Available online at www.sciencedirect.com

ScienceDirect

Tetrahedron:
Asymmetry

ELSEVIER Tetrahedron: Asymmetry 19 (2008) 111-123

Alternative and complementary approaches to the asymmetric
synthesis of C3 substituted NH free or N-substituted isoindolin-1-ones

Marc Lamblin, Axel Couture,” Eric Deniau and Pierre Grandclaudon

Université des Sciences et Technologies de Lille 1, LCOP, Bdtiment C3(2), 59655 Villeneuve d’Ascq, France
CNRS, UMR 8009 ‘Chimie Organique et Macromoléculaire’, France

Received 30 October 2007; accepted 13 November 2007

Abstract—Complementary synthetic approaches to enantiomerically pure C3 alkylated or arylated NH free or N-substituted isoindol-
inones have been developed. The key step is elaboration of diversely substituted 2-alkyl- and arylbenzylamines, which can be submitted
to a bis-metallation process followed by interception with a carbonylating agent. They can be also converted into N-alkylbromobenzyl-
carbamates or into bromobenzyldicarbamates and the assembly of the titled compounds can be readily ensured by reliance upon the

Parham cyclization process.
© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

The 3-substituted isoindolinone ring system is generally
regarded as a benzylic alcohol bioisostere liable to undergo
metabolic oxidation, but has been shown to possess
improved metabolic stability while retaining functionality.'?
Consequently this benzolactam system has recently
emerged as a valuable pharmacophore exhibiting a wide
range of therapeutic activities.® Typical examples are the
anxiolytic drug candidate pagoclone* and PD-172938,
which was shown to have affinity for the dopamine Dy
receptor? (Fig. 1). The isoindolinone skeleton is also an
integral part of many naturally occurring substances such
as lennoxamine and nuevamine (Fig. 1) and finally, (R)-
and (S)-3-alkyl-1H-isoindolinones have been shown to be
valuable chiral auxiliaries.”> Consequently the chemistry
of 3-alkyl and arylisoindolinones has attracted much atten-
tion and interest in these compounds continues unabated.®
However, despite the great progress made in asymmetric
synthesis within recent decades, few flexible methods are
available for the asymmetric synthesis of simple 3-alkyl
and arylisoindolin-1-ones 1 in high enantiomeric excess.
Among these methods, the most straightforward ones are
those where the alkyl groups at the C3 position are intro-
duced directly onto a preconstructed isoindolinone
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equipped with a chiral auxiliary derived from the natural
chiral pool or with a tailor made stereocontrolling agent.

This has been achieved by reaction of 3-metallated isoindo-
lin-1-ones with electrophiles’ (Scheme 1, path a) or by reac-
tion of an N-acyliminium equivalent with nucleophiles®
(Scheme 1, path b). A slight modification of the latter
was also obtained by treatment of the N-acyliminium
species deriving from a substituted model with a hydride
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source®®4? (Scheme 1, path c). The fused compounds 1
were also assembled by a two component reaction
involving an ortho-lithiated dialkylbenzamide with chiral
hydrazones'® (Scheme 1, path d), by Heck!' or radical-
induced!? cyclization of aromatic (poly)enamides (Scheme
1, path e) and by a diastereoselective imine addition—cycli-
zation sequence (Scheme 1, path f). An elegant method
based upon the stereocontrolled synthesis of 1 via cycliza-
tion and rearomatization of a-aminocarbanionic species
derived from N-benzylbenzamide derivatives and a chiral
base has been also described.!3

0
©|:Z§N—A*
0 @
R@ 7
N-A* N-A*
o ©[§
© R@ ® .

(6]
Se
=N,
" ? R/_ A*
o
Y

All of these methods including those involving resolution
of racemic material,'* usually proceeded in good yields
but varying degrees of success have been claimed with
regards to their enantioselectivities. This is undoubtedly
due to the easy racemization of the C3 substituted isoindo-
lin-1-one systems under basic, acidic, and reductive condi-
tions.!%!* These methods have been also fraught with
difficulties associated with the removal of the chiral auxi-
liary A* from 1, even though in this context, (S)-2-methoxy-
methyl-pyrrolidine,®® (R)-para-benzyloxyphenyl-glycinol,”
and (+)- or (—)-trans-2-(a-cumyl)cyclohexanol’® have been
developed as more useful alternatives to the difficult to
remove (R)-phenylglycinol 894> These operations trigger
off the formation of NH free isoindolinones released from
the chiral appendage and consequently few studies have
achieved success for the asymmetric synthesis of 2,3-disub-
stituted models. Furthermore, the developed methods suf-
fer from several drawbacks and particularly from the
restriction in the choice of substituents at the specific posi-
tions on the basic aromatic nucleus (namely, via paths a—
d). Accordingly, the development of a flexible method for
the enantioselective synthesis of NH free and N-substituted
3-alkyl- and arylisosindolin-1-ones still constitutes an area
of current interest and alternative methods are currently
the object of synthetic endeavor.

Scheme 1.

2. Results and discussion

In this context, we initially planned to develop the synthetic
approach portrayed in retrosynthetic synthesis in Scheme
2. We anticipated that the interception of the dilithiated
species derived from the chiral aromatic pivaloyl amides
2a-e with a carbonylating agent would provide a general
route to optically active C3 substituted isoindolin-1-ones
3a—e. To the best of our knowledge, this technique has to
date been confined to the synthesis of a model, that is

(S)-(+)-3-methylisoindolinone from the commercially
available (R)-(—)-o-methylbenzylamine and has been
claimed to proceed with poor yield (24%).%°
R2 o R? R?
R3 R3 bi R3
v
NH = | -
R4j©¢ R4j©\( NH R4©Y NH2
R! R R
(S)-3a-e (S)-2a-e (S)-4a-e
or (R)- or (R)- or (R)-
Scheme 2.

For this purpose, a variety of enantiopure benzylamine
derivatives 4a—i was prepared by the three step sequence
depicted in Scheme 3 (Table 1). Initially the appropriate
aromatic carboxaldehydes 5-10 were converted into the
corresponding prochiral aldimines 11-16 by refluxing with
enantiomerically pure (S)-valinol. The resulting benzylid-
eneamines 11-16 were subsequently allowed to react with
a variety of alkyllithiated or Grignard reagents 17-20 to
provide very satisfactory yields of aromatic aminoalcohols
21a-i, which were obtained with good diastereoselection'?
(Table 1). Chromatographic treatment afforded the major
and single diastereomer detectable by NMR and subse-
quent treatment with periodic acid delivered the required
chiral non-racemic amines 4a—i as highly enantioenriched
materials (=>96% ee by chiral HPLC analysis). The abso-
lute configurations as well as the enantiopurity of these
benzylamines were further determined by comparing the
specific rotation values with those of authentic samples
(see Section 4). At this stage, the bismetallation/carbonyl-
ation process could be a priori envisaged but this possibil-
ity was not investigated. It has been demonstrated that
only trace amounts of the annulated product could be
detected upon treatment of an unsubstituted dimethoxy-
benzylamine or its monosilylated protected version under
these conditions.!® Modification of the protecting group
was then envisaged and we opted for the pivaloyl group,
which was easily connected to chiral amines 4a—e to give
access to the desired pivaloyl amides 2a—e almost quantita-
tively (Table 2). For the assembly of the targeted isoindol-
inones, compounds 2a-e were sequentially exposed to
n-Buli and 7z-BuLi at low temperature and the transient
dilithiated species 22 was captured with dimethyl carbonate
in the sequence (Scheme 3).

This procedure delivered a modest yield of the C3 methyl-
ated product 23a but rather satisfactory yields of the alk-
oxylated analogues 23c¢ and 23e. This is probably due to
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Table 1. Aldimines 11-16, aminoalcohols 21a-i, and benzylamines 4a—i prepared via Scheme 3
Aldehyde  R? R? R* 11-16  Yield (%) R'M 21a-i  De* (%)  Yield® (%)  da-i  Yield® (%)
5 H H H 11 95 MelLi 17 21a 30 65 4a 76
5 H H H 11 93 i-PrMgBr 18 21b 86 61 4b 63
6 MeO H H 12 96 MelLi 17 21c 85 67 4c 71
6 MeO H H 12 94 n-BuLi 19 21d 77 59 4d 65
7 OCH,O H 13 95 MelLi 17 21e 80 64 4e 69
8 H MeO MeO 14 96 MelLi 17 21f 82 59 4f 65
9 MeO MeO MeO 15 95 PhLi 20 21g >96 78 4g 66
10 MeO i-PrO MeO 16 95 n-BuLi 19 21h 87 65 4h 63
9 MeO MeO MeO 15 96 i-PrMgBr 18 21i 86 62 4i 70
2 Determined by '"H NMR spectroscopy of the crude product.
®Yield of isolated (S.S)-diastereomer.
“ee > 96% determined by chiral HPLC (Chiracel OD, UV detector, hexanes—i-PrOH, 50:50 as eluent).
Table 2. Pivaloyl amides 2a—e and isoindolinones 23a,c,e and 3a,c,e prepared via Scheme 3
Amine 4a—e R! R? R? R* 2a-e Yield (%) 23a,c.e, 24b.d Yield (%) 3a-e Yield® (%)
4a Me H H H 2a 92 23a 55 3a 92
4b i-Pr H H H 2b 88 24b 65 — —
4c Me MeO H H 2¢ 93 23c 76 3c 90
4d n-Bu MeO H H 2d 87 24d 63 — —
4e Me OCH,0O H 2e 91 23e 72 3e 91

