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ABSTRACT: A highly trans and regioselective anionic formal [3 + 2]
cycloaddition was achieved with allylic sulfones having an MBH acryla-

3 . 2 P R-N NaOH
mide backbone under phase transfer organocatalytic conditions giving "2
rise to the formation of unprecedented densely substituted cyclopentene

derivatives.
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he regio- and stereoselective syntheses of chiral cyclopen-

tenes and cyclopentane derivatives thereof have given rise to
a great deal of research activity due to their presence within
biologically relevant architectures." The phosphine promoted
[3 + 2] cycloaddition from f3-substituted electron-poor alkenes
emerged as a valuable organocatalytic methodology for the
construction of such five- membered rings (Scheme 1).” In line
with the so-called Lu’s reaction,” startlng from allenic esters 1,
several research teams achieved efficient diastereo- and enantio-
selective elaborations of cyclopentenes 2. Interestingly, the
regioselectivity outcome giving 2 versus 2’ (0. vs y-addition
pathway) could be controlled by the nature of phosphine
catalyst.* To a lesser extent, the synthesis of a second class of
cyclopentene regioisomer 4 was developed via a formal cycload-
dition process involving Morita—Baylis—Hillman (MBH)® ad-
ducts 3 as starting material and a base through a y-addition
pathway.”® However, the access to the third class of cyclopen-
tene reglolsomer 7 is rare. Only recently, Martin, Garcia Ruano,
and co-workers,” by means of allenylsulfones instead of alleny-
lesters 1, elegantly highlighted an abnormal regioselectivity of the
Lu’s [3 + 2] cycloaddition giving rlse to bicylic derivatives 7 from
chiral $-alkoxyfuran-2(SH)-ones.® Alternatively, Beak and Burg
pioneered in the 1980s a [3 + 2] annulation cascade on terminal
enones 6 (R = H) triggered by the deprotonation of allylic
sulfones of type S with a stoichiometric amount of lithium amides
at low temperature (Scheme 1).” The electron-poor nature of
the sulfone functional group secured both regioselective o-
functionalization through an a.- addltlon pathway and the cycliza-
tion step (Sn2' mechanism).'® Unfortunately, these elegant
stoichiometric annulations reaction conditions did not proceed
with the less reactive -substituted electron-deficient alkenes 6
and, hence, the regio- (- vs y-addition pathway) and diaster-
eoselect1v1ty outcomes (7 with R # H) have still to be
addressed."’ Then, we hypothesized that practical phase transfer
catalytic (PTC)12 conditions, although sparingly studied with
allylic sulfones, 13,14 might overcome these limitations for the
following reasons: (1) by generating a small amount of allylic
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Scheme 1. Formal [3 + 2] Cycloaddition
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anion nucleophile at higher temperature by an extractive process
(biphasic system), preventing thereby the early decomposition
of sulfones S, which are sensitive to polymerization; and (2)
by forming a reactive “naked” anion having a large ammonium
counterion showing an enhance reactivity during both the
conjugated addition and the cyclization events in this likely
stepwise process.

At the onset, we prepared allylic sufone starting materials Sa
and 5b, making use of a straightforward MBH reaction/bromi-
nation sequence from commercially available acrylamides fol-
lowed by a smooth addition reaction of PhSO,Na to the obtained
allylic bromide intermediate (Scheme 2)."

Then, to our delight (Table 1, entries 2), a mixture of allylic
sulfone 5a and chalcone 6a under the required (entry 1) phase
transfer catalytic conditions (Cs,CO; and n-Bu,NBr, rt)
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Scheme 2. Formal [3 + 2] Cycloaddition
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Table 1. Optimization of Reaction Conditions”

O  SO.Ph 0
(0] R,N*X (Cat) R?
R1 il
W ' Ph)J\/\Ph Toluene, base Ph
6a
5a: R' = NC,Hz0 ., COPh
5c: R' = NHPh trans-()
5d: R = OEt
1 |+
raxea) () 6P
_n-Bu
n-Bu,N'Br (TBAB) Et;BnN*CI (TEBA) NO e
O (DBDB)
entry sulfone RANX base time (h) yield (%) &
1 Sa Cs,CO5 15 0
2 Sa  TBAB (10)° Cs,CO, 24 60 >98:2
3 Sc  TBAB(10)° NaOH 24
4 sd  TBAB (10 NaOH 24
s sa  TBAB (10)° NaOH 2 63 >98:2
6 Sa  TEBA(10)° NaOH 0.5 68 >98:2
7 Sa TEBA (10)° NaOH 0.5 80° >98:2
8 Sa DBDB (10)° NaOH 0.5 88° >98:2
9 DBDB (5)° NaOH 05 83  >982

“ Chalcone g}l equiv), allylic sulfone (1 equiv), base (2 equlv), toluene
(0.2 M), rt. " NMR yleld estimated by an internal standard. ©1.25 equlv
of allylic sulfone Sa. ¢ trans:cis ratio determined on the basis of the 'H
NMR of the crude product. * Mole percent.

