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Titanium Tetrachloride-Mediated Approach to Access
2-Chloro-2-Substituted Isoindolin-1-ones through the
Addition of Alkynes to Acyliminium ions

Wen-Ke Xu,” Jia-Ming Guo,” Zhao-Dan Chen,” Chang-Mei Si,** and Bang-Guo Wei*"”
An asymmetric approach to access 2-substituted isoindolin-1-  range of substrates were amenable to this transformation, and

ones 9-11 was developed through TiCl,-mediated addition- the desired substituted isoindolin-1-ones were obtained in
chlorination of N,O-acetals 7a-7c with terminal alkynes 8. A moderate to good yields with moderate diastereoselectivities.
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Introduction MeO O ' N@
C'H

The enantioselective construction of a stereogenic center at the O o
a-position of nitrogen-containing heterocycles (N-heterocycles) o 7 [ j
is one of the most challenging tasks in synthetic heterocyclic (+)-Lennoxamine (2) 0~/ (j:é""" N
chemistry." Chiral isoindolinone skeleton (1) (Figure 1), which is o N Anxiolytic
prevalent in many natural products® and serves as a sub- N \_/ ™) (R)-JM1232 (3)
structure for numerous biologically pharmaceutical agents,®” N _\ 0 CHs CcH
has attracted significant interest in synthetic and medicinal o N NH /©/ °
chemistry. Typical examples include Lennoxamine (2), which AnX|ont|c n e <:>< j "H'O
was isolated from the plants of Chilean Berberis species,*® (R)- Pazinaclone (4)
JM1232 (3), Pazinaclone (4), Pagoclone (5) and (S)-PD-172938 Anxiolytic o Dopamine D, ligand
(6). In particular, (S)-PD 172938 (6) shows potent affinity for Pagoclone (5) /ﬁ/ (5)-PD172938 (6)

dopamine D, receptor,” and Pazinaclone (4) is currently used as
sedative and anxiolytic drug.”” Meanwhile, tremendous efforts ~ Figure 1. Structures of several natural products.
have been devoted to the construction of a chiral functionalized
isoindolinone scaffold (1) and several asymmetric syntheses

0
have been reported.” 2 Ph
Two general approaches were applied to construct such a N_ oPh TMSOTf N— (2a)
chiral functionalized isoindolinone scaffold. One approach was j AllyITMS "G
to use powerful catalytic enantioselective syntheses including o =
Mannich-lactamization,®® aza-Michael addition,” enantioselec- 90% drup to 70:35
tive aza-Wacker-type cyclization,"” and tandem Mannich- 2 on
lactamization.""! The other approach was to use a chiral E 1. RMgX/THF
4 , . . N (2b)
auxiliary group in the reaction substrates. For examples, Allin et OBn 2.BF;" Et,0 T_OBn
al established a new approach to the synthesis of 2-allyl o} EtsSiH
substituted isoindolin-1-one through the application of a cyclic 54-93% dr 71:29~91-9
N,O-acetal chiral substrate as a N-acylhninium ion precursor in 0 0
. N2 N o o Ph
1999 (Figure 2a)."* Huang et al established a diastereoselective b 1. LIHMDS/RX R
. . . . N _ > N 2
approach to chiral substituted isoindolinones through the j pe——— (2¢)
. e . . I I <
successive addition-reduction process from chiral 2-(2-hydroxy- o v R HO
1-phenylethyl)isoindoline-1,3-dione in 2005 (Figure 2b)."® In 30-65% dr 955

2019, Allin’s group used the cyclic N,O-acetal chiral substrate to
Figure 2. The asymmetric methods based on chiral substrates.
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C-heteroatom bonds,™ mostly through intermolecular

addition"® and intramolecular cyclization"” with various nucle-
ophilic reagents. In this field, alkyne could serve as a
nucleophile to react with N-acyliminium ions affording impor-
tant organic intermediates. For example, SnCl,"® or TMSX!'®"
could lead to intramolecular cyclization of alkyne group with
the in situ generated iminium ion (Figure 3a and Figure 3b). Our
group also established a stereoselective approach to pyrido and
pyrrolo[1,2-c][1,3]oxazin-1-ones skeletons through the intermo-
lecular addition cyclization of triple bond to N-acyliminium ions
process (Figure 3¢)."" Interestingly, two different kinds of
nucleophilic reagents, ynamides and alkynes, could afford the
desired products with different configurations in this process.
Encouraged by these results, we envisioned that similar chiral
N-acyliminium ions with styrene acrylic framework could
potentially produce chiral isoindolinones. Herein we report our
results of TiCl,-mediated reactions of N,O-acetals 7a-7c, in
which the chiral phenyl glycine alcohol unit could control the
stereochemistry of addition-chlorination process with terminal
alkynes 8 (Figure 3d).

Results and Discussion

Our investigation started with the reaction of N,O-acetal 7a,
which was readily prepared according to the known

The intramolecularncyclization of alkyne with acyliminium®

H
_SsnCl T
CO,Me
COMe pcm,-78°C =N (3a)
57% H' Boc
O
_TMSX_ N
(3b)
DCM,-40°C-rt Rl
25-95%
X
R = Ph, 1-cyc|ohexene X=1,Br, Cl
Our previous work'®
~OTBS
SOTES BF;* Et,0
R—FR———— R
DCM (3c)

R = N(Ts)Bn; trans-products,50-96% dr>99:1
R = Aryl, alkyl; cis-products, 38-77% dr>99:1

This work
(e}
N AN ' ?\Ph
Ph T|C|4 R I~ : (3d)
=R z
HO
C|\/(
R = Alkyl, aryl R
7a,7b, 7c 9,10, 11

Figure 3. The reaction of alkynes with N-acyliminium ions.
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method,** with phenylacetylene. The reaction could not take
place in the absence of Lewis acid (Table 1, entry 1). When
TMSOTf was examined, the reaction was complicated (Table 1,
entry 2). When AuCl;, TMSCI, ZnCl, and AICl; were examined, no
product was observed (Table 1, entries 3-6). SnCl, could afford
the desired product 9a in 62% yield, albeit with low
diastereoselectivity (dr=62:38, Table 1, entry 7). When TiCl,
was examined, the desired product 9a was isolated in 68%
yield with 85:15 diastereoselectivity (Table 1, entry 8). Conduct-
ing the reaction at lower temperature of —78°C not only failed
to improve the diastereoselectivity, but also led to a significant
decrease in yield (Table 1, entry 9). Delightfully, when 1.5 equiv.
TiCl, was used, the desired 9a was isolated in 72% yield with
91:9 diastereoselectivity (Table 1, entry 10). Further dropping
the loading of TiCl, to 1.0 equiv. resulted in lower yield (Table 1,
entry 11). Other solvents (MeCN, THF) were also screened,
which turned out to be incompatible for this transformation
(Table 1, entries 12-13).

With the above identified optimized reaction conditions,
N,0O-acetal 7a with different substituted terminal alkynes 8a-8t
were examined and the results were summarized in Scheme 1.
First, para substituted phenylacetylenes 8a-8i could afford the
desired products 9a-9i in moderate yields, with the diaster-
eoselectivities going up to 95:5. Regarding different substitu-
tions at the para position of phenylacetylenes, halogen or
electron withdrawing groups (such as CF;) offered better yields
of the desired products 9b-9e than alkyl and methoxy groups
(products 9f-9i, Scheme 1). Ortho substituted phenylacetylenes
8j-81 could afford the desired products 9j-91 in 64-75% yields
with good diastereoselectivities. Several meta substituted
phenylacetylenes 8m-8p were also examined, and the sub-
stitutions (methyl, methoxy and halogen) did not affect the
yields and diastereoselectivities of the products 9m-9p. fS-

Table 1. Optimization of reaction conditions.
6]
0 Ph
@Eﬁ[\] «Ph o Lewis acid N—
] + =——Ph —_— -, ‘>
0 Solvent // HO
Cl
7a 8a 9a Ph
Entries® Lewis acid(eq) Solvent s Z:E9 Dr
1 - DCM NR - -
2 TMSOTf(2.0) DCM Complex - -
3 AuCl5(0.1) DCM NR - -
4 TMSCI(2.0) DCM NR - -
5 ZnCl,(2.0) DCM NR - -
6 AICI5(2.0) DCM NR - -
7 SnCl,(2.0) DCM 62 58:42 62:38
8 TiCl,(2.0) DCM 68 76:24 85:15
gte! TiCl,(2.0) DCM 33 81:19 86:14
10 TiCl,(1.5) DCM 72 90:10 91:9
1 TiCl,(1.0) DCM 53 88:12 91:9
12 TiCl,(1.5) MeCN trace - -
13 TiCl,(1.5) THF trace - -
[a] The reactions were performed with Lewis acid, N,0O-acetal (0.79 mmol)
and alkyne (1.19 mmol) in dry DCM (5 mL) at —45 °C to room temperature
for 4 h; [b] The mixture was treated at —78°C for 12 h; [c] Isolated yield; [d]
Z:E ratio was determined by HPLC of crude products; [e] dr was
determined by HPLC of crude products.
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> HO > HO
cl—/ 0 Cl—V/
1 R?
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9j
R! 9j R2=F,72%,Z:E = 98:2
9a R'=H, 72%, Z:E = 90:10, dr= 91:9 dr=89:11
9b R'=F, 73%, ZE =94:6, dr= 88:12 9k R?= CH3, 64%, Z.E = 95:5
9c R' = Br, 75%, Z:E = 91:9, dr= 92:8 dr=95:5
9d R' = Cl, 77%, Z:E = 98:2,dr = 95:5 91 R?=Cl, 75%, Z.E = 98:2
9e R'= CF;, 72%, Z:E = 98:2,dr = 88:12 dr=95:5

9f R'=CHs, 66%, Z:E = 94:6, dr = 94:6 o

9g R' = n-Bu, 53%, Z:E = 93:7,dr = 92:8

9h R' = t-Bu, 57%, Z.E = 97:3,dr=91:9

9i R'= OCH,, 65%, Z:F = 69:31,dr = 75:25
(0] Cl

- 9 \ !@.

I e s 7

cl Y HO \ { o
é\Rs o

9m R3= CH,, 71%, Z:E = 94:6, dr = 928

9n R3 = OCHj, 62%, Z'E = 82:18, dr = 90:10
90 R3=Br, 71%, Z:E = 93:7,dr = 94:6

9 R3=F, 72%, Z'E = 95:5, dr = 94:6

9q 64%, Z.E = 87:13
0 dr=89:11

Sonl
s

? Ph 9r 51%,Z:E = 68:32
N o  dr=937
Ph
@@3

cl /:HO
y s al  HO
=

9t 73%, Z:E = 94:6,dr = 95:5 9s 67%, Z:E =89:11,dr = 85:15

Scheme 1. The reactions of N,0-acetal 7 a with different terminal alkynes.
?The reactions were performed with TiCl, (1.19 mmol), N,0-acetal

(0.79 mmol) and alkyne (1.19 mmol) in dry DCM (5 mL) at —45 °C-room
temperature for 4 h; ° Isolated yield; © Z:E was determined by HPLC of crude
products; ¢ dr was determined by HPLC of crude products. ¢ 9p (1.30 g, 67 %
yield) was obtained with 7a (4.74 mmol), 8p (7.14 mmol), and TiCl,

(7.14 mmol) in dry DCM (15 mL) at —45°C to rt for 4 h.

