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Abgtract - Nitrogenous heterocyclic carbamic acids possess considerable
ptability and can frequently be jisolated as free acids. A variety of
synthetic methods are available and the expected range of derivatives ia
formed. Recently, such N-carboxylic acids have been demonstrated to form

useful protecting/activating groups in metalation reactioms.
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I. INTRODUCTION

The preparation and reactions of such derivatives as esters, amides, and salts of E—carboxylic

acids of pyrrole, 132 jndole ,3 »% carbazole .5' & midazole,7'a benzimidazole?® 10, triazole, 1,12 449

pyrazole13'14

are wall known in the literature. However, many fewer reports concern the free acids,
probably because of thelr instability when compared to that of thelr derivatives. This review,
which covers the literature up to the middle of 1985, presents the available knowledga concerning
the synthesis and properties of the free acids of this type.

Ag ie discussed in Section IV, the importance of such heterocyclic N-carboxylic acids has recently
much increased with the discovery in cur laboratery of the utility of €0, as 2 protecting and

activating group, easily attached to and lost from heterocyclic nitrogen.
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II. SYNTHESIS QF HETEROCYCLIC N~CARBOXYLIC ACIDS

A. Pyrrole-l-carboxylic Acids

The preparation of pyrrole-i-carboxylic acids is readily achieved by the direct carbonation of the
pyrrole anion. However, the gegenion 1is important; thus whereas the anion prepared using
butyllithium is satisfactory for the synthesis of pyrrole-N-carboxylic acids (1 --> _2_),15 the use
of Grignard reagents and hence a magnesium gegenion yields mainly pyrrole-2-carboxylic acids (3 -
4).16

é-) (DBuLl.EtO (\B [\) E‘_z_ﬂ@ ﬂ

CO,H

co I\ N N Ve

g Hzoz CO,H MgBr H OzEt
1 @ HCi 2 3 4 5

In the procedure (+ --> 2}, n-butyllithium in ether was added slowly to pyrrole in ether. The
reaction mixture was stirred and heated under reflux for 1 h and then poured onto solid €Oy« The
mixture was treated with water, and the ether layer separated and extracted with geveral portions
of water. The combined aqueous portions were acidified with HCl to give pyrrole-i-carboxylic acid
as a white precipitate which could be recrystallised.‘s Pyrrole l-carboxylic acid (2) has also
been prepared by hydrolysis of the corresponding ethyl ester (5) (itself obtained from the reaction
of ethyl chloroformate with pyrrole) in the presence of KOH.”

Recently,‘a the j-carboxylic acids of scme 3,4-dialkylpyxroles were prepared by the anodic
oxidation of the alkenyl alkyl ethers (RCH = CHOR') to give the acetals {6) which were cyclised to
the benzyl pyrrole-Il-carboxylates (7). Hydrogenolygis over palladium of the latter gave the free
1-carboxylic acids (2).

R M R R
benzyl carbamate M
R'O OR' - >
in geetic acid N
MeO OMe CO,CH,Ph
6 7

B. Indole-1-carboxylic Acids

In 1911, Oddo and Sessa reported‘g that 1-carboxyindole (9) was obtained by the carbonation of
indole~1-magnesium icodide (8). However, Majima and Kotake?? later described 3-carboxyindole (10)
as being the only product of this reaction. Subsequently, other workera?l:22 prepared 3-
carboxyindole {10) by the method of Majima and Kotake. However, detailed investigation by Kasparek
and Heacock?23 showed that both acids (9} and {(10) are formed, in approximately equal quantities,
during this reaction. Excess powderad Co, was added to a stirred solution of indole magnesium

iodide, and the products were decomposed by ice-water. The aqueous layer was acidified to pH 5.5-

—1334—




HETEROCYCLES, Vol 26, No. 5, 1987

6.0 with 2% acetic acid, repeatedly extracted with ether, cooled to 0°%c, and acidified with

concentrated HCL to pH 1.3. 1-Carboxyindele (9) separated as a chromatographicaily pure,
colourless crystalline solid.?']

@U—“@‘J @FT

8 9 1o
Similarly, carbonation of 3-methyl-l-magnesium bromide (11) with C()2 at 20-100° yielded 3-
methylindole-1-carboxylic acid (2),24'25 which cceours in beets.

