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Fischer ring closure of ethyl pyruvate m-trifluoromethylphenylhydrazone by zinc chloride in glacial acetic acid yielded a 
mixture of ethyl 4-trifluoromethyl-2-indolecarboxylate and ethyl 6-trifluoromethyl-2-indolecarboxylate. The unexpected 
conversion of the trifluoromethyl group of both isomers to a carboxyl function on treatment with aqueous sodium hydroxide 
afforded known indoledicarboxylic acids thereby establishing the structure of each isomer. An interpretation based on reso- 
nance is offered of this surprising susceptibility of the trifluoromethyl group to  hydrolytic attack in the presence of base. 
Examination of the infrared spectra of a number of esters of indole has revealed that in addition to the normal S-A stretching 
band there is present a second band a t  somewhat lower frequency which appears to be characteristic of this group of com- 
pounds. This band is attributed t o  intermolecular hydrogen bonding. 

The refractory nature of the trifluoromethyl 
group has been known for a long time.2 Normally, 
a CF3- group that is located on an aromatic or 
heterocyclic nucleus can be hydrolyzed to a car- 
boxyl function only by the action of strong 
mineral acids a t  elevated temperatures. How- 
ever, in 1947, Jones4 discovered that a trifluoro- 
methyl group which is situated ortho or para to a 
hydroxyl substituent is extremely sensitive to 
hydrolytic attack by aqueous alkali. This obser- 
vation has been confirmed by other investigators.6 
Roberts and co-workersa have ascribed the facile 
loss of fluoride ion from 0- and p-trifluoromethyl- 
phenol, but not m-trifluoromethylphenol, in aque- 
ous base4 to an interaction of the two substituents 
which was expressed by “no-bond” resonance. 

Recently, we had occasion to prepare ethyl 4- 
trifluoromethyl-2-indolecarboxylate (I) and ethyl 
6-trifluoromethyl-2-indolecarboxylate (11) for use 
as intermediates in the synthesis of compounds with 
potential activity as plant hormones. In the 

R 

H 
I, R = CFI, R’ = H 

11, R = H, R’ = CF8 

course of attempting to determine the saponifica- 
tion equivalent of these isomeric esters i t  was found 
that substantially more than one equivalent of base 
was consumed. Further investigation revealed 
that the trduoromethyl group had been hydro- 
lyzed extensively to a carboxyl function. The 
hydrolysis of the CF3- group of I and I1 under 
these circumstances was completely surprising 

(1) Abstracted in part from the hl.S. theses of Stephen A. T.eone. 
William F. Sullivan and 0. Francis Bennett, 

(2) F.  Swarts, Bull. sci .  acad. m y .  Belc., 6, 389 (1920); 8 ,  343 
(1922). 

(3) (a) H .  Gilman and D Blume, Tms JOURNAL, 65, 2467 (1943): 
(b) G. M. Le Fave, i b i d . ,  71, 4148 (1949); ( c )  P. M hlaginnity and 
C.  A. Gaulin, i b i d . ,  73,3579 (1951); (d) hl. Hauptschein, E. A. Nodiff 
and A.  J.  Saggiomo, i b i d . ,  76, 1051 (1954). 

(4) R. G. Jones, i b i d . ,  69, 2346 (1947). 
(5) R. Belcher, M. Stacey. A. Sykes and J C. Tatlow, J .  Chein. Soc , 

3846 (1954). The basic hydrolysis and alcoholysis of trifluoromethyl 
groups in acyclic compounds are reviewed by M. W. Buxton, M. Stacey 
and J. C. Tatlow, i b i d . ,  366 (1954). See also R .  Mechoulam, S. Cohen 
and A.  Kaluszyner, J .  Ovg. Chsm., 21, 801 (195fi). 