Naphthalene acetylene 8q also worked well, leading to the
desired product 9q in moderate yield and diastereoselectivity.
It was worth mentioning that alkyl substituted acetylenes
(cyclopropylacetylene 8r and 1-heptyne 8s) could also produce
the desired 9r-9s in moderate yields and diastereoselectivities.
In addition, heterocycle substituted acetylene, 2-thiophene
acetylene 8t, could react with N,O-acetal 7a to afford the
desired 9t in 73% vyield with good diastereoselectivity (dr=
95:5). Unfortunately, the heterocycle 3-ethynylpyridine cannot
react. The chemical structures and relative stereochemistry of
9a-9t were unambiguously confirmed based on the X-ray
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crystallographic analysis of compounds 9j and 9p (The
supplementary crystallographic data of 9j and 9p can be
obtained in the Supporting Information). The absolute config-
uration of (RER)-9p was determined by ECD experiments (see
supporting information). The absolute configurations of (S,Z,R)-
9p and (5ER)-9p were elucidated by quantum chemical
calculations (see supporting information).?"

Next, we turned our attention to investigate the scope and
limitation for the reactions of different substituted N,0-acetals
7b-7 c with different substituted alkynes 8 (Scheme 2). First,
the reaction of chlorinated N,0-acetal 7b with different
substituted alkynes were examined. The results showed that
the substitution of chlorine atoms on N,0-acetals has a little
effect on the yield and diastereoselectivity of the product. The
desired 10a-10f were obtained in moderate yields and good
diastereoselectivities. It is worth mentioning that 3-ethynylth-
iophene could also react with 7b to give the desired 10g in
45% yield, but the diastereoselectivity of 10g was slightly lower
(dr=84:16). Other 5,6-dimethoxy substituted N,0-acetal 7c
could also react with different substituted alkynes, affording the
desired 11a-11f, respectively, in moderate yields and good
diastereoselectivities.

On the basis of our experimental results, a possible
mechanism was illustrated in Figure 4. First, TiCl, coordinated

0 6]
R’ Rﬁ@ﬂ Ph
Ph N
N R ) N
R2 T e Sy
o] Il “as°crt, DM //( HO
7b R'=Cl, R?=H 8 10C! R
7c¢ R'=R?=0CH;, 1
0 0
CI\Cd Ph CI\©://< Ph
Nj N~3
Y // HO
cl , cl
J 3R S/

10f 71%, Z.E = 96:4
dr=96:4

10a R3= H, 64%, Z:E = 88:12, dr= 937

10b R3= 2-CHa, 69% ,Z:E = 92:8, dr= 91:9

10c R®= 3-CHj, 66%, Z:E = 88:12, dr = 89:11

10d R3= 2-F, 69%, Z:E =91:9, dr= 96:4

10e R3= 4-Cl, 73%, Z:E = 93:7,dr = 91:9
o)

MeO Ph
N—
MeO 4 w

7 HO HO
A\
IR Ls

" 109 45%, Z:E =72:28
1a R*=H, 70%, Z:E = 94:6,dr = 89:11 dr=84:16
11b R*=4-CHj, 65%, Z:E = 92:8,dr = 96:4

11c R* = 4-n-Bu, 62%, Z:E = 96:4, dr = 95:5

11d R*= 2-F, 76%, Z:E = 97:3,dr = 94:6

11e R*= 3-Br, 73%, Z:E = 88:12, dr = 96:4

11f R*= 3-OCHa, 66%, Z:E = 90:10, dr = 95:5

Scheme 2. The reactions of N,O-acetal 7 a with different terminal alkynes.

“ The reactions were performed with TiCl, (1.19 mmol), N,0-acetal

(0.79 mmol) and alkyne (1.19 mmol) in dry DCM (5 mL) at —45 °C-room
temperature for 4 h; ° Isolated yield; € Z:E was determined by HPLC of crude
products; ¢ dr was determined by HPLC of crude products.
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Figure 4. Proposed mechanism for the formation of 2-chloro-2-substituted
isoindolin-1-ones.

with the oxygen of N,0-acetal 7a to form an intermediate A,
which readily underwent ring-opening to generate a N-
acyliminium ion B. Subsequently, the formation of alternative
ring, due to the coordination of the carbonyl group with
titanium, resulted in nucleophilic attack of the phenylacetylene
substrate predominantly from the less hindered face, and the
resultant cationic intermediate C further reacted with chloride
to give intermediate, which ultimately led to the desired (R)-3-
((2)-2- chloro-2-phenylvinyl)-2-((R) —2-hydroxy-1- phenylethyl)
isoindolin —1-one 9a under acidic conditions.

Conclusion

In summary, we established a diastereoselective approach for
the synthesis of 2-substituted isoindolin-1-ones skeleton. The
reaction of N,0-acetals 7a-7c with terminal alkynes 8 went
through a TiCl, mediated successive addition-chlorination
process. As a result, a series of 2-substituted isoindolin-1-ones
9-11 were obtained in moderate to good yields and diaster-
eoselectivities under mild reaction conditions.

Experimental Section

General: Reactions were monitored by thin layer chromatography
(TLC) on glass plates coated with silica gel with a fluorescent
indicator. Flash chromatography was performed on silica gel (300-
400) with petroleum/EtOAc as the eluent. Optical rotations were
measured on a polarimeter with a sodium lamp. HRMS was
conducted on Thermo Scientific LTQ Orbitrap XL apparatus. IR
spectra were record using a film on a Fourier transform infrared
spectrometer. NMR spectra were recorded at 400 MHz, and
chemical shifts are reported in (ppm) referenced to an internal TMS
standard for HNMR and CDCl; (77.16 ppm) for *C{'"H} NMR. The
N,0-acetals were synthesized according to the known method."**

General Procedure for Synthesis of 9-11. To a solution of N,O-
acetal 7 (0.79 mmol ) and 8 (1.19 mmol) in anhydrous DCM (5 mL)
was treated with TiCl, (1.19 mmol) at —45°C under an argon
atmosphere. The rection mixture was slowly warmed to room
temperature and stirred for 4 h. The mixture was quenched with
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saturated aqueous solution of NaHCO; and extracted with EtOAc
for three times. The combined organic layers were washed with
brine and dried over anhydrous Na,SO,. Filtered and concentrated
under reduced pressure, the residue was purified by chromatog-
raphy on silica gel (PE/EA=2:1) to give the desired product 9-11.

(R)-3-((2)-2-Chloro-2-phenylvinyl)-2-((R)-2-hydroxy-1-phenylethyl)
isoindolin-1-one (9a). White solid (222 mg, 72%), mp 173-175°C;
[a]®=—109.8 (c 1.00, CHCL,); IR (film): v, 3055, 2926, 1669, 1467,
1394, 1220, 1071, 749, 696 cm™"; '"H NMR (400 MHz, CDCl;) 6 7.90-
7.84 (m, TH), 7.55-7.45 (m, 4H), 7.43-7.39 (m, 1H), 7.37-7.25 (m, 8H),
5.78 (d, J=9.2 Hz, 1H), 5.66 (d, J=8.8 Hz, 1H), 4.95-4.88 (m, 1H),
4.57-4.47 (m, TH), 434 (brs, TH), 4.20-4.13 (m, 1H) ppm; "*C{'"H}
NMR (100 MHz, CDCl;) 6 170.0, 144.1, 138.7, 138.1, 136.6, 132.5,
132.3, 129.8, 129.1, 129.0, 128.7, 128.2, 128.0, 126.8, 124.1, 123.9,
123.3, 64.0, 62.0, 60.8 ppm; HRMS (ESI) m/z: [M+Na]* Calcd for
Cy4H,,CINO,Na ™, 412.1075, found 412.1073.

(R)-3-((2)-2-Chloro-2-(4-fluorophenyl)vinyl)-2-((R)-2-hydroxy-1-
phenylethyl)isoindolin-1-one (9b). White solid (235 mg, 73 %), mp
161-163°C; [a]® =—79.8 (c 1.00, CHCly); IR (film): v, 3059, 2920,
1671, 1598, 1502, 1395, 1230, 1159, 749, 699cm™'; 'H NMR
(400 MHz, CDCl;) 6 7.85-7.78 (m, 1H), 7.51-7.33 (m, 7H), 7.31-7.20
(m, 3H), 7.05-6.93 (m, 2H), 5.75-5.68 (m, 1H), 5.66-5.60 (m, 1H),
5.13-5.03 (m, 1H), 4.56-4.49 (m, 1H), 4.23-4.15 (m, 1H) ppm; *C{'H}
NMR (100 MHz, CDCl;) 6 169.8, 163.4 (d, J=248.8 Hz), 143.8, 137.8,
137.4, 132.6 (d, J=3.4 Hz), 1323, 132.0, 129.0, 128.8, 128.6, 128.5,
128.1, 127.7, 124.0, 123.7 (d, J=1.2 Hz), 123.0, 115.4 (d, J=21.8 H2),
63.8, 61.8, 60.5 ppm; "F NMR (376 MHz, CDCl;) 6 —111.1 ppm;
HRMS (ESI) m/z: [M+Na]*™ Calcd for C,,H;sFCINO,Na”*, 430.0981,
found 430.0979.

(R)-3-((2)-2-(4-Bromophenyl)-2-chlorovinyl)-2-((R)-2-hydroxy-1-
phenylethyl)isoindolin-1-one (9c). White solid (277 mg, 75%), mp
169-171°C; [a]%=—91.9 (c 0.57, CHCL); IR (film): v,,, 3057, 2924,
1669, 1482, 1465, 1392, 1349, 1071, 749, 698cm'; 'H NMR
(400 MHz, CDCl;) 6 7.90-7.85 (m, 1H), 7.54-7.46 (m, 4H), 7.41-7.38
(m, 1H), 7.35-7.26 (m, 7H), 5.76 (d, /=8.8 Hz, 1H), 5.65 (d, J=9.2 Hz,
1H), 4.93 (dd, J=8.4, 3.6 Hz, TH), 4.51 (dd, J=12.0, 9.6 Hz, 1H), 4.24-
404 (m, 2H) ppm; "C{'"H} NMR (100 MHz, CDCl;) 6 169.7, 143.6,
137.8, 137.2, 135.3, 132.3, 132.0, 131.6, 129.0, 128.8, 128.1 (2 Q),
127.7, 1245, 124.0, 123.9, 123.0, 63.7, 61.6, 60.4 ppm; HRMS (ESI)
m/z: [M+Na]™ Caled for C,H;,CIBrNO,Na*, 490.0180, found
490.0181.