CagilowSINCwIt JonRicw i
N |00°C N Me N"“Me
MgBr O,H MgBr CO,H

( 12 13 14 15

The formation of indole«1- or =3-carboxylic acids is temperature-dependent; carbonaticn of 2-
methylindole-1-magnesimm bromide {13) with ('_‘02 at 100% yielded the l-carboxylic acid {14} which is
soluble in Na2003. However, if the reaction with C()2 is conducted at 115°C in refluxing teluena,

the 3-carboxylic acid (15) ie formed, possibly via the l.carboxylic acid (14), by migration of the

co,H group. 24

Shirley and Roussel later found that treatment of indole with a slight excess of n-butyllithium,
and carbonation by pouring over golid CO2 gave 1-indolecarboxylic acid (8) in 61% 3!'.1.e].d.26
Typically, a solution of indole in ether was treated with excess a-butyllithium and heated under
reflux for 2 h. The mixture was then poured over a slurry of excess crushed solid coz in dry
ether; treatment with hydrochloric acid 1liberated 1-indolecarbexylic acid (3).26 A four-fold
excepgs of n-butyllithium failed to produce a dilithioindole, even using temperatures up to 50°¢ and
reaction times of up to 48 h. In no case was there any evidence of C-metalation, as indicated by
carbonation of tha intermediates.

The abeove is in sharp contrast to the behaviour of phenothiazine and cm:baz«;u.ez""28 in which N-
lithiation occurs, followed by metalation orthe to the nitrogen atom in good yleld. The lack of
reactivity of B-lithioindole towards n~butyliithium would appear to he due to stabilisation of the
anion (16a-16b), a situation which would be less 1likely in N-lithiocarbazole, for example, since

structures corresponding to (16b) would involve higher energy quinonoid forms in one of the benzene

rings.

".‘
Mgl CO2
6a 16 7 18

C. Carbazole-9-carhoxylic acids

The fact that pyrrolemagnesium salts with ca, yield 1-carboxylic acids, while the indolemagnesium

compounds wusually form mixtures of 1- and 3-carboxylic acids raised the gquestion as to whether
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specific reaction at nitrogen might, in general, be posaible. Carbazole readily reacts with MeMgI
in Et,0 forming the Grignard compound (17), which in turn reacts with CO, to yield the N-carboxylic
acid (_12).,29 an unstable substance decomposing to CQ2 and carbazole even at -20°C. However, if the
magnegsium comPqud {(17), free from Etzo, 18 heated in (.‘.02 at 265—27000, a monocarboxylic acld of

carbazole is formed, although the site of C-carboxylation was not r:epo::ted.30

Tatrahydrocarbazole-
9-carboxylic acid, obtained by the action of C02 upon the magnesium derivative of
tetrahydrocarbazole, 1is very unstable; however, the ethyl ester is guite stable and is formed by
the action of ethyl chloroformate upon the appropriate Grignard x:ear:_;em..:"J When carbazole
potasslum is heated under pressure with CO, to above 200°C a mixture of mono- and di-carboxylic
acids of carbazole is obtained. Aqueous scdiuwnm hydreogen carbonate was uwsed to isolate the
carbazolemonscarboxylic acid (of unknown substitution) which has baen used as a starting material

2

in the manufacture of dyes.3 Hydroxycarhoxylic acids of carbazole, prepared by the acticn of co,

on a mixture of a hydroxycarbazole and alkall, have alsc been used as intermediates in making dyes

and pharmaceutical products.33

D. Pyrazole=-t-carboxylic Acids

Me Me
] () i
"i \} 99_KOH, N‘ \5 N7\ \} 99 KOH N’f \5
i’I\l \l}l N Me : N Me
CO,Et COH CO, Et CO,H
9 20 2l 22

Pyrazole-1-carboxylic acids are prepared by hydrolysis of the corresponding esters. Thus,
agitation of ethyl pyrazole-N-carboxylate (19) (obtained by the action of ethyl chloroformate on
magnesium pyrazole) with aqueous KOH gave, after acidification, pyrazole-N-carboxylic acid
(3(1).34 Prolonged agitation of ethyl 3,5-dimethylpyrazole-j-carboxylate (21) with KOH gave after
acidification, 3,5-dimethylpyrazole-l-carbexylic acid (22).7°

Me Me Mel )
I []
N\ CICQ, E N’ \} H,0 N’ 5
WO NeOET SN e ? SN T
H Co,Et CO,H
23 24 25

