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Abstract — Synthesis and properties of pyrrolo[2,1-b]thiazoles have been reviewed.

The literature from 1940 to 2005 is covered. Bibliography comprises 136

references.
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1. INTRODUCTION

Pyrrolo[2,1-b]thiazole system (Figure 1) is known for about 70 years. However their chemistry has not
been reviewed hitherto. Partially it was covered in the monographs devoted to fused bicyclic
heterocycles.>? Also some aspects of pyrrolothiazoles chemistry were mentioned in the reviews on
thiazoles*® and in the monographs on penicillins.>” Nevertheless within all these works™”
pyrrolo[2,1-b]thiazoles were described episodically and unsystematically. Nowadays a lot of data gathered
in the field should be reviewed and summarized. The present paper is aimed to do it and covers the literature
from 1940 to 2005.

Figure 1

2. SYNTHESIS OF PYRROLOJ[2,1-b]THIAZOLES
2.1. Thiazole Ring Annulation to Pyrrole Derivatives

2.1.1. Hantzsch reaction
2-Pyrrolidinethione derivatives 1 upon heating with a-bromoketones in alcohols, benzene or in melt were

found to give pyrrolothiazolium salts 3 (X = Br) in moderate yields®***®

(Scheme 1). When the reaction
was carried out at rt in the presence of alkoxide the intermediate compounds 2 were isolated almost
quantitatively.>* Their treatment with perchloric acid caused ring closure and formation of derivatives 3
(X = ClOy). In turn, saponification of the salts 3 led to the corresponding precursors 2.>** Apparently, the
present reaction is the particular case of the well known Hantzsch thiazole synthesis. Methylene group at
the position 7 of pyrrolothiazoles 3 was shown to be active enough for condensation with aldehydes
resulted in arylidene derivatives 6.** Noteworthy, O-sulfonyl derivative of benzaldehyde cyanohydrine 4
was successfully employed instead of the bromoketones affording 3-aminopyrrolo[2,1-b]thiazolium

perchlorate 5 in 81 % yield."
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Scheme 1. R', R = H, Alkyl; R® = Alkyl, subst. Ph.

3-Substituted pyrrolidinethiones 8 usually react with halocarbonyls avoiding the charged products due to
deprotonation of initial pyrrolothiazolium adducts from the position 7. Thus, treatment of the thioamides

1416 (Scheme 2). An interesting result

8 with a-bromo acid chlorides afforded derivatives 7 in good yields
was obtained during alkylation of compounds 8 with y-chloroacetoacetic acid esters and amides. Along
with expected formation of the uncharged pyrrolothiazole moiety the water elimination was found to

proceed in exocyclic manner giving the products of structure 9.

0
R! R2 O O R?
cl Rt
\ CI\M \
3
g = Br R N s
N~ S 0
}—( H /
0 8
; R2 He 9

Scheme 2. R* = Alkyl, CO,R; R* = H, Alkyl; R® = OR, NHR.
2.1.2. Syntheses from 3,4-dihydro-2H-pyrroles and their equivalents
Addition of mercaptoacetic acid esters to imines with formation of 4-thiazolidinones is well known.
3,4-Dihydro-2H-pyrroles 10 as the cyclic imines were shown to react similarly yielding pyrrolothiazoles
11" (Scheme 3). Certain compounds 10, especially with R* = H, are inclined to polymerization and,
hence, are hardly to be stored. However, the appropriate stable trimers 12 appeared to react in a similar

fashion allowing to overcome this obstacle.”> Moreover, derivatives 10 were found to give
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pyrrolothiazoles 13 with thiiranes.”> In the case of substituted thiiranes the reaction occurred

regioselectively affording 2-substituted derivatives 13.

PN R? N
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N/ R2 Rl=R2=H N N
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A< . 12
R
R R
N S
\_%F\B

Scheme 3. R', R® = H, Me; R* = H, Me, Ph, PhCH.
Alkoxypyrrolidinone 14 readily available by reduction of succinimide is known to be the synthon of
cyclic imine. It reacts smoothly with a mercaptoacetic ester yielding derivative 15, which undergoes easy
cyclization into pyrrolothiazole 16% (Scheme 4). Furthermore, the multi-step synthesis of
pyrrolo[2,1-b]thiazole-3-carboxylic acids 21 starting from the 14 was reported.??* It includes the alkoxy
group substitution with thioacetic acid, two-step insertion of a-chloroalkyl residue to the nitrogen atom

and, finally, intramolecular Wittig reaction of the intermediate 20 generated by treatment of the precursor

N

N S

OMe(Et) > /
CO JEt S

CH COSH

/A/—>\CH0 -CO,R /A/j\ )X\ socl, /A/j\ )X\
)\ )\ RO, C)\CI 19

19 with triphenylphosphine.

CO Et

RO,C” “OH
7 © ° 18 o Pl
RO, 5y N | ROC7 PR,

Scheme 4
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2.1.3. Miscellaneous

Alkylation of 2-pyrrolethiol 22, available from tetracyanoethene and hydrogen sulfide, with
dibromoethane was found to give pyrrolothiazole 23 in 65% yield® (Scheme 5). Treatment of
(2-pyrrolylthio)acetophenone 24, prepared in low yield by one-pot reductive cleavage and further
alkylation of 2-pyrrolyl thiocyanate, with TiCl, afforded derivative 25.2° Certain resemblance with

Hantzsch synthesis can be noted.

NC N g BT @\ o, @\
. NMSHMeONa/ MeOH / \ 2 o N s
"y w0

H \_/ b, Ph 25

22

/

Scheme 5
(2-Pyrrolylthio)acetic acid ester 26, also obtained from the appropriate thiocyanate, unexpectedly gave
compound 29 in 30% yield? upon treatment with tert-butoxide (Scheme 6). The reaction was assumed to
proceed via Smiles rearrangement of initially produced methylene anion affording intermediate 28, which

underwent spontaneous intramolecular acylation of the pyrrole nitrogen with ester group.