(R)-3-((2)-2-Chloro-2-(4-chlorophenyl)vinyl)-2-((R)-2-hydroxy-1-
phenylethyl)isoindolin-1-one (9d). White solid (258 mg, 77 %), mp
150-152°C; [a]2*=—89.1 (c 0.32, CHCL); IR (film): v,,, 3061, 2920,
1673, 1491, 1470, 1395, 1349, 1088, 749, 699 cm~'; 'H NMR
(400 MHz, CDCl;) 6 7.90-7.81 (m, 1H), 7.55-7.46 (m, 2H), 7.40-7.35
(m, 3H), 7.33-7.24 (m, 7H), 5.77-5.69 (m, 1H), 5.66-5.59 (m, TH),
4.97-4.88 (m, 1H), 4.56-4.43 (m, 1H), 4.257-4.18 (m, 2H) ppm; C
{'"H} NMR (100 MHz, CDCl,) 8 169.7, 143.6, 137.8, 137.2, 135.3, 132.3,
132.0, 131.6, 129.0, 128.8, 128.1, 127.7, 124.5, 124.0, 123.9, 123.0,
63.6, 61.5, 60.4 ppm; HRMS (ESI) m/z: [M+Nal® Calcd for
C,4H,sCLNO,Na ™, 468.1701, found 468.1705.

(R)-3-((2)-2-Chloro-2-(4-(trifluoromethyl)phenyl)vinyl)-2-((R)-2-

hydroxy-1-phenylethyl)isoindolin-1-one  (9e).  Colorless  oil
(260 mg, 72%); [a]3'=-79.2 (c 0.38, CHCL); IR (film): v, 2920,
2849, 1669, 1465, 1406, 1322, 1170, 1131, 1066, 749, 698 cm™'; 'H
NMR (400 MHz, CDCl;) 6 7.90-7.86 (m, 1H), 7.61-7.49 (m, 6H), 7.42-
7.39 (m, 1H), 7.37-7.27 (m, 5H), 5.84 (d, J=8.8 Hz, 1H), 5.70 (d, J=
9.2 Hz, 1H), 4.99 (d, /=8.8, 4.4 Hz, 1H), 459-4.47 (m, 1H), 4.22-4.14
(m, TH), 4.07 (brs, TH) ppm; C{'"H} NMR (100 MHz, CDCl;) 6 169.8,
143.4, 139.7, 137.7, 136.7, 132.4, 132.0, 129.1, 128.9, 128.2, 127.7,
127.0, 126.2, 125.5, 125.4, 124.1, 123.0, 63.7, 61.1, 60.3 ppm; '°F NMR
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(376 MHz, CDCl,) & —63.2 ppm; HRMS (ESI) m/z: [M +Na]* Calcd for
CysHyoCIFsNO,Na *, 480.0949, found 480.0950.

(R)-3-((2)-2-Chloro-2-(p-tolyl)vinyl)-2-((R)-2-hydroxy-1-phenyleth-
yl)isoindolin-1-one (9f). White solid (210 mg, 66 %), mp 148-150°C;
[a]2*=—85.7 (c 1.00, CHCLy); IR (film): v, 3059, 2920, 1669, 1598,
1467, 1392, 1350, 1071, 747, 696 cm™"; 'H NMR (400 MHz, CDCl,)
7.91-7.86 (m, 1H), 7.56-7.47 (m, 2H), 7.42-7.37 (m, 3H), 7.34-7.25
(m, 5H), 7.19-7.13 (m, 2H), 5.75 (d, J/=8.8 Hz, 1H), 5.63 (d, /=9.2 Hz,
1H), 4.91-4.82 (m, 1H), 4.50 (dd, J=11.6, 8.4 Hz, 1H), 4.33 (brs, 1H),
415 (dd, J=12.0, 3.6 Hz, 1H), 2.37 (s, 3H) ppm; “C{'H} NMR
(100 MHz, CDCl;) 6 169.8, 144.0, 139.9, 138.8, 137.9, 133.7, 132.3,
132.1, 129.2, 1289, 128.8, 128.0, 127.7, 126.5, 123.9, 123.1, 1225,
64.0, 62.1, 60.7, 21.2 ppm; HRMS (ESI) m/z: [M+Na]" Calcd for
C,sH,,CINO,Na™, 426.1231, found 426.1230.

(R)-3-((2)-2-(4-Butylphenyl)-2-chlorovinyl)-2-((R)-2-hydroxy-1-phe-
nylethyl)isoindolin-1-one (9g). Colorless oil (186 mg, 53%); [a]2’ =
—76.0 (c 1.00, CHCL,); IR (film): v, 3057, 2953, 2927, 1676, 1467,
1395, 1355,1071, 752, 694 cm™"; 'H NMR (400 MHz, CDCl;) § 7.89-
7.83 (m, 1H), 7.52-7.43 (m, 2H), 7.40-7.23 (m, 8H), 7.17-7.12 (m, 2H),
5.74 (d, J=9.2Hz, 1H), 5.67 (d, J=9.2Hz 1H), 493 (dd, /=84,
4.0 Hz, 1H), 4.51 (dd, /=12.0, 8.8 Hz, 1H), 4.16 (dd, J=12.4, 4.0 Hz,
1H), 2.63-2.57 (m, 2H), 1.62-1.54 (m, 2H), 1.37-1.31 (m, 2H), 0.94-
0.90 (m, 3H) ppm; “C{'"H} NMR (100 MHz, CDCl;) & 169.7, 144.9,
144.0, 138.7, 138.0, 133.8, 132.2, 132.0, 128.8, 128.7, 128.0, 127.7,
126.5, 123.9, 123.0, 122.6, 63.8, 61.8, 60.7, 35.3, 33.4, 22.3, 13.9 ppm;
HRMS (ESI) m/z: [M+Na]® Calcd for C,gH,sCINO,Na*, 468.1701,
found 468.1704.

(R)-3-((2)-2-(4-(tert-Butyl)phenyl)-2-chlorovinyl)-2-((R)-2-hydroxy-
1-phenylethyl)isoindolin-1-one (9h). Colorless oil (200 mg, 57 %);
[a]3'=—83.4 (c 1.00, CHCLy); IR (film): v,,,, 2963, 2865, 1673, 1467,
1398, 1349,1076, 751, 694 cm™"; 'H NMR (400 MHz, CDCl;) 6 7.92—
7.83 (m, 1H), 7.52-7.44 (m, 4H), 7.40-7.30 (m, 8H), 5.78 (d, J=9.2 Hz,
1H), 5.61 (d, J=9.2 Hz, 1H), 4.87-4.77 ( m, 1H), 4.53-4.44 (m, 1H),
4.44-439 (m, 1H), 4.17-4.09 (m, TH), 1.31 (s, 9H) ppm; "*C{'"H} NMR
(100 MHz, CDCl;) 6 169.8, 153.2, 144.0, 138.8, 137.8, 133.5, 132.3,
132.1, 128.9, 128.8, 128.0, 127.7, 126.3, 125.5, 123.9, 123.1, 1225,
64.1, 62.3, 60.8, 34.7, 31.2 ppm; HRMS (ESI) m/z: [M+ Na]" Calcd for
C,sH,sCINO,Na™*, 468.1701, found 468.1705.

(R)-3-((2)-2-Chloro-2-(4-methoxyphenyl)vinyl)-2-((R)-2-hydroxy-1-
phenylethyl)isoindolin-1-one (9i). White solid (215 mg, 65 %), mp
147-149°C; [a)® =—109.2 (c 0.50, CHCL3); IR (film): v,,,, 3055, 2918,
1669, 1604, 1507, 1255, 1178, 1029, 747, 696 cm™'; 'H NMR
(400 MHz, CDCl;) 6 7.91-7.87 (m, 1H), 7.57-7.49 (m, 2H), 7.47-7.39
(m, 3H), 7.36-7.27 (m, 5H), 6.89-6.84 (m, 2H), 5.69 (d, J=9.2 Hz, 1H),
5.64 (d, J=8.8Hz, 1H), 4.86 (dd, J=8.4, 4.0 Hz 1H), 4.50 (dd, J=
12.0, 8.4 Hz, 1H), 4.15 (dd, J=12.0, 4.0 Hz, 1H), 3.83 (s, 3H) ppm; *C
{'"H} NMR (100 MHz, CDCl,) 6 169.8, 160.7, 144.2, 138.5, 137.9, 132.3,
132.1, 129.0 (2 C), 128.8, 128.7, 128.0, 127.7, 123.9, 123.1, 121.5,
113.8, 64.0, 62.1, 60.8, 55.4 ppm; HRMS (ESI) m/z: [M+Na]" Calcd
for C,sH,,CINO;Na™*, 442.1180, found 442.1179.

(R)-3-((2)-2-Chloro-2-(2-fluorophenyl)vinyl)-2-((R)-2-hydroxy-1-

phenylethyl)isoindolin-1-one (9j). White solid (232 mg, 72%), mp
148-150°C; [a)3'=—54.3 (c 0.40, CHCLy); IR (film): v, 3059, 2922,
1671, 1486, 1449, 1397, 1237, 1073, 749, 699 cm™'; 'H NMR
(400 MHz, CDCl;) 6 7.90-7.83 (m, 1H), 7.57-7.43 (m, 4H), 7.38-7.26
(m, 6H), 7.19-7.13 (m, 1H), 7.12-7.05 (m, 1H), 5.80 (d, J/=9.2 Hz, 1H),
5.61 (d, J/=9.2 Hz, 1H), 4.90-4.82 (m, 1H), 4.58-4.44 (m, 2H), 4.21-
4,12 (m, TH) ppm; “C{"H} NMR (100 MHz, CDCl;) 6 169.8, 159.3 (d,
J=250.5 Hz), 143.6, 137.8, 132.3, 132.1, 132.0 (d, /=2.1 Hz), 131.1
(d, J=8.6 Hz), 130.2 (d, J=1.7 Hz), 129.0, 128.8, 128.0, 127.8, 125.3,
125.2, 124.2 (d, J=3.7 Hz), 123.9, 123.0, 116.2 (d, J=22.2 Hz), 64.0,
62.5, 60.7 ppm; "F NMR (376 MHz, CDCl;) 6 —113.2 ppm; HRMS
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(ESI) m/z [M+Na]" Calcd for C,.H,FCINO,Na*, 430.0981, found
430.0978.

