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I. INTRODUCTION 

The prepa=ation and reactions of such derivaf~ves aa esters, amidea, and salts of - N-carboxylic 
acide of Pyrrole, l" ~ n d o l s , ~ ' ~  c a r b a ~ o l e , ~ * ~  imida~olo,"~ benrimidazole9 ' lo, triazole. l 1  'I2 and 

~ ~ a z o 1 e ~ ~ * ~ ~  are well *nor" m the literature. ~oxsver, many fever reparts concern the free acids. 

probably becavae of their inetability when canpared to that of their derivatives. Thia review. 

which cover8 the literature up to the middle of 1985, presents the available knowledge concerning 

the synthesi~ and properties of the free acids of this t m  

AB is d i 8 ~ ~ 8 8 e d  in Section IV, the importance of such heterocyclic 2-carboxylic acids has rscantly 

\ much increaaad ria the dl-very in  ow iaboratory of ths ut l l j zy  of C D ~  atl a protecting and 
/ 

activating group, easily attached to and lost from heterocyclic nitrogen. 



11. SYNTHESIS OF HETEROCYCLIC ti-CARBOXYLIC ACIDS 

A. Pyrro1.3-1-carboxylic Acids 

The preparation of pyrrole-1-carboxylic acids in readily achieved by the direct carbonation of the 

pyrrole anion. However, the gegenion is important; thve vhereaa the anion prepared using 

buryllithium is -tiefactory for the ayntheeia of pyrrole-3-carboxylic acids ( 1  --> 2),15 the use 

of Grignard reagents and hence a magnesium gegenion yields mainly pyrrole-2-carboxylic: acids (2 --, 
41.~6 - 

m the procedure ( 1  -4 2) .  2-butyllithium in ether vas added  lowly to pyrrole in ether. The 

zeaction mixture vas stirred and heated under reflux for 1 h and then poured onto aolid C02. The 

mixture was treated with water, and the ether layer separated and extracted vith eeveral portiona 

of water.  he combined aqueous portione were acidifled vith H U  to give pyrmle-1-carboxylic acid 

as a white precipitate which could be recrystalli~ed.~~ Pyrrole 1-carborylic acid (1) has also 

been p e w r e d  by hydrolysis of the corresponding ethyl ester (5) (itself obtained from the reactron 
of ethyl chloroformata vith pyrrole) in the presence of KOE.'' 

~econtly.'~ the 1-carboxylia acids of m e  3.4-dielkylpyrroles were wepared by the anodic 

oxidation of the alkenyl alkyl ethers (RCH - CHOR') to give the aoetals (2) which were cycliead to 
the henry1 pyrrola-1-carboxylates (1). Hydrogenolysis aver palladium of the latter gave the free 
1-carboxylic acids (2). 

R R 
benzy l carbornale 

R' 0 

Me0 OMe CO,CH,Ph 

B. Indole-l-c.rboxylic &id.% 

In 1911, Oddo and sesaa reported1' that 1-carboxyindole (9) was obtained by the carbonation of 

ladole-1-magnesim iodide (8). However, ~ a j h a  and i(otakeaO later described 3-carboxyindole (10) 

as being the only prodvct of this reaction. Subsequently, other v ~ r k e r s ~ ' , ~ ~  prepared 3- 

carboxyindole (10) by the method of M j h a  and mtake. However, detailed investigation by Kasparek 

and ~ e a c o c k ~ ~  shoved that 3 acids (9) and (10) ere formed, in approximately equal quantities, 

during this reaction. Excess powdersd co2 was added to a stirred solution of indole magnesium 

iodide, and the products were decomposed by ice-water. The aqueove layer was acidified to pH 5 . 5 -  
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6.0 with 2% acetic acid. repeatedly extracted with ether, cooled to o0c, and acidified with 

concentrated H a  to pH 1.3. 1-Carboxyindole (9) aeparoited ae a chranatagraphically pure, 

c ~ l o u r l e ~ =  crystalline a ~ l i d . ~ ~  

similarly, carbonation of 3-methyl-I-magneaim bromide (11) vith CO2 at 20-10oOc yielded 3- 

methylindole-1-carboxylic acid (z),24B25 which occurs in beets. 

