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1. Introduction Scheme 1). The'frSHY method only works on aromatic primary
) . ) . W, ) amines'® The InC} method appears to be the most attractive
There is a great interest in developing efficieghtsetic  ocause of the low cost of catalyst and the wide tsaths
routes to structurally _diverse he_teroc_ycles frora_uj'rky availgble compatibility, but a relatively high temperatureeflux in
simple starting materials, especially in pharmacauthemistry 4 ene) is requiref Therefore, it is still desirable to further

where heterocycles are predominant building bldcRyrrole, develop mild, highly efficient, and inexpensive aan systems
one of the major heterocycles, is embedded in nbéipgically o this one-pot transformation.

active compounds of both natural and syntheticimrignd is also

present in many organic materiafsCompounds with pyrrole o

ring as a key structural motif display an impressiange of oH U R® R*
biological propertieg, such as antibacteriélantifungal® anti- 1)\ R® R' _catalyst(s) =
inflammatory? antitubulin/ anticonvulsanf, and hypnotit RN : RIFNANRE
activities. Consequently, considerable efforts hbeen made in R NHz 4 g2

developing methods for construction of the pyrrotey.'® The
most efficient and versatile strategy for the adsgrof pyrroles
is via multicomponent reactions in which three omrenstarting
materials undergo a series of chemical reactiorns &ingle-pot
without separation and purification of intermediat&%°"*'One
prominent example of this strategy is the synthedisfully

substituted pyrroles 4 through a sequential
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propargylation/amination/cycloisomerization reactio of
propargylic alcoholq, 1,3-dicarbonyl compounds and primary
amines3 (Scheme 15°** Three methods have been reported for
this type of one-pot process, including a coopeeafRu(’-2-
C;H,Me)(CO)(dppf)][SbEk]/trifluoroacetic acid (TFA) catalytic
systenT a single metal catalyst Ingf and more recently, a 8 R
heterobimetallic catalyst [I(COD)(SnCI(u-CN], (Ir"-sn¥).*
A noticeable limitation of the first method is thélh cost of
catalyst and the propargylic alcohols used in thghod appear Scheme 1. One-pot synthesis of fully substituted pyrroles a
to be limited to the ones with a terminal alkyneupR = H,  the competing furan formation.
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A number ofBrgnsted and Lewis acid catalysts have beemwas required with 1,2-DCE as solvent (Table 1, endtty, while
reported for the nucleophilic substitution of propdic alcohols  CH;CN did not promote the formation 8& and the yield ofla was
1 with 1,3-dicarbonyl compound®2 to form compoundsb poor when CHNO; was used as solvent.

(Scheme 1J° Some of these catalysts have been shown to
facilitate the subsequent amination/cycloisomeiazeatfor the
conversion of5 to pyrroles4, although in poor vyields In
relation to our recent efforts on the synthetic lmpgion of
propargylic alcohols® we expanded the list of catalytic systems Table 1. Screening of reaction conditions for the formatign
for the conversion of 1,3-diphenylpropargylic alobtia and  fully substituted pyrroles

ethyl acetoacetat®a to compoundb5a (Table 1). Further

The mechanism for the present Aggbhtalyzed one pot
pyrrole formation is likely to be similar to preusly proposed
InCly-catalyzed reactiol.

exploration of these catalysts on the subsequent o o 0o o0 o P
amination/cycloisomerization with anilir8a led to the discovery . EtOJ\/u\ 2o N =

of a novel AgSbkcatalyzed, efficient and mild one-pot synthesis o O catalyst (5 Mol%)  pr s Py NP
of fully substituted pyrroles that we report herein. sa pn 4 Spy

2. Results and discussion

Temp Time Temp Time Yield

Entry Catalyst Solvent CCP (h  (CF (hF (%)

We selecteda, 2a, and aniline3a as the model starting materials
to survey catalysts and reaction conditions for th@ne-pot Amberlite

propargylation/amination/cycloisomerization reagtién addition to 1 IR-120H CHCN Qe reflux 12 0
. . - . 6

Amberlite IR-120H in acetpnltrlle (Cjﬂ:N) (Tgble 1, eqtry 13° we Zn(OTM, toluene 60 1 reflux 12 37

found a number of catalytic systems, including ZRf)@in toluene,

Sc(OTf) in toluene, Yb(OTHin BMIM-PFs, Bi(NOs)s in toluene, 3 Sc(OTf  toluene 60 1 reflux 14 0

Bi(OTf)3 in toluene, AgPF in toluene, AgBFk in toluene, and BMIM-

AgSbF; in toluene, were also capable of facilitating theleophilic Yb(OTH)s PR 60 05 100 10 0

substitution ofLa with 26_1 to form intermediat&a L_mder mild heat_ing 5 Bi(NO3)s toluene 60 > reflux 12 35

(60 °C) (Table 1, entries 2-9). Upon completion loé tonversion )

from 1a to 5a (0.5-3 hours, monitored by TLC and GC-MS), aniline © Bi(OT)s toluene 60 2 reflux 14 54

3a was added to the reaction mixture to carry outghbsequent 7 AgPF; toluene 60 2 reflux. 14 25

am|natlon/cyclmsor_nenzanon reaction. We were gleied to find 8 AgBF, toluene 60 3 reflux 14 18

that the fully substituted pyrroléa was formed in the presence of

Zn(OTf),, Yb(OTfs Bi(NOs)s; BIi(OTf); AgPR, AgBF, and 9 AgSbFe toluene 60 05 60 6 82

AgSbF; (Table 1, entries 2, 5-9), among which AggbRve the best 19 AgSbR CHCN Rt 1 reflux 12 0

results with 82% isolated yield (Table 1, entry@jith AgSbF, the 1o

amination/cycloisomerization reaction proceededathiy at 60 °C, 11 AgSbF DCE 60 0.5 reflux 12 76
no by-products were observed from TLC and GC-MSyaigl The
reaction took place without exclusion of air or stare from the 12 AgSbfs CHNO, Rt 1 60 12 3

reaction mixture. However, when other catalystsewmesed, reflux ~2Reaction conditionsta/2a/catalyst = 0.5:0.55:0.025 in 2 mL solveB;
temperature of toluene (110 °C) was required fordbeversion of  (0.55 mmol) added aftéia fully consumed; reaction temperature and time as
5a to 4a. Due to the high temperature used in these restia  indicated.