(R)-3-((2)-2-Chloro-2-(o-tolyl)vinyl)-2-((R)-2-hydroxy-1-phenyleth-
ylisoindolin-1-one (9k). Colorless oil (204 mg, 64%); [a]3’ = —25.4
(c 1.00, CHCL); IR (film): v, 3057, 2924, 1671, 1467, 1395, 1348,
1239, 1076, 749, 696 cm™'; '"H NMR (400 MHz, CDCl;) 6 7.91-7.85 (m,
1H), 7.61-7.56 (m, 1H), 7.53-7.47 (m, 1H), 7.39-7.25 (m, 6H), 7.22-
7.14 (m, 3H), 5.58 (d, J/=8.0 Hz, 1H), 5.44 (d, J=8.0 Hz, 1H), 4.88-
482 (m, 1H), 4.59-4.51 (m, 1H), 4.44 (brs, 1H), 4.19-4.12 (m, 1H),
241 (s, 3H) ppm; “C{'"H} NMR (100 MHz, CDCl;) 6 169.8, 143.9,
138.6, 137.9, 135.7, 1324, 132.1, 130.6, 1294, 129.1, 1289 (2 Q),
128.1, 127.7, 126.9, 125.9, 124.0, 122.8, 64.1, 62.7, 60.5, 20.0 ppm;
HRMS (ESI) m/z: [M+Nal* Calcd for C,sH,,CINO,Na*, 426.1231,
found 426.1230.

(R)-3-((2)-2-Chloro-2-(2-chlorophenyl)vinyl)-2-((R)-2-hydroxy-1-
phenylethyl)isoindolin-1-one (91). Colorless oil (251 mg, 75%);
[a]d' =—18.5 (¢ 1.00, CHCLy); IR (film): v, 3059, 2922, 1671, 1467,
1449, 1397, 1237, 1073, 749, 699 cm™'; '"H NMR (400 MHz, CDCl,) 6
7.94-7.89 (m, 1H), 7.59-7.49 (m, 4H), 7.44-7.41 (m, 1H), 7.39-7.29
(m, 7H), 5.80 (d, J=9.2 Hz, 1H), 5.66 (d, J=9.2 Hz, 1H), 4.84 (dd, J=
8.8, 4.0 Hz, 1H), 4.59-4.50 (m, 1H), 4.19 (dd, /=12.0, 3.6 Hz, 1H),
4,08 (brs, TH) ppm; “C{'H} NMR (100 MHz, CDCl;) 6 169.8, 143.5,
137.9, 136.9, 135.5, 132.6, 1324, 132.1, 130.6 (2 C), 130.1, 129.0,
128.8, 128.6, 128.1, 127.8, 126.9, 123.9, 123.1, 64.1, 62.6, 60.3 ppm;
HRMS (ESl) m/z: [M+Na]* Calcd for C,sH,,CINO,Na*, 446.0685,
found 446.0682.

(R)-3-((2)-2-Chloro-2-(m-tolyl)vinyl)-2-((R)-2-hydroxy-1-phenyleth-
yl)isoindolin-1-one (9m). White solid (226 mg, 71%), mp 163-
165°C; [a]3'=—93.3 (c 1.00, CHCLy); IR (film): vy, 3057, 2920, 1669,
1467, 1392, 1349, 1071, 747, 698 cm™'; '"H NMR (400 MHz, CDCl,) 6
7.90-7.85 (m, 1H), 7.55-7.46 (m, 2H), 7.42-7.38 (m, 1H), 7.37-7.23
(m, 8H), 7.19-7.14 (m, 1H), 5.76 (d, J=9.2 Hz, 1H), 5.66 (d, J/=9.2 Hz,
1H), 4.96-4.88 (m, TH), 4.55-4.45 (m, 1H), 4.34 (brs, 1H), 4.23-4.11
(m, 1H), 2.36 (s, 3H) ppm; "C{'H} NMR (100 MHz, CDCl;) & 169.8,
144.0, 138.7, 138.2, 137.9, 136.4, 132.3, 132.0, 1304, 128.9, 128.8,
128.4,128.0, 127.7,127.2, 123.9, 123.8, 123.4, 123.0, 63.8, 61.8, 60.6,
21.3 ppm; HRMS (ESI) m/z: [M+Na]* Calcd for CyH,,CINO,Na*,
426.1231, found 426.1230.

(R)-3-((2)-2-Chloro-2-(3-methoxyphenyl)vinyl)-2-((R)-2-hydroxy-1-
phenylethyl)isoindolin-1-one (9n). White solid (205 mg, 62 %), mp
139-141°C; [a]2' =—88.6 (c 1.00, CHCLy); IR (film): v, 3061, 2928,
1596, 1470, 1394, 1265, 1048, 779, 747, 694 cm™'; "H NMR (400 MHz,
CDCly) 6 7.90-7.85 (m, 1H), 7.55-7.47 (m, 2H), 7.43-7.39 (m, TH),
7.36-7.23 (m, 6H), 7.09-7.02 (m, 2H), 6.93-6.88 (m, 1H), 5.79 (d, J=
9.2 Hz, 1H), 5.65 (d, J=9.2 Hz, 1H), 490 (dd, J=8.4, 4.0 Hz, 1H),
4.55-4.46 (m, 1H), 4.34 (brs, 1H), 4.16 (dd, J=8.0, 3.6 Hz, 1H), 3.81 (s,
3H) ppm; *C{'"H} NMR (100 MHz, CDCl;) 6 169.5, 159.4, 143.6, 138.0,
137.6 (2C), 132.0, 131.8, 129.3, 128.7, 128.5, 127.8, 127.5, 123.7,
122.8, 118.8, 114.9, 112.2, 63.5, 61.6, 60.3, 55.2 ppm; HRMS (ESI)
m/z: [M+Na]* Calcd for CyH,,CINOsNa*, 442.1180, found
442.1181.

(R)-3-((2)-2-(3-Bromophenyl)-2-chlorovinyl)-2-((R)-2-hydroxy-1-
phenylethyl)isoindolin-1-one (90). Yellow oil (261 mg, 71%);
[a]3t=—304.0 (c 0.50, CHCL,); IR (film): v, 3059, 2922, 1669, 1472,
1397, 1349, 1215, 1068, 749, 692 cm™'; 'H NMR (400 MHz, CDCl;) ¢
7.91-7.83 (m, 1H), 7.55-7.45 (m, 4H), 7.43-7.39 (m, 1H), 7.38-7.25
(m, 8H), 5.78 (d, J/=9.2 Hz, TH), 5.66 (d, /=8.8 Hz, 1H), 4.92 (dd, /=
8.0, 3.6 Hz, 1H), 4.56-4.47 (m, 1H), 4.34 (brs, 1H), 4.20-4.12 (m, 1H)
ppm; “C{'H} NMR (100 MHz, CDCl;) 6 169.8, 144.0, 138.5, 137.9,
136.4, 132.3, 132.1, 129.6, 128.9, 128.8, 128.5, 128.0, 127.7, 126.6,
123.9, 123.7, 123.1, 63.8, 61.8, 60.6 ppm; HRMS (ESI) m/z: [M + Na]*
Calcd for C,sH,,CINO;Na ™, 490.0180, found 490.0181.
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(R)-3-((2)-2-Chloro-2-(3-fluorophenyl)vinyl)-2-((R)-2-hydroxy-1-

phenylethyl)isoindolin-1-one (9 p). White solid (232 mg, 72 %), mp
157-159°C; [a)3'=—97.4 (c 0.50, CHCly); IR (film): v, 3061, 2922,
1669, 1582, 1392, 1263, 1155, 1073, 749, 699cm™’; 'H NMR
(400 MHz, CDCl;) 6 7.92-7.82 (m, 1H), 7.56-7.47 (m, 2H), 7.42-7.37
(m, 1H), 7.36-7.22 (m, 7H), 7.21-7.13 (m, 1H), 7.10-7.01 (m, 1H), 5.79
(d, / =8.8Hz, 1H), 5.66 (d, J=8.8 Hz, 1H), 4.94 (dd, J=8.8, 4.4 Hz,
1H), 4.58-4.47 (m, 1H), 4.20-4.14 (m, 1H), 4.13-4.06 (m, 1H) ppm;
B3C{"H} NMR (100 MHz, CDCl,) 6 169.7, 162.6 (d, J=245.2 Hz), 143.6,
138.6 (d, J/=7.9 Hz), 137.8, 136.8 (d, /=2.7 Hz), 132.3, 132.0, 130.0
(d, J=8.3 Hz), 129.0, 128.8, 128.1, 127.7, 125.1, 124.0, 123.0, 122.2
(d, J=2.7 Hz), 116.5 (d, J=21.2 Hz), 113.9 (d, /=23.7 Hz), 63.6, 61.6,
60.3 ppm; '°F NMR (376 MHz, CDCl;) 6 —112.8 ppm; HRMS (ESI) m/z:
[M+Nal* Calcd for C,,H;,FCINO,Na ™, 430.0981, found 430.0980.

(S)-3-((2)-2-Chloro-2-(3-fluorophenyl)vinyl)-2-((R)-2-hydroxy-1-
phenylethyl)isoindolin-1-one ((S,ZR)-9p). [a]Z=-125.2 (c 1.00,
CHCL); IR (film): v, 3061, 2922, 1669, 1582, 1392, 1263, 1155, 1073,
749, 699 cm™'; "TH NMR (400 MHz, CDCl;) 8 7.92-7.86 (m, 1H), 7.62-
751 (m, 2H), 7.37-7.33 (m, 1H), 7.24-7.14 (m, 4H), 7.12-7.05 (m, 2H),
7.04-6.92 (m, 3H), 5.70 (d, J=10.4 Hz, 1H), 4.94 (d, J=10.4 Hz, 1H),
4,70 (dd, /=8.0, 3.6 Hz, 1H), 4.58-4.48 (m, 1H), 4.44-4.34 (m, 1H),
4.16-4.07 (m, 1H) ppm; *C{'"H} NMR (100 MHz, CDCl;) 6 169.5, 162.4
(d, J=247.1 Hz), 1433, 13743 (d, /=7.7 Hz), 13742, 137.1 (d, J=
2.2 Hz), 132.4, 132.1, 130.2 (d, J=8.4 Hz), 129.2, 128.7, 128.0, 127.1,
126.6, 124.1, 124.0 (d, J=3.0 Hz), 122.9, 116.6 (d, J=21.0 Hz, 1H),
115.7 (d, J=22.7 Hz), 64.4, 63.1, 60.1 ppm; "F NMR (376 MHz,
CDCl;) 6 —113.2ppm; HRMS (ESI) m/z: [M+Na]® Caled for
C,sH1oCIFNO,Na™ 430.0981, found 430.0988.

