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By STEPHEN HELLICAR OAKESHOTT and SYDNEY GLENN 
PRESTON PLANT. 

THE reactions observed with tetrahydrocarbazole and its 9-acyl 
derivafives, especially those with nitric acid which involve the 
addition of OH and NO, or OH and OH to the double linkage 
(Perkin and Plant, J., 1921, 119, 1825; 1923, 123, 676), made it 
probable that the investigation of 7 : 8 ; 9 : 10-tetrahydro-ccp- 
naphthacarbazole (I) and 8 : 9 : 10 : ll-tetrahydro-a’.’F’-naphtha- 
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carbazole (11) along similar lines would present many interesting 
points. 

(111.) 

These two compounds (named Al@)-tetrahydrobenzo-a- and 
- p-naphthindole) have already been prepared by Borsche, Witte, 
and Bothe (Annalen, 1908, 359, 64) from cyclohexanone-cc- and 
- p-naphthylhydrazone respectively, and these authors have estab- 
lished the constitution of (I) by oxidising it to ccp-naphthacarbazole 
with lead oxide. There could be no reasonable doubt concerning 
the structure of (11), but it has now been confirmed by dehydro- 
genation with sulphur to dp’-naphthacarbazole, thus disposing of 
the alternative pp-naphthacarbazole skeleton (1x1). 

Attempts to acetylate 7 : 8 : 9 : LO-tetrahydro-ccp-naphthacarb- 
azole directly with acetic anhydride failed, but the action of acetyl 
chloride on magnesium 11-7 : 8 : 9 : 10-tetrahydro-@-naphtha- 
carbazyl bromide yielded 11-acetyl-7 : 8 : 9 : 10-tetrahydro-ap- 
naphthacurbazoZe. The 11 -benxoyZ compound was similarly obtained. 
An investigation of the action of nitric acid on 7 : 8 : 9 : 10-tetra- 
hydro-ap-naphthacarbazole and its acetyl and benzoyl derivatives 
has yielded no crystalline substance, with the exception of a 
trinitro-derivative from the benzoyl compound. 

The action of hot acetic anhydride on 8 : 9 : 10 : ll-tetrahydro- 
a’p’-naphthacarbazole in the presence of a few drops of concen- 
trated sulphuric acid gives first 7-acetyl-8 : 9 : 10 : ll-tetrahydro- 
a’p’-naphthacarbazole, but a diacetyl derivative is soon formed in 
which one of the acetyl groups must be attached to carbon and the 
other to nitrogen. On boiling with aqueous-alcoholic potassium 
hydroxide, the acetyl group attached to nitrogen is removed with 
the production of C-monoacetyZ-8 : 9 : 10 : 11 -tetrahydro-u’p’-naphtha- 
carbazole, the nature of which is confirmed by the fact that it gives 
an oxime. The point of attachment of the C-acetyl group has not 
been determined. 7-Acetyl- and 7-benxoyl-8 : 9 : 10 : ll-tetrahydro- 
a‘ p’-naphthacarbazole can be most conveniently obtained by 
means of the Grignard reaction in processes similar to those used for 
the isomeric derivatives of ap-naphthacarbazole. From the product 
of the action of nitric acid in glacial acetic acid solution on each of 
these acyl derivatives of (11), a mononitro-derivative has been isolated, 
but from none of the ncyl derivatives studied in the naphthacarbezole 
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series have products formed by the addition of OH and NO, or OH 
and OH to the double linkage been isolated. It is not possible to 
state definitely that such reactions do not occur, since in many 
experiments a considerable portion of the product could not be 
crystallised nor its nature determined. 

Compounds (I) and (11) have been reduced to 7 : 8 : 9 : 10 : 14 : 15- 
hexahydro-ap-naphthacarbazole (IV) and 8 : 9 : 10 : 11 : 12 : 15- 
hexahy~ro--a'p'-na~hthacarbazole (V) respectively. Theoretically 

each of these hexahydro-derivatives should exist in two stereo- 
isomeric forms (cis- and trans-) analogous to the two forms of 
hexahydrocarbazole (Gurney, Perkin, and Plant, J., 1927, 2676), 
but the formation of the trans-modification in other than very small 
quantities in each case is not to be expected on account of the 
much greater strain in these configurations. Therefore the two 
hexahydronaphthacarbazoles here described almost certainly have 
the cis-configurations (IV and V). The former can be prepared by 
the electrolytic reduction of the corresponding tetrahydro-compound, 
but a similar method for (V) gave a very poor yield, hydriodic acid 
and phosphorus being used finally for the reduction. 

