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Abstract—An efficient asymmetric synthesis of highly enantioenriched 3-hetero-substituted 2,3-dihydro-1H-isoindolinones is
reported. The key step is a diastereoselective nucleophilic addition on N-acylhydrazonium intermediates generated by acidic treat-
ment of hemiaminal precursors bearing an (S)-2-alkoxymethyl-pyrrolidin-1-yl type auxiliary. The auxiliary is removed by an oxida-
tive N,N-bond cleavage with magnesium monoperoxyphthalate.
� 2005 Elsevier Ltd. All rights reserved.
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Figure 1. Examples of synthetic pharmacologically active 3-hetero-

substituted isoindolinones.
1. Introduction

2,3-Dihydro-1H-isoindol-1-ones (isoindolinones) and
many derivatives containing this heterobicyclic unit
embedded in their skeleton have attracted a great deal
of interest, since they represent the common building
block of a wide range of naturally occurring and/or
bioactive substances.1

Within this family, 3-hetero-substituted isoindolinones
occupy a special place as witnessed by a great number
of papers emphasizing their pharmaceutical and medic-
inal bioactivities. For example, biologically active com-
pounds (Fig. 1) such as tricyclic isoindolones 1
(non-nucleosidic HIV-reverse transcriptase inhibitor),2

3-pyrazolyl derivatives 2 (antifungic and antibacterial),3

the benzoimidazo isoindolone 3 (cytotoxic)4 or the
bisquaternary bisphthalimidine 4 (ligand of the alloste-
ric binding site of muscarinic M2 receptor)5 have
recently been studied. Accordingly, the synthesis of 3-
hetero-substituted isoindolinones has developed exten-
sively over recent years and this is linked to their
synthetic potential. Indeed, such N,X-acetals have been
involved in the elaboration of architecturally sophisti-
cated compounds via a-aminoalkylation,6 olefination,7

SN
8 or SEAr9 reactions. Surprisingly, little effort has

been devoted to the stereoselective synthesis of enantio-
enriched 3-hetero-substituted models even though it has
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been well established that the control of the stereogenic
centre at C-3 plays a crucial role for the biological activ-
ity.2a,10 To the best of our knowledge, the only way to
build up these bicyclic lactams relies on the condensa-
tion of chiral amino alcohols, thiols or amines with an
ortho-acyl benzoic acid.11 Moreover, to the best of our
knowledge, no report dealing with the synthesis of
N–H free models has appeared.
2. Results and discussion

Herein we report a new and efficient asymmetric synthe-
sis of a variety of 3-hetero-substituted 2,3-dihydro-1H-
isoindol-1-ones 5. The new synthetic approach, which
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Scheme 1. Retrosynthetic analysis of chiral 3-hetero-substituted

isoindolinones.

O

O

O

NaBH4, MeOH

NH

O

Nu H

N

O

H

N

H
RO

N

O

N

H
RO

OH

N

O

N

H
RO

O

N

H
RO

H2N

N

O

N

H
RO

Nu H

TsO

PTSA

NuH, TsOH

10,11

8,9

+
toluene, ∆

14

MMPP, MeOH, rt

5a-g

12,13

87, 81%

87, 85% 70-86%

73-85%

toluene, ∆

6a-g, 7a,e
Nu

for 6a-g R
Me
Bn

6, 8, 10, 12
7, 9, 11, 13

Scheme 2. Asymmetric synthesis of 3-hetero-substituted isoindoli-

nones 5.

876 E. Deniau et al. / Tetrahedron: Asymmetry 16 (2005) 875–881
is depicted in the retrosynthetic Scheme 1, hinges on the
key step, a diastereoselective SN1 type reaction between
an appropriate hetero-nucleophile and the chiral hemi-
aminals 8 and 9 to afford the adducts 6 and 7. The
3-hydroxy isoindolinones should be obtained by the
reduction of the corresponding imides 10 and 11
equipped with a (S)-2-alkoxymethyl-pyrrolidin-1-yl type
auxiliary12 connected to the lactam nitrogen atom. The
ultimate cleavage of the chiral auxiliary should then
complete the synthesis of the target enantioenriched
isoindolinones.