%ee = 96% determined by chiral HPLC (Chiralpak AD, UV detector, hexanes—i-PrOH, 95:5 as eluent).

the fact that, even though methoxy and methylenedioxy
groups rank modestly in the hierarchy of ortho-directing
metallation groups,!” their cooperative effect strongly facil-
itates the bis-metallation process giving rise to the annu-
lated compounds. Unfortunately in the case of pivaloyl
amides 2b and 2d only opened models 24b and 24d
(Fig. 2) were obtained and all attempts to force the annu-
lation process to occur under acidic or basic conditions
and by screening the nature of the reagent, temperature

profile, and time proved unsuccessful. Failure of cycliza-
tion or racemization was also observed instead.”®

Removal of the pivaloyl functionality from the annulated
products 23a,c,e was easily and efficiently accomplished un-
der mild conditions by treatment with magnesium methox-
ide in methanol (Scheme 3, Table 2). This procedure spared
the stereochemistry at the C3 position and the enantiopurity
of our synthetic NH free compounds 3a,c,e could be
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clearly established from the specific rotation and spectro-
scopic data of authentic samples assembled by a conceptu-
ally different synthetic route, for example (S)-3a:
{[oc]lz)5 = —45.0 (¢ 0.59, EtOH); (R)-3a: lit.%¢ [a]p = +44.0
(c 0.56, EtOH)}.

Owing to the rather limited scope of this synthetic
approach, we decided to switch our plans and set out to
achieve an alternative strategy for securing the formation
of a variety of N-substituted 3-alkyl- and arylisoindolinones
3f-h. The key step of the new synthetic approach, which
is depicted in retrosynthetic Scheme 4, is based upon the
construction of the C3 substituted isoindolinone template
by the Parham type cyclization of chiral halogenoaryl car-
bamates 25f-h.

2 2
3 T ? 3 T
R R Br
N-RT = h?—OMe
R R* ‘RS
R R
3f-h 25f-h

Scheme 4.

The Parham process hinges upon aromatic lithiation and
subsequent trapping with an internal electrophile.!® The
first facet of the synthesis was the elaboration of the parent
carbamates 25f-h. This was readily accomplished as shown
in Scheme 5 by treatment with methyl chloroformate of
the suitably substituted and enantiopure benzylamine
derivatives 4f-h which were easily obtained from the corre-
sponding aromatic aminoalcohols 21f-h (Scheme 3, Table
1). N-Alkylation of the resulting 26f-h proceeded unevent-
fully to afford the benzylcarbamates 27f-h. The methoxy
and methylenedioxy groups on the basic benzene nucleus
of 27f-h were prone to force and facilitate the regioselective
bromination of the opened carbamates and installation of
the bromine atom could be readily secured under standard
conditions thereby providing 25f-h candidates for the
planned anionic cyclization process. Exposure of the
bromoarylcarbamates 25f-h to n-BuLi at —90 °C ensured
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the mandatory bromine/lithium interconversion and led
to complete consumption of the starting material and to
the isolation of the targeted isoindolinones 3f-h in fairly
good yields (Table 3). All of the products exhibited a plus
specific rotation value, which corresponds to the (3.5)-con-
figuration.’”® Interestingly this annulation technique toler-
ates the presence of bulky alkyl (e.g., 3h) and aromatic
(e.g., 3g) substituents.

To extend the scope of this new synthetic approach, the
development of a conceptually related synthetic route liable
to give access to free NH models while circumventing the
erratic nature of an ultimate N-deprotection step®® was
investigated.

The choice of a bromobenzyldicarbamate originated from
the following premises; (i) the carbamate group is endowed
with a remarkable propensity to react with basic and nucleo-
philic reagents in particular with alkoxy moieties inter
and intra molecularly;'® (ii) such alkoxy moieties are
expected to be released upon the Parham cyclization process
applied to bromobenzylcarbamates (Scheme 6), and (iii)
such alkoxide species are of insufficient kinetic basicity to
alter the stereochemical outcome at the benzylic position
of C3 substituted isoindolinones.’® We then embarked on
the synthesis of the representative carbamate 28 chosen
as a model for the study (Scheme 6). Initially the polyalk-
oxylated benzylamine 4i obtained via 21i, as described in

Table 3. Carbamates 26f-h, 27f-h, 25f-h and acylcarbamates 28 and 29 as precursors of isoindolinones 3f-i
R! R> R® R*  Chiralamine 26f-h Yield (%) R 27f-h, 29 Yield (%)  25f-h, 28 Yield (%) R 3f-i Yield® (%)
Me H MeO MeO 4f 26f 89 Me 27f 85 25f 73 Me 3f 76
Ph MeO MeO MeO 4g 26¢g 72 Me 27g 83 25¢g 78 Me 3g 71
n-Bu MeO iPrO MeO 4h 26h 75 Bn 27h 80 25h 76 Bn 3h 69
i-Pr MeO MeO MeO 4i — — COOMe 29 65 (2 steps) 28 75 H 3i 55

“ee = 96% determined by chiral HPLC (Chiralpak AD, UV detector, hexanes—i-PrOH).
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Scheme 3, was differentially diacylated to provide dicarba-
mate 29 with fairly good yield (65%, two steps). Compound
29 was regioselectively brominated to furnish the rather
congested bromobenzyldicarbamate 28. This compound
was subsequently exposed to n-BuLi at —90 °C and we
were pleased to observe that gentle warming to rt and stir-
ring for an additional 1 h delivered the virtually enantio-
pure free NH isoindolinone 3i with a satisfactory yield
(55%) and with a minus specific rotation value, which cor-
responded to the (3S)-configuration.*7¢84

3. Conclusion

In conclusion two alternative and complementary synthetic
routes to obtain enantiomerically pure C3 alkylated or ary-
lated NH free or N-substituted isoindolinones have been
developed starting from chiral 2-alkyl- or arylbenzyl-
am;ines, which in turn were obtained enantiomerically pure
by using (S)-valinol as the source of chirality. The first
method is based upon the interception of the dimetallated
species derived from these benzylamines with a carbonylat-
ing agent. The second and conceptually new synthetic ap-
proach has been performed on reliance with the Parham
cyclization process applied to halogenated N-substituted
carbamates and dicarbamate easily assembled from the
appropriate benzylamines. It is worth mentioning that the
described protocol is interesting from a synthetic point of
view when taking into account the large number of poly
and diversely alkoxylated benzylamines available by the
reported method. This approach should also lead to the
synthesis of a wide range of enantiomers of isoindolinones
owing to the availability of either antipode of the starting
aminoalcohol.

4. Experimental
4.1. General

Melting points were determined on a Reichert-Thermopan
apparatus and are uncorrected. NMR spectra were
recorded on Bruker AM 300 spectrometer. They were
referenced against internal tetramethylsilane; Coupling
constants (J) are rounded to the nearest 0.1 Hz. Optical
rotations were measured on a Perkin Elmer P 241 polar-
imeter. Elemental analyses were obtained using a Carlo-
Erba CHNS-11110 equipment. The silica gel used for flash
column chromatography was Merck Kieselgel of 0.040-
0.063 mm particle size. Dry glassware was obtained by
oven-drying and assembly under Ar. Ar was used as the
inert atmosphere and was passed through a drying tube
to remove moisture. The glassware was equipped with
rubber septa and reagent transfer was performed by syringe
techniques. Tetrahydrofuran (THF) was distilled from
sodium benzophenone ketyl immediately before use.

Carboxaldehyde 10 was prepared according to a reported
procedure.?’

4.2. Synthesis of aldimines 11-16

A solution of aromatic carboxaldehydes 5-10 (10 mmol)
and (S)-valinol (1.03 g, 10 mmol) in toluene (70 mL) was
refluxed in a Dean—Stark apparatus for 3 h. The solvent
was distilled under vacuum to afford a residue, which was
recrystallized from hexanes.

4.2.1. (S)-3-Methyl-{[1- phenylmethylldene]ammo}butan -1-o0l
11. Mp 69-70 °C (lit.:*! 70-71°C); [« ]D5 = —34.5 (c 1.88,
CHCly) {lit.:>' [o]}) = —83.3, (¢ 0.3, CHCl3)}.