E x P E R I M E  N TAL. 

7 : 8 : 9 : 10-Tetrahydro--ap-naphthacarbaxole (I).--a-Naphthyl- 
hydrazine hydrochloride, prepared from a-naphthylamine (100 g . )  
by the method of Fischer (Annalen, 1886,232,236), was mixed with 
alcohol (1000 c.c.) and shaken for a short time at  50-60" with 
crystallised sodium acetate (80 g.) ; cyclohexanone (60 c.c.) was then 
added and, after 4 hour, the solution was diluted with water (2000 
c.c.). The hydrazone separated as a sticky mass which was washed 
with water and warmed with 1100 C.C. of 14% sulphuric acid (by 
vol.); the compound (I) then separated in good yield. It was 
recrystallised from glacial acetic acid and obtained in colourless 
needles, m. p. 139-140" (compare Borsche, Witte, and Bothe, 
Zoc. cit . ) .  It can also be obtained by boiling the alcoholic mixture 
of crude a-naphthylhydrazine hydrochloride, sodium acetate, and 
cyclohexanone. The product soon begins to separate, and can be 
isolated in a pure condition by adding an equal volume of water 
and cooling the mixture. Its picrate separates from benzene in 
very dark brown prisms, m. p. 172" (decomp.). All attempts to 
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nitrate the compound (I) in either acet)ic acid or sulphuric acid 
solution failed to yield any crystalline substance. 

Oxidation of '7 : 8 : 9 : 10-Tetrahydro-up-naphthacurbaxole.-A 
mixture of this compound (6.8 g.), sulphur (2 g.), and quinoline 
(20 c.c.) was boiled for 45 minutes, cooled, and poured into a mixture 
of ice and dilute hydrochloric acid. The sticky product was washed 
with dilute hydrochloric acid, dried, mixed with a little iron filings, 
and distilled. The M p - naphthacar bazole obtained cryst allised from 
benzene-petroleum in colourless needles, m. p. 225-226". It 
dissolved in concentrated sulphuric acid to give a yellow solution, 
which changed to a dark green on the addition of a drop of con- 
centrated nitric acid. There is no doubt that this product is 
identical with the up-naphthacarbazole previously described (com- 
pare, e.g., Japp and Maitland, J., 1903, 83, 267 ; Borsche, Witte, and 
Bothe, loc. cit. ; Bucherer and Schmidt, J .  pr. Chem., 1909, 79, 384). 

11 -Acetyl-7 : 8 : 9 : 10-tetrahydro-ccp-naphthacarbazo1e.-Nagnesium 
(4.8 g.) was dissolved in a mixture of ethyl bromide (16 c.c.) and 
ether (150 c.c.). When a solution of the compound (I) (25 8.) in 
dry ether was slowly added, a brisk evolution of ethane occurred 
and a dark oil separated. The mixture was treated gradually with 
acetyl chloride (15 c.c.), warmed on the water-bath for a few minutes, 
and then cautiously treated with ice and dilute hydrochloric acid. 
The whole was extracted with more ether, and the extract was 
washed with aqueous sodium carbonate and dried over potassium 
carbonate. After removal of the solvent, the residue was crystallised 
from glacial acetic acid or methyl alcohol, from which 11-acetyl- 
7 : 8 : 9 : 10-tetrahydro-up-naphthacarbazole separated in colourless 
needles, m. p. 125" (Found : N, 5.2. C,,H,,ON requires N, 5.3%). 
This acetyl derivative is slightly soluble in cold ether and alcohol, 
readily soluble in benzene, and practically insoluble in petroleum. 

11-Benxoyl-7 : 8 : 9 : 10-tetrahydro-up-naphthacarbazole was pre- 
pared similarly, benzoyl chloride being used in place of acetyl 
chloride. The crude product was a dark yellow syrup, which 
crystallised on treatment with glacial acetic acid, and after re, 
crystallisation from petroleum (b. p. 100-120") 11-benxoyl- 
7 m: 8 : 9 : lO-tetrah,ydro-ap-naphthacarbazole separated in short, 
yellow needles, m. p. 146-147" (Pound : N, 4-3. C,,Hl,ON 
requires N, 4.3%). 