7\ @\ @\s ON
t-BuOK [o.N N S N
N S 2 —_— —
O,N \\COZMe CO,Me MeOL g
L i loN -~
26 27 S
NN
o 29
Scheme 6

An attempt to cleave thiocyano group in the pyrrole 31 by methanolysis in the presence of sodium
methoxide failed to give corresponding thiol. Instead, it resulted in intramolecular Thorpe addition of the
methylene to the nitrile thus leading to the product 32 in 81% yield® (Scheme 7).

0
Cu(SCN O = \
LO U(SCN) k'\'/ MeON _ o \N/
31 SCN H,N S 3

Scheme 7. R = 2-FCgH4
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Thioamide 33 obtained by acylation of pyrrolidinethione with diketene was converted into diazo
compound 34 by means of diazo group transfer reaction (Scheme 8). Derivative 34 in the presence of
catalytic amount of rhodium acetate afforded betainic pyrrolothiazole 35.%° It turned out to be stable
enough to be isolated and completely characterized.

0] + 2
N“>cl; NaN, @ N >
< N Et Rh(OAc), ©O s
> N, S T 35
33 S 34

Scheme 8

An elegant method was developed for preparation of parent unsubstituted pyrrolo[2,1-b]thiazole (39). It
includes a double lithiation of either N-ethynyl- or N-dichlorovinylpyrroles 36, 37 followed by the
treatment of dilithio intermediate 38 with sulfur® (Scheme 9).

=

Li

C n- BuLI _— 1) S j
4\§ __ N—=—Li | 2)tBuoH

37 Cl 38

Scheme 9
Triflic anhydride induced electrophilic cyclization of N-[(2-methylthio)ethyl]pyrrole 40 into sulfonium
salt 41 was reported® (Scheme 10). The salt 41 was stable and was isolated in pure state and
characterized completely. It was readily demethylated by action of triethylamine into pyrrolothiazole 42.
The overall yield of compound 42 based on the pyrrole 40 reached 63%.

e R R

e

Scheme 10. Tf = CF3S0,

2.2. Pyrrole Ring Annulation to Thiazole Derivatives

2.2.1. Chichibabin reaction
Following analogy with the well-known indolizines synthesis from 2-picoline and phenacyl bromides the

2-alkylthiazoles 43 also react with o-bromo ketones yielding pyrrolothiazoles 45%** (Scheme 11). Both

37-41

protocols with®** and without®*" isolation of the intermediate salts 44 were described. Several bases
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3% and triethylamine® were employed to achieve

such as sodium hydroxide,®” sodium carbonate
conversion of 44 into 45. The thermal cyclization without a base was used as well.**** The yields of
derivatives 45 strongly depended on a substitution pattern and reaction conditions and generally were in

the range of 40-80%.

0]
R 1
S Br\)k S S
RZ{ /> / R RZ{ ) base RZ{ \>/VKR1
S
N N+
— O —
43 Br R3
44 45
R3 HCI

S -
45 + Rz{ S
N
/
R3
AcC 46

Scheme 11. RY, R? = H, Alkyl; R® = Me, subst. Ph.

Reid with co-workers proposed to perform cyclization of the salts 44 by heating in acetic anhydride. It
resulted in the mixture of desired products 45 and their 5-acetyl derivatives 46.**** Nevertheless
compounds 46 were found to undergo easily protodeacetylation with acids. So, treatment of the obtained
mixture with hydrochloric acid afforded pure derivatives 45. The method appeared to be the most
universal.

A wide variety of alkylthiazoles was applied in the Chichibabin pyrrolothiazoles synthesis, whereas the

bromo ketone components, except a few cases,**?

were limited predominantly by substituted phenacyl
bromides and bromoacetone. As for the thiazoles bearing additional functionalities the preparation of
protected 7-amino derivatives 48* and phosphonates 50* can be mentioned (Scheme 12).

Rl

Mooty oy ol ;(
| » P (OPr-i),
\Q P(OPr i),

HN 49

PG PG=N Ar
47 48

Scheme 12. R* = H, Me, Ph: PG = COPh, SO,Ph: R? = Me, subst. Ph.

An interaction of the lithiated 2-methylthiazole 52 with bromoacetophenone at -55°C was found to give
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compound 53* (Scheme 13). Upon heating it was converted into the salt 54, which treatment with alkali
afforded pyrrolothiazole 55 identical with the sample obtained through the typical Chichibabin reaction.

So this scheme can be considered as Chichibabin synthesis with inverted steps sequence.

Br
0
RtN BuLi | NN er R .
| D —me 12 t\ CHLLi PJI OH
S>7 |S>7 2H S
52

53
51

Ph Ph
R N R N
N\ NaOH —
_— = | - —_— |
S r S
55
54

Scheme 13. R = Me, 4-CICgH..

2.2.2. Reactions of 2-methylidenethiazolidines and related derivatives

R{ :>:/X

56

Figure 2
Thiazolidines of general structure 56 (Figure 2), where X is CN, CO;Et, COR or related
electron-withdrawing groups, were shown to be suitable precursors of pyrrolo[2,1-b]thiazoles. Reactions
of derivatives 56 with various 1,2-bielectrophiles usually gave the target system in moderate or high
yields. Thus, Michael addition of the enamine 57 (R = OEt) to (2-nitropropen-1-yl)benzene followed by
nitrous acid elimination afforded compound 58 in 49% yield*’ (Scheme 14). Similar reaction with maleic
anhydride led to the acids 59 in 80-90% yield.*® Alkylation of compounds 57 with bromoacetaldehyde
diethylacetal was found to give pyrrolothiazoles 60.*° Finally, interaction of derivatives 57 with
3-bromopropyne in the presence of CuBr allowed to obtain compounds 61 in 55-65% vyields.> It is
considered that derivatives 57 initially react with electrophiles at the enamine carbon atom and then a ring
closure with participation of the nitrogen occurs. This assumption is confirmed by the structures of the

products formed with unsymmetrical bielectrophiles.*”*®



HETEROCYCLES, Vol. 71, No. 4, 2007 769

[ CO,Et OEt S

NO, Br [ < R

‘% o

Me 58 [S>}R 60
=

0O
S
[ AOO/O T B [
S R S R
N CuBr N

Scheme 14. R = OEt, Me, subst. Ph.
Thiazolidines 63 with additional functionality were prepared from a cysteine ester and its 3,3-dimethyl
derivative 62 (Scheme 15). Acylation of compounds 63 with oxalyl chloride resulted in pyrrolothiazoles
64 in 45-55% vyields.”** Both enantiomers of 64 were obtained starting from D- and L-cysteine esters,

respectively.

