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regioselective synthesis has been eltped for
5-(diphenylmethylene)H-pyrrol-2(5H)-ones from readily availableHtpyrroles by sequenti
dibromination and selective organometallic bronlittelim exchange followed by reaction w
benzophenone. Comparison of varioNssubstituents was shown to demonstrate the
tolerance of the transformation to functional graufhe structures of the new products v
determined by spectroscopic methods and confirmgdsibgle-crystal Xray diffractior
In addition, theoretical study of tl&action mechanism and selec
functionalization of the endocyclic double bond gvaiso presented.

the preparation ¢
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1. Introduction

Over the past decades, numerous research paperdbéane
published describing the versatile methodologytfar synthesis
of 5-ylidene butenolides® 5-Ylidenefuran-2(bi)-ones are still
important targets for researchers due to their miog biological
activities®® 5-Ylidenepyrrol-2(5{)-one structural unit is also
found in a number of biologically important natural
compound§™ as well as synthetic pharmaceutical molectfiés.
Recently, dyes having a 5-ylidenepyrrol-Bsone scaffold have
also been described as chromophores for dye-sastsisolar
cells’® and electro-optic polymers.

starting material. Most recently, reductive couglin of
succinimides with benzophenone and controlled oiidat
technique¥*®® of 2-alkyl-pyrroles have been developed. Thus,
transformations of 5-membered heterocycles to d&eyle
pyrrolones are valuable alternative methods, howekése's
reductive coupling requires stoichiometric amount of transition
metal and limited to strong Lewis acid tolerant stdiss. On the
other hand, readily available pyrroles have greattretic
potential®® although their oxidation usually leads
uncontrolled polymerization and decompositidherefore, the
development of facile and effective novel methods the

to

Although 5-ylidene butenolides have been extensivebpreparation of 5-ylidenepyrrol-2k§-ones under mild reaction

studied, only a few examples are reported for thehggis of
pyrrole analogues. Wittig-type reactions of maleies’ and
lactamizations of 5-ylidenefuran-2{3-ones®**# serve as
classical examples of these methods. Due to the gepinterest,
several new synthetic ways have been published itagtefew
years®?*¥ Among them, cyclization strategféé® mostly

catalyzed by transition-meté&f8° represent new approaches.

These generally require the preparation of spec#ayclic

: Corresponding author. Tel.: +36 1 463 1884; fax6 $3163 4648.
E-mail address bmatravolgyi@mail.bme.hu (B. Matravélgyi)

conditions remains a major challenge in organichssis.

Recently we have published a highly regioselective
bromination method for N-substituted H-pyrroles®
Furthermore, we have demonstrated that the halogensaof
2,5-dibromo-1-[2-(trifluoromethyl)phenyl]H-pyrrole could be
transformed selectively by stepwise organometabiactions’’
Bromopyrroles have also great synthetic utility fahe
preparation of unsaturateglactam structural units. However,
2-bromo-H-pyrroles decompose rapidly after isolaffon
yielding a complex mixture of degradated produsihstituted



2-bromo-5-tosyl-H-pyrrole could be easily transformed to
5-tosyl-1H-pyrrol-2(5H)-one  derivative by acid catalysed
reaction® Moreover, oxidation oN-substituted 2,5-dibromokH-
pyrrole with concentrated nitric acid leads to thelated
maleimide structuré’

In this paper the convenient synthesis of 5-(dighen
methylene)-H-pyrrol-2(5H)-ones  from readily available
1H-pyrroles are described. The comparison
N-substituents is shown to demonstrate the high aotsr of
the transformation to functional groups. In additigheoretical
study of the reaction mechanism and selective fonalization
of the endocyclic double bond are also presented.

2. Results and discussion
2.1.Synthesis of 5-(diphenylmethylene)H-pyrrol-2(5H)-ones

For initial studies of the formation of 5-ylidenepy-2(5H)-
one structural units from easily accessible pyspke series of
N-substituted 2,5-dibromoH:-pyrroles were synthesised based
on the recently reported method by our grdupliphatic and
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2(5H)-ones under similar conditiod& Therefore, we initiated the
organometallic studies using benzophenone as #wrephile.
Selective bromine/lithium exchange reaction was queréd
using 1 equiv of-butyllithium at low temperature followed by
the addition of the ketone. LC-MS analysis indidatéhe
formation of the desired bromo alcohol as nearlg svoduct,
however, the first attempt to isolad®a has failed. After work-up,

of variousisible changes took place in the crude matetiglcdlour slowly

altered to dark, and purification by flash colunimamatography
resulted in a more polar compound as it was expected
Characterisation of the obtained material showetllibth of the
desired transformations, the elimination of waterd athe
formation of H-pyrrol-2(5H)-one unit were realized
simultaneously without any specific additives. Moreg
compoundd4a was obtained in excellent yield (Table 2, entry 2).
In addition, the exact structure ofa was confirmed by
single-crystal X-ray diffraction measurement (Figdy).

Table 2 Synthesis of 5-(diphenylmethyleneftdpyrrol-2(5H)-ones 4a-m)

1) 1 equiv n-BuLi

. . : ! Et,0, —78°C, 15 mi Ph =
various aromatic N-substituted dibromoH-pyrroles @a-)  gam ——— > [ o I N pn| o = Fh
bearing electron withdrawing or electron donatingssitipents at 2) Benzophenone N OH N
different positions of the aromatic rings were e, in 9 K0 x R
excellent vyields. MoreoverN-tert-butoxycarbonyl protected 3a-m 4a-m
derivative 2m) was also synthesised (Table 1).

i 0,
Table 1 Synthesis of 2,5-dibromo-1-substituted-pyrroles a-m)? Entry R group Product Yietd%)
1° H 3a 72
[\ 2 equiv NBS /@\ CeHls
N DMF. 0°C Br 'Tl Br 2 CeHs 4a 89
R R 3 4-Me-GH, 4b 81
1a-m 2a-m 4 2-Et-GH, 4c 87
Entry R group Product Yield® (%) 5 2-Et-6-Me-GH, 4d 80
1 CHs g 96 6 2-biphenyl 4e 82
5 4-Me-GH. opt 85 7 1-naphthyl 4f 88
8 2-CR-CeH 4 92
3 2-EtGH, 2¢ 90 FrCoHa g
4 2-Et-6-Me-GH; 2d o1 9 s 4h 70
5° 2-biphenyl 2e 88 10 3-Br-CsHa 4i 90
6 1-naphthyl 2f 93 11 4-Br-CeHq 4 93
7 2-CR-CeHa 2¢% 98 12 Benzyl 4k 69
8 2-Br-CeH, 2h 94 13 CH;, 41 88
9 3-Br-CeHa 2i 97 14 BOC— H 4m 48
10 4-Br-GgHy 2j 94 #Isolated yields.
11 Benzyl K42 97 ® The reaction mixture was worked up using basiditmms and3a was
12 CH op2 86 isolated using preparative RP-HPLC.
3 ¢ Deprotection of tert-butyl 2-(diphenylmethylene)-5-oxo0-2,5-dihydro-
13 BOC 2m® 56 1H-pyrrole-1-carboxylate took place during the transfation, resulting

2The 1-aryl-H-pyrrole derivatives were prepared by Clauson-KaasS-(diphenylmethylene)l-pyrrol-2-(SH)-one(4m).

pyrrole  synthes® following the literature procedures, using
2,5-dimethoxytetrahydrofuran in refluxing aceticidaand commercially
available anilines.N-Methyl and N-tert-butoxycarbonyl derivatives were
purchased from commercial source.

® Isolated yields.

Earlier attempts to prepare diphenyl-(pyrrol-2-ylgthanol
derivatives showed that under acidic conditions welferination
can occur at elevated temperature to produce &smrnding
benzoxazepine in good yiéfdOur main goal was to accomplish
the efficient combination of this results with thiedings that
appropriate 2-bromopyrroles can be transformed Hepyrrol-

The alcohol intermediatga was presumed to form first in the
organometallic reaction, and we were interestedatatsg and
characterising it. Although the rapid transformataralcohol3a
to 4a was observed, instant reversed phase HPLC separation
using slightly basic conditions allowed us to obtaain pure
form (Table 2, entry 1). Immediate characterisatipn NMR
spectroscopy was carried out successfully, buethsive3a was
found to be stable only for a short period of time.

To evaluate the scope of the present reaction, wd ne
investigated a wide range df-substituted 2,5-dibromok:
pyrroles (Table 2, entries 3-14).



Figure 1 The crystallographically independent moleculetia isymmetric
unit of the crystaka with the atomic labelling. Displacement ellipsoii®

3

of the bromo alcohol the removal of the BOC-group aB®
observed in this case, and the product was isolateds
unprotected form4m).

To further study the scope of the transformation,
2,3,5-tribomo- and 2,3,4,5-tetrabrombk-pyrroles Ha-c and
6a,b) were synthesised using the general method in ibsepce
of 3 or 4equiv of NBS, respectively (Table 3). The
polyhalogenated products were isolated in high gi¢fd—88%).

Table 3 Synthesis of tribromo- and tetrabromo-1-substittiteepyrroles
5a-cand6a,b

drawn at the 50% probability level.

