
TRYPTAMINES, CARBOLINES, AND RELATED COMPOUNDS 
PART VIII. 6-CARBOLINE" 2 

ABSTRACT 

The  first unambiguous synthesis of 8-carboline has been achie\.ed start ing with 3-amino-2- 
pllen! lpyridine. This \\,as converted t o  the azide which was thermally cyclized to  6-carboline. 
The  carboline gave a py-N-methiodide which nras converted t o  the anhydronium base. T h e  
pK,  of the anhydroniuni base was determined and  its signilicance is discussed. The  anhydro- 
niuni base fornled a methiodide which, on d r y  distillation, gave i?id-N-methyl-6-carboline. The  
spectral properties of the various derivatives of 6-carboline were examined and  the bond 
s t r ~ ~ c t u r c s  of the anliyclroni~i~n base and the methiodides are discussccl. 

1Vhereas the chemistry of a-, p-, ancl y-carboline has been \\-ell studied ailcl a number 
of ~~nambiguous methods are available for the synthesis of these ring systems practicallj- 
nothing is l;no\\-n concerning 6-carboline (I) .  There has appearecl only one reference to 
the synthesis of the parent compound and that  to the Graebe-Ullmann cyclizatioil of 
1-P-p>rrid!-lbenztriazole by Spath and Eiter ( I ) ,  who obtained a mixture of P-carboline ancl 
what \\-as tentatively iclentified as 6-carboline (since it uras not iclentical with either a - ,  
p-, or y-carboline) in unspecified lo\\r yield. N-3-Pyridylaniline was also obtained in 
this reaction. Subsequentl~,,  Eiter (2) was unable to obtain any of the supposecl 6-carbo- 
line by carrj-ing out this reaction on a larger scale. .A similar c~ clization of 4-methyl-l-P- 
pj7rid)-lbenztriazole gave 5-illethyl-p-carboline as the main prodi~ct together wit11 a 
small amou i~ t  of a compound for which the structure 5-methyl-6-carl~oline \\-as suggested 
(3). Gulland, Iiobinson, Scott, and 'Thol-nley (4) were unable to degracle 3,4-methylene- 
dioxyquincloline to 6-carboline. I-Io\vever, oxidation of this compouncl with nitric acid 
gave 7-niti-o-6-cai-boline-2-carbolcylic acid in lo\\- j.ielcl. 

Apai-t trom the fact that  it is the only member of the carboline family \\,hose chemistrj. 
has not been st~idied to any degree 6-carboline is interesting from a niumber of other 
points of vie\\-. I t  is present in the ring system of the alkaloid crq-ptolepine (5), \\~hich 
is note\\orthy from a biogenetic point of vie\\r (6). Also, the relative basicities of a-, p-, 
and y-cai-bolii~e anhydroniiim bases have been measi~red by Gray (i), \\rho proposed an  
explanation for the observed orcler of base strengths (P- > y- > a-) ancl suggested, on 
the basis of considerations oiltlinecl belo\\-, that  the 6-carboline a n l ~ ~ ~ d r o n i u m  base shoulcl 
have a clissocintion constant almost as high as that of the p-isomer. I t  \\-as of interest 
to try ancl test this prediction esperiinentall~.. 

Smith and Bo>-er (8) attempted to cyclize 2-o-azidophenj-lp~ ricline to 6-carboline but  
obtained instead 2-o-ami~1opI~eny1~~j~ridine.* 11-hen 2-o-nitrophe11)-1p)-ridine was heated 
with ferrous osalate, cyclization tool; place preferentially a t  the pj-ridine nitrogen atom 
to give p~~ricl[l,2-b]indazole (I)). The  Pschorr-type cyclization of 2-amino-N-met11y1-12'- 
3'-pyridylaniline gave a relatively goocl j.ielcl of incl-N-metI1~-l-6-carboline (11) (together 
with some ind-A7-methyl-P-cai-bolii1e) (10a) but  attempted N-demethj-lation using n 
varietj- of procedures failed (lob). 

