic 

acid than is 2-bromocarbazole. It was purified by 

several / 
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several recrystallisations from aqueous methyl 

alcohol m.p. of 4-,bromocarbazole so obtained : 

104-105°C. 

Analysis Br fd. = 33.2 

C 
12 
H 
8 
NBr reouires Br = 32.5 ;.L. 

Colour test : with conc.H 
2 

0 1 drop conc. HNO 
3 

: 
' 4 

4-bromocarbazole gives an intense bottle-green. 

/v2r1paration of 3-chlorpcarbazole. 

Due to the impure state of the p-chloro- 

aniline and the small quantity available at the 

time only 1.3 gm. of p-chlorophenylhydrazine 

were obtained by the usual method It was 

immediately condensed with 0.91 gm. of cyclohexanone 

and the hydrazone treated with dilute F-30 
4 

( 1:9 
e: 

by volume) giving the 6-chloro-1:2:3:4-tetr r .dro- 

carbazole in good yield. It crystallised in 

elongated prisms from alcohol (twice) 

m.p. 143-144°C. 

cf. Borsche, Witte and Bothe (Ann.190, ,59, 66) 

give the m.p.of 6-chloro-1:2:3:4-tetrahydrocarbazole 

as 138% . 

Action of Chloranil on 6-chloro-1:2:3:4-trally.1112- 

carbazole 6-chlorotetrahydrocarbazole ( 0.61 ¿re.) 

was refluxed for 24 hours with chloranil (1.46 gm.) 

in 15 c.c. of sulphur-free xylene. Tetrachloro- 

hydroquihone was recovered in almost quantitative 

yield. The xylene liquor, after the usual 

treatment, deposited a total yield of 0.3 gm.(50A 

of / 
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of 3-chlorocarbazole which crystallised from glacial 

acetic acid in glistenin flakes. m.p. 199-200 
0 

C. 

lit. m.p. 201.5 °C. 

)olo?1r test: with conc.11L,SO4 + 1 drop conc.HNO3 : 

3-chlorocarbazole gives an intense green colour. 

Again, a very small amount of a high-melting, very 

insoluble by-prodoct was obtained, and was found to 

give the intense blue-green colour with conc.112 00 
4 

+ 1 drop conc.HNO3 This observation would fit 

with the suggestion already advanced that these 

by-products in the chloranil oxidationl., may be 

substituted dicarbazyls. 

V Preparation of 1-cnlorocarbazole. 

0-chlorophenylhydrazine was obtained in 

good yield by the usual method. m.p.(crude) 45-47°C. 

lit. m.p. 48°C. 

0-chloropnenylhydrazine (3.8 gm.) was warmed gently 

with cyclohexanone (2.61 gm.) until a homogeneous 

solution was obtained; on cooling the solution, a 

crystalline cyclohexanone o-cUorophenylhydrazone 

was deposited. m.p. 51-52°C. cf. Barsche, viitte 

and Bothe (Ann.1908, 359, 65) give no m.p. for the 

phenyihydrazone. The phenylhydraone gave a 

depression with the original o-chlorophenyl- 

hydrazine, showing that condensation had actually 

occurred. On warming gently for a few minutes 

with dilute sulphuric acid ( 1:9 by volume), the 

hydrazone / 
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hydrazone dissolved and finally the milky soiullon 

deposited 3.26 ,Lm. (quantitative yield) of a 

somewhat 'sticky n 8-chloro-1:2:3:4-tetrahydro- 

carbazole. It Wad washed well with water, dried 

thorou8hly,,and recrystallised first from li8ht 

petroleum (b.p.60-80°C.), then from a mixture of 

benzeae and light petroleum (80-100 .) giving 

colourless prisms m.p.54-55°C. lit.m.p. 55-56°C. 

Action of Chloranil on -chloro-1:2:3:4-tetrah-dro,- 

carbazole; 8-chlorotetranydrocarbazole (0.47 am.) 

wa- réfluxed for 24 hours with chloranil (1.12gm.) 

in 15 c.c. sulphur-free xylene. 94 of 

tetrachiorohydroquinone was recovered, and 89;, of 

crude oxidation product,a.p.90-95°C., was isolated. 

it was purified by repeated recrystallisation from 

aqueous methyl alcohol until the m.p.was constant. 

1-chlorocerbazole (pletes or prisms from aqueous 

methyl alconol) m.p.109-110°C. 

( The only insp. uoted for 1-chlorocarbazole is 

125°0., given in Chem.iAntr., 1331, 2, 2215'. where 

a method is given for the preparation of 

1-cillorocareazole by removel of -e0 
3' 

groups from 

1-chlorooarbazole-3:6:6-triulphonic acid.) 

Analysis : 01 fd. = 13.39 

0 12 8 
:AC1 requires Cl = 13.98 

Colour test: with conc.H9e04 i drop conc.HNO3 

1-chlorocarbazole gives an intense blue-green colour. 
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v/Pre.paration of 1:4-Dichlorocarbazole. 
- 

2:5-Dichlorophenylhydrazine (3 gm.-B.D.H.) condensed 

vcry readily when shaken with cyclohexanone (1.67 gm.) 

in 20 c.c. alcohol to give cyclohexanone 2:5-dichloro- 

phenylhydrazone in small white prisms . m.p. 65°C. 

Analysis: 01 fd. = 10.89 

C12 142° 12 requires Cl = 10.90 /). 

The hydrazone was reCluxed for one hour with ten 

tines its weiL:ht of dilute sulphuric acid (1:9 by vol.), 

in which it melted and formed a yellow oil which on 

further heating darkened to reddish-brown. On 

cooling the mixture, a semi-solid product was 

obtained, m.p. 80-90°0. An aqueous methyl alcoholic 

solution of a small fraction of the product save, on 

cooling, a very tarry precipitate, so the main bulk 

of the product was dissolved in methyl alcohol and 

refluxed for a further two and a half hours with 

25 c.c. of dilute sulphuric acid giving a dark 

reddish-brown oil which solidified on cooling. 

The solid so obtained was thoroughly dried and 

ground to a light brown powder, which, after a 

further recrystallisation from aqueous methyl 

alcohol, melted at 85°C. By repeated extraction 

with methyl alcohol, end reprecipitation with warm 

waters pure white (opaque) prisms of 5:8-dichloro- 

1:2:3:4-tetrahydrocarbazole were obtained. m.p.90-92°C. 

As the conversion of th dichlorophenyl- 

hydrazone / 
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hydrazone to the tetrehydrocerbazole by dilute 

sulphuric acid had been somewhat difficult, and the 

purification of the tetrahydrocarbazole tedious and 

not altogether satisfactory, it was decided to 

attempt the cycliaation procees by use of a 50-50 

mixture of ethyl elcohol 8rid conc. hydrochloric 

acid, (a) by heatind the hydrazone directly with this 

mixture, and (b) by refluxine the hydrazone on the 

water-bath for a lonr period with the mixture. 
In both caecu, the product was no cleaner than when 

dilute sulphuric acid was used for the cyclisation, 

so .it was decided to repeat the preparetion of the 

5:8-dichlorotetrahydrocar'eazole and attempt to 

purify it ey chrometoc-sraphic analysis. 

The product from dilute sulphuric acid treataent 

was extracted thrice with li6nt petroleum (60_8O0), 

the extracts allowed to evaporate, and the residues 

so obtained tyken up in benzene and washed through a 

snort column cre alumina ( 12 xi inch). Four portions 

of benzene eluate were collected and allowed to 

crystallise; the 5:8-dichlorotetrahydrocarbazole was 

again recrystallised from agasous methyl alcohol in 

white prisms m.p. 91-930. 

Analysis : N id. = 5.80 ; Cl fd. = 28.71, 28.92 

Cl2H11NC12 
re4uires N = 5.87 ; Cl. = 29.55 

Action ofChlorani1 on 5z8-dichlorotet.mhydrocarbazole. 

Several oxidations with chloranil were carried out in 

the usual way on the samples of 5:8-dichlorotetrahydro- 

Parbazole / 
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carbazole obtained by toe various cyclisation 

processes, tne cleanest experiment being the oxidation 

of dicblorotetrahydrocarbazole which had been 

purified by the chromatographic method. 

5:8-Dichlorotetranydrocarbazole (2.45 gr.2.) was 

refluxed for lu hours with chloranil (4.78 ,ya.) in 

40 c.c. sulphur-free xylene. 88;4 of the tetrachloro- 

hydroquiaone was recovered, and at least 75,: of 

crude 1:4-dichlorocarbazole was obtained. The latter 

was purified by washin,!; through a column of alumina 

followed by repeated recryotallisation from aqueous 

methyl alcohol 84-85°C. m.p. 

Analysis : Cl fd. . 29.27 %. 

C 12 2 
H,NC1 requires Cl = 30.05 'A. 

Colour teat; with conc.H2SO4 1 drop conc. HNO3 

1:4-dichlorocarbazole gives an intense 3reen colour. 

VII ))_..z2LTE/p-tion of 1-mettalanTazole. 

o-TolylhyUrazLle (15 B.D.H.) readily condensed 

with cyclohexanone (13 ,1.) to rive cyclohexanone 

o-tolylhydrazone, needles from methyl alcohol , 

ft.p. 62-64°0 . 

Analysis : N I'd. = 

requires 1 = 13.82. The hydrazoae 
15 18 2 

decomposed rapidly. 

Cyclisation was effected by refluyia; the hydrazone 

for 6 hours on the water-bath with dilute sulphuric 

acid ( volume ) . The 8-me4hy1-1:2:3:4- 

tetrehydrocerbazole crystallised from methyl alcohol 

in / 
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in almost colourless gleaming plates . m.p. 97-98°C. 

Analysis : 1Ç fd. = 7,30 A, 

15 15' 
C.-H requires I = 7.56 A. 

Picrate of 8-methjtetrah-drocarbazole : chocolate- 

brown needles ( methyl alcohol) m.p.132-134°C. 

^ 
N fd. = 15.15 

0 
19 

H 
18 

0 
7 
N 
4 requires N = 13.53 h. The picrate showed 

signs of decomposition. 

Action of Ohloranil ori_8=22111y1=1:2:3:4-tetrahydro- 

carbazole. 

8-methyltetrahydrocarbazole ( 1.5 gm.) was 

refluxed far 18 hours with chloranil ( 4 gm.) 

in 50 c.c. sulphur-free xylena. 70 !, yield of 

1-methylcaroazole was obtained It crystallised 

in plates from ligroin . t.p. 114 J. 

lit. m.p. 120.5°C. 

Picyttpf : red needles (alcohol): 

m.p. 145-147°C. 

lit. m.p. 143.5°C. 

Colour test: with conc. H 80 
4 

+ 1 drop conc. HNO, 

1-methylcarbazole gives an intense green colour. 

Nan Preparation of 3-metirlearbazo1s. 

Cyclohexenone was condensed with p-tolylhydrazine 

hydrochloride ( B.D.H.) in alcohol, in presence of 

sodium acetate in water. The raction mixture was 

warmed L;ently for 2 hours in a low temperature oven, 

and allowed to stand overnight The product, after 

two. / 
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to recrystallisations from methyl alcohol, Lielted rt 

141-142 O. (J-etlay1-1:2:3:4-tetranydrocarbazole 

melte at 141-142°C , and therefore it was concluded 

that tne above reaction mixture produced sufficient 

dilute mineral acid to effect the cyclisation to 

the tetraaydrocarbazole, since on heating; the 

product *ith dilute sulphuric acid as usual, no 

further change had occurred , and the m.o. 

remained 141-142°C. The yield, however, was only 407. 

Analysis : 1?d. N = 7.75 A. 

t' H N requires N = 7.56 A. 
s'13 15 

Action of Ohloranil On 6-methyl1:2:3:4-tetrahydro- 

carbazole. 

Tne period of rejflax was 18 hours, and at least 

50,', of 3-methylcarbazole was obtained and after 

recrystallisation twice from alcohol (gleaming 

plates ) melted at 199-202°C. 

lit. m.p. 203°C. 