Simply allowing the crude products to stand overhiglas
found to be sufficient for the complete conversion$
compounds3 into 4. The transformations of both aliphatic and
aromatic compounds2b-I) proceeded smoothly providing the
corresponding 5-(diphenylmethylenej-pyrrol-2-(5H)-ones
(4b-l). Aromatic groups bearing electron donatingp-€) or

Br Br. Br
/</_\§\ 3 equiv NBS @ 4 equiv NBS /Z/_\ﬁ\
Br N Br DMF, 0°C N DMF, 0°C Br N Br
R R R

5a-c 1a,9,! 6a,b
Entry R group Product Yield%)
1 GHs ba 71
2 2-CR-CgH4 5b 84
3 CH; 5c 75
4 GHs 6a 88
CH; 6b 81

withdrawing @g-j) functions were equally tolerated,
irrespectively of the positions of substituentstio@ phenyl rings
high yields were observed. It is noted, that brombsstuted
derivatives  have  synthetic  importance for
functionalizations by coupling reactions, howevége tesults of
the attempts for selective organometallic bromitiedm
exchange is ambiguous. Therefore, the elaboratedhestyc
strategy was also tested for the synthesis of bbemzene
derivatives4h-j. 4-Bromo- and 3-bromobenzene derivativeb (

and 2i) showed good selectivities, the desired productsewer

obtained in excellent yields (Table 2, entries hd 41). In the
case of the 2-bromobenzene substit@ethe transformation into
4j eventuated in satisfactory results, although thightty
decreased yield (70%) indicated that side reactiwaad taken
place. This observation can be explained by thehar@em of
metalation of 1-phenylH-pyrrole;”’ the directing effect of the
lithium atom in the formed 2-lithiopyrrole derivedi could give
greater possibility for the bromine/lithium exchanggaction on
the benzene ring also.

Another crucial aspect in the synthesis of 5-yligameol-

#|solated yields.

To explore the organometallic bromine/lithium excha

further reaction, first the tribomoH-pyrroles ba-c) were tested using

1 equiv of n-butyllithium (Scheme 1, Table 4, entriesl-3).
Applying the optimal conditions preferred halogentahe
exchanges at the position 2 of the pyrrole ringsafc were
observed and the corresponding 4-bromo compoufads) (were
isolated in good yields.

The presence of the regioisomeric 3-bromo deriesati@a-c
in the crude products were also revealed, due tsitheltaneous
lithiations at the othera-positions. The separation of the
regioisomers could easily be accomplished by singukimn
chromatography resulting the major compounds ire garm In
addition, tetrabromoH-pyrroles 6ab) were readily converted
to the 3,4-dibromo derivatives84b, Scheme 1, Table 4,
entries 4 and 5).

Table 4 Synthesis of brominated compounds on the endocglolitble bonds
7a-cand8ab

2(5H)-ones is that most of the published methods fag th

synthesis of the conjugated scaffold describe eskobly the
preparation oN-substituted product§:22"2*3%and fewer studies
reported a readily applicable general method witbcess®2®
Therefore, N-protected 2,5-dibromoH-pyrrole @m) was
involved in these investigations to develop a route
5-(diphenylmethylene)H-pyrrol-2-(5H)-one (4m). tert-Butoxy-

Entry R group Product Yield%)
1 CeHs 7d 58
2 2-Ch-CeHy 7b 55
3 CH; 7c 64
4 CeHs 8a 77
5 CH;s 8b 41

carbonyl group was found to be suitable for the guton of
pyrrole. Both reactions, the dibromination (Tablestitry 13) and
the bromine/lithium exchange followed by the struatichange
of the pyrrole ring (Table 2, entry 14), proceeaéth moderate
yields. Due to the acidic environment during thesfarmation

#|solated yields.
P The crude material contained 65% desired prodasedh or™*F NMR
measurement.

34 Br 1) 1 equiv n-BuLi 4 3 Br i Br Br 1) 1 equiv n-BuLi Br Br
A\ Ph _ EtO, -78°C,15min Y\ /2/_\S\ EO, —78°C, 15 min —\__ Ph
o ’T‘ 2) Benzophenone Br le Br | Br ITI Br 2) Benzophenone 0 l}l
R P o R ! R 3)H,0 R Ph
4) cat. CF3COOH i 4) cat. CF3COOH
7a-c 5a-c | 6a,b 8a,b

Scheme 1Synthesis ofa-c and8a-h.



The intermediate alcohols of and 8 showed somewhat
increased stability compared to the unsubstitutedpounds J),
therefore catalytic amounts of trifluoroacetic awvidre added to
the crude products to accelerate the completion thoe
transformations. However, functionalization of thedeeyclic
double bond was achieved preferably in the pos#ion the ring
of 7 by the transformation of the trihalogen derivasivg), we
were also insisted on to develop an efficient ahekctige route to
the regioisomeric compound3)( Our goal was accomplished by
the bromination of 5-(diphenylmethylenel-pyrrol-2(5H)-ones
(Table 5). Albeit an excess of NBS were requireddamplete
conversions the 3-bromo derivative8a{ were formed with
excellent regioselectivity and after purificatiorhet pure
compounds were isolated in high yields.

2.2.Mechanistic study on the formation of 5-(diphenyl-
methylene)-H-pyrrol-2(5H)-ones

2.2.1.Proposed reaction mechanism under acidic condition
(in the presence of TFA):

In accordance with the experimental results, boghatid and
the base catalyzed transformation were studied to igaight

Tetrahedron

Initially, we studied the mechanism strating with evat
elimination, followed by a specific hydrolysis of eth
bromopyrrole unit. The proposed reaction mechanign
summarized inRoute A (Scheme 2). At first formation of
hydrogen bonds between the polar groups of the finangle
derivative and the acid leads to the-TFA complex (la).
During this complexation an equilibrium between théATdimer
and the protonated moleculla was supposed, resulting in a
slightly endothermic process. In the next step hiyaroxyl group
is eliminated from the molecule as watga the protonation
process, providing an unexpectedly stable catiomtiermediate
(Illa’). The corresponding transition staf€S(a energy was
found to be moderate (80.4 kJ ffpl The formed stable cationic
intermediate I{la ), represented by two resonance structures,
changes its reaction partner from TFA anion — watetwio
water, slowly reacts with one of the water moleculgpliving a
well-defined, but high TS TS2a 116.2 kJmof) and the
corresponding intermediatéa (-59.6 kJ mof). The process
finally leads to the produc¥la throughTS3a (41.6 kJ mot:;
101.2 kJ mot from Va).

Table 5 Synthesis of 3-bromo-5-(diphenylmethylenéj-fyrrol-2(5H)-
ones 9a-c

into the formation of 5-(diphenylmethyleneltdpyrrol-2(5H)- Br.
ones by GOY at B3LYP/6-31G(d,p) level of theofy.For the =\_ pp 2equivNBS =\_ pn
mechanistiq study the computed molecules. were si_gyedman 0= i ovr o.c . 97N =
letters. During the exploration of the reaction matibm under &k Ph &k Ph
acidic condition, a single trifluoroacetic acid @ymolecule was
considered as the protonating agent. Under theseitmors the 4a,g,l 9a-c
protonations of both the pyrrole ring and the atdomoiety
could be presumef:*® Therefore, three different protonation Entry R group Product Yietd%)
processes were taking into account for the startiageriall by 1 CaHs %a 82
aqueous TFA, initiating three potential reaction hatisms
. . . . 2 2-CR-CgH4 9b 88
(Route Ain Scheme 2 starting with the protonation of treohbl
moiety; Route BandC in Scheme 3 starting with the protonatior. - : Chs 9c 3
Of the pyrrole rlng)' Isolated erIdS.
0._CFs
Route A ot g/ 59/0
CF. O 3 “H
R' R? RO R ’OQ( ? Rl R 0} R R2 R' R?
o} . —
J \__ oH I\ 0w J \\ 30,0 / \_a Ph ® Ph
Br N Ph [CF3COOH]2 Br N Ph Br N ’Ph Br N @ Br N =
Ph o~ Ph Ph Ph Ph
+TFA
| 1 TS1 111
Hor R HROOR | bR R hR R ]F R R?
e _ 8@ & = on = 3@\ _
Hedl ® ) Ph H 5@ ) Ph 0 ° ~__Ph H-O ~_Ph —_Ph
& BTN . |Ma g SO R SR Lo HO" 07y
H @ Ph H- @ Ph W @ Ph H--Br Ph | g Ph
v TS2 A% TS3 \%1
Scheme 2The proposed reaction mechanism of the transfésmadf | to VI under acidic conditionRoute A; a:RLR* = H (la = 3a, Vla = 4a);

b: R'= H,R= Br (VIb = 7a); c: R*= Br,R= H (Vlc = 9a); d: R, R?= Br (VId = 8a); The relating computed enthalpyH) and Gibbs free energhG) values

are listed inTable 6.
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Table 6 Calculated enthalpydH, kJ mot?) and Gibbs free energh@, kJ mot?) values forRoute Amechanism of transformation bfto VI with different
substituentsa—d); computations were carried out at B3LYP/6-31G)tkpel of theory with the IEF-PCM solvent modedjng the parameter set of DCM.