(S)-3-((E)-2-Chloro-2-(3-fluorophenyl)vinyl)-2-((R)-2-hydroxy-1-
phenylethyl)isoindolin-1-one ((SER)-9p). [a]®=+159.0 (c 1.00,
CHCLy); IR (film): v, 3061, 2922, 1669, 1582, 1392, 1263, 1155, 1073,
749, 699 cm™'; "TH NMR (400 MHz, CDCl;) 6 7.90-7.84 (m, 1H), 7.55-
7.46 (m, 2H), 7.41-7.26 (m, 6H), 7.25-7.20 (m, 1H), 7.05-7.00 (m, 2H),
6.96-6.90 (m, 1H), 5.74 (d, J=6.0 Hz, 1H), 5.71 (d, J=6.0 Hz, 1H),
5.16 (dd, J=5.6, 3.2 Hz, 1H), 4.40 (dd, J=8.0, 5.6 Hz, 1H), 4.20 (dd,
J=8.0,3.2 Hz, 1H), 3.79 (brs, 1H) ppm; C{'H} NMR (100 MHz, CDCl;)
0 169.9, 162.5 (d, J=245.1 Hz), 143.5, 138.7 (d, J=7.8 Hz), 138.0,
135.4, 132.3, 131.9, 129.9 (d, J=8.3 Hz), 129.0, 128.9, 128.0, 127.9,
125.7,123.9, 122.9, 122.1 (d, /=24 Hz), 116.3 (d, J/=21.1 Hz), 113.8
(d, J=23.6 Hz), 63.9, 61.9, 61.7 ppm; "°F NMR (376 MHz, CDCl;) &
—112.5 ppm; HRMS (ESI) m/z: [M+Na]* Calcd for C,,H;;CIFNO,Na™*
430.0981, found 430.0981.

(R)-3-((E)-2-Chloro-2-(3-fluorophenyl)vinyl)-2-((R)-2-hydroxy-1-
phenylethyl)isoindolin-1-one ((RER)-9p). [a]Z=+232.0 (c 0.50,
CHCLy); IR (film): v 3061, 2922, 1669, 1582, 1392, 1263, 1155, 1073,
749, 699 cm™'; "TH NMR (400 MHz, CDCl;) & 7.89-7.85 (m, 1H), 7.61-
756 (m, 1H), 7.54-7.49 (m, 1H), 7.40-7.37 (m, 1H), 7.35-7.31 (m, 1H),
7.26-7.20 (m, 5H), 7.14-7.04 (m, 3H), 5.57 (d, J=6.8 Hz, 1H), 5.11
(dd, J=6.0 Hz, 3.6 Hz, 1H), 5.08 (d, J=7.2 Hz, 1H), 4.36 (dd, J=8.0,
6.0 Hz, 1H), 4.20 (dd, J=8.0, 3.6 Hz, 1H), 3.17 (brs, TH) ppm; C{'H}
NMR (100 MHz, CDCl;) 6 169.6, 162.5 (d, J=246.8 Hz), 143.3, 137.6
(d, J=7.9 Hz), 137.2, 135.0, 132.3, 131.8, 130.4 (d, J=8.4 Hz), 129.1,
128.8, 128.0, 127.6, 124.1, 122.8, 116.7 (d, /=209 Hz), 115.7 (d, J=
22.5Hz), 63.5, 60.2, 60.1 ppm; "F NMR (376 MHz, CDCl;) &
—111.0 ppm; HRMS (ESI) m/z: [M+Na] " Calcd for C,H,,CIFNO,Na*
30.0981, found 430.0988.

(R)-3-((2)-2-Chloro-2-(naphthalen-2-yl)vinyl)-2-((R)-2-hydroxy-1-

phenylethyl)isoindolin-1-one (9q). Colorless oil (222 mg, 64%);
[a]2' =—143.8 (c 0.50, CHCL,); IR (film): v, 3059, 2922, 1671, 1604,
1499, 1424, 1298, 1220, 1073, 749, 699 cm™"; '"H NMR (400 MHz,
CDCly) 6 8.04-7.98 (m, 1H), 7.92-7.78 (m, 4H), 7.57-7.44 (m, 6H),
7.40-7.26 (m, 5H), 5.93 (d, J=9.2 Hz, 1H), 5.71 (d, J=9.2 Hz, 1H),
4.90-4.90 (m, TH), 4.59-4.48 (m, 1H), 4.29-4.07 (m, 2H) ppm; "*C{'H}
NMR (100 MHz, CDCl;) 6 169.8, 143.9, 138.6, 137.9, 133.6, 133.5,
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1329, 1323, 132.1, 128.9, 128.8, 128.6, 128.2, 128.1, 127.8, 127.6,
127.2, 126.9, 126.7, 124.0 (2 C), 123.5, 123.1, 63.9, 62.0, 60.7 ppm;
HRMS (ESI) m/z: [M+Nal* Calcd for C,H,,CINO,Na*, 462.1231,
found 462.1231.

(R)-3-((2)-2-Chloro-2-cyclopropylvinyl)-2-((R)-2-hydroxy-1-phenyl-
ethyl)isoindolin-1-one (9r). White solid (142 mg, 51%), mp 169-
171°C; [a]3'=—60.1 (c 0.40, CHCLy); IR (film): vy, 3059, 2922, 1671,
1467, 1397, 1348, 1208, 1073, 749, 699 cm™'; 'H NMR (400 MHz,
CDCl;) 6 7.88-7.83 (m, 1H), 7.54-7.46 (m, 2H), 7.34-7.27 (m, 6H),
542 (d, J=9.2Hz, 1H), 524 (d, J=9.2Hz, 1H), 476 (dd, J=7.6,
3.6 Hz, 1H), 4.52-4.38 (m, 2H), 4.17-4.10 (m, TH), 1.74-1.67 (m, 1H),
0.83-0.73 (m, 4H) ppm; “C{'H} NMR (100 MHz, CDCl;) & 169.7,
144.4, 143.2, 137.9, 132.1, 132.0, 128.7 (2C), 127.9, 127.7, 123.7,
123.0, 120.3, 64.1, 62.0, 60.2, 18.7, 6.4, 6.1 ppm; HRMS (ESI) m/z: [M
-+Na]* Calcd for C,,H,,CINO,Na™, 376.1075, found 376.1075.

(R)-3-((2)-2-Chlorohept-1-en-1-yl)-2-((R)-2-hydroxy-1-phenylethyl)
isoindolin-1-one (95s). Colorless oil (195 mg, 67%); [a]Z'=—27.5 (c
1.00, CHCl,); IR (film): v, 3059, 2922, 1671, 1469, 1395, 1352, 1130,
1073, 749, 699 cm™"; 'H NMR (400 MHz, CDCl,) 6 7.90-7.87 (m, 1H),
7.58-7.50 (m, 2H), 7.37-7.28 (m, 4H), 7.25-7.23 (m, 2H), 531 (d, J=
10.4 Hz, 1H), 4.97 (d, J=10.0 Hz, 1H), 4.80 (s, 1H), 4.68 (dd, J=7.6,
3.2 Hz, TH), 4.43-4.35 (m, 1H), 4.17-4.10 (m, TH), 2.22-2.14 (m, 2H),
1.59-1.51 (m, 2H), 1.27-1.23 (m, 2H), 0.90-0.84 (m, 3H) ppm; "*C{'H}
NMR (100 MHz, CDCl;) 6 169.7, 144.0, 142.4, 138.0, 132.5, 132.2,
129.1, 129.0, 128.2, 127.5, 124.1, 123.8, 123.0, 64.7, 63.2, 60.0, 34.2,
31.2, 27.8, 22.4, 14.0 ppm; HRMS (ESI) m/z: [M+Nal* Calcd for
Cy3H,cCINO,Na*, 406.1544, found 406.1543.

(R)-3-((2)-2-Chloro-2-(thiophen-3-yl)vinyl)-2-((R)-2-hydroxy-1-phe-
nylethyl)isoindolin-1-one (9t). White solid (228 mg, 73 %), mp 165-
167°C; [a]%* =—107.1 (c 1.00, CHCL,); IR (film): v,,,, 3030, 2922, 1671,
1624, 1469, 1397, 1352, 1073, 749, 699 cm™"; '"H NMR (400 MHz,
CDCly) 6 7.91-7.86 (m, 1H), 7.56-7.48 (m, 2H), 7.41-7.37 (m, 1H),
7.35-7.26 (m, 7H), 7.03-6.99 (m, 1H), 5.75 (d, J=9.2 Hz, 1H), 5.57 (d,
J=9.2 Hz, 1H), 4.86 (dd, J=8.0, 3.6 Hz, 1H), 4.52-4.43 (m, TH), 4.33
(brs, TH), 4.19-4.12 (m, TH) ppm; "*C{'"H} NMR (100 MHz, CDCl,) ¢
169.7, 143.7, 140.2, 137.8, 132.3, 132.0, 131.8, 128.9, 128.8, 128.0,
127.7, 127.6, 127.2, 127.1, 123.9, 123.1, 121.4, 64.0, 62.1, 60.4 ppm;
HRMS (ESI) m/z: [M+Na]*™ Calcd for C,,H,,CINO,SNa”, 418.0639,
found 418.0638.

(R)-6-Chloro-3-((2)-2-chloro-2-phenylvinyl)-2-((R)-2-hydroxy-1-
phenylethyl)isoindolin-1-one (10a). Colorless oil (214 mg, 64%);
[a]2) =—52.4 (c 1.00, CHCLy); IR (film): v, 3059, 2927, 1678, 1614,
1422, 1352, 1118, 1061, 762, 692 cm™'; '"H NMR (400 MHz, CDCl,) ¢
7.83-7.78 (m, 1H), 7.52-7.46 (m, 3H), 7.42-7.30 (m, 9H), 5.80-5.75
(m, 1H), 5.72-5.66 (m, 1H), 5.01-4.92 (m, 1H), 4.60-4.48 (m, 1H),
4.30-4.03 (m, 2H) ppm; "“C{'H} NMR (100 MHz, CDCl;) 6 168.7,
145.5, 138.9, 138.7, 137.7, 136.2, 130.5, 129.8, 129.5, 128.8, 128.5,
128.1, 127.7, 126.6, 125.1, 123.4, 123.0, 63.4, 61.5, 60.0 ppm; HRMS
(ESI) m/z: [M+Nal* Caled for CyH,,CI,NO2Na*, 446.0685, found
446.0686.