furnished the corresponding cyclopentene 7a in 60% yield as one
regioisomer and more than 98:2 diastereoisomeric ratio with
respect to the crude "H NMR spectrum accuracy (see Supporting
Information for further information). After purification by silica
gel column chromatography, we were able to isolate only one
stereoisomer beside polymers. The PTC approach not only
provides user-friendly (tolerant of oxygen and m01sture) and
organocatalytic conditions for this undeveloped reaction'® but
also opens an entry to the regio- and trans-selective construction
of novel cyclopentenes 7. Further experiment demonstrated that
the use of tertiary acrylamides was crucial for the success of this
process considering that secondary acrylamide Sc (entry 3) or
acrylate 5d (entry 4) decomposed before reacting with the enone
6a.'” It was found that stronger sodium hydroxide base reduced
the reaction time (entry 2 vs S). Furthermore, the use of an
ammonium salt bearing a N-benzyl moiety like TEBA (entries 6)
accelerated the reaction rate to afford a slightly improved yields
of 68% within 30 min. In general, it was observed that the allylic
sulfone Sa partly polymerized instead of reacting completely with
the remaining chalcone. Consequently, the use of sulfone Sa in
slight excess (1.25 equiv) with TEBA catalyst improved the yield
to 80% (entry 7). Eventually, it was found that the readily

Table 2. Scope of the Reaction”

O  SO,Ph o R,NOC

DBDB (5 mol%) mR?
L o, sosemn

R? Toluene, NaOH, rt

5a: RyN = NC4HgO COR'
5b: RN = NMe, 7: trans-(+)
entry sulfone R! R? time (h) vyield (%)"  drf

1 sa  Ph Ph 2 80(7a) >98:2
2 sd  Ph Ph 7 78(7b)  >98:2
3 sa  4-CICH, Ph 7 61(7¢)  >98:2
4 Sa  4MeOCH, Ph 8 69(7d) >98:2
s Sa  4MeCgH, Ph 24 63(7¢) >98:2
6 Sa  2-thienyl Ph 4.5 66 (7f)  >98:2
7 Sa  4NO,C¢H, Ph 4 67 (7g)* >98:2
8 Sa  Ph 4-CIC¢H, 2.5 63(7h) >98:2
9 sa  Ph 4MeOCGH, 24 66(7i) >98:2
10 Sa Ph 3MeOCH, 85  77(7) >982
11 Sa Ph 2-MeCgH, 2 71(7k)  >98:2
12 Sa  Ph n-pentyl 7 70(71)  >98:2
13 Sa OMe Ph 24 0
14 Sa OMe H 24 0

“ Chalcone (0.5 mmol) allylic sulfone (1.25 equiv), NaOH (2 equiv),
toluene (0.2 M), rt. " Isolated yield after silica gel column chromatog-
raphy trans:cis ratio determined on the "H NMR of the crude product.

YA mixture of toluene/THF (2:1) was used to solubilize the
nitrochalcone.

available dibenzepinium catalyst DBDB was somewhat more
efficient (entry 8) and allowed reduction of the amount of
catalyst to S mol % (entry 9) while maintaining good catalytic
performances.'

We selected these last conditions with 5§ mol % of DBDB
catalyst in order to probe the scope of this reaction (Table 2). The
formal [3 + 2] cycloaddition was achieved with chalcone 6a and
acrylamides bearing either a morpholine Sa or a dimethylamine
moiety Sb with 80% and 78% isolated yields, respectively (entries 1
and 2), allowing the introduction of chemical diversity on the
amide part. Various chalcones 6 with electron-withdrawing
(entries 3, 7—8) and electron-donating functional groups at ortho,
meta, and para positions (entries 4, S, and 9—11), together with
heteroaromatic ring (entries 6) were transformed with 61% to
77% yields. An enone having an alkyl pendant underwent a smooth
transformation into cyclopentene 71 allowing the introduction of
an alkyl group at C3 position (entry 12). In all cases, more than
98:2 trans:cis ratio was measured by 'H NMR of the crude product.
The PTC conditions were not capable of giving any product with
acrylate showing a complementary reactivity profile to lithium
allylic anion with unsaturated esters (entries 13 and 14).

Then, the usefulness of these new cyclopentenes has valua-
ble building blocks was investigated in a two-step sequence
(Scheme 3). First of all, a chemo- and a highly diastereoselective
reduction of 7c into alcohol 8 was achieved with superhydride
reductant. Next, the amide moiety underwent a selective 1,2-
nucleophilic addition by phenyllithium afforded product 9,
showing thereby the ability of the morpholine amide moiety to
serve as a ketone precursors. Pleasingly, the alcohol 8 was suited
for X-ray crystal structure determination, providing an ultimate
proof of the relative configuration of our five-membered ring
structures (see Supporting Information).