R'=R*=H R'= H; R*=Br R'=Br; R=H R'= R?*= Br
@ (b) (©) (d)
AH AG AH AG AH AG AH AG
I 19.9 19.5 22.0 23.9 21.2 22.6 22.0 23.9
TS1 80.4 92.1 107.3 123.0 98.6 110.7 94.1 106.2
n 46.3 44.8 61.0 58.1 61.5 59.3 69.6 67.0
v 327 28.4 17.9 24.8 30.0 21.3 15.7 18.2
TS2 116.2 133.0 108.8 127.1 115.9 128.8 106.5 125.4
v -59.6 -53.0 -48.9 -51.4 -51.6 -51.4 -53.0 -52.2
TS® 41.6 39.2 56.4 54.1 39.8 38.6 40.2 39.4
VI -72.0 -115.5 -73.4 -115.1 -63.5 -106.7 -66.2 -110.0

3 TheAH(la-d) values were set as zero points (0 kJthdlring the calculations, respectively.
b Estimated values from fixed geometry near to tfetetical transition states.

Noteworthy, that the rate determining step of theirent

process

is the water attack on tlecarbon atom of the

heterocyclic ring, which exhibits the highest enplyalof
activation valuela — TS2a 116.2 kJ maf), however, the next
Br-elimination stepVYa — TS3a 101.2 kJ maf) also represents
significant, but somewhat lower enthalpy value. Thighest
activation enthalpy, however, does not represenemd value,
allowing relatively fast reaction rate even at ro@mperature, in
agreement with the experimental findings. As can &ensin

Table 6,

the standard enthalpy of formation &fla

[AH (VIa) — AH (la)] is —72.0 kJ mol (solvent model was

taking into consideration).

The two monobromolly andlic) as well as the dibromdd()
derivatives were also subjected to theoretical itigatons
(Scheme 1) in order to find the answer to their lorearctivities
under acidic conditions compared to the unsubstitlé, as
observed experimentally. Studying the same reactieohanism
(Route A for Ib—Id, very close enthalpy values were calculated.represented quite high instabilities. Moreover, th&sequent
Decisive difference can be found only for the pret@mn-water
elimination process, where all these transitionestatxhibited
higher enthalpy values by 15-20 kJ m¢Table 6,TS1, AHs).

0s_CFs
CFy % Y
Route B 0%
0=\ po ,
| —\ H H -TFA
3 4 H Br—Y O +2H,0
= | N 2
| 2\ 0 @ pp P T
Br s@N~ 5 Ph
h
TS4 VI
TMa — +90.7 kJ mol™! +88.3 kJ mol™!
19.9 kJ mol!
T oR T CFs
50 S} o
0 - 07 o, -TFA
H2 st R H— [ +2H0
SN e W
Bris@N” 5 {=Ph Brreon PhPh
Route C @
TS7 XI
+78.2 kJ mol! +63.8 kJ mol!

The rate determining steps of the formation ofgraducts VIb -

d) reamind the water attack on tleecarbon atom of the
heterocyclic ring IV = V), however, the higher enthalpy values
of TS1s can significantly decrease the reaction rate haf t
transformations. Noteworthy, that the two monobromo
derivatives lb andlic) had larger values, than the dibromo
compound i{d ).

As Lightner's research group showed that the efficien
hydrolysis of substituted 2-bromopyrroles could leasily
accomplished by TFA yieldingH-pyrrol-2(5H)-ones® we were
insisted on studying the possibiltiy of this wayti8me 3). In the
case ofRoute BandC, the protonations occurred at positions C5
and C2 of the pyrrole rings, respectively. Interggy, the
activation enthalpies of the two carbon protonatmocesses
(TS4 andTS6) showed very close values to the OH-protonation
(Route ATS1) which make these mechanisms legible on the first
sight. However, the cationic intermediate¥ll[ and XI)

steps TS5 andTS8) possessed larger enthalpy gaps, which were
computed folRoute A(TS23a), ranking these mechanisnRaute
B andC) backward.

Br
Hzo /
\H\O/H H
S\ M A Vo)t H oo T\ oA
B N O [T TN KD == 07N O = Via
ol Ph H ph PP HBr ph Ph
X
TS5 IX X
+135.2 kJ mol™! -17.7 kJ mol!
—t H\O/H\ _H
)
H‘O/H* H i T
Y 0 -H

— H —

BVE \\‘,0"H H [® )\ Ph

Br” N Br™ N
Ej,h Ph

+124.2 kJ mol™!

N
1 1 o)
/

TS8 IVa

+32.7 kJ mol!

Scheme 3The two alternative reaction mechanisvissRoute B(upper line) andC (lower line) for the transformation ¢d to Vla under acidic condition. The
computed enthalpyH) values are given in kJ mblunder the related structures. Computations wemiedaout at B3LYP/6-31G(d,p) level of theory withe
IEF-PCM solvent model, using the parameter set@VD
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H
Route D \ t
O.. H )
WL O-H_ L LiBr
() 0 L) L3 =\ on
LioH Br/AI>\W/\Ph BN Toen HOT SN hpn  £HT - 07y
Ian — Ph — Ph - Ph [—— pn Ph —=, Vla
-LiBr
0.0 kJ mol! -22.0 kJ mol! 122.1 kJ mol’! -180.1 kJ mol’!
XII TS9 XIIT X

Scheme 4The proposed reaction mechanism under basic ¢ondita Route Dfor the transformation ofa to Vla. Computations were carried out at
B3LYP/6-31G(d,p) level of theory with the IEF-PCMhgent model, using the parameter set of DCM.

2.2.2.Proposed reaction mechanism under basic condition
(in the presence of base):

After the completion of the addition of the ketoties reaction
was quenched with water. The resulting alkaline medidd be
able to change the reaction mechanism significaftbute Din
Scheme 4). In this way, the basic condition allowgdrmediate
la to form a complex with LiOH XII ), which is able to react
with water through a relatively high enthalpy gapS$,
122.1 kJ mof), meanwhile the bromine anion is eliminating
from the structure in a parallel way toward the sotyeesulting
lithium bromide. In this mechanism, the 122.1 kITh¢TS9)
represents a considerably high gap, which couldwallonly a
quite slow transformation ofa to Vla at room temperature,
making possible the safe isolation & (= 3a in Table 2)
experimentally.

Based on the studied mechanisms and computed ener

values for the formation 5-(diphenylmethylenéj-pyrrol-
2(5H)-ones, we concluded that the possibility of thdization of

and nucleus independent chemical ShifdICS in ppm) methods
for la and Vla. From systems chemistry asp&ct three
parameters should be considered in the light of rerection
mechanism, aromaticity (AR, blug)>* olefinicity (OL, red*>*°
and amidicity (AM, green) *®**° The computed percentage
values for these so calleitity parameters can be easily
transformed to their resonance enthalpy valdétg eq 1.). The
results for the corresponding molecules are sunz@ariin
Figure 2.

AHge = %(icity)/m(icity) eq. 1.

where AHge is the resonance enthalpy in kJ ThoBs(icity) can be the
aromaticity(AR), amidicity(AM) or olefinicty(OL) peentage, while m(icity)
is the slope of the corresponding icity parameters.

The resonance enthalpieSHgg) are comparable values with
%Ynhalpies of formation, moreover, the resonanchadpies can
be added to each other’s, in contrast to the nompeoable icity

the acid catalyze®oute Ais much grater than the other studied values. Therefore, the transformation of icity paegers to their

ways. Moreover, we found that the protonation of hiydroxyl
group is depending on the substituents of the pgrmng;
bromine atom(s) at positions 3 and/or 4 could hindee
protonation-water elimination process decreasing résction
rate of the transformations significantly, howevéhe rate
determing step of the formation of the productsaiemthe water
attack on thex-carbon atom of the heterocyclic rings in all cases

2.2.3.Systems chemistry analysis
The change of the aromaticity shows interesting uatain

through the reaction, therefore the aromaticitytioé central
pyrrole ring was examined by aromaticity percentage %)

resonance enthalpies is required for comparisorditierent
values.

In the case of structuta, only one parameter, the aromaticity
is enough to describe the center ring of the mdégdwwever,
Vla may require a more sophisticated consideratiodetcribe
the detailed structural interactions properly. 8teVlia can be
analyzed from two aspects. In the first instanced&rminant
substructure can be composed of two olefinic (OL120Oied)
and one amide groups (AM; green), on the other liaodn be
considered as only a slightly aromatic, centrakrggrring (AR;
blue number) as well.

AR = 57.5%
/ o\ Ph | AR = Aromaticity
Bf’@\\‘ou 57.5% AM = Amidicty
ph Ph OL = Olefinicity
Ia ZAHRE(Iﬂ) =886 1
|
|
T) = - -1 |
l AH(I->VI) 61(.’37 t;lcr:\sl | AAHg = 57.0,
! |
oLt -3069 AR=228% i
S Pas s 111.7% 396% \ | 60.1%\
‘o T T N
<\~ ph AM - 88.8 OL1-568 )| OL2=861 )
0= ey
g’ Bn P SAHge (VIa)= 145.6
e VIa AHRE (kJ m0|'1)

Figure 2 Systems chemistry analysis of the reactiotadb Vla. AR = aromaticity, OL = olefinicity, AM = amidigjtin percentageiHge = resonance enthalpy
in kJ mof?; AAHge = resonance enthalpy change in kJéH(la - Vla) = reaction enthalpy.