(R)-6-Chloro-3-((2)-2-chloro-2-(o-tolyl)vinyl)-2-((R)-2-hydroxy-1-
phenylethyl)isoindolin-1-one (10b). Colorless oil (238 mg, 69 %);
[a]2 =—47.3 (c 1.00, CHCLy); IR (film): v, 3059, 2920, 1681, 1611,
1420, 1389, 1352, 1297, 1063, 769, 694 cm™'; '"H NMR (400 MHz,
CDCly)) 6 7.81-7.75 (m, 1H), 7.49-7.44 (m, 1H), 7.40-7.23 (m, 7H),
7.22-7.13 (m, 3H), 5.56 (d, J=8.8 Hz, 1H), 5.43 (d, J=9.2 Hz, 1H),
484 (dd, /=9.2, 4.0 Hz, 1H), 459-4.51 (m, 1H), 4.22-4.11 (m, 2H),
242 (s, 3H) ppm; “C{'"H} NMR (100 MHz, CDCl;) 6 168.7, 145.5,
139.1, 138.7, 137.6, 135.6, 130.6, 129.5, 129.1, 128.9, 128.2, 127.6,
126.2, 126.0, 125.2, 123.2, 63.8, 62.5, 60.0, 20.0 ppm; HRMS (ESI)
m/z: [M+Na]* Caled for CyH,,CI,NO,Na*, 460.0842, found
460.0844.
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(R)-6-Chloro-3-((2)-2-chloro-2-(m-tolyl)vinyl)-2-((R)-2-hydroxy-1-
phenylethyl)isoindolin-1-one (10c). Colorless oil (228 mg, 66 %);
[a]2' = —40.8 (c 0.50, CHCIy); IR (film): v, 3059, 2928, 1676, 1609,
1425, 1392, 1352, 1065, 781, 694 cm™"; 'H NMR (400 MHz, CDCl,)
7.80-7.76 (m, 1H), 7.47-7.44 (m, 1H), 7.39-7.37 (m, 1H), 7.34-7.24
(m, 8H), 7.20-7.17 (m, 1H), 5.73 (d, J=9.2 Hz, TH), 5.64 (d, J=9.2 Hz,
1H), 4.92 (dd, /=8.8, 4.0 Hz, 1H), 4.56-4.45 (m, 1H), 4.21-4.01 (m,
2H), 2.36 (s, 3H) ppm; C{'"H} NMR (100 MHz, CDCl;) 6 168.7, 145.5,
139.2, 138.7, 138.3, 137.7, 136.2, 130.6, 130.5, 129.5, 128.9, 1284,
128.1, 127.7, 127.2, 125.1, 1239, 123.4, 1226, 63.6, 61.6, 60.1,
21.3 ppm; HRMS (ESI) m/z: [M+Na]* Calcd for CysH,,C,NO,Na*,
460.0842, found 460.0840.

(R)-6-Chloro-3-((2)-2-chloro-2-(2-fluorophenyl)vinyl)-2-((R)-2-
hydroxy-1-phenylethyl)isoindolin-1-one  (10d). Colorless  oil
(241 mg, 69%); []Z =—47.8 (c 1.00, CHCL); IR (film): vy, 3061,
2926, 2851, 1679, 1487, 1434, 1344, 1196, 762, 701 cm™'; 'H NMR
(400 MHz, CDCl;) 6 7.82-7.74 (m, 1H), 7.51-7.26 (m, 9H), 7.18-7.05
(m, 2H), 5.77 (d, J=9.2 Hz, 1H), 5.62 (d, J/=9.2 Hz, TH), 4.94-4.86 (m,
1H), 4.60-4.48 (m, TH), 4.34 (brs, TH), 4.19-4.11 (m, 1H) ppm; "*C{'H}
NMR (100 MHz, CDCl,) 6 168.4, 159.3 (d, J=250.5 Hz), 141.8, 137.6,
135.2, 133.8, 132.5, 132.2, 131.2 (d, J=8.5 Hz), 130.2, 128.8, 128.3 (d,
J=6.7 Hz), 128.2, 127.8, 125.0 (d, J=11.7 Hz), 124.3, 124.0, 124.2 (d,
J=3.6Hz), 116.2 (d, /=223 Hz), 63.6, 62.2, 60.3 ppm; 'F NMR
(376 MHz, CDCl;) 6 —113.1 ppm; HRMS (ESI) m/z: [M+Na]* Calcd
for C,,H,sCLFNO,Na*, 464.0591, found 464.0594.

(R)-6-Chloro-3-((2)-2-chloro-2-(4-chlorophenyl)vinyl)-2-((R)-2-
hydroxy-1-phenylethyl)isoindolin-1-one  (10e). Colorless  oil
(264 mg, 73%); [aJ3' =—55.1 (c 1.00, CHCL); IR (film): v, 3060,
2925, 1681, 1611, 1492, 1395, 1352, 1088, 826, 701 cm™'; 'H NMR
(400 MHz, CDCl;) 6 7.80-7.74 (m, 1H), 7.47-7.42 (m, 1H), 7.40-7.42
(m, TH), 7.40-7.37 (m, 1H), 7.37-7.32 (m, 7H), 7.32-7.25 (m, 2H), 5.72
(d, J/=9.2 Hz, 1H), 5.69 (d, J=9.2 Hz, 1H), 5.05 (dd, /=8.8, 3.6 Hz,
1H), 4.61-4.47 (m, 1H), 4.21 (dd, J/=12.0, 4.0 Hz, 1H), 4.13 (brs, 1H)
ppm; PC{'H} NMR (100 MHz, CDCl;) 6 168.7, 1453, 138.7, 137.7,
137.3, 135.8, 134.7, 1304, 129.5, 128.8, 128.6, 128.1, 127.9, 127.7,
125.1, 123.8, 123.4, 63.1, 60.8, 59.7 ppm; HRMS (ESI) m/z: [M+ Na]*
Calcd for C,,H,4CI;NO,Na ™, 480.0295, found 480.0298.

(R)-6-Chloro-3-((2)-2-chloro-2-(thiophen-2-yl)vinyl)-2-((R)-2-
hydroxy-1-phenylethyl)isoindolin-1-one  (10f).  Colorless  oil
(241 mg, 71%); [a]?2 =—52.7 (c 0.3, CHCL,); IR (film): v,,,, 3061, 2926,
2851, 1679, 1487, 1434, 1344, 1196, 762, 701 cm™'; 'H NMR
(400 MHz, CDCl;) 6 7.83-7.77 (m, 1H), 7.57-7.53 (m, 1H), 7.49-7.45
(m, 1H), 7.41-7.38 (m, 1H), 7.36-7.28 (m, 6H), 7.11-7.07 (m, 1H), 5.72
(d, J=9.2 Hz, 1H), 5.65 (d, J=9.2 Hz, 1H), 4.95 (dd, /=9.2, 3.6 Hz,
1H), 4.53 (dd, J=11.6, 7.2 Hz, TH), 431-4.05 (m, 2H) ppm; "*C{'"H}
NMR (100 MHz, CDCl;) 6 168.7, 145.5, 138.7, 138.1, 137.7, 133.6,
130.5, 129.5, 128.8, 128.1, 127.7, 126.8, 125.1, 124.8, 123.5, 1214,
63.4, 61.5, 59.8 ppm; HRMS (ESI) m/z: [M+Na]® Calcd for
C,,H,,CIL,NO,5Na*, 452.0249, found 452.0248.

(R)-6-Chloro-3-((2)-2-chloro-2-(thiophen-3-yl)vinyl)-2-((R)-2-

hydroxy-1-phenylethyl)isoindolin-1-one  (10g). Colorless  oil
(153 mg, 45%); [a]2*=—-22.7 (c 1.00, CHCLy); IR (film): v, 2928,
1666, 1606, 1501, 1467, 1300, 1223, 1120, 1073, 828, 699 cm~'; 'H
NMR (400 MHz, CDCl,) & 7.82-7.77 (m, TH), 7.56-7.51 (m, TH), 7.48—
7.44 (m, 1H), 7.38-7.36 (m, TH), 7.35-7.27 (m, 6H), 7.11-7.06 (m, TH),
571 (d, J=9.2Hz, 1H), 560 (d, J=9.2 Hz, 1H), 488 (dd, /=84,
3.2 Hz, TH), 4.55-4.45 (m, 1H), 4.15 (dd, J =12.4, 3.6 Hz, TH), 4.16
(brs, TH) ppm; "C{'H} NMR (100 MHz, CDCl;) 6 168.7, 145.5, 138.7,
138.0, 137.6, 133.8, 130.5, 129.5, 128.8, 128.2, 127.7, 126.9, 125.1
(20), 124.8,123.5, 121.3, 63.6, 61.8, 59.8 ppm; HRMS (ESI) m/z: [M +
Na]* Calcd for C,,H,,Cl,NO,SNa*, 452.0249, found 452.0252.

(R)-3-((2)-2-Chloro-2-phenylvinyl)-2-((R)-2-hydroxy-1-phenyleth-
yl)-5,6-dimethoxyisoindolin-1-one (11a). White solid (248 mg,
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70%), mp 143-145°C; [a]3' =—75.9 (c 1.00, CHCL,); IR (film): vy
3059, 2935, 1663, 1624, 1499, 1424, 1298, 1217, 759, 694 cm™"; 'H
NMR (400 MHz, CDCL;) 6 7.54-7.49 (m, TH), 7.40-7.28 (m, 9H), 6.82—
6.78 (m, 1H), 5.80 (d, J=9.2 Hz, 1H), 5.56 (d, J=9.2, 1H), 4.86 (dd,
J=8.0, 3.6 Hz, TH), 4.47 (dd, J=12.4, 9.2 Hz, TH), 4.16 (dd, J=12.0,
3.6 Hz, 1H), 3.95 (s, 3H), 3.89 (s, 3H) ppm; “C{'"H} NMR (100 MHz,
CDCly) 6 170.1, 153.3, 150.3, 138.4, 138.1, 137.6, 136.3, 129.7, 128.8,
128.5, 128.3, 127.9, 127.6, 126.6, 124.2, 124.0, 105.3, 104.8, 64.0,
619, 60.2, 56.4ppm; HRMS (ESI) m/z: [M+Nal® Calcd for
C,6H,,CINO,Na™, 450.1468, found 450.1468.

(R)-3-((2)-2-Chloro-2-(p-tolyl)vinyl)-2-((R)-2-hydroxy-1-phenyleth-
yl)-5,6-dimethoxyisoindolin-1-one (11b). White solid (238 mg,
65%), mp 108-110°C; [a]?' =—57.1 (c 1.00, CHCLy); IR (film): va
3026, 2925, 1663, 1502, 1465, 1302, 1220, 1081, 757, 699 cm™'; 'H
NMR (400 MHz, CDCl;) 6 7.44-7.39 (m, 2H), 7.34-7.28 (m, 5H), 7.20-
7.14 (m, 2H), 6.82-6.78 (m, 1H), 5.75 (d, J=9.2 Hz, 1H), 5.54 (d, J=
9.2 Hz, 1H), 4.86 (dd, J=8.0, 4.0 Hz, 1H), 4.55 (brs, 1H), 4.44 (dd, /=
12.0, 8.8 Hz, 1H), 4.15 (dd, J=11.6, 3.6 Hz, 1H), 3.95 (s, 3H), 3.88 (s,
3H), 2.37 (s, 3H) ppm; C{'"H} NMR (100 MHz, CDCl;) 6 170.0, 153.3,
150.3, 139.9, 138.5, 138.1, 137.8, 133.6, 129.2, 128.7, 127.9, 127.6,
126.5, 124.2, 122.8, 105.3, 104.8, 64.0, 62.0, 60.3, 56.3, 21.2 ppm;
HRMS (ESI) m/z: [M+Na]* Calcd for C,,H,CINO,Na*, 486.1443,
found 486.1444.