Picrate o 5-aeth lcarbazole : red needles from alcohol; 

m.p. 178-181°C. 

lit. '1.p. 180°C. 

Colour test: with conc. H2SO4 4. 1 drop conc. iNO3 : 

3-methylcaroazole ,ives an intense blue-reen colour. 
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9-i4ethloarbezole. 

IL-methylcyclohexanufte (15 gm.; was mixed 

with phenylhydrazine (15 gm.) and warmed gently, 

whereby a yellow curdy product was formed, which was 

immediately refluxed for 5 hours on the water-bath 

with 300 c.c. dilute sulphuric acid (1:9 by volume). 

A yellow oil which resulted was extracted with ether, 

and tr,e etner solution dried over anhydrous 

sodium sulphate. The ether was evaporated and the 

product, a yellow oily solid, was purified by 

vacuum distillation . b.p. 180-200°0 / 20 mm. 

The distillate solidified to a :fellow mass, which 

on cryJtallisation from alcohol a.ve white crystals, 

m.P. 94°0. lit. a.p. 93-100°0. 

The yield of pure product was, however, only 6 gm. 

Picrate of 2-eth-1-1:2:3:4-trahJdrocarbazole 

reddish-brown needles from alcohol . m.p. 148°C. 

lit. m.p. 155°C. 

In the above process two products are 

possible, hamely,2-Llethy1-1:2:3:4-tetrahydrocarbazole, 

and 4-methyl-1:2:3:4-tetrahydrocarbazole. 

However, Only one product was isolated and wee proved 

to be the 2-methyl derivative, since on oxidation 

with cbloranil it yielded 2-methylcarbazolo. 

..ction of Chloranil on 2.7metny1-1: 3:4-totrah-dro- 

carbazole. 

Cgz 

CH 
I 1 

CH 
ienn5c 

Cg NH NH 

Cl/ 
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2-Methy1-1:2:3:4-tetrahydrocarb zole (1.5 sm.) was 

rsfluxed'for 18 hours with chloranil (4 gm.) in 

40 c.c. xylene. A good yield of 2-methylcarbazole 

was isolated in the usual way, and after 

recrystallisation (twice) from alcohol, gave 

colourless plates. ì.p. 259.C.. ( lit.) 

Analysis : fd. 0 = 64.8 H = 5.8 

C 
1e 11 

requires C = 86.2 A; H = 6.1 ';:t. 

For confirmation, a picrate was prepared in alcohol: 

bright orange -red elongated prisms m.p. 166°C. 

lit. m.p. 167°C. 

Analysis ef Picrate: id. N = 14.3 )1. 

19H14074 requires N = 13.7 

Colour test: with conc.R 
2S 

0 
4 

+ i drop conc. HNO3 

methylcarbazole gives an intense blue-green colour. 

X Preparation of OP rbazole. 

Carbazole was prepared by oxidation. of 

three different reduced carbazoles with chloranil 

in boiling xylene 

(a) oxidation of tetrahydrocarbazole. 

(b) oxidation of hexahydrocarbazole. 

(o) oxidation of dihydrocarbazole. 

(a) Tetrahydrooarbazole was prepared in good yield 

in the ueual way from cyclohexanone and phenylhydrazine. 

After two recrystallisations from a 2:1 mixture of 

methyl and ethyl alcohol it melted at 115-116°C. 

lit. m.p.116°C. 
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Action of Thloranil on TetrahaE2carbazole. 
C 

NH 

1.1x1oranif t 

b. ling ; 
44. 

xy lene. 
NH 

Tae period of reflux was 24 hours. 

Carbazole so prepared was readily purified by 

recrystallisation fro,1 glacial acetic acid (charcoal), 

from which it crystallised in shiny plates. 

m.p. 243-244°C. 

lit. m.p. 246°C. Yield = quantitative. 

ho depression was given with an authentic specimen (B.D.H.). 

Picrate : bright red needles (alcohol). m.p. 188C. 

lit. m.p. 1d6-7°C. 

No depression was given with a sample of carbazole 

picrate prepared from B.D.H.carbazole. 

Colour teat ;with, core H 
2 
b0 

4 
+ 1 drop conc.11Y03 

- 

carbazole gives an intense blue-green colouration. 

(b) Hexabydrocarbazole was prepared by reduction of 

tetrahydrocarbazole as follows : 

Tetrohydrocarbazole (15 gm.) was reCluxed for 

4 hours on the water-bath with 10 o.c. ethyl alcohol, 

15 c.c. concentrat d hydrochloric acid ahd 10 gin. 

Jranulated tin. The mixture was filtered from 

unriissolved tin, neutralised with sodium hydroxide 

solution, and distilled in steam. The hexahydro- 

carbazole / 
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carbazole (13 gm. 85 i:vield) so obtained 

crystallised from a:iueous alcohol in long white 

needles. m.p. 97-98°C. 

lit. m.p. 99°C. 

Action_of Chlpr.anil on BexahatnImElLuallt 

cW2- Ch loran; in 

CH boilir29 > 

2cylene. 
NH 

One molecular proportion of hexahydro- 

carbazole was refluxed withthree molecular 

proportions of chloranil in sulphur-free xylene. 

The solution, which was originally dar in colour, 

became clear amber after a very short time, and as a 

precipitate separating in the hot solution after 

2r11,1 i hours reflux had the typical appearance of 

tetrachlorohydroouinole, the refluxing was stogped, 

and the solution cooled thoroughly. 94':, of 

tetrachlorohydroquinone was recovered. 

After two crystallisations from glacial acetic acid, 

a 7(.) yield of pure cerbazole, m.p. 243-244°0., was 

obtained and confirmed by mixed m.p. with an 

authentic specimen, and by preparation of the picrate. 

(c) Crude dihydrocarbazole was prepared in this 

laboratory ( by Mr. Gow) by the method of Schmidt 

and Schall (Ber.1907, 40, 3226) by reduction of 

carbazole with sodium and amyl alcohol. 

After one crystallisation from glacial acetic acid 

it melted at 220°O.(lit. m.p. 228-229°C.) . 
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1 gm. of the dihydrocarbazole (possibly still 

containing a little carbazole) was treated with 100 

c.c. cold xylene leaving 0.35 gm. undissolved (m.p.229°C.). 

The cold xylene solution (containing 0.65 gm.) was 

chromatographed ( alumina, 24x- inch) using as 

elution agent a 3:1 mixture of benzene and light 

petroleum (100-120°C.). Only the portions of 

eluateiving a positive colour test ( intense blue- 

;reen with conc.H2604 + i drop conc.11103) yielded 
, 

crystals on evaporation, and after recrystallisation 

from glacial acetic acid, melted at 227°C. 

2icIrst2c)fdloIdxL0221.__°bazole: chocolate-brown needles 

(alcohol), m.p. 179-180°C.(lit.). 

Cf. Carbazole picrate:bright orange-red needles 

(alcohol) , m.p. 189°o. (lit.m.p. 186-187°G.). 

Trinitroberzene coia ound of dih drocarbazole : 

bright red needles (alcohol), m.p. l38-i89°C. 

ay221.is : fd. N = 14.6 %. 

al" 14°04 requires N = 14.65 ')Z. 

Cf. Carbazole trinitrobenzene compound : orange- 

yellow needles (alcohol), m.p. 199.5°C. (lit.). 

0.1 gm. of purified dihydrocarbazole was 

rechromatoraphed in the same way as above. Even 

then, taking very small portions of eluate, a 

positive colour test was shown by all portions 

yielding dihydrocarbazole, which was recryatallised 

twice from glacial acetic acid (charcoal) 

crystallised / 
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crystallised in colourless shiny plates. m.p. 231-232°C. 

lit. m.p. 228-229°C. 

alsi fd. -0 = 84.9 i'4; H = 5.78 ;4. 

C121411h 
requires C = 85.2; H = 6.64. 

Action of Chloranil on Di4L1E2carbazo12_Stwice) 
C/12. 

ii f 

Nr- ',.."/ 
A/H C/ I2 

CM0,1111 I I'll 

b0111-111 

Kyle Ile. 

Equimolocalar proportions of dihydrocarbazole 

and chloraail were refluxed for 24 hours in boiling 
2ylene. The mixture was cooled thorouzhly and 

worked up PS before. 85: tetrachlorohydroTainone 

was recovered, and 83',1 carbazole isolated, which, 

after two recrystallisations from glacial acetic 

acid ,ave shiny plates m.p. 244-246°C. ho 

depression of m.p. was shown with an authentic 

specimen of carbazole. 

XI 1.2.E2p2gat:IsQ (2f: 

24:eparation212rethoyunhenrlhldrazine. 

.cveral attempts to preprfe p-ethoxy- 

phenjlhydrazi):Le by the method of lioshino and 

Takiura ( bull.Chem.'Joc.Japan, 1936, 218 ) proved 

unsatisfactory, although in each attempt some of 

the desired hydrazine was actually formed. The 

method is similar to that of l'alow, already 

used for the preparation of the halogeno- 

phenylhydrazines, except that the Japanese authors 

use / 
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use a very large excess of sodium nitrite solution 

in the diezotisation; also a large exceas of stannous 

chloride and insufficient concentrated hydrochloric 

acid in the reduction It was therefore decided to 

prepare the p-ethoxyohenylhydrazine according to the 

instructions of 13;how, taking the precautions with 

regard to temperature recommended by the Japanese 

authors. This combination of conditions proved 

satisfactory, and on evaporation of the ethereal 

solution of the hydrazine, an 80;6 yield of fairly 

clean plates, 1.p.70-72%., was obtained. 

lit. m.p. 74°0. 

conden_sationdrazirie 
with culohexanone ane3 subseeuent c-clisation to 

6-ethoxe-1:2:3:4-tetrahvdrooerbazole. 

P-ethoxypnenylnydrazine (15 Lilt.) was added to 

cyclohexanone (9.7 gm.) in which it dissolved; on 

shaking the solution, it became slightly warm and 

milky. The cyclohexanone p-ethoxyphenyihydrazone 

could not be induced to crystallise, so it was et 

once warned with dilute sulphuric acid (1:e, by vol.) 

givin8 a loam solution containing an oily layer. The 

oily layer was decanted, dissolved in methyl alcohol, 

an equal volume of warm water added, aad the mixture 

allowed to cool. 6-ethoxytetrehydrocerbazole (3gm.) 

was precipitated along with a semi-solid, which on 

repeated methyl alcoholic extraction and precipitation 

with / 
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with water gave a further 1.2 gm of the tetrahydro- 

carbazole. The loam sulphuric acid solution on cooling 

also gave >1 gm.of clean crystals, and the total 

yield of >5 gn. WPS again recrystallised from methyl 

alcohol in clean needle-prisms, m.p. 102-104°C. 

lit. 105-106°C. 

3rd sta, : Action of Chloranil on 6-ethox -1:2:3:4- 

tetra:o. drocarbazole. 

In this case a long period of reflux was found to be 

disadvantageous, producing a product which reuired 

considerable purification, along with a greenish- 

yellow, high-melting, insoluble by-product. 

Pinally, it was shown that a one-hour reflux with 

chloranil in boiling, xylene was sufficient to complete 

the oxidation - after oz:e hour no sin of unchanged 

chloranil was evident on testing with sodium 

hydroxide solution ( chloranil on boilir with 

sodium hydroxide forms the sodium salt of chloranilic 

acid, which is deposited in red needles). 

Tetrachlorohydroquinone was recovered in quantitf,tive 

yield, End a 9084 yield of crude 3-ethoxycarbazole was 

obtained. It was prified by chromatographing in 

benzene (alumina), using a 3:1 mixture of benzene 

and light petroleum (100-120°C.) as elution a2;ent, 

and gave clean flaky crystals m.p. 103-105°C., 

which on recrystallisation from 50: methyl alcohol 

melted / 
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melted t:t 105 -106°C. Lit. q.p. 106-107°C. 