Studying only the change of the aromaticity, it cha
concluded, that the level of the aromaticity desesa
significantly from 57.5% ofa to 22.8% ofVla, which gives a
quite unfavorable character for the overall procéssn this
aspect. The calculated NICS valueslfoandVia confirmed the
previous trend. The original —13.2 ppm far represents a nice
aromaticity, however, the corresponding value is/6f.7 ppm
for Vla, indicating the weak aromatic character of the pobd

Investigating the structure of the produdia from another
point of view a more realistic description of thedrecyclic ring
could be obtained. A nice cooperation could be reizeg
between the amide (AM, green) and the olefinic (OLdd)r
functional groups, where the amide and the endaxyuble
bond ofVla intensified each other’s icity values (AM = 117.7%
and OL1 = 39.6%) due to the fact that their strongjugation
resulted in a slightly aromatic system. In addititre exocyclic
olefin group provides extra electron density to @Bming the
6-1t electron sextet for the ring, resulting in an alsigh
olefinicity value for the exocyclic double bond (OE260.1%).
These olefinicity values (OL1 = 39.6%, OL2 = 60.186)npared
to the relative minimum (Qkuyene= 0%)° and maximum
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were carried out in Schlenk-flasks under a dry gigro
atmosphere. Solvents were typically freshly didiller dried
over molecular sieves. Diethyl ether was obtained/@dtus by
distillation from sodium wire after the charactedgblue colour
of thein situ generated sodium diphenylketyl had been found to
persist. All reactions were monitored by thin-layer
chromatography. TLC was carried out on Kieselgel Fb4
(Merck) aluminium sheets (visualization of the prodwas made
by exposing the plate to UV radiation or by stainingith the
aqueous solution of (NfMo,0,, Ce(SQ), and sulfuric acid).
Flash column chromatography was performed using
CombiFlasfi (Teledyne ISCO). RoutindH, **C and **F NMR
spectra were obtained on a Bruker AV 300 or DRX 500
spectrometer. The chemical shif§) @re reported in parts per
million (ppm) and the coupling constant} {n Hz. Deuterated
chloroform (CDC}) with tetramethylsilane (TMS), acetog-and
dimethyl sulfoxide-¢ (DMSO-d;) were used as solvents, and
signal positions were measured relative to the $golaTMS or
solvents §rus = 0 ppM,dacetone= 2.05 ppmMPpmso = 2.50 ppm for
"MNMR  and  3cpo, = 77.0 ppm,  Sacerone= 29.8 ppm,
Somso = 39.4 ppm for°C NMR). Infrared (IR) spectra were

a

(OLauyi anion= 100%9° values refer to a substantial conjugatedrecorded on an appliance type Perkin Elmer 1600 aifourier

nature of the functions. As can be seen in Figurthe final of
the resonance enthalpy of the heteroycle can beidenmed for
the sum of the endocyclic olefin (OL1) and the amigleups
(AM), which provide 145.6 kJ mdl of resonance enthalpy in
summary. The difference between thEAHge(VIa) and
YAHge(1a) is 57.0 kJ mot. This value is in a good agreement
with the enthalpy gain of the transformation kaf to Vla
[AH (1a) —AH (Vla) = 61.2 kJ mof], calculatedn vacuo These
results suggest that the exothermic change inrtrealphy value
practically comes from the resonance energy chahgether
word, the loss of aromaticity during the transforiomtof la to

Vla is compensated by the resulted new molecular systemiiffractometer

(aromatic pyrrole- conjugated amide + olefin).

3. Conclusion

In summary, we have demonstrated the new approatieof
efficient, regioselective synthesis of 5-(diphengthylene)-H-
pyrrol-2(5H)-ones from readily available Htpyrroles. Bromo
alcohols prepared by sequential dibromination aetkctive
organometallic bromine/lithium exchange followed t®action
with  benzophenone proved to be easily
intermediates to highly conjugated systems. Corspariof a
series ofN-substituted pyrroles demonstrated the high tolran
of the transformation to functional groups, andykrcrystal X-
ray diffraction measurement confirmed the structafe the
5-ylidenepyrrolone scaffold. Regioselective mono dan
difunctionalizations of the endocyclic double boaldo shown
the versatile usefulness of the elaborated methethanistic
study of the reaction mechanism revealed the natdir¢he
process — water elimination followed by hydrolysis thfe
bromopyrrole unite influenced by acidic additiveard system
chemistry analysis suggest that the formation ef ¢hnjugated
system serves as driving force for the transformmatiOn the
basis of these experimental and mechanistic regutsapproach
could be applied for preparation of highly funcéined divers
conjugated systems.

4. Experimental Section

4.1.General

Transformer. Data are given in ¢m Melting points were
determined in capillary tubes, using a Gallenkamitingepoint
apparatus. High-resolution mass spectra (HRMS) wererded
on Waters LCT Premier XE spectrometer in electagpr
ionization (ESI, 2.5kV) mode, using water (0.035%
trifluoroacetic acid)/acetonitrile (0.035% triflmacetic acid) as
eluent in gradient elution (5%—95% acetonitrilgmples were
made up in acetonitrile. Th@Br isotope ¥ = 78.91834) was
used for the calculation and data interpretatiorthef bromine
containing compounds. Single-crystal X-Ray diffract
measurement was accomplished using a Rigaku R-AXABIR
(graphite  monochromator Cy-Kradiation,
A =1.54187 A). CCDC 1017198 (for4a) contains the
supplementary crystallographic data (including dtice factors)
for this paper. These data can be obtained freghafge from
The Cambridge Crystallographic Data  Centre
www.ccdc.cam.ac.uk/data_request/cif.

via

4.2.General procedure for the synthesis of polybrominad
1H-pyrrole derivatives®’

transformable The 1-aryl-H-pyrrole derivatives Xa-k) were prepared by

Clauson-Kaas pyrrole synthe$is following the literature
procedures, using 2,5-dimethoxytetrahydrofuran @fluking
acetic acid and commercially available anilinBsMethyl (11)
andN-tertbutoxycarbonyl Im) derivatives were purchased from
Sigma-Aldrich Kft. Hungary.

A solution of N-bromosuccinimide (NBS, 15.0 mmol, 2.67 g,
2 equiv.) in dry DMF (10 mL) was added dropwise tetiared
solution of H-pyrrole derivative I, 7.50 mmol) in dry DMF
(20 mL) at 0 °C. The mixture was stirred for 30 nafter the
addition of the solution of NBS was complete. Thectiea was
monitored by TLC (pure hexane). Hexane (20 mL) andewa
(60 mL) were added, the phases were separated, aragjtieous
phase was washed with hexane (3 x25mL). The organic
solutions were collected and most part of the salvweas
evaporated. The residue was filtered through a shiida
column, eluted with hexane and concentratedacuoto yield
pure product. In case of other purification methoi noted.

For the synthesis of tribrominated products 3 equiwr the

synthesis  of tetrabrominated  products 4 equiv. of

All commercial starting materials were purchased fromN-bromosuccinimide were used.

Sigma-Aldrich Kft. Hungary and Merck Kft. Hungary amcetre
used without further purification. The organometalleactions

2,5-Dibromo-1-phenyl-H-pyrrole (2a).® The reaction was
carried out using 1-phenyHtpyrrole (La)*° as starting material.
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TLC was performed in hexane eluent €0.40). Purea is a
colourless oil. Yield was 96%, (300 MHz, CDC}) 7.54-7.42
(3H, m), 7.34-7.15 (2H, m), 6.31 (2H, s).

2,5-Dibromo-1-(p-tolyl)-1H-pyrrole (2b).** The reaction was
carried out using p-tolyl-1H-pyrrole (Lb)** as starting material.
TLC was performed in hexane eluent; €R0.51). Pure2b is a
colourless oil. Yield was 85%jy (300 MHz, DMSO—¢) 7.35
(2H, d,J 8.0Hz), 7.16 (2H, d]1 8.0Hz), 6.42 (2H, s), 2.39 (3H, s).

2,5-Dibromo-1-(2-ethylphenyl)-H-pyrrole (2c). The reaction
was carried out using 1-(2-ethylphenyb-pyrrole (L0)** as
starting material. TLC was performed
(Rf=0.44). Purec is a colourless oil (2.28, 90%);Vmax (liquid
film) 2970, 1515, 1494, 1455, 1421, 1297, 1158 'crdy
(300 MHz, CDC}) 7.45 (1H, tJ 7.5 Hz), 7.39 (1H, d] 7.0 Hz),
7.31 (1H, t,J 7.4 Hz), 7.12 (1H, dJ 7.8 Hz), 6.32 (2H, s), 2.31
(2H, q,J7.6 Hz), 1.13 (3H tJ 7.6 Hz); 3¢ (75 MHz, CDC})
143.0, 136.5, 129.8, 129.6, 129.0, 126.4, 112.1),(202.4 (2C),
23.7, 13.8; HRMS (ESI): MH found 327.9352. GH;,Br.N
requires 327.9336.