The reaction of the pyrazole (23) with ethyl chloroformate in the presence of NaOEt afforded ethyl
3-methyil-5-chloropyrazole-1-carboxylate (24}, which was readily hydrolysed to the corresponding
acid (25). The latter spontanecusly decomposed to 3-mathyl-5-chloropyrazole (23) and C:Oz.:‘,6 This
would appear to be a useful method of protecting 1-unsubstituted pyrazoles, Heating 5-
nonylpyrazole (26) with ethyl chloroformate and sodium in methancl gave 3-nonylpyrazole-i-
carboxylic acid (ﬂ).” Pyrazole-N-carboxylic acids (29) have alse been obtained by the
carbonation of the pyrazolemagnesium derivatives with c02.38
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Me(CH,)g Me(CH,)y R R!
[] ] i) lJ
N \}  CICoE N\ N\\ MeMdl N NQS

» Na/ MeOH N , co,
C

|
OH H CO,H

N
|
H 2

26 27 28 29

Lactonisation of derivatives of pyrazole-N-~carboxylic acid can result in relatively thermally

stable heterocycles, such as the pyrazole (31), cobtained by heating the semicarbazone of 2-methyl-
6-acetylacetophenol {30) with acetic anhydride and sodium m':catm:a.:"9

HC C/ Me Me
I I AcQ | i"
C on N\l\t{ “NoChc * Y
OH  {N~o 070
Me Me
30 3

E. Imidazole- and Benzimidazole«1-carboxylic Acids

The reaction between imldazolemagnesium bromide and ethyl chloroformate produces ethyl 1-
imidazolecarboxylate. Ethyl 4-methyl-1-imidazolecarboxylate is similarly prepared from 4-methyl-1-
imidazolemagnesiun broide.‘o The interaction between imidazolemagnesium bromide and ethyl
chloroformate does net give ethyl imidazole-2-carboxylate, as has been claimed by 0Oddo and
l‘l:l.nc_[cr.'i.a."‘*"'2 Imidazole-t-carboxylic acid is an unstable compound which loses c02 extremely
readily, gilving imidazole.43 In contrast, the ethyl ester is a basic liguid which can be distilled
unchanged, and which forms a crystalline picrate. Treatment of imidazole (1) with ((CH3)3Si)2NH
and C02 gave the silyl ester (32), which upon heating lost C:O2 to give the H-silylated imidazole

(33).44

N L (MegSi),NH N N CICO,Et N
LY o 6 —=> (3 J—CLJ
Heo T CO,SiMe, SiMe, MgBe CO,Et

! 32 33 34 35

Ethyl benzimidazole-1-carboxylate {35) has been prepared by the reaction of benzimidazole magnesium
(34) with ethyl ::h:I.cu:t',\ft::rmal:e."‘5 Methyl 2-amincbenzimidazole-l-carboxylate (37) can be prepared by

the reaction of 2-amincbenzimidazole (36) with methyl chloreformate.4®
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N CICO,Me N COH
A WA N
DL I _"NH

7N
CO,Me 2 . N—COzH
COH
36 37 38

F. Triazole-N-carboxylic Acids

Triazole-N-carbexylic acids are unknown, with the apparent exception of 4-o-carboxyphenyl-5-
carboxy-1,2,3-triazolic acid (38), which has reportedly been preparad47 by the oxidation of a
naphthotriazole with KMnO,. However, many esters of triazole-N-carboxylic acids are stable. For
exanple, L'abbe and Bestmann prepared S5-substituted-i-ethoxycarbonyl-t,2,3-triazoles (42) by the
reaction of ethyl azidoformate (49} with alpha-ketophosphorus ylides (2).48

p’ﬁha o— __ R
Phy = CHCOR + E10,CN, — . H R —C
=
o
\N/N\COZE'! N \COZEi
39 40 4l 2
Ph Ph
PRC=CH 4 EtO,CN; —— /=< +
NﬁN/N\ N‘§ }\
COEt N7 “coet
43 40 44 45

Huisgen and Blaschke prepared the 4-(45) and 5-(44) phenyl derivatives of 1-ethoxycarbonyl-1,2,3-
triazole by the additicn of ethyl azidoformate {40) to phenylacetylene (ﬂ).49