NH-HCl R

SH M _co.et RS
EtO 2 — (COCl) CO,Et
R NH2 > >_/ R Sl
R EtOZC H EtO C
62 COZE'[ 63

Scheme 15. R = H, Me.
A similar cyclization with oxalyl chloride was reported for thiazolylacetonitriles 65 (Scheme 16). In this
case, the nitrile group hydrolysis into carboxamide one is followed leading to compounds 66.%
Furthermore, thiazoles 65 were shown to undergo acylation with chloroacetyl chloride at the active
methylene. Treatment of the chloroacetyl derivatives 67 with triethylamine effected intramolecular

alkylation yielding compounds 68.%*

Ar N
\[ \>_\ _(coc,
s CN \[
65 CONH

O
l i
H
N>_?—/ \[ />:/[
Scheme 16. Ar = Ph, 4-CICgH4, 4-BrCgHa.

867 CN
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Contrary to thiazolidines 57, in the case of corresponding 4-oxo derivatives 69 the direction of initial
interaction with electrophiles depends on substitution pattern and reaction conditions. Thus alkylation of
5-arylidene derivative 69 (Y = PhCH, X = CO,Et) with ethyl chloroacetate in the presence of NaOAc was
reported to give compound 72°° formed, apparently, via initial C-alkylation (Scheme 17). At the same
time alkylation of thiazolidinones 69 (Y = H,) unsubstituted at position 5 with phenacyl bromides in the
presence of K,CO3; was found to proceed selectively at the nitrogen atom leading to derivatives 70. The
latter upon refluxing in POCI; afforded pyrrolothiazoles 73.°° Vilsmeyer-Haack formylation of
compounds 70 resulted in derivatives 71 formed at the expense of one-carbon unit introduction into

position 6 of the system.>"™

NMe,
NS
ji X DMF/POCL X
>_/ J; >_/ - ~
Y = H,; K,CO, o~ N___
Ar 71
0

70
Ar
Y =PhCH |CI” ~COOEt POCI,
NaOAc X = CO,Et
N S

J; CO,Et

~I

o~ N

73 A

Scheme 17. X = CO;Et, CN, SOAr, 2-benzothiazolyl.

2.2.3. Cycloaddition reactions of thiazolium ylides

Thiazolium ylides readily generated from the salts 74 by action of bases were shown to react with typical
dienophiles like maleic ester yielding pyrrolothiazoles 75 (Scheme 18). The process occurred
stereoselectively as cis-addition leading to compounds of structure 75 in the case of maleic ester or to the
1:1 mixture of stereoisomers 76a and 76b for fumaric ester.®*®* Unsymmetrical alkenes afforded
7-substituted adducts 77.%%% Except a few cases®® the stereochemistry of derivatives 77 was not
60,61,63 bUt

determined. The most popular base used for generation of thiazolium ylides was triethylamine,
sodium methoxide® and DBU® were also employed.
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Scheme 18. R! = H, Alkyl; R? = Me, OMe, Ar; X = CN, CO,Et, COR.
An interesting example of cycloaddition reaction with alkenes 79 bearing chiral sulfoxide substituent was
described® (Scheme 19). It was found to proceed with high regio- and stereoselectivity yielding

enantiopure derivatives 80.

ACO o AcO

N4
+
pd
(@]
wn
> :
m
w
Z
Y

Scheme 19. R = H, n-Bu; Ar = 4-CH3CgHas.
Cycloaddition of compounds 81 with tethered hydroxy group was shown not to stop at the corresponding
adducts 82 (Scheme 20). Instead the more complex system 83 was obtained at the expense of

intramolecular addition of hydroxy group to the double bond.%>®

HO s m g |HO < S R?
| )~ R 07N
N+ B Et;N N RS
N Br R3 0
s 0 N g3 R
L 8 _

Scheme 20. R! = Me, OEt: R? = R® = CO,Me; R? = CN, CO,Et when R® = H.
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Several unusual thiazolium ylides were reported (Scheme 21). Thus, the very stable ylide 84 nevertheless
reacted with maleic and fumaric esters resulting in compounds 85 and 86 respectively.®” Unsubstituted at
the negatively charged carbon ylide 88 was produced from the salt 87 by means of fluoride-induced silyl

group scission. It was trapped with dimethy! acetylenedicarboxylate to give derivative 89.%®

Scheme 21. Tf = CF3S0,

2.2.4. Miscellaneous
2-Alkyl-4,5-dihydrothiazoles 90 were reported to react with dimethyl acetylenedicarboxylate (DMAD)
yielding pyrrolothiazoles 91% (Scheme 22). In turn, the lithiated derivatives of 90 were shown to give

compounds 93 upon treatment with azetidines 92.”

CO,Et
Cl_ ,0Ac  EOLC

Q j N7/co Et
CO,Me
7 _DMAD \>—\ Eto :C N

—
N
— —
[ R BuLi, - 78°C [ R
S S
91

90
93

N
H

Y

Scheme 22. R = H, Me.
Alkylation of the thiazole 94 with dibromoethane afforded pyrrolothiazolium salt 95 (X = Br)."
Alternatively, perchlorate of the same cation 95 (X = ClO,4) was obtained from the alcohol 99 by in situ
generation of the corresponding bromide and further intramolecular alkylation.”® The alcohol precursor 99

was prepared starting from the thiazole 94 through a four-step sequence outlined in the Scheme 23.
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Z»\ Br/\/Br fﬁ NaCIO Z>)\/\/

S Me
CCl,-CHO .
l Me TLlAII-l
/ ; 1) H, Ra-Ni / IQI
S)\)\ Cl, EtOH )\\\Z) MeOH, HCI S)\/\COZMe
96 CO,H 98

Scheme 23. X = Br, ClO..