A mixed m.p. with 6-ethoxy-1:2:3:4-tetrahydrocarbazole 

gave a large depression, showin4. that 3-ethoxycaroazole 

had indeed been obtained . 

Analioj.a fd. A = 6.56 i. 

C H 
13 
NO requires N = 6.64 /. 

Colour test: with conc.H2SO4 + 1 drop conc.HNO3: 

3-ethoxycerbezole gives a dark greenish-brown colour. 

Xil ...2222LPation of -P121,..22zlarbazole. 

9-Pheny1tetrahydrocarbazole was prepared in this 

laboratory ( by Dr.Oampbell) by the method of 

Linnell and Perkin (J.1924,125,2451). It 

crystallised from methyl alcohol in colourless 

compact prisms or elongated prisms, depending on tte 

rate of crystallisation . m.p. 86-37°C. 

lit. m.p. 88-89.5°C. 

Actioil of Chloranil on 9-A2nz1tetr hy.drocarbazole. 

(0.51Y 

0/. 

!II2- 

k 6112 

N all 

> 
b.ilinq 
xylebe, 

/-45- 
cé y5 

A mixture of 9-phenyltetrahydrocarbazole 

' and chloranil (1.03 gm.) was refluxed 

for 24 hours in 15 c.c. sulphur-free xylene. 

Tetrachloroh;ydroquinone was recovered quantitatively, 

and a 95/: yield of crude oxidation product was 

isolated. It was first triturated with cold ethyl 

alcohol / 
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alcohol th.en recrystallised from ethyl alcohol 

(charcoal), giving colourless needles m.p. 87-89°C. 

lit. :a.p. 94-95°C. 

Mixed in. p. with 9-phenyltetranydrocarbazo1e (86-7°C .sharp): 

softening over a wide ran,oe and welting mainly 81-85°C. 

Therefore, althouL;11 the depression in m.p. is 

not very large, the mixed. T.p. showed a very wide 

rane compared to the sharp m.p. of each component. 

The oxidation product is therefore 9-pEaenylcarbazole. 

Picrate of 9m222.21112Lu012 : bright red needles 

(alcohol), w.p. 128-129°0 . 

lit. m.p. 126-129°O'. 

Mixed m.p. with picric acid (122°C.) : 108-114°"C. 

In this oxidation, no trace of any hiLo:-meltinoj, 

very insoluble by-product was found, as in sole 

other experiments. The significance of t'lis 

observation will be mentioned in the discussion. 

.0.mur amw.svar .muavamoetor.a. Colour test : with conc. H2304 4. I drop conc.IL:03: 

9-phenyloaroazole .!ives an intense blue-green colour. 

VII Pre 

let stae 2E22EUI12-22-corbolV phenylhydrazine: 

P-hydrazinobenzoie acid was prepared in good yield 

by a modification of the method of Bulow, used 

for the preparation of tine holoeno-hydrazines. 

P-aminobenzoic acid was diazotised and the diazonium 

salt reduced with stannous chloride solution in the 

usual / 

aration of carbazole-3-carboxvlic acid. 
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usual way. The tin double salt so obtained was 

decomposed with 2N NaOH, in which the free 

carboxypnenylhydrazine then dissolved. It was 

precipitated by carefully making the solution just 

acid with glacial acetic acid, filtered off, 

washed with cold water, and recrystallised from 

boiling water (charcoal) . m.p. 217 -220°C.(decompo3ition). 

lit. m.p. 220-225°C. 

2nd stat;e co:adensation of -ildrazinobelzoic acid 

21Inuçlohexanone rnd substupent conversion of the 

&/.21.9212xanone p-carbox-enenl-lh drazone to 6-earbox 

1:2;3:4-tetrahydrocarbazole. 

Condensation was finally achieved by heating 

equimolecular proportions of cyclohexanone and 

p-hydrazinobenzoic acid together, at first kjently 

over a small flame ( to avoid decomposition of the 

acid before reaction with cyclohexanone could 

occur ), then more strongly until a uniform melt 

Was obtaied On cooling the mixture, al lasey 

solid was obtained which was zround up before 

further treatment. 

m.p.(without recrystallisation ) 226-230 °C. 

lit. q.p. 236°C. 

A mixed m.p. with a sample of the p-hydrazinobenzoic 

acid gave a large depreseion, showing that 

condensation had indeed occurred. 
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The powdered hydrazone was at once heated with ten 

times its weight of sulphuric acid ( 1:5 by volume - 

compare previous experiments in which 19 sulphuric 

acid used for cyclisation ) in vihich it dissolved. 

The solution, on further heatin4 became milky and 

finally deposited a fine precipitate of the 6-carboxy- 

1:2:3:4-tetrahydrocarbazolc. It was crystallised 

once from aqueous ethyl alcohol (charcoal) giving 

almost colourless plates m.p. 268-272°C. 

Collar and Plant (j.1926, 803) obtained 6-carboxy- 

tetrahydrocarbazole as colourless plates from 

aqueous ethyl alcohol , m.p. 282°C. 

3rd st,7e : Action of Cbloranil_on 6-crbo.u- 

1:2:3:4-tetrahirdrocarbazole: 

6-carboxy-1:23:4-tetrahydrocarbazole (0.3 gm.) was 

refluxed with chlorandl (0.69 gm.) in 15 c.c. of 

sulphur-free xylene for 24 hours. From the 

subsequent treatment of this experiment, it was 

apparent that the 3-,carboxycerbazole is even more 

insoluble in xylene than is tetrachlorohydroouinone, 

as much of the acid, appeared in the first 

precipitate obtained on cooling the reflux mixture 

(proved by colour test and m.p.). The xylene 

liquor on evaporation deposited t. mixture of the 

remainder of the Acid, and a large proportion of 

the tetrachlorohydroquinone. It was therefore 

obvious that the oxidatior,wi h chloranil had been 

successful, and had not affected the -00011 group. 

The / 
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The main difticulty lay in obtaining the corbazole 

acid free from tetrachlorohydroquinone ( compare 

previous experiments in which tetraclorohydro- 

(auinone was removed by basic extraction ). 

Two methods are possible :- 

(1) At the end of the reflux period, distil of 

most of the xylene, arid so precipitate 

completely a mixture of the cerbazole acid and 

tetrachlorohydroluinone. Dis.solve tr,e mixture 

in NaO, and pass in carbon dioxide to 

reprecipitate the carbazole acid. 

(2) Prepare (e.;.) the ethyl ester of tae 

totrahydrocarbazole-carboxylic acid and oxidise 

it viitb chloranil, thus obtaining the ethyl 

ester of Vie carbazole acid, and this would be 

insoluble in N'a0E. The usual method of 

separation by basic extrTction would he possible, 

and hydrolysis of the ester would readily 

yield the free carbazole acid. 

Method (2) was chosen and found to be 

highly satisfactory. 

117221aration of the ethyl ester of 6-carlhay- 

1:2:3:4-tetrah drocarbazole. 

6-carboxy-1:2:3:4-tetrahydrocarbazole 

(4 gm.) was esterified by refluxing for 4 hours 

with 4-0 c.c. ethyl alcohol and 2 c.c. conc. 

sulphuric acid. The ester was precipitated by 

neutralising with dilute r-lueous ammonia ; it was 

recryetallised / 
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recnctallised once from aqueous ethyl alcohol, 

then extracted with li,ht petroleum (80-10000.), 

hot filtered from a snail amount of tarry residue, 

end allowed to crysttlli2e from the light petroleut. 

m.p. 114-116°C. 

lit. m.p. 119°C. Yield . 2.3 L.m.(50:). 

Action of Chloranil on the ethyl etiter of 6-carbou= 

1:2:3:4 tetrahydrocarbazole. 

CH 

_ Gannon' i in f, 

cH2 iene 

Ns/ 
NY 

44 ce0C2115- 
3 

The reflux period wa., 18 hours, after which p. 

quantitative yield of tetrachlorohydroquinone was 

recovered, and the ethyl ester of carpazole-3- 

crboxylic acid obtained in good yield. After one 

crystallisation from a mixturei6f benzene and light 

petroleum, it crystallised in fine needle-pris-v:. 

m.p. 156-158°C. lit. m.p. 165°C. 

hy.lrolysis of the ethyl ester of carbazole-3-carbox 1ic 

acid: hydrolysis was achieved by refluxing the 

ester (0.35 gm.) for 2 hours with 10 c.c. of &A NaOH' 

and 10 c.c. ethyl alcohol. The solution was diluted 

with water, and acidified with dilate hydrochloric 

acid, yielding 0.3 gm.(100/;) of a white precipitate 

of the acid. m.p. 266°C. Colourless plates from glacial 

acetic acid m.p. 272-274°C. lit.m.p. 276-278°C. 

Colour test:with conc.H2504 4- 1 drop conc.Hfl03: 

carbazole 3-carboxylic acid aid its ethyl ester both 

give an intense blue-green colour. 
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XA(Prtintion of carbazole-i-carboxilic acid. 

1st staiya:preppration of o-cerboxyphenv1hydrazine. 

( o-hydrazinobenzoic acid ) . 

The o-hldrezinobenzoic acid wes prepared 

exactly as the para-acid. It crystallised in 

colourless needles and pinte'..i (hot water) m.p.24C'-244°C. 

lit. m.p. 249°C. 

2nd tae: condenatio o o-hldmizinobenzoic acid 

with cyclohexanone and f,tu3lasauent_a211RaIion to 

8-carboxv-1:2:3:4-tetrahydrocarbazole. 

An attempt to condense the o-hydrazinobenzoic 

acid with cyclohexaaone by gently heating the 

reactants toether, showed that in this case 

condensation would not readily occur by this method, 

and the following method was found to be very 

successful :- 

The acid ( 1, t.) was dissolved in 50 c.c. hot water, 

and to the hot solution cyclohexanone (0.65 gm.) 

was added ; at once, the mixture became milky and, 

on shaking, deposited a.yellow precipitate of fine 

needles in good yield. m.p. 154-156°C. It 

crystallised from benzene in very fine, pale 

yellow needles. m.p. 159-160°0 with decomposition. 

lit. m.p. 162°C. 

4 dm. of cyclohexanone o-cerboxyphenyl- 

hydrezone ( obtained in the same way ) were 

warmed gently with 20 c.c.conc. -7.Aphuric acid and 

30 c.c.water. The hydrazone dissolved, and on 

warming / 
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warming gently and shaking the solution for R very 

short tie, 29 ,_;?-1. of crdde tetrahydro-co,npound 

were obteined. The 8--;:arboxy-L.2:3:4-tetrahydro - 

cari)azole cryl,tallised from benzene in small prisms . 

m.p. 200-202°C. lit. m.p. 203°C. 

Yield = 2 gm.(pure) 55. 

Preparation of the ethyl ester of 8-ca322EL71:2:3:4- 

tetrahTdrocartaole. 

The tetrahydrocarbazols ( 2 gm.) was refluxed with 

20 c.c. alcohol end 1 c.c. conc. sulphuric pcid for 

5 hours; the ester was precipitated by the addition 

of very dilute aqueous ammonia, giving lonE.,, clean 

white needles m.p.72-74°C. on crystallisation 

from dilute alcohol, m.p. 74-75°C. 

lit. m.p.76°C. Yield = 1.4 _A.(62%) 

Actiol of ChlozTnil on the ethyl ester of 8-carboxy- 

1:2014-tetrahvdrocarbszole. 

The ester ( s;m.) was refluxed for 24 

hours witn chloranil (2.02 ;m.) iq 15 c.c. sulphur- 

free xylene. Tatrachlorohydroquinone was recovered 

in quantitative yield, and the ethyl ester of 

carbazole-l-carboxylic acid obtailed in clusters of 

colourless needles in 75;,= yield. After one 

crystallisation from methyl alcohol (charcoal), it 

was obtained es colourless needles and prisms. 

m.p. 106-1C7°;. 

lit. m.p. 1066-% 

Analysis fd. O = 74.8 H = 5.30. 

C151113NO2 requires C = ; h = 5.48 A. 
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Hydrolysis of the ester of carbazole- car22ali c acid. 