significant amount oba was converted into furaBa (Scheme 1, °Reaction temperature f&a formation.

where R=R*=Ph, R=OEt, R=Me), which was partially co-eluted
with 4a on a silica gel column, leading to low yields 4d and
tedious purification process. The side reaction vemsnewhat ‘Reaction temperature for amination/cycloisomerérati
predictable since several Lewis acids, includin@i4ii> FeCL,' and  <Reaction time for amination/cycloisomerization.
Cu(OTf),**® have previously been shown to efficiently catalyze
furan formation at high temperature (from 1 and 8 wia 5, Scheme
1). Although not explicitly discussed, we suspduattthe furan 9150 mg catalyst was used.

formation could have occurred in the previouslyomed INCk—

catalyzed pyrrole formation reaction due to thehttigmperaturé®*®

Interestingly, we observed that in the absence afalygsts,

intermediateba could also be converted into the correspondingrfur

in toluene under reflux, albeit in low rdf. Thus, reaction

temperature played a key role in the formationuséifi by-product. The scope and limitations of this novel Aggftitalyzed one-
The superior results obtained under AgShFe likely due to its pot pyrrole synthesis was then explored under tladsird
ability of facilitating the amination/cycloisomesiion reaction at a conditions (Table 1, entry 9). We initially appli¢de reaction
temperature not high enough for the furan formation procedure tola and 2a with a series of substituted anilines

The reaction also tested in BN, 1,2-dichloroethane (1,2- ('_I'ab!e 2, entries 2'6).' The reac_t|ons pr_ocee(_jed OH”W_
DCE), and nitromethane (GNOs) (Table 1, entries 10-12). The yleldlng. the corresponding pyrrole§ in good |sq1ayualds. Itis
results indicated that the propargylation reactiwould tolerate Interesting to note thf’it every re.act|(.)n gave qlelpg)duct peak
different solventsba was rapidly formed at 60 °C when 1,2-DCE on GC._MS and prlactlcally identical isolated yleI(;Isravebtalned
was used as solvent or at room temperature whegCRHor with different an|I|r_1es, alth(_)ygh electron-donatlgg)up (entry
CH.NO was used as solvent However the 5, methoxy) substituted aniline appeared to rebghtty faster

3 3 . f Wi . f
amination/cycloisomerization reaction was remarkadgnsitive to when compared to electron-withdrawing group (entriek and

solvents. Toluene was found to be the most effectior the 6, halogens and methyl ester) substituted anilines.
conversion oba to 4a. Compared to toluene, a longer reaction time

‘Reaction time foba formation.

fIsolated yields ofla.



Table 2. Synthesis of fully substituted pyrrolédrom
anilines3®

0O © R3
o e e At S mo)
R1)\ 2 /©/ Toluene, 60 °C R
Ph R®
1 3

The scope of the application was then extended tmusa
benzylic phenyl ring-substituted 1,3-diphenyl pnapdic
alcohols (Table 2, entries 7-13). Both electronatomy group

(entries 8 and 13) substituted and electron-withdrgwgroup
(entries 7, 9, 10 and 11, halogens) substituteddip/3enyl
prpargylic alcohols participated well in the reawnti However,
rgylation ofa with 4-cyano substituted 1,3-diphenyl
gylic_alcohollf was observed in toluene even at reflux
his can be explained by the destaliin effect
gretgétron-withdrawing cyano group on plgative
carboeation intermediate from propargylic alcohblappeared
the destabilization effect could be compensatedrbincrease in
solvent polarity; when toluene was replaced by 1,2-DGE
one-pot reaction proceeded smoothly at reflux teatpee, and
completed in 16 h to affordk in 75% isolated yield (Table 2,
entry 11). Good yields were also obtained when aaaidame2b
was used in place &a (Table 2, entries14-18). However, when

Entry Propargylic alcohol Dicarbonyl ~ Amine Product Time ()  Isolated yield
compound
1 1a (R'=Ph) 3a (R%=H) 4a 6 82%
2 1a 3b (R°=Cl) 4b 6 74%
o]
3 1a o o 3c (R°=Br) 4c EtO 8 75%
4 1a o M 3d®e= ad N N@\ 7 76%
RG
5 1a 2a 3e (R°=OMe) 4e Ph 5 74%
6 1a 3f (R°=CO,Me) af 8 77%
7 1b ( R'=4-F-Ph) 2a 3a (R°=H) 4g 0 8 73%
EtO
8 1c ( R'=4-MeO-Ph) 2a 3a (R%=H) 4h =, 6 75%
RTY
9 1d ( R'=3-CI-Ph) 2a 3a (R°=H) 4i @ 6 73%
Ph
10 1e (R'=4-CI-Ph) 2a 3b (R°=Cl) 4j o 5 74%
EtO
11 1f ( R'=4-CN-Ph) 2a 3b (R°=Cl) ak O\ 16° 75%"
1N
12 1b ( R'=4-F-Ph) 2a 3b (R°=Cl) al R ©\CI 10 74
13 1g (R'=3,4-(OCH,0)-Ph)  2a 3b (R°=Cl) 4m Ph 7 71%
14 1a (R'=Ph) 3a (R°=H) an 8 73%
[0}
15 1c ( R'=4-MeO-Ph) o Lo 3a (R°=Cl) 40 7 73%
16 1h ( R'=3,4,5-(MeO)sPh) 3f (R°=CO,Me)  4p - 9 N\@ 8 73%
17 1h (R'=3,4,5-(MeO);Ph)  2b 3b (R°=Cl) 4q on R 10 73%
18 1h (R'=3,4,5-(MeO)sPh) 3c (R°=Br) ar 8 78%
0 O
19 1a (R'=Ph) Ph Ph 3a(R°=H) - 12° 0
2c
OH
. AR )
1i 2a 3a (R°=H) 4s EtO 6 Trace
OH -
ph)\ Ph—XxN~ph
S
SiMe;
21 1j 2a 3a (R°=H) as 6 30%

®Reaction conditions: AgSkF0.025 mmol),1 (0.5 mmol), an@ (0.55 mmol) in 2 mL toluene at 60 °C for 0.5-2H0.55 mmol) then added

and reaction continued at 60 °C for the periodroétindicated.