(R)-3-((2)-2-(4-Butylphenyl)-2-chlorovinyl)-2-((R)-2-hydroxy-1-phe-
nylethyl)-5,6-dimethoxyisoindolin-1-one  (11c). Colorless oil
(247 mg, 62%); [a]®®=—22.4 (c 1.00, CHCLy); IR (film): v, 2922,
2851, 1669, 1599, 1494, 1390, 1300, 1217, 769, 696 cm~'; 'H NMR
(400 MHz, CDCl;) 6 7.48-7.42 (m, 2H), 7.35-7.27 (m, 6H), 7.20-7.16
(m, 2H), 6.82-6.78 (m, 1H), 5.77 (d, J=9.2 Hz, 1H), 5.53 (d, J=9.2 Hz,
1H), 4.87-4.76 (m, 1H), 4.63-4.37 (m, 2H), 4.17-4.10 (m, TH), 3.96 (s,
3H), 3.89 (s, 3H), 2.60-2.61 (m, 2H), 1.62-1.56 (m, 2H), 1.37-1.32 (m,
2H), 0.94-0.90 (m, 3H) ppm; "C{'H} NMR (100 MHz, CDCl;) 6 170.0,
153.3, 150.3, 145.0, 138.6, 138.1, 137.8, 133.7, 128.7, 128.6, 127.9,
127.6, 126.5, 124.2, 122.8, 105.3, 104.8, 64.1, 62.1, 60.4, 56.3, 35.3,
33.5, 223, 139ppm; HRMS (ESI) m/z: [M+Nal® Calcd for
C;0H3,CINO,Na ¥, 506.2096, found 506.2097.

(R)-3-((2)-2-Chloro-2-(2-fluorophenyl)vinyl)-2-((R)-2-hydroxy-1-
phenylethyl)-5,6-dimethoxyisoindolin-1-one (11d). Colorless oil
(280 mg, 76%); [a]3' =—57.7 (¢ 1.00, CHCL); IR (film): v, 2926,
1667, 1498, 1348, 1298, 1219, 1075, 1031, 761, 699 cm™'; 'H NMR
(400 MHz, CDCl;) 6 7.51-7.43 (m, 1H), 7.38-7.24 (m, 7H), 7.20-7.15
(m, TH), 7.13-7.05 (m, 1H), 6.89-6.83 (m, 1H), 5.79 (d, J=9.2 Hz, 1H),
5.52 (d, J=9.2 Hz, 1H), 4.89-4.79 (m, 1H), 4.61 (brs, 1H), 4.52-4.39
(m, TH), 4.20-4.14 (m, TH), 3.95 (s, 3H), 3.92 (s, 3H) ppm; "*C{'H}
NMR (100 MHz, CDCl;) ¢ 170.1, 159.3 (d, J=250.3 Hz), 153.4, 150.4,
138.0, 137.3, 131.7, 131.1 (d, J=8.6 Hz), 130.2, 129.2 (d, J=6.6 Hz),
128.7,128.0, 127.7, 125.2 (d, J=11.7 Hz), 124.3, 124.2 (d, J/=3.5 Hz),
116.2 (d, J=22.3 Hz), 105.3, 104.8, 64.2, 62.4, 60.2, 56.4, 56.3 ppm;
'9F NMR (376 MHz, CDCl;) 6 —113.6 ppm; HRMS (ESI) m/z: [M+Na]*
Calcd for C,6H,3CIFNO,Na ™, 490.1192, found 490.1193.

(R)-3-((2)-2-(3-Bromophenyl)-2-chlorovinyl)-2-((R)-2-hydroxy-1-
phenylethyl)-5,6-dimethoxyisoindolin-1-one (11e). Colorless oil
(304 mg, 73%); [a)®=—89.0 (c 1.00, CHCly); IR (film): v, 2930,
1666, 1501, 1424, 1382, 1300, 1217, 1078, 759, 700 cm™"; 'H NMR
(400 MHz, CDCl;) 6 7.50-7.42 (m, 1H), 7.35-7.30 (m, 6H), 7.27-7.23
(m, TH), 7.18-7.12 (m, 6H), 7.17-7.13 (m, 1H), 7.10-7.03 (m, TH),
6.85-6.81 (m, 1H), 5.78 (d, /=9.2 Hz, 1H), 5.48 (d, J=8.8 Hz, 1H),
4.84-4.81 (m, 1H), 4.64-4.56 (m, 1H), 4.51-4.35 (m, 1H), 4.17-4.10
(m, 1H), 3.93 (s, 3H), 3.89 (s, 3H) ppm; >C{"H} NMR (100 MHz, CDCl;)
0 170.0, 153.4, 150,5, 138.3, 137.9, 137.3, 136.5, 132.5, 130.0, 129.6,
128.8, 128.1, 127.6, 125.5, 125.2, 124.3, 122.7, 105.4, 104.8, 63.9,
61.7, 59.9, 56.4ppm; HRMS (ESI) m/z: [M+Nal® Calcd for
C,6H,:CIBINO,Na ™, 550.0391, found 550.0394.
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(R)-3-((2)-2-Chloro-2-(3-methoxyphenyl)vinyl)-2-((R)-2-hydroxy-1-
phenylethyl)-5,6-dimethoxyisoindolin-1-one (11f). Colorless oil
(250 mg, 66%); [a]®=—66.7 (c 1.00, CHCLy); IR (film): v, 2924,
2851, 1665, 1597, 1500, 1467, 1295, 1216, 777, 696 cm™'; 'H NMR
(400 MHz, CDCl,) 6 7.34-7.27 (m, 7H), 712-7.05 (m, 2H), 6.96-6.87
(m, 1H), 6.83-6.74 (m, 1H), 5.81 (d, J/=9.2 Hz, 1H), 5.50 (d, J=8.8 Hz,
1H), 4.80-4.76 (m, 1H), 4.49-4.42 (m, 2H), 4.17-4.09 (m, 1H), 3.94 (s,
3H), 3.88 (s, 3H), 3.81 (s, 3H) ppm; ">C{'H} NMR (100 MHz, CDCl;) ¢
170.0, 159.6, 153.4, 150.4, 138.2, 138.0, 137.7, 137.6, 129.5, 128.7,
128.0, 127.6, 124.3, 124.1, 119.0, 115.1, 112.5, 105.3, 104.9, 64.1,
62.1, 60.3, 56.4, 56.3, 55.5 ppm; HRMS (ESI) m/z: [M+ Na]" Calcd for
C,;H,CINO;Na", 502.1392, found 502.1393.

Deposition Numbers 2055347 (for 9j), and 2055348 (for 9p)
contain the supplementary crystallographic data for this paper.
These data are provided free of charge by the joint Cambridge
Crystallographic Data Centre and Fachinformationszentrum Karls-
ruhe Access Structures service www.ccdc.cam.ac.uk/structures.

Acknowledgements

We thank the National Natural Science Foundation of China
(21772027) for financial support. We also thank Dr Han-Qing
Dong (Arvinas, Inc.) for helpful suggestions.

Conflict of Interest

The authors declare no conflict of interest.

Keywords: Chiral isoindolinone scaffolds - Diastereoselectivity -
Lewis acids - N,O-acetal - Terminal alkynes

[1] For the selective recent work on the enantioselective construction of a-

Eur. J. Org. Chem. 2021, 2625-2633

position of N-heterocycles, see: a) B.E. Maryanoff, H.C. Zhang, J. H.
Cohen, I.J. Turchi, C. A. Maryanoff, Chem. Rev. 2004, 104, 1431-1628;
b) P. Wu, T. E. Nielsen, Chem. Rev. 2017, 117, 7811-7856; c) S. M. Husain,
R. Frohlich, D. Schepmann, B. Wunsch, J. Org. Chem. 2009, 74, 2788-
2793; d) W. Zhou, Y.-X. Zhang, X.-D. Nie, C.-M. Si, X. Sun, B.-G. Wei, J.
Org. Chem. 2018, 83, 9879-9889; e) K. Yamamoto, M. Kuriyama, O.
Onomura, Acc. Chem. Res. 2020, 53, 105-120; f) D. Thaima, A. Yazici, C.
Auranwiwat, A. C. Willis, U. Wille, T. Limtharakul, S. G. Pyne, Org. Biomol.
Chem. 2021, 19, 259-272.

For the selective work on natural products based on the isoindolinone
skeleton, see: a) S. F. Hussain, R. D. Minard, A.J. Freyer, M. Shamma, J.
Nat. Prod. 1981, 44, 169-178; b) Z-L. Chen, D.-Y. Zhu in The Alkaloids:
Chemistry and Pharmacology (Eds.: A. Brossi), Academic Press, New York,
1987, Vol. 31, pp. 29-62; c) K. W. Bentley in The Isoquinoline Alkaloids
(Eds.: B. Ravindranath), Academic press, Amsterdam, 1998, Vol. 2, pp.
361-375; d)A. Couture, E. Deniau, P. Grandclaudon, C. Hoarau,
Tetrahedron 2000, 56, 1491-1499; e) M.V. Tejesvi, A. M. Pirttila in
Endophytes of Forest Trees: Biology and Applications, Forestry Sciences
(Eds.: A. M. Pirttila, A. C. Frank), Springer, Berlin, 2011, Vol. 80, pp. 302.
For selective biological activities of the isoindolinone skeleton, see:
a)R.C. Larock in Comprehensive Organic Transformations (Eds.: B.
Larock), Wiley-VCH, New York, 1989; Vol. 4, pp. 819-895; b) J. D. Scott,
R. M. Williams, Chem. Rev. 2002, 102, 1669-1730; c) K. W. Bentley, Nat.
Prod. Rep. 2004, 21, 395-424; d) I. P. Singh, P. Shah, Expert Opin. Ther.
Pat. 2017, 27, 17-36.

For the selective work on biologically relevant alkaloids and pharma-
ceutical agents based on the isoindolinone skeleton, see: a) Z. Hussein,
D. J. Mulford, B. A. Bopp, G. R. Granneman, Br. J. Clin. Pharmacol. 1993,
36, 357-361; b)R. Yoneda, Y. Sakamoto, Y. Oketo, K. Minami, S.
Harusawa, T. Kurihara, Tetrahedron Lett. 1994. 35, 3749-3752; c) J.R.

www.eurjoc.org

(8l

s

= =
- O

[16]

2632

Fuchs, R.L. Funk, Org. Lett. 2001, 3, 3923-3925; d) T. Nishiyama, S.
Chiba, Y. Yamada, Eur. J. Pharmacol. 2008, 596, 56-61; e) K. Speck, T.
Magauer, Beilstein J. Org. Chem. 2013, 9, 2048-2078.

T. R. Belliotti, W. A. Brink, S.R. Kesten, J. R. Rubin, D. J. Wustrow, K. T.
Zoski, S. Z. Whetzel, A. E. Corbin, T. A. Pugsley, T. G. Heffner, L. D. Wise,
Bioorg. Med. Chem. Lett. 1998, 8, 1499-1502.