Hydrolysis was carried out exactly as 

described for the hydrolysis of the ethyl ester 

of carbazole-3-carboxylic acid, again resulting 

in a 1001L yield of the free acid. m.p.(crude) 264°C. 

The acid was recrystall_ised from glacial acetic 

acid (charcoal), yielding small colourless prisms. 

m.p. 268-270°C. 

lit. m.p. 270-271°0. 

Colour test:with conc.a 
2 
80 

4 
+ 1 drop conc.ilLO: 

carbazole-l-carboxylic acid gives an intense blue- 

green colour. 

XV Preparation of 1-natrocarba7oie 

C-nitrophenylhydrazine was prepared by 

the method of Davies (J.C.i.,1922, 121, 717) already 

mentioned ( see p.12 ) - reduction of o-nitrobenzene- 

diazonium chloride by sodium sulphite solution. The 

yield, however,was only 25, due to the production 

of' an insoluble by-product, formed possibly by 

incomplete reduction of the diazonium salt to the 

hydrazine. The crude o-nitrophenylhydrazine 

:.(olted at 82°C., but a small sample which crystallised 

from benzene in deep-red needles, melted at 90°C.(lit.). 

Orange-brown plates ( m.p.74°C. - lit.) of 

cyclohexanone o-aitrophenylnydrazone were readily 

obtained by condensing the o-nitropnenylhydrazine 

with cyclohexanone in alcoholic solution. The 

nydrazone; 
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hydrazone iliesolved in dilute sulphuric acid 

(1:9) and after refluxing the solution for about 

hours, crystals began to separate from the 

brown solution , and on cooling thorougly, 

&n. orange-brown precipitate of 8-nitro-1:2:3:4- 

tetrahydrocarbazole was obtained, which crystallised 

in yellow-brown plates from glacial acetic acid, 

m.p. 146-148°C. lit. m.p. 14-149°C. 

Action of Chloranil on '-ni ro-1:2:3:4-tetrahydro- 

carbazole. 
cg, 

2" (Moroni? 

C111 

boilin / y ri 

NH CW N62. 'Ng 
NO 

8 nitro-1:2:3:4-tetrahydrocarbazole (0.47 gm.) was 

refluxed for GA hours with chloranil (1.03 gm.) in 

13 c.c. sulphur-free xylene. Prom the mixture, on 

cooling, e 50 yield of 1-litrocarbezole was 

obtained along with a corresponding amount of 

tetrachlorohydroquinone. Tae xylene filtrate, 

after basic extraction which removed unchanged 

chloranil as the sodium salt of chloranilic acid, 

gave crystals, which after crystallisation from 

glacial, acetic acid (charcoal), melted at 145-14- 3°., 

and were therefore unchanged 8-nitrotetrahydro- 

cerbazole. 

The 1-nitrocerbazole, obtained in 50/, yield by the 

oxidation with chloranil, crystallised from alcohol 

in yellow-brown needles m.p. 185-167°C. 

lit. m.p. 187°C. 
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The yield of 50¡4 would undoubtedly be increased to 

at least 80;4 by allowing a longer period of reflux 

wita chlorenil es is shown by the result of 

experiment XY/ ( see p.52) in which an 85 , 

yield of 3-nitrocarbazole was obtained after 

24-hour reflux of 6-nitro-1:2:3:4-tetrehydrocarbazole 

with chloreail. 

Colour test : with cone.119S021, 1-nitrocerbazole 

gives s blue-black colour, changing quickly to 

greenish-brown, and on addition of e drop of conc. 

HLO3 the colour becomes pale yellowish-;reen. 

XV/ 2222211ration ofj-nitrocarbazole. 

13-nitrohenylnydrazine ( B.D.H.) readily 

condensed in alcoholic solution with cyclohexanone 

to give cyclohexanone p-rdtrophenyihydrazone in 

good yield . Yellow needles m.p. l45-147°. 

lit. m.p. 146-147°C. 

The hydrazone was refluxed for about three hours 

on the water-bath with dilute sulphuric acid (1:9 by 

volume ) yielding 6-nitro-1;2:3:4-tetranydro- 

carbazole, which, after t',o crystallisations from 

alcohol (charcoal) gave orange-brown prisms. 

m.p.174 . °C (lit.). 

Action of Chloranil on G-nitro-1:2:3:4-tetrahvdro- 

carbazole. 

CH, 

CAloran; i 

boiling 
XylenC. 
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The period of reflux was 24 nours , after which 

time 80A of the tetracnlorohydroquinone was 

recovered, and 85i, of crude 3-nitrocarbazole 

isolated. The latter, after one crystallisatioa 

from xylene, ,.valted at 203-206°C. ( lit.m.p. 213°0.). 

It was confir;aed by mixed m.p. with a specimen 

of 3-nitrocarbazo1e already prepared by nitration 

of carbazole in glacial acetic acid ( 6iersch, Ber., 

1909, 42, 3797 ). No depression was observed. 

Colour test ; with conc.H204 4. I drop conc. IINO3 

3-nitrocarbazole gives a brilliant red colour with 

sulphuric acid, and on addition of i drop of 

nitric acid, the red changes to the typical intense 

blue-green colour shown by carbazole and its 

derivatives. 

XVII Preparation of 2-nitrocarbazple and 4 ni.rocarbazole. 

As has already been explained ( see p.20), 

the cyclisation of meta-substituted phenylhydrazones 

of cyclohexanone may be expected to yield e. mixture 

of 5- and 7- substituted tetrahydrocarbazoles 
now- 

By treatment of cyclohexanone m-phenylhydrazone, it 
A 

was hoped to prepare a mixture of 5- and 7- nitro- 

1:2;3:4-tetrahydrocarbazoles . flowever, when 

m-nitrophenyihydrozilLe nydrochlori3e was condensed 

with cyclolexanwie in presence of sodium acetate, 

and the hydrazone so obtained treated with dilute 

,Julphuric acid ( 1:9 by volume ), t'o.) sole product 

was / 
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was a compound which crystallised from methyl 

alcohol in compact prisms, m.p. 154-155°C. No 

amount of crystallisation raised the m.p. further, 

and the product was always obtained as compact 

prisms. ( Plant, J.1936, 899 , gives the m.p. 

as 151-152°C.). It was therefore suspected that 

by sulphuric acid treatment of cyclohexanone 

m-nitrophenylhydrazone , a molecular compound of 

5-nitrotetrahydrocarbazole and 7-nitrotetrahydro- 

carbazole had been formed : it was decided to 

attempt to " break up " the molecular compound, 

and so isolate the two isomers by chromatographic 

separation. 

Chromatographic Seai¡.2tion of 5- anc 1T-nitro- 

tatohydruarbazoles. 

The compound ( 3.2 gm.) was dissolved in 300 c.c. 

of cold benzene and chromatographed 

(alumina, 30X inch). The 

A 
chromatogram was developed with 

50 c.c. benzene followed by a 3:1 

mixture of benzene and light 
a 

petroleum ( 100-120°C.), and soon 

separated into two distinct bands, 

A- dark orange, and B - bright orange-yellow. 

Band " B " was washed down the column, and 

fourteen 50 c.c. portions of yellow eluate were 

collected, by which time most of band " B " had been 

washed through. Each portion of eluate was 

evaporated / 
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evaporated to about 5 c.c. and allowed to crystallise, 

yielding orange-red elongated prisms. m.p. 155-156°C. 

Mixed m.p. with the original molecular compound 

(154-155°C) : 142-143°C mainly but a few remaining 

crystals melt up to 150°C. The yield of 

nitrotetrahydrocarbazole obtained from these 

fourteen portions of eluate was 1.2 gm. This must 

be 5-nitrotetrahydrocarbazole as 7-nitrotetrahydro- 

carbazole melts at 172°C. ( Plant , J.1936, 899). 

Band " A ' and the remainder of band " B " 

were cut and extracted with alcohol . From " B ", 

by evaporation of the alcoholic extract, was 

obtained 0.08 gm. of crystals which, after one 

crystallisation from light petroleum (100-120°C.) 

melted at 152-153°C., and did not depress a sample 

of the above 1.2 gin., and was therefore also 

5-nitrotetrahydrocarbazole. 

Band " A " was quite uniform 

down to the "break line ", 

after which came a 3" band ' 

with " B " on the outside and 

" A " in a tubular channel as 

shown in the diagram alongside. 

This section of the column was therefore cut at 

- "break I. 

the " break lin " and the upper portion extracted 

several times with ethyl alcohol, the combined 

extracts evaporated to about 50 c.c. then 50 c.c. 

warm water added, and the mixture cooled thoroughly, 

yielding / 
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yielding 1.19 gm. of yellow crystals. m.p. 16â-172°C. 

The 3" " mixed band " (containing both A and J ) 

was extracted several times with ethyl alcohol, 

evaporated, and 0.33 gm. crystals rn.p. 159-162°C. 

precipitated by warm water This precipitate 

was rechromatographed ( alumina, 4x inch) 

-d readily separated into 2 bands, A, and 

. Ai, after extraction and precipitation 

as described above yielded the hiz;her- 

melting yellow isomer - 0.21 6m. The total yield 

of this isomer, 7-nitro-1:2:3:4-tetra!iyrocarbazole, 

was therefore 1.40 gm., and the m.p. on 

recrystallisation (alcohol) was 171-172°C. 

31, on siinilr treatment yielded 0.12 gm. of 

orange crystals al.p. 155-156°C ( light petroleum, 

100-120°C.). The total yield of 5-nitro-1:2:3:4- 

tetrahydrocarbazole wa,therefore, also 1.40 T1. 

Consequently, an 88;-L recovery from the chromatoram 

has been attained Plant ( J.1936, 899) gives 

the ratio of 5-1-iitrotetra4drocarbazole to 7-nitro- 

tetrahyarocarbazole as 2:1 . 

Anal sis of 5-nitrotetran:drocarbazole 

fd. j = 66,336; H m 5-75/ ; N ' 

C 12- u 12 0 2 2 
N requires C = 66.63-)6;H = d.6; = 

A, 

8, 



(a) Action of_Chloranil on 7-nitro-1:2:3:4-tetr9.- 

hydrocarbzole. ( m.p. 170-172°C.). 

7-,kitro-1:2:3:4-tetrahydrocar6azole (O.48 gm.) 

was refluxed for 16 hours witn chloranil ( 1.u9 6m.) 

in 14 c.c. sulphur-free xylene . After the 

usual treatment at the end of the reflux period, c 

75/, recovery of tetrachlorohydroquinone was 

attained rno at least 60: of 2-nitrocarbazole was 

isolated After two recrystallisations from 

benzene (cnarcoal), it crystallised as bright 

yellow glistening plates and prisms. m.p. 165-166°C. 

A mixed m.p. with 7-nitrotetranyerocarbazole (172°C.) 

showed a depression of at least 20°C. therefore 

the product of oxidation is indeed 2-nitrocarbazole. 

iiztaijsis of 2-n1trocarbazo1e 

fd. (1) C = 66.7 ; E = 3.79 ; N = 

fd. (2) after a further recrystallisation 

C = 67.0 ; H = 4.16 

H.O,W requires C = 67.9% ; H = ; = 13.2/, . 

12 8 2 

Colour test : with conc.H 
2 
30 

4 
4- 1 drop conc. MO, t 

2-nitrocarbazole gives an intense blue-green colour. 

(b) Action of Chloraail on 5-nitro-1:2:3:4-tetra- 

_ 

h drocarbazole. ( m.p.155-156 
0 

J.). 

5-nitro-1:2:3:4-tetrahydrocarbazole (0.47 6..) 

was refluxed for 24 hour- Pith chloranil ( 1.08 gm.) 

in 13 c.c. 1pnur-free xylene. By the usual 

treatment / 
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treatment, 80 ' the tetrachlorohydroquinone was recovered 

pnd 65, of 4-nitrocarbazole isolated ( m.p.175-17cCa). 

on recrystallisation from benzene ( charcol-twice) 

4-nitrocarbazole crystallised as orange prisms 

qi.p.179-180°J ; mixed m.p. with 5-nitrotetrahydro- 

carbazole ( 155-150C.) ,,;a.ve e considerable 

deoression showing that 4-nitrocarbazole had 

indeed been obtained by the oxidation . 