Iz, PROPERTIES AND REACTIONS OF N-CARBOXYLIC ACIDS

A. Decarboxylation

The N-carboxylic acids of pyrrecle and indole are rather unstable solids which easily lose Coz when
bolled with water, treated with alkali or NH,, or even kept at room temperature. Pyrrole-N-
carboxylic acid immediately decomposes to pyrrole and €O, on heating. Thig decompogition proceeds
without any resinification and gives pure pyrrole almost quantitatively.” Even in sealed vessels,
pyrrole N-carboxylic acid (2) becomes light pink and begins to smell of pyrrole. The acid is also
decomposed slowly by water at 20°C, the evolution of coz increaaing as the temperature is raised.
Indole- and 3-methylindole-N-carboxylic acids are decomposed by boiling water into the
corresponding indoles and C02.19'24 However, when 2-methylindole-N-carboxylic acid is treated with

Na 00y, it loses CO, at room temperature and forms 2-methylindole. Rearrangement of 2-methylindole
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24

y_-carboxylic acid to the 3-carboxylic acid occurs on heating in toluene. Carbazole-N-carboxylic

acid is very unstable; aven at -20°C it decomposes into carbazole and c02.
Pyrazole-ﬂ-darboxylic acides are also ungtable and decogpose to the original pyrazole and co, when
boiled with water, heated alone, or treated with NH, or a::j.ds.:s""36 Again, imidazole-l-carboxylic

acid easlly loses 002.43

Ethyl 1-imidazolecarboxylate alsoc losas t’.‘O2 when heated at 250—26000, and
is converted into 1-ethylimidazole, Under similar conditions ethyl 4-methyl-1-imidazolecarboxylate

affords a mixture of j-ethyl-4-methylimidazole and 4-(or 5-) methylimidazole.w

B. Reactions at the N-Carboxyl Group

The N-{t~butoxycarbonyl) substituent has been used as a protecting group. It can be removed
rapidly and din high yileld from pyri.'ole derivatives under basaic conditions. Fram indole
derivatives, the protecting group can be removed using either acidic or basic conditions.so

Pyrrole E—carboxylic acid (2) reacts with P(:15 to form the acid chloride (46) from which pyrrole-i-
carboxamide (47) can be obtained by reaction with NH3.” The acid chloride of pyrrole-N-carboxylic
acid (46) reacts with potassium pyrrole to give pyrrolide (48), and with ethyl glycinate to give
51

ethyl N-pyrrolylglycinate {(49). The reaction of pyrrole-N-carboxylic acid (2} with tetramethyl-

alpha-chlorogenoenamine (QED yiaelded the acid chloride (52).52

Table 1. Decompositiop Temperatures of N-Carboxylic Acids

 N-Carboxylic acid Temp. Dacoap. Ref. Products
°c)
Pyrrola-1- 20 {slow} 17 Pyrrole, Co2
vigorous at 70
Indole-1= 106 19 indole, CO.
1-Methylindole-1- 129 25 l.methylindele, co,
Carhbazole-9- ~20 29 carbazole, Co2
Pyrazole-1- 102 34 no products lgolated;

{in boiling water pyrazole, coz)

3,5-methylpyrazole-1- o]0 35 no preducts isolated;
(in boiling water 3,5-dimethylpyrazole, CO,}

S5=Chloro-3-methylpyrazole-1=

varboxylic acid 20 36 S5-chlorxe-3-methylpyrazole, coz
4-o-Carboxyphenyl-1,2, 3«
triazole-2- 160-170 47 4-phenyl-S-carboxy-1,2,3-triazole,
CO2 and H20
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5:0 H cocl CONH o i
NHCH,CO,E
2 46 47 48 49 o
9
Me, e LOC—N"S
2 4+ c=¢ — = Me,CH—C __/ —e 46+ Me,CHCONMe,
ry
Me NMes N'MeCI™
50 51 52

Pyrrole-N-carboxylic acid (2} condensed with trans-3-{methoxycarbonyl)acryloyl chloride in the
presence of Et N to give the anhydride (‘5‘31).52 The acid chloride (46) on esterification with

methyl trans-s-hydroxycrotona1:353 yielded the ester (2).52

cl:oz—// o/l\o Icoc:l CONH,

h\COZMe

Reaction of indole-N-carboxylic acid (8} with PCl; gave the acid chloride (55} which with NH,