2,5-Dibromo-1-(2-ethyl-6-methylphenyl)-H-pyrrole (2d). The
reaction was carried out using 1-(2-ethyl-6-methgipy)-1H-
pyrrole (Ld)*
eluent (R=0.44). Pure2d is a colourless oil (2.3¢, 91%);
Vimax (liquid film) 3130, 2970, 2934, 2875, 1515, 1472419,
1298 cm’; 8,4 (300 MHz, DMSO-¢) 7.40 (1H, t,J 7.5 Hz), 7.29
(1H, d,3 7.8 Hz), 7.27 (1H, d) 7.6 Hz), 6.48 (2H, s), 2.18 (2H,
q, J 7.5 Hz), 1.87 (3H, s), 1.09 (3H, 1,7.5 Hz); 5 (75 MHz,
DMSO-d;) 142.1, 136.6, 134.9, 129.6, 128.0, 126.5, 112Q)(

101.3 (2C), 23.3, 17.0, 13.8; HRMS (ESI): MHfound
341.9496. GH14Br:N requires 341.9493.
1-[(1,1'-Biphenyl)-2-yl]-2,5-dibromo-1H-pyrrole  (2e). The

reaction was carried out using 1-(biphenyl-2-yj-fiyrrole
(16 as starting material. Methylene chloride (20 mhyl avater
(60 mL) were added. The phases were separated, tleoas)
phase was washed with methylene chloride (3 x 25 md)the
collected organic solutions were washed with bring rfiL),
dried over sodium sulfate, concentrated in vacuoe Tesidue
was purified by recrystallisation from hexane (10)mLLC was
performed in hexane eluent;({R0.30). Pure is a white solid
(2.49 g, 88%); m.p. 91-92 °Giax (KBr) 3127, 3056, 1504,
1482, 1455, 1420, 1305, 1158 ¢nd, (300 MHz, CDCJ) 7.62—
7.42 (3H, m), 7.33-7.21 (4H, m), 7.20-7.12 (2H, m}66(2H,
s); dc (75 MHz, CDC}) 141.6, 138.1, 135.3, 130.9, 130.3, 129.8
128.6 (2C), 128.0 (2C), 127.9, 127.5, 112.2 (2@R.1 (2C);
HRMS (ESI): MH, found 375.9312. H;,Br,N requires
375.9336.

2,5-Dibromo-1-(naphthalen-1-yl)-H-pyrrole (2f). The
reaction was carried out using 1-(naphthalen-1-igyrrole
(1f)* as starting material. Methylene chloride (20 mhl avater
(60 mL) were added to the reaction mixture. The pbasere

in hexane dluen

as starting material. TLC was performed in hexanell

Tetrahedron

2,5-Dibromo-1-[2-(trifluoromethyl)phenyl]-1 H-pyrrole (2g).*’
The reaction was carried out using 1-[2-(trifluoranygphenyl]-
1H-pyrrole (Lg)*" as starting material. TLC was performed in
hexane eluent (R 0.44). Pure2g is a white solid. Yield was
96%; 84 (300 MHz, DMSO—¢) 7.99 (1H, d, J 7.5 Hz), 7.90 (1H,
t, J7.5Hz), 7.83 (1H t, J 7.8 Hz), 7.49 (1H d, JHz), 6.45
(2H, s).

2,5-Dibromo-1-(2-bromophenyl)-H-pyrrole (2h). The
reaction was carried out using 1-(2-bromophenid}dyrrole
(1h)®® as starting material. TLC was performed in hexdnerg
(Rf=0.42). Pure2h is a white solid (2.68 g, 94%); m.p. 82—
83 °C; Vmax (KBr) 3127, 1513, 1483, 1439, 1417, 1300tm
dy (300 MHz, DMSO—-¢) 7.87 (1H, d,J 7.8 Hz), 7.59 (1H, t,
J7.4 Hz), 7.55-7.44 (2H, m), 6.45 (2H, 8); (75 MHz, CDC})
137.3, 133.3, 131.3, 131.0, 128.1, 124.7, 112.5,(2@2.2 (2C);
HRMS (ESI): M, found 376.8044. £H¢BrsN requires
376.8050.

2,5-Dibromo-1-(3-bromophenyl)-H-pyrrole (2i). The reaction
was carried out using 1-(3-bromophenyB-pyrrole (Li)* as
starting material. TLC was performed in hexane dluen
(Rf = 0.57). Pure2i is a white solid (2.62 g, 97%); m.p. 78—
80 °C; vimax (KBr) 3068, 1591, 1575, 1514, 1475, 1429, 1295,
63 cm’; &y (300 MHz, CDCJ) 7.62 (1H, d,J 8.0 Hz), 7.44
(1H, t, 1.8 Hz), 7.37 (1H, 1) 8.0 Hz), 7.22 (1H, dJ 7.9 Hz),
6.32 (2H, s);6c (75 MHz, CDC}) 138.7, 132.3, 132.2, 130.1,
127.9, 122.1, 112.9 (2C), 102.2 (2C); HRMS (ESIY;, lfbund
376.8047. GHgBrsN requires 376.8050.

2,5-Dibromo-1-(4-bromophenyl)-H-pyrrole (2j). The reaction
was carried out using 1-(4-bromophenyB-pyrrole @j)°" as
starting material. TLC was performed in hexane dluen
(Rf = 0.54). Purej is a colourless oil (2.68 g, 94%).x (liquid
film) 3130, 1517, 1489, 1423, 1387, 1308 &néy (300 MHz,
DMSO-d) 7.77 (2H, d,J 8.6 Hz), 7.29 (2H, dJ 8.6 Hz), 6.45
(2H, s);8¢ (75 MHz, DMSO-¢) 136.3, 132.1 (2C), 131.0 (2C),
1225, 112.7 (2C), 102.0 (2C); HRMS (ESI): *Mfound
376.8046. GHeBrsN requires 376.8050.

1-Benzyl-2,5-dibromo-H-pyrrole (2k).“* The reaction was
carried out using 1-benzyHtpyrrole (1k)® as starting material.
TLC was performed in hexane eluent €R0.54). Pure2k is a

white solid. Yield was 97%3y (300 MHz, DMSO—-¢) 7.35 (2H,

t, J 7.1 Hz), 7.27 (1H, t) 6.9 Hz), 7.00 (2H, dJ 7.2 Hz), 6.37
(2H, s), 5.24 (2H, m).

'2,5-Dibromo-1-methyl-1H-pyrrole (21).® The reaction was
carried out using 1-methylHkpyrrole (Ll) as starting material.
After the general work-up procedure a few drops adthsil
amine were added to the concentrated organic phaheson
through a short silica column was carried out usirexane
(0.1 m/m% TEA) as eluent. In the absence of TEA,ratte
elution through a short silica column and evaporatof the
solvent under reduced pressure the pure materianogoses

separated, the aqueous phase was washed with methylenelently. Taking the stability issue into accouhé product was

chloride (3 x 20 mL) and the collected organic Sohs were
washed with brine (15 mL), dried over
concentrated in vacuo. The residue was
recrystallisation from hexane (10 mL). TLC was parfed in
hexane eluent (R= 0.36). Pureéf is a white solid (2.44 g, 93%);
m.p. 130-131 °Cyvax (KBr) 3127, 3056, 1504, 1420, 1305,
1158 cm’; &y (300 MHz, CDC}) 8.00 (1H, d, J8.3 Hz), 7.94
(1H, d, J 7.8 Hz), 7.62-7.46 (3H, m), 7.42 (1H, d,21Hz), 7.16
(1H, d, J 8.1 Hz), 6.42 (2H, S); (75 MHz, CDC}) 134.5, 134.0,
131.4, 130.0, 128.2, 127.6, 127.5, 126.8, 125.2.812112.4
(2C), 103.5 (2C); HRMS (ESl): MH found 349.9176.
Cy.H10BIN requires 349.9180.

immediately transferred into the polar organomitaiéaction.

sodium sulfate, Therefore the full characterisation of 2,5-Dibromoagthyl-1H-
purified byyrrole was missed. TLC was performed in hexane/ethyl

acetate = 20/1 eluent {R0.66). Purel is a colourless oil. Yield
was 86%.

tert-Butyl 2,5-dibromo-1H-pyrrole-1-carboxylate (2m)* The
reaction was carried out usindert-butyl 1H-pyrrole-1-
carboxylate Im) as starting material. TLC was performed in
hexane eluent (R= 0.24). Pur&m is a colourless oil. Yield was
56%; 3y (300 MHz, DMSO—-¢) 6.44 (2H, s), 1.59 (9H, s).



2,3,5-Tribromo-1-phenyl-1H-pyrrole (5a).* The reaction was
carried out using 1-phenyHtpyrrole (La)*° as starting material.
TLC was performed in hexane eluent; §0.44). Pureba is a

colourless oil. Yield was 71%; (300 MHz, CDC)) 7.52-7.48
(3H, m), 7.25-7.20 (2H, m), 6.42 (1H, s).

2,3,5-Tribromo-1-[2-(trifluoromethyl)phenyl]-1 H-pyrrole

(5b)¥ The reaction was carried out using 1-[2-
(trifluoromethyl)phenyl]-H-pyrrole (Lb)*" as starting material.
TLC was performed in hexane eluent €R0.37). Purebb is a
colourless oil. Yield was 84%j, (300 MHz, DMSO-¢) 8.01
(1H, d,J 7.5 Hz), 7.92 (1H, tJ 7.2 Hz), 7.84 (1H, t) 7.4 Hz),
7.58 (1H, dJ 7.6 Hz), 6.72 (1H, s).

2,3,5-Tribromo-1-methyl-1H-pyrrole (5¢).® The reaction was
carried out using 1-methylHkpyrrole (Ll) as starting material.
TLC was performed in hexane eluent; {R0.61). Puresc is a
colourless oil. Yield was 75%, (300 MHz, CDC}) 6.27 (1H,
s), 3.61 (3H, s).

2,3,4,5-Tetrabromo-1-phenyl-H-pyrrole (6a).® The reaction
was carried out using 1-phenyHdpyrrole (1a)*° as starting
material. TLC was performed in hexane/ethyl aceta8él eluent
(Rf=0.68). Pureba is a colourless oil. Yield was 88%y
(300 MHz, CDC}) 7.55-7.48 (3H, m), 7.25-7.19 (2H, m).