(6) J. D. Roberts, R.  L. Webb and E A. hicElhil1, THIS JOURNAL, 
73, 408 (1950). 

since these substituents occupy positions in the 
phenylene moiety which are meta to the electron- 
donating heteroatom. Indeed, treatment of m- 
aminobenzotrifluoride with potassium hydroxide 
in aqueous methanol under considerably more 
vigorous conditions afforded no evidence of the 
formation of m-aminobenzoic acid ; the starting 
amine was recovered in 90% yield. On the other 
hand, benzotrifluorides which carry amino groups 
on the 0- and p-positions are reported to lose fluo- 
ride ion under relatively mild  condition^.^^,^ On 
the basis of these observations, it is reasonable to 
conclude that the pyrrole ring of I and I1 permits 
an electronic interaction involving the trifluoro- 
methyl group and the nitrogen atom, a situation 
which is impossible in m-aminobenzotrifluoride. 
This interaction would account for the loosening of 
the C-F bonds and may be represented by reso- 
nance structures I11 and IV. 

F 

I11 I V  

Thus, resonance structures I11 and IV indicate that 
CF3- groups a t  the 4- and 6-positions of an indole 
nucleus are activated by the nitrogen atom just as 
are the CF3- groups of 0- and p-aminobenzotri- 
3u0ride.~J 

The preparation of the isomeric ethyl 4- and 6- 
trifluoromethyl-2-indolecarboxylates (I and 11) 
followed, in general, well-known procedures. The 
diazonium chloride from m-aminobenzotrifluoride 
was reduced by stannous chloride in concentrated 
hydrochloric acid to m-trifluoromethylphenylhy- 
drazine (V). Reaction of V with pyruvic acid 
afforded pyruvic acid m-trifluoromethylphenyl- 
hydrazone (VI), which was smoothly esterified by 
ethanolic hydrogen chloride to ethyl pyruvate m- 
trifluoromethylphenylhydrazone (VII) . The over- 
all yield of VII, based on the starting amine, was 

We were unable to cyclize VI1 to I and I1 satis- 
80%. 

(7) Alternatively, 1 and I1 may be considered as cyclic rinylogs de- 
rived from 0- and p-arninobenzotrifluoride, respectively. 
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factorily by employing the usual procedures; the 
yields of indoles never exceeded 3%.8 Eventually, 
it was found that treatment of the hydrazone ester 
with very large amounts of zinc chlorideQ in glacial 
acetic acid a t  reflux temperature effected the de- 
sired ring closure in satisfactory yield (40-5070 of 
mixture of crude indole esters).I0 The mixture of 
I (preponderant, low-melting isomer) and I1 was 
resolved by fractional crystallization from aqueous 
ethanol. Saponification of the indole esters I and 
I1 to the corresponding acids, 4-trifluoromethyl-2- 
indolecarboxylic acid (VIII) and B-trifluoromethyl- 
?-indolecarboxylic acid (1x1, was accomplished in 
over BOyc yield by heating the esters a t  just below 
the reflux temperature with aqueous methanolic 
potassium hydroxide until solution was effected. 
Partial hydrolysis of the trifluoromethyl groups oc- 
curred when the reaction mixture was boiled for as 
little as five minutes. Heating of either the indole 
esters I and I1 or the derived acids VI1 and I X  
with 10 X sodium hydroxide a t  80-90’ for 4 hr. 
gave on acidification the corresponding diacids 2,4- 
indoledicarboxylic acid (X) and 2,6-indoledicarbox- 
ylic acid (XI). Reaction of X and XI with either 
diazoethane or ethanolic hydrogen chloride afforded 
the respective diethyl esters, diethyl 2,4-indole- 
dicarboxylate (XII) and diethyl 2,6-indoledicarbox- 
ylate (XIII). XI I  and XI11 were found to be 
identical with authentic” specimens by comparison 
of melting points and infrared spectra, thereby es- 
tablishing the structures of I and 11. 

Our efforts to effect a satisfactory decarboxyla- 
tion of VI11 to 4-trifluoromethylindole were un- 
successful. When VI11 or its silver or ammonium 
salt was pyrolyzed in the presence or absence of 
solvents only tars and starting compound were iso- 
lated. Heating of VI11 in the usual high-boiling 
basic solvents with or without copper powder pres- 
ent likewise failed to yield isolable amounts of the 
desired product, although a positive pine-splinter 
test12 was obtained in several instances. No at- 

(8) T h e  ring closure was attempted with ethanolic hydrogen chlo- 
ride, boron trifluoride. polyphosphoric acid, zinc chloride in dimethyl- 
formamide. zinc chloride in cymene, concentrated sulfuric acid, tri- 
Ruoroacetic acid and  b y  fusion with zinc chloride. 