54 55 : 56

afforded indole-N-carboxamide (Ej.“
The sites of reactivity of carbazole-N-carboxylic acid (11} have been correlated with LCAO MO

calculatlons.ss The acid chleride (57), prepared by the reaction of phosgene with carbazole in

pyridine, yielded the carbazole N-carboxamide (58) upon treatment with HH3.56

I l
cocl CONH,
57 58

C. Reactions of the Heterocyclic Ring

B-{t-Butoxycarbonyl)pyrrole (59) and E—(ﬁ-butoxycarbonyl).1.ndole (61) (prepared by the reaction of
pyzro.1.957 and indole®? with t-butoxycarbonylazide) may be lithiated at the 2-position with lithium
2,2,6,6-tetramethylpiperidide (LTMP) and t-butyllithium, respectively. These lithium reagents
react with a variety of elactrophiles to give tha 2—'suhat1tuted E—(}_—butuxycarbonyl) pyrroles (60}
and N-(t-butoxycarbonyl)indoles (62}.
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[+ (3, O 4 O,

COBu' COzBu COzBu’ Co,But
5_9 60 8 62

A Diels-Alder addition of benzyne to t-butyl pyrrole-g—carboxylate (59) followed by subsequent
cleavage of the protective group by HCl1 in nitromethane yielded the 7-azabenzonorbornadiene (_61).57

N.CO,Bu!
D‘ MNO
2y %

63 64 85

Reaction of 3,d4-dialkylpyrrole-N-carboxylic acids with formaldehyde in the presence of air yields
octaalkylporphyrine |‘.£).18 which are simple and vaeful madels for natural porphyrins.

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

Our group has recently discovetedsa’sg that indole N-carboxylic acids can be employed as

intermediates in scme most useful synthetic sequences:

A, The 2-Lithiation of Indole-l-carboxylic Salts>®

Indole was converted into several 2-substituted derivatives by using carbon dioxide both to provide
for N-protection and to give an intermediate carbanion-stabilizing group. t-Butyllithium was used
as a lithiating agent at ths alpha-carbon atom of the indole enamino grouwp. Tha resulting 2-
substituted indole-i-carboxylic acids underwent smooth thermal decarboxylation under mild
conditiona. Alternatively, with longer reaction times, the protecting group is lost during the
reacticn.
The reaction scheme involved the following manipulations for tha conversion of (66} into (§7):

(1) indcle ie treated with n-Buli/THF/ n-hexane, at -70°¢, for 0.%h, under N,
(i) €O, added at -70°C and mixture allowed to warm to 20°C, under N,
{ii1} t-Buli/n-pentane added at -10%c, kept 1h, under N,
{iv) electrophile/THF added at -70°C, 2, under N,

{v) Hy0 added at -70°C and mixture allowed to warm to 20°C, under N,

{vi) NH4C1/H20 added
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{vii) 5% stoq/uzo added

{viii) gentle heating®®

aBuLi co tRuli
N ] H —tRuH « U
’ e []
H L ‘Bu u LC L
R4 -Lli \0/ N S
By /7N
LD ©
66
E H* A
— ] — p — o, !
Li NE NE TCO NNE
Li G C C H
o/ Lio” Do Ho” o
&7
Table 2. 2~Substituted Indecles Prepared from Indole by Lithiation

2-Substituent Electrophile Yield (%) m.p. (°C)

D D0 86 53-55

Me Me 68 58-60

corh rhcocl 59 149-150

coph PhCO Me 52 149-150

COCGH, OMa-q 4-MaOC H,COCL 64 190-191

CH{OH) CgH, Ote =4 4-MaOCH, CHO 72 103-104

CONHPh PhNCO - 55 197-127

CO,H ce, 70 206-208

59

B. .The Lithiation of a 2-Alkyl Group in Indole-l-carboxylate Salts

Proton loss from C-methyl groups in pyrroles and indoles is difficult, and few procedures are
available for their functionalization via carbanion formation. Recently we have discovered that
the 2-alkyl groups of N-unsubstituted 2-alkylindoles can be activated towards proton loss by using
carbon dioxide both to protact the N-H position and to enable lithiation at the methyl group 68 -->
- 72 Subsequent reaction with an electrophile 73 --> 74 affords the corresponding 2-
{gubstituted alkyl)indole-1-carboxylic acid and easy losa of €O, then cccurs (70 —-> 63) to reform
the NH group. The whole sequence can be carried cut in the usual one-pot procedure.

A wide wvariety of electrophiles were wemployed to give the corresponding 2-{substituted
alkyl}indoles: D,0, RI, R,CO, RNCO, CO, all gave the expected products.