2,3,4,5-Tetrabromo-1-methyl-H-pyrrole (6b).*® The reaction
was carried out using 1-methyHipyrrole (L) as starting
material. TLC was performed in hexane/ethyl aceta8él eluent
(Rr=0.59). Pure6b is a white solid. Yield was 81%;
3y (300 MHz, DMSO-¢) 3.64 (s, 3H).

4.3.General procedure for the synthesis of 5-ylidenepyol-
2(5H)-one derivatives

The corresponding bromdHtpyrrole derivative (3.00 mmol)
was dissolved in dry diethyl ether (10 mL) under diirogen
atmosphere and was cooled to —78 °C. A hexane solaio
n-butyllithium (3.20 mmol, 2.00 mL, 1.6 M) was addaécbpwise
and after 15 min stirring benzophenone (3.30 m@@0 g) was
added to the reaction mixture. After warming up t@mo
temperature the solvent was changed to methyleraiddland
water (5 mL) was added into it. The phases were seghend
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141.3, 139.3, 139.3, 137.4, 132.4 (2C), 131.7 (230.6,
129.2, 129.0 (2C), 128.5 (2C), 128.4, 128.2 (2@8.1 (2C),
126.5, 122.4; HRMS (ESI): MH found 324.1382C,H;NO
requires 324.1388.

(5-Bromo-1-phenyl-1H-pyrrol-2-yl)diphenylmethanol (3a).

The reaction was carried out usidg”® as starting material. After
the general work-up procedure, the collected orgahases were
concentrated under reduced pressure and the resakipurified
instantly by preparative RP-HPLC. Gilson pump (333MP);
Gilson sampler (GX-281); Detector (UV-VIS-155), Column:
Phenomenex, Gemini 250 x 50 mm; 10 um, C18, 110Aligna
elution (ammonium bicarbonate in water (4g/L) and
acetonitrile). Pure3a is a colourless oil (0.87 g, 72%p4
(500 MHz, DMSO-¢) 7.25-7.13 (11H, m), 7.08 (2H, t,
J7.5Hz), 6.81 (2H, d) 7.3 Hz), 6.23 (1H, OH, s), 6.20 (1H, d,
J 3.9 Hz), 5.52 (1H, dJ 3.9 Hz),5¢ (126 MHz, DMSO-¢) 146.3
(2C), 141.3, 138.9, 130.7 (2C), 128.1, 127.7 (6127.5 (4C),
127.1 (2C), 112.1, 109.3, 105.6, 77.6.

5-(Diphenylmethylene)-1-p-tolyl)-1H-pyrrol-2-(5H)-one (4b).
The reaction was carried out usi?lg’* as starting material. Flash
column chromatography was performed in hexane/ethyl
acetate = 4/1 eluent (R 0.34). Purelb is a yellow solid (0.82 g,
81%); m.p. 108-110 °Cy . (KBr) 3042, 2923, 1700, 1552,
1443, 1176 cit; 4 (300 MHz, DMSO-¢g) 7.47-7.34 (3H, m),
7.26-7.22 (2H, m), 7.18 (1H, d,5.7 Hz), 7.02—6.88 (3H, m),
6.85-6.75 (6H, s), 6.34 (1H, d}5.7 Hz), 2.10 (3H, s);
3¢ (75 MHz, DMSO-¢) 170.9, 140.3, 140.2, 137.9, 137.7, 134.8,
133.2, 131.2 (2C), 130.5 (2C), 129.6, 128.3, 122Q), 128.0
(2C), 127.2, 127.0 (2C), 127.0 (2C), 121.5, 20.3;MBR(ESI):
MH?, found 338.1549. GH,NO requires 338.1539.

5-(Diphenylmethylene)-1-(2-ethylphenyl)-H-pyrrol-2-(5H)-

one (4c). The reaction was carried out usi@g as starting
material. Flash column chromatography was perfornied
hexane/ethyl acetate = 4/1 eluent £R).40). Purelicis a yellow
solid (0.92 g, 87%); m.p. 115-116°@;,., (KBr) 2972, 1697,
1491, 1373, 1219, 1161 ¢héy (300 MHz, CDC}) 7.39-7.31
(3H, m), 7.25-7.18 (3H, m), 6.97-6.84 (7H, m), 6.83662H,
m), 6.31 (1H, dJ5.7 Hz), 2.55 (1H, sex] 7.6 Hz), 2.36 (1H,
sex,J 7.6 Hz), 1.17 (3H, t] 7.6 Hz);5¢ (75 MHz, CDC}) 171.9,

the aqueous phase was washed with methylene chlorice#1.0, 140.7, 139.6, 138.5, 137.6, 134.5, 131.5,(280.8, 130.3

(3 x4 mL) then the collected organic phases wereddover
sodium sulfate and concentraiadvacuo The crude product was
alloowed to stand overnight for the complition ofeth
transformation to the corresponding 5-ylidenepy2@H)-one
derivative. The resulted dark material was purifieg flash
column chromatography.

In the cases of 3- and/or 4-bromo substituted dévies a
catalytic amounts of trifluoroacetic acid were addedore the
dried organic phases were concentratedvacuo. The crude
products were allowed to stand overnight for the detigms of
the transformation to the corresponding 5-ylidemegy2(5H)-

(2C), 129.4, 128.3, 128.1 (2C), 128.0, 127.7, 121%.0 (2C),
125.8, 122.2, 24.0, 13.4; HRMS (ESI): MHound 352.1691
C,sH,,NO requires 352.1696.

5{Diphenylmethylene)-1-(2-ethyl-6-methylphenyl)-H-pyrrol-
2(5H)-one (4d).The reaction was carried out usidgjas starting
material. Flash column chromatography was perfornied
hexane/ethyl acetate = 4/1 eluent £/0.40). Pureld is a yellow
oil (0.88 g, 80%);Vmax (liquid film) 3056, 2967, 1701, 1468,
1365, 1217, 1159 cth &, (500 MHz, DMSO—¢) 7.41-7.36 (3H,
m), 7.26 (1H, dJ5.9 Hz), 7.18-7.15 (2H, m), 6.96-6.84 (4H,

one derivativesThe resulted materials were purified by flashm), 6.80-6.76 (2H, m), 6.74 (2H, 47.7 Hz), 6.44 (1H, d,

column chromatography.

5-(Diphenylmethylene)-1-phenyl-H-pyrrol-2-(5H)-one (4a).
The reaction was carried out usidg’® as starting materiaklash

J5.9 Hz), 2.41-2.27 (2H, m), 2.01 (3H, s), 1.05 (3H,%,6 Hz);
8¢ (75 MHz, DMSO—¢) 170.2, 141.3, 140.1, 139.2, 137.1, 136.8,
135.8, 133.5, 130.7 (2C), 129.5, 128.4 (2C), 148Q), 128.1,
127.6, 127.3, 127.2, 126.8 (2C), 125.2, 122.5, 28718, 13.5;

column chromatography was performed in hexane/ethyfiRMS (ESI): MH, found 366.1849. £H,/NO requires

acetate = 4/1 eluent (R 0.27). Purelais a yellow solid (0.86 g,
89%); m.p. 153-155 °Cy .« (KBr) 3050, 1693, 1498, 1369,
1213, 1163 cit; 8, (500 MHz, Acetone+f 7.46-7.40 (3H, m),
7.34-7.27 (2H, m), 7.25 (1H, d,5.9 Hz), 7.02-6.85 (10H, m),
6.26 (1H, d,J5.9 Hz); 3¢ (75 MHz, Acetone— 171.8, 141.7,

366.1852.

1-[(1,1'-Biphenyl)-2-yl]-5-(diphenylmethylene)-H-pyrrol-2-

(5H)-one (4e).The reaction was carried out usifgas starting
material. Flash column chromatography was perfornied
hexane/ethyl acetate = 4/1 eluent £R.32). Purele is a white
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solid (0.98 g, 82%); m.p. 174-176 °G., (KBr) 3056, 1694,
1482, 1437, 1368, 1215, 1158 ¢md,, (500 MHz, DMSO—g)
7.44-734 (4H, m), 7.31-7.26 (1H, m), 7.24 (1H, id7.7,
1.4 Hz), 7.19 (2H, t) 7.7 Hz), 7.09 (1H, td) 7.6, 1.2 Hz), 7.04—
6.99 (1H, m), 6.96 (2H, t) 7.5 Hz), 6.90-6.85 (3H, m), 6.78
(1H, d,J 5.8 Hz), 6.76-6.66 (2H, m), 6.34 (1H,X5.8 Hz), 6.31
(2H, d,J 7.5 Hz); 3¢ (75 MHz, DMSO-¢) 172.1, 140.2, 139.9,
138.7, 137.8, 137.6, 136.3, 133.4, 131.9, 130.9,(280.7 (2C),
129.9, 129.6, 128.1 (3C), 127.6, 127.6 (2C), 12TH,.3 (2C),
127.2, 127.1, 1265 (2C), 120.9; HRMS (ESI): MHound
400.1709. G:H,,NO requires 400.1696.