(9) Contrary t o  reports t h a t  only catalytic amounts of zinc chloride 
are necessary for the  Fischer indole synthesis; cf. W. C. Sumpter and  
I’. 31. Miller, “Heterocyclic Compounds with Indole and Carbazole 
Systems,” Interscience Publishers, Inc. ,  New York, N. Ti.. 1954, 
p.  4. 

(10) I n  view of the  large number of phenylhydrazones of ethyl pyru- 
vate which have been successfully transformed t o  derivatives of ethyl 
indolecarboxylate (cf., for example, W. Robson, J .  Biol. Chem., 62, 
495 (1924); V. Prelog and 2. Vejdnek, Helv .  Chim. Acfa, 31, 1178 
(1946); R .  B. Van Order and  H. G. Lindwall, Chem. Reo., 30, 69 
(1942)) b y  methods which failed when applied to VII, i t  may be in- 
ferred t h a t  t h e  resistance shown b y  VI1 is due t o  t h e  strongly mefa- 
directing C F r  group, which deactivates the  benzene nucleus a t  pre- 
cisely those positions where bond formation occurs. A similar re- 
sistance to  Fischer ring closure was observed with ethyl pyruvate M- 
carbethoxyphenylhydrazone (uidc infya). 

(11) W. 0. Rermack, J .  Chem. Soc., 125, 2267 (1924); A. Roder. 
An?z., 236, 164 (1686). 

(12) The  positive pine-splinter test indicates t h a t  decarboxylation 
has occurred t o  some extent. All the indoles described in this paper 
carry a substituent on t h e  2-position; they gave negative pine- 
splinter tests; 6. T. W. J. Taylor and  W. Baker in N. V. Sidgwick, 
“The  Organic Chemistry of Nitrogen,” Oxford University Press, 
I.ondon. 1942, 11. 500. T h e  extreme variation in t h e  susceptibility to  
dccarlroxyliltion of sulsti toted ?-indolecarboxylic acids has I x e i i  
poiuteil wit  liy I;. C. Ut i le ,  C .  G. Vrrnick and G. L. Schmir, Tm- 

Cliiiiil)iirr J ‘i l ? i r l t rup  ariii D 4 I i  

tempt was made to decarboxylate 6-trifl uoro- 
methyl-2-indolecarboxylic acid (IX) since only 
small amounts of this acid were available. 

The infrared absorption spectra of the substituted 
ethyl 2-indolecarboxylates described in this paper 
proved interesting. All of the indole esters in car- 
bon tetrachloride (non-bonding solvent) showed 
two prominent bands in the region of the N-H 
stretching vibrations, one in the range 3460-3130 
cm.-’ attributable to the NH group of the indole 
n~c leus , ’~  and the other in the 3390-3300 cm.-’ 
region. The low-frequency band was broader and 
considerably stronger in concentrated solution 
than the band at  higher frequency. Dilution of the 
solution caused the low-frequency band to become 
markedly weaker than the high-frequency band. 
Solutions of the indole esters in chloroform (bonding 
solvent) exhibited the same two bands, but the lom- 
frequency band was always the weaker of the two 
and practically disappeared on dilution. These 
observations indicate that the low-frequency band 
a t  3350-3300 cm.-’ is due to hydrogen bonding. 
Since this band might arise from hydrogen-bonded 
cyclic dimers (in which case the rings would con- 
tain ten members), it was decided to examine other 
esters of indole which might be expected to be less 
prone to yield cyclic dimers. Accordingly, methyl 
4-chloro-2-indolecarboxylate, methyl 4indole- 
carboxylate,14 dimethyl 2,3-indoledi~arboxylate‘~ 
and ethyl 3-indoleacetate’e were prepared and their 
infrared absorption spectra determined in solutions 
of carbon tetrachloride and chloroform. -q11 of 
these compounds exhibited the same type of spec- 
trum in the NH stretching region as described 
above in the case of the esters of the 2-indolecar- 
boxylic acids. This observation indicates that the 
low-frequency band, which appears to be charac- 
teristic of esters of indole, may actually be due to 
intermolecular (chain-like) hydrogen bonding in- 
volving the hydrogen of the NH groups and the 
oxygen of the carbonyl groups. However, hydro- 
gen-bonded cyclic dimers in the case of the esters 
of the 2-indolecarboxylic acids are still not pre- 
cluded since the available evidence is inconclusive. 
The spectra of the acids corresponding to the esters 
described in this paper could not be examined in 
solution but were measured in potassium bromide. 
They showed only one band in the NH stretching 
region. In  potassium bromide the spectra of the 
esters showed two bands in this region, but their 
frequencies were somewhat lower than those ob- 
tained with the solutions. 
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Experimental 
m-Trifluoromethylphenylhydrazine (V) .-To 52 1111. 