AnaLLILL_o_f_A-nitrocarbazolet( m.p.179-180°C.): 

Íd. (1) 0 . 66.7 ; H = 3.71 = 12a9;.. 

fd. (2) after a further recrystallisation: 

O = 67.4/ = 4.12/ . 

C12H802112 requires = 67.V ; h = 3.8/, ; N = 13.2/, 

221pur test: with conc.H 4. 1 drop conc.HNO ° 

2' 4 3 

4-nitrocarbazole 6ives an intense blue-reen colour. 

XVH/Alternative Preparation of 2-litrocarbazo1e. 

Iitration of hexahydrocarbazole by the 

method of Gurney, Perkin. and Plant ( j.1927,130 1320) 

produces 7-nitronexanydrocarbazole. It was decided 

to prepare this compound and oxidise it with 

chloranil in boiling xylene to 2-nitrocarbazole. 

2s2plaration of 7-nitroilexahvdroc-rbazole: 

10 ,Lo. of nexahydrocarbazole ( prepared as already 

described - see p. 35 ) were dissolved in 100 c.c. 

concentrated sulphuric acid and treated gradually 

with 5.8 gm. of powdered potassium nitrate, 

maintaining / 
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maintaining the temperature at°3 C. The mixture 

was allowed to stand for 15 minutes, poured onto 

ice, and made alkaline with concentrated ammonia 

( maintaining at %w® by the addition of ice ). An 

oily product was thus obtained which after a time 

solidified . it was purified by repeated 

extraction with ethyl alcohol, followed by the 

addition of warm water to the combined extracts 

until a slightly turbid warm solution was obtained . 

On cooling the solution, 7 8m. of yellow needles of 

7-nitronexahydrocarbazole were obtained. m.p. 

Action of Ohloranil on 7-nitronex.Lhzdroc;arbazole. 

1 Lolecular proportion of 7-nitrohexanydro- 

oarbazole was refluxed for 19 hours in xylene with 

3 molecular proportions of chloranil . 85$ of the 

tetrachlorohydro.juinone was recovered and a 75, 

yield of crude 2-nitrocarbazole, -ri.p.156-159°C. 

isolated . After two recrysta1li2r,tions from benzene, 

it melted at 164-166°0., and gave no depression 

with a. sample of 2-nitrocarbazole obtrAned by 

oxidation of 7-nitro-1:24-tetrahydrocarbazole 

( experiment XV/f - see p. 56) . 

Analysis fd. = 66.1/4 ; H = 3.53)t . 

Ci2h802N2 requires 0 = 67.9% ; H . 3.8 . ( crop. 56). 

In this oxidation a very small amount (about 2,,) of a 

very insoluble, hih-melting b3-product was isolated; 

as in other cases, it was not further investigated. 
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X/X Alternative Pre aration of 2- and 4-nitrocarbazole. 

Oxidation of the molecular compound 

( m.p.154-155°C.) of 5- and 7-nitro-1:2:3:4-tetra- 

hydrocarbazoles with chloranil in boiling xylene 

should yield a product consisting of a mixture of 

2- and 4-nitrocarbazoles, which should be 

separable by chromatographic adsorption in the same 

way as the 5- and 7-nitrotetrahydrocarbazoles. 

It was decided to attempt to prepare 2- and 4-nitro- 

carbazoles by this method, and compare them with 

the products obtained in experiment XV(!. 

The molecular compound of 5- and 7-nitro- 

tetrahydrocarbazoles ( 2.31 gm.) was refluxed for 

25 hours with chloranil ( 5.25 gm.) in 50 c.c. 

sulphur-free xylene. By the usual treatment , e 

96/ recovery of tetrachlorohydroquinone was 

achieved, and a 60./t yield of a very clean, orange 

oxidation product , m.p.132-133°C , was obtained. 

1.14 sm. of this product were dissolved in 100 c.c. 

cold benzene and chromatographed ( alumina, 154 inch.). 

The chromatogram was developed by washing first 

with benzene then with a 3:1 mixture of 

benzene and light petroleum (100-120°C.), 111 

P good separation of two distinct 

bands, "A" - dark orange, and "B" - 

light orange-yellow, as shown in the diagram above. 

After 300 c.c. elution agent had been added t most 

of / 
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of band "B" had washed through, so the chromatogram 

was drained and cut® 

(1). The eluate containing most of "13" on evaporation 

eave 0.31 ffl' orange crystals, which, after two 

recrystallisations from benzene, melted at 179-180°0., 

and showed no depression with 4-nitrocarbazole 

obtained by chloravil oxidation of 5-nitro-1:2:3z4- 

tetrahydrocarbazole, and wts, therefore, also 

4-nitrocarbazole. 

anplvsis _ : fd. C = 67.4'S H = 4.13'S . =..A._,.... 

C128022 requires C = 6(.0 ; H = 3.8 S . ( see p.57). 

(2). The remainder of "13" was obtained by extracting 

the remainder of band "B" with methyl alcohol, 

adding warm water to the warm alcoholic solution, 

and thoroughly cooling the mixture, .vielain,x 

0.02 gm. precipitate, mop. 179-180°C. This was 

also 4-nitrocarbazole . 

(3). The portion of the column between the bands 

and "B" was also extracted with alcohol, and 

0.21 gm of yellow-orange precipitate, m.p.150-170°C.9 

was precipitated with water. It was assumed that 

this fraction was still a mixture of the two 

isomers, but it was not re-chromatographed. 

(4). Band "A" was extracted with methyl alcohol, 

the combined extracts evaporated to about 50 c.c. 

and 50 c.c warm water added. On coolinz the mixture, 

0.49 gm. of precipitate was obtained. After three 

recrystallisations / 
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recrystallisations from benzene (oh;;rcoal) it melted 

pt 165-166°C. and gave no depression sith 

2-nitrocarbzole obtained (a) by oxidction of 

7-nitrohexehydrocErbazole ( see p. 58); and (b) by 

oxidation of 7-aitrotetrahydrocarbazo1e see p.56). 

Band "L" therefore contained 2-nitroc2rbazole 

Analy.L4E N. C = 66.0: H = 4.16/, . 

requires C = 67.9;6 H = 3.8A . al2118°22 

pIReeaaanLalL after a further crystallisation 

from alcohol : 

fd. C = 66. = 3.53% 
- 

1:lecoglEl_of isomers : 0.33 gm. of 4-nitrocarbazole. 

0.49 gm. of 2-nitrocarbazole. 

4- 0.21 gm., m.p. l5Oi70°C. ( a 

mixture f)f 2- end 4- nitrocarbazoles; but probably 

mainly 4-nitro 'erbazole ). 

Total recovery = 1.03 gm. (90A. 

Two small-scale experimente carried out in this 

laboratory ( by Dr. Campbell) support the evidence 

obtained in the previous experiments to )(0(0 

(1). 4 of 5-nitro-1:2-3:4-tetral carbazole, 

:Xd\TT/0/ 

ra,p.155-156°C. ( from chromatograph ) 4 mg. 

7-nitro-1:2:3:4-tetrahpirocarbazo1es m.p.171-172°C. 

( from chromatograph) were dissolved in the minimum 

of hot alcohol. On cooling the solutio-1, 6 mg. of 

crystals; m.p. 154-156°C. were obtained . No 

depression of m.p. wrs obtained with the original 

compound / 



compound prepared by cyclisation of cyclohexanone 

m-nitrophenylhydrazone but a depression was 

given with each isomer ---5-nitro and 7-nit,.o- 

tetrahydrocarbazole Therefore in cyclisation 

of cyclohexanone m-nitrophenyihydrazone p a 

rao ecular 22Epaand is formed. 

(2) On nitration of k-acetyltetrahydrocarbazole, 

7-nitro-K-acetyltetrahydrocarbazole is obtained 

( Plant, J.1936, 899). On hydrolysis with iaOki j" 

507L alcohol, 7-nitro-1,2:3:4-tetrahydrocarbazole 

was obtained. It cp-,.e no depression with 7-nitro-. 

12:3:4-tetrahydrocarbazole obtained from the 

chromatographic separation ( see p.53). 

Colour Tests of Nitrocarbazole. 

Compound conc.H,6 i drop conc.h03 

1-nitrocarbazo/e. 

2-nit rocarbazole 
(from. hexahydro- 
carbazole. ) 

2-nitrocarbazole 
(from tetrahydro- 
carbazole). 

3-nitrocarbazole. 
4-nitrocarbazole. 

blue-black: to 
greenish-brown 

nil 

nil 

brilliant red 
nil 

pele yellow-;reen 

intense blue-green 

intense blue-L;reen 

intense blue-green 
intense blue-green 

I- , 2- , 3- , and 4-nitrocarbazoles give a bright 

red colour with methyl alcoholic LOH. 
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lk)te : The xylene solutions containing the various 

products of oxidation of the substituted tetrahydro- 

carbazoles with chloranil varied in colour from 

light amber to purple, and without exception 

showed a strong fluorescence (generally purple ) in 

Ultra-violet lint . The intensity of the 

fluorescence appeared to be increased when the 

xylene solutions were washed with 4 KOFI solution 

to remove tetrachlorohydroquinone formed in the 

oxidation. 

9-Substituted-Tetrahvdrocarbazoles. 

At one stage in the course of the research, 

it was decided to investigate the action of chloranil 

on 9-substituted-tetrahydrocarbasoles, as it was 

felt that the oxidation of substituted tetrahydro- 

carbazoles might proceed even more smoothly, if the 

9- position was also substituted. For example, the 

possibility of 9:91 dicarbazyl formation would be 

;irecluded With this aim in view , several 

attempts were made to prepare 9-substituted-tetrahydro- 

carbazoles without much success . 

(1) ';;hen an attempt was made to acetylate tetrahydro- 

carbazole by dissolving tetrahydrocarbazole in acetone 

and 66.;1, a.,¡ueous KOH , and treating the solution with 

acetyl chloride ( method. of Stevens andTuoker, J01923, 

123, 2143 , for preparation of N-derivatives of 

carbazole / 
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carbazole tqad 3-nitrocarbazole), tetrahydrocar1a2ole 

was recovered unchanged, as shown by and 

mixed m.p. with an authentic sample. 

( 2) All attempted preparation of ii-benzoyitetrahydro- 

carhazole by the same Tethod was also unsuccessful. 

(3) Two attempts to prepare N-methyltetrahydro- 

carbazole by the same method (J.1923, 123, 2147) 

resulted in unchanged tetrahydrocarbazole. 

(4) An attempt to acetylate tetrahydrocarbazole by 

refluxing for one hour with acetic anhydride ( method 

lied by Moggridge and Plant, j.1937,1127 for 

acetylation of 7-chloro-1:2:3:4-tetrahydrocarbazole ) 

again resulted in unchanged. tetrahydrocarbazole. 

A further attempt at acetylation using a mixture of 

acetic anhydride and acetyl chloride did actually 

produce colourless prisms m.p. 73-74oj.(alcohol). 

This was assumed to be 9-acety1-1:2:3:4-tetranydro- 

carbazole ( lit.m.p. 77°0.). The result of refluxing 

this compound with chloranil for 6 hours in boiling 

xylene was not at all satisfactory, as a very 

complex mixture resulted, from which tetrachloro- 

hydroquinone was only recovered with difficulty 

along with ',iome unchanged chloranil, and a high- 

melting very insoluble product wAich gives a darli7 

blue-green colour with conc.H2304 conc.BN:03. 

(5) It was decided then. to attempt to repeat the 

preparation of limLeaLc2112e by the method of 

Dunlop / 
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Dunlop and Tucker ( J.C.3. 1939, 1956 ). 