wMe 3 mMe 
@-J, g& QM; @JJy 

Mg Br 
Y 

C 0 2 H  
r;r Me 

M g B r  C 0 2 H  

The formation of indole-1- or -3-carboxylic acids ia temperature-dependent; carbonation of 2- 

methylindole-1-megnesim brmide (2) vith C02 at 1 0 0 ~ ~  yielded the I-carboxylic acid (fi) which ia 
soluble in Na2CO3. However, if the reaction with CO2 is conducted at 115Oc in refluxing toluene, 

the 3-oarboxylic acid (15) ie formed, possibly the 1-oarboxylic aoid (2). by migration of the 

C O ~ H  

Shirley and Roueeel later found that treatment of indole vith a alight excees of 5-butyllithium, 

and carbonation by pouring over solid co2 gave I-indolecarboxylic acid 19) in 61% yield.26 

lypically. a solution of Ladole in ether was treated with axceas q-butyllithium and heated under 

reflu for 2 h. me mixture was then poured over a slurry of erceaa crushed solid C02 in dry 

ether; treatment with hydrochloric acid liberated 1-indolecarboxylic acid A four-fold 

sxcssa of q-butyllithium failed to produce a dilithioindole, even using temperaturea up to 50°c and 

reaction times of up to 48 h. I" no case was there any evidence of >metslation, as indicated by 

carbonation of the intermediates. 

The abova is in sharp contrast to Ule behaviour of phenothiarine and c a r b n ~ o l e ~ " ~ ~  in which x- 
lithiation occurs, followed by metalation to ths nitrogen atom in good yield. The lack of 

reaotivity of plith~oindole towards q-butyllithhrm would appear to be due to stabiliaation of the 

anion (=-*I, a situation which would be less likely in plithiocarbaeole, for example, since 

structures corresponding to (*I would involve higher energy quinonoid forms in are of the benzene 

ringa. 

C. Carbazole-9-carboxylic =ids 

The fact that pyrrolemagnesivm ealts with co2 yield 1-carboxylic acids, while the indolemagnesivm 

compounds Usually form mixtures of 1 -  and 3-carboxylic acids raiaed the question as to whether 



reaction at nitrogen might, m general, be possible. Carbazole readily reacte with Meng~ 

in =t20 forming the Grignard compound (111, which in turn reacte with C02 to yield the pcarboxylio 

acid (2) ,29 an unstable substance decomposing to co2 and carbazole even at -20%. mowever, if the 

magnesim ~ ~ r n ~ o y d  (111, free from E ~ ~ o ,  is heated in Co2 et 265-270°c, a monocarboxylic aoid of 

carbarale is formed, although the site of s-carboxylation was not reported.30 ~strahydrocarbezole- 

9-carbaxyiic acid, obtained by the action of C02 upon the magnesium derivative of 

tetrahydrocarmeole, is very unstable; however, the ethyl ester ie quite stable and is formed by 

the aotion of ethyl chloroformate upon the appropriate  rign nard reagent.w when carbarole 

potassium is heated under prsssure with C02 to above 200°c a mixture of mono- and di-corboxylic 

acide of carmeole ie obtainad. Aqvsous edivn hydrogen carbonate rae used to isolate the 

carba~~lem~n~carbo~ylia acid lot unknown substitution) which has been vsed ae a starting material 

in the manufacture of dyes.32 Hydroxycarboxylic acids of carbazole, prepared by the action of m2 
on a mixture of a hydroxycarborole end alkall, have also been meed as intermedietee in making dyes 

and pharmaceutical 

~yrazole-1-carboxylic acids are prepared by hydrolysitl of the oorrenponding eaters. Thus, 

agitation of ethyl pyraroie-5-carbaxylare (19) (obtained by the action of ethyl chloroformate m 

magnesiw pyrarolel vith aquaova KOH gave, after acidification. pyrazole-x-carboxylic acid 

I Prolonged agitation of ethyl 3,s-dimefhylpyrazole-1-tatbbbylnte 111) with KOH gave after 

acidification, 3.5-dimethylpyrazole-1-cdrboxylic acid ( 2 1  .35 

Ths reaction of the pyrazole (23) with ethyl chloroformate in the presence o€ NaOEt afforded ethyl 