(65.0 g., 0.40 mole) of freshly redistilled m-aminobenzotri- ___- 
Taylor , J .  Chem.Soc.,3399 ( 1 9 5 9 ,  andH.Plieninger, Beu. ,88 ,370(1955)  

(13) L. J.  Bellamy, “The  Infrared Spectra of Complex Molecules ” 
John Wiley and Sons, Inc. ,  h‘ew York, N. Y., 1954. pp. 214-217. 

(14) F. C. IJhle, THIS J v ~ m l i A l . ,  71, 7G1 (1949). 
(1,5) 0. lXc,ls aecl J Rerse. A u x . ,  611, 168 (1934). 
i l t i )  K \V. J w ~ . ; o J J ,  J .  Hid Cht{,z,, 88, 659 (1930). 
(17) I l ? l t i r i i :  ~ O , T I I -  ~ T P  t ~ o r ~ v c t c . ~ l  a ~ j d  i )wI i i ip  I ) . ~ , ~ I I  . ilir u t t t ~ ~ ~ r r ~ c t c ~ l  
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fluoride, cooled in a salt-ice-bath. was added slowly and with 
stirring 250 ml. of chilled, concentrated hydrochloric acid. 
When the temperature of the white, pasty hydrochloride 
had dropped to O',  a precooled solution of 27.6 g. (0.40 mole) 
of sodium nitrite in 125 ml. of water was added from a sepa- 
ratory funnel whose tip was immersed beneath the surface of 
the suspension. The addition of the nitrite required 75 
minutes and the temperature of the reaction mixture was 
not allowed to exceed 3". To the stirred and cooled diazon- 
ium solution was added dropwise over a 3-hour period a 
chilled solution of 200.0 g. (0.89 mole) of stannous chloride 
dihydrate in 200 ml. of concentrated hydrochloric acid. 
The temperature of the reaction mixture mas maintained 
a t  0-5" during the addition. Upon completion of the addi- 
tion the reaction mixture was stirred a t  0" for an additional 
hour. The cream-colored solid was collected by filtration, 
pressed as dry as possible and then shaken, without delay, 
with 700 ml. of Z5Y0 sodium hydroxide. The yellow mix- 
ture, after standing overnight a t  room temperature, was ex- 
tracted with three 300-ml. portions of benzene. The ben- 
zene extracts were combined, filtered and dried over pellets 
of potassium hydroxide (20-30 g.) overnight. The solvent 
was removed a t  diminished pressure and the residue distilled 
to yield 45.8 g. (65%) of V as a light yellow oil, b.p. 80-83' 
(9 mm.), dZ02o 1.348, Vz4D 1.5052; MR calcd. 38.2, MR 
found 38.4. 

Anal. Calcd. for C ~ H ~ N Z F ~ :  N, 15.90. Found: N, 
15.7. 