Unchan6ed carbazole was obtained by this method 9 

perhaps due to the fact that in the experimental 

in3tructions no mention is made of copper bronze, 

whereas the presence of a trace of copper bronze 

recommended in the introductory discuosion ( SPMe 

reference, p.I948 ). 

The only N-substituted-tetrahydrocarbazole 

prepared successfully was N-phenyitetrahydrocarbazole, 

which was very satisfactorily oxidised to N-phenyl- 

carbazule by chloranil in boiling xylene ( see 

experiment PI ;;e 41) . The N-pnenyltetrahydro- 

carbazole was not prepared, however, by arylation 

of tetrahydrocarbazole , but by reduction of 

nitrosodiphenylamine with zinc dust and acetic acid 

in presence of cyclohexanone. 
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TABLE OF EXPERIMENTAL RESULTS. 

Compound. 
xperiment 

and 
Page No. 

Yield by chloranil 
oxidation of 

corresponding tetra 
hydrocarbazole. 

N 

1 

, , 
"',.,'°\."'' N. 

AIN 

Expt.j 
p. 12. 

71A yield - 18 
hour reflux. 
m.p. 198-9°C. 
lit. m.p. 199°C. 

8, 

Expt.5 
p. 17. 

87 yield - 21.5 / 
fl hour reflux. 

m.p. 111-2°C. 
, 

NH 

.045.1 '/N------- \N, , , 

q 

1 1 
2-,ar 

,,,/, 
NH 

i:;xpt./11 

p. 20. 
85/ yield - 24 
hour reflux. 
m.p. 250-1°3. 

[ 
, / NN,V\N 

NH 

B r. 

I 

Expt.7,7 
p. 20. 

81/ yield of 
mixture of 2-Eind 

4-bromocarbazoles 
56/ yield of 4- 
bromocarbazole by 
chromatographic 
separation . 

m.p. 104-5°C. 

p. 25. 
50A yield - 24 
hour reflux. 
m.p. 199-200°C. 
lit.m.p. 201.5°C. 

1 

N,,/ \NZ 
NH 

,0-...- 

e , 

I 1 

N V 
NH CI 

1 

i 

Ì 

Expt. N-17 

p. 26. 
90A yield - 24 
hour reflux. 
m.p. 109-110°C. 
lit. m.p. 125°C. 
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C! 

4 
'h r-n.eme 

1 FnN N4/' 
NN C! 

Expt.i-, 

p. 28. 
75h yield - 11 
hour reflux. 
m.p. 90-92°C. 

-- 

- 
. . 

iVK CN3 

Expt. 
p . . 30 

70% yield - 18 
hour reflux. 
m. p. 114°C. 
lit.m.p. 120.5°C. 

'.,,,'°, 
NH 

3 CN3 

,r` 

úx t . 1 /lr 

p.31. 
5U/, yield - 18 

hour reflux . 

m. p. 199-202°0. 
lit. m.p. 203°C. 

i 

-. 

1 

z K3 
° ,% o.' / 

NA' 

Expt. 
p. 33 . 

Good yield - 18 
hour reflux. 

' 

259°C.(lit.). 

°:, ` 
, '" 

NH 

Expt.X 
p. 34. 

(a).Quantitative 
yield from, tetra- 
hydrocarbazole - 
24 hour reflux. 
(b) .70; yield fron 
hexahydrocarbazole 
- 1 hour reflux. 
(6.83'f yield fron 
dihydrocarbazole - 

24 hour reflux. 
m.p. 244-246°C. 
lit. m.p. 246°C. 

, 3UCxNS 
CIY'N vn 

TNN7" 
NK 

Expt.V 
p. 38. 

,`Z 
yield - 1 hour 

reflux. 
!n. p.105-106° C. 
lit. rn. p. 106-107°C 
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il 

- 
N 
I 

C6115- 

, 

N 

'4 , 

Expt.gW 
41. 

96/, yield - 24 
hour reflux. 
m.p.87-89°C. 
lit. m.p.94-95°C. 

"N, 

,,-/' , 
- 

NH 

,,' 
, 

r'' N 
3 1 

N," 

COOH 

Expt.T6-( 

p. 42, 
Good yield of ethy 
ester of acid - 24 
hour reflux. 
Hydrolysis to acicl, 

100,% 
M.P. 272"'274°C. 
lit.m.p.276-278°C. 

Aw 

i 

caw 

Expt.vv 

p. 46:- 

i 

75,Z yield of ethyl 
ester of acid - 24 
hour reflux. 
Hydrolysis to acid 

m.p. 268-270°C. 
lit..o.p.270-271°C. 

NH 

dA 

NO, 

L'xpt. Tt 

p. 49. 
50,4 yield after 6.' 
hour reflux. 
m.p. 186 -187°C. 
lit.m.p. 187°C. 

Expt. 
P. 51. 

85,X, yield - 24 
hour reflux. 
m.p. 203-206.0. 
lit. m.p. 213°C. 

,- 

NI4 

r 
NN 

,-, , , 

, 21 

Expt.xv# 
p. 52. 

At least 60A yield. 
18 hour reflux. 
m.p. 165-166°C. 

Nil 

No, 

Expt.v" 
p.52. 

65/0 yield - 24 
hour reflux. 
m.p. 179-180°C. 
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Expt, xviu 

P. 57. 
75/6 yield - 19 
hour reflux. 
m.p. 164-166°C. 

Afo, 

Nff 

Expt. Xix 

P. 59. 
At least 60A7 
yield of oxidation 
product, m.p.132-3°C. 
(mixture of 2- and 
4-nitrocarbazoles. 

90; recovery in 
chromatographic 
separation, and 
50-50 yield of each 
isomer obtained. 
2-nitrocarbazole- 
m.p.165-166°C. 
4-nitrocarbazole- 
m.p.179- 1x30 °C. 
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DISCUSION OF EXPERIAENTAL RE'eUITS. 

By the low temperature dehydrogenation of 

substituted tetrahydrocarbazoles with chloranil in 

boiling xylene, many mono-substituted carbazoles of 

different types have been prepared. in good yield - 

some of them for the first time. The various 

oxidising agents previously employed have been found 

suitable in certain cases, but no reagent had been 

found which was of general applicability . For 

example, Borsche's method of passing the substituted 

tetrahydrocarbazole over lead oxide ( Ann.1908, 359,49) 

was successful in the case of methyl-tetrahydro- 

cerbazoles, but wes useless for halogen- or nitro- 

derivatives . Similarly, although dehydrogenation 

with sulphur and quinoline can be applied to halogen- 

compounds, it is not suitable for nitro- or carboxy- 

oompounde - when Perkin and Plant ( J.1923, 123, 676) 

tried to obtain 3-nitrocarbazole by sulphur 

dehydrogenation of 6-nitro-1:2:3:4-tetrahydrocarbazole 

they obtained a black resin, and C0002115 was removed 

from 9-carbethoxy-tetrahydrocarbazole resulting in 

carbazole itself in 23e; yield . The only advantage 

of the sulphur-quinolin.e oxidation, in ceses where it 

is applicable, is the short time required - generally 

about hour ; as can be seen from the experimental 

section , most dehydrogenations with chloranil in 

boiling xylene require about 24 hours reflux, although 

there are exceptions. However, this small 

disadvantage / 



disadvantage is completely outweighed by the fact 

that chloranil ie of nera1ap1icabj4fl , as has 

been shown by the preparation of haloeno-, nitro-, 

methyl-, ethoxy-, and h-substituted derivatives, and 

in yields which are much higher than have previously 

been obtained. by any other oxidation method. loreover, 

the comparatively low temperature et which the 

dehydro6enation is carried. out is decidedly 

advantageous, as it is known, for example, that at the 

high temperatures necessary for selenium dehydrogenations, 

thermal arrangements tend to occur. From the 

commercial point of view, the chloranil dehydrogenation 

process is very satisfactory, since the tetrachloro- 

hydroquinone is always recovered in good yield and 

can be reconverted quantitatively to chloranil by 

oxidation with nitric acid. ( Arnold, Collins, and 

Zenk, j.A.C.S.1940, 62, 963.). 

Most of the discussion arising from the 

experimental section concerns the dehydrogenation. 

process, but as other points arise in the case of the 

preparation of certain derivatives, each experiment 

will flow be dealt with in turn, and it is hoped by 

this means to show the superiority of the chloranil 

method over other dehydrogenetion methods for the 

preparation of substituted cerbazoles from the 

corresponding tetrahydrocarbazoles. 

Ex eriment 12. Preearetion of 3-bromocarbazole. 

There are two standard methods for the preparation of 

3-bromocarbazole / 
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3-bromocarbazole - (a) by saponification of 9-acetyl- 

3-bromocarbazole, which in turn is prepared from 

bromination of 9-acetylcarbazole, and (b) treatment 

of carbazole-3-diazonium bromide with copper . The 

yields are not good however, and in particular by 

method (b), the yield is small as carbazole itself is 

also produced. However, by chloranil oxidation of 

6-bromo-l:2:3:4-tetrahydrocarbazole, at least a 70;4 

yield of 3-bromocarbazole has been obtained . 

( Perkin and Plant obtained a 20;q; yield by a sulphur 

dehydrogenation of 6-bromo-1:2:3:4-tetrahydrocarbazole 

- J.1923, 123, 676.). The tetrahydro-compound was 

readily prepared in very good yield by condensation of 

p-bromophenylhydrazine with cyclonexanone, although 

ssmples of B.D.H. p-bromophenylhydrazine hydrochloride 

which had been kept for some time were found. to be 

useless for this purpose. Preparation of the 

p-bro.mopnenylhydrazine required for this condensation 

at first presented some difficulty until the method 

of Billow was tried. BiAow recommends the presence 

of a large excess of concentrated hydrochloric acid 

in the diazotisation of the corresponding halogeno- 

amine with sodium nitrite, to prevent formation of 

aminoazo by-products. The tin double salt of the 

halogeno-phenylhydrszine, obtained by reduction of the 

diazo-compound with stannous chloride solution, was, 

rather surprisingly, readily decomposed by 2N NaOI-i. 

By this method a very clean sample of bromophenyl- 

hydrazine / 
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phenylhydrazine was obtained in good yield, and, es 

has been shown in the experimental section, the 

method was found to be equally suitable( with slight 

'modification ) for the preparation of carboxyphenyl- 

hydrazines and ethoxyphenylhydrazine. 

The period of reflux necessary for 

complete dehydrogenation was found by testing a few 

drops of the reflux mixture at intervals for 

unchanged chloranil with sodium hydroxide . In the 

case of the halogeno-tetrahydrocarbazoles, the period 

of reflux was generally from 18 to 24 hours, after 

which time the tetrachlorohydroeuinone was usually 

recovered in almost quantitative yield indicating 

that a good yield of oxidation product might 

reasonably. be expected. 

As has already been mentioned in the 

experimental section, a small amount of a high-melting 

very insoluble by-product was isolated in the 

oxidation of 6-bromo-1:2:3:4-tetrahydrocarbazole. 

This might correspond to 6:6-dibromo-3:3-dicarbazyl, 

1 

as 3:3-dicarbazyl is known to be high-melting and 

exceedingly insoluble in the usual organic solvents. 

( Tucker, J.1926, 3033). Moreover, 3:3*-dicarbazyl 

gives an inky-blue colour with conc.H 
2 
SO 

4 
+ 1 drop of 

conc.HNO3 , as does the by-product isolated above. 

The very small quantity isolated did not merit 

further investigation during the course of the 

research. It is interesting to note, however, that 

chloranil 
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chloranil in boiling xylene did not affect carbazole 

itself in any way. 

Experiment Preparation of 1-bromocarbazole. 

The only reference to 1-bromocarbazole to be 

found was in Chemisches Zentral-Blatt,1931,2, 2215, 

where a patent is given. for the preparation of 

1-chloro, 1-bromo-, and 1-iodocarbazole by removal of 

-SO 
3 
H q.,roups from 1-bromocarbazole-3:603-trisulphonic 

acid etc. £o W.P. or yield is given for the 1-bromo- 

carbazole. However, by oxidation of 8-bromo-1:2:3:4- 

tetrahydrocarbazole with chloranil in boiling xylene, 

an 87 , yield of 1-bromocarbazole ( m.p. 111-112°C.) 

has been achieved. The 8-bromotetrahydrocarbazole 

could not be induced to crystallise, and was always 

obtained as a heavy viscous oil. 