®Time for amination/cycloisomerization

‘Reflux in 1,2-DCE.

‘Isolated yield from reaction in 1,2-DCE; no reastigas observed in toluene.

*Reflux in toluene.



1,3-diphenyl diketon@c was used, the propargylation 2if with
la went smoothly, but no
amination/cycloisomerization with aniline occurreftea 12 h
reflux in toluene (Table 2, entry 19). We also istigated the
reactivity of 1-phenyl propargylic alcohdl under the standard
conditions (Table 2, entry 19). Treatmentlofwith 2a followed
by adding aniline3a resulted in a complex mixture. Trace
amount of compound4s was detected by GC-MS, but
purification attempts of by column chromatographysiica gel
were unsuccessful. When the terminal alkyneliofvas capped
with a trimethylsilyl group, the resulting proparigyhlcohol 1j
reacted smoothly wittRa and 3a. Surprisingly, the resulting
pyrrole product turned out to be 4s (Table 2, e@0y Cleavage
of the trimethylsilyl group occurred during the pess.

We extended the scope of the one-pot procedurenipjoging
aliphatic primary amines (Table 3). Propargylatadr?a with 1la
followed by the addition of benzylamirg or phenethylamine
3h afforded the corresponding pyrrolds and4u, respectively.
Unfortunately, the purification process for theseducts was
tedious. Unlike the reactions involving aniline detives which
routinely afforded a single product, reactions gsig and 3h
resulted in the formation of furaB (general structure as in
Scheme 1) by-products as determined by GC-MS. Wsoresl
that the higher basicity of aliphatic amines, ligkato anilines,
was responsible for promoting ti&cycloisomerization. In fact,
furan formation from propargylated dicarbonyl imediates
under stoichiometric amount of inorganic bases een
reported*****Gratifyingly, modification of the reaction by adding
1.1 equiv (relative to amine) of acetic acid to teaction mixture
completely eliminated the formation of furari;and 4u were
isolated in good yields (Table 3, entries 1 andrays, the key to
avoiding the furan by-product is to maintain thaat®n at near

neutral or slightly acidic pH. Under this modified timed, 1-

subsequent phenylhept-2-yn-1-ol 1k) also worked well with  4-bromo

phenethylaminedn, yielding the corresponding pyrrole in good
yield (entry 9). Amino alcohol8i and3j also gave satisfactory
results with the addition of acetic acid; clean asamplete
conversion to the corresponding pyrroleéwv and 4x,
respectively, was observed (entries 4 and 5). Irtiadd amino
acids as substrates were examined, in which 12-alodexranoic
acid 3k proceeded smoothly to the corresponding pyrégien
71% isolated yield (entry 6). However, no desireddpo was
obtained when glycin8l was used (entry 7), likely due to the
poor solubility of glycine in toluene. After protamn of the
carbonyl acid group of glycine withtebutyl group, the resulting
compound3m worked well to afford the corresponding pyrrole
4z in 73% isolated yield (entry 8).

3. Conclusions

In summary, we have developed a highly efficienthadtfor
the direct nucleophilic substitution of the hydrbxyroup of
propargylic alcohols with 1,3-dicarbonyl compoundsd the
sequential formation of fully substituted pyrroledéth a wide
range of primary amines in a simple one-pot opemnatiThe
AgSbF catalyzed sequential
propargylation/amination/cycloisomerization reactfroceeds at
a relatively mild temperature (60 °C), which is achemeous in
preventing the formation of furan byproduct. In &idd, furan
formation when aliphatic primary amines are used ¢ten
effectively avoided by adding 1.1 equiv. of acedicid to the
reaction. The method presented here could be abi@waddition
to the available strategies of pyrrole synthesis.



Table 3. Synthesis of fully substituted pyrrolédrom aliphatic primary amine3

O O 0
OH PPN EtO
) )\ EtO o AgSbFy (5 mol%) —
R ™ > 1 N~ps
Np HOAG (110 mol%) RN R
1 R>-NH, Toluene, 60 °C
3 4 "R2
Entry? Propargylic alcohol Amine Product Time {h) Isolated yield
[e]
Ph” " NH, />N"Ph
EtO —
1 1a (R'=Ph, R=Ph) 3g 4 o 6 77%
NH X Ph
Ph/\/ 2 JONTN
EtO —
2 1a 3h e 1° 82%
NH. ] /\/Ph
pr > NH2 a
1b (R'=4-F-Ph, B =y
3 R’=Ph) 3h 4y +F-PH 3 77%
HO_ -~ WOH
EtO —
4 1a 3i awo e 6 76%
o
HO™ % “NH, o 2N OH
1 —
5 1a 3j ax ow " 7 76%
(o] o (e}
HOJ\(\/)ﬁ\NHQ N 4 N/\M%}OH
6 la 3K VA 14 71%
(0]
7 la 3 Ho A2 - 4 0
@] O
d % N/\Xg \é
>|\ M NH, E1O Ph
8 1a 3m -~ 0 4z P 6 73%

EtO —
9 1k (R'=Ph, R=n-Bu)  3n6r 4aa P 14 67%

®Reaction conditions: same as in Table 2 excepequlv of HOAc was added together wih

PReaction time for amination/cycloisomerization.

50 °C.

‘Reflux.