4195 dx.doi.org/10.1021/j02005268 |J. Org. Chem. 2011, 76, 4194-4199



The Journal of Organic Chemistry

Scheme 3. Chemical Transformations of Cyclopentenes
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Scheme 4. First Asymmetric Development with Maruoka’s
Catalyst
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With these efficient diastereoselective PTC conditions in
hands we were curious whether an enantioselective version
would be feasible."*'® This would offer novel opportunities for
the use of allylic sulfone 5 as a 3C allylic building block into
asymmetric organocatalytic reactions. After some investigations
(Scheme 4), we found that 4 mol % of the powerful Maruoka’s
catalyst'?*" effected a smooth stereoselective transformation of
chalcone 6a into the corresponding nonracemic cyclopentene
7a, albeit in modest ee.'® However, this promising result suggests
that an enantioselective process should be allowed by means of
better suited phase transfer catalysts.

In conclusion, the modified Beak’s anionic [3 + 2] cycloaddi-
tion, under organocatalytic conditions, extended the meth-
odology to f-enones leading to straightforward syntheses of
unprecedented densely substituted cyclopentenes with high
regio- and diastereoselectivity. This study also highlighted a
significant rate acceleration under phase transfer catalytic condi-
tions paving the way for asymmetric developments by means of
suited chiral ammonium salts faced to allylic sulfone anions.

B EXPERIMENTAL SECTION

The chalcones are commercially available or synthesized with respect
to a literature procedure.”

Representative Procedure for the Synthesis of Allylic
Sulfones 5. To a stirred solution of allylic bromide (see Scheme 1)
derived from acrylamide'® (9.8 mmol) in anhydrous methanol (5 mL)
was added the sodium salt of benzenesulfinic acid (1.936 mg, 11.8
mmol). The mixture was heated in reflux for 2 h. After cooling, the
mixture was concentrated in vacuo, and the residue was purified by flash
column chromatography to furnish the corresponding sulfone.

1-Morpholino-2-(phenylsulfonylmethyl)prop-2-en-1-one 5a. Col-
orless viscous oil (567 mg, 92%); Ry = 0.18 (petroleum ether/EtOAc
1/2); IR (KBr) v, 1642, 1614, 1469, 1445, 1306, 1209, 1152, 1112,
1086, 1033 cm ™ *; "H NMR (300 MHz; CDCl;) 6 7.93—7.89 (2 H, m),
7.71—7.54 (3H,m), 5.62 (1 H,s),5.50 (1 H,s),4.15 (2H,d, J= 0.9 Hz),
3.71 (8 H,brs); *C NMR (75.4 MHz; CDCl;) 6 168.2 (C), 139.2 (C),

134.2 (CH), 130.6 (C), 129.5 (C), 128.0 (C), 125.1 (CH,), 66.8 (CH,),
60.6 (CH,), 48.5 (CH,), 42.6 (CH,); HRMS (ESI+) calcd for
C14H;sNO,S [M + H'] 296.0957, found 296.0950.

N,N-Dimethyl-2-(phenylsulfonylmethyl)acrylamide 5b. Pale yellow
solid (484.1 mg, 95%); mp = 105—107 °C; Ry= 0.15 (petroleum ether/
EtOAc 1/2); IR (KBr) v,,,, 1639, 1608, 1503, 1446, 1397, 1302, 1181,
1137, 1071, 961, 911, 770 cm ™ ; '"H NMR (300 MHz; CDCl;) 6
7.92—7.87 (2 H, m), 7.68—7.62 (1 H, m), 7.59—7.52 (2 H, m), 5.61
(1H,s),549 (1H,s),4.17 (2 H, d, ] = 0.7 Hz), 3.11 (3 H, brs), 2.89
(3 H, br s); *C NMR (75.4 MHz; CDCl;) 6 169.0 (C), 139.2 (C),
134.0 (CH), 131.3 (C), 129.3 (CH), 128.1 (CH), 125.1 (C), 60.6
(CH,),39.6 (CH,), 35.3 (CH,); HRMS (ESI+) calcd for C1,H;cNO3S
[M + H*] 254.0851, found 254.0845.

6,6-Dibutyl-6,7-dihydro-5H-dibenzo[ c,eJazepinium bromide (DBDB,
Table 1). To a solution of 2,2’-bis(bromomethyl)-1,1’-biphenyl (340.1
mg, 1 mmol) in anhydrous CH;CN (10 mL) were added n-Bu,NH
(0.17 mL, 1 mmol) and K,COj3 (691 mg, S mmol) at room temperature.
After stirring at 80 °C for 15 h, the resulting mixture was cooled to room
temperature and filtered through a pad of Celite with CH,Cl,. The
filtrate was concentrated, and the crude solid was purified by precipitation
(CH,Cl,/pentane) to give the ammonium salt (369 mg, 95%) as a white
solid; mp = 165—167 °C; IR (KBr) Vs 2970, 2947, 2874, 1474, 1452,
1379, 887,795, 764 cm™'; "H NMR (300 MHz; CDCJ;) 0 7.87 (2 H, d,
J=7.1Hz),7.69—7.52 (6 H,m), 4.89 (2 H, brs), 3.67 (6 H, brs), 1.94
(4H,brs),1.55—1.42 (4H,m), 1.02 (6 H,t,] = 7.3 Hz); *CNMR (75.4
MHz; CDCl;) 6 140.7 (C), 132.6 (CH), 131.2 (CH), 129.1 (CH), 128.4
(CH), 127.4 (C), 62.5 (CH,), 58.9 (CH,), 24.5 (CH,), 19.9 (CH,),
13.6 (CH,); HRMS (ESI+) caled for CprHyoN [M + H'] 3082378,
found 308.2370.

