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CCLXX.-Derivatives of +-Incloxylspirocyclohexane. 

PLANT. 
By RAYMOND LIVINGSTON BETTS and SYDNEY GLENN PRESTON 

IT has recently been shown that +-indoxylspirocycZohexane (I) and 
2/,-indoxyls~i?.ocyclopentane (II), although having many rea,ctions in 
common, differ in some respects (Betts, Muspratt, and Plant, J., 
1927, 1310), and it became clear that a study of some of the deriv- 
atives of the former would be interesting. By methods similar to  
those used in the synthesis of (I) we have now prepared 10-methyl-, 

8- methyl - , 4-met Jb yl- ,  and S : 10 - dimeth yl-$- imlo.7: ylspirocyclohexane , 
and have examined their reactions, The compounds (I) and (XI) 
are each nitrated, even by dilute nitric acid, with remarkable ease 
t o  give a nitro-derivative, which, in the case of (I), is believed to be 
lO-nitro-~-indoxyl~pirocycZohexanc. The methyl derivatives here 
described can all be nitrated with dilute nitric acid: the 
nitro-compounds form characteristic sodium derivatives in 
aqueous sodium hydroxide which are only sparingly soluble in cold 
water. The positions occupied by these nitro-groups are uncertain, 
but it seems probable that the 10-position is taken if possible, and 
the 8- if the former is not vacant. Attempts were made to reduce 
the nitro-group in some of these compounds with a view ultimately 
of introducing another substituent to give a substance which might 
be synthesised by methods similar to thoseused formaking +-indoxyl- 
apirocyclohexane, but the isolation of the corresponding amino- 
compounds has not been brought about. There can, however, be 
little doubt that these nitro-groups are in the benzenoid part of the 
molecule, and this view is supported by the fact that the reaotions 
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of these compounds, especially with aqueous sodium hydroxide, 
are similar to  those of 1-nitro- and 3-nitro-tetrahydroacridone 
(Perkin and Sedgwick, J., 1924,125,2438). 

Although 10-methyl- a,nd 4-methyl-~-indoxylspirocycEohexane 
can be readily converted by acetic anhydride into the corresponding 
7-acetyl compounds, acetylation of the %methyl and 8 : 10-dimethyl 
derivatives by this reagent is much more difficult and requires the 
presence of a little concentrated sulphuric acid. This reluctance 
can be ascribed to  the steric effect of the methyl group in the 
8-position. 

The alkylated 1 -anilinocycZohesane- 1 -carbosylic acids, from 
which the +indoxylspirocycZohexane derivatives described in this 
paper were obtained by fusion with potassium hydroxide, all 
dissociate, on didillation, t.0 yield the corresponding dkylated 
aniline and A1-cycZohexene-l -carboxylic acid, or, in the case of 
1-anilino-4-methylcyclohexa~ne-1-carboxylic acid,  aniline and Al-tetra- 
hydro-p-toluic acid. This behaviour i3 similar to t,hat of l-anilino- 
cyclohexane-1-carbosylic acid itself, but differs completely from that 
of the analogous l-anilinoc?/clopentane- 1 -carhoxylict acid (Plant and 
Facer, J., 1925,127, 2037). 

E S I' E R I hl  E N T A L. 

lO-MethyZ-~-indolt.yZspiroc:yclo~~e~~~e.-When a cooled solution 
of p-toluidine (24 g.) and cyclohexanone (20 g.) in glacial acetic acid 
(100 c.c.) mas treated with a concentrated aqueous solution of 
potassium cyanide ( 16 g .), 1 -p- tohidino-  1 -cyanocyclohexacne separated 
in good yield; it was obtained from dilute alcohol in colourless 
needles, m. p. 76'. A solution of this nitrile (5 g.) in concentrated 
sulphuric acid (40 c.c.) was kept for 2 days a t  room temperature, 
then poured on ice and made alkaline with ammonia ; l-p-toluidino- 
cyclohexane-1-carboxyamide separated quantitatively. It crystal- 
liaed from alcohol in colourless prisms, m. p. 156". A mixture of 
the amide (5 g.) and concentrated hydrochloric acid (100 c.c.) was 
boiled under reflux for 8 hours and then evaporated to  dryness. 
The residue was treated with hot aqueous sodium hydroxide (8%), 
the solution was filtered, and then acidified with glacial acetic acid. 
1-p-Toluidinocyclohexane- 1 -carboxyEic acid separated in good yield 
and was obtained froin dilute alcohol in colourless needles, m. p. 
172" (Found : N, 5.8. C1,H1,O,N requires N, 6.0%). When the 
liquid obtained by distilling this acid from a distillation flask was 
treated with an excess of dilute hydrochloric acid, Al-cyclohexene- 
1-carboxylic acid, m. p. 29-31", remained undissolved ; the acid 
solution, on the addition of ammonia, yielded p-toluidine. 