The new synthetic route is depicted in Scheme 2 and re-
quires the preliminary elaboration of the enantiopure
phthalhydrazides 10 and 11. These parent compounds
were readily obtained13 by condensation between phtha-
lic anhydride and (S)-1-amino-2-methoxy and 2-benzyl-
oxymethylpyrrolidine14 12 and 13, respectively. The
imides 10 and 11 were then reduced with sodium boro-
hydride to provide the hemiaminals 8 and 9 with fairly
good yields as a mixture of diastereomers. The resulting
3-hydroxy isoindolinones 8 and 9 were then allowed to
react with an array of hetero-nucleophiles (N, S, P) under
acidic conditions to afford the 3-hetero-substituted com-
pounds 6 and 7 (Table 1). As it can be seen from
Table 1, the formation of the N-aminolactams 6 and 7
occurs with a good to high level of diastereoselection
and the virtually diastereomerically pure compounds
(de >96%) were obtained after the purification steps.
According to Kibayashi�s assumptions,15 the facial selec-
tivity might be ascribed to the nucleophilic addition
onto the less hindered face of the preferred conformer
of the transient N-acylhydrazonium ions 14, thus lead-
ing to (3S)-isomers. The absolute configuration of the
3-hetero-substituted isoindolinones obtained was con-
firmed by the single crystal X-ray analysis of compound
6e (Fig. 2). It is noteworthy that a slight enhancement in
terms of diastereoselectivity was observed by using the
more hindered (S)-2-benzyloxymethylpyrrolidine auxil-
iary instead of its corresponding O-methylated ana-
logue. Moreover, the same phenomenon was observed
when increasing the size of the nucleophile. This clearly
demonstrates that the face differentiation associated
with the diastereoselective nucleophilic addition process
is mainly governed by steric repulsion between the
nucleophile and the alkoxymethyl chain present in the
chiral appendage. Finally, removal of the chiral auxil-
iary was cleanly achieved under oxidation conditions
by treatment of the diastereoenriched adducts 6a–g
with magnesium monoperoxyphthalate hexahydrate
(MMPP).16 This operation afforded the target non-race-
mic 3-hetero-substituted isoindolinones 5a–g (Table 1).
3. Conclusion

In summary, a concise and efficient synthesis of highly
enantioenriched 3-hetero-substituted isoindolinones
based on a diastereoselective nucleophilic addition to
hydrazonium salts bearing a (S)-2-alkoxymethylpyrrol-
idin-1-yl type of auxiliary has been developed. The pro-
tocol described opens an efficient and general entry to
the title compounds and should be widely applicable
to the asymmetric synthesis of biologically active com-
pounds of this type.
4. Experimental

4.1. General

Melting points were determined on a Reichert-Thermo-
pan apparatus and are uncorrected. NMR spectra were
recorded on Bruker AM 300 and Bruker AMX 400 spec-
trometers. They were referenced against internal tetra-
methylsilane. Coupling constants (J) are given in Hz
and rounded to the nearest 0.1 Hz. IR absorption spec-
tra were run on a Perkin–Elmer 881. Mass spectral anal-
yses were performed on a Thermo-finnigan mass
spectrometer. Optical rotations were measured on a
Perkin–Elmer P 343 polarimeter. Elemental analyses



Table 1. Isoindolinones 5a–g, 6a–g, 7a,e prepared

Entry 5–7 NuH 6 (R = Me) 7 (R = Bn) 5

Yielda (%) Deb (%) Yielda (%) Deb (%) Yielda (%) Eec (%)

1 a Benzotriazole 83 75 (>96)d 81 90 (>96)d 73 >96

2 b PhSO2H
e 73 90 (>96)d 85 >96

3 c 4-TolSO2H
e 70 90 (>96)d 82 >96

4 d 4-ClC6H4SO2H
e 72 90 (>96)d 80 >96

5 e Ph2P(O)H17 86 80 (>96)d 84 90 (>96)d 81 >96

6 f (4-MeOC6H4)2P(O)H18 81 80 (>96)d 83 >96

7 g (Naphth-2-yl)2P(O)H18 74 90 (>96)d 78 >96

a After purification.
b Determined by 1H NMR spectroscopy.
c In correlation to the de value of the corresponding hydrazides 6a–g assuming that the deprotection step takes place without racemization.16

d After recrystallization from hexane/toluene.
e PTSA (1 equiv) was added to the corresponding sulfinates in order to generate arylsulfinic acids in situ.

Figure 2. ORTEP view of the crystal structure of (2S,3S)-3-diphenyl-

phosphinoyl-2-(2-methoxymethylpyrrolidin-1-yl)-2,3-dihydro-1H-iso-

indol-1-one 6e with atom numbering.
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were determined by the CNRS microanalysis centre.
TLC was performed with plates coated with Kieselgel
G (Merck). The silica gel used for flash column chroma-
tography was Merck Kieselgel of 0.040–0.063 mm parti-
cle size. Dry glassware was obtained by oven drying and
assembly under Ar. Ar was used as the inert atmosphere
and passed through a drying tube to remove moisture.
The glassware was equipped with rubber septa and
reagent transfer performed by syringe techniques.
Tetrahydrofuran (THF) was distilled from sodium ben-
zophenone ketyl immediately before use. Methanol was
distilled from magnesium turnings.