C. The Lithiation of the 1-Position Methylene Group in 1,2,3,4-Tetrahydroisoguinoiine-2-

carboxylate Salts
A rather similar sequence has haen wused to introduce fonctiomallty at the 1-position of
tetrahydroisoquinoline: for details see Ref. &1.
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RI R’ RI
CH,R r::D Q&?tﬂ'ﬁ—- CHR
) YR ¥R
H H CO,H
68 k] 10
R R’ R’ R
CH;R CHeR —» @cm N CHR
N N N L N R
1 ]
Li CO, Li CO, Li CQ, Li
71 72 73 74

V. CONCLUSIONS AND OUTLOOK

The N-carboxylic acids of pyrrole and indole are surprisingly stable compounds. Moreover, they
have heen shown to possess considerahle synthetic potential, since the COZ group activataes both
ring and adjacent alpha-alkyl protons with respect to metalation, but is also easily introduced and
eliminated.

REFERENCES

1. V.V. Chelintzev and 3.G. Karmanow. J. Russ. Phys. Chem. Soc., 1915, 47, 161 [Chem. Abstr.,
1915, 9, 1472].

2. R.A. Henry and W.M. Dehn. J. Am. Chem. Soc., 1949, 71, 2297.

3. A. Mbert, Ann., 1918, 416, 240.

4. S.G.P. Plant and M.L. Tomlinson, J. Chem. Soc., 1933, 955.

5. R. Seka, Ber., 1524, 57, 1527.

6. A.W. Weston, R.W. DeNet, and R.J. Michaels, Jr., J. Am. Chem. Soc., 1953, 75, 4006.

7. R.L. Grant and F.L. Pyman, J. Chem. Soc., 1921, 119, 1893.

&, N.H, Fell, U.S.P. 2,372,066, 1945 [Chem. Rbstr., 1945, 39, 4435).

9. L. Hunter and J.A. Marriott, J. Chem. Sac., 1941, 777.

10. W. otting and H.A. Staab, Ann., 1959, 622, 23.

11. H.A., Stabb and W. Benz, Ann., 1961, 648, 72.

12. P. Ykman, G, L'abbe and G. Smets, Tetrahedron, 197t, 3_':_‘_, 5623.

13. K.v. Auwers and W. Danjel, J. Prakt. Chem., 1925, 110, 235 {Chem. Abstr., 1925, 19, 2953].
14. K.v. Auwers and B. Ottens, Ber., 1925, 58, 2072.

15. D.A. Shirley, B.H, Groes, and P,A, Roussel, J. Org. Chem., 1955, 20, 225.

16. B. 03do and G. Acuto, Gazz, Chim. Ital., 1936, &6, 380 [Chem. Abstr., 1937, 31, 2210].
17. W. Tochelinzeff and B, Maxoroff, Ber., 1927, 60, 194.

18. EK.J. Callot, A. Louati, and M. Gross, Angew. Chem. Int. Ed.Engl., 1982, 21, 285.

19. B. Oddo and L. Sessa, Gazz, Chim. Ital., 1911, 41, 234 [Chem. Abstr., 1911, 5, 2638].

20. R. Majima and M. Kotake, Ber., 1922, 55, 3865.

— 1343 —




21.

22.
23.
24.
25.
26.
27,
28.
29.
30.
31.
2.
33.
24.
35.
36.
37.

38.
39.
40.
41.
42.
43.

44,

45.
46.
47.
48.
49.
50.
51.
52.
53,
4.
55.

56.
57.
58.
59.
60.
&1,

F.P. Doyle, W. Ferrier, D.O. BHolland, M.D. Mehta, and J.H.C. Nayler, J. Chem. Soc., 1956,
2853,

M.S. MelzZer, J. Org. Chem., 1962, _21, 496.

S. Kasparek and R.A. Heacock, Can., J. Chem., 1967, 45, 771.

B. Oddo, Gazz. Chim. Ital., 1912, 42, 361 {Chem. Abstr., 1912, 5, 2234].

C.W. Whittle and R.N. Castle, J. Phavm. Sci., 1963, 52, 64% [Chem., Abstr., 1964, 61, 13276].
D.A. Shirley and P.A. Roussel, J. M. Chem. Soc., 1953, 75, 375.