. i spectrometer (GC-MS). Melting points were measuredaon
4. Experimental section capillary melting point apparatus and are uncoegctAll
4.1. General reagents and solvents were purchased from commemigites

and used without further purification. Propargylicadnols 1b-1h

NMR spectra were recorded with 400 MHz spectrometer@nd 1k were prepared by reacting lithium phenylacetylidé (
for *H NMR, 100 MHz for*C NMR. Chemical shifts are given ~mmol, 1M in THF) with an appropriate aldehyde (10 oyt -
in ppm using tetramethylsilane as an internal steshd 78 C.
Multiplicities of NMR signals are designated as $#ds), broad . .
singlet pr s), doublet (d), doublet of doublets (dd), trip{et 4.2. General Procedurefor the Synthesis of Fully Substituted
quartet (g), and multiplet (m). High resolution massectra Pyrroles
(HRMS) were taken with Q-TOF mass spectrometer. Flash Tq 4 stirred solution of propargylic alcohdb¢lk, 0.5 mmol)
chromatography was performed using silica gel (100-thesh)  in toluene (2 mL) was added 1,3-dicarbonyl compo(2e2c,
as the stationary phase. Reaction progress wasarneahiby thin - g 55 mmol) and AgSkF(0.025 mmol, purchased from Sigma-
layer chrom_atography (s_ilic_a-coated glass plates dsualized  algrich Co.) and the mixture were heated at After
under UV light and in iodine) and gas chromatograpi@ss  consumption of the starting materials, an appro@@anine (0.55



mmol) was added and the reaction continued at theesa
temperature until completion (GC and TLC analys@hen an
aliphatic amine 3g-3n) was used, 0.55 mmol HOAc was added
prior to the addition of amine. The reaction mietwvas diluted
with ethylacetate (10 mL), and then washed with waiem()
and brine (5 mL). The organic layer was dried ovanyarous
MgSQ,, filtered, and evaporated under reduced pressihe.
crude product was purified by column chromatographysilica
gel (EtOAc/hexanes) to give desired products.

421.  Ethyl 1,4-diphenyl-2-methyl-5-benzyl-1H-pyrrole-3-
carboxylate (4a).”° Viscous oil;"H NMR (400 MHz, CDC)): &
7.72-7.39 (m, 8H), 7.00 (4 = 3.6 Hz, 3H), 6.91 (d] = 7.2 Hz,
2H), 6.95-6.64 (m, 2H), 4.09 (d,= 7.2 Hz, 2H), 3.68 (s, 2H),
2.27 (s, 3H), 1.01 (§ = 7.2 Hz, 3H) ppm**C NMR (100 MHz,
CDCly): & 166.0, 139.7, 137.5, 136.6, 136.4, 130.5, 1229,0,
128.6, 128.5, 128.1, 127.9, 127.6, 126.2, 125.4.212111.2,
59.2, 30.8, 14.0, 12.6 ppm; HRMS (+ESI) m/z: [M+Idjalcd for
C,H,eNO, 396.1964; found 396.1968.

4.2.2. Ethyl 1-(4-chlorophenyl)-2-methyl-4-phenyl-5-benzyl-1H-
pyrrole-3-carboxylate (4b). Solid, mp 76-78C; 'H NMR (400
MHz, CDCL): § 7.37-7.21 (m, 7H), 7.02-6.06 (m, 3H), 6.83d,
= 8.0 Hz, 2H), 6.66 (t) = 4.0 Hz, 2H), 4.09 (q] = 8.0 Hz, 2H),
3.68 (s, 2H), 2.27 (s, 3H), 1.02 Jt= 8.0 Hz, 3H) ppm**C NMR

(100 MHz, CDC}): 6 165.8, 139.5, 136.5, 136.2, 136.0, 134.5,

130.4, 129.9, 129.4, 129.5, 128.1, 127.6, 126.4.92124.5,
111.6, 59.3, 30.8, 14.0, 12.5 ppm; HRMS (+ESI) nfg+H]*
Calcd for GH,:CINO, 430.1575; found 430.1590.

4.2.3. Ethyl 1-(4-bromophenyl)-2-methyl-4-phenyl-5-benzyl-1H-
pyrrole-3-carboxylate (4c). Solid, mp 95-97C; *H NMR (400
MHz, CDCk): 6 7.43-7.29 (m, 7H), 7.04 (s, 3H), 6.77 {ds 8.0
Hz, 2H), 6.69-6.62 (m, 2H), 4.09 (d,= 8.0 Hz, 2H), 3.67 (s,
2H), 2.26 (s, 3H), 1.02 ( = 8. 0 Hz, 3H) ppm**C NMR (100

MHz, CDCL): & 165.8, 139.5, 136.5, 136.4, 136.1, 132.2, 130.4

130.2, 129.3, 128.1, 127.6, 126.3, 125.9, 124.2 52111.6,
59.3, 30.7, 14.0, 12.5 ppm; HRMS (+ESI) m/z: [M¥Idjalcd for
CoHos "BrNO, 474.1069; found 474.1085.

4.24. Ethyl 1-(4-iodophenyl)-2-methyl-4-phenyl-5-benzyl-1H-
pyrrole-3-carboxylate (4d). Solid, mp 86-88C; ‘H NMR (400
MHz, CDCk): & 7.71 (d,J = 8.0 Hz, 2H), 7.39-7.21 (m, 6H), 7.04
(s, 3H), 6.67-6.61 (m, 4H), 4.08 (@= 8.0 Hz, 2H), 3.67 (s, 2H),
2.26 (s, 3H), 1.01 (] = 8.0 Hz, 3H) ppm**C NMR (100 MHz,
CDCly): 6 165.8, 139.5, 138.2, 137.2, 136.3, 136.1, 13(®9,3,
128.1, 127.6, 126.3, 125.9, 124.5, 111.6, 94.03,5%0.7, 14.0,
12.5 ppm; HRMS (+ESI) m/z: [M+H]Calcd for G;HINO,
522.0930; found 522.0920.