Condensation of thiazolidinecarboxylic ester 100 with ynamine 101 resulted in pyrrolothiazole derivative
102 in 58 % vyield’® (Scheme 24). A CuCl mediated ring closure of 2-ethynylthiazoles 103 readily

available via Sonogashira protocol was found to give compounds 104 in at about 60 % yields.”

PhﬁNMe (
__CuCl
(Xco Et )% DMF 130°C R/Q\S
\—/

103

Scheme 24. R = alkyl.
Keeping the thiazole with excess of DMAD in methanol at room temperature afforded a complex mixture
of products where compound 105 was isolated from in a poor yield’* (Scheme 25). An interesting
reaction of 2-lithiothiazole with the relatively stable cyclopropenium perchlorate 106 was shown to lead

to pyrrolothiazole derivative 107 in 71 % yield.75

M
s cO.Me pmAD Buli [ S\ i
\ = ~ MeOH, RT N\
N SR

N F ~co,Mme _

clo,
COzMe
105 RS 106 SR
C i
N sRr
107 ¢

Scheme 25. R = i-Pr.
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An intramolecular Wittig reaction based approach to pyrrolo[2,1-b]thiazole-5-carboxylic acids 112, 114
was developed (Scheme 26). Thus compound 108 was converted into phosphorane 110 in three steps.
Deprotection of the hydroxy group and further oxidative generation of aldehyde resulted in derivative
112.”° The same authors prepared corresponding 2-amino derivatives 114 through the similar pathway.
However in this case the carbonyl moiety was produced by ozonolysis of alkene.” Noteworthy, the
present method should be compared with the above mentioned synthesis (Scheme 4, section 2.1.2.) also
utilizing the Wittig reaction. Although in the both approaches the phosphorane moiety was introduced in
the same manner, it served for different rings formation, namely thiazoles or pyrroles.
S

I CHO-COR /A/7 1) SOCl, 5 I AcOH
)PhaP pyridine N
/g OTr
RO, C RO.C PPh,

2
S S 110
ridine'S I
OI pruaine-so_ A

N DMSO
RO C/gPPh OH
2 111 3 RZOC 112

Ph H
Ph’>/“ />»N
O S
iy

Rozc/gpph3 113

Scheme 26. Tr = Ph3C; R = 4-MeOCgH4CH..

Methylation of the thiazoles 115 at the exocyclic sulfur atom and further substitution of the formed
methylthio group with malonodinitrile afforded intermediates 116 (Scheme 27). The latter underwent
spontaneous intramolecular Thorpe addition of the methylene to the nitrile group thus leading to
pyrrolothiazoles 117 in 50-65 % yields.”” Notably, when the Thorpe reaction was employed for thiazole
ring formation (see Scheme 7, section 2.1.3.), the appropriate precursor 31 was isolated and the strongly

basic conditions were required for cyclization.

XI >=S 1) Me,SO, _ _ I;HZ: I ;:[

H,N "2) CH,(CN), | HaN
EtO,C 116 EtO,C 117

EtO,C” 115 -

Scheme 27. X = CN, CO,Et.
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Finally, a graceful method of pyrrolothiazole framework construction by introduction of a one-carbon
unit into position 5 was described by Liebsher (Scheme 28). Thus, alkylation of thiazoles 120, prepared in
two steps from arylacetic acids thioamides 118, with a-bromo ketones yielded compounds 121 through
the intermediate salts 122.”® Furthermore pyrrolothiazoles 121 with R'=R? could be obtained directly

from the appropriate precursors 119 using two equivalents of the bromo ketone.

Me MezN
NH, Me r\H Me, 1)J\/Br |
Ar W N
Ar =
118 j\ﬂ/ \/ S %
s 119 120
Rl
0
X R2 //Z(
Ar
\ N j\r R?
S/ - Me,NH «HBr
1 Rl
121 0 R B 122 0 ]
Scheme 28

2.3. Formation of the Both Rings at Once. Reaction of 2-Aminoethanethiol Derivatives

with 4-Oxo Carboxylic Acids

One of the simplest and very popular approaches to pyrrolo[2,1-b]thiazole core includes interaction of
mercapto amines 123 with 4-oxo acids or their esters 124 (Scheme 29). A wide variety of different

%% \whereas the second component usually was

derivatives 124 was successfully used in this reaction,
represented by cysteamine 123 (R' = H),”¥3* cysteine or its esters 123 (R* = CO,H, CO,Me),2**® a

3-mercaptovaline.* Isotopically labeled cysteine was also employed.®® As a rule the target compounds
126 were obtained directly after heating of the reagents, but sometimes the intermediates of type 125
could be isolated and then cyclized.®” The yields of pyrrolothiazoles 126 depended on reaction conditions

and substitution pattern and were in the range 20-100 %.

Rl 0] S/>7R1 RZ S
L— — R!
NH, R? COR Rz J H N
124 s 125 126

123

COR

Scheme 29. R' = H, CO,H, CO,Me: R? = H, Me, Ar: R®=H, Me.
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In the case of chiral cysteine and 3-mercaptovaline a diastereoselectivity was observed and
stereochemistry of the products 126 was driven by the structure of the starting material 123. For example,
L-cysteine and levulinic acid afforded derivative 127 as the major stereoisomer® (Figure 3). At the same
time for the cysteamine racemic compounds 128 were obtained. Since pharmaceutical needs required
optically pure materials the separation method was elaborated® (Scheme 30). Thus, derivatives 128 were
converted into amidines 130 via Meyerwein’s reaction. The latter were acylated with
(-)-menthyloxycarbonyl chloride to give compounds 131. Chromatographic separation of diastereomers
of 131 followed by amidine moiety cleavage allowed to obtain optically pure isomers 128a and 128b.%*

(+)-Camphor-10-sulfonyl chloride also can be used instead of the menthol derivative.®

Figure 3

@]
Q j - ié j R Sj (')-Ment\ojkcl X
N

NH
130
RS R S
j 1) chromatographic separatlon j
- s and
2) NaOH

e ]