4.2.2. (S)-2-{[1- (3-Methoxyphenylmethﬁyhdene)]amlno} -3-
methylbutan-1-0l 12. Mp 42-45 °C; [a]5 = —21.1 (¢ 1.05,
CHCl;); '"H NMR (300 MHz, acetone-dg): o 0.95 (d,
J=69Hz, 6H, 2xCH;), 1.97 (sext, J=6.9 Hz, 1H,
CH), 3.00-3.03 (m, 1H, CH), 3.57 (br s, 1H, OH), 3.62—
3.71 (m, 1H, CH,), 3.74-3.81 (m, 1H, CH;), 3.83 (s, 3H,
OCHj;), 6.97-7.05 (m, 1H, Huom), 7.31-7.37 (m, 2H,

drom) 7.38-7.42 (m, 1H, H,rom), 8.25 (s, 1H, CH—N)
ppm; *C NMR (75 MHz, acetone-dg): 6 18.2 (CH;) 19.5
(CHs;), 29.9 (CH), 54.7 (OCH;), 63.7 (CH,), 78.8 (CH),
112.4 (CH), 116.4 (CH), 121.0 (CH), 129.5 (CH), 138.3
(C) 147.5 (C), 160.6 (CH=N) ppm. Anal. Calcd for
C;3H9NO;: C, 70.56; H, 8.65; N, 6.33. Found: C, 70.43;
H, 8.76; N, 6.23.

4.2.3. (85)-2-{|1-Benzo|[1,3]dioxol- 5-ylmethy11dene]am1no} 3-
methylbutan-1-ol 13. Mp 58-59 °C; [« ]D = —51.8 (¢ 1.01,
CHCl;); '"H NMR (300 MHz, acetone-dg): o 0.91 (d,
J=06.7Hz, 3H, CHj3), 0.92 (d, J=6.7Hz, 3H, CH;),
1.92 (sext, J=6.7Hz, 1H, CH), 2.88 (br s, 1H, OH),
2.98 (m, 1H, CH), 3.56-365 (m, 1H, CHZ), 3.72-3.78 (m,
1H, CH,), 6.06 (s, 2H, OCH,0), 6.90 (d, J =7.9 Hz, lH
drom) 7.20 (d, J= 7 9Hz, 1H, H.om), 7.37 (s,
H.rom), 8.18 (s, 1H, CH=N) ppm; 3C NMR (75 MHz, ace-
tone-dg): 0 17.9 (CHj3), 19.4 (CH3), 29.9 (CH), 63.8 (CHa,),
78.4 (CH), 101.5 (OCH,0), 106.2 (CH), 107.8 (CH), 124.2
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(CH), 131.7 (C), 148.2, (C), 149.6 (C), 159.6 (CH=N) ppm.
Anal. Calcd for C;3H7NOs: C, 66.36; H, 7.28; N, 5.95.
Found: C, 66.31; H, 7.25; N, 6.11.

4.24. (S5)-2-{[1-(3,4-Dimethoxyphenylmethylidene)]amino}-
3methylbutan -1-ol 14. Mp 105-106°C (lit.:'> 102
104°C); [o]; = —41.0 (¢ 1.06, CHCl3) {lit.:'> [o]> =
—42.0, (¢ 0.2, MeOH)}.

4.2.5. 3-Methyl-2-{[1-(3,4,5- trlmethox%f!)henyl) meth-(Z)-yl-
1dene]am1n0}butan-1-ol 15. Oil; [0y =—-13.0 (¢ 1.11,
CHCl;); '"H NMR (300 MHz, acetone-dg): & 0.91 (d,
J=6.7Hz, 3H, CHj3), 092 (d, J=6.7Hz, 3H, CH,),
1.94 (sext, J=6.7 Hz, 1H, CH), 2.96-3.02 (m, 1H, CH),
3.15 (br s, 1H, OH), 3.64-3.85 (m, 2H, CH,), 3.77 (s, 3H,
OCHy), 3.87 (s, 6H, 2><OCH3) 7.10 (s, 2H, H,rom), 8.16
(s, IH, CH=N) ppm; '*C NMR (75 MHz, acetone-dg): o
18.3 (CH3) 19.4 (CH3), 29.9 (CH), 55.5 (2 x OCH3), 59.8
(O CH3), 63.8 (CH,), 78.8 (CH), 1054 (2xCH), 132.1
(C), 140.1, (C), 153.5 (2 x C), 160.6 (CH=N) ppm. Anal.
Calcd for C;sH»3NO4: C, 64.04; H, 8.24; N, 4.98. Found:
C, 63.82; H, 8.07; N, 4.73.

4.2.6. (S5)-2-{[1-(4-Isopropoxy-3,5-dimethoxyphenyl)-meth-
ylidene]amino}-3-methylbutan-1-ol 16. Mp 101-102 °C;
[oc]f)5 = —80.1 (¢ 0.40, CHCly;); 'H NMR (300 MHz,
CDCl3): 6 0.86 (d, J=69Hz, 3H, CH;), 094 (d,
J=6.6Hz, 3H, CH3), 1.29 (d, J=6.1 Hz, 3H, CH;),
1.31 (d, /= 6.1 Hz, 3H, CH3), 1.94 (sept, J/ = 6.7 Hz, 1H,
CH), 292 (dt, J=3.1, 8.2Hz, 1H, CH), 3.79 (dd,
J=3.1, 11.3 Hz, 1H, CH,), 3.84 (s, 6H, 2 x OCH3), 3.90
(br s, 1H, OH), (sext, J=6.7 Hz, 1H, CH), 3.92 (dd,
J=3.2, 11.3Hz, 1H, CH,), 4.41 (sext, J=6.1 Hz, lH,
CH), 6.84 (s, 2H, Hamm) 7.95 (s, 1H, CH=N) ppm; *C
NMR (75 MHz, CHCI;) 0194 (CH3) 19.7 (CH3), 22.4
(CH3), 22.5 (CHj3), 30.1 (CH), 56.1 (2xOCHj;), 64.5
(CHy), 75.5 (CH), 79.3 (CH), 105.2 (2x CH), 130.8 (C),
138.2, (C), 153.8 (2 x C), 162.0 (CH=N) ppm. Anal. Calcd
for C;sH,7NO,4: C, 65.99; H, 8.80; N, 4.53. Found: C,
65.87; H, 8.98; N, 4.77.

4.3. Synthesis of aminoalcohols 21a—i

A solution of the appropriate organolithium (MeLi, n-
BuLi or PhLi) derivative (31 mmol) was added dropwise
to a solution of imines 11-16 (10 mmol) in Et,O (60 mL)
at 0 °C. The solution was then stirred at rt for 20 h. For
21b and 21i, i-PrMgBr (2 M solution in THF, 31 mmol,
15.5mL) was added dropwise to a solution of imines 11,
15 (10 mmol) in THF (60 mL) at 0 °C and the solution
was then stirred at 50 °C for 20 h. The reaction mixture
was carefully quenched with water, and the ethereal layer
washed with water (30 mL) and brine (20 mL). Evapora-
tion of the solvents in vacuo left an oily residue, which
was purified by flash column chromatography using a mix-
ture of Et,O-Et;N-hexanes (50:10:40) as eluent to furnish
a pale yellow oil.

4.3.1.  (S5)-3-Methyl-2-((S)-1-phenylethylamino)butan-1-ol
21a. [oc]zD5 = —12.6 (¢ 1.04, CHCI3); "H NMR (300 MHz,
CDClL): o 0.86 (d, J=6.8Hz, 3H, CH;), 092 (d,
J=6.8Hz, 3H, CH3), 1.38 (d, J=6.6 Hz, 3H, CH;),

1.76 (sext, J= 6.8 Hz, 1H, CH), 2.33 (m, 1H, CH), 3.36
(dd, J=5.6, 10.6Hz, 1H, CH,), 3.64 (dd, J=4.2,
10.6 Hz, 1H, CH,), 3.88 (q, J=6.6Hz, 1H, ArCH),
7.26-7.35 (m, 5H, Hguom) ppm; C NMR (75 MHz,
CDCl;): 6 18.7 (CHs), 19.5 (CH3), 24.2 (CH3), 29.4 (CH),
60.1 (CH,), 55.4 (CH), 61.1 (CH), 126.5 (2x CH), 127.1,
128.5 (2xCH), 1458 (C) ppm. Anal. Calcd for
Cy3H,;NO: C, 75.32; H, 10.21; N, 6.76. Found: C, 75.45;
H, 10.22; N, 6.69.