A mixture of 1 -p-toluidinocycEohexane-1-carboxylic acid (25 g.) 



2072 BETTS AND PLANT: 

and potassium hydroxide (65 g.) was heated at 350-360" for Q hour, 
allowed to cool, and then treated with an excess of water. The 
insoluble residue was dried over sulphuric acid in a desiccator and 
distilled, and the distillate crystallised from petroleum ; 10-methyl- 
$-indoxylspirocyclohexane was obtained in colourless prisms, m. p. 
164" (Found : N, 6.4. C,,H,,ON requires N, 6.5%). On boiling 
its solution in an excess of acetic anhydride for an hour and shaking 
the cooled product with water, 7-acetyZ-lO-methyZ-$-indoxyZspiro- 
cyclohexane was obtained ; it crystallised from methyl alcohol in 
colourless prisms, m. p. 144" (Pound : C, 74.6 ; H, 7.5. C,,H,,O,N 
requires C, 74.7; H, 7.4%). This acetyl derivative is readily 
hydrolysed to the parent substance by boiling its solution in aqueous- 
alcoholic potassium hydroxide. 

When a mixture of lO-methyl-+-indoxylspirocyclohexane (2 g.) , 
water (40 c.c.), and nitric acid (10 C.C. of d 1.4) was boiled for 4 
minutes, the solid gradually melted and a red oil appeared. The 
solution became yellow and, on cooling, the product appeared as a 
yellow solid. It was crystallised from alcohol, from which ( ?)S-nitro- 
10-methyl-$-indoxylspirocyclohexane separated in yellow prisms, m. p. 
158" (Found : N, 10.8. C,,H1,O,N, requires N, 10.8y0). 

8- Methyl-+ indoxylspiroc yclohexane .-The preparation of this 
substance followed the course outlined above for the 10-methyl 
derivative. 1 -0-ToZuidino-1 -cyanocyclohexane separated from 
alcohol in colourless prisms, m. p. 72", and l-o-toluidinocyclohexane- 
1-carboxyamide from dilute alcohol in colourless prisms, m. p. 143". 
It was found advantageous t o  boil the solution of crude l-o-toluidino- 
cyclohexane- 1 -carboxylic acid in very dilute aqueous sodium hydroxide 
for 4 hour with charcoal and then to acidify the filtered solution 
gradually by adding dilute acetic acid with constant stirring. The 
acid separated from dilute alcohol in colourless prisms, m. p. 117" 
(Pound : N, 6.0. C14H,,0,N requires N, 6.0y0), and, on distillation, 
it dissociated into o-toluidine, identified as aceto-o-toluidide, and 
Al-cyclohexene- 1 -carboxylic acid. 8-MethyZ-$-indoxyZspirocyclo- 
hexane was obtained from petroleum in colourless prisms, m. p. 197". 
On boiling its solution in acetic anhydride, containing a few drops of 
concentrated sulphuric acid, for several hours and shaking the 
product with water, 7-acetyZ-8-methyl-~-indoxyZspirocyclohexane was 
obtained as an oily mass, which solidified on being rubbed with 
ether ; after being distilled under reduced pressure, the solid 
crystallised from methyl alcohol in colourless prisms, m. p. 226" 
(Pound : N, 5.5. Cl,H1,O,N requires N, 5.4%). ( ?)lO-Nitro- 
8-methtyZ-~-indoxyZspirocyclohexane can be obtained by boiling 
8-methyl-~-indoxylspirocycZohexane wit,h dilute nitric acid, but a 
more convenient method is to dissolve the substance in cold, con- 
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centrated nitric acid and, after 5 minutes, dilute the solution with 
water. It separates from alcohol in pale yellow prisms, m. p. 
273-274" (Found : N, 10.7. 

5 : lO-Dimethyl-t,h-indoxylspirocyclohexane.-By methods similar 
to  those described for the 8-methyl derivative the following products 
were isolated : 1-2' : 4'-DimethyZunilino-l-cyanocyclohexane from 
alcohol in colourless prisms, m. p. 115-116", 1-2' : 4'-dimethyZ- 
anilinocyclohexane-1 -carboxyamide from dilute alcohol in colourlees 
prisms, m. p. 133", 1-2' : 4'-dimethylanilinocyclohexane-l-carboxylic 
acid (which dissociated into 2 : 4-dimethylaniline and A1-cycZo- 
hexene- 1 -carboxylic acid on distillation) from dilute alcohol in 
colourless prisms, m. p. 125" (Found : N, 5.7. C,,H,,O,N requires 
N, 5.7 yo), 8 : 10-dimethyl-t,b-indoxylspirocyclohexane from petroleum 
in colourless prisms, m. p. 190", and 7-acetyl-8 : lO-dimethyl-t,h-indoxyI- 
spirocyclohexane from methyl alcohol in colourless plates, m. p. 
96" (Found : N, 5.2. Cl,H2102N requires N, 5.2%). When a 
mixture of 8 : 10-dimethyl-t,h-indoxylspirocyclohexane and dilute 
nitric acid was boiled for $ hour, a mononitro-derivative was pro- 
duced and this separated from alcohol in pale yellow prisms, m. p. 
153-184" (decomp.) (Found : N, 9.9. C15H1803N2 requires 