N Ment(-) o

0 128a

131

Scheme 30. Ment = menthyl.
Certain masked oxo acids were found to react similarly with cysteine and cysteamine (Scheme 31). Thus,
lactones 132 yielded compounds 126 identical with those obtained from the appropriate acids 124.%%
Mucochloric and mucobromic acids 133 afforded corresponding pyrrolothiazoles 134.%% Finally,

reaction with masked oxo aldehyde 135 resulted in derivative 136.%*
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U
o
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Scheme 31. R* = H, CO;H, CO,Me; R? = H, Me, Ar; X = Cl, Br.
Cysteine derived pyrrolothiazoles 139 bearing amino group at position 6 are of especial interest for
peptidomimetics chemistry because this scaffold imitates a B-turn in Leu-Gly moiety. The simplest amino
substituted oxo esters 137 and 138, both available from L-aspartic acid, were shown to react with L- and
D-cysteine derivatives with high stereoselectivity yielding compounds 139a and 139b, respectively®*%
(Scheme 32). Analogous oxo esters produced from D-aspartic acid behaved similarly thus providing
access to corresponding epimers of 139a,b at position 6.% Deprotection of either amino or carboxyl group
of 139 followed by introduction of a suitable amino acid residue at the appropriate side leads to
peptidomimetics. For instance, compound 140 (Figure 4) prepared in four steps from the corresponding
derivative 139 mimics the natural peptide Pro-Leu-Gly-NH; and exhibits 5 times more potent biological

activity.*® The solid phase supported approach to this type peptidomimetics was also developed.'%%*3

CHO
e

HN” “COR*
H S ||3G 137 D-C ORZ
j\ L-Cys-OR? N -Cys-
N PG
PG\N CO,R? CHO N
H "
o PG
139a N ©
\\O
138

Scheme 32. R! = Me, PhCH,; R? = H, Me; PG = Boc, CO,CH,Ph.
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"CONH,

O 140

Figure 4
Recently significant efforts have been made to bring in different substituents into position 2 of the oxo
esters 137. It is aimed to obtain derivatives of type 139 either mimicking other aminoacids sequences or
imitating Leu-Gly moiety more precisely. For this purpose oxazolidinones 141 available from the
appropriate amino acids were alkylated with allyl iodide yielding derivatives 142 with retention of
configuration (Scheme 33). Cleavage of oxazolidine and further oxidation of alkene by means of
0s04-NalQ, system afforded the target aldehydes 144. The latter were transformed into pyrrolothiazoles
145 suitable for mimicking Phe-Gly, Leu-Gly and Nle(norleucine)-Gly fragments, dependently on the R*
nature,'%%10!
Alternatively, the 3-substituted racemic oxo acids 148 were prepared via Claisen rearrangement of

glycine esters 146 followed by oxidation of the formed alkenes 147 (Scheme 34). Treatment of

compounds 148 with L-cysteine methyl ester resulted in the separable mixture of stereoisomers 149a and
103,104

149D, which also mimicked properly Phe-Gly and Nle-Gly sequences.

PG R* PG,
N /\/I N ‘l\\\v HZO
/4 o base o)
R2 @) R? O
141 142

Rl \°

0s0, - Nalo_i ~T"CHO _D-Cys-OMe
PG~N" "coH
H
144

Scheme 33. R! = PhCH,, i-Bu, n-Bu; R? = t-Bu; PG = Boc, CO,CH,Ph, Fmoc.

} 'N(PH) PG~ OsO -Nalo, PG~ I
j\ 148
N

COzMe

147
L-Cys-OMe
PG~

CO Me + PG

Iz

N
H O 149a O 149b

Scheme 34. R = Ph, n-Pr; PG = Boc, CO,CH,Ph
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Spirocyclic pyrrolothiazole 151 was synthesized as the more rigid core for peptidomimetics starting from

L-proline derived oxo acid 150 (Scheme 35).*%

H, Sj\
{ ;-__<\CHO L-Cys-OMe

T CO,H

Boc 150

Scheme 35
Finishing the section a singular case of pyrrolothiazole preparation by formation of both rings at once, but
utilizing another strategy should be mentioned (Scheme 36). Thus, the enamine 152 was reported to react

with glyoxal affording derivative 153 in 8 % yield.'%

E—

H
HS/\/N%COZMB CHO-CHO> ) .
157 Me MeOH, RT oIVIe

Me 153

Scheme 36
2.4. Synthesis of Pyrrolo[2,1-b]thiazoles from Other Heterocyclic Systems

2.4.1. Ring expansion of penicillin derivatives
Carbene insertion into benzyl 6-oxopenicillanate 154 was found to give intermediate 155, which
immediately underwent O-alkylation with excess of diazomethane yielding pyrrolothiazole derivative 156

(Scheme 37).1971%8

H
O\ s
Nf
. /
154

Scheme 37. R = CH,Ph.

6-Diazopenicillin derivative 157 was shown to react with Schiff bases with formation of spiroaziridines

158 (Scheme 38). Boron trifluoride induced rearrangement of compounds 158 afforded pyrrolothiazoles
159.% Similar reaction with aldehydes allowed to obtain pyrrolothiazoles 161 via intermediacy of
oxiranes 160. Noteworthy, the structures of both aziridines 158 and pyrrolothiazoles 159,161 were

confirmed unambiguously by X-ray crystallographic study.'*
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Ar2
/Ar2
0 157 ": j 158\_,)4
O,R CO,R
Ar-CHOl
]/: S
160 CO R 161 COR

Scheme 38. R = CH,CCls.
Reaction of penicillin derivative 162 with dimethylsulfoxonium methylide resulted in the stable ylide 163
isolated in 90 % yield (Scheme 39). Photochemically induced elimination of DMSO followed by Wolf
rearrangement of the formed carbene afforded ketene intermediate 164, which underwent ring closure to
give pyrrolothiazole 165 in 47 % yield.**

CH,

H Y s
Ph/}f'\' - s H,C” S\CH
T4

Scheme 39
2.4.2. Cycloaddition — elimination reactions
Refluxing of imidazo[2,1-b]thiazoles 166 with acetylenic dienophiles in toluene or xylene was reported to

give pyrrolothiazoles 168 in 50-70 % vyields™ ™"