3-methyl-5-cNoropyra~ole-1-carboxylate (s), which was readily hydrolyeed to the corresponding 

acid (25). The latter epontaneovsly decomposed to 3-methyl-5-chloropyrazole (23) and C O ~ . ~ ~  m i s  

would appear to be 4 useful method of protecting 1-unsubstituted pyrarolea. Heating 5- 

nanylpyrarole (16) with ethyl chloroformate and scdivn in methanol gave 3-nonyl~raeole-l- 

carboxylic acid (z).37 Pyraeole-E-csrboxylio acids (2) have also been obtained by the 

carbonation of the pyrazolemagnesivn derivatives with C02.38 
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Me(CH2), Me(CH,), d d 

N\) ClCOzEt 
' No/ M~OH' ' CO, R 

rastonieation of derivatives of pyraeole-2-carboxylic acid can result in relatively thermally 

stable hetsrocyolee. such as tho m a r o l e  1 x 1 ,  obtained by heating the semicarbazane of 2-methyl- 

6-aoetylacstophanol (0) rith acetic anhydride and aodim a ~ a t a t e . ~ ~  

E. Imidazola- and Benzimidarole-1-carboxylic &ids 

~ h s  reaction between imidarolemagnasium bromide and ethyl chloroformate produces athyl I -  

imidaeolecarboxylate. Ethyl 44sthyl-1-imidarolscarb0~11ate is elmilarly praparad from 4-methyl-l- 

imidazolamagnesium bromide.40 The interaotion betresn imidazolemagnseium bramlde and ethyl 

chloroformate does not give sthyl imidarole-2-carboxylafe. ae haa been claimed by W d o  and 

~ i n g o i a . ~ ' * ~ ~  Ioidazole-1-carboxylic acid is an unstable compound rhich loeee CO2 extremely 

readily, giving i m i d a ~ o l e . ~ ~  In contrast, the ethyl ester is a basic liquid rhich can be distilled 

unchanged, and which forms a crystalline picrote. meatment of imidazole 11) with ( ( C H 3 1 3 S i J 2 ~ ~  

and CO2 gave the eilyl serer (z), rhich upon heating lost CO2 to give the 3-silylated lnidaeole 

(11, .44 

Ethyl Mnlimidazole-1-carbDxylate (35) has bean prepared by the reaction of benzimidaeols magnesium 

1 3 )  rith ethyl chloro~ormate.~~ Methyl 2-aminobenrimidarole-1-carbbbylafs (21) can be prepared by 
the reaction of 2-aminobenrlnidarole (36) rith methyl chlor~formate.~~ 



P. wiaaole-N-carboxylic Acids 

miazole-2-carboxylic acids are unknovn, with the apparent exception of 4-2-carboxypheny1-5- 

carboxy-1,2.3-triazolic acid 1%). which has reportedly been preparsd4'l by the oxidation of a 

naphthotrialole with m o d .  However. many estere of rriazole-2-carbarylic acids are stable. mr 
example. L'abbe and Beetmaom prepared 5-substituted-1-ethoxycarbonyl-1.2.3-triaeoles 1%) by the 

reaction of ethyl azidofornate 1s) with alpha-ketophosphorua yiides IX).~~ 

Ph3P = CHCOR + E102CN3 - 

Huiagen and BlaecNre prepred the 4-(5) and 5-144) phenyl darivativea of 1-ethoxycarbonyl-l,2,3- 

triazole by the addition of ethyl aridoformate ( s )  to phenylacetylane 143) .49 

111. PROPERTIES AND REACTIONS OF N-CARBOXYLIC ACIDS 

A. DecarboxylatLon 

Ths E-carboxylic acids of pyrrole and indole are rather unetable solids which easily loae Co2 when 

boiled with water, treated with alkali or NH3, or even kept at rom temperature. Pyrrole-2- 

carboxylic acld immediately decomposes to pyrrole end co2 an heating. This decompoeition proceeds 

without any resinification and gives pure pyrrole almoet quantitatively.17 men in sealed vessels, 

PYrrole 5-carboxylic acid (21 becomes light pink and begins to amall of pyrrole. me acid is also 

decwwsed slowly by water at 20°c, the evolution of C02 increasing as the tamparature is raised. 