6-Carboline has no\\- been sj-nthesized unai~~biguously from 3-amino-2-phenyI~1j~ridine 

1,ifarcz~scrtpt ~eceived .Tzme 6 ,  1960.  
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ABRAMOVITCH ET AL.: I-CARBOLINE 2153 

(V). The ainine was obtained froin 2-phenyl-3-picoline (111), which was oxidized to the 
carboxylic acid (IV) (11); this was transformed into the anline (V) via the acid chloride 
and the Curtius reaction. I t  could also be obtained directly by the action of phenyl- 
lithium on 3-aminopyridine (12). I t  was diazotized and converted to 3-azido-2-phenyl- 
pyridiile (VI), which on being heated in decalin, gave variable yields of 6-carboline (I). 

The base formed a yellow methiodide (VII) readily but resisted all atteinpts a t  ind-LV- 
methylation. Treatment of the inethiodide with alltali gave the orange anhydronium 
base (VIII);  this gave a yellow methiodide (IX) identical with that obtained from 
ind-N-methyl-6-carboline (11), thus establishing conclusively the structure which had 
been assigned (10a) to (11), as well as the fact that inethylation of the anhydronium base 
occurs a t  the i.izd-N-atom. Finally, dry distillation of the inethiodide (IX) gave ind-N- 
methyl-6-carboline (11) idelltical with the sample obtained froin the Pschorr reaction 
(10a). 

0'11) ( V I I I )  

Ultrw~iolet Absorption Spectra a.izd pIi,  
Gray (7) obtained the followillg values for the pK,'s of the carboliile anhydronium 

bases: a-, 7.75; /3-, 11.11; and y-, 10.54. The greater basicity of the /3-derivative was 
ascribed to a lower stabilization energy of the /3-carboline ailhydroniuin base indicated 
from a consideration of the relative contributions made by quinonoid canonical forms. 
The low basic strength of the a- as coinpared with the y-derivative was interpreted on 
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2154 CANADIAN JOURSAL O F  CHEMISTRY. VOL. 38. 1960 

the basis of two complementary factors: (a) a much increased stability of the a-anhydro- 
niurn base as a result of the juxtaposition of the oppositely charged centers; and (b) a 
reduced stability of the a-carboline salt o~ving to the inductive effect of the indole nitrogen 
attached to the same carbon as the positively charged pyridine nitrogen. Support for 
point (a) comes from the fact that  pyrid[l,2-blindazole, in which the charged centers 
are even closer together, is very reluctant to form a methiodide a t  all (9). A consideration 
of the basicities of the pyridonimines led Gray to suggest that  there is some slight 
evidence that  the aromatic charge-separated forms Inore nearly represent the properties 
of all three anhydronium bases. Additional support for this suggestion comes from the 
high dipole moment of sen~pervirine (13). Paolo~li and Marini-Uettblo (14) have arguecl 
that it is unnecessary to  write a formula bearing separated charges for the p-carboline 
anhydronium base as  suggested by Schwarz (15), and have carried ou t  calculations using 
the LCAO method on I-methyl-7-azaindole and on 7-met11\.1-7H-pyrrolo[2,3-b]pyridiI1e, 
the results of which they say support their contention. I t  was hoped that  the deter- 
mination of the pK, and spectral properties of the 6-carboline anhydronium base \\-ould 
shed some light on this problem and also verify or disprove Gray's suggestion concerning 
its base strength. 

FIG. 1. -..,- 6-Carboline in 95% ethanol. - - - ind-N-Methyl-6-carboline in 95% ethanol. 
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XBRAMOVITCI-I ET ;\L.: 8-CXRBOLINE 

The pK,'s of the anhydronium bases prepared from the metl~osalts of a-, 0-, and 6-carbo- 
line were determined both spectroscopically and by potentiometric titration of the 
methiodides in 60% ethanol with 0.1 N soclium ll~~clroxide, the pH a t  half neutralizatio~~ 
being talien as the pK, value, no correction for the ionic strength being applied. The 
average values of several determinations are given in Table I .  

Ti lBLE I 

A n l i y d r o n i ~ ~ m  base py-N-&Iethyl-a-carbolirle pv-11'-&Iethyl-p-carboline* py-fV-i\lIethyl-6-cnl-boli1lc 

pKn 7 . 5 5  10.88 10 77 

"Metlliodide kindly supplied by Dr. I. D. Spenser. McMaster University. I-lamilton. Ontario. 