Representative Procedure for the Formal [3 + 2] Cycload-
dition (Table 2). To a stirred solution of sulfone 5 (0.625 mmol) and a
chalcone (0.50 mmol) in toluene (2.5 mL) were added the ammonium
salt catalyst (0.025 mmol) and pilled sodium hydroxide (40.0 mg,
1 mmol). The resulting mixture was vigorously stirred at room tempera-
ture until the disappearance of sulfone starting material on TLC. The
mixture was diluted with water and extracted with ethyl acetate. The
combined organic layers were washed with water (2x) and brine and
dried over MgSO,. After filtration, the filtrate was concentrated in vacuo
and purified by flash column chromatography on silica gel to furnish the
corresponding cyclopentene as described in the following characteriza-
tions. Remark: the obtained oils tend to retain solvents such as AcOEt or
CH,Cl,, so they have to be dried for along period of time under vacuum.
Procedure for the asymmetric synthesis of cyclopentene 7a
(Scheme 4). To a mixture of chalcone 6a (20.8 mg, 0.1 mmol), sulfone
Sa (29.5 mg, 0.1 mmol), and Maruoka’s ammonium salt (3.0 mg,
0.004 mmol) in toluene (500 xL) was added SO uL of 50% NaOH aqueous
solution. The heterogeneous solution was vigorously stirred for 2 h at room
temperature. The mixture was diluted with water, and the organic layer was
separated. The aqueous phase was extracted with ethyl acetate. Then, the
combined organic layers were washed with water (2x) and brine and
dried over MgSO,_ After filtration, the filtrate was concentrated in vacuo
and purified by flash column chromatography (silica gel, petroleum
ether/ethyl acetate) to afford 7a (30.7 mg, 85% yield, 48% ee) as a
colorless viscous oil. The ee of product 7a was determined by HPLC
analysis with a Chiralcel IA column, in a mixture of isopropyl alcohol/
heptane (15/85), 1.0 mL per min, 230 nm giving 14.3 min (minor
enantiomer), 17.6 min (major enantiomer).

(4-Benzoyl-3-(3-methoxyphenyl)cyclopent-1-enyl)(morpholino)-
methanone (7a). Reaction time: 2 h; colorless viscous oil (144.4 mg,
80%); Ry=10.39 (petroleum ether/EtOAc 1/1); IR (KBr) ¥4, 3059,
2958, 2921, 2852, 1681, 1611, 1492, 1430, 1360, 1300, 1275, 1250,
1113, 1008 cm™'; "H NMR (300 MHz; CDCl;) & 7.87—7.84 (2 H,
m), 7.58—7.52 (1 H, m), 7.45—7.40 (2 H, m), 7.35—7.20 (5 H, m),
5.86 (1 H, dd, J = 4.1 Hz and J = 1.9 Hz), 4.52—4.49 (1 H, m), 4.08