4.3.2. (S)-3-Methyl-2- ((S)-2-methyl-1-phenylpropyl-ammo)—
butan-1-o0l 21b. [oz]ZD5 = —28.8 (¢ 1.03, CHCl;); '"H NMR
(300 MHz, CDCl3): ¢ 0.74 (d, J=6.7Hz, 3H, CHs),
0.80-0.86 (m, 6H, 2xCHs), 1.06 (d, J=6.7Hz, 3H,
CH3), 1.68 (sext, J=6.7Hz, 1H, CH), 1.87 (sext,
J=06.7Hz, 1H, CH), 2.13 (m, 1H, CH), 3.31 (d,
J=7.6Hz, 1H, ArCH), 3.44 (dd, J=3.1, 10.8 Hz, 1H,
CH,), 3.62 (dd, J=4.0, 10.8 Hz, 1H, CH,), 7.19 (d,
J=6.7Hz, 2H, H,;om), 7.24-7.35 (m, 3H, H.om) ppm;
13C NMR (75 MHz, CDCly): § 19.1 (CH3), 19.4 (CH3),
19.8 (CHs), 20.2 (CH3) 29.3 (CH), 34.5 (CH), 59.1
(CH»), 61.0 (CH), 66.5 (CH), 126.8 (CH), 127.1 (2 x CH),
128.1 (2xCH), 143.1 (C) ppm. Anal. Calcd for
C,5sH,sNO: C, 76.55; H, 10.71; N, 5.95. Found: C, 76.71;
H, 10.69; N, 5.78.

4.3.3. (5)-2-[(S)-1- (3-Meth0xyphenyl)ethylammo] -3-methyl-
butan-1-ol 21c. [«];, = —22.1 (¢ 1.09, CHCl5); 'H NMR
(300 MHz, CDCl3): ¢ 0.86 (d, J= 6.8 Hz, 3H, CH3), 0.92
(d, J=6.8 Hz, 3H, CH3), 1.36 (d, J = 6.5 Hz, 3H, CH,),
1.75 (sext, J=6.8 Hz, 1H, CH), 2.32 (q, /=5.1 Hz, 1H,
CH), 3.36 (dd, J=5.1, 10.5Hz, 1H, CH,), 3.63 (dd,
J=4.1, 10.5 Hz, 1H, CH,), 3.82 (s, 3H, OCH3), 3.85 (q,
J=6.8 Hz, 1H, ArCH), 6.80 (d, J=28.1 Hz, 1H, H,.om),
6.85-6.90 (m, 2H Harom), 7.26 (t, J=28.2 Hz, lH H.om)
ppm; *C NMR (75 MHz, CDCl;): § 18.7 (CH3), 19.6
(CH3), 24.3 (CH3), 29.4 (CH), 55.2 (CH), 55.4 (OCHy),
60.0 (CH,), 61.1 (CH), 112.2 (CH), 112.25 (CH), 118.8
(CH), 129.5 (CH), 147.6 (C), 159.7 (C) ppm. Anal. Calcd
for C4,H»3NO,: C, 70.85; H, 9.77; N, 5.90. Found: C,
70.62; H, 10.02; N, 5.74.

4.3.4. (5)-2-[(S)-1-(3- Methoxyphenyl)pentylammo]-3-meth-
ylbutan-1-ol 21d. [oc]D =—17.1 (¢ 1.01, CHCly); 'H
NMR (300 MHz, CDCl3): 6 0.84-0.91 (m, 9H, 3 x CH3),
1.05-1.37 (m, 4H, 2 x CH,), 1.50-1.83 (m, 3H, CH + CH,),
2.45 (m, 1H, CH), 3.38 (dd, /=4.1, 10.6 Hz, 1H, CH,),
3.56-3.64 (m, 2H, CH + CH,), 3.82 (s, 3H, OCHs;), 6.79-
6.84 (m, 3H, Harom), 7.25 (t, J=8.0 Hz, 1H, Harom) ppm;
3C NMR (75 MHz, CDCl5): § 14.0 (CH;) 18.9 (CHj),
19.6 (CH3), 55.1 (OCH3), 22.7 (CH,), 28.8 (CH,), 29.4
(CH), 38.0 (CHy), 59.7 (CH,), 60.5 (CH), 60.9 (CH),
112.0 (CH), 112.8 (CH), 119.4 (CH), 129.4 (CH), 146.4
(C), 159.7(C) ppm. Anal. Caled for C;;H,oNO,: C,
73.07; H, 10.46; N, 5.01. Found: C, 72.98; H, 10.41; N,
5.22.

4.3.5. (8)-2-((S)-1-Benzo[1,3]dioxol-5-ylethylamino)-3-meth-
ylbutan-1-ol 21e. [oc]f)s = —51.8 (¢ 1.00, CHCl3); 'H NMR
(300 MHz, CDCl3): 0 0.84 (d, J = 6.8 Hz, 3H, CH3), 0.89
(d, J=6.8 Hz, 3H, CH3), 1.30 (d, J=6.5 Hz, 3H, CHj),
1.73 (sext, J= 6.8 Hz, 1H, CH), 2.29 (m, 1H, CH), 3.17
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(br s, 1H, OH), 3.35 (dd, J = 5.2, 10.6 Hz, 1H, CH,), 6.36
(dd, J=4.2, 10.6 Hz, 1H, CH,), 3.78 (q, J = 6.5 Hz, 1H,
ArCH), 5.92 (s, 2H, OCH20) 6.71-6.74 (m, 2H, Harom),
6.81 (s, 1H, Harom) ppm; °C NMR (75 MHz, CDCl5): ¢
18.7 (CHs), 19.5 (CHs), 24.3 (CHa), 29.3 (CH), 55.2
(CH), 60.0 (CH,), 61.0 (CH), 100.9 (OCH,0), 106.6
(CH), 108.0 (CH), 119.7 (CH), 139.9 (C), 146.4 (C), 147.8
(C) ppm. Anal. Calcd for Ci4H,;NO;3: C, 66.91; H, 8.42;
N, 5.57. Found: C, 67.11; H, 8.24; N, 5.61.

4.3.6. (S)-2-[(S)-1-3, 4-D1methoxyphenyl)ethylam1no]-3-meth-
ylbutan-1-ol 21f. MzDs = —24.9 (¢ 1.00, CHCI3); '"H NMR
(300 MHz, CDCls): 6 0.79 (d, J = 6.8 Hz, 3H, CH3), 0.85
(d, J=6.8 Hz, 3H, CH3), 1.29 (d, J=6.5Hz, 3H, CH,;),
1.67 (sext, J=6.8 Hz, 1H, CH), 2.21 (q, /= 5.2 Hz, 1H,
CH), 3.32 (dd, J=5.0, 10.6 Hz, 1H, CH,), 3.57 (dd,
J=42, 10,6 Hz, 1H, CH,), 3.77 (q, J=6.5Hz, 1H,
ArCH), 3.80 (s, 3H, OCH3), 3.83 (s, 3H, OCH;) 6.75 (s,
2H, Harom), 6.82 (s, 1H, Huom) ppm; C NMR
(75 MHz, CDCl;): 6 18.8 (CH3), 19.4 (CH,), 24.5 (CHs;),
29.3 (CH), 55.1 (OCH3), 55.7 (OCH3), 55.8 (CH), 60.0
(CH,), 61.1 (CH), 109.3 (CH), 110.9 (CH), 118.7 (CH),
138.5 (C), 147.9 (C), 149.0 (C) ppm. Anal. Calcd for
C,5sH,sNOs: C, 67.38; H, 9.42; N, 5.24. Found: C, 67.51;
H, 9.45; N, 5.17.

4.3.7. (S)-3-Methyl-2- {[phenyl—(3§4 5-trimethoxyphenyl)-
methyl]amino}butan-1-ol  21g. [oc]D =+253 (¢ 1.07,
CHCl;); 'H NMR (300 MHz, CDCly): & 0.94 (d,
J=6.1Hz, 3H, CH3), 0.97 (d, J=6.1 Hz, 3H, CH;),
1.95 (sext, J==6.1 Hz, 1H, CH), 2.42-2.46 (m, 1H, CH),
3.46 (dd, J=6.0, 10.8 Hz, 1H, CH,), 3.63 (dd, J=4.1,
10.8 Hz, 1H, CH,), 3.82 (s, 3H, OCH3;), 3.85 (s, 6H,
2x OCH3;), 4.94 (s, 1H, CH) 6.66 (s, 2H, H,om), 7.19—
7.44 (m, SH, Hyrom) ppm; °C NMR (75 MHZ CDCl3): ¢
18.4 (CH3), 19.5 (CHj3), 28.7 (CH), 56.1 (2 x OCH3;), 60.4
(CH,), 60.8 (OCHjs), 61.1 (CH), 64.4 (CH), 104.4
(2xCH), 127.2 (CH), 127.3 (2xCH), 128.6 (2x CH),
139.8 (2xC), 143.9 (C), 153.2 (2x C) ppm. Anal. Calcd
for C5 H,oNO,: C, 70.17; H, 8.13; N, 3.90. Found: C,
69.91; H, 8.36; N, 3.77.