4.2. Preparation of phthalhydrazides 10 and 11

Phthalhydrazides 10 and 11 were prepared according to
a precedently reported procedure.13

4.2.1. (2S)-2-(2-Benzyloxymethylpyrrolidin-1-yl)phthal-
imide 11. Mp 88–89 �C; ½a�25D ¼ þ5:70 (c 2.60, CHCl3);
1H NMR (400 MHz, CDCl3): 1.58–1.70 (m, 1H), 1.88–
2.14 (m, 3H), 3.29–3.37 (m, 1H), 3.51 (d, J = 5.8 Hz,
2H), 3.59 (q, J = 8.2 Hz, 1H), 3.90–4.00 (m, 1H), 4.30
(d, J = 11.5 Hz, 1H), 4.34 (d, J = 11.5 Hz, 1H), 7.00–
7.11 (m, 5H, Harom), 7.58–7.64 (m, 2H, Harom), 7.68–
7.73 (m, 2H, Harom);

13C NMR (CDCl3): C 167.7
(CO), 138.3, 130.6, CH 134.1, 128.2, 127.6, 127.4,
123.3, 61.1, CH2 74.5, 73.5, 52.9, 27.1, 22.4. MS (EI)
m/z (%): 336 (M+, 6), 215 (100), 216 (17), 130 (16). IR
(KBr) m 2853, 1724, 1385, 1204, 1124, 887. Anal. Calcd
for C20H20N2O3: C, 71.41; H, 5.99; N, 8.33. Found: C,
71.48; H, 6.03; N, 8.56.
4.3. General procedure for the preparation of hydrazides
6 and 7

Phthalhydrazide 10 or 11 (100 mmol), was dissolved in
absolute MeOH (500 mL) and carefully treated with
NaBH4 (4.2 g, 110 mmol) under N2 in an ice-cooled
flask. The mixture was stirred for an additional
30 min. Saturated aqueous NH4Cl solution was added
and the MeOH removed under vacuum. The crude
product was extracted with CH2Cl2 (3 · 100 mL), which
was then dried over Na2SO4. Evaporation of the solvent
furnished oily products, which were then subjected to
chromatography on SiO2 column using acetone/hexanes
as eluent (30/70) to furnish the alcohols 8 and 9 as a
mixture of diastereomers. Hydroxyphthalimidines 8
and 9 (10 mmol), the appropriate hetero-nucleophile
(11 mmol) and p-toluenesulfonic acid (19 mg, 1 mmol)
were dissolved in toluene (50 mL) and the mixture re-
fluxed for 3 h while removing the reaction water via a
Dean–Stark apparatus. The solution was then cooled,
washed with a saturated aqueous solution of NaHCO3

(10 mL) and dried over MgSO4. After removal of the
solvent, the crude compounds were subjected to chro-
matography on SiO2 column using CHCl3/diethyl
ether/hexanes as eluent (50/20/30) and recrystallized
from hexane/toluene to afford the hydrazides 6, 7.
4.3.1. (2S,3S)-3-(1H-Benzotriazol-1-yl)-2-(2-methoxymeth-
ylpyrrolidin-1-yl)-2,3-dihydro-1H-isoindol-1-one 6a. Mp
175–176 �C; ½a�25D ¼ þ26:6 (c 1.60, CHCl3);

1H NMR
(400 MHz, CDCl3): 1.26–1.37 (m, 1H), 1.39–1.51 (m,
1H), 1.72–1.84 (m, 1H), 1.99–2.19 (m, 2H), 3.28–3.41
(m, 6H), 4.02 (s, 1H), 6.77 (s, 1H, Harom), 7.21–7.34 (m,
4H, Harom), 7.52–7.64 (m, 2H, Harom), 7.95 (d,
J = 7.4 Hz, 1H, Harom), 8.06 (d, J = 8.3 Hz, 1H, Harom);
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13C NMR (CDCl3): C 165.6 (CO), 146.9, 138.2, 131.6,
131.5, CH 132.9, 130.4, 127.6, 124.2, 123.6, 123.4, 120.2,
110.0, 74.3, 60.1, CH2 77.5, 53.0, 26.8, 22.7, CH3 59.0.
MS (EI) m/z (%): 363 (M+, 4), 318 (100), 221 (14), 132
(12). IR (KBr) m 2900, 1713, 1370, 1278, 1091. Anal. Calcd
for C20H21N5O2: C, 66.10; H, 5.82; N, 19.27. Found: C,
66.26; H, 6.01; N, 19.38.

4.3.2. (2S,3S)-3-Benzenesulfonyl-2-(2-methoxymethyl-
pyrrolidin-1-yl)-2,3-dihydro-1H-isoindol-1-one 6b. Mp
131–132 �C; ½a�22D ¼ �89:1 (c 1.69, CHCl3);

1H
NMR (300 MHz, CDCl3): 1.19–1.33 (m, 1H), 1.53–
1.70 (m, 1H), 1.92–2.11 (m, 2H), 3.02 (t, J = 9.5 Hz,
1H), 3.11 (s, 3H), 3.18 (dd, J = 2.9, 9.3 Hz, 1H), 3.43–
3.54 (m, 1H), 3.69–3.80 (m, 2H), 5.96 (s, 1H), 7.38 (t,
J = 7.8 Hz, 1H, Harom), 7.42–7.65 (m, 6H, Harom), 7.69
(d, J = 7.6 Hz, 1H, Harom), 7.93 (d, J = 7.9 Hz, 1H,
Harom);

13C NMR (75 MHz, CDCl3): C 167.2 (CO),
136.2, 134.6, 132.1, CH 133.8, 132.3, 130.0, 129.1,
128.4, 125.3, 123.4, 80.9, 60.5, CH2 77.3, 53.6, 26.9,
22.9, CH3 58.5. MS (EI) m/z (%): 386 (M+, 1), 341 (5),
245 (91), 213 (100). IR (KBr) m 1687, 1453, 1363, 1318,
1139. Anal. Calcd for C20H22N2O4S: C, 62.16; H, 5.74;
N, 7.25. Found: C, 62.29; H, 5.59; N, 7.29.