(Scheme 40). The reaction was assumed to occur
through initial [2+4]cycloaddition and further elimination of benzonitrile derivatives from the

intermediate adduct 167.
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R —
N% S

E.P<S RJE E
N ~
4 - ArCN N

E
L~ 167 Ar_ 168

Scheme 40. R = H, Me; E = CO,;Me, CO,Et, COPh.
Betaines 170 were produced by heating of compounds 169 in acetic anhydride (Scheme 41). They were
trapped with DMAD resulting in pyrrolothiazoles 172 formed, apparently, after elimination of CO, from

the initial adducts 171,74

i S
{ N O |DMAD

R R
R0 169 (s 170 | MeO:C 474 _
VN, CO,Me
-COZ -
R 17, CO,Me

Scheme 41. R = Ph, 4-FC¢Hy4, 4-CICgH,, 3,4-Cl,CsHs.
2.4.3. Miscellaneous
Treatment of thiazolo[3,2-c][1,2,3]triazolium salts 173 with DMAD in the presence of triethylamine was
found to give compound 174 in 15-20 % yield**®**” (Scheme 42). Authors suggested a pathway including
the biradical intermediate 176 formed at the expense of diazo ketone extrusion from the initial adduct

175.116

R MeO,C
Br N:N‘“/\‘( DMAD CO,Me
N
| >7k O Et,N
S M s
173 l S 174

MeO,C 175 CO,Me

Scheme 42. R = Ph, OMe.
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Photochemical transformation of thiazolo[3,2-a]pyridine 177 into pyrrolothiazole 178 was reported™®

(Scheme 43). Furthermore conversion of thiazolo[3,2-c][1,3]Joxazine 179 into derivative 180 upon

treatment with sodium methoxide was described as well.1*°

E
S
N [ meor_ [ coMe
E — / \ ; N MeONa
N S E N S 0O
\Q< \—/ Cl—

179
177  Ph 178  Ph Cl
Scheme 43. E = CO,Me.

Highly stereoselective transformation of thiazolo[3,2-a]Jazepines 181 into compounds 182, accompanied

with inversion of configuration at 7a-C of the products, was observed®

(Scheme 44). The reaction was
assumed to proceed via initial methanolysis of the amide bond leading to the intermediates 183, further
formation of epoxides 184 and, finally, intramolecular alkylation of the nitrogen. Inversion of
configuration at 2-C of thiazolidine could occur at the expense of ring-chain tautomerism of thiazolidine

moiety both in intermediates 183 and 184.

HQ  OH "

HOw.
K,CO, / MeOH

MeO,C

Y

- TfOH

R
— 183 - —
Scheme 44. R = H, CO;Me, COEt; Tf = SO,CFs.
3. PROPERTIES OF PYRROLOI[2,1-b]THIAZOLES

3.1. Electrophilic Substitution

3.1.1. Protonation and deuterium exchange



HETEROCYCLES, Vol. 71, No. 4, 2007 783

Simple alkyl substituted pyrrolo[2,1-b]thiazoles were found to give stable crystalline salts with perchloric
acid.* Their 'H and *C NMR study revealed them to be 5-protonated derivatives 185 (Figure 5).
However, upon keeping in CF;CO,D pyrrolothiazoles underwent deuterium exchange both at positions 5
and 7.%?! Therefore, the 7-protonated adducts of type 186 were also present in the equilibrium, but in the
concentrations lower than NMR sensitivity level. Kinetic measurements were performed for deuteriation
of 6-methylpyrrolo[2,1-b]thiazole and the rate constants were determined as 6.1x107 and 4.3x10°® for
substitution at positions 5 and 7, respectively.'?® So, according to these data electrophilic substitution in

pyrrolo[2,1-b]thiazoles should proceed at position 5 and could occur at position 7, if position 5 is occupied.

Figure 5. R = H, Me.
3.1.2. Reactions with carbon electrophiles
Acylation of pyrrolothiazoles 188 with acid chlorides or anhydrides was shown to occur at position 5 to

37,123

give derivatives 187 in 20-100 % vyields (Scheme 45). When position 5 was occupied by methyl

group the 7-acyl derivatives 189 were obtained.'??

S 0
R S
= _R-COX cox _R-COX 4
N = R
A T R=H TRi=Me N
R2 =
RZ
Me

0
187 R*

Scheme 45. R' = H, Me; R? and R® = H, Me, subst. Ph; X = CI, O(CO)R*; R* = Me, CFs, Ph.
Vilsmeyer-Haack formylation of compounds 188 occurred similarly affording appropriate aldehydes 187
or 189 (R* = H).*“ Noteworthy, formylation of the suitably substituted pyrrolothiazole 190 resulted in
the tricyclic system 192 formed via intermediate aldehyde 191**** (Scheme 46).

Ph — Ph — Ph
/A
/U DMF/POCL, / H W
s N /== |57 N L - /
\:{/ \:L 0 —
COZMe COZMe
190 - 191 - 192 CO,Me

Scheme 46
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Treatment of initial Vilsmeyer adducts 194 with NaSH or NaSeH instead of usual hydrolysis allowed to
obtain thio- and selenoformy! derivatives 195**'**12> (Scheme 47). As a rule thioaldehydes are very
reactive and inclined to polymerization, but in the present case compounds 195 appeared to be stable.
Their X-Ray crystallographic study exhibited significant contribution from the canonic structure 195a,
thus explaining the unusual stability.**® Appropriate 7-thio- and selenoformyl derivatives were

prepared similarly starting from the 5-methyl substituted pyrrolothiazoles.***%

{ DMF / POCI,

193

Scheme 47. R=H, CHg3; X =S, Se.