4.3.8. (5)-2-[1-(4-Isopropoxy-3,5-dimethoxyphenyl)-pentyl-
amino|-3-methylbutan-1-o1 21h. [oc}f)s =—12.5 (¢ 1.04,
CHCl;); 'H NMR (300 MHz, CDCl3): 6 0.81-0.89 (m,
9H, 3 x CH;), 1.07-1.38 (m, 7H, 3 x CH, + CH), 1.28 (d,
J=6.1Hz, 3H, CHj;), 1.30 (d, J=6.1 Hz, 3H, CHs;),
2.24 (dd, J=4.2, 6.7, 1H, CH), 3.34 (d, J=4.2, 10.7 Hz,
1H, CH,), 3.51 (dd, J=46.9, 7.0 Hz, 1H, CH), 3.61 (dd,
J=4.2,10.7Hz, 1H, CH,), 3.82 (s, 6H, 2 x OCH3), 4.34
(sept, J = 6.1 Hz, 1H, CH), 6.43 (s, 2H, Hy.om) ppm; *C
NMR (75 MHz, CDCl;): 6 14.0 (CH3), 19.0 (CH3), 19.6
(CHs3), 22.4 (CHj;), 22.5 (CHj3), 22.7 (CH,), 28.8 (CH»,),
29.4 (CH), 38.0 (CH,), 56.0 (2 x OCH3), 59.8 (CH,), 61.0
(CH), 61.1 (CH), 75.1 (CH), 103.8 (2x CH), 134.9 (C),
140.1 (C), 1537 (2xC) ppm. Anal. Caled for
C,1H37NO,: C, 68.63; H, 10.15; N, 3.81. Found: C,
68.71; H, 9.91; N, 4.03.

4.3.9. (S)-3-Methyl-2-|2- methyl-l-(354,S-trimethoxyphenyl)-
propylammo]butan-l-ol 21i. [0 =-339 (¢ 1.13,
CDCl3): o 0.75 (d,

CHCl;); '"H NMR (300 MHz,

J=6.7Hz, 3H, CHj3), 0.84 (d, J=6.7Hz, 3H, CH;),
0.88 (d, J=6.7Hz, 3H, CH;), 1.04 (d, J=6.7 Hz, 3H,
CHj3), 1.69 (sext, J=6.7Hz, 1H, CH), 1.81 (sext,
J=16.7Hz, 1H, CH), 2.14 (ddd, J=3.0, 3.4, 3.9 Hz, 1H,
CH), 3.22 (d, J=7.6Hz, 1H, CH), 3.45 (dd, J=3.0,
10.8 Hz, 1H, CH,), 3.61 (dd, J=3.9, 10.8 Hz, 1H, CH,),
3.84 (s, 9H, 3x OCH3), 6.40 (s, 2H, Haom) ppm; °C
NMR (75 MHz, CDCly): 6 19.2 (CH3), 19.6 (CHj3), 20.0
(CH;3), 20.1 (CHs;), 29.3 (CH), 34.7 (CH), 56.1
(2x OCHj), 59.2 (CH,), 60.8 (OCH3), 60.9 (CH), 66.7
(CH), 104.4 (2xCH), 139.1 2xC), 152.9 (2xC) ppm.
Anal. Calcd for C;gH3NOy4: C, 66.43; H, 9.60; N, 4.30.
Found: C, 66.24; H, 9.44; N, 4.21.

4.4. Synthesis of chiral benzylamines 4a—i

A mixture of aq methylamine (40%, 2 mL) and periodic
acid (7.8 mmol, 1.78 g, as a solution in H,O, 16 mL)
was added to a stirred solution of aminoalcohols 21a-i
(3 mmol) in MeOH (18 mL) at rt. After stirring for 3 h,
the mixture was extracted with Et,O (3 x 10 mL). The
ether extracts were combined and mixed with aq HCI
(4M, 6mL). The mixture was concentrated to remove
ether, stirred for 30 min to ensure complete hydrolysis
of the imine, and further concentrated to remove MeOH.
The remaining aqueous solution was extracted with Et,O
(2x10mL) and the ecthereal extracts were discarded.
After neutralization with NaOH (6 M) at 0 °C, the aque-
ous layer was extracted with Et,O (3 x 10 mL). The or-
ganic extracts were combined, dried (Na,SO,4), and
concentrated. The oily residue was purified by flash col-
umn chromatography on silica gel with a mixture Et,O—
hexanes—MeOH-Et;N (30:60:5:5) as eluent to furnish a
colorless oil.

4.4.1. (S)-1- Phenglethylamine 4a. [oc]D =-34.6 (¢ 0.9,
CHCl) {lit.:?? = —35.1 (¢ 1.0, CHCly)}.

4.4.2. (S)-2-Methyl-1-phenylpropylamine 4b. [oc}]zjs =-123
(¢ 1.06, CHCI;) {lit.:* —10.8 (¢ 1.0, CHCl;)}.

4.4.3. (S)-1-(3-Methoxyphenyl)ethylamine 4c. [o]5 =
—26.8 (¢ 1.15, CHCl;) {lit.:*?> —26.0 (¢ 0.8, CHCl5)}.

4.44. (S)-1- (3-Meth0xyphenyl)pentylamlne 4d. [oc]zDS =
—7.3 (¢ 1.01, CHCl3) ppm; '"H NMR (300 MHz, CDCl;):
0 088 (t, J=7.0Hz, 3H, CHj;), 1.09-1.40 (m, 4H,
2 x CH,), 1.56 (br s, 2H, NH,), 1.66 (q, J = 7.0 Hz, 2H,
CH,), 3.81 (s, 3H, OCHs;), 3.82 (t, J=7.0Hz, 1H, Ar-
CH), 6.78 (d, J = 80Hz 1H, H,rom), 6.88-6.91 (m, 2H,
Huom), 7.24 (t, J=8.0Hz, 1H, Huom); “C NMR
(75 MHz, CDCls): (3 14.0 (CH3), 22.7 (CH,), 28.8 (CH,),
39.3 (CH,), 55.1 (CHj), 56.3 (CH), 111.9 (CH), 112.1
(CH), 118.7 (CH), 129.4 (CH), 148.6 (C), 159.7 (C) ppm.
Anal. Caled for C,H oNO: C, 74.57; H, 9.91; N, 7.25.
Found: C, 74.37; H, 10.05; N, 7.32.

4.4.5. (S)-1-Benzo[1,3]dioxol-5-ylethylamine 4e. [oc]z5 =
—24.8 (¢ 1.10, CHCIl5); '"H NMR (300 MHz, CDCl;): 6
1.31 (d, J=6.6 Hz, 3H, CHs3), 1.46 (br s, 2H, NH,), 4.01
(q, J=6.6 Hz, 1H, CH) 5.88 (s, 2H, OCHZO) 669 6.78
(m, 2H, Hrom), 6 84 (s, 1H, Hdmm) ppm; *C NMR
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(75 MHz, CDCl;3): 6 25.8 (CHj), 51.1 (CH), 100.8
(OCH,0), 106.2 (CH), 108.0 (CH), 118.6 (CH),
142.0 (C), 146.2 (C), 147.6 (C) ppm. Anal. Calcd for
CoH | NO,: C, 65.44; H, 6.71; N, 8.48. Found: C, 65.28;
H, 6.69; N, 8.54.

4.4.6. (S5)-1-(3,4-Dimethoxyphenyl)ethylamine 4f. [oc]zD5 =
—24.2 (¢ 1.01, CHCl5); '"H NMR (300 MHz, CDCl;): 6
1.38 (d, J= 6.6 Hz, 3H, CH3), 1.68 (br s, 2H, NH,), 3.88
(s, 3H, OCH3y), 3.91 (s, 3H, OCH3;), 4.10 (q, J = 6.6 Hz,
1H, CH), 6.80-6.93 (m, 3H, Huom) ppm; *C NMR
(75 MHz, CDCl5): 6 25.8 (CHj3), 51.0 (CH), 55.8 (OCHs),
55.9 (OCHj3;), 109.0 (CH), 111.0 (CH), 117.6 (CH), 140.4
(C), 147.8 (C), 1489 (C) ppm. Anal. Calcd for
CioH5NO,: C, 66.27; H, 8.34; N, 7.73. Found: C, 66.03;
H, 8.51; N, 7.69.

4.4.7. (ZS)-l-Phenyl-l-(3,4,5-trimethoxyphenyl)methylamine
4g. [0]7) = +24.4 (¢ 1.06, CHCl); '"H NMR (300 MHz,
CDCl3): 6 1.82 (br s, 2H, NH,), 3.83 (s, 3H, OCH3), 3.84
(s, 6H, 2 x OCH3), 5.17 (s, 1H, CH), 6.65 (s, 2H, H,;om),
7.33-7.40 (m, 5H, Haom) ppm; °“C NMR (75 MHz,
CDCl3): 6 56.1 (2xOCHj;), 59.9 (CH), 60.8 (OCHs;),
103.8 (2xCH), 126.8 (2xCH), 127.1 (CH), 128.5
(2x CH), 136.8 (C), 141.3 (C), 145.5 (C), 153.2 (2xC)
ppm. Anal. Caled for C;gH;9oNO;5: C, 70.31; H, 7.01; N,
5.12. Found: C, 70.45; H, 7.14; N, 4.87.