5-(Diphenylmethylene)-1-(naphthalen-1-yl)-H-pyrrol-2-
(5H)-one (4f). The reaction was carried out usigfjas starting
material. Flash column chromatography was perfornied
hexane/ethyl acetate = 4/1 eluent £R0.40). Puredf is a beige
solid (0.99 g, 88%); m.p. 182-184 °@;,.« (KBr) 3098, 3075,
1693, 1404, 1219, 1170 ¢ &y (300 MHz, DMSO-¢) 7.75
(1H, d,J 8.1 Hz), 7.62 (1H; d) 8.1 Hz), 7.59-7.38 (6H, m), 7.36

(1H, d,35.9 Hz), 7.27-7.20 (2H, m), 7.19-7.12 (2H, m), 6.74—column chromatography was performed

6.64 (1H, m), 6.57—-6.45 (5H, my; (75 MHz, DMSO—¢) 171.2,
140.0, 139.9, 138.7, 137.2, 133.2, 132.7, 130.9),(A30.2,
130.0, 129.4 (2C), 128.2, 128.1 (2C), 127.7, 12¥23,1, 126.9,
126.1 (3C), 125.6, 124.7, 123.0, 121.9; HRMS (ESIH",

found 374.1526. &H,NO requires 374.1539.

5-(Diphenylmethylene)-1-[2-(trifluoromethyl)phenyl]-1H-
pyrrol-2-(5H)-one (4g).The reaction was carried out usidg’’
as starting material.
performed in hexane/ethyl acetate = 4/1 eluent=(®24). Pure
4qg is a beige solid (1.08 g, 92%); m.p. 182-184 Vg, (KBr)
3054, 1701, 1374, 1317, 1159, 1126 &by, (300 MHz, CDC}))
7.45-7.31 (4H, m), 7.27 (1H, d,5.9 Hz), 7.24-7.17 (3H, m),
7.15 (1H, dJ 7.9 Hz), 7.08 (1H, d] 7.8 Hz), 7.02-6.78 (5H, m),
6.30 (1H, dJ 5.8 Hz);5¢ (75 MHz, CDC}) 172.0, 140.3, 140.2,
139.0, 137.6, 134.0(1.8 Hz), 132.9, 131.8, 131.3 (2C), 131.2,
130.7 (2C), 128.5, 128.1 (2C), 128.0, 12718Q.9 Hz), 127.7,
1274 (2C), 127.2 J4.8Hz), 123.3 J273.9Hz), 121.7;
8¢ (282 MHz, CDC}) —61.04 (3F, s); HRMS (ESI): MHfound
392.1254. GH,/FNO requires 392.1257.

1-(2-Bromophenyl)-5-(diphenylmethylene)-H-pyrrol-2-(5H)-
one (4h). The reaction was carried out usi?lp as starting
material. Flash column chromatography was perfornied
hexane/ethyl acetate = 4/1 eluent €/0.28). Pureth is a yellow
solid (0.84 g, 70%); m.p. 142-143 °@;,.« (KBr) 3052, 1701,
1477, 1443, 1216, 1161 chméy (300 MHz, DMSO-¢) 7.44—
7.36 (3H, m), 7.30 (1H, d) 7.8 Hz), 7.26 (1H, dJ)5.8 Hz),
7.24-7.18 (2H, m), 7.15 (1H, 4,7.5 Hz), 7.06 (1H, tJ 7.5 Hz),
7.00-6.85 (6H, m), 6.42 (1H, d,5.8 Hz);5¢ (75 MHz, DMSO-
dg) 170.3, 140.0, 139.9, 137.3, 137.1, 135.3, 13R32,0, 131.0
(2C), 129.8 (2C), 129.7, 128.9, 128.3, 128.1 (228.0 (2C),
127.5, 127.3, 122.5, 121.9; HRMS (ESI): KHound 402.0504.
C,3H1,BrNO requires 402.0488.

1-(3-Bromophenyl)-5-(diphenylmethylene)-H-pyrrol-2(5H)-
one (4i). The reaction was carried out usir®j as starting
material. Flash column chromatography was perfornied
hexane/ethyl acetate = 8/1 eluenf£R.13). Puredi is a yellow
solid (1.08 g, 90%); m.p. 139-140 °@;,., (KBr) 1693, 1588,
1557, 1476, 1364, 1201, 1160 ¢md, (300 MHz, DMSO—¢g)
7.47-7.36 (3H, m), 7.31-7.25 (2H, m), 7.24 (1HJ&.9 Hz),
7.16-7.10 (2H, m), 7.05-6.93 (5H, m), 6.88-6.80 (2H, 6188
(1H, d,J35.8 Hz); 8¢ (75 MHz, DMSO-¢) 170.6, 140.7, 139.9,
137.7, 137.4, 137.1, 131.3 (2C), 130.3 (2C), 13029.9, 129.2,
128.5, 128.4, 128.1 (2C), 127.7, 127.2 (2C), 12624,.4, 120.2;

Tetrahedron

HRMS' (ESI): MH, found 402.0475. £H,;BrNO requires
402.0488.

1-(4-Bromophenyl)-5-(diphenylmethylene)-H-pyrrol-2-(5H)-
one (4j). The reaction was carried out usir®j as starting
material. Flash column chromatography was perfornied
hexane/ethyl acetate = 4/1 eluent £€F0.40). Puredj is a yellow
solid (1.12 g, 93%); m.p. 101-103 °@;,., (KBr) 3074, 1695,
1487, 1363, 1209, 1155 ¢mé, (300 MHz, DMSO-¢) 7.47—
7.38 (3H, m), 7.30-7.24 (2H, m), 7.23 (1H,X5.9 Hz), 7.17
(2H, d,J 8.6 Hz), 7.08-6.94 (3H, m), 6.92 (2H,X8.6 Hz), 6.83
(2H, d,J 7.0 Hz), 6.37 (1H, d] 5.9 HZz);3¢ (75 MHz, DMSO-¢)
170.6, 140.6, 139.9, 137.7, 137.5, 135.1, 131.2,(280.5 (2C),
130.4 (2C), 129.9, 129.1 (2C), 128.4, 128.1 (2Q@)y.8, 127.2
(2C), 121.5, 118.4; HRMS (ESI): MH found 402.0489.
C,3H1,BrNO requires 402.0488.

1-Benzyl-5-(diphenylmethylene)-H-pyrrol-2(5H)-one  (4K).
The reaction was carried out usipki”” as starting material. Flash
in hexane/ethyl
acetate = 4/1 eluent (R 0.40). Purelk is a yellow solid (0.70 g,
69%); m.p. 135-137 °Cyx (KBr) 3061, 3027, 1687, 1448,
1363, 1129 cnt; 84 (500 MHz, CDC}) 7.35-7.20 (6H, m), 7.11—
7.07 (3H, m), 7.06 (1H, d)5.8 Hz), 7.04-7.01 (2H, m), 6.97
(2H, d,J 7.6 Hz), 6.56-6.52 (2H, m), 6.29 (1H,X5.8 Hz), 4.59
(2H, s); 8¢ (75 MHz, CDC}) 173.4, 140.6, 140.2, 138.7, 138.0,
137.5, 131.4 (2C), 131.2 (2C), 131.1, 128.5, 12828.0 (2C),
127.9 (4C), 126.7, 126.2 (2C), 122.2, 45.0; HRMSIYERH",

Flash column chromatographys wafound 338.1536. &H,oNO requires 338.1539.

5-(Diphenylmethylene)-1-methyl-H-pyrrol-2(5H)-one  (41)**
The reaction was carried out usi2if® as starting material. Flash
column chromatography was performed in hexane/ethyl
acetate = 4/1 eluent (R 0.16). Puredl is a pale yellow solid
(0.69 g, 88%); m.p. 116-117 °®;,.x (KBr) 1684, 1592, 1542,
1442, 1422, 1137 cth &, (300 MHz, CDC}) 7.43-7.30 (6H, m),
7.28-7.15 (4H, m), 7.02 (1H, d5.8 Hz), 6.20 (1H, d] 5.8 Hz),
2.71 (3H, s);8¢ (75 MHz, CDC}) 173.0, 140.5, 139.7, 139.2,
138.7, 131.5 (2C), 131.0 (2C), 129.6, 128.5, 12828.2 (2C),
128.1 (2C), 122.7, 30.2; HRMS (ESI): MHfound 262.1218.
CgH16NO requires 262.1232.

5-(Diphenylmethylene)-H-pyrrol-2-(5H)-one  (4m). The
reaction was carried out usireBm® as starting material. Flash
column chromatography was performed in hexane/ethyl
acetate = 4/1 eluent (R 0.11). Purelm is a white solid (0.36 g,
48%); m.p. 174-176 °Cy. (KBr) 3259, 3046, 1683, 1444,
1334, 1209 cnit; & (300 MHz, DMSO-¢) 9.84 (1H, br s), 7.45-
7.31 (6H, m), 7.23 (2H, d) 6.9 Hz), 7.19-7.11 (2H, m), 7.02
(1H, d,J 5.4 Hz), 6.23 (1H, d] 5.5 HZz);3¢ (75 MHz, DMSO-¢)
172.1, 139.2, 138.5, 137.6, 136.6, 130.8 (2C),282C), 128.4
(2C), 128.1 (2C), 127.9 (2C), 126.5, 124.6; HRMSIJEBIH",
found 248.1072. GH..NO requires 248.1070.