Pyruvic Acid m-Trifluoromethylphenylhydrazone (VI) .- 
To a solution of 36.2 g. (0.205 mole) of m-trifluoromethyl- 
phenylhydrazine in 325 ml. of 10% acetic acid was added 
dropwise with stirring a solution of 27.2 g. (21.5 ml., 0.31 
mole) of redistilled pyruvic acid in 65 ml. of water. The 
suspension, after being kept in the cold for several hours, 
was filtered and the solid was washed with water. The 
crude hydrazone acid was purified by dissolving it in dilute 
potassium carbonate, treating the solution with charcoal, 
filtering and precipitating the hydrazone by addition of di- 
lute hydrochloric acid. The yield of VI, sufficiently pure 
for use in preparing the corresponding ethyl ester, was 41.9 
g. (83y0), m.p. 181.8-183.6', with vigorous frothing. The 
analytical sample was obtained as almost white, glistening 
crystals from 80% ethanol, m.p. 193-194', with evolution 
of gas. 

Anal. Calcd. for CIOH~OZNZF~:  N, 11.38; neut. equiv., 
246.2. 

VI could be prepared more conveniently and in better 
yield by slowly adding 36.8 g. (0.42 mole) of pyruvic acid 
directly to the stirred benzene extract of V (reduced in vacuo 
to a volume of about 300 ml.). The product was worked 
up in the manner described above; yield 80 g. (83%, based 
on m-aminobenzotrifluoride). 

Ethyl Pyruvate m-Trifluoromethylphenylhydrazone (VII). 
--A gently refluxing solution of pyruvic acid m-triiluoro- 
methylphenylhydrazone (80.0 g., 0.325 mole) in 550 ml. of 
commercial absolute ethanol was treated under anhydrous 
conditions with a stream of hydrogen chloride (2-3 bubbles 
of gas per second) for 3 hr. The light yellow solution was 
cooled to room temperature and was then poured slowly 
onto cracked ice with vigorous stirring. Refrigeration of 
the mixture overnight yielded 88 g. (98%) of VI1 as white 
needles, after being washed on the funnel successively with 
water, dilute potassium carbonate and water. The air- 
dried product had m.p. 82-86'. The ester (85 g.) was re- 
crystallized from 250 ml. of 60% ethanol in IO-g. portions 
(Norite); the mother liquor obtained from the recrystalliza- 
tion of the first 10-g. batch was saved and was used in the 
subsequent recrystallizations. In this way, 77 g. of the 
ester was obtained, m.p. 97-100°, of suitable purity for use in 
the ring closure reaction. The analytical sample, obtained 
from ethanol as silky, felted needles, melted a t  108.6-109.6". 

Anal. Calcd. for CIZHI~OZNZF~: N, 10.21. Found: 
N, 10.10. 

Treatment of V I 1  with boiling aqueous sodium hydroxide, 
followed by acidification, regenerated the acid VI  in 9056 
yield; the trifluoromethyl group remained intact. 

Infrared measurements were made using a Baird double beam record- 
ing spectrophotometer equipped with a sodium chloride prism. Ele- 
mental analyses were performed by Dr. Carol K. Fitz, Needham 
Heights, Massachusetts. and  by Schwarzkopf Microanalytical 1,nhora- 
tor).. IVux l s ide ,  ?i. 7'. 

Found: N, 11.26; neut. equiv., 245.8. 

Fischer Ring Closure of Ethyl Pyruvate m-Trifluorometh- 
ylphenylhydrazone (VII) with Zinc Chloride in Glacial Ace- 
tic Acid. A. Ethyl 6-Trifluoromethyl-2-indolecarboxylate 
(II).-Ethyl pyruvate m-trifluoromethylphenylhydrazone 
(11.0 g., 0.040 mole) was intimately mixed with 115 g. 
(0.85 mole) of freshly fused, finely powdered zinc chloride. 
This mixture was stirred a t  room temperature for 5 minutes 
with 135 ml. of glacial acetic acid to which 5 ml. of acetic 
anhydride had been added. During the course of stirring, 
all of the ester and most of the zinc chloride dissolved. The 
stirred mixture was then heated under reflux for 20 minutes 
and the resulting light red solution was poured, after being 
cooled to room temperature, onto a mixture of chopped ice 
and water. Refrigeration of the mixture overnight yielded 
8.0 g. of yellow powder, which was dissolved in 50 ml. of 
hot ethanol. The warm solution was treated with 
charcoal, filtered, the filtrate diluted with 12 ml. of water 
and the solution was refrigerated for 1 hr. The light yellow 
precipitate was collected and air-dried, 830 mg., m.p. 138- 
150" (uncor.). The solid was dissolved in the minimum 
amount of ethanol a t  room temperature, the solution treated 
with charcoal, and the filtrate was diluted with water until 
the cloudiness just disappeared on heating. Cooling of the 
solution in the refrigerator for several hours gave I1 as white 
needles, 600 mg. (5.87,), m.p. 163-164". 