4.25. Ethyl 1-(4-methoxyphenyl)-2-methyl-4-phenyl-5-benzyl-
1H-pyrrole-3-carboxylate (4e). Solid, mp 132-134C; 'H NMR
(400 MHz, CDCY): § 7.37-7.16 (m, 5H), 7.05-7.01 (m, 3H), 6.78
(9, J = 8.0 Hz, 4H), 6.69-6.63 (m, 2H), 4.08 (4= 8.0 Hz, 2H),
3.78 (s, 3H), 3.68 (s, 2H), 2.26 (s, 3H), 1.01J(t 8.0 Hz, 3H)
ppm; **C NMR (100 MHz, CDGJ)): & 166.0, 159.4, 139.9, 136.9,
136.5, 130.5, 130.2, 129.7, 129.6, 128.1, 127.9,.612126.2,
125.7, 124.0, 114.1, 111.0, 59.1, 55.5, 30.8, 14206 ppm;
HRMS (+ESI) m/z: [M+H] Calcd for GgH,gNO; 426.2069;
found 426.2057.

4.2.6. Ethyl 1-(4-methoxycarbonylphenyl)-2-methyl-4-phenyl-5-
benzyl-1H-pyrrole-3-carboxylate (4f). Viscous oil;"H NMR (400
MHz, CDCk): 8 7.97 (d,J = 8.0 Hz, 2H), 7.42-7.23 (m, 5H),
7.05-6.95 (m, 5H), 6.63-6.58 (m, 2H), 4.09 Jo= 8.0 Hz, 2H),
3.92 (s, 3H), 3.69 (s, 2H), 2.27 (s, 3H), 1.02]( 8.0 Hz, 3H)
ppm; °C NMR (100 MHz, CDGJ): 5 166.2, 165.8, 141.6, 139.3,
136.3, 136.1, 130.4, 130.3, 130.2, 129.2, 128.8.11,2128.0,
127.6, 126.4, 125.9, 124.7, 111.8, 59.3, 52.4,,304/0, 12.5

ppm; HRMS (+ESI) m/z: [M+H] Calcd for GgH,gNO,
454.2018; found 454.2031.

4.2.7. Ethyl 1-phenyl-2-methyl-4-(4-fluorophenyl)-5-benzyl-1H-
pyrrole-3-carboxylate (4g). Solid, mp 106-108C; *H NMR (400
MHz, CDCL): § 7.36-7.24 (m, 5H), 7.05-6.97 (m, 5H), 6.94-6.85
(m, 2H), 6.62-6.53 (m, 2H), 4.10 (d,= 7.2 Hz, 2H), 3.64 (s,
2H), 2.27 (s, 3H), 1.05 (i = 7.2 Hz, 3H) ppm*C NMR (100
MHz, CDCk): 3 165.9, 163.0, 160.6, 139.6, 137.4, 136.7, 132.4,
132.3, 132.0, 132.0, 129.6, 129.1, 128.6, 128.@.(12128.0,
125.8, 123.1, 114.5, 114.3, 111.2, 59.3, 30.7,,29481, 12.6
ppm; HRMS (+ESI) m/z: [M+H] Calcd for GH,sFNO,
414.1869; found 414.1884.

4.2.8. Ethyl 1-phenyl-2-methyl-4-(4-methoxyphenyl)-5-benzyl-
1H-pyrrole-3-carboxylate (4h).* Viscous oil; '*H NMR (400
MHz, CDCH): & 7.33-7.21 (m, 5H), 7.02 (4 = 4.0 Hz, 3H),
6.97-6.85 (M, 4H), 6.82 (bt, 2H), 4.11 (§= 8.0 Hz, 2H), 3.80
(s, 3H), 3.68 (s, 2H), 2.26 (s, 3H), 1.07X& 8.0 Hz, 3H) ppm:
B¥Cc NMR (100 MHz, CDG)J): & 166.0, 158.2, 139.8, 137.5,
136.4, 131.5, 129.5, 128.9, 128.7, 128.6, 128.48.1,2127.9,
125.7, 123.8, 113.1, 111.2, 59.2, 55.2, 30.7, 1426 ppm;
HRMS (+ESI) m/z: [M+H] Calcd for GgH,eNO; 426.2069;
found 426.2063.

4.2.9. Ethyl 1-phenyl-2-methyl-4-(3-chlorophenyl)-5-benzyl-1H-
pyrrole-3-carboxylate (4i). Viscous oil; '"H NMR (400 MHz,
CDCly): & 7.22-7.39 (m, 8H), 7.03 (§,= 4.0 Hz, 3H), 6.91 (d

= 7.6 Hz, 2H), 6.60 (dd] = 3.6 and 6.8 Hz, 2H), 4.10 (= 7.2
Hz, 2H), 3.67 (s, 2H), 2.27 (s, 3H), 1.05Jt 7.2 Hz, 3H) ppm;
®C NMR (100 MHz, CDGCJ)): & 165.7, 139.4, 138.4, 137.3,
137.0, 133.3, 130.8, 129.7, 129.1, 128.8, 128.8.6,2128.6,
128.0, 126.4, 125.9, 122.8, 111.1, 59.3, 30.8,,18206 ppm;
HRMS (+ESI) m/z: [M+H] Calcd for G;H,s"CINO, 430.1574;
found 430.1565.

4.2.10. Ethyl 1-(4-chlorophenyl)-2-methyl-4-(4-chlorophenyl)-5-
benzyl-1H-pyrrole-3-carboxylate (4j). Solid, mp 105-107C; *H
NMR (400 MHz, CDC)): § 7.32-7.22 (m, 6H), 7.08-7.03 (m,
3H), 6.83 (dJ = 8.0 Hz, 2H), 6.64 (1) = 4.0 Hz, 2H), 4.10 (q

= 7.2 Hz, 2H), 3.64 (s, 2H), 2.26 (s, 3H), 1.0 7.2 Hz, 3H)
ppm; **C NMR (100 MHz, CDG)): & 165.6, 139.2, 136.7, 135.8,
134.7, 134.7, 132.3, 131.8, 129.8, 129.5, 129.8.2,2128.0,
127.8, 126.0, 123.3, 111.4, 59.4, 30.7, 14.1, 1in®; HRMS
(+ESI) m/z: [M+H] Calcd for G;H,.°CI,NO, 464.1184; found
464.1176.