1412Ela9EILR112. Preparation of 2- and 4-bromo- 

carbazoles. These two isomers, which complete the 

list of mono-bromocarbaoles, have not previously 

been prepared, although the corresponding tetrahydro- 

carbazoles are listed. ( Plant and Wilson, J.1939, 237). 

Crystalline 7-bromo-1:2:3:4-tetrahydrocarbezole was 

readily obtained from the cyclisation of cyclohexanone 

m-bromophenylhydrazone, and gave an 85;1, yield of 

2-bromocarbazole ( m.p.250-251°C.) after a 24 hour 

reflux with chloranil in xylene. When the alcoholic 

filtrate after crystallisation of the 7-bromotetra- 

hydrocarbazole was evaporated, the oily residue was 

expected to contain 5-bromo-1:2:3:4-tetrahydrocarbazole. 

However, / 
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However, when the oily residue was oxidised with 

chloranil, no sign of any isomer other than 2-bromo- 

carbazole was evident. The whole process Was repeated 

and care taken to remove as much 7-bromotetrahirdro- 

carbazole as possible (assuming that a 1:1 ratio of 

5- and 7-bromotetrahydrocarbazole was formed in the 

cyclisation). The oily residue so obtained was 

treated with chioranil giving a total yield of 81i, 

oxidation. product. 10;4 of this was 2-bromocaibazole 

which readily crystallised from the xylene, and the 

xylene filtrate on chromatographing yielded at least 

56;4 of pure 4-bromocarbazole m.p. 104-105°O. 

Experiment !_!! , p.25. Preparation of 3-chlorocarbazole. 

Borsche's attempt to prepare 3-chlorocarbazole 

by leading the 6-chloro-l: 2:3:4-tetrahydrocarbazole 

over lead oxide was unsuccessful, the halogen being 

eliminated and carbazole obtained. Chlorine is also 

removed when halogenotetrahydrocarbazoles are 

dehydrogenated with palladised charcoal in an 

atmosphere of hydrogen. ( doggridge and Plant, J. 

1937, 1125.). So far, the best method of preparing 

3-chlorocarbazole has been according to the general 

method ( see p. 3) of Ullmann ( Ann,1904, 332.,'96 ) 

by distillation of the corresponding triazole, 

resulting in a good yield of the chlorocarbazole. 

By dehydrogenation of 6-chloro-1:2:3:4-tetrahydro- 

cerbazole, readily prepared in good yield by the 

usual / 
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usual condensation. and cyclisation processes, with 

chloranil in xylene at least a 50.i yield of pure 

3-chlorocarbazole has now been obtained. 

Experiment Y.1_126. Preparation of 1-chlorocarbazole. 

The only reference given in connection with 

1-cblorocarbazole is that already noted ( see p.74) 

in Chem.Zentr.1931, 2, 2215. The m.p. quoted for 

1-chlorocarbazole is 125 °C. By dehydroenation of 

8-chloro-1:2:3:4-tetrahydrocarbazole with chlornril 

in xylene a 9O yield of 1-chlorocarbaolo was 

obtained. However, even after repeated recrystallisation 

from methyl alcohol, the M.D. could not be raised 

above 109-110°C. 

LIE1112111..ILIEL22. Preparation of 1:4-dichlorocarbazole. 

This compound has not previously been listed. 

It was obtained in at least 75 yield by dehydrogenation 

of 5:8-dichloro-1:2:3:4-tetrahydrocarbazole . The 

difficult step in this synthesis was the cyclisation 

of the cyclohexanone 2:5-dichlorophenylhydrazone, and 

in the course of the research, several alternative 

cyclisation processes were attempted ; finally it was 

shown that the usual treatment with dilute sulphuric 

acid (1:9 by volume) was as satisfactory as any other 

reagent which was tried, although the tetrahydro- 

carbazole so obtained required considerable 

purification. 

Experiment p.30. Preparation of 1-methylparbazole. 

1-Methylcarbazole was prepared by Ullmann 

by / 
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by distillation of the corresponding benztriazole 

carboxylic acid with quicklime. The yield,however, 

was not good. Dehydroenation of 8-methyl-i:2:3:4- 

tetrahydrocarbazole with chloranil in xylene has now 

afforded a .method of preparing 1-methy1crbazole in 

.t't least 70g yitild. The 8-methyltetrahydrocarbazole, 

hich had not previously been listed, was readily 

obtained by the usual condensation and cyclisation 

processes. The analysis of the picrate of the 

tetrahydro-compound produced a high result for 

nitroeen. This was not unexpected as the picrate 

was observed to decompose ; a higher proportion of 

picric acid might therefore have been present in the 

sample analysed. 

a221:1Lymt_t_p. 31. Pre aration of 3-methIlcarbazole. 

3-methylcarbazole has previously been 

prepared by two dehydrogenation processes : (a) by 

distilling 6-methyl-1:2:3:4-tetrahydrocarba2,ole over 

lcad oxide, liort,;che( Ann.1908, 359, 77) obtained 

3-methyloarbazole in about 50/. yield; (b) Oakeshott 

and Plant (J .1-.)26, 1212) dehydrogenated 6-methyl- 

tetrahydrocerbazole by sulphur in quinoline, but no 

yield of 3-methylcareazole is Quoted. Ullmann 

reporteS an 34/. yield of the compound by distillation 

over quickli-as of the corresponding benztriazole 

carboxylic acid. Dehydrogenation of 6-methyl- 

tetrahydrocarbazole witIn chloranil in boiling xylene 

has now resulted in Pt least a 50 yield of the 3- 

qlethylc7 rbazole. 
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Preearation of 2-meth lcarbazole. 

Although two products were to be expected 

from condensation of m-methylcyclohexanone and 

pieenylhydrazine , followed by cyclisation only 

one product was isolated. It yielded 2-methyl- 

carbazole in good yield by dehydrogenation with 

chloranil in boiling xylene. Borsche ( Ann.1909, 

3'J9, 75) had obtained the compound in 40X yield by 

distilling the tetrahydro-compound over leed oxide. 

The analysis of the 2-methylcarbazole obtained by 

chloranil dehydrogenation wao not very satisfactory 

( see p.34 ), Lilt the m.p.'s of the compound and of 

its picrate agreed with thoee given in the litereture. 

Exppriment, T 34. ,aration of carbazole. 

Carbazole has been prepared from tetrahydro- 

carbazole by several different dehydroeenation 

processes. eorsche obtained it by his usual method 

of leading the tetrahydro-compound over lead oxide, 

but he quotes no yield. Perkin and Plant (J.1921, 

119, 1825) found that potassium permanganate would 

not oxidise tetrahydrocarbazole, but they did obtain 

carbazole (in very small yield) by treetin 

tetrahydrocarbazole witn mercuric oxide in glacial 

acetic acid at 85°C. for a. few minutes. Later, the 

same authors (J.1923,1231 676) atteieed a 30: yield 

of carbazole by dehydrogenation with sulphur in 

quinoline. More recently (J.1939, 872), Oulland 

and. / 
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and Cooker, using a 2% aqueous solution of 

palladous chloride, recorded a 91.; yield by 

dehydro8enation of tetrahydrocarbazole. Their 

yield, however, is calculated on the basis of the 

weight of palladium deposited and not on the amount 

of oxidation product isolated. Moreover, the method 

is obviously unsuitable for substances insoluble or 

spEirinly soluble in water. 

Carbazole has now been obtained by 

dehydrogenation by chloranil in boiling xylene of 

dihydrocarbazole, tetrahydrocarbazole, and 

hexahydrocarbazole. 
CH, 

1"1 

L. 

In no case was the yield less than 70'.; of pure 

carbazole, and this was obtained from hexahydro- 

carbazole after only 14 hours reflux with chloranil. 

This was somewhat unexpected as a 24 hour reflux was 

necessary for both dihydrocarbazole and tetrahydro- 

carbazole. It would seem to indicate that in the 

case of hexahydrocarbazole the reduced bond of the 

pyrrole part of the molecule is attacked immediately, 

and that once the oxidation has started, completion 

is attained very rapidly. This synthetic preparation 

of carbazole is, therefore, highly recommendable, as 

hexahydrocarbazole is readily obtained in good 

yield by reduction of tetrahydrocarbazole. 

In the chromatographic purification of dihydrocarbazole, 

it/ 
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lt was mther surprising to find that only portions 

of eluate giving a blue-green colour with conc. H 
2 
SO 

4 

i drop of conc. HNO3 yielded dihydrocarbazole on 

evaporation Aoreover, the intensity of the colour 

was such as to preclude the possibility of it being 

due solely to a trace of carbazole not separated from 

the dihydrocarbazole by chromatographing. 

Although the nitrogen analysis of the 

trinitrobenzene compound of dihydrocarbazole was 

excellent, the hydrogen figure for dihydrocarbazole 

itself was disappointingly unsatisfactory. The 

following are the theoretical carbon and hydrogen 

figures for carbazole, dihydrocarbazole, and 

tetrahydrocarbazole 

. 

The result of the analysis of the dihydro- 

carbazole, purified by twice chromatographing, 

followed by twice recrystallising from glacial 

acetic acid was : C = 84.9, ; H = 5.78 

The result for carbon agrees reasonably well with the 

theoretical figure for dihydrocarbazole . The 

hydrogen figure - the more important in such a case - 

would seem to indicate, however,that the dibydro- 

carbazole had not been completely freed from 

contaminating carbazole. On the other hand, the 

experimental facts, (1) that exactly one molecular 

proportion / 

Carbazole C = 86.19/: ; H = 5.43 

Dihydrocarbazole : 0 = 85.16;4 ; H = 6.64%. 

Tetrahydrocarbazole z 0 = 84.16/0 ; H = 7.66. 
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proportion or chloranil was sufficient to oxidise 

the dihArocarbazole, and (2) that no unchanged 

chloranil was found after completion of the oxidation 

as would have been the case if there had been an 

appreciable amount of carbazole in the dihydrocarbazole 

oppose the suggestion that the discrepancy in the 

hydro-en figure above is due to the presence of 

carbazole. Moreover, these facts rule out the 

possibility advanced by ::,chmidt and Schell (Ber.1907, 

40, 3229) from consideration of their analysis 

figures for the compound -- 0= 85.41; H = 5.96% -- 

that it was a molecular compound of carbazole and 

dicarbazole. Finally, the picrate and. trinitrobenzene 

compound prepared ( see p.37 ) from the dihydrocarbazole 

are quite different from those of carbazole , and the 

discrepancy in the hydrogen figure for the 

dihydrocarbazole remains unexplained. 

Exp.mtment_p_...2t. Preparation of 3-ethoxicarbazole. 

3-Ethoxycarbazole was only obtained in poor 

yield by Ruff and Stein ( Ber.l90l, 34, 1683) from 

3-aminoearbazole, hoshino end Tekiura ( Bull.Chem. 

Soc.Japan, 1936, 218) prepared it in 8(,), yield 'by 

dehydrogenation of 6-ethoxy-1:2:3:4-tetrahydrocaxbnzole 

using palladium black and cinnamic acid. The 

disadvantages of this method are that catalytic 

methods are sometimes capricious and the preparation 

of the catalyst is often a lon and tedioae process. 

Dehydrogenation by chloranil in boilin xytene hes 

flow / 
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has now yielded 3-ethoxycnrbazole in 90% yield. In 

this onset only a short period of reflux ( 1 hour ) 

was found to be necessary. In fact, with longer 

periods of reflux a very sticky product was obtained 

which was exceedingly difficult to purify. The 

experimental modifications made to Hoshino end 

Tekiura's method of preparing the p-ethoxyphenyl- 

hydrazine have already been discussed ( see pp.38-39). 