Anal. Calcd. for Cl~HloO2NFa: C, 56.03; H, 3.92; N, 
5.44. Found: C, 56.1; H,4.0; N,5.4. 

B. Ethyl 4-Trifluoromethyl-2-indolecarboxylate (I) .- 
Refrigeration overnight of the aqueous ethanolic mother 
liquor from which crude 11, m.p. 138-150" (uncor.), was 
obtained, gave 3.0 g. of light yellow crystals, m.p. 100-120". 
The crystals were dissolved in the minimum amount of cold 
9.570 ethanol, the solution was treated with charcoal and the 
filtrate diluted with water until the cloudiness just dis- 
appeared on heating. The solution, after being refrigerated 
1 to 2 hr., yizlded long, white needles of I ,  1.0 g. (9.77,), 
m.p. 148-149 . 

Anal. Calcd. for Cl~Hlo0~NF3:  C, 56.03; H,  3.92; K, 
5.44. Found: C, 55.9; H,  4.1; hT, 5.55. 

Further cooling of the mother liquor from which pure I 
had separated yielded 1.8 g. (17.5%) of small white needles, 
m.p. 120-El", which could not be resolved by additional 
recrystallizations. This sharply melting material was 
shown by means of its infrared spectrum and elemental 
analyses to be a mixture of I and 11. In addition, a mixture 
prepared from equal parts of I and I1 melted a t  120.6-121 .So. 

6-Trifluoromethyl-2-indolecarboxylic Acid (IX).- 
Ethyl 6-trifluoromethyl-24ndolecarboxylate (400 mg., 1.56 
mmoles) was warmed at just below the reflux temperature 
with a mixture prepared from 5 ml. of 1 : 1 aqueous methanol 
and 5 ml. of 10% aqueous potassium hydroxide. When 
complete solution was achieved (usually no longer than 5 
minutes from the start of heating) 10 ml. of water was added 
and the solution was cooled and acidified with dilute hydro- 
chloric acid. Cooling of the solution overnight in the re- 
frigerator gave white needles which were recrystallized with 
the air of charcoal from dilute ethanol. The yields of IX, 
m.p. 165-165.8', were oyer 607, in the several runs which 
were made. The analytical sample was obtained by sub- 
limation, m.p. unchanged. 

Anal. Calcd. for CioH~02NF3: C, 52.29; H,  2.63. 
Found: C, 52.4; H ,  2.7. 

The starting ester I1 was obtained from the action of 
ethereal diazoethane on IX,  m.p. 163-164". 

4-Trifluoromethyl-2-indolecarboxylic Acid (VIII) .- 
Saponification of 200 mg. (0.78 mniole) of I by the procedure 
used above with the 6-isomer yielded 150 mg. (85Cj0) of the 
acid, m.p. 219.4-220.4'. 

Anal. Calcd. for CIOHBOZNFS: C, 52.29; H ,  2.63; F, 
24.87. Found: C, 52.5; H, 2.7; F,24.70. 

Treatment of VI11 with ethereal diazoethane or ethanolic 
hydrogen chloride, according to the usual procedures, re- 
generated the corresponding ethyl ester I ,  m.p. 148.6-149.4' 
(from aqueous ethanol), no depression on admixture. 