As for other carbon electrophiles addition of compounds 197 to DMAD was reported to give derivatives
196 (Scheme 48). Unexpectedly reaction with tetracyanoethene appeared to proceed at position 7
yielding compounds 198.'%° Satisfactory explanation of this fact was not offered. Finally, alkylation of
pyrrolothiazoles 197 with trityl cation was shown to result in the mixture of mono- and disubstituted
products 199 and 200 in almost 1:1 ratio.'*

CN
R
S R ‘ CN
| \ = DMAD \[ é\ _ \[ ~. CN
- —I
N CN
Me
—
CO,Me 198
MeO,C Ph,C* CIO,~

196
\[ \[ CPh,
— =
N + N
= —
Me Me
Ph,C Ph,C
Scheme 48. R = H, Me.
3.1.3. Reactions with non-carbon electrophiles

Pyrrolothiazoles 193 were reported to undergo nitrosation and coupling with diazonium salts at position 5

yielding compounds 201, 203 (Scheme 49).%*3812 When the position 5 was occupied, the same reactions
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occurred at position 7. It is interesting to note that treatment of nitroso derivatives 201 with excess of

gaseous nitrogen monoxide afforded diazonium nitrates 202 unavailable through other methods.*®

{GNWO/HC.‘R{G {?

O
Ph N,* CI™
202
Ph 203

Scheme 49. R = H, Me, subst. Ph.

3.2. Reactions of Active Methylene Groups and Synthesis of Cyanine Dyes

Pyrrolothiazolium salts 206 consisting of the active methylene group at position 7 were shown to react

with aldehydes yielding derivatives 204"

to the cyanine dyes 207.*%

(Scheme 50). Use of the suitable heterocyclic aldehydes led
Another type of dyes 205 was obtained by condensation of the salts 206 with
1-alkyl-2-methylthio- heterocycles.”>*3**3" Furthermore, the symmetrical cyanines 208 were prepared
with DMFDMA or triethyl orthoformate.” 3 The structures and absorption maxima of the dyes are listed
in the Table 1.

E Q ES
~ TAr Ar- CHO R S N
7
Alkyl )Mkyl
clo;

dMeN 205
(L OMeS S R
Ao &

| .
Alkyl N

N

\

Clo, Alkyl

Scheme 50. R = Me, Ph; Alkyl = Me, Et.
Pyrrolothiazolium perchlorates 185 (see section 3.1.1.) also contain the active methylene at position 5 and

were reported to give the dyes 209 with appropriate heterocyclic aldehydes™? (Scheme 51). Alternatively
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Table 1. Pyrrolo[2,1-b]thiazole based cyanine dyes.

HETEROCYCLES, Vol. 71, No. 4, 2007

Structure Amax, | Ref. | Structure Amax, | Ref.
nm nm
597 | 132 560 | 132
555 | 132 595 | 132
550 | 132 | pp % Me | 521 | 131
S
I -
ph” N \
Et
clo,
452 | 131 | Ph S s Ph 608 | 131
I+ 2 1
Ph N N Ph
Clo,
540 | 130 525 | 130
N
_
Me
563 | 130 606 | 130
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compounds 209 can be obtained by condensation of pyrrolo[2,1-b]thiazole-5-carboxaldehydes 210 with
1-alkyl-2-methyl- heterocycles.’***** The structures and absorption maxima of the dyes 209 are also

present in the Table 1. Noteworthy, some of these dyes were found to be useful as photographic

sensitizers.’+1%
S S
o :
+ / ~
_N N / R
Clo,
H H OHC
185 210

Scheme 51. R = Me, subst. Ph; Alkyl = Me, Et.

Finally, the last type of active methylene containing pyrrolothiazoles is the 3-oxo derivatives 211, 213.
Although compounds 211, 213 have no relation to cyanines, they were reported to react with aldehydes

and to undergo Claisen condensation yielding derivatives 212 and 214, respectively'?*3* (Scheme 52).

2.
A ArL-CHO /@\ _ ; \  AF-CO,Me 7 \ .
R *PNg base  RT N g g  Dbase N~ s

N N

cr- }/—/ § }/—g\/
Ar?
i 0 0 713 Q

N\
212 Af H—0 214

Scheme 52. R = n-Pr; Ar' = 4-(Me,N)CgHa; Ar? = 4-CICgH..
3.3. Miscellaneous
There are several reactions of pyrrolothiazoles represented by a few number of examples. Therefore, the
degree of their generality is unclear and it is hardly to classify them in separate groups. These reactions
are collected here and are divided in two subgroups, namely the processes occurring with retention of
pyrrolothiazole core, and the reactions including transformations or cleavage of the rings system. Of
course, the typical transformations of functional groups are not the matter of consideration.

3.3.1. Reactions with retention of pyrrolo[2,1-b]thiazole moiety

For the cysteine derived pyrrolothiazoles 215 (see section 2.3.) the free radical introduction of

23,85,95,96
d

benzoyloxy group at position 2 was reporte (Scheme 53). Usually the benzoyloxy substituent

adopted anti-configuration in the respect of carboxyl functionality,®% but sometimes the absence of

d.23,95,96

stereoselectivity was observe Benzoic acid elimination caused by treatment with
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N,N-dimethylaniline led to the 2,3-dehydro derivatives 217.2%% Furthermore, the benzoyloxy group

could be replaced by chlorine using gaseous HCI.%

O

/ié j\F;CO)OO(CO)Ph/ﬁé j;,?PhNMe /é j\f

217

g HCI

»ijy

Scheme 53. R' = OR, NHR: R? = H, Me: R® = H, NH-Cbz, NH-Boc.

The sulfur atom of pyrrolo[2,1-b]thiazoles consisting of completely hydrogenated thiazole moiety can be

20,76,79

readily oxidized both into sulfoxide and sulfone.?®**° Periodic acid,”® m-chloroperbenzoic acid’® and

hydrogen peroxide®®*°

were employed as oxidants.

Generally a nucleophilic substitution is not inherent to pyrrolothiazoles. Nevertheless, the two cases were
described (Scheme 54). Thus, refluxing of compounds 219 in hydrochloric acid resulted in the benzamide
residue substitution by hydroxyl group.** Also replacement of chlorine by potassium azide was reported

for derivative 221.%

Scheme 54. R = H, Me, Ph.