4.4.8. (S)-1-(4-Isopropoxy-3,5-dimethoxyphenyl)pentylamine
4h. [oc]f) = —1.2 (¢ 0.75, CHCl;); '"H NMR (300 MHz,
CDCl;): 60 0.89 (t, J=69Hz, 3H, CHj;), 1.29 (d,
J=6.1 Hz, 6H, 2xCHj), 1.25-1.38 (m, 4H, 2x CH,),
1.52-1.65 (m, 4H, CH,+ NH,), 3.76-3.87 (m, 7H,
2x OCH; + CH), 4.32 (sept, J=06.1, 1H, CH), 6.53 (s,
2H, Huom) ppm; *C NMR (75 MHz, CDCls): & 56.1
(2xOCH;3), 59.9 (CH), 60.8 (OCHj;), 103.8 (2x CH),
126.8 (2x CH), 127.1 (CH), 128.5 (2x CH), 136.8 (C),
141.3 (C), 145.5 (C), 153.2 (2 x C) ppm. Anal. Calcd for
Ci6H27NO3: C, 68.29; H, 9.67; N, 4.98. Found: C, 68.11;
H, 9.59; N, 5.12.

4.4.9. (S)-2-Methyl-1-(3,4,5-trimethoxyphenyl)-propylamine
4i. [0]> = +3.5 (¢ 1.03, CHCly); '"H NMR (300 MHz,
CDCl3): 6 0.68 (d, J=6.6Hz, 3H, CH;), 0.89 (d,
J=06.6Hz, 3H, CHj;), 1.44 (br s, 2H, NH;), 1.71 (sext,
J=6.6 Hz, 1H, CH), 3.43 (d, /J=7.3 Hz, 1H, CH), 3.72
(s, 3H, OCHy), 3.75 (s, 6H, 2 x OCH3), 6.45 (s, 2H, H,om)
ppm; 3C NMR (75 MHz, CDCl;): § 18.6 (CH3), 19.7
(CHs3), 35.3 (CH), 55.7 (2x OCHs;), 60.4 (OCH3), 62.5
(CH), 103.6 (2x CH), 136.4 (C), 141.1 (C), 152.6 (2xC)
ppm. Anal. Calcd for C;3H,;NOs: C, 65.25; H, 8.84; N,
5.85. Found: C, 65.48; H, 8.63; N, 5.87.

4.5. Synthesis of pivaloyl amides 23a—e

Trimethylacetylchloride (2.66 mg, 2.2 mmol) was added
dropwise to a stirred solution of benzylamines 4a—e
(2 mmol) and Et;N (610 mg, 6 mmol) in CH,Cl, (20 mL).
The reaction mixture was then stirred at rt for 15 min,.
washed with water (3 x 20 mL), and dried (MgSO,). Evap-
oration of the solvent left a white solid, which was recrys-
tallized from hexanes—toluene.

4.5.1. 2,2-Dimethyl-N—((S)-1-phenylethgl)propionamide 2a.
Mp 117-118 °C (lit.:*> 115-117 °C); [¢]f = —106.6 (¢ 1.09,
CHCl3) {lit.2* [o] = —107.3 (¢ 0.8, EtOH)}; '"H NMR
(300 MHz, CDCl3): 6 1.22 (s, 9H, 3x CH;), 1.49 (d,
J=17.1Hz, 3H, CH;), 5.12 (quint, J=7.1 Hz, 1H, CH),
5.85 (br s, 1H, NH), 7.24-7.36 (m, 5H, Harom) ppm; °C
NMR (75MHz, CDCly): & CH; 21.7 (CHs), 27.6
(3 x CH3), 38.6 (C), 48.4 (CH), 126.0 (CH), 127.2 (CH),
128.6 (CH), 143.5 (C), 177.4 (CO) ppm.

4.5.2. 2,2-Dimethyl-N-((:S)-2-methyl-1-phenylpropyl)-pro-
pionamide 2b. Mp 124-125°C; [« = —87.5 (¢ 1.02,
CHCl;); 'H NMR (300 MHz, CDCly): 6 0.85 (d,
J=6.7Hz, 3H, CHs), 0.95 (d, J=6.7Hz 3H, CH;),
1.22 (s, 9H, 3 x CH3), 2.06 (sext, J=6.7 Hz, 1H, CH),
477 (t, J=8.0Hz, 1H, Ar-CH), 5.98 (br s, 1H, NH),
7.19-7.36 (m, 5H, Huom) ppm; C NMR (75 MHz,
CDCl;): 6 18.6 (CH3), 19.7 (CH3), 27.6 (3 x CH3), 33.5
(CH), 38.8 (C), 58.6 (CH), 126.7 (2x CH), 127.0 (CH),
128.4 (2 x CH), 141.8 (C), 177.5 (CO) ppm. Anal. Calcd
for C;sH,3NO: C, 77.21; H, 9.93; N, 6.00. Found: C,
77.05; H, 10.01; N, 6.21.

4.5.3.  N-[(S)-1-(3-Methoxyphenyl)ethyl]-2,2-dimethylpro-
Pionamide 2¢. Mp 69-70 °C; [o]3; = —76.8 (¢ 1.01, CHCl3);
H NMR (300 MHz, CDCly): 6 1.21 (s, 9H, 3 x CH3y), 1.47
(d, J=6.9 Hz, 3H, CH;), 3.80 (s, 3H, OCH3), 5.08 (pent,
J=69Hz, 1H, CH), 585 (br d, /J=6.9 Hz, 1H, NH),
6.81 (d, /=6.8 Hz, 1H, H,om), 6.84 (s, 1H, H,om), 6.89
(d, J=7.6 Hz, 1H, H,,om), 7.23-7.30 (m, 1H, H,om) ppm;
3C NMR (75MHz, CDCl;): & 21.8 (CHj), 27.6
(3x CH3), 38.6 (C), 48.5 (CH), 55.2 (CHj3), 112.0 (CH),
112.3 (CH), 118.3 (CH), 129.7 (CH), 145.2 (C), 159.8 (C),
177.5 (CO) ppm. Anal. Caled for Ci4H,NO,: C, 71.46;
H, 8.99; N, 5.95. Found: C, 71.19; H, 9.08; N, 6.12.

4.54. N—[(S)-l-(3-Meth0xyphenyl)pent;fl]-2,2-dimethylpr0-
pionamide 2d. Mp 115-116 °C; [oc]zD =-712 (¢ 0.99,
CHCl;); '"H NMR (300 MHz, CDCl;): & 0.88 (t,
J=6.8 Hz, 3H, CH3), 1.21 (s, 9H, 3 x CHj3), 1.26-1.36
(m, 4H, 2x CH,), 1.77 (q, J=17.5 Hz, 2H, CH,), 3.80 (s,
3H, OCHs), 4.90 (q, /=7.5Hz, 1H, Ar-CH), 5.84 (br s,
1H, NH), 1.77-1.82 (m, 2H, H,;om), 6.87 (d, J=7.6 Hz,
1H, Hurom), 7.25 (t, J=7.6Hz, 1H, Huom) ppm; C
NMR (75 MHz, CDCls): 6 14.0 (CH;), 22.5 (CH,), 27.6
(3 x CH3), 28.4 (CH,), 36.1 (CH,), 38.6 (CH), 53.1 (CH),
55.2 (CHj), 112.2 (CH), 112.4 (CH), 118.6 (CH), 129.6
(CH), 144.5 (C), 159.7 (C), 177.5 (CO) ppm. Anal. Calcd
for C17H27N021 C, 7361, H, 981, N, 5.05. Found: C,
73.45; H, 10.05; N, 5.12.

4.5.5. N-(S)-(1-Benzol1,3]dioxol-5-ylethyl)-2,2-dimethylpro-
pionamide 2e. Mp 97-98 °C; [oc]f)5 =-86.2 (¢ 1.04,
CHCly); '"H NMR (300 MHz, CDCl;): & 1.19 (s, 9H,
3xCHj), 1.44 (d, J=6.8 Hz, 3H, CH3), 4.93-5.07 (m,
1H, CH), 5.77 (br s, 1H, NH), 5.94 (s, 2H, OCH,0),
5.71-6.83 (m, 3H, Huom) ppm; C NMR (75 MHz,
CDCl;): 6 21.9 (CHj), 27.5 (3x CHs3), 38.6 (C), 48.3
(CH), 101.0 (O CH,0), 106.7 (CH), 108.3 (CH), 119.2
(CH), 137.6 (C), 146.6 (C), 147.8 (C), 177.4 (CO) ppm.
Anal. Calcd for C14HoNO;3: C, 67.45; H, 7.68; N, 5.62.
Found: C, 67.21; H, 7.65; N, 5.79.
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4.6. Synthesis of isoindolinones 23a,c,e

A solution of pivaloyl amides 2a-e (1 mmol) in Et,O
(10 mL) was cooled at —78 °C under Ar. n-BuLi (1.6 M
solution in hexanes, 1 mmol, 0.62 mL) was quickly added
and after stirring for 30 min the mixture was cooled to
—100 °C and 7-BuLi (1.7 M solution in pentane, 1.2 mmol,
0.70 mL) was then added dropwise. The mixture was stir-
red at —78 °C for 4 h and then at 0 °C for 30 min. The solu-
tion was re-cooled to —78°C and dimethylcarbonate
(135mg, 1.5mmol) was added dropwise. The solution
was allowed to warm to rt and quenched with water
(10 mL). The organic layer was separated and the aqueous
layer extracted with Et,O (3 x 50 mL). The combined ex-
tracts were dried (MgSQO,4)and evaporated in vacuo to leave
an oily residue, which was purified by flash column chro-
matography on silica gel using AcOEt-hexanes (30:70) as
eluent.