When a solution of the benzoyl derivative (1 g.) in glacial acetic: 
acid (10 c.c.) a t  9.5" was treated with nitric acid (5 C.C. of d 1 4 ) ,  leftl 
a t  100" for 4 hour, and then kept over-night, trinitro-11-benxoyl- 
7 : 8 : 9 : 10-tetrahydro-ap-naphthacurbmole separated; after re- 
crystallisation from acetone, it was obtained in yellow needles, 
in. p. 255" (decornp.) (Pound : C, 60.8; H, 3.3; N, 12.2. C2?HI6O7N4 
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requires C, 60.0; H, 3-5; N, 12.2%). Attempts to control this 
reaction in order to isolate simpler products yielded no crystalline 
material. 

7 : 8 : 9 : 10 : 14 : 15-Hexahydro-ap-naphthacarbaxole.-A solution 
of the compound (I) (10 9.) in a mixture of sulphuric acid (100 C.C. 
of d 1.5) and alcohol (100 c.c.) a t  80" was submitted to  electrolytic 
reduction during 20 hours, lead electrodes and a current of 5 amps. 
(0.03 amp. per sq. cm. of cathode) being used. The mixture was 
diluted with water (300 c.c.), filtered, and made alkaline with con- 
centrated aqueous ammonia. Ether extracted an oil which solidified 
when left in contact with petroleum. On recrystallisation from a 
small quantity of methyl alcohol, 7 : 8 : 9 : 10 : 14 : 15-hexahydro- 
ap-naphthacarbaxole was obtained in colourless needles, m. p. 88" 
(Found : C, 86.2; H, 7.7. C,,H,,N requires C, 86.1; H, 7.6%). 
The base soon develops a mauve colour on exposure to the air, is 
readily soluble in ether with a blue fluorescence, and gives with 
mineral acids salts which are only slightly soluble in water. 

A solution of the base (2.2 g.) in glacial acetic acid (7 c.c.), after 
being treated with concentrated nitric acid (2 c.c., previously treated 
with urea nitrate) dissolved in acetic acid (3 c.c.), was diluted with 
water (10 c.c), and made alkaline with ammonia. Ether extracted 
a syrup which was crystallised from alcohol, dinitro- 
7 : 8 : 9 : 10 : 14 : 15-hexalzydro-ccp-nap~zthacarba~ole separating in 
small, yellow needles, m. p. 139-140' (Found : N, 13.6. C,,H1,O4N, 
requires N, 13.4%). 

11-Acetyl-7 : 8 : 9 : 10 : 14 : 15-hexahydro-ap-~phthacarbaxole.--8 
mixture of 7 : 8 : 9 : 10 : 14 : 15-hexahydro-a@-naphthacarbazole 
(2 g.) and acetic anhydride (10 c.c.) was boiled for 5 minutes, allowed 
t o  cool, diluted with water, and left over-night. The product 
crystallised from a small quantity of petroleum (b. p. 80-100") in 
long, colourless needles, m. p. 132" (Pound : N, 5.3. C,,H,,ON 
requires K, 5.3 o/o). 

11-Benzoyl-7 : 8 : 9 : 10 : 14 : 15-hexahydro-ccp-naphthacarbaxo1e.- 
The base (5 g.) was shaken with aqueous sodium hydroxide and 
benzoyl chloride (6 g.). The product separated as a crystalline 
mass and after recrystallisation from methyl alcohol was obtained 
in colourless needles, m. p. 148-149" (Found : N, 4.3. C,,H,,ON 
requires N, 4-3 %). 

8 : 9 : 10 : 11-Tetrahydro-a'p'-naphthacarbaxole (II).-This aub- 
stance was obtained by a process similar to that described for com- 
pound (I) but using p-naphthylhydrazine hydrochloride. It 
separated from glacial acetic acid in colourless prisms, m. p. 137" 
(Pound : C, 86-9; H, 7.0. Calc. : C, 86-9; H, 643%). Borsche, 
Wittje, and Bothc (loc. cit.) give the m. p. 152". When eqml 
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quantities of the compound (11) and picric acid were iuixed in hob 
alcohol, the solution filtered and allowed to cool, the picrate separated 
in black needles, m. p. 194" (decomp.). Attempts to nitrate the 
compound (11) yielded nothing crystalline. 