4.2.11. Ethyl 1-(4-chlorophenyl)-2-methyl-4-(4-cyanophenyl)-5-
benzyl-1H-pyrrole-3-carboxylate (4k). Solid, mp 102-104C; *H
NMR (400 MHz, CDCJ): 5 7.61 (d,J = 8.0 Hz, 2H), 7.45 (d] =
8.0 Hz, 2H), 7.27 (dJ = 8.4 Hz, 2H), 7.07 (8 = 4.0 Hz, 3H),
6.85 (d,J = 8.4 Hz, 2H), 6.64 (1 = 3.2 Hz, 2H), 4.11 (q] = 7.2
Hz, 2H), 3.64 (s, 2H), 2.27 (s, 3H), 1.061& 7.2 Hz, 3H) ppm;
B¥c NMR (100 MHz, CDG)J): & 165.3, 141.6, 138.9, 137.3,
135.6, 134.9, 131.5, 131.2, 129.8, 129.4, 128.3,92126.3,
123.0, 119.4, 111.2, 110.0, 59.6, 30.7, 14.1, 1in®; HRMS
(+ESI) m/z: [M+H] Calcd for GgH,."CIN,O, 455.1526, found
455.1545.

4.2.12. Ethyl 1-(4-chlorophenyl)-2-methyl-4-(4-fluorophenyl)-5-
benzyl-1H-pyrrole-3-carboxylate (4l). Solid, mp 102-104C; 'H
NMR (400 MHz, CDCJ): & 7.35-7.20 (m, 4H), 7.08-6.91 (m,
5H), 6.90-6.83 (m, 2H), 6.65 (dd= 3.6, 7.2 Hz, 2H), 4.10 (d,
=7.2 Hz, 2H), 3.64 (s, 2H), 2.26 (s, 3H), 1.09)(, 7.2 Hz, 3H);
*C NMR (100 MHz, CDCJ)): & 165.7, 163.0, 160.6, 139.3,
136.6, 135.9, 134.6, 132.1, 132.1, 132.0, 131.9.9,2129.5,
129.3,128.1, 128.0, 126.0, 123.4, 114.6, 114.4,5,59.4, 30.7,
14.1, 12.6 ppm; ; HRMS (+ESI) m/z: [M+H]Calcd for
CyH,.°CIFNO, 448.1479, found 448.1475.



4.2.13. 1-(4-Chlorophenyl)-2-methyl-3-acetyl-4-(3,4-
methylenedioxidephenyl)-5-benzyl-1H-pyrrole (4m). Solid, mp
121-123°C; 'H NMR (400 MHz, CDCJ): '"H NMR (400 MHz,

(100 MHz, CDC}): 6 166.1, 137.9, 136.6, 135.8, 130.5, 129.5,
128.6, 128.4 127.5, 126.8, 126.0, 122.4, 111.12,581.0, 12.7,
11.3 ppm; HRMS (+ESI) m/z: [M+H] Calcd for G;H,,NO,

CDCLy): 8 7.24 (d,J = 8.0 Hz, 2H), 7.07-7.02 (m, 3H), 6.86-6.78 320.1651; found 320.1665.

(m, 5H), 6.65 (dd)) = 4.0, 8.0 Hz, 2H), 4.13 (d,= 8.0 Hz, 2H),
3.67 (s, 3H), 2.24 (s, 3H), 1.11 Jt= 8.0 Hz, 3H);®*C NMR (100

MHz, CDCL): 6 165.8, 147.0, 146.2, 139.4, 136.3, 136.0, 134.5

129.9, 129.9, 129.6, 129.2, 128.1, 128.1, 126.@.112123.5,
111.6, 111.3, 107.7, 100.8, 59.4, 30.8, 14.2, 1in®; HRMS
(+ESI) m/z: [M+H] Calcd for GgH,<CINO, 474.1472, found
474.1456.

4.2.14. 1,4-Diphenyl-2-methyl-3-acetyl-5-benzyl-1H-pyrrole
(4n).® Viscous oil;"H NMR (400 MHz, CDC)): § 7.40-7.24 (m,

8H), 7.01 (t,J = 4.0 Hz, 3H), 6.95-6.91 (m, 2H), 6.62-6.56 (m,

2H), 3.65 (s, 2H), 2.28 (s, 3H), 1.95 (s, 3H) pprE; NMR (100

MHz, CDCk): 8 197.5, 139.5, 137.3, 136.8, 136.0, 130.7, 129.5

129.1, 128.6, 128.5, 128.4, 128.1, 128.0, 127.6.8,2123.8,
121.9, 31.1, 30.8, 13.0 ppm; HRMS (+ESI) m/z: [M¥Hdalcd
for CosH,NO 366.1853, found 366.1837.

4.2.15. 1-(4-Chlorophenyl)-2-methyl-3-acetyl-4-(4-
methoxyphenyl)-5-benzyl-1H-pyrrole (40). Viscous oil;'H NMR

4.2.20. Ethyl 1,5-dibenzyl-2-methyl-4-phenyl-1H-pyrrole-3-
carboxylate (4t). Viscous oil;'H NMR (400 MHz, CDCJ): &
7.33-7.12 (m, 11H), 7.01 (d,= 7.2 Hz, 2H), 6.84 (d] = 7.2 Hz,
2H), 4.85 (s, 2H), 4.07 (d, = 7.2 Hz, 2H), 3.75 (s, 2H), 2.47 (s,
3H), 1.00 (tJ = 7.2 Hz, 3H) ppm**C NMR (100 MHz, CDG)):

5 166.0, 139.6, 137.1, 136.5, 136.0, 130.4, 1288.6, 128.0,
127.9, 127.5, 127.4, 126.3, 126.2, 125.6, 124.9,2159.2, 47.2,
30.4, 13.9, 11.6 ppm; HRMS (+ESI) m/z: [M+HTalcd for
CygH,gNO, 410.2120; found 410.2118.