The values for the a- and 0-bases are somelvllat lower than those reported by Gray ('7) 
but, as suggested by him, py-N-methyl-6-carboline anhydro-base is almost as strong a 
base as its 0-isomer. This result would seem to favor the quinonoid structure A as being 
an important contributor to the structure of the base, resulting in its having a lower 
stabilization energy as compared with its salt in wllich the benzenoid structure is pre- 
served.* The infrared spectrum of py-N-methyl-6-carboline anhydronium base affordecl 
some slight tentative negative evidence in support of this suggestion. In the infrarecl 
spectra of two compounds, p\.rid[l,2-blindazole (9) and ;unthranil (16) in which the 
grouping Ccfl4N@ is kno~vn to make a strong, i f  not predominant contribution, ba~lcls 
have been observed a t  1630 and 1642 cm-', respectively, which have been tentatively 
assumed to be characteristic of such a grouping. No such band ~ v a s  observed for the 
6-carboline anhj-droniunl base. A medium bancl a t  1619 cm-' might be ascribed to a 
highly co~ljugated C=Ii as would be present in A,  or alternatively to an aromatic ring 
vibration as is present in A'. py-N-1Iethyl-a-carboline anhyclroiiium base exhibits a 
band a t  1630 cm-' which is intermediate between the above values as might be expected 
from the suggested structure for this compouncl in which the benzenoid structure remains 
i~nchanged and in which the dipolar structure makes an important contribution. The 
evidence seems to indicate a mesorneric structure X ++ A' for the 6-anhydroniunl base 
with the quinonoid structure A malting perhaps the weightier contribution to the ground 
state. 

The analysis values of py-N-methyl-6-carboline anhydronium base were unsatisfactory, 
but this seems to be characteristic of this type of compound (1'7). I ts  anhydro-base 
character was confirmed by its ultraviolet absorption spectrum (Fig. 2) compared with 
that of py-N-methyl-6-carbolinium iodide; the bands for the anhydro-base exhibited 
the usual bathocl~rornic shifts. The colors of the methiodides and anhydronium bases 
and of their solutions are of interest. Thus, both py-N-methyl-@- a ~ l d  -6-carbolinium 
iodide are )-ello\v in the solid state whereas the unmethylated bases are colorless and 

*That  disrz~ption of the benzenoid structure i s  a n  i~nportant factor i n  the destabilization of the bases is shown 
by the recent work of Adler and Albert on the ionization constants of the diasaindenes ( d l )  where this factor i s  
not present and the order of base strengths i s  1,5 > 1,6 > I,.$ > I,?+. 
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I I I I I I ,  I l l 1  I 1 I I I L 

220 260 300 3 40 380 420 460 500 540 

A mP 

FIG. 2. py-LV-L%ethyl-6-carbolinium iodidc. - - - I n  acidified '35% ethanol. -.; .- In allialine 95'35 
ethanol. 

FIG. 3. - - - py-1V-hIetI1yl-a-carbolini~1nl iodide (in 95% ethallol). - py-iV-hIethyl-6-carbol- 
inium iodide (in 05% ethanol). -. . .- py-lV-X%ethyl-6-carbolinium iodide (in 05% ethanol). 

the a-methiodide is cream-colored (see Fig. 3). The anllydronium bases arc all orange- 
colored and give g~elloxv solutions in hydroxylic solvents. The ultraviolet spectra of 
py-N-~iietliyl-6-carbolinium iodide ancl of its anhydroniuln base in 95% ethanol are 
identical, indicating the ease with which the anhydrolliuln base reverts to the Illore 
stable salt structure (compare the case of the 0-carboline anhydro-base (18, and references 
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ABRAMOVITCH ET AL.: 6-CARBOLINE 2157 