Oxidation of 8 : 9 : 10 : l l -Te trahydro-a 'p ' -?aap~t~carbazole . -~~i~  
was carried out as described on p. 1843. The semi-solid distillate 
was dissolved in toluene and the solution was dried over calcium 
chloride, filtered, and treated with a toluene solution of picric acid. 
The crimson picrate, m. p. 165-168", which separated was decom- 
posed by grinding with dilute aqueous sodium hydroxide, and the 
product was dried and recrystallised from benzene-petroleum ; 
n' p'-naphthacarbazole then separated in colourless plates, m. p. 
134-135" (Found : C, 88.7 ; H, 5.1. Calc. : C, 88.5 ; H, 5.1y0). 
The mixture with compound (11) melted completely below 110". 
u' p'-Naphthacarbazole, prepared in this way, dissolved in concen- 
trated sulphuric acid to give a yellowish-brown solution which 
turned yellowish-green on addition of a drop of concentrated nitric 
acid (compare Ullmann, Annalen, 1904, 332, lOS), and gave a 
picrate which separated from toluene in crimson plates, m. p. 175" 
(compare Japp and Maitland, Zoc. cit.). There can be no doubt, 
t'heref ore, that this product is identical with the a' p'-nayhthacarbazole 
previously described. The isomeric pp'-naphthacarbazole melts at  
330" (Graebe and Knecht, dnnalen, 1880,202,l). 

Acetyl Derivatives of 8 : 9 : 10 : ll-Tetrahydro-a'p'-naphthucarbazole. 
---Boiling acetic anhydride alone has no action on the compound 
(11). When, however, the substance (10 g.) was boiled for 45 
minutes with acetic anhydride (60 c.c.) containing a few drops of 
concentrated sulphuric acid, a dark green solid separated. After 
recrystallisation from glacial acetic acid containing some charcad, 
rz C - acetyl- 7 - acetyl- 8 : 9 : 10 : 11 - tetrahydro - alp' - naphthacurbaxole 
separated in greenish-yellow prisms, m. p. 185" (Found : C, 75.8; 
H, 6.2; N, 4.7. C2,H,,02N requires C, 78.7; H, 6.2; N, 4.6%). 
This discetyl derivative (4 g.) was heated on the water-bath for + hour with potassium hydroxide (8 g.) dissolved in aqueous alcohol, 
the alcohol distilled off, and the residue treated with water > C-acetyl- 
8 : 9 : 10 : l l - te t rahydro-a 'p ' -nap~t~~ca~baxole  then remained and 
after crystallisation from alcohol was obtained in yellow plates, 
m. p. 213" (Pound : N, 5.2. C,,H,,ON requires N, 5.3%). This 
regenerated the diacetyl compound (m. p. 185") when treated with 
acetic anhydride and a drop of concentrated sulphuric acid on the 
water-bath, and when boiled for an hour with an excess o€ hydroxyl- 
nmine hydrochloride and sodium acetate in alcohol, yielded an oxime 
which crystallised from aqueous alcohol in pale yellow plates, 
m. p. 213-216" (Found : N: 10.2. C,,H,,QN2 requires N, 10.lyo). 

3 P 2  
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When the compound (11) was warmed on the water-bath with 
acetic anhydride containing a few drops of concentrated sulphuric 
acid for 5 minutes only and the mixture cooled and diluted with 
water, the product, after crystallisation from alcohol and then from 
glacial acetic acid, yielded 7-acetyl-8 : 9 : 10 : 11-tetrahydro-a'p'- 
mphthacarbaxole in colourless plates, m. p. 162" (Found : N, 5.2. 
C,,H,,ON requires N, 5.3%). Owing to the readiness with which 
the diacetyl derivative (m. p. 185") is produced, it is, however, 
difficult to prepare 7-acetyl-8 : 9 : 10 : 11 -tetrahyro-a'p'-naphtha- 
carbazole in any quantity by this method, and a much more satis- 
factory process is to use the Grignard reagent as described above 
for the preparation of 11-acetyl-7 : 8 : 9 : lo-tetrahydro-ap-naphtha- 
carbazole. In this case the product was practically insoluble in 
either the ether or the aqueous layer, and was collected by filtration 
and recrystallised from glacial acetic acid. 7-Acetyl-8 : 9 : 10 : 11- 
tetrahydro-u'p'-naphthacarbazole was hydrolysed to the compound 
(11) on boiling its alcoholic solution with potassium hydroxide for 8 
hour, the product being obtained on diluting the solution with water. 