4196 dx.doi.org/10.1021/j02005268 |J. Org. Chem. 2011, 76, 4194-4199



The Journal of Organic Chemistry

(1H,dt,J=9.6Hzand J = 5.8 Hz), 3.70 (8 H, brs), 3.37—3.26 (1 H,
m), 2.99—2.90 (1 H, m); "*C NMR (75.4 MHz; CDCl;) 6 200.0 (C),
167.0 (C), 143.0 (C), 136.6 (C), 135.8 (C), 134.0 (CH), 133.4 (CH),
129.0 (CH), 128.8 (CH), 128.7 (CH), 127.6 (CH), 127.2 (CH), 67.0
(CH,), 54.7 (CH), 53.9 (CH), 47.6 (CH,), 42.1 (CH,), 38.5 (CH,);
HRMS (ESI+) caled for Cy3H,uNO; [M + H'] 362.1756, found
362.1747.
4-Benzoyl-N,N-dimethyl-3-phenylcyclopent-1-enecarboxamide (7b).
Reaction time: 7 h; colorless viscous oil (125.0 mg, 78%); Ry = 0.20
(petroleum ether/EtOAc 1/2); IR (KBr) V. 3054, 2924, 1680, 1614,
1492, 1448, 1396, 1243, 1182 cm ™ ; '"H NMR (300 MHz; CDCl;) ¢
7.87—7.85 (2 H, m), 7.58—7.52 (1 H, m), 745—740 (2 H, m),
7.35—-722 (S H, m), 591 (1 H, dd, ] = 41 Hz and ] = 1.9 Hz),
4.62—4.58 (1H,m), 4.09 (1 H,dt,J= 122 Hzand ] = 6.2 Hz), 3.38—3.28
(1H,m),3.18 (3H,brs),3.03 (3H,brs),2.98—2.90 (1 H,m); "*C NMR
(75.4 MHz; CDCl) 6 199.9 (C), 168.0 (C), 143.2 (C), 137.0 (C), 135.9
(C), 134.0 (CH), 133.2 (CH), 128.8 (CH), 128.7 (CH), 128.6 (CH),
127.6 (CH), 127.0 (CH), 54.3 (CH), 54.1 (CH), 38.8 (CH,), 38.6
(CH,), 35.0 (CH3); HRMS (ESI+) calcd for C,;H,,NO, [M+H]+:
320.1651, found 320.1634.
[4-(4-Chlorobenzoyl)-3-phenyl-1-cyclopenten-1-ylj(4-morpholinyl)
methanone (7c). Reaction time: 7 h; viscous yellow oil (120 mg, 61%);
Ry = 0.45 (petroleum ether/EtOAc 1/2); IR (KBr) v,,,, 1681, 1611,
1431, 1360, 1275, 1253, 1114, 1091, 1011 cm ™ '; 'H NMR (300 MHz;
CDCl;) 6 7.80—7.75 (2 H, m), 7.41—-7.36 (2 H, m), 7.35—7.27 (3 H,
m), 7.21—7.17 (2 H, m), 5.83 (1 H, dd, ] = 42 Hz and ] = 1.9 Hz),
4.47—443 (1H,m),4.03 (1H,dt,J=9.4Hzand J= 5.7 Hz),3.70 (8 H,
brs), 3.34—3.23 (1 H, m), 3.00—2.91 (1 H, m); "*C NMR (75.4 MHz;
CDCl;) 0 198.8 (C), 166.9 (C), 142.8 (C), 140.0 (C), 136.7 (C), 134.2
(C), 133.9 (CH), 130.3 (CH), 129.1 (CH), 127.7 (CH), 127.4 (CH),
67.1 (CH,), 54.9 (CH), 54.0 (CH), 47.5 (CH2), 42.4 (CH2), 38.4
(CH,); HRMS (ESI+) caled for C,3H,3CINO; [M + H] ™" 396.1366,
found 396.1350.
[4-(4-Methoxybenzoyl)-3-phenyl-1-cyclopenten-1-ylj(4-morpholinyl)
methanone (7d). Reaction time: 8 h; viscous oil (122 mg, 61%); Ry =
0.33 (petroleum ether/EtOAc 1/2); IR (KBr) V. 1674, 1600, 1511,
1432,1361,1252,1170,1113,1020 cm~ *; "H NMR (300 MHz; CDCl;)
0 7.87—7.82 (2 H, m), 7.36—7.27 (3 H, m), 7.25—7.21 (2 H, m),
6.93—6.88 (2H,m),5.86 (1 H,dd, J=4.2Hzand J=2.1 Hz),4.52—4.48
(1H,m),4.06 (1H,dt,J=9.4 Hzand J = 5.7 Hz), 3.86 (3H, s), 3.71 (8
H, br s), 3.35-3.25 (1 H, m), 3.00—2.92 (1 H, m); *C NMR (75.4
MHz; CDCls) 6 198.5 (C), 167.0 (C), 163.7 (C), 143.1 (C), 136.7 (C),
133.9 (C), 131.0 (CH), 128.86 (CH), 128.78 (CH), 127.6 (CH), 127.1
(CH), 113.8 (CH), 66.9 (CH,), 55.5 (CH3), 54.9 (CH), 53.5 (CH),
47.3 (CH,); 422 (CH,); 38.5 (CH,); HRMS (ESI+) caled for
C,4H,sNO, [M + H]™ 392.1862, found 392.1843.
[4-(4-Methylbenzoyl)-3-phenyl-1-cyclopenten-1-yl](4-morpholinyl)
methanone (7e). Reaction time: 24 h; colorless viscous oil (118 mg,
63%); Ry = 0.44 (petroleum ether/EtOAc 1/2); IR (KBr) ¥ax 3031,
2958,2921,2853, 1677, 1608, 1455, 1431,1274,1252,1114,1010 cm ™ ;
"H NMR (300 MHz; CDCl;) 6 7.80—7.72 (2 H, m), 7.34—7.20 (7 H,
m), 5.84 (1 H, dd, J = 43 Hz and ] = 2.0 Hz), 4.51—4.47 (1 H, m), 4.06
(1H,dt,J=9.4HzandJ=5.6Hz),3.69 (8§ H, brs), 3.34—3.24 (1 H, m),
2.97—2.88 (1 H, m), 2.39 (3 H, s); *C NMR (75.4 MHz; CDCl;) 0
199.6 (C), 167.0 (C), 144.3 (C), 143.0 (C), 136.7 (C), 133.9 (CH),
133.3 (C), 129.4 (CH), 128.9 (CH), 127.6 (CH), 127.2 (CH), 67.0
(CH,), 54.7 (CH), 53.8 (CH), 47.5 (CH,), 42.2 (CH,), 38.5 (CH,),
21.7 (CH;); HRMS (ESI+) caled for C,,H,(NO; [M 4+ H'] 376.1913,
found 376.1895.
4-Morpholinyl[ 3-phenyl-4-(2-thienylcarbonyl)-1-cyclopenten-1-yl]
methanone (7f). Reaction time: 4.5 h; colorless viscous oil (120 mg,
66%); Ry = 0.39 (petroleum ether/EtOAc 1/2); IR (KBr) ¥, 2919,
2852, 1656, 1614, 1455, 1429, 1414, 1273, 1251, 1130 ecm™ '; 'H
NMR (300 MHz; CDCl;) ¢ 7.65 (1 H, dd, ] = 49 Hz and ] = 1.0