cited therein)). On the other hand, solutions of py-N-inethyl-6-carboline anhydroniunl 
base in non-polar solvents such as ether are darker in color than those in hydroxylic 
solvents and this is reflected in the illtraviolet absorption spectruin of an ethereal solution 
of this compound when the bands a t  282, 289, 330, and 422 inp (in alkaline 95% ethanol) 
are shifted to  289, doublet a t  295 and 300, 362 and 464 mp (in ether) respectively. This 
contrasts \\.it11 the behavior of the 0-carboline anhydro-base whose spectrum in alltaline 
ethanol is reported to be the same as that  in ether solution despite the fact that the 
latter solution is darker than the former (18). For the 6-carboline anhydro-base the 
deepening of the yellow color on passing froin aqueous ethanolic alliali to ether solution 
is undoubtedly due to the fact that  the color is due to an  ?z -, n transition and t h a t  
in aqueous ethanolic alltali the unshared electrons of the nitrogen atoms are stabilized 
in the ground state by hydrogen bonding. As regards the bands in the 282-350 mp 
region the bathochromic shift is in the opposite direction to tha t  expected for I<-bands 
(19) which arise from n -, n transitions. Such a blue shift on passing from a non-polar 
to a polar solvent might indicate an appreciable instantaneous change in polarity from 
the ground s ta te  to the escited state causing the solvating n~olecules of a polar solvent 
to be more disoriented than those of a 11011-polar one during such a transition. If this 
conclusion is valid it could be talien as providing some tenuous support for the suggestion 
that  structure A is the inore importailt of the tnro structures contributing to  the resonance 
h-).brid. Some comment ma\- also be made concerning the yellow color of the 6-carboline 
methiodide as  compared 11 ith the  unmethylated base and the a-carboline methiodide. I t  
seems liliel! tha t  a structure such as (VII') is contributing to the structure of the ground 

state of the 6-carboline inethiodide, the introduction of a positive charge on the p y - N -  
atom producing a strong perturbation of the n-electron cloud. Similar comments will 
apply to the P-carboline methiodide. Due to the closeness of the two nitrogen atoms 
the perturbation in the a-carboline methiodide case is not as  great (this is reflected in 
the lower pI<, of this compound). 

In  connection \\-ith the iiltraviolet absorption spectra of the 6-carbolines it is of interest 
to note tha t  Eiter and Nezval (3) claimed t o  have prepared 5-methj71-6-carboline (no 
analysis given) and reported tha t  this compound had tu7o bands a t  351 and 288 mp in 
the ultraviolet. 6-Carboline itself has two bands a t  303 and 258 mp (Fig. 1); furthermore, 
the shape of the absorption curve given by Eiter and Nezval is quite different from tha t  
of 6-carboline reported here, but  resembles tha t  of 5-methyl-P-carboline (3). Horner 
compared the ultraviolet spectra of a -  and p-carboline and found them to  be similar 
(20). Both, ho\\~ever, are substantially different froin the  spectrum of 6-carboline. I t  
seems unliliely therefore, tha t  the coinpound isolated in very low yield by Eiter and 
Nezval was really 5-methyl-6-carboline. 

EXPERIMENTAL 

Melting points are uncorrected. Infrared spectra were measured ~ v i t h  a Perkin-Elmer 
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Model 21 spectrometer using soclium chloricle optics. Ultraviolet absorption spectra 
\\-ere recorded on a Becltman DI<2 spectrophotometer. 

3-.-l?n~no-2-phenylpyridine 
2-Pl~enylp)rridine-;3-c~~rbox~~lic acicl (11) (0.3 g) was kept a t  room temperature with 