7-Acetyl-8 : 9 : 10 : 11-tetrahydro-a'p'-naphthacarbazole (6  g.), 
dissolved in glacial acetic acid (50 c.c.) at 95", was treated gradually 
with nitric acid (2 C.C. of d 1.4) in a little acetic acid. Almost 
immediately a yellow product (2.5 g.), melting indefinitely a t  about 
190", separated. It was collected after a few hours and crystallised 
from toluene and then from cyclohexanone. After further recrystal- 
lisation from cyclohexanone a mononitro-7-acetyl-8 : 9 : 10 : 11- 
tetrahydro-alp'-naphthacarbazole was obtained in bright yellow 
needles, m. p. 222" (Found : N, 9.0. C,,H,,O,N, requires N, 9.1%). 
It was evident that this is not the only product of this reaction, but 
efforts t o  isolate any other substance in a pure condition have so far 
been unsuccessful. 

7 - Benxoyl - 8 : 9 : 10 : 11 - tetrahydro - u'p' - mphthacarbaxo1e.-This 
derivative was obtained by a process similar to that described for 
the corresponding 11-benzoyl-7 : 8 : 9 : 10-tetrahydro-a@-naphtha- 
carbazole. After crystallisation from glacial acetic acid, it separated 
in clusters of yellowish prisms, M. p. 139" (Found : N, 4-3. C2,Hl9ON 
requires N, 4-37;). 

7-Benzoyl-8 : 9 : 10 : 11-tetrahydro-dp'-naphthacarbazole (2 g.) 
was dissolved in glacial acetic acid (40 c.c.) at 80" and treated with 
nitric acid (1-5 C.C. of d 1.5) in a little glacial acetic acid. The 
mixture was cooled and kept for some days and the product was then 
collected and crystallised from acetone, from which mononitro-7- 
benxoyl-8 : 9 : 10 : 11-tetrahydro-u'p'-mphthacarbaxole separated in 
yellow needles, m. p. 208-209" (Found : C, 74.8 ; H, 5.1. C,,H1,O,N, 
requires C, 74.6 ; H, 4.9%). 
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8 : 9 : 10 : 11 : 12 : 15-Hexahydro-ur~'-nuphthttcarbaxole.-A mix- 
ture of the compound (11) (10 g.), red phosphorus (7 g.), and hydriodic 
acid (70 C.C. of d 1.9) was boiled for 18 hours, cooled, made alkaline 
with aqueous sodium hydroxide, and extracted with ether. The 
extract was washed with water and dried over potassium carb- 
onate and then dry hydrogen chloride was passed into it. 
8 : 9 : 10 : 11 : 12 : 15-Hexahydro-a'~'-~phtha~rbazole hydrochloride 
separated ; after recrystallisation from hot water, it was obtained 
in small, buff-coloured prisms, m. p. 265" with sublimation (Found : 
C, 73.7; H, 7.0. C,,H1,N,HC1 requires C, 73.9; H, 6.9%). The 
base, liberated by treating the hydrochloride with aqueous sodium 
hydroxide and isolated by means of ether, was obtained only as a 
syrup, b. p. 198-202"/10 mni. 

7 - Acetyl- 8 : 9 : 10 : 11 : 12 : 15 - hexahydro - urpr -naphthacarbaxole 
was obtained by boiling the base with acetic anhydride for 5 minutes 
and then diluting the solution with water. It separated from dilute 
alcohol in colourless plates, m. p. 120" (Found : N, 5-2. C,,H,,ON 
requires N, 5.3 yo). 

7-Benxoyl-8 : 9 : 10 : 11 : 12 ; 15-hexahydro-~'p'-naphthacarbaxoEe.- 
A mixture of the base (2 g.) and benzoic anhydride (2.4 g.) was 
heated a t  150", cooled, dissolved in chloroform, washed with aqueous 
sodium carbonate, and dried over potassium carbonate ; the solvent 
was then removed and on crystallisation from petroleum (b. p. 60- 
80") the product was obtained in colourless prisms, m. p. 131" 
(Found : N, 4.3. C2,H,,0N requires N, 4.3%). 
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