4.3.3. (2S,3S)-2-(2-Methoxymethylpyrrolidin-1-yl)-3-(tolu-
ene-4-sulfonyl)-2,3-dihydro-1H-isoindol-1-one 6c. Mp
126–127 �C; ½a�20D ¼ �57:6 (c 1.30, CHCl3);

1H NMR
(300 MHz, CDCl3): 1.24–1.41 (m, 1H), 1.62–1.78 (m,
1H), 1.95–2.17 (m, 2H), 2.36 (s, 3H), 3.07–3.18 (m,
4H), 3.23 (dd, J = 3.1, 9.4 Hz, 1H), 3.52–3.63 (m, 1H),
3.69–3.86 (m, 2H), 5.92 (s, 1H), 7.14 (d, J = 8.0 Hz,
1H, Harom), 7.44–7.54 (m, 3H, Harom), 7.55–7.66 (m,
2H, Harom), 7.92 (d, J = 7.8 Hz, 1H, Harom);

13C NMR
(75 MHz, CDCl3): C 167.3 (CO), 144.9, 135.0, 132.7,
132.1, CH 132.2, 129.9, 129.2, 129.0, 125.3, 123.3,
81.1, 60.4, CH2 76.7, 53.7, 27.0, 22.9, CH3 58.6, 21.6.
MS (EI) m/z (%): 400 (M+, 1), 355 (6), 245 (100), 213
(100). Anal. Calcd for C21H24N2O4S: C, 62.98; H,
6.04; N, 6.99. Found: C, 63.08; H, 6.15; N, 6.78.

4.3.4. (2S,3S)-3-(4-Chlorobenzenesulfonyl)-2-(2-meth-
oxymethylpyrrolidin-1-yl)-2,3-dihydro-1H-isoindol-1-one
6d. Mp 86–87 �C; ½a�20D ¼ �121:2 (c 2.09, CHCl3);
1H NMR (300 MHz, CDCl3): 1.12–1.28 (m, 1H), 1.46–
1.64 (m, 1H), 1.75–2.05 (m, 2H), 2.94 (t, J = 9.4 Hz,
1H), 3.01 (s, 3H), 3.11 (dd, J = 2.2, 9.2 Hz, 1H), 3.33–
3.44 (m, 1H), 3.62–3.77 (m, 2H), 5.94 (s, 1H), 7.29 (d,
J = 8.5 Hz, 2H, Harom), 7.41 (t, J = 7.4 Hz, 1H, Harom),
7.48–7.61 (m, 4H, Harom), 7.85 (d, J = 7.5 Hz, 1H,
Harom), 8.06 (d, J = 8.3 Hz, 1H, Harom);

13C NMR
(CDCl3): C 167.1 (CO), 140.5, 134.7, 134.4, 132.1, CH
132.4, 130.5, 130.2, 128.7, 125.3, 123.4, 80.9, 60.6, CH2

77.2, 53.6, 26.9, 22.9, CH3 58.5. MS (EI) m/z (%): 420
(M+, 1), 375 (4), 245 (100), 213 (85). Anal. Calcd for
C20H21ClN2O4S: C, 57.07; H, 5.03; N, 6.66. Found: C,
57.10; H, 5.23; N, 6.72.

4.3.5. (2S,3S)-3-Diphenylphosphinoyl-2-(2-methoxymeth-
ylpyrrolidin-1-yl)-2,3-dihydro-1H-isoindol-1-one 6e. Mp
214–215 �C; ½a�28D ¼ þ35:0 (c 1.05, CHCl3);

1H
NMR (300 MHz, CDCl3): 1.07–1.27 (m, 2H), 1.68–
1.83 (m, 1H), 1.94–2.09 (m, 1H), 2.32–2.43 (m, 1H),
3.22 (d, J = 6.1 Hz, 2H), 3.29 (s, 3H, OMe), 3.51–3.63
(m, 1H), 3.75–3.88 (m, 1H), 5.92 (d, J = 5.9 Hz, 1H),
7.20 (d, J = 6.6 Hz, 1H, Harom), 7.26–7.38 (m, 4H, Harom),
7.39–7.52 (m, 3H, Harom), 7.54–7.65 (m, 2H, Harom), 7.75
(dd, J = 7.5, 10.9 Hz, 2H, Harom), 7.89 (dd, J = 7.5,
11.8 Hz, 2H, Harom);

13C NMR (75 MHz, CDCl3): C
167.9 (d, J = 2 Hz, CO), 138.3 (d, J = 4 Hz), 132.1 (d,
J = 3 Hz), 131.5 (d, J = 89 Hz), 128.5 (d, J = 98 Hz),
CH 132.4, 132.3 (d, J = 13 Hz), 132.0 (d, J = 2 Hz),
131.7 (d, J = 8 Hz), 131.4 (d, J = 2 Hz), 128.3, 124.1
(d, J = 2 Hz), 123.2, 62.6 (d, J = 74 Hz), 60.8, CH2

76.8, 52.7, 27.0, 23.1, CH3 58.6; 31P NMR (121 MHz,
CDCl3): 28.8. MS (EI) m/z (%): 446 (M+, 4), 401 (48),
203 (63), 201 (41), 132 (38), 114 (100). IR (KBr) m
1672, 1469, 1441, 1364, 1199, 1160. Anal. Calcd for
C26H27N2O3P: C, 69.94; H, 6.10; N, 6.27. Found: C,
69.75; H, 6.23; N, 6.42.