Hz),7.45(1H,dd, J=3.8 Hzand ] = 1.1 Hz), 7.34—7.19 (5 H, m), 7.06
(1H,dd,J=49HzandJ=3.8 Hz),5.83 (1 H,dd,J=4.3 Hzand ] = 2.0
Hz),447—4.44 (1H,m),3.93 (1 H,dt, ] =9.2 Hz and ] = 5.6 Hz), 3.70
(8 H,brs), 3.33—3.22 (1 H, m), 3.05-2.97 (1 H, m); >*C NMR (75.4
MHz; CDCl;) 6 193.1 (C), 166.9 (C), 143.5 (C), 142.7 (C), 136.8 (C),
134.4 (CH), 133.5 (CH), 132.6 (CH), 128.9 (CH), 128.2 (CH), 127.5
(CH), 127.2 (CH), 67.1 (CH,), 55.3 (CH), 55.1 (CH), 47.4 (CH,),
41.7 (CH,), 38.5 (CH,); HRMS (ESI+) calced for C,H,,NO5S [M +
H'] 368.1320, found 368.1314.
(4-(Morpholine-4-carbonyl)-2-phenylcyclopent-3-enyl)(4-nitrophenyl)
methanone (7g). Reaction time: 4 h; viscous yellow oil (136 mg, 67%);
Rf=0.32 (petroleum ether/EtOAc 1/2); IR (KBr) V. 1688, 1604,
1457, 1433, 1346, 1274, 1251, 1113, 1010 cm ™ '; "H NMR (300 MHz;
CDCl;y) 0 827—-821 (2 H, m), 7.99—7.94 (2 H, m), 7.31-7.16
(5H,m), 5.84 (1 H,dd, J=3.9 Hz and ] = 1.8 Hz), 447—4.41 (1 H,
m),4.08 (1H,dt, J=9.3 Hzand J = 5.7 Hz), 3.70 (8 H, br s), 3.35—3.25
(1 H, m), 3.04—2.95 (1 H, m); ">*C NMR (75.4 MHz; CDCl;) 6 198.4
(C), 166.6 (C), 1504 (C), 142.4 (C), 140.4 (C), 1364 (C), 133.7
(CH), 129.8 (CH), 129.1 (CH), 127.6 (CH), 127.5 (CH), 123.9 (CH),
66.9 (CH,), 549 (CH), 54.5 (CH), 47.4 (CH,); 42.2 (CH,); 38.0
(CH,); HRMS (ESI+) calcd for C,3H,3N,05 [M + H]T 407.1607,
found 407.1593
[4-Benzoyl-3-(4-chlorophenyl)-1-cyclopenten-1-yli(4-morpholinyl)
methanone (7h). Reaction time: 2.5 h; viscous yellow oil (125 mg,
63%); Ry = 0.43 (petroleum ether/EtOAc 1/2); IR (KBr) ¥,n, 1680,
1612, 1431, 1360, 1275, 1254, 1114, 1014 cm ™ '; "H NMR (300 MHz;
CDCl;) 0 7.86—7.83 (2 H, m), 7.60—7.54 (1 H, m), 7.46—7.41 (2 H,
m), 7.30—7.26 (2 H, m), 7.17—7.12 (2 H, m) 581 (1 H, dd, ] =
43 Hzand J = 2.1 Hz), 4.52—4.48 (1 H, m), 4.03 (1 H, dt, ] = 9.3 Hz
and J = 5.9 Hz), 3.69 (8 H, brs), 3.36—3.26 (1 H, m), 2.96—2.87 (1 H,
m); *C NMR (75.4 MHz; CDCl;) 6 199.6 (C), 166.7 (C), 141.5 (C),
137.0 (C), 135.7 (C), 133.5 (C), 133.2 (CH), 132.9 (CH), 128.99
(CH), 12892 (CH), 128.74 (CH), 128.70 (CH), 669 (CH,),
53.9 (CH), 53.8 (CH), 47.6 (CH2), 42.1 (CH2), 38.4 (CH,); HRMS
(ESI+) caled for Cy3H,3CINO; [M + H]' 396.1366, found
396.1361.
[4-Benzoyl-3-(4-methoxyphenyl)-1-cyclopenten-1-yl](4-morpholinyl)
methanone (7i). Reaction time: 24 h; viscous oil (127 mg, 64%); R;=0.36
(petroleum ether/EtOAc 1/2); IR (KBr) ¥, 1682, 1608, 1512, 1428,
1361, 1273, 1248, 1113, 1008 cm™'; "H NMR (300 MHz; CDCL;) 6
7.87—7.84 (2H,m), 7.58—7.52 (1 H,m), 7.45—7.40 (2 H, m), 7.15—7.10
(2H,m), 6.87—6.82 (2 H,m), 5.81 (1 H,dd, ] =42 Hzand ] = 1.9 Hz),
444—441(1H,m),4.04 (1H,dt,J=9.4Hzand J=5.7Hz),3.79 (3H,s),
3.70 (8 H, br s), 3.33—3.23 (1 H, m), 2.98—2.89 (1 H, m); *C NMR
(754 MHz; CDCl,) 6 200.1 (C), 167.1 (C), 158.8 (C), 136.4 (C), 135.9
(C),135.0(C),134.2 (CH), 133.4 (CH), 128.8 (CH), 128.7 (CH), 128.6
(CH), 114.3 (CH), 67.0 (2CH,), 55.4 (CH3), 54.11 (CH), 54.08 (CH),
475 (CH,); 421 (CH,); 383 (CH,); HRMS (ESI+) calcd for
CrH,6NO, 392.1862, found 392.1878.
(4-Benzoyl-3-(3-methoxyphenyl)cyclopent-1-enyl)(morpholino)
methanone (7j). Reaction time: 8.5 h; colorless viscous oil (151 mg,
77%); Ry = 0.40 (petroleum ether/EtOAc 1/2); IR (KBr) ¥, 3059,
2958,2919,2863, 1681, 1605, 1485, 1432, 1276, 1253, 1158, 1114, 1044,
1007 em™'; '"H NMR (300 MHz; CDCl;) & 7.87—7.84 (2 H, m),
7.58—7.52 (1 H, m), 7.45—7.40 (2 H, m), 722 (1 H, d, J = 7.5 Hz),
6.81—6.77 (2H, m), 6.74—6.73 (1 H, m), 5.84 (1 H, dd, J = 4.1 Hz and
J=1.9Hz),4.52—4.48 (1H,m),4.09 (1 H, dt,]=9.6 Hzand J = 5.9 Hz),
3.77 (3H,s),3.69 (8 H, brs), 3.52—3.25 (1 H, m), 2.97—2.88 (1 H, m);
3CNMR (75.4 MHz; CDCl;) 6 199.8 (C), 166.8 (C), 159.9 (C), 144.5
(C),136.5(C),135.7(C), 133.8 (CH), 133.3 (CH), 129.9 (CH), 128.7
(CH), 128.6 (CH), 119.7 (CH), 113.2 (CH), 112.4 (CH), 66.9 (CH,),
55.2 (CHj3), 54.5 (CH), 53.7 (CH), 47.4 (CH,), 42.0 (CH,), 38.4
(CH,); HRMS (ESI+) caled for C,4H,6NO, [M + H'] 392.1862,
found 392.1854.
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[4-Benzoyl-3-(2-methylphenyl)-1-cyclopenten-1-yl](4-morpholinyl)
methanone (7k). Reaction time: 2 h; colorless viscous oil (133.5 mg,
71%); Ry = 0.40 (petroleum ether/EtOAc 1/2); IR (KBr) ¥y, 3059,
2958,2914, 2855, 1680, 1611, 1429, 1358, 1275, 1251, 1113, 1019 cm ™
'H NMR (300 MHz; CDCL,) 6 7.84—7.81 (2 H, m), 7.57—7.51 (1 H,
m), 7.43—7.38 (2 H, m), 7.23—7.09 (4 H, m), 5.83 (1 H, dd, ] = 4.1 Hz
and ] = 1.9 Hz), 4.84—4.80 (1 H, m), 4.10—4.03 (1 H, m), 3.69 (8 H, br
s), 3.42—3.31 (1 H, m), 2.93—2.85 (1 H, m), 2.17 (3 H, s); *C NMR
(75.4 MHz; CDCl3) 6 200.2 (C), 166.8 (C), 141.2 (C), 135.9 (C), 135.7
(C), 135.6 (C), 134.7 (CH), 133.3 (CH), 130.5 (CH), 128.7 (CH),
128.6 (CH), 127.2 (CH), 126.9 (CH), 126.6 (CH), 66.9 (CH,), 53.0
(CH), 50.2 (CH), 47.3 (CH,), 42.1 (CH,), 38.8 (CH,), 19.7 (CH,);
HRMS (ESI+) caled for CoyH,yNO; [M + H]' 376.1913, found
376.1899.