4.2.21. Ethyl 1-phenethyl-2-methyl-4-phenyl-5-benzyl-1H-pyrrole

-3-carboxylate (4u). Solid, mp 85-87C; 'H NMR (400 MHz,
CDCly): § 7.29-7.14 (m, 11H), 7.06 (d,= 6.8 Hz, 2H), 6.91 (d]

= 6.8 Hz, 2H), 4.05 (q) = 7.2 Hz, 2H), 3.80 (1) = 7.2 Hz, 2H),
3.70 (s, 2H), 2.62 (f] = 8.0 Hz, 2H), 2.55 (s, 3H), 0.98 Jt= 7.2
Hz, 3H) ppm;**C NMR (100 MHz, CDGCJ): & 166.0, 139.9,
137.9, 136.7, 135.4, 130.5, 128.8, 128.7, 128.7,.712127.5,
126.9, 126.4, 126.1, 124.6, 111.1, 59.1, 46.0,,38095, 14.0,

(400 MHz, CDCJ): § 7.39-7.21 (m, 5H), 7.07-7.02 (m, 3H), 6.92 11.6 ppm; HRMS (+ESI) m/z: [M+H]Calcd for GgH3NO,

(d, J = 8.0 Hz, 2H), 6. 83 (d] = 8.0 Hz, 2H), 6.63 (dd] = 4.0,
8.0 Hz, 2H), 3.81 (s, 3H), 3.63 (s, 2H), 2.22 (s, 3H)BXs, 3H)

ppm; “*C NMR (100 MHz, CDGJ): 5 197.5, 158.8, 139.4, 135.8,

135.7, 134.5, 131.6, 129.8, 129.4, 129.2, 128.%.112128.0,
125.9, 123.6, 122.1, 113.9, 55.3, 31.0, 30.8, 1ipu; HRMS
(+ESI) m/z: [M+H] Calcd for GH,s"CINO, 430.1574, found
430.1574.

4.2.16. Methyl 4-[2-methyl-3-acetyl-4-(3,4,5-trimethoxyphenyl)-
5-benzyl-1H-pyrrol-1-yl] benzoate (4p). Solid, mp 99-101C; 'H
NMR (400 MHz, CDC)): & 7.99 (d,J = 8.0 Hz, 2H), 7.02-7.09
(m, 5H), 6.67-6.71 (m, 2H), 6.56, (s, 2H), 3.93 (s, ,3BI1B7 (s,
3H), 3.77 (s, 6H), 3.70 (s, 2H), 2.25 (s, 3H), 2.0533) ppm;

®C NMR (100 MHz, CDCJ)): 5 197.4, 166.1, 153.1, 141.2,

139.4, 137.1, 135.4, 131.7, 130.5, 130.3, 129.8.5,2128.1,
127.9, 126.0, 124.2, 122.2, 107.6, 61.0, 56.1,,52049, 30.8,
12.9 ppm; HRMS (+ESI) m/z: [M+H] Calcd for GyH3,NOg
514.2229; found 514.2220.

4.2.17. 1-(4-Chlorophenyl-2-methyl -3-acetyl-4-(3,4,5-
trimethoxyphenyl)-5-benzyl)-1H-pyrrole (4g). Solid, mp 106-108

"C; *H NMR (400 MHz, CDCJ): § 7.32-7.21 (m, 2H), 7.09-7.06
(m, 3H), 6.93-6.85 (dJ = 8.8 Hz, 2H), 6.72-6.70 (m, 2H), 6.55

(s, 2H), 3.87 (s, 3H), 3.76 (s, 6H), 3.67 (s, 2H), A28H), 2.04
(s, 3H); ®C NMR (100 MHz, CDGJ)): & 197.5, 153.1, 139.6,
137.1, 135.7, 135.6, 134.7, 131.8, 129.7, 29.4,.2,2928.2,
128.0, 126.0, 124.0, 122.0, 107.7, 61.0, 56.1,,38(08, 12.9
ppm; HRMS (+ESI) m/z: [M+H] Calcd for GgH,s *CINO,

490.1785; found 490.1797.

4.2.18. 1-(4-Bromophenyl-2-methyl -3-acetyl-4-(3,4,5-
trimethoxyphenyl)-5-benzyl)-1H-pyrrole (4r). Viscous oil; *H
NMR (400 MHz, CDC})): é 7.44 (d,J = 8.8 Hz, 2H), 7.13-7.05

(m, 3H), 6.85 (dJ = 8.8 Hz, 2H), 6.73-6.69 (m, 2H), 6.55 (s,

2H), 3.86 (s, 3H), 3.75 (s, 6H), 3.68 (s, 2H), 2.28H), 2.04 (s,

3H); ®C NMR (100 MHz, CDGJ): § 197.4, 153.0, 139.5, 37.1,

136.2, 135.5, 132.4, 131.8, 130.0, 129.2, 128.7,.912126.0,
124.0, 122.7, 122.0, 107.6, 61.0, 56.1, 30.8, 3089 ppm;
HRMS (+ESI) m/z: [M+H] Calcd for GeH,e °BINO, 534.1280;
found 534.1293.

4.2.19. Ethyl 1,4-diphenyl-2,5-dimethyl-1H-pyrrole-3-
carboxylate (4s).”° Viscous oil;'"H NMR (400 MHz, CDC)): &
7.56-7.41 (m, 3H), 7.38-7.22 (m, 7H), 4.08 Jo5 7.2 Hz, 2H),
2.32 (s, 3H), 1.88 (s, 3H), 1.02 Jt= 7.2 Hz, 3H) ppm**C NMR

424.2276; found 424.2263.