4.3.6. (2S,3S)-2-(2-Methoxymethylpyrrolidin-1-yl)-3-(di-
(4-methoxyphenyl)phosphinoyl)-2,3-dihydro-1H-isoindol-
1-one 6f. Mp 207–208 �C; ½a�20D ¼ þ246:7 (c 1.05,
CHCl3);

1H NMR (300 MHz, CDCl3): 1.21–1.49 (m,
2H), 1.73–1.87 (m, 1H), 1.90–2.08 (m, 1H), 2.85–2.95
(m, 1H), 3.13–3.21 (m, 4H), 3.26 (t, J = 8.8 Hz, 1H),
3.44 (q, J = 7.7 Hz, 1H), 3.64 (s, 3H), 3.69 (s, 3H),
3.81–3.92 (m, 1H), 5.50 (d, J = 8.5 Hz, 1H), 6.30 (d,
J = 7.6 Hz, 1H, Harom), 6.66 (d, J = 8.6 Hz, 2H, Harom),
6.81 (d, J = 8.5 Hz, 2H, Harom), 7.06–7.17 (m, 3H,
Harom), 7.21 (t, J = 7.2 Hz, 1H, Harom), 7.41
(t, J = 7.6 Hz, 1H, Harom), 7.59 (d, J = 7.5 Hz, 1H,
Harom);

13C NMR (75 MHz, CDCl3): C 166.3, 161.1,
160.1, 142.0 (d, J = 3 Hz), 132.1, 125.4 (d, J = 179 Hz),
125.2 (d, J = 181 Hz), CH 136.7 (d, J = 23 Hz), 134.1
(d, J = 19 Hz), 130.7, 127.5, 123.1, 123.0, 113.9 (d,
J = 7 Hz), 113.8 (d, J = 7 Hz), 64.1 (d, J = 21 Hz),
60.7, CH2 76.8, 53.3, 27.5, 23.3, CH3 58.6, 55.2, 55.1;
31P NMR (121 MHz, CDCl3): 29.6. MS (EI) m/z (%):
506 (M+, 3), 461 (50), 263 (48), 261 (35), 132 (42), 114
(100). Anal. Calcd for C28H31N2O5P: C, 66.39; H,
6.17; N, 5.53. Found: C, 66.45; H, 6.25; N, 5.40.

4.3.7. (2S,3S)-2-(2-Methoxymethylpyrrolidin-1-yl)-3-(di-
(naphth-2-yl)phosphinoyl)-2,3-dihydro-1H-isoindol-1-one
6g. Mp 203–204 �C; ½a�20D ¼ þ118:5 (c 0.89, CHCl3);
1H NMR (300 MHz, CDCl3): 0.74–1.00 (m, 2H), 1.57–
1.70 (m, 1H), 1.72–1.78 (m, 1H), 2.32–2.43 (m, 1H),
2.49–2.67 (m, 1H), 2.70–2.86 (m, 1H), 3.10 (s, 3H),
3.41–3.58 (m, 1H), 3.72–3.83 (m, 1H), 6.30 (d,
J = 8.8 Hz, 1H), 7.20–7.65 (m, 10H, Harom), 7.73 (d,
J = 7.5 Hz, 1H, Harom), 7.77–7.88 (m, 2H, Harom), 7.96
(d, J = 8.0 Hz, 2H, Harom), 8.03 (d, J = 8.2 Hz, 1H,
Harom), 8.70 (d, J = 8.5 Hz, 1H, Harom), 9.23 (d,
J = 7.8 Hz, 1H, Harom);

13C NMR (75 MHz, CDCl3):
C 168.0, 139.3 (d, J = 4 Hz), 134.7 (d, J = 8 Hz), 134.2
(d, J = 7 Hz), 133.9, 133.7, 131.8 (d, J = 2 Hz), 129.1
(d, J = 96 Hz), 126.3 (d, J = 96 Hz), CH 133.4 (d,
J = 3 Hz), 132.9 (d, J = 13 Hz), 131.7, 128.9 (d,
J = 12 Hz), 128.3, 127.6, 127.4 (d, J = 5 Hz), 127.3,
126.5 (d, J = 6 Hz), 124.7 (d, J = 2 Hz), 124.2 (d,
J = 15 Hz), 123.9 (J = 14 Hz), 123.2, 64.9 (d,
J = 75 Hz), 59.6, CH2 76.4, 52.6, 26.6, 22.2, CH3 58.6;
31P NMR (121 MHz, CDCl3): 35.3. MS (EI) m/z (%):
546 (M+, 2), 501 (43), 303 (52), 301 (38), 132 (57), 114
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(100). Anal. Calcd for C34H31N2O3P: C, 74.71; H, 5.72;
N, 5.12. Found: C, 74.55; H, 5.70; N, 5.21.