Lithiation of 2,6-dimethylpyrrolo[2,1-b]thiazole 223 was found to occur at position 3'* (Scheme 55). The
metalated intermediate 224 was transformed into appropriate formyl, carboxyl and deuterium substituted
derivatives 225-227. Corresponding 3,6-disubstituted analogue of 223 was shown to undergo lithiation at

position 2 followed by the same transformations.**
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_ _ Me
Sj/Me S Me SI
n-BuLi DME =
< i _
< /EENIU </ cHo
\
Me 225
223 |_Me |
DO 1) CO,

s _Me
2) CHN,
< |
<N “co,Me
Me 207

Scheme 55

Lastly, the two unusual reductions of pyrrolothiazole derivatives should be mentioned. Thus, reductive
dechlorination with zinc in acetic acid was reported for compound 228™° (Scheme 56). Furthermore, the

two ester groups of compound 230 were reduced with aluminum hydride ether complex saving the

sulfone moiety.**

MeO,C Cl 5 MeO,C MeO,C CO,Me HOH,C CH,OH
n
1
s~ N7 O s” °N
\—/ \—/ o \ / 0 \ /
228 229

Scheme 56. R! = i-Pr; R? = Me, subst. Ph.

3.3.2. Transformations and cleavages of pyrrolo[2,1-b]thiazole core
Most of the reactions in this section are the cleavages of one of the rings. The sole example of

pyrrolothiazole conversion into another bicyclic system reported to date is the ring fusion of 7-diazo

derivative 232 via the Wolf rearrangement leading to compound 234% (Scheme 57).

Scheme 57. R = i-Pr.
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Reduction of both aromatic and perhydro- pyrrolothiazoles 235 and 237 with hydrogen over Raney nickel
resulted in desulfurization and formation of pyrrole or pyrrolidine derivatives 236 and 238,
respectively®"®*? (Scheme 58). Apparently, if the substituents R', R? consisted of reducible moieties,
they were also hydrogenated.’* This reaction had not found preparative applications but sometimes

turned out to be useful for identification and structure assignment purposes.

R! Rt Rl =
SN G W
N S Ra-Ni N N S Ra-Ni N
R2 R2 R? R?
235 236 237 238

Scheme 58

The several cases of the cleavage along C3-N4 bond were reported (Scheme 59). Thus, treatment of the
salts 239 with alkali yielded derivatives 240, whereas pyrrolothiazole 241 was converted into pyrrole

242 by action of sodium ethoxide.”

5 H,N CN H,N CN
NaOH
/O\—>/O\ : / \ EtONa
R N2 =¥ Z ' / \

N7 s N~ s EIOCT N Ng  EO,CT N N\g
Clo, ):/ 240 0 _ H

R? 239 H,N CO,Et NC™ “co,Et
R? 241 242

Scheme 59. R* = C3-Cs alkyl; R? = Me, Ph.
Pyrrolo[2,1-b]thiazol-4,5-dione 243 was found to undergo alkoholysis of the amide moiety to give
compound 244> (Scheme 60). On the other hand, the 3-oxo derivatives 245 also containing amide bond

were shown to be mild acylating agents and reacted with primary amines yielding pyrroles 246.>°

CO,Et CO,Et Rl

0
) $ YA o, B0
S N o EtOH S NH ; d y R2-NH, ! H
EO,C 0 EtO,C
3

24

Scheme 60. R' = H, Me; R? = PhCH,, 3,4-(MeQ),CsH3sCH,; Ar = Ph, 4-CICgHa, 4-BrCeHa.
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A few examples of mercapto group elimination were noted for certain partially or completely
hydrogenated pyrrolothiazoles (Schemes 61, 62). Thus, tert-butoxide induced pB-elimination followed by
alkylation of the formed thiolate afforded derivative 248.°® Compound 249 underwent 1,4-elimination of
thiol driven by pyrrole aromatization. Trapping of the formed thiol with DMAD resulted in derivative
250.%% Finally, another case of B-elimination was observed upon treatment of pyrrolothiazole 251 with
lithium diisopropylamide. Alkylation of intermediate thiolate 252 yielded derivatives 253.1%°> However,
reaction with aldehydes afforded the carbon adducts 255. Hence, an equilibrium between the cleaved and
cyclic intermediates 252 and 254 was present.'®

CO,Me
o MeO,C CO Me
N\ & co,Me
0 1) tBUOK _ DMAD \§
NS 2)Mel N S =
R
co Me \)\co Me
CO,Me MeO,C
247 R g
Scheme 61. R = Me, OEt.
H S LDA Alkyl-X
j\ 1000 CO M
N™ “co,Me ¢ CO Me
— 252 O
3 253
251 _ _
S +
l L _R-CHO_ | €O,
N™ “co,Me
OH

— 254 — O 255

Scheme 62. Alkyl-X = PhCH,CI and related halides; R = Ph, Ph-CH=CH-.

4. UTILITY OF PYRROLO[2,1-b]THIAZOLES

Applications of pyrrolo[2,1-b]thiazoles in dyes and photography, as well as in peptidomimetics chemistry
have been already discussed in the sections 3.2 and 2.3 respectively. Additionally there is a number of
pyrrolothiazole derivatives possessing different biological activities. Thus, several compounds with

11,18,24,95,96

bactericidal and antibiotic activities are shown in the Figure 6.
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260

Figure 6. Pyrrolo[2,1-b]thiazoles with bactericidal and antibiotic properties.
Moreover, antiinflammatory properties were found for derivatives 261," and the substances 262-264 with
high antileucemic® and anticonvulsant®**® activities were described as well (Figure 7). Furthermore,
hepatoprotective®’ and antidiabetic®®? pyrrolothiazoles 265, 266 were discovered. Finally, derivative 267
appeared to be useful for prevention and treatment of human cognitive disorders such as mental

retardation and Alzheimer’s disease.?

R2 R2 o)
R? |>_/ S — OWH S Ve [
O 261 %20 264
antileucemic anticonvulsants

antiinflammatory

0
RS

N\ S Sf O/AQ\S

Y/~ N Vo

MG‘H 265 O 266

hepatoprotective antidiabetics

Figure 7. R* = H, Me, Ph, CH,Ph; R? = H, Me; R® = H, CH,OCgH4ClI-p.
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