T. Wada, N. Fukuda, Psychopharmacology 1991, 103, 314-322.

For selected relevant work on the synthesis of chiral functionalized
isoindolinones scaffold, see: a) R. Grigg, M.J.R. Dorrity, J. F. Malone,
W. D. J. A. Norbert, T. Mongkolaussavaratana, V. Sridharan, Tetrahedron
Lett. 1990, 31, 3075-3076; b) D. Enders, V. Braig, G. Raabe, Can. J. Chem.
2001, 79, 1528-1535; c) H. McAlonan, J. P. Murphy, M. Nieuwenhuyzen,
K. Reynolds, P. K. S. Sarma, P. J. Stevenson, N. Thompson, J. Chem. Soc.-
Perkin Trans. 2002, 1, 69-79; d) A. A. Bahajaj, J. M. Vernon, G. D. Wilson,
Tetrahedron 2004, 60, 1247-1253; e) M.-D. Chen, X. Zhou, Y.-P. Ruan, P.-
Q. Huang, Tetrahedron 2004, 60, 1651-1657; f) D. L. Comins, S. Schilling,
Y. Zhang, Org. Lett. 2005, 7, 95-98; g) Z.-Q. Wang, C.-G. Feng, M.-H. Xu,
G.-Q. Lin, J. Am. Chem. Soc. 2007, 129, 5336-5337; h) X.-W. Sun, M. Liu,
M.-H. Xu, G.-Q. Lin, Org. Lett. 2008, 10, 1259-1262; i) V. Bisai, R.A.
Unhale, A. Suneja, S. Dhanasekaran, V.K. Singh, Org. Lett. 2015, 17,
2102-2105; j) J-L. Meng, T.-Q. Jiao, Y.-H. Chen, R. Fu, S.-S. Zhang, Q.
Zhao, C.-G. Feng, G.-Q. Lin, Tetrahedron Lett. 2018, 59, 1564-1570; k) D.
Brahmchari, A. K. Verma, S. Mehta, J. Org. Chem. 2018, 83, 3339-3347;
1) R. Kawecki, W. Stanczyk, A. Jaglinska, Tetrahedron 2018, 74, 578-584;
m) Y. Yoshinaga, T. Yamamoto, M. Suginome, J. Am. Chem. Soc. 2020,
142,18317-18323.

For the selective recent work on preparation of chiral isoindolinones
scaffold by Mannich-lactamization reaction, see: a) S. Guo, Y. Xie, X. Hu,
C. Xia, H. Huang, Angew. Chem. Int. Ed. 2010, 49, 2728-2731; Angew.
Chem. 2010, 122, 2788-2791; b) Y. He, C. Cheng, B. Chen, K. Duan, Y.
Zhuang, B. Yuan, M. Zhang, Y. Zhou, Z. Zhou, Y.-J. Su, R. Cao, L. Qiu, Org.
Lett. 2014, 16, 6366-6369; c) V. Bisai, A. Suneja, V.K. Singh, Angew.
Chem. Int. Ed. 2014, 53, 10737-10741; Angew. Chem. 2014, 126, 10913-
10917; d) S. Tiso, A.J. Massa, Heterocycl. Chem. 2015, 52, 1570-1575;
e)Y. Zhang, Y.-F. Ao, Z-T. Huang, D-X. Wang, M.-X. Wang, J. Zhu,
Angew. Chem. Int. Ed. 2016, 55, 5282-5285; Angew. Chem. 2016, 128,
5368-5371; f) A. Suneja, V. Bisai, V.K.J. Singh, Org. Chem. 2016, 81,
4779-4788; g) T. Jiang, W.-W. Chen, M.-H. Xu, Org. Lett. 2017, 19, 2138-
2141; h)R.A. Unhale, N. Molleti, N.K. Rana, S. Dhanasekaran, S.
Bhandary, V. K. Singh, Tetrahedron Lett. 2017, 58, 145-148.

a) V. More, R. Rohlmann, O. G. Mancheno, C. Petronzi, L. Palombi, A. D.
Rosa, A.D. Mola, A. Massa, RSC Adv. 2012, 2, 3592-3595; b) S. Tiso, L.
Palombi, C. Vignes, A. D. Mola, A. Massa, RSC Adv. 2013, 3, 19380-19387;
c) R. Sallio, S. Lebrun, N. Schifano-Faux, J.-F. Goossens, F. Agbossou-
Niedercorn, E. Deniau, C. Michon, Synlett 2013, 24, 1785-1790; d) A. D.
Mola, M. Tiffner, F. Scorzelli, L. Palombi, R. Filosa, P.D. Caprariis, M.
Waser, A. Massa, Beilstein J. Org. Chem. 2015, 11, 2591-2599; e)S.
Lebrun, R. Sallio, M. Dubois, F. Agbossou-Niedercorn, E. Deniau, C.
Michon, Eur. J. Org. Chem. 2015, 2015, 1995-2000.

G. Yang, C. Shen, W. Zhang, Angew. Chem. Int. Ed. 2012, 51, 9141-9145.
K. R. Sumit, M. S. Milon, G. B. Rayhan, A. U. Rajshekhar, K. S. Vinod, Org.
Lett. 2019, 21, 417-422.

M. A. Steven, J. N. Christopher, I. P. Michael, M. Z. S. Alexandra, Tetrahe-
dron Lett. 1999, 40, 141-142.

M.-D. Chen, M.-Z. He, Z. Xiang, L-Q. Huang, Y.-P. Ruan, P.-Q. Huang,
Tetrahedron 2005, 61, 1335-1344.

R. A. Hemming, M. Bell, L. J. Duffy, J. Bristow, J. D. Wallis, S. M. Allin,
P. C. B. Page, Tetrahedron 2019, 75, 121-127.

For the selective recent work on the formation of C—C and
C—heteroatom bonds a) L. V. Lenshmidt, M. S. Ledovskaya, A. G. Larina,
A.S. Filatov, A.V. Stepakovl, Russ. J. Org. Chem. 2020, 56, 234-240;
b) V. N. Babu, A. Murugan, N. Katta, S. Devatha, D.S. Sharada, J. Org.
Chem. 2019, 84, 6631-6641; c) R. O. Argiello-Elasco, J. L. Viveros-Eballos,
M. Ordoéez, P. Kafarski, J. Heterocycl. Chem. 2019, 56, 2068-2073; d) F.
Souquet, W. Drici, S.A. Fayssal, I. Lazouni, S. Thueillon, J.P. Viret,
Synthesis 2019, 51, 46506-46511; e) A. B. Jamaa, M. Latrache, E. Riguet,
F. Grellepois, J. Org. Chem. 2020, 85, 9585-9598; f) M. Franz, T. Stalling,
H. Steinert, J. Martens, Org. Biomol. Chem. 2018, 16, 8292-8304; g) A.
Pesquet, H. Marzag, M. Knorr, C. Strohmann, A. M. Lawson, A. Ghinet, J.
Dubois, F. Amaury, A. Daich, M. Othman, Org. Biomol. Chem. 2019, 17,
2798-2808; h) S. Yuan, S.-X. Wang, M. Zhao, D.-Q. Zhang, J.-J. Chen, J.-X.
Li, J-Y. Zhang, Y.-H. Song, J.-Y. Wang, B. Yu, H.-M. Liu, Chin. Chem. Lett.
2020, 31, 349-352.

For the recent work on intermolecular addition reactions with various
nucleophilic reagents, see: a) S. T. L. Quement, R. Petersen, M. Meldal,

© 2021 Wiley-VCH GmbH

European Chemical
Societies Publishing


https://www.ccdc.cam.ac.uk/services/structures?id=doi:10.1002/ejoc.202100368
https://www.ccdc.cam.ac.uk/structures/?
https://www.ccdc.cam.ac.uk/structures/?

EurJOC Full Papers

European Journal of Organic Chemistry

Chemistry
Europe

doi.org/10.1002/ejoc.202100368 Socienes puiehing

[17

T. E. Nielsen, Biopolymers 2010, 94, 242-256; b) A. Devineau, G. Pousse,
C. Taillier, J. Blanchet, J. Rouden, V. Dalla, Adv. Synth. Catal. 2010, 352,
2881-2886; c) J. Li, Y. Li, Z. Wang, Y. Bian, S. Bai, L. Liu, J. Sun, J. Org.
Chem. 2018, 83, 4257-4263; d) G. M. Ryder, U. Wille, A. C. Willis, S. G.
Pyne, Org. Biomol. Chem. 2019, 17, 7025-7033; e) A. K. Sahu, R. Unnava,
S. Shit, A. K. Saikia, J. Org. Chem. 2020, 85, 1961-1971; f) A. J. Basson,
M. G. McLaughlin, J. Org. Chem. 2020, 85, 5615-5628; g) D. Glavac, N.
Topolovcan, M. Gredicak, J. Org. Chem. 2020, 85, 14253-14261.

For the recent work on intramolecular addition reactions with various
nucleophilic reagents, see: a) I. T. Raheem, P.S. Thiara, E. N. Jacobsen,
Org. Lett. 2008, 10, 157-160; b) M. Stojanovic, R. Markovic, E. Kleinpeter,
M. Baranac-Stojanovic, Org. Biomol. Chem. 2012, 10, 575-589; c)G.
Germer, T. Stalling, U. Kramer, W. Saak, J. Martens, Heteroat. Chem.
2014, 25, 20-25; d) M. Das, A. K. Saikia, J. Org. Chem. 2018, 83, 6178-
6185; e) Y.-X. Zheng, L. Andna, O. Bistri, L. Miesch, Org. Lett. 2020, 22,
6771-6775.

[18] a) S. Hanessian, M. Tremblay, Org. Lett. 2004, 6, 4683-4686; b) J. H.
Jackson, J. F. Alison, Org. Lett. 2021, 23, 1782-1786.

[19] a) P. Han, Z.-Y. Mao, C.-M. Si, Z. Zhou, B.-G. Wei, G.-Q. Lin, J. Org. Chem.
2019, 84, 914-923; b) C. Wang, Z.-Y. Mao, Y.-W. Liu, G.-Q. Lin, Adv. Synth.
Catal. 2020, 362, 822-831; c) Y.-X. Zhang, L.-Y. Chen, J.-T. Sun, C-M. Si,
B.-G. Wei, J. Org. Chem. 2020, 85, 12603-12613.

[20] a) A. K. Maity, S. Roy, Adv. Synth. Catal. 2014, 356, 2627-2642; b) S. Kang,
S. Lee, W. Yang, J. Seo, S. H. Min, Org. Biomol. Chem. 2016, 14, 8815-882.

[21] Y. Tang, Y. Liu, Q. Ruan, M. Zhao, Z. Zhao, H. Cui, Org. Lett. 2020, 22,
1336-1339.

Manuscript received: March 24, 2021
Revised manuscript received: April 18, 2021

Eur. J. Org. Chem. 2021, 2625-2633 www.eurjoc.org

2633 © 2021 Wiley-VCH GmbH


https://www.ccdc.cam.ac.uk/structures/?