4.2.22. Ethyl 1-phenethyl-2-methyl-4-(4-fluorophenyl)-5-benzyl-
1H-pyrrole-3-carboxylate (4v). Viscous oil;*"H NMR (400 MHz,
CDCly): § 7.31-7.16 (m, 8H), 7.02-6.75 (m, 6H), 4.07 Jg; 7.2

Hz, 2H), 3.81 (tJ = 8.0 Hz, 2H), 3.66 (s, 2H), 2.63 &= 8.0

Hz, 2H), 2.55 (s, 3H), 1.03 (8 = 7.2 Hz, 3H);"*C NMR (100
MHz, CDCk): & 165.9, 163.0, 160.5, 139.7, 137.8, 135.5, 132.7,
132.6, 132.0, 131.9, 128.8, 128.8, 128.7, 128.(7,.9,2126.9,
126.5, 123.5, 114.4, 114.2, 111.1, 59.2, 45.9,,380%4, 14.0,
11.7 ppm; HRMS (+ESI) m/z: [M+H]Calcd for GgH,FNO,
442.2182; found 442.2175.

4.2.23. Ethyl 1-(2-hydroxyethyl)-2-methyl-4-phenyl-5-benzyl-1H-
pyrrole-3-carboxylate (4w). Viscous oil; *H NMR (400 MHz,
CDCly): 4 7.29-7.15 (m, 8H), 7.04 (d,= 7.6 Hz, 2H), 4.04 (q

= 7.2 Hz, 2H), 3.93 (s, 2H), 3.81 (= 6.0 Hz, 2H), 3.58 () =
6.0 Hz, 2H), 2.56 (s, 3H), 1.56r(s, 1H), 0.97 (tJ = 7.2 Hz, 3H)
ppm; **C NMR (100 MHz, CDGJ)): § 166.0, 139.7, 136.5, 135.9,
130.4, 128.7, 128.0, 127.5, 126.4, 126.2, 124.8,3161.8, 59.2,
46.0, 30.5, 13.9, 11.9 ppm; HRMS (+ESI) m/z: [M+ialcd for
Cy3H,6NO; 364.1912; found 364.1918.

4.2.24. Ethyl 1-(6-hydroxyhexyl)-2-methyl-4-phenyl-5-benzyl-1H-
pyrrole-3-carboxylate (4x). Viscous oil; '"H NMR (400 MHz,
CDCly): 6 7.27-7.15 (m, 8H), 7.05 (d,= 7.6 Hz, 2H), 4.04 (q]

= 7.2 Hz, 2H), 3.86 (s, 2H), 3.57 {t= 7.2 Hz, 2H), 2.53 (s, 3H),
1.63 br s, 1H), 1.58-1.17 (m, 8H), 0.97 &= 7.2 Hz, 3H)"C
NMR (100 MHz, CDCJ): § 166.1, 139.9, 136.7, 135.3, 130.4,
128.6, 128.0, 127.5, 127.4, 126.3, 126.1, 124.8,8,62.7, 59.1,
44.2, 32.5, 30.6, 30.5, 26.7, 25.4, 13.9, 11.6 pdRMS (+ESI)
m/z: [M+H]" Calcd for G;H3,NO; 420.2539; found 420.2556.

4.2.25. 12-(2-Benzyl-3-phenyl-4-(ethoxycar bonyl)-5-methyl-1H-
pyrrol-1-yl)dodecanoic acid (4y). Viscous oil; '"H NMR (400
MHz, CDCk): 4 7.21-7.28 (m, 8H), 7.05 (d,= 7.6 Hz, 2H), 4.04
(9,J=7.2 Hz, 2H), 3.86 (s, 2H), 3.57 {t= 8.0 Hz, 2H), 2.53 (s,
3H), 2.33 (t,J = 7.2 Hz, 2H), 1.72-1.60 (m, 2H), 1.40-1.12 (m,
18H), 0.97 (tJ = 7.2 Hz, 3H);"*C NMR (100 MHz, CDGC)): &
179.9, 166.1, 139.9, 136.8, 135.4, 130.4, 128.5,9,2127.5,
127.4, 126.3, 126.0, 124.4, 110.7, 59.1, 44.3,,33016, 30.5,
29.5, 29.4, 29.4, 29.2, 29.1, 29.1, 26.9, 24.79,131.6 ppm;
HRMS (+ESI) m/z: [M+H] Calcd for GH,NO, 518.3270;
found 518.3271.



4.2.26. Ethyl 1-(2-tert-butoxy-2-oxoethyl)-2-methyl-4-phenyl-5-
benzyl-1H-pyrrole-3-carboxylate (42). Viscous oil;'H NMR (400
MHz, CDCE): 8 7.29-7.04 (m, 10H), 4.27 (s, 2H), 4.04 (u=
7.2 Hz, 2H), 3.83 (s, 2H), 2.48 (s, 3H), 1.35 (s, 9H98Qt,J =
7.2 Hz, 3H);"*C NMR (100 MHz, CDG)): § 166.9, 165.8, 139.0,
136.5, 136.2, 130.5, 128.7, 128.0, 127.8, 127.4.4,2126.2,
124.7, 111.3, 82.6, 59.1, 46.3 30.5, 27.9, 13.% ppm; HRMS
(+ESI) m/z: [M+H] Calcd for GH3,NO, 434.2331; found
434.2317.

4.2.27. Ethyl 1-(4-bromophenethyl)-2-methyl-4-phenyl-5-pentyl-
1H-pyrrole-3-carboxylate (4aa). Viscous oil; '"H NMR (400
MHz, CDCk): § 7.46-7.41 (m, 2H), 7.34-7.16 (m, 5H), 6.981d,
= 8.0 Hz, 2H), 4.04-3.97 (m, 4H), 2.90 Jt= 8.0 Hz, 2H), 2.52
(s, 3H), 2.29 (tJ = 7.6 Hz, 2H), 1.38-1.34 (m, 2H), 1.18-1.10 (m,
4H), 0.94 (t,J = 7.2 Hz, 3H), 0.79 (t) = 6.8 Hz, 3H) ppm*C
NMR (100 MHz, CDC}): 6 166.0, 137.1, 136.9, 134.2, 131.9,
130.5, 130.5, 130.3, 127.4, 125.9, 122.9, 120.9,2159.0, 45.1,
36.9, 31.5, 30.5, 24.3, 22.2, 14.0, 13.9, 11.6 pdRMS (+ESI)
m/z: [M+H]" Calcd for G;Hsy "BrNO, 482.1695; found
482.1678.
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