1:1Teri'nent p.41. atparation of 9-phenylcarbazole. 

Hager ( Organic Synthesis, Vol 7-, p.532, 

note 13 ) reports an 88% yield of 9-phenylcarbazole 

by treating cerbezole with iodobenzene and anhydrous 

potassium carbonate. Tucker and Dunlop (J.1939, 1949 

introduce a trace of copper bronze in the above 

method, but only report a 65% yield of the compound. 

9-Phenylcarbazole has now been obteined in 95% yield 

by denydrogenation of 9-phenyltetrehydrocarbazole 

with chloranil in boiling xylene . This was an 

exceedingly clean oxidation, the expected products 

being readily obtained et the end of the reflux 

period. lOreover, there was no trace of any high- 

meltin insoluble by-product as had been noted in 

several other chloranil dehydro6enations ; this 

might indicate that some of the hiLh meitirg 

by-products might be substituted N:Nielicerbazyls, 

although N:NLdicarbazyl itself is quite a soluble 

compound with a reasonable í.p. ( the poeeibility 

of substituted 3:31dicarbezyls has already been 

discussed - f-e;, p. 73 ). This led to attempts to 

prepare / 



prepare other 9-ub3tituted -tetrahydrocarbazoles, 

and the unsatisfactory results obtained in this 

direction have already been fully discussed ( see 

pp. 63-65 ). 

Experiment xL.2. Q.42. Preparation of crbazole-3- 

carboxylic acid. Bulow' methodfor- preparing 

halogeno-phenylnydrazines was found to be readily 

applicable to carboxy-phenyihydrazines with the 

slight modification of procedure mentioned in the 

experimental section ( see p.42.). As has also been 

described, it has been proved that dehydrogenation 

with chloranil in xylene Joe e not remove the -00011 

group. However, for purposes of separation from 

tetrachlorohydroquinone, it is advantageous to carry 

out the dehydrogenation on an ester of the cerboxy- 

tetrahydrocarbazole from which the free acid is 

readily obtained by hydrolysis . By this means 

pure carbazole-3-carboxylic Acid has been prepared 

in good yield. Previously, Plant and ifliams ( d. 

1934, 1142) prepared the acid by fusion of 3-acetyl- 

carbezole with ROB, but the purification involved 

formation of the ethyl ester followed by saponification 

to the acid. Moggridge and Plant (J.1937, 1125 ) 

reported the dehydrogenation of methyl-carbazole-6- 

carboewlate in good yield on heating for 5 hours at 
0 

280 O. with palladised chercoel thoun the same 

treatment removes a free -00011 group. 
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Experiment xry , p.46. Prel2aration of cpT_-bazie1s-1- 

carboxylic acid. Cerbozole-l-carboxylic .cid was 

first prepared by the action of carbon dioxide or 

potasaium oarbazole at 270°C. In order to prove that 

tha acid prepared thus was actually th e 1-carboxylic 

acid, Briscoe and Plant (J.1928,1990 ) oxidiaed 

tetrahydrocerbazole-8-carboxylic acid by refluxing 

for 12 hours with sulphur in quinoline. The acid so 

obtained required considerable pnrification, involving 

formation of the methyl ester, and hydrolysis again to 

the free carbazole-l-carboxylic ecid. No yield is 

quoted. 1:oggride an Plant (J.1937, 1125) 

dehydrogenated the methyl ester of tetrahydrocarbazole- 

-8-carboxdlic acid in quantitptive yield with 

palladised charcoal in an atmosphere of hydrogen 

at 300-320°C for 14 hours. Tetrahydrocarbazole-d- 

carboxylic acid itself on tnis treatment gave 

carbazole. The ethyl ester of tetrahydrocarbazole-8- 

carboxylic acid hps now been denydrogenated in 75/, 

yield by enloranil in boiling xylene, and -me free 

acid readily obtained in 1.00 yield by hydrolysis. 

oeri2iE'1t p.4. PrelatEati2n of 1 nitrocarbazole. 

1-Nitrocarbazole can be prepnred by the 

chromatographic separetion of the products obtained 

by the direct nitration of carbazole, but the yield 

is small ( 'idersch,Ber.1909, 42, 3797 ; Morgan and 

Mitchell, J.1931, 3283 ; Tucker 8nd Co-workers, J. 

1942, 500 ). Tucker and co-workers ( J.1942, 500) 

also / 
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also obtained an id; of 1-nitrocarbazole by 

conversion of 7-nitro-l-phenyl-1:2:3:benztriazole by 

the Graeoe-Ullmann method, and e 38;4 yield of the 

compound by decarboxylation with quinoline and 

copper bronze of 1-nitro-carbazole-3:6-dicarboxylic 

acid in a synthesis from 3:6-bistrichloroacetyl- 

carbazule. 

This very important carbazole derivative 

has now been obtained by dehydrogenation of 8-nitro- 

1:2:3:4-tetrahydrocarbazole with chloranil in boiling 

xylene ( 61; hour reflux ) in 50;4 yield. As has been 

shown by later experiments, this yield would almost 

certainly be increased considerably by allowing a 

loner period of reflux. 

Experiment xo 2..51. Preparation of 3-nitro carbazole. 

Although there is already a very 
s. 

setisiactory method for the preparation of 3-nitro- 

carbazole by direct nitration of carbazole (Ziersch, 

Ber.1909,42, 3797), the method of obtaining it by 

chlorenil dehydrogenation of 6-nitro-1:2:3:4-tetra- 

hydrocarbazole affords a useful alternative since it 

is synthetic and therefore independent of carbazole. 

Perkin and Plant tried to dehydrogenete the 

tetrahydrocompound by sulphur in quinoline but 

obtained a black resin. By chlorenil dehydrogenation 

an 85% yield of 3-nitrocarbazole has now been 

obtained. ( 24 hour reflux ). 



-86- 

Experiment xv2i_1.52. Prepartion of 2- and 4-nitro- 

carbazoles. 2- and 4-itrocnrbazo1ee have not 

previously been prepared, although the corresponding 

tetrahydrocarbazoles have been investigated. Perkin 

and Plant (ti.1921, 119, 1825) claimed that the 

compound (m.p.1546C.),obtained by cyclisation of 

cyclohexanone m-nitrophenylhydrazone was 7-ritro- 

1:2:5:4-tetrahydrocarbazole. Later, Collar and Plant 

(J.1926, 808) stressed the fact that only one isomer 

is obtained by cyclisation of cyclohexanone m-nitro- 

phenyThydrazone, in contrast to the two acids they 

obtained by cyclisation of cyclohexanone m-carboxy- 

phenylhydrazone . More recently, Plant (J. 1936, 899) 

reported that actually a mixture ( m.p.151-152°C.) 

of 5- and 7-nitrotetrahydrocarbazoles is formed from 

cyclohexanone m-nitrophenylhydrazone, as i to be 

expected . He claimed that a 2:1 ratio of 5- and 7- 

isomera was formed, a1thow4h the experimental section 

of his paper does not show clearly how he arrived at 

this 2:1 ratio. The 7-nitrotetrahydrocarbazole was 

identified by a reduction method, but Plant never 

isolated 5-nitrotetrahydrocarbazole. 

It has now been proved that when cyclohexanone 

m-nitrophenylhydrazone is cyclised a molecular 

compound is formed, m.p. 154-155°C. This molecular 

compound was found to be readily broken up into the 

two isomers, in 1:1 rulo 7-nitro-1:2:3:4-tetra- 

hydrocanbazole m.p.171-2c,., aíd 5-nitro-1:2:3:4- 

tetrahidrochrbazoie / 
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tetrahydrocarbazole el.p.155-156°C. This latter 

i,omer was confirmed by mixed P.D. with . the orif!inal 

molecular compound, and by analysis. Each of the 

isomeric tetrahydrocarbazoles readily provides e good 

yield of the corresponding nitrocarbezole by chlorenil 

dehydrogenation, thus complettng the series of 

mono-nitrocarbazoles. 

Experiment wet, 0.57. Alternative preparetion of 

2-hitrocerbazole. It was hoped that 7-eitrohexahydro- 

cerbazole, readily prepared by nitration of hexebydro- 

carbazole with potassium nitrate in concentrated 

sulphuric acid, would yield 2-nitrocarbazole after a 

mueh shorter period of reflux with chloranil ( cf. 

expt. X (b) ) . However it was found that the longer 

reflux required for nitrotetrahydrocerbazoles was 

also necessary here. 

jxerirnenti-1 p.59. Alternative preEáLtIlue of 

2- and 4- nitrocarbazoles. 2- and 4-Nitroearbazoles 

were prepared by reversings the order of procedure 

adopted in experiment xv,t. That is, the 'molecular 

compound' was first dehydrogenated with cnloranil in 

good yield, and then the product was chrometogrephed, 

yielding 2- and 4-nitrocarbazoles in approximately 

1:1 ratio. 
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Analysis Fires of Aitrocarbazolee. 

Compound Experiment Nvo Experiment ii .,:xberimentee,f! 

C H N 0 li C H 

?-nitro 0 667 3.77 T.3J 66 / 3 5-3 d6.,0 .76 

carbszole (2) 7.0 416 g 3 . T3* 

4-nitro (1) 66. 7 3. 71 
/2 C74 k./3 

carbazole.0 674 4./2 

The theoretical figures nre 

C = 67.9 ; ; H e 3W; ; j = 13.2j . 

The first analyses of 2- and 4- nitrocareazoles 

obtained in exptd(w/resulted in unsatisfactory figures 

for carbon, although the figures for hydrogen and 

nitrogen are excellent . hepetition after further 

crystallisation did not improve the analyses to any 

considerable extent. In fact , all the figures found 

for 2-nitrocarbazole are unsatisfactory although 

rn.p.'s of the various samples obtained by different 

procedures were quite eherp, and ,gave no depression 

with each other. In only one case was a residue 

found( analysis of 2-nitrocarbazole obtained by 

chromatographing followirg dehydrogenation ). 

It is quite impossible at this stage to say whether 

the unsatisfactory analyses are due to remainine 

impurities or whetner tneee compounds require extra 

careful combustion treatment, and further investieation 

(including analyses of nitrocarbazoles obtained by 

other methods ) is to be carried out before a 

decision can be :teche. 
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EiUA:MARY 

(1) . The application. of the method of ch1orani.l 

dehydrogenation to substituted tetrahydrocarbazoles, 

as well as to dihydrocarbazoie, hexahydrocarbazoLe, 

and to e substituted hexahydrocarba oIe, here been 

worked out, and hae led to the succeeef'.,;il preparation 

many examples cf various types of substituted 

carbazole ole . The list of carbazole der.ivetives so 

prepared includes several important compounds Which 

have never before been obtained, and all the 

.mono - bromo and mono-- ni.trocerbazo1e .re now Noted. 

(2) . Boreche had already proved the wide scope of 

the app1icetion of the Fischer indole synthesis to 

the preparation of substituted tetra.hydrocarbazoles, 

b1Át no dehydrogenation agent could be found 

suitable for all cases, i.e. a reagent which had no 

effect on all the possible substituent groups, e.g. 

halogen -, nitro-, carboxy -, etc. , ete. In the course 

of this research, the suitability of chlorenil 

dehydrogenation ns in all cases bae been. proved, and 

during the discussion of experimental results, the 

superiority of chloranii over other dehydrogenation 

agents has been pointed out. The one aisadvanta ge 

of this reagent - long perio: of reflux generally 

required - is certainly outweighed by its wide 

applicability and by the good yields of products 

obtained. 

(3) :Drin; the investigations on the use of this 

dehydrogenation / 

so 
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dehydrogenation reagent, improved methods of 

preparation of the intermediate stages in the 

substituted tetrahydrocarbazole synthesis were 

introduced, and especially in the preparation of the 

substituted phenylbydrazines necessary for the 

.,3ynthese3. 

All these improvements add to the 

efficiency of this highly satisfactory method of 

obtailling cnrbazole derivatives - by chloranil 

dehydroeenation of substituted tetrahydrocerbazoles. 
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