4-Methyl-+ indoxylspiroc yclohexane .-From 4 -methylc yclohexan- 
one and aniline by methods similar to those described under 10- 
methyl-+indoxylspiroc yclohexane the following substances were 
obtained : 1-Anilino-1-cyano-4-methylcyclohexane from dilute alcohol 
in colourless needles, m. p. 107", 1-anilino-4-methylcyclohexune- 
1 - carboxyamide from alcohol in colourless prisms, m . p. 16 1 O, 1 -anilino - 
4-methylcyclohexane- 1 -carboxylic acid from dilute alcohol in colour- 
less prisms, m. p. 179" (Found : N, 6-2. C14H1,02N requires N, 
6-0 yo), 4-methyl-~-indoxyZspirocyclohexu~e from petroleum in colour- 
less plates, m. p. 189" (Found: N, 6.5. C14H1,0N requires N, 
6.5y0), 7-acetyl-4-methyZ-t,b-indoxylspirocyclohexune from methyl 
alcohol in colourless prisms, m. p. 102", ( ?)lO-nitro-4-methyl-+indoxyl- 
spirocyclohexane from dilute alcohol in pale yellow prisms, m. p. 
198" (Found: N, 10.9. CI4Hl6O3N2 requires N, lO.S%), and 
( ? ) 10-nitro- 4 : 7 -dimeth yl-4- indox ylspiroc yclohexane from dilute 
alcohol in pale yellow prisms, m. p. 141" (Found: N, 10.3. 
C15H180,N2 requires N, 10.2yo). The mixture obtained by distilling 
1 -anilino-4-methylcyclohexane- 1 -carboxylic acid, on treatment with 
dilute hydrochloric acid, yielded a solid which was readily soluble 
in aqueous sodium carbonate. This is clearly identical with the 
Al-tetrahydro-p-toluic acid of Einhorn and Willstatter (Annalen, 
1894, 280, 163) and of Perkin and Pickles (J., 1905, 87, 645), since 
it was obtained from dilute acetic acid in colourless needles, m. p. 

C14H1603N2 requires N, 10.8y0). 

N, 10.2%). 
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134" (Found : C, 68.1 ; H, 8.4. Calc. : C, 68.8; H, 8.6%). The 
hydrochloric acid solution yielded aniline, iden t,ified as acetanilide, 
on being made alkaline with ammonia. 
1-p-Aminoanilinocyclohexane-1-carboxylic Acid.-A mixture of 

p-nitroaniline (14 g.), cyclohexanone (12 g.), glacial acetic acid 
(200 c.c.), and potassium cyanide (10 g. in concentrated aqueous 
solution) was kept a t  4 0 4 5 "  for 2 days, and then poured into dilute 
hydrochloric acid. 1 -p- Nitroanilino- 1 -c yanocyclohexane, which 
separated, was obtained from alcohol in pale yellow prisms, m. p. 
134" (Found : N, 17.2. C1,Hl,O,N, requires N, 17.1%), and was 
hydrolysed in the usual way to  1 -p-nitroanilinocyclohexane- 1 -curb- 
oxyamide, isolated from alcohol in yellGw prisms, m. p. 217" (Found : 
N, 16.0. C,,H,,O,N, requires N, 16.0%), and then to  l-p-nitro- 
anilinoc yclohexane- 1 -carboxyEic acid, which separated from dilute 
alcohol in yellow plates, in. p. 201" (Found : N, 10.3. C1,H,,0$J2 
requires N, 10.6%). The acid (3 g.), dissolved in dilute aqueous 
ammonia, was added to a mixture of ferrous sulphate (28 g. in 
concentrated aqueous solution) and ammonia (25 C.C. of d 0.880) a t  
00-95", and, after being shaken a t  that temperature for 4 hour, 
the solution was filtered and just neutralised with glacial acetic acid. 
The 1 -p-aminoanilinocyclohexane-1 -carbozylic acid which separated 
was obtained from aqueous pyridine in colourlesa needles, m. p. 
216-217" (Found : N, 12.0. Cl3HI8O2N2 requires N, l % O ~ , ) .  
The amino-acid decomposed completely on heating with potassium 
hydroxide alone or admixed with sodium ethoxide. 
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