4.6.1. (95)-2-(2,2-Dimethylpropionyl)- 3-meth¥l-2 3-dihydro-
1H-isoindol-1-one 23a. Mp 58-59°C; [o]) = +28.9 (c
0.99, CHCly); '"H NMR (300 MHz, CDCl5): 6 1.45 (s,
9H, 3xCHj3), 1.51 (d, J=6.3 Hz, 3H, CH3), 5.32 (q,
J=63Hz, 1H, CH), 744 (d, J=7.4Hz, 1H, H,om),
749 (t, J=74Hz, 1H, H,om), 7.65 (t, J=7.4Hz, 1H,
Harom), 7.86 (d, J=7.4Hz, 1H, Hurom) ppm; °C NMR
(75 MHz, CDCl;): 6 19.9 (CH3), 26.2 (3 x CHs3), 41.9 (C),
57.1 (CH), 122.3 (CH), 125.0 (CH), 128.5 (CH), 133.8
(CH), 130.4 (C), 147.6 (C), 166.1 (CO), 180.2 (CO) ppm.
Anal. Calcd for C;4H7NO,: C, 72.70; H, 7.41; N, 6.06.
Found: C, 72.56; H, 7.49; N, 5.97.

4.6.2. (S)-2-(2,2-Dimethylpropionyl)-7-methoxy-3-methyl-
2,3-dihydro-1H-isoindol-1-one 23c. Mp 65-66 °C;
[o ]2D5 = —3.9 (¢ 1.05, CHCl3); '"H NMR (300 MHz, CDCl):
0 1.42 (s, 9H, 3><CH3) 1.47 (d, J=6.5Hz, 3H, CH3) 3.98
(s, 3H, OCH3), 5.24 (q, J=6.5Hz, 1H, CH), 6.88 (d,
J=28.1Hz, 1H, H,om), 6.96 (d, J=7.3 Hz, 1H, H,.om),
7.53-7.59 (m, 1H, Haom) ppm; “C NMR (75 MHz,
CDCl3): 6 20.1 (CHj3), 26.2 (3xCHj3), 41.9 (C), 56.1
(CHs3), 55.9 (CH), 110.0 (CH), 114.1 (CH), 135.5 (CH),
144.7 (C), 150.4 (C), 158.6 (C), 164.8 (CO), 180.2 (CO)
ppm. Anal. Caled for C;sH;9oNO;3: C, 68.94; H, 7.33; N,
5.36. Found: C, 69.10; H, 7.35; N, 5.06.

4.6.3. (8)-7-(2,2-Dimethylpropionyl)-6-methyl-6, 7-d1hydro-
8 H-1,3-dioxolo[4,5-¢]isoindol-8-one 23e. Oil; [« ]2 =420
(¢ 1.05, CHCl;); '"H NMR (300 MHz, CDCls): 6 1.43 (s,
9H, 3x CH;), 1.49 (d, J=6.3Hz, 3H, CHj3), 529 (q,
J=63Hz, 1H, CH), 6.17 (s, 2H, OCH,0), 6.84 (d,
J=7.7Hz, 1H, Hyom), 7.06 (d, J=7.7Hz, 1H, H,;om)
ppm; °C NMR (75 MHz, CDCly): & 20.6 (CHs), 26.1
(3x CHj;), 42.0 (C), 57.5 (CH), 103.2 (OCH,0), 113.5
(CH), 114.1 (CH), 140.5 (C), 144.6 (C), 148.5 (C),
163.7(C), 180.1 (2xCO) ppm. Anal. Caled for
Ci5sH7NOy: C, 65.44; H, 6.22; N, 5.09. Found: C, 65.44;
H, 6.31; N, 4.96.

4.6.4. 2-[(S)-1-(2,2-Dimethylpropionylamino)- 2-methyl ro-
pyllbenzoic acid methyl ester 24b. Mp 59-60 °C; [u]5

—80.5 (¢ 1.01, CHCl;); 'H NMR (300 MHz, CDC13) 5
0.67 (d, J=6.7Hz, 3H, CH3), 0.99 (d, J=6.7 Hz, 3H,

CH;), 1.17 (s, 9H, 3 x CH3), 2.00-2.17 (m, 1H, CH), 3.91
(s, 3H, OCHs;), 4.94 (t, J=9.8 Hz, 1H, Ar-CH), 7.29 (t,
J=7.6Hz, 1H, H,om), 7.34-7.46 (m, 2H, H,om), 740
(br s, 1H, NH), 7.88 (d, J = 7.6 Hz, 1H, Hy,om) ppm; °C
NMR (75 MHz, CDCl;): ¢ 18.6 (CH3), 19.7 (CHj3), 27.6
(3x CH3), 32.0 (CH), 52.5 (C), 60.0 (CH3), 127.1 (CH),
131.6 (2xCH), 1324 (2xCH), 128.6 (C), 143.1 (C),
169.4 (CO), 177.7 (CO) ppm. Anal. Caled for
C7H,sNOg3: C, 70.07; H, 8.65; N, 4.81. Found: C, 69.82;
H, 8.59; N, 5.01.

4.7. Synthesis of isoindolinones 3a,c,e

Mg(OMe), (1 M solution in MeOH, 1.5mL, 1.5 mmol)
was added to a stirred solution of N-pivaloyl isoindolinones
23a,c,e (0.5 mmol) in MeOH (6 mL). Stirring was main-
tained overnight at rt. After evaporation of the solvent
the residue was dissolved in AcOEt (20 mL) and washed
with satd aq NH,4CI solution (10 mL). The aqueous layer
was then re-extracted with AcOEt (10 mL) and the com-
bined organic layers were washed with brine and dried over
Na,SO,. After evaporation of the solvent the solid residues
3a and 3e were recrystallized from Et,O—acetonitrile to give
a white solid. Product 3¢ was purified by column chromato-
graphy on silica gel using AcOEt as eluent.

4.7.1. (S)-3-Methyl-2,3-dihydro- 1H-lsomdol 1-one 3a. Mp
118-119°C (lit.:°4 112 115°C) [oc]D =—45.0 (¢ 0.59,
EtOH) {lit.:3¢ (R)-isomer, [oc]f) = +44.0 (¢0.56, MeOH)}.

4.7.2. (S)-7-Meth0xy-3—methyl 2,3-dihydro-1H-isoindol-1-
one 3c. Oil; [oc]lz) =-22 (¢ 0.5, DMSO); 'H NMR
(300 MHz, DMSO-dq): ¢ 1.49 (d, T= 6.7 Hz, 3H, CHj),
3.99 (s, 3H, OCH3), 4.63 (q, J=6.7 Hz, 1H, CH), 6.89
(d, J=7.9 Hz, 1H, Hurom), 6.98 (d, J = 7.9 Hz, 1H, H,om),
7.50 (t, J=7.9 Hz 1H, Harom), 7.53 (br s, 1H, NH) ppm;
13C NMR (75 MHz, DMSO- dg): 6 20.5 (CH3), 52.1 (CH),
55.9 (CH3), 109.9 (CH), 114.3 (CH), 118.1 (C), 133.7
(CH), 152.1 (C), 157.5 (C), 170.3 (CO) ppm. Anal. Calcd
for C;oH;NO,: C, 67.78; H, 6.26; N, 7.90. Found: C,
68.05; H, 6.13; N, 7.86.