(4-Benzoyl-3-pentylcyclopent-1-enyl)(morpholino)methanone (7I).
Reaction time: 7 h; colorless viscous oil (124.6 mg, 70%); Ry =042
(petroleum ether/EtOAc 1/2); IR (KBr) ¥ 2958, 2923, 2853, 1681,
1608, 1449, 1430, 1360, 1274, 1256, 1115, 1021 cm™'; "H NMR (300
MHz; CDCl;) 6 7.95—7.92 (2 H, m), 7.59—7.42 (3 H, m), 5.79 (1 H,
dd,J=3.9Hzand J=19Hz),3.77 (1 H,td, ] = 9.4 Hzand ] = 5.2 Hz),
3.64 (8 H,brs),3.32—3.22 (1 H,m), 3.19—3.07 (1 H, m), 2.78—2.68 (1
H, m), 1.59—1.46 (2 H, m), 1.36—1.17 (6 H, m), 0.82 3 H, t, ] = 6.7
Hz); *C NMR (75.4 MHz; CDCl;) 8 201.2 (C), 167.5 (C), 1362 (C),
135.1 (C), 1350 (CH), 1332 (CH), 128.8 (CH), 128.5 (CH), 67.0
(CH,), 50.4 (CH), 49.3 (CH), 47.4 (CH,), 42.2 (CH,), 38.2 (CH,),
35.0 (CH,), 31.8 (CH,), 27.3 (CH,), 22.5 (CH,), 14.0 (CH,); HRMS
(ESI+) caled for C,,H30NO5 [M -+ H'] 356.2226, found 356.2199.