H. Gilman, b.A. Shirley, and P.R. Van Ess, J., Am. Chem, Soc., 1944, 66, 625.

H. Gilman and R.H. Kirby, d. Org. Chem., 1936, 1, 146.

B. Odde, Gazz, Chim. Ital., 1211, 41, 255 {Chem. Abstr., 1911, 5, 2638]).

G. Ciamic:ian and P. Silber, Gazz. Chim. Ital., 1882, 12, 272.

W.H. Perkin and 5.G.P. Plant. J. Chem. Soc., 1923, LZ_&, 676,

B. Farbw and V.M.L. Farbw, Ger.P., 263,150, 1911 [Chem, Abstr., 1913, 7, 3668].

1.G. Farbenind, A.-G. B.P., 303,90%, 1928 [Chem. Abstr., 1929, 23, 4579].

Q. Mingoia, Gazz. Chim. Ital., 1931, 61, 449 [Chem. Abstr., 1832, 26, 453].

Q. Mingoia and F. Ingraffia, Gazz. Chim. Ital., 1934, 64, 279 [Chem. Abstr., 1934, 28, 5444].
A, Michaelis and ¢. Schmidt, Ber., 1910, 43, 2116.

T. Kosuge, H. Okeda, M. Aburatani, H. Ito, and S. Kosaka., J. Pharm. Soc. Japan, 1954, 74,
1086 [Chem. Abstr., 1955, ﬁ, 11628].

¥.E. Dulin and John B. Wright U.S.p., 3,150,148 [Chem. Abstr., 1964, &1, 16073].

G. Wittig and H. Blumenthal, Ber., 1927, 60, 1085.

W. Jobn, Ber., 1935, 68, 2283.

B. Odde and Q. Mingoia, Gazz. Chim, Ital., 1928, 58, 573 (Chem. Abstr. 1929, 23, 1639].

B, Oddo and Q. Mingoia, Gazz. Chim, Ital., 1928, 58, 584 (Chem. abstr., 1829, 23, 1638} .

X. Hofmann, "The Chemistry of Haterocyclic Compounds; Imidazole and Its Derivatives";
Interscience Publigher, Part I, 1953, p. 175.

V.D. sheludyakov, N.X. Kirilinma, and A.D. Kirilin, Zzh. Obshch. Khim., 1980, 50, 472 [Chem.
Abstr., 1980, 93, 26468].

B, Oddo and F. Ingraffia, Gazz. Chaim. Ital., 1932, 62, 1092 [Chem. Abstr., 1933, 27, 2686].
H.L. Klopping, U,$.P., 2,933,502, 1960 [Chem. Abstr., 1961, 55, 3617].

G. Charrier and M. Gallotti, Gazz. Chim. Ital., 1925, 55, 7 [Chem. Abstr,, 1925 19, 22053 .

G. Ltabbe and H.J. Beatmann, Tetrahedron Letters, 1969, 63.

R, Huisgen and H. Blaschke, Chem. Ber., 1965, 98, 2985.

I. Hasan, E.R. Marineili, L.C. Lin, F,W. Fowler and A.B. levy, J. Org. Chem., 1981, 46, 157.
B. Haveaux, A. Dekcker, M. Pens, A.R. Sidani, J. Toye, and L. Ghosez, Org. Synth., in presgs.
M.E, Jung and J.C. Rohloff, J. Chem. Scc., Chem., Commun., 1984, 630.

J.J. Tufariello and J.P. Tette, J. Org. Chem., 1975, 40, 3866.
C. Ebert, M. Lovrecich, and F. Rubessa, J. Heterocyclic Chem., 1984, 21, 271.

V.P. Lopatineki, V.A. Poncmareva, {Tomsk Politekh. Inst. im Kirova, Tomsk, USS5R}. Izv. Tomsk.

Politekh, Inst., 1974, 198, 65 [Chem. Abstr., 1975, 83, 782781.

W.L. Ruigh. U.S.P., 2,089,985, [Chem. Abstr., 1937, 31, 7069].
L.A. Carpine and D.E. Barr. J. Org. Chem., 1966, 31, 764.
A.R. Katritzky and X. Akutagawa, Tetrahedron Letters, 1985, 5935.

A.R. Katritzky and K. Akutagawa, in preparation.
Alternatively with longer reaction times the protecting group was lost during the reaction.

A.R. Katrjitzky and K. Akutagawa, Tetrahedron, 1986, 42, 2571,

Received, 23rd June, 1986

— 1344 —