Idole- and 3-ethylindole-2-carboxylic aoide are decomposed by boiling rater into the 

correswnding indoles and ~ o ~ . ~ 9 * ~ ~  musver, when 2-methy~indole-x-carborylic acid ie treated with 

Na2C03. it loses CV2 at room temperature and forma 2-methylindole. Rearrangement of 2-methylindole 



N-carboxylic acid to the 3-carboxylic acid r rcvre  on heating in toluene.24 Carbazole-2-carbarylic - 
acid ie very anstable; w e n  at -20°c it decomposes into carbazole and co2. 

Eyrorole-parboxYlic acids are alao matabla and decompose to the original ~ r a z o l s  and CO2 when 

boiled with water, heated alone. or treated vith NH3 or a o i d ~ . ~ ~ ' ~ ~  Wain. imidozole-1-carboxylic 

acid easily losea Ethyl 1-imidaeolecalboxylate also loses W2 when heated at 250-260°c, and 

is converted into 1-ethylimidazols. mder similar conditions ethyl 4-methyl-1-imidarale~arboxylate 

afford8 a mixture of 1-ethyl-4-methylimid~zole and &(or 5 - )  methylimida~ole,~~ 

8. Reactions at the N-Carboxyl G r o q  

The 2-(2-butoryoarbonyl) substituent hae been used aa a protecting group. It can be removed 

rapidly and in high yield frm Wrrola derivatives under basic conditions. Warn indole 

deriVativB8, the protecting group oen be removed vsing either acidic or basic  condition^.^^ 
pyrrole 2-carboxylic acid (21 reacts vith p a 5  to form the acid chloride (6) from which pyrrole-l- 

carboxamide (47) oan be obtained by reaction vith N H ~ . ' ~  The acid chloride of pyrrole-2-carboxylic 
acid (461 reacts with p t a s ~ i m  pyrrole to give pyrrollde ( 2 1 ,  and rith ethyl glycinats to give - 
ethyl ~pyrrollylglycinate (9). The reaction51 of pyrrole-x-carboxylic m i d  12) rith tetramethyl- 

alpha-chlorwenoenamine (so) yielded the acid chloride (6) .52 

 able 1. cecompsitio? Temperatures of 2-carboxylic Acids 

5-Chloro-3-methylpyrazole-1- 
oarboxylic acid 

Temp. mcomp. Ref. Prodvcta 
("CI 

20 (slow) 17 pyrrole, co2 
vigorous at 70 

106 19 indole, C02 

34 no prcducta iaolatsd; 
(in boiling water pyrarole, co2) 

35 no prcduote ieolated; 
(in boiling water 3.5-dimethylpyrarole. W21 

160-170 47 4-phsnyl-5-carboxy-1.2.3-trioizale, 
C02 '"d H20 



~ ~ ~ ~ ~ l ~ - ~ - ~ ~ ~ b ~ ~ ~ l i ~  acid (2) condensed vith trans-3-(methorycsrbony1)acryloyl chloride in the 

prsaence of ~ t p  to give the anhydride (z).52 The acid chloride ( 6 1  on esterification with 

methyl frans-3-hydroxysratonnte53 yielded the ester (z).52 

I 
COCl CONH, 

maction of indola-?+arborylic acid (9) rith Pc15 gave the acid chloride (55) which rith W3 
afforded indole-pcarboramids (56) .54 

 he aitss or reactivity of carbarole-5-carboxylic acid (111 have h e n  correlated rith lULO It0 

The acid chloride (511. prepared by the reaction of phosgene with carbarole in 

wridine, yielded the carbalols E-carboroiplide (2) upon treatment with NH3.56 

C. Reactions of the Hsterxyclic Rinq 

N-11-sutorycerbonyl)~role (2) and E-(r-butoxycarbonyllindole (61) (prepared by the reaction of - 
wrroles7 a d  indoleso rith ~-butoxycarbony~azide) may be lithiated at the 2-position with lithium 

2,2,6.6-tetrmethylpiparidide (ITUP) and 5-butyllithium, raspctively. These lithium rewants 

react rith a variety oi electrophilaa to give th. 2-Bubstituted ~(2-butarycarbonyl) wrroles (60) 
and ~-(~-butoxycarbonyllind01~8 (62). 
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A Diela-Alder addition of bsnryne +A t-butyl pyrrole-2-oarboxylata 1 2 )  folloved by subsequent 

cleavage of the aotective group by nC1 in nitromethane yielded the 7-arabsneonorbornadiene (e) .57 

Reaction of 3,4-dialkylPyrrolo-~-ccrb0~y1i~ acids with formaldehyde in the W e S B D E B  Of air yialda 

ostmlkylparphyrine (3).l8 which are aimpla and u s s N  modale far natural parphyrine. 