thion).l chloricle (3.3 ml) for q hour. The excess t11ion)-l cl~loride was removed under 
vacuum, the resiclue clissolved in dr) acetone, ancl the solvent evaporatecl leaving the 
acicl chloricle behind as a PO\\-cler. This 11 as clissolved in clry acetone (9 ml) and sodium 
azide (0.3 g) in water (1 1111) was stirrecl into the solution, the temperature being main- 
tainecl belo\v 20". After 13 minutes, \later (14 ml) was added and the mixture basified 
with 2 Aisodium h)-ell-oxide. 'The mixture uras heated on a steam bath for 3 hours, coolecl, 
ancl extractecl \\.it11 ether. The co~~ibinecl extracts were dried (Ka2SOa) anel evaporated 
to give crucle :3-an~ino-2-pl~e11y1~)~~1-itline (0.4 g ;  '32y0 yielcl) which was clistilled under 
vacuum ancl hael a boiling point of 111)-121°/0.:35 mm. 'The distillate solidifiecl on cooling, 
'und was recr) st,1llizecl from benzene - light petroleum (b.p. 40-60') to give colorless 
crystals, n1.p. 6%-Bk0, whose infrarecl spectrum was identical with that of n sample 
prcpasecl from 3-aminopj~ricline nncl phen~~llithium (1 2). The picrate, m.p. 204-206' (from 
ethanol), \ \as  iclentical (misecl melting poilit) \vith that of the specime~l prepared by 
the :3-arninop).ricline 111ethoc1 (12). 

6- Carbolzne 
:3-Amin0-2-phenylp!,ridi11e (1.0 g) was dissolved in concentrated hydrochloric acid 

(2.6 ml) and water (1 ml). A\ solution of soclium nitrite (0.41 g) in water (1 rill) \\-as 
added with stirring and cooling on ice to the above solution a t  such a rate that the 
ten1peratul-e remaineel belo\v 3'. 'The excess nitrous acid was destroj-ed by the addition 
of urea and then a solution of soclium azide (0.43 g) in water (1.5 ml) was ndclecl below 
3'. At the completion of this acldition the solution gave a negative alltaline P-naphthol 
coupling test. The reaction ~iiixture was allowecl to stancl a t  0' for 1 hour, the solution 
was then made alltaline \\lit11 colcl soclium 11) droxicle solution (temperature kept below 
5' a t  all times) and the aqueous solution was then extracted with ether repeatedly. 
.\ciclification of the aqueous layer caused the precipitation of 3-hj,droxy-2-phenyl- 
pj,ricline (0.3 g ;  :3:<y0 yielcl), m.p. 206-20i0, undepressed on aclmixture with an authe~ltic 
specimen (12). The dried (Sa?S04)  ether extract \\.as evaporated to give the crucle 
azicle (0.67 g) as a recldish oil which coultl not be purifiecl but was used as such in the 
nest stage. Infrnrecl spcctrum (liquicl film) : 2120 (s) (azide), 1380 (m),  1285 (s) (broacl), 
1 185 (m), 802 (m),  '735 (s), 693 cm-' (s). 

The crude 3-aziclo-2-~~hen).lp~ ridine (0.67 g) was clissolvecl in reelistilled decalin (70 1111) 
and heated a t  133-170' for :3 hours. Nitrogel1 \\-as evolved smoothly a t  this temperature. 
On cooling of the reaction mixture, sonle cr) stals of 6-carboli~le separated. Thc nhole 
mixture was extractecl 11 ith clili~te 11)-c1rochloric acid, the acid extracts made a l ld ine ,  
ancl the solution extractecl ivith ether. The dried (Na?SO,,) ether extract was evaporated 
to give 6-carboline (0.44 g), which was recrystallized from benzene to give colorless 
neeclles, 1t1.p. 216'. Calc. for Cl1HbN2: C, 78.55; H ,  4.70. 1;ound: C,  'iS.l.5; H ,  4.72. 
The rnonofiicrate was recr) stallizecl from ethanol and had a melting point of 277-279'. 
Calc. for CllH&\;?, C ~ H , ~ O i N ? :  C, 31.31); H ,  2.79. Found: C,  31.69; H ,  2.78. The yields 
of 8-carboline obtaineel in several runs variecl appreciably, the one reported above being 
the highest obtainecl. In some runs, some :i-amino-2-phenylpyricline, formed undoubtedly 
by hydrogen abstractions from the solvent, was isolated. 
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ABRAMOVITCIl ET AL.: a-CARBOLINE 2150 

py-N-;\rlethyl-6-carbolilzethyl-6-carboliziz~m Iodide (VII) 
6-Cnrboline (110 mg) in 95'% ethanol (1 ml) \vas treated with an excess of methy1 

iodide (2 ml) and the solution kept ovel-night a t  room temperature. The precipitate 
(200 mg) \\;as filtrated and recrystallized from methanol to give the nzethiodide as light 
yellow needles, m.p. 250-252'. Cnlc. for C1?H11N21: C ,  46.47; H ,  3.5'7. Found: C ,  46.37; 
13, 3.70. X ,,,,, 262, 328 mp; X l n l l  266, 348 mp;  log E 4.5;3, 4.50, 4.35, 3.70 (in 95% etlianol). 