4.3.8. (2S,3S)-3-(1H-Benzotriazol-1-yl)-2-(2-benzyl-
oxymethylpyrrolidin-1-yl)-2,3-dihydro-1H-isoindol-1-one
7a. Mp 136–137 �C; ½a�25D ¼ þ15:0 (c 1.60, CHCl3);

1H
NMR (300 MHz, CDCl3): 1.27–1.55 (m, 2H), 1.71–1.87
(m, 1H), 1.97–2.22 (m, 2H), 3.36 (q, J = 8.2 Hz, 1H),
3.56 (d, J = 6.0 Hz, 2H), 4.02–4.28 (m, 1H), 4.50 (d,
J = 11.5 Hz, 1H), 4.57 (d, J = 11.5 Hz, 1H), 6.74 (d,
J = 7.7 Hz, 1H, Harom), 7.06–7.36 (m, 8H, Harom), 7.40
(s, 1H), 7.50 (t, J = 7.6 Hz, 1H, Harom), 7.60 (t,
J = 7.4 Hz, 1H, Harom), 7.96 (d, J = 7.2 Hz, 1H, Harom),
8.07 (d, J = 8.2 Hz, 1H, Harom);

13C NMR (CDCl3): C
165.8 (CO), 146.6, 138.2, 137.9, 131.6, 131.5, CH
132.9, 130.4, 128.2, 127.6, 127.5, 127.4, 124.2, 123.5,
123.4, 120.2, 110.1, 74.5, 59.8, CH2 75.4, 73.3, 53.1,
26.7, 22.6. MS (EI) m/z (%): 439 (M+, 2), 318 (100),
221 (10), 91 (14). IR (KBr) m 1707, 1366, 1097, 1066,
736. Anal. Calcd for C26H25N5O2: C, 71.05; H, 5.73;
N, 15.93. Found: C, 70.98; H, 5.81; N, 15.88.

4.3.9. (2S,3S)-2-(2-Benzyloxymethylpyrrolidin-1-yl)-3-di-
phenylphosphinoyl-2,3-dihydro-1H-isoindol-1-one 7e. Mp
167–168 �C; ½a�25D ¼ þ55:0 (c 1.35, CH2Cl2);

1H
NMR (400 MHz, CDCl3): 1.04–1.24 (m, 2H), 1.69–1.81
(m, 1H), 1.96–2.07 (m, 1H), 2.40–2.48 (m, 1H), 3.33 (t,
J = 9.2 Hz, 1H), 3.39 (dd, J = 3.4, 9.5 Hz, 3H, OMe),
3.59 (q, J = 7.8 Hz, 1H), 3.90–3.98 (m, 1H), 4.42 (d,
J = 11.5 Hz, 1H), 4.47 (d, J = 11.5 Hz, 1H), 5.86 (d,
J = 3.6 Hz, 1H), 6.69 (d, J = 7.5 Hz, 1H, Harom), 7.15
(dd, J = 1.8, 7.8 Hz, 2H, Harom), 7.20–7.28 (m, 4H, Harom),
7.29–7.47 (m, 6H, Harom), 7.50–7.57 (m, 1H, Harom), 7.61–
7.69 (m, 3H, Harom), 7.71–7.79 (m, 2H, Harom);

13C NMR
(100 MHz, CDCl3): C 167.7 (CO), 138.0 (d, J = 4 Hz),
137.9, 132.4 (d, J = 3 Hz), 131.5 (d, J = 97 Hz), 129.7 (d,
J = 98 Hz), CH 132.2 (d, J = 3 Hz), 131.9 (d, J = 9 Hz),
131.8 (d, J = 3 Hz), 131.6 (d, J = 9 Hz), 131.2 (d,
J = 2 Hz), 128.4, 128.3 (d, J = 12 Hz), 128.2 (d,
J = 2 Hz), 127.9 (d, J = 12 Hz), 127.7, 127.6, 123.8
(d, J = 2 Hz), 123.2, 62.6 (d, J = 55 Hz), 60.5, CH2 74.6,
73.1, 52.6, 26.9, 22.9; 31P NMR (162 MHz, CDCl3):
28.8. MS (EI) m/z (%): 522 (M+, 1), 414 (10), 401 (43),
203 (36), 201 (28), 190 (100), 132 (27), 91 (38). IR (KBr)
m 2867, 1674, 1439, 1363, 1204, 1116. Anal. Calcd for
C32H31N2O3P: C, 73.55; H, 5.98; N, 5.36. Found: C,
73.62; H, 6.12; N, 5.38.