Larger amounts of VI11 could be obtained expeditiously, 
but a t  the expense of the 6-trifluoromethyl isomer, by di- 
rectly saponifying the crude mixture obtained from the ring 
closure of VII. In this way, there was obtained from 13.4 
g. of ethyl pyruvate m-trifluorornethylphenylhydrazone 
2.46 g. (22?&) of 4-trifluoromethyl-2-indolecarbo\-ylic acid, 
111 .p. 218-219', 011 rrcry~talliz~ctioii froill ht.tizrnr. 



174s J. H. BOYEK, U. TOGGWEILER AND G. A. STONSK \rol. 79 

2,6-Indoledicarboxylic Acid (XI).-Ethyl 6-trifluoro- 
methyl-2-indolecarboxylate (100 mg., 0.39 mmole) or an 
equimolar amount of the corresponding acid IX was warmed 
in a polyethylene test-tube with 10 ml. of 10 N sodium hy- 
droxide by means of an oil-bath at 80-90'. The light yellow 
solution was diluted with 20 ml. of water and acidified with 
dilute hydrochloric acid. Cooling of the mixture yielded a 
brown powder which, after recrystallization from glacial ace- 
tic acid, was recovered as tan crystals which remained un- 
melted at 330". This observation is in accord with that re- 
ported by Kermack" for his preparation of the dicarboxylic 
acid. 

The hydrolysis may be carried out by boiling the reac- 
tants in a glass vessel for 10 minutes, but considerable etch- 
ing occurs and as a result the product is difficult to purify. 

2,4-Indoledicarboxylic Acid (XI.-The hydrolysis of I or 
its corresponding acid VI11 to  X was carried out by the same 
procedure used with the 6-trifluoromethyl isomers. X was 
obtained in yields as high as 947, as colorless crystals from 
glacial acetic acid, m.p. 299-300' with darkening a t  283"; 
calcd. neut. equiv. 102.6, found 102.1. 

Diethyl 2,6-Indoledicarboxylate (XIII).-Into a solution 
of 110 mg. (0.536 mmole) of 2,6-indoledicarboxylic acid in 
10 nil. of absolute ethanol at 70" was bubbled hydrogen 
chloride (2 bubbles per second) for 1 hr. The reaction mix- 
ture was cooled and poured onto cracked ice. The floccu- 
lent precipitate was collected and washed on the funnel 
with dilute potassium carbonate and water. Crystalliza- 
tion of the air-dried product successively from benzene- 
petroleum ether and aqueous ethanol gave 90 mg. (65yc) of 
SI11 ac, long, felted needles, m.p. 131-132', which was 
found to be identical by means of m.p. and mixed m.p., as 
well as by comparison of the infrared spectrum, to an au- 
thentic sample of the diester prepared by the procedure of 
Kermack.11 

AIZUZ. Calcd. for CilR1504Pi: C, G4.35; H, 5.79. Found: 
C, 64.34; H,  5.90. 

The esterification of X I  to  XI11 was effected in almost 
quantitative yield when ethereal diazoethane was used. 

Diethyl 2,4-Indoledicarboxylate (XII).-The conversion 
of 2,4-indoledicarboxylic acid to the corresponding diethyl 
ester XI1 was carried out with ethanolic hydrogen chloride 
and with ethereal diazoethane by the procedures descrihed 

above for the 2,fbiaoiner; nhite ircedle>, m.p. 143.4-144.2°, 
from aqueous ethanol. 

Anal. Calcd. for C14H1&J: C ,  ti1.33; H,  5.79. I ~ o ~ ~ i r d :  
C,  64.1; H, 5.7.  

This compound was identical in m.p. with (no depressio~i 
on admixture) and had the same infrared spectrum as an 
authentic specimen prepared from ethyl pyruvate wear-  
bethoxyphenylhydrazone by a modification of the method 
of Roder." The fusion of the hydrazone with zinc chloride 
following the Roder procedure gave 1% of XII .  The yields 
of XI1 were raised to  8% when the Fiwher ring closure re- 
action was carried out in zinc chloride-acetic acid by the 
procedure used above for the preparation of I and 11. 