py-N-dletlzyl-6-carboline ~1 nhydronium Base (VI I I)  
Tlie above ~iietliiodide (50 mg) \vas clissolved in hot water (2 ml) and the solution 

treated \\.it11 a \\iarm 2055 aqueous solution of sodium hydroxicle (4 ml). 'The yellow 
[Irecipitate (22.6 mg) which separated from tlie cooled suspension was filtered off and 
\\.aslied with a little cold \\rater. The combinecl filtrates were extracted repeatedly with 
ether, tlie extracts dried (Na?SO4), and tlie ether evaporated to yielcl a further small 
quantity of base. 'The combined solids were recrystallized from anlil-drous benzene to  
give tlie anl~.ydronizlnz base as orange-yello\\i plates \\rliicli becaliie almost blacli a t  cn. 200' 
and meltecl a t  204---205'. The  microanalytical values \\rere unsatisfactory as is common 
lor such substances (17). Calc. for C121Hl~i\:?: C ,  '70.09; 13, 5.53. Found (average of two 
determinations): C ,  71.33; 13, 6.00. Infrared spectrum (KBr clisl;) (main pealis only): 
l(j10 (m), 1588 (m), 1335 (s), 707 (m), and 718 cm-I (ms). A,,, 282, 290, 350, 422 
mp;  log E 4.56, 4.60, 4.38, 3.20 (in a l l d i n e  05% etlianol). 

ind-iV-lllethyl-6-carboline py-N-lllethiodide ( IX)  
benzene solution of py-N-methyl-6-carboline anhydronium base \\.as treated \vith 

an excess of meth>-l ioclide to give an immediate precipitate of the metlziodide nhicli was 
I-ecrl-stallized from S5yo ethanol :und formed light ~.ello\\r needles, m.p. 270.5-271.s0, 
iclenticnl Ivitli the authentic specimen obtained by treating ind-N-metli>.l-6-carboline 
(IOU) in 95y0 etlianol \\-it11 methyl iodide and allowing the solution to stancl a t  room 
temperature overnight. The  melting points of the two specimens were undepressed on 
admixture nlid their infrared spectra nere  identical. Calc. for ClaHl:iS?I: C ,  48.14; 
PI, 4.01. Found: C ,  45.08; H ,  4.12. 

ind-N-dlet/zyl-6-carboline (I I) 
'The anliydro-base methiodide ( IX)  (13.7 mg) \vas lieatecl a t  300-:310°/0.15 mm in a 

microsublimation apparatus. The  methiodide decomposed smoothly and practically no 
residue was left. Tlie conde~isate \\;as washed off 114th ether ancl tlie ether evaporated 
to give the demethylated product (6.3 mg;  827, yield) as  a colorless oil \vliich crystallized 
on standing to n colorless solid, m.p. 77.5-iS.SO, undepressed on admixture \vith an 
authentic specimen (IOU). The  two samples had identical infrared spectra. 

PIC, Deterlninations 
The titrimetl-ic determinations \\rere carried out by dissolving the metliiodicles (ca. 

%j lmg) in carbon-clioxide-free 60% aqueous ethanol (6 ml) ancl titrating \\.it11 0.998 iV 
socliuini liyclroxide. The  111-1 measurements \\rere carried out \\-it11 a Leeds-Northrup pH 
meter equipped with micro pH electrodes; the solutioil being titratecl \vas stirrecl by 
nreans of a magnetic stirrer. The py-N-methyl-6-carboline anhydronium base \\:as simi- 
larly titrated with 0.989 N sulpliuric acid. 

The  spectrophotometric determiiiations were carried out by measuring the extinction 
coefficients of acid, alkaline, and buffered (pH 10.61) solutions of the methiodides a t  
two or more wavelengths. 
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