4.4. Preparation of isoindolinones 5

Deprotection of isoindolinones 6 was achieved accord-
ing to a precedently reported procedure.13

4.4.1. (3S)-3-(1H-Benzotriazol-1-yl)-2,3-dihydro-1H-iso-
indol-1-one 5a. Mp 197–198 �C; ½a�20D ¼ �112:1 (c 1.08,
DMSO); 1H NMR (300 MHz, DMSO-d6): 6.99 (d,
J = 7.1 Hz, 1H, Harom), 7.35–7.50 (m, 3H, Harom),
7.61–7.73 (m, 2H, Harom), 7.82 (s, 1H, Harom), 7.92 (d,
J = 6.8 Hz, 1H, Harom), 8.11 (d, J = 7.1 Hz, 1H, Harom),
9.67 (br s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): C
168.8 (CO), 145.9, 141.7, 132.0, 131.1, CH 133.0, 130.6,
128.0, 124.5, 124.1, 123.4, 119.8, 68.5. MS (EI) m/z (%):
250 (M+, 65), 222 (19), 132 (100), 119 (35), 104 (25), 91
(42), 77 (22). IR (KBr) m 3227, 1678, 1444, 1276, 1077,
773. Anal. Calcd for C14H10N4O: C, 67.19; H, 4.03; N,
22.39. Found: C, 67.10; H, 4.00; N, 22.48.

4.4.2. (3S)-3-Benzenesulfonyl-2,3-dihydro-1H-isoindol-1-
one 5b. Mp 182–183 �C; ½a�20D ¼ �42:0 (c 1.62, CHCl3);
1H NMR (300 MHz, DMSO-d6): 6.36 (s, 1H), 7.35–7.73
(m, 8H, Harom), 7.77 (d, J = 7.6 Hz, 1H, Harom), 9.81 (br
s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): C 169.3
(CO), 137.1, 133.5, 132.2, CH 134.5, 133.3, 130.2,
129.3, 128.8, 125.1, 123.0, 75.2. MS (EI) m/z (%): 273
(M+, 1), 132 (100), 104 (22). IR (KBr) m 3233, 1699,
1301, 1127, 1081. Anal. Calcd for C14H11NO3S: C,
61.53; H, 4.06; N, 5.12. Found: C, 61.66; H, 4.12; N,
5.21.

4.4.3. (3S)-3-(Toluene-4-sulfonyl)-2,3-dihydro-1H-isoin-
dol-1-one 5c. Mp 248–249 �C; ½a�20D ¼ �11:5 (c 1.03,
DMSO); 1H NMR (300 MHz, DMSO-d6): 2.27 (s,
3H), 6.30 (s, 1H), 6.91–8.12 (m, 8H, Harom), 9.78 (br s,
1H, NH); 13C NMR (75 MHz, DMSO-d6): C 169.3
(CO), 145.1, 137.2, 130.7, 130.6, CH 132.2, 130.1,
129.3, 129.2, 124.9, 123.0, 75.1, CH3 21.0. MS (EI) m/z
(%): 287 (M+, 1), 132 (100), 104 (25). Anal. Calcd for
C15H13NO3S: C, 62.70; H, 4.56; N, 4.87. Found: C,
62.59; H, 4.43; N, 4.92.

4.4.4. (3S)-3-(4-Chlorobenzenesulfonyl)-2,3-dihydro-1H-
isoindol-1-one 5d. Mp 198–199 �C; ½a�20D ¼ �4:0 (c
0.76, DMSO); 1H NMR (300 MHz, DMSO-d6): 6.42
(s, 1H), 7.18–7.99 (m, 8H, Harom), 9.82 (br s, 1H,
NH); 13C NMR (75 MHz, DMSO-d6): C 169.5 (CO),
140.0, 137.1, 132.8, 132.5, CH 132.7, 131.3, 130.6,
129.3, 125.3, 123.4, 75.3. MS (EI) m/z (%): 307 (M+,
1), 132 (100), 104 (18). Anal. Calcd for C14H10ClNO3S:
C, 54.64; H, 3.28; N, 4.55. Found: C, 54.68; H, 3.10; N,
4.49.

4.4.5. (3S)-3-Diphenylphosphinoyl-2,3-dihydro-1H-isoin-
dol-1-one 5e. Mp 284–285 �C; ½a�20D ¼ �16:4 (c 1.30,
DMSO); 1H NMR (300 MHz, DMSO-d6): 6.20 (d,
J = 4 Hz, 1H), 6.98 (d, J = 6.0 Hz, 1H, Harom), 7.38–
8.12 (m, 13H, Harom), 9.17 (br s, 1H, NH); 13C NMR
(75 MHz, DMSO-d6): C 169.9 (CO), 140.8 (d,
J = 5 Hz), 132.7 (d, J = 3 Hz), 130.9 (d, J = 91 Hz),
129.6 (d, J = 92 Hz), CH 132.4 (d, J = 3 Hz), 132.2 (d,
J = 2 Hz), 131.4 (d, J = 9 Hz), 131.2 (d, J = 3 Hz),
128.8 (d, J = 10 Hz), 128.4 (d, J = 12 Hz), 128.3, 123.7
(d, J = 2 Hz), 123.0, 55.6 (d, J = 72 Hz); 31P NMR
(121 MHz, DMSO-d6): 28.4. MS (EI) m/z (%): 333
(M+, 65), 201 (100), 132 (26). IR (KBr) m 3008, 2824,
1684, 1433, 1164. Anal. Calcd for C20H16NO2P: C,
72.07; H, 4.84; N, 4.20. Found: C, 71.97; H, 4.82; N,
4.34.