(4-((4-Chlorophenyl)(hydroxy)methyl)-3-phenylcyclopent-1-enyl)-
(morpholino)methanone (8). To a stirred solution of ketone 7c (0.328
mmol) in anhydrous THF (3 mL) was added slowly a solution of
LiBEt;H 1 M in THF (0.33 mL, 0.33 mmol) at —78 °C. The resulting
mixture was magnetically stirred at this temperature until the disap-
pearance of starting material on TLC. The mixture was quenched by
addition of water, 30% aqueous solution of H,0,, and a saturated
aqueous solution of NH,Cl. The mixture was extracted with ethyl
acetate three times, and the combined organic layers were washed with
saturated aqueous solution of NH,CI (2 ). After drying over MgSOy,
the filtrate was concentrated in vacuo and purified by flash column
chromatography on silica gel to furnish the alcohol 8 as a white solid
(120 mg, 92%); Ry = 0.16 (petroleum ether/EtOAc 1/3); mp = 179—
181 °C; IR (KBr) ¥,a 3289, 2930, 2852, 1642, 1589, 1460, 1435, 1279,
1116, 1080, 1038, 837 cm ™ '; "H NMR (300 MHz; CDCl,) 6 7.31—7.21
(7H, m), 7.13—7.10 (2H, m), 5.78—5.76 (1 H,m), 475 (1 H,br d, ] =
7.2 Hz), 4.13—4.08 (1 H, m), 3.65 (8 H, br s), 2.75—2.61 (2 H, m),
2.52—2.42 (1 H, m), 1.89 (1 H, brs); ">*C NMR (75.4 MHz; CDCl;) &
167.5 (C), 144.3 (C), 141.5 (C), 136.9 (C), 135.3 (CH), 133.4 (C),
128.7 (CH), 128.6 (CH), 128.1 (CH), 127.6 (CH), 126.7 (CH), 77.0
(CH), 66.9 (CH,), 54.7 (CH), 53.7 (CH), 47.4 (CH,), 42.1 (CH,),
37.3 (CH,); HRMS (ESI+) caled for Cp3HosNOSCl [M + HTJ
398.1523, found 398.1517. Crystals suitable for X-ray diffraction struc-
ture determination was obtained by slow evaporation of ethyl acetate
(see Supporting Information).

(4-((4-Chlorophenyl)(hydroxy)methyl)-3-phenylcyclopent-1-enyl)-
(phenyl)methanone (9). To a stirred solution of amide 8 (0.1 mmol) in
THF (1 mL) was added slowly a solution of PhLi 2 M in dibutylether
(0.1 mL, 0.2 mmol) at —78 °C. The resulting mixture was magnetically
stirred at this temperature for 2 h. Then, a saturated aqueous solution of
NH,Cl was added dropwise at 0 °C. The resulting mixture was extracted
with ethyl acetate three times, and the combined organic layers were
washed with saturated aqueous solution of NH,CI (2x). After drying
over MgSO, and filtration, the filtrate was concentrated in vacuo and
purified by flash column chromatography on silica gel to furnish the
ketone 9 as a white solid (32 mg, 82%); Ry = 0.41 (petroleum ether/
EtOAc 3/1); mp < 50 °C; IR (KBr) v, 3400, 2919, 2863, 1631, 1594,

1485, 1446, 1360, 1281,1089, 1013 cm ™ '; "H NMR (300 MHz; CDCls)
0 7.76—7.71 (2 H, m), 7.51-7.45 (1H, m), 7.40—7.35 (2H, m),
7.30—7.17 (7 H, m), 7.13—7.10 (2 H, m), 6.40—6.38 (1 H, m),
472—4.70 (1 H, m), 425-4.23 (1 H, m), 2.89—-2.74 (2 H, m),
2.62—2.49 (1 H, m), 1.87 (1 H, br s); *C NMR (75.4 MHz; CDCl;)
0 193.9 (C), 148.0 (CH), 143.7 (C), 142.8 (C), 141.3 (C), 138.4 (C),
133.7 (C), 132.2 (CH), 129.0 (CH), 128.9 (CH), 128.8 (CH), 128.4
(CH), 128.1 (CH), 127.8 (CH), 126.9 (CH), 77.4 (CH), 55.9 (CH),
53.7 (CH), 35.0 (CH,); HRMS (ESI+) calcd for C,5H,,OCI [M +
H] 371.1203, found 371.1201.
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