IV. UTILITY OF NITROGEN HETEROCYCLE N-CARBOXYLIC ACIDS IN SYNTHESIS 

Our group h a  recently discovered58859 that indols parboxylic acid* can be employed ae 

intermediates in aoma most uesful aynthotic sequences: 

A. The 2-Lithiation of Indols-1-carbarylis salts5' 

Indole was converted into aavsral 2-substituted derivatives by using carbon dioxide both to provide 

for 2-protection and to give an intermediate carbanian-stabilizing group. t-Butyllithium was used 

as a lithiating agent at the oilphn-carbon a m  of the indole anamino group. The resulting 2- 

eubstitvtsd indole-l-carbxylio acids undervent amooth thermal decarboxylation undsr mild 

conditione. Alternatively, vith longer reaction times, the protecting group is lost during the 

reaction. 

The reaction scheme involved the following manipulations for the conversion of (66) into (671: 
(i) indole ie treated with Z-BUL~/THF/ z-hexane, at -70°c, for 0.5h. under N~ 

lii) C02 added at  -70% and mixture allowed to warm to 20°c, undsr N2 

(iii) 2-BuLi/%-pentane added at -70°c. kspt lh, under N 2 

(ivl electrophile/THF added at -70'~. 2h. under N2 

( 7 )  H20 added at -70% and mixture alloved to warn to 20%. under N2 

(vil NH4C1/H20 added 



(viil 5% H2S04/B20 added 

l~iiil gentle heatinge0 

Table 2. 2-Substituted lndoles Prepared from Indole by Lithiation 

2-Subatituent Elactrophile Yield 1%) m.p. l o  

D 

Me 

COPh 

COPh 

CCC6H40Ma-4 

CUOH1C6H40Me-4 

CONHPh 

C02H 

D2° 
Me 

PhCOCl 

PhC02Me 

4-MeOC6H4COC1 

4-HeCC6A4CB0 

PhNCO 

=O2 

8. .ma Lithiation of a 2-Mkyl Group in Indole-1-carboxylate salts5' 

proton loss from c-methyl grovp in pyrrolea and indoles is difficult, and few procedures are 

available for their functionalization carbanion formation. Recently we have discovered that 

the 2-alkyl groups of 3-uneubstituted 2-alkylindolea can be activated towards Proton loss by using 

carbon dioxide both to protect the N-H position and to enable lithiation at the methyl group% --, 
71 -4 72. Subsequent reaction with an electrophile 12 -4 14 affords the corresponding 2- - - 
Isubstltuted alky1)indole-1-carborylic acid and eaay loss of C02 then Occurs (2 --> 69) to reform 

the Nu group.  he whole aequence can be carried out in the usual one-pot procedure. 

A vide variety of elecrrophiles were employed to give the corresponding 2-laubstituted 

alkyllindoles: ~ ~ 0 .  RI, R~CO, RNCO, co2 all gave the expected products. 

C. The lithiation of the 1-position Hethylene Group in 1,2,3,4-Tetrehydroiaowinolini-2- 

carbowlate salts 

A rather similar eeqvence has been used to intraduce functionality at the 1-position of 

tetrahydroisosuinoline: for details see Ref. 61. 
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7 1 - 72 - 7 3 - 74 - 
V. CONCLUSIONS AND OUTLOOK 

The 2-carboxylic a c id s  Of PYrrola and indole  are surprisingly e t s b l e  compounds. Moreover, they 

have been ahom t o  poesese considerable synthe t ic  potential ,  s ince  tho C02 group ac t i va t e s  ba th  

r ing  and adjacent  alpha-a1kYl protone with respec t  to metalation, but is a l e0  e a s i l y  introduced and 

el iminated.  
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