4-Bromo-5-(diphenylmethylene)-1-phenyl-H-pyrrol-2(5 H)-
one (7a). The reaction was carried out usibg® as starting
material. Flash column chromatography was perfornied
hexane/ethyl acetate = 8/1 eluent £R®.18). Purerais a yellow
solid (0.70 g, 58%); m.p. 167-168 °Q;.x (KBr) 3115, 3044,
1772, 1533, 1508, 1443, 1349, 1295, 1150"chy (500 MHz,
CDCly) 7.43 (1H, tJ 7.3 Hz), 7.38 (2H, 1) 7.4 Hz), 7.24 (1H, s),
7.03-6.94 (5H, m), 6.91 (3H, §7.4 Hz), 6.88-6.77 (3H, m),
6.57 (1H, s);3c (126 MHz, CDC}) 169.1, 139.6, 139.4, 136.5,
136.2, 134.4, 132.5 (2C), 131.4 (2C), 131.0, 12928.4, 128.2
(2C), 128.1 (2C), 127.4 (2C), 127.2 (2C), 126.66.32 HRMS
(ESI): MH', found 402.0473C,3H,,BrNO requires 402.0494.



4-Bromo-5(diphenylmethylene)-1{2trifluoromethyl)phenyl]-
1H-pyrrol-2(5H)-one (7b). The reaction was carried out using
5b°" as starting material. Flash column chromatograplas
performed in hexane/ethyl acetate = 4/1 eluent(®32). Pure
7b is a yellow solid (0.78 g, 55%); m.p. 108—109%G (KBr)
1704, 1542, 1454, 1316, 1266, 1125 ¢y, (300 MHz, CDC}))
7.44-7.28 (5H, m), 7.21-6.93 (7H, m), 6.91-6.79 (1,674
6.63 (1H, m), 6.59 (1H, shc (75 MHz, CDC}) 169.0, 139.3,
139.2, 136.9, 134.5, 133.7 (d,1.7 Hz), 133.3, 132.8, 131.8,
131.4,131.2, 130.9, 130.7, 129.2, 128.3, 128.8,a2C), 127.9
(2C), 127.4 (qJ 30.5 Hz), 127.2 (qJ) 4.6 Hz), 126.8, 123.3 (d,
J 273.8 Hz).5¢ (282 MHz, CDC}) —60.82; HRMS (ESI): MH
found 470.0380. &H¢BrFNO requires 470.0367.

4-Bromo-5-(diphenylmethylene)-1-methyl-H-pyrrol-2(5H)-
one (7c). The reaction was carried out usibg” as starting
material. Flash column chromatography was perfornied
hexane/ethyl acetate = 4/1 eluent £R).27). Pureéfcis a yellow
solid (0.65 g, 64%). m.p. 145-146 °@Q; .« (KBr) 2921, 1675,
1559, 1445, 1420, 1362, 1317, 1101 'c@), (300 MHz, CDC}))
7.43-7.31 (6H, m), 7.22—-7.12 (4H, m), 6.48 (1H, 743H, s);

11
3-Bromo-5-(diphenylmethylene)-1-phenyl-H-pyrrol-2(5 H)-
-one (9a). The reaction was carried out usidg as starting
material. Flash column chromatography was perfornied
hexane/ethyl acetate = 8/1 eluent £R®.26). Pur®a is a yellow
solid (0.82 g, 82%); m.p. 178-179 °@;.. (KBr) 3057, 1726,
1702, 1493, 1443 1372, 1197, 1078 “tmd, (300 MHz,
Acetone-g) 7.51-7.42 (3H, m), 7.40 (1H, s), 7.38-7.28 (2H, m),
7.09-6.88 (10H, m)dc (75 MHz, Acetone-g 166.7, 141.3,
139.5, 138.9, 137.6, 137.1, 132.4 (2C), 132.2,882C), 129.5,
129.1 (2C), 128.7, 128.6 (2C), 128.3 (2C), 128.2)(2127.0,
115.5; HRMS (ESI): MHA, found 402.0487. £H,-BrNO
requires 402.0494.

3-Bromo-5{(diphenylmethylene)-1{(2-(trifluoromethyl)phenyl)-
1H-pyrrol-2(5H)-one (9b). The reaction was carried out using
4g as starting material. Flash column chromatograpigs
performed in hexane/ethyl acetate = 4/1 eluent(®40). Pure
9b is a yellow solid (1.03 g, 88%); m.p. 164-165 %G, (KBr)
1709, 1496, 1454, 1373, 1315, 1141 ¢y, (300 MHz, CDC}))
7.41-7.31 (5H, m), 7.24-7.13 (4H, m), 7.08 (1HJd,.6 Hz),
6.99-6.83 (5H, m)3c (75 MHz, CDC}) 166.7, 140.0, 138.4,

8¢ (75 MHz, CDCY) 170.3, 140.3, 139.6, 137.6, 132.8, 132.5137.4, 133.6 (dJ 1.5 Hz), 132.7, 132.0, 131.9, 131.3 (2C), 130.7

(2C), 131.3 (2C), 129.2, 129.1, 129.0, 128.3 (2128.2 (2C),
127.6, 31.4; HRMS (ESI): MH found 340.0317C,gH,sBrNO
requires 340.0337.

3,4-Dibromo-5-(diphenylmethylene)-1-phenyl-H-pyrrol-

2(5H)-one (8a). The reaction was carried out usig® as
starting material. Flash column chromatography weopmed
in hexane/ethyl acetate = 8/1 eluent; £®.16). Pure8a is a
yellow solid (1.11 g, 77%); m.p. 184-185 °G., (KBr) 3056,
1708, 1596, 1539, 1490, 1445, 1357, 1296, 1104%chy
(500 MHz, CDC}) 7.45 (1H, tJ 7.4 Hz), 7.39 (2H, tJ 7.5 Hz),

7.25 (2H, d,J 8.3 Hz), 7.03-6.96 (5H, m), 6.95-6.90 (3H, m),

6.86 (2H, dJ 7.2 Hz);6¢ (126 MHz, CDC}) 164.7, 139.8, 139.4,
136.2, 135.7, 134.7, 132.4 (2C), 131.5 (2C), 13023.6, 128.6,
128.3 (2C), 128.2 (2C), 127.5 (2C), 127.2 (2C), .626.21.5;
HRMS (ESI): MH, found 479.9592. GH.Br,NO requires
479.9599.

3,4-Dibromo-5-(diphenylmethylene)-1-methyl-H-pyrrol-
2(5H)-one (8b). The reaction was carried out usitdp® as
starting material. Flash column chromatography we$opmed
in hexane/ethyl acetate = 8/1 eluent #R.16). Pure8b is a
yellow solid (0.51 g, 41%); m.p. 199-200 °G;.. (KBr) 3053,
1699, 1570, 1472, 1443, 1358, 1295, 1269, 11101 "
3y (300 MHz, CDC)) 7.47-7.31 (6H, m), 7.23-7.14 (4H, m),
2.74 (3H, s);8c (75 MHz, CDC}) 165.9, 140.1, 139.7, 136.8,
133.2, 132.4 (2C), 131.3 (2C), 129.5, 129.2, 122(), 128.4,
128.3 (2C), 122.1, 32.6; HRMS (ESI): MHfound 417.9428.
C1gH14Br.NO requires 417.9442.

4.4.General procedure for the bromination of 5-(dipheny-
methylene)-H-pyrrol-2(5H)-ones

A solution of N-bromosuccinimide (NBS, 5.00 mmol, 0.89 g)
in dry DMF (5 mL) was added dropwise to a stirredusoh
of  5-(diphenylmethylene)H-pyrrol-2(8H)-one  derivative
(4, 2.50 mmol) in dry DMF (10 mL) at 0 °C. The mixtuweas
stirred for overnight at room temperature afterdldition of the
solution of NBS was complete. The reaction was moaditdry
TLC (hexanel/ethyl acetate). Ethyl acetate (10 mhyl avater
(30 mL) were added, the phases were separated, aragjtieous
phase was washed with ethyl acetate (3 x 10 mL). dhebimed
organic phases were dried over sodium sulfate andectrated
under reduced pressure. The crude product was qulifify flash
column chromatography.

(2C), 128.8, 128.3 (4C), 128.0, 127.8 JR0.9 Hz), 127.5 (2C),
127.2 (q,d 4.5 Hz), 123.2 (g 273.9 Hz), 115.15¢ (282 MHz,

CDCl;) -60.93 (3F, s); HRMS (ESI): MH found 470.0365
C,4H16BrFNO requires 470.0367.

3-Bromo-5-(diphenylmethylene)-1-methyl-H-pyrrol-2(5 H)-
one (9c). The reaction was carried out usiddf® as starting
material. Flash column chromatography was perfornied
hexane/ethyl acetate = 4/1 eluent £R).40). Puréc is a yellow
solid (0.62 g, 73%); m.p. 139-140 °@;..« (KBr) 2948, 1697,
1590, 1489, 1465, 1444, 1363, 1177, 1133, 1102%chy
(300 MHz, CDC}) 7.43-7.31 (6H, m), 7.25-7.15 (4H, m), 7.13
(1H, s), 2.76 (3H, s)jc (75 MHz, CDC}) 167.7, 140.1, 138.8,
138.0, 136.7, 131.4 (2C), 131.0 (2C), 130.5, 12828.7, 128.3
(2C), 128.3 (2C), 116.0, 31.4; HRMS (ESI): MHfound
340.0321. GH;sBrNO requires 340.0337.
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