Treatment of m-Aminobenzotrifluoride with Boiling Aque- 
ous Methanolic Potassium Hydroxide.+%-Aminobenzo- 
trifluoride, 3.0 g., b.p. 189-190", n% 1.4811, was heated 
under reflux for 10.5 hr. with 15 ml. of a solution prepared 
from 20 g. of potassium hydroxide, 80 ml. of methanol and 
40 nil. of water. The reaction mixture was protected by a 
soda-lime tube during the period of reflux. The amber 
solution was then cooled, diluted with 10 ml. of water and 
extracted with three 50-ml. portions of ether. The com- 
bined ethereal extract was washed with 15 ml. o f  water, 
which mas added to the aqueous phase. The aqucous ex- 
tract was concentrated to  a volume of 12 ml., acidified with 
1 : 1 hydrochloric acid and extracted three times with 50-ml. 
portions of ether. Evaporation of the ether yielded 20 mg. 
of tan needles I\-hich were obtained as a colorless solid by 
sublimation a t  80" and 0.1 mm. Lack of material pre- 
vented its being identified and, although the substance was 
acidic to moist litmus, its m.p. of 189-190' ruled out m- 
aminobenzoic acid. The m.p. of an authentic sample of nz- 
aminobenzoic acid, determined simultaneously with that of 
the unknown product, was 174-175'. 

Removal of the ether from the extraction of the reaction 
mixture followed by distillation of the residue gav: 2.7 g. 
(90y0) of nz-arninobenzotrifluoride, b.p. 189-191 , nZ2D 
1.4802. 

Repetition of the experinient under the same conditions, 
but with the time of reflux reduced to 2 hr., resulted in a 
90y0 recovery of the amine; none of the acidic solid was 
observed. 
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Spectrophotometric Relationships between Furoxanes and Nitroso Compounds1 
BY J. H. BOYER, U. TOGGWEILER AND G. A. STONER 
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I'uroxaries, $- aiid normal nitroso aromatic compounds gave closely related infrared absorption patterris, 2-25 p. Ab- 
sorption ill the ultraviolet at 255-285 mp for furoxanes, at 265-310 mp (two bands) for norinal aromatic nitroso compouiids 
and a t  350-410 m p  for +dinitrosoaromatic compounds was observed. 

Furoxanes, +-dinitrosoaromatic compounds and 
normal nitroso compounds are closely related in 
certain chemical and physical properties. Signifi- 
cant differences between furoxanes and $-dinitro- 
soaromatic compounds have been described. 
Characteristic properties in the absorption of light 
for certain members of the individual series have 
been recorded previously, but apparently their 
similarities and differences in this respect have not 
Iieen discussed. 

Seven absorption regioiis in the inirared between 
1800 and 800 cm.-l characteristic of furoxanes were 

( I )  Financial support of this uork  by the  Office of Ordnance Re- 
search, U. s. Army, under Contract Nos. DA-01-009.ORD-331 and 
DA-01-009-ORD-478 is gratefully acknowledged. 

(2) J. H. Boyer, R .  F. licinisch. ?I. 1.  Dnnzig, r r ,  A.  Stoner and l r .  
~,i l l l>:Lrz '1'1111 1<)IIII1IAl . .  77, 5l;Ss (l!l.>>), 

recently r e p ~ r t e d . ~  These included 1625-1600 
ern.-' for the C=N bond; 1475-1410 cm.-' 
(doublet) for the O-NdO group; 1360-1300 cm.-' 
for the N-0 bond; 1190-1150, 1030-1000 and 
890-840 cm.-' for the furoxane ring; and 950-900 
cm.-l (usually a doublet) for diaroylfuroxanes, 
their carbonyl derivatives and diarylfuroxanes. 
Bands characteristic of monomeric and dimeric 
aromatic nitroso compounds were found a t  ca. 
1540-1500 (monomer) and 1500-1460 (dimer) 
ern.-' (C=C str. conjugated with thenitroso group), 
ca. 1380-1340 (monomer) and 1270-1260 (dimer) 
cm.-l (N=O str.), GU. 850-810 (monomer) and 855 
(dimer) cm.-l (N=O bend).4 The data recorded 

(3) N. E. Royer, G. M,  Czerniak, €1. S. Gutowsky and  H. R .  Snyder, 
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