4.4.6. (3S)-3-(Di-(4-methoxyphenyl)phosphinoyl)-2,3-
dihydro-1H-isoindol-1-one 5f. Mp 255–256 �C; ½a�20D ¼
�30:0 (c 1.46, DMSO); 1H NMR (300 MHz, DMSO-
d6): 3.60 (s, 6H), 5.78 (d, J = 6.5 Hz, 1H), 6.80 (d,
J = 8.5 Hz, 2H, Harom), 6.95 (d, J = 6.1 Hz, 1H,
Harom), 7.05 (d, J = 8.6 Hz, 2H, Harom), 7.35–8.00 (m,
7H, Harom);

13C NMR (75 MHz, DMSO-d6): C 168.7,
161.5, 140.9 (d, J = 5 Hz), 132.5, 125.2 (d, J = 174 Hz),
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125.0 (d, J = 176 Hz), CH 136.9 (d, J = 20 Hz), 135.2 (d,
J = 18 Hz), 132.5, 127.6, 123.5, 123.1, 114.0 (d,
J = 7 Hz), 56.1 (d, J = 25 Hz), CH3 55.3; 31P NMR
(121 MHz, DMSO-d6): 27.0. MS (EI) m/z (%): 393
(M+, 53), 261 (100), 132 (44). Anal. Calcd for
C22H20NO4P: C, 67.17; H, 5.12; N, 3.56. Found: C,
67.03; H, 4.95; N, 3.73.

4.4.7. (3S)-3-(Di-(naphth-2-yl)phosphinoyl)-2,3-dihydro-
1H-isoindol-1-one 5g. Mp 293–294 �C; ½a�20D ¼
�26:8 (c 1.17, DMSO); 1H NMR (300 MHz, DMSO-
d6): 6.51 (d, J = 4 Hz, 1H), 7.12–7.58 (m, 9H, Harom),
7.64–7.92 (m, 3H, Harom), 8.01 (t, J = 6.5 Hz, 2H,
Harom), 8.25 (d, J = 8.8 Hz, 2H, Harom), 8.42 (d,
J = 8.5 Hz, 1H, Harom), 8.60 (d, J = 8.5 Hz, 1H, Harom),
9.47 (br s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): C
169.9 (CO), 140.7 (d, J = 4 Hz), 133.5, 133.1, 132.8,
132.7 (d, J = 10 Hz), 126.3 (d, J = 150 Hz), CH 133.4
(d, J = 4 Hz), 133.1 (d, J = 10 Hz), 133.0, 132.4 (d,
J = 11 Hz), 131.0, 129.1, 128.6, 128.3, 127.1, 126.5 (d,
J = 12 Hz), 126.1, 126.0, 125.0 (d, J = 6 Hz), 124.9
(d, J = 7 Hz), 124.4 (d, J = 14 Hz), 122.8, 55.8 (d,
J = 73 Hz); 31P NMR (121 MHz, DMSO-d6): 36.0. MS
(EI) m/z (%): 433 (M+, 43), 301 (100), 132 (32). Anal.
Calcd for C28H20NO2P: C, 77.59; H, 4.65; N, 3.23.
Found: C, 77.62; H, 4.54; N, 3.34.

4.5. X-ray crystallographic analysis

Cell dimensions and intensities were measured at 100 K
on a Bruker AXS SMART three-circle diffractometer
with graphite-monochromated Mo[Ka] radiation
(k = 0.71073 Å) and equipped with CCD two-dimen-
sional detector. Collection with x and u scans. The
structure was solved by direct methods and expanded
using Fourier maps. All non-hydrogen atoms were re-
fined anisotropically. Hydrogen atom positions were re-
fined but their temperature coefficients were fixed to
1.2 times the Ueq of the atoms they are bound to. The
SHELXTLSHELXTL

19 crystallographic software package was used
for all calculations. Compound 6e: C26H27N2O3P,
M = 446.47, F(000) = 472, colourless crystal, Dc =
1.305 g cm�3, l (Mo Ka) = 0.152 cm�1 monoclinic,
P21, Z = 2, a = 9.1013(14), b = 11.8299(18),
c = 10.7967(16) Å, b = 102.116(3)�, U = 1136.6(3) Å3;
9277 independent reflections were used �12 < h < 11,
�15 < k < 15, �14 < l < 14, hmax = 28.58�, R1 = 0.0459,
Rw2 = 0.0924; the estimated standard deviations for
non-hydrogen atoms were in the range 0.002–0.004 Å
for the bond lengths and 0.1–0.3� for the bond
angles. Further details of the X-ray structure data are
available free on request from the Cambridge Crystallo-
graphic Data Centre (deposition number CCDC
245173).
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