4.7.3.  (5)-6-Methyl-6,7-dihydro- 8H-1§3 -dioxolo[4,5-¢]iso-
indol-8-one 3e. Mp 189-190 °C; [oc}f) =—124 (c 1.03,
DMSO); '"H NMR (300 MHz, DMSO-d): 6 1.30 (d,
J=6.6 Hz, 3H, CH;), 4.53 (q, /= 6.6 Hz, 1H, CH), 6.12
(d, J=09Hz, IH, OCH,0), 6.13 (d, J:O.9 Hz, 1H,
OCH,0), 6.95 (d, J=79Hz, 1H, CHgom), 7.09 (d,
J=79Hz, 1H, CH,om), 8.53 (br s, 1H, NH) ppm; "*C
NMR (75 MHz, DMSO-d¢): 6 21.3 (CHj3), 52.2 (CH),
102.7 (OCH,0), 111.6 (CH), 115.5 (CH), 114.8 (C), 143.1
(C), 143.3 (C), 148.1 (C), 166.8 (CO) ppm. Anal. Calcd
for C,(HyNO5: C, 62.82; H, 4.74; N, 7.33. Found: C,
63.02; H, 4.78; N, 7.02.

4.8. Synthesis of carbamates 26f-h

Methyl chloroformate (208 mg, 2.2 mmol) was added
dropwise to a solution of benzylamines 4f-h (2 mmol)
and Et3N (610 mg, 6 mmol) in CH,Cl, (20 mL). The solu-
tion was stirred at rt for 15 min. The mixture was washed
with water (3 x 20 mL) and dried over MgSQO,. Evapora-
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tion of the solvent left a white solid, which was recrystal-
lized from hexanes—toluene.

4.8.1. [(S)-1-(3,4-Dimethoxyphenyl)ethyl]carbamic  acid
methyl ester 26f. Mp 92-94°C; [o]3) = —65.2 (¢ 0.99,
CHCl;); 'H NMR (300 MHz, CDCly): & 1.46 (d,
J=6.8 Hz, 3H, CHj;), 3.65 (s, 3H, OCHj3), 3.85 (s, 3H,
OCH;), 3.87 (s, 3H, OCH3;), 4.71-4.84 (m, 1H, CH), 5.04
(br s, 1H, NH), 6.77-6.91 (m, 3H, Hu.om) ppm; *C
NMR (75 MHz, CDCly): ¢ 22.3 (CH3), 50.4 (CH), 52.0
(OCH3), 55.8 (OCHj;), 55.9 (OCH3), 109.6 (CH), 111.1
(CH), 117.7 (CH), 136.2 (C), 148.2 (C), 149.0 (C), 156.2
(CO) ppm. Anal. Caled for C;,H;7sNO4: C, 60.24; H,
7.16; N, 5.85. Found: C, 60.43; H, 6.93; N, 5.98.

4.8.2. (S)-[Phenyl-(3,4,5-trimethoxyphenyl)methsyl]carbamic
acid methyl ester 26g. Mp 128-129 °C; [oc]]z) =-34 (c
1.05, CHCly); '"H NMR (300 MHz, CDCls): d 3.71 (s,
3H, OCH3), 3.81 (s, 6H, 2 x OCH3), 3.84 (s, 3H, OCH3),
5.37 (br d, J="7.5Hz, 1H, NH), 5.92 (br d, J=7.5 Hz,
1H, CH), 6.46 (s, 2H, CH,;om), 7.25-7.29 (m, 2H, H,om),
7.30-7.38 (m, 3H, Haom) ppm; °C NMR (75 MHz,
CDCl3): 6 52.4 (OCHj3;), 56.1 (2 x OCH3), 59.0 (CH), 60.8
(OCH3y), 1044 (2xCH), 127.7 (2xCH), 127.6 (CH),
128.6 (2xCH), 137.2 (C), 1374 (C), 141.5 (C), 153.3
(2% C), 156.3 (CO) ppm. Anal. Calcd for C;gH,;NOs: C,
65.24; H, 6.39; N, 4.23. Found: C, 65.01; H, 6.33; N, 3.98.

4.8.3. (S)-l-(4-Isopropoxy-3,5—dimethox¥phenyl)pentyl]car-
bamic acid methyl ester 26h. Oil; [o]> = —22.3 (¢ 1.02,
CHCl;); '"H NMR (300 MHz, CDCly): & 0.87 (t,
J=06.2Hz 3H, CH3), 1.31 (d, /=6.3 Hz, 6H, 2 x CHj;),
1.34-1.53 (m, 4H, 2 x CH,), 1.77-1.98 (m, 2H, CH,), 3.70
(s, 3H, OCH;), 3.83 (s, 6H, 2xOCH;), 4.48 (sept,
J=6.3Hz, 1H, CH), 4.73-4.88 (m, 1H, CH), 5.16 (br s,
1H, NH), 6.48 (s, 2H, CH,om) ppm; °C NMR (75 MHz,
CDCl;): 0 13.7 (CH3), 21.8 (2x CH3), 23.0 (CH,), 28.9
(CH,), 32.0 (CHy), 52.0 (OCH3), 56.2 (2 x OCHj3), 58.8
(CH), 74.8 (CH), 105.2 (2x CH), 134.6 (C), 136.2 (C),
1529 (2xC), 158.1 (CO) ppm. Anal. Calcd for
C1sHoNOs: C, 63.69; H, 8.61; N, 4.13. Found: C, 63.80;
H, 8.44; N, 3.95.

4.9. Synthesis of N-substituted carbamates 27f-h

Carbamates 26f-h (3.5 mmol) were added portionwise to a
stirred suspension of sodium hydride (10.5 mmol, 250 mg)
in dry DMF (50 mL). The mixture was further stirred at
50 °C for 2 h, then cooled to 0 °C. Alkylating agent (Mel
or BnBr, 7 mmol) was added and the mixture allowed to
warm to rt. After quenching with an aq NH4Cl (10 mL)
and evaporation of the DMF under vacuum the oily resi-
due was dissolved in Et,O (50 mL). The solution was
washed with aqg NH4Cl (20 mL), water (20 mL), brine
(20 mL), and then dried over MgSQ,. After concentration,
the oily residue was purified by column chromatography
on silica gel using AcOEt-hexanes (30:70) as eluent to give
a colorless oil.

4.9.1. [(S)-1-(3,4-Dimethoxyphenyl)ethyljmethylcarbamic
acid methyl ester 27f. [«], = —115.6 (¢ 1.08, CHCl3); 'H
NMR (300 MHz, CDCls): 6 1.46 (d, J=7.0Hz, 3H,

CHs;), 2.56 (s, 3H, NCHj), 3.73 (s, 3H, OCH3), 3.84 (s,
6H, 2 x OCH3), 5.49 (br s, 1H, ArCH), 6.71-6.88 (m, 3H,
Ha.om) ppm; °C NMR (75 MHz, CDCly): 6 16.1 (CHj),
28.0 (NCH3), 52.6 (OCHj;), 55.7 (CH), 55.8 (OCH3), 55.9
(OCH;), 110.6 (2xCH), 118.9 (CH), 133.3 (C), 148.2
(C), 1489 (C), 157.1 (CO) ppm. Anal. Calcd for
C13H9NOy,: C, 61.64; H, 7.56; N, 5.53. Found: C, 61.45;
H, 7.77; N, 5.42.

4.9.2. (S)-Methyl[phenyl-(3,4,5-trimethoxyphenyl)methyl]-
carbamic acid methyl ester 27g. [o]) = —11.2 (¢ 1.00,
CHCl;); '"H NMR (300 MHz, CDCI3): & 2.74 (s, 3H,
NCH3), 3.77 (s, 3H, OCH3;), 3.78 (s, 6H, 2 x OCH3), 3.85
(s, 3H, OCH3), 6.39 (s, 2H, Hrom), 6.59 (br s, 1H, ArCH),
7.19-7.22 (m, 2H, Harom), 7.28-7.38 (m, 3H, H,.om) ppm;
13C NMR (75MHz, CDCl;): ¢ 31.1 (NCH;), 53.0
(OCH3;), 56.1 (2 x OCHj;), 60.8 (OCHj3), 63.0 (CH), 105.8
(2xCH), 127.5 (CH), 128.4 (2xCH), 128.5 (2x CH),
135.0 (C), 137.3 (C), 139.1 (C), 148.2 (C), 153.2 (C),
157.4 (CO) ppm. Anal. Calcd for C;9H,3NOs: C, 66.07;
H, 6.71; N, 4.06. Found: C, 65.93; H, 6.95; N, 4.01.

4.9.3. (S)-N-Benzyl[1-(4-isopropoxy-3,5-dimethoxyphenyl)-
pentyllcarbamic acid methyl ester 27h. [oc]f; =-522 (c
1.43, CHCly); '"H NMR (300 MHz, CDCl3): § 0.84 (t,
J=69Hz, 3H, CHy), 1.17-1.38  (m, 10H,
2x CH; + 2 x CH,), 1.76-1.88 (m, 2H, CH,), 3.74 (s, 9H,
3 x OCH3), 4.16-4.45 (m, 3H, CH,Ph + CH), 5.29 (br s,
1H, ArCH), 6.48 (s, 2H, H,;om), 6.90-7.08 (m, 2H, H,.om),
7.11-7.18 (m, 3H, Haom) ppm; C NMR (75 MHz,
CDCl3): 6 14.0 (CH3), 22.4 (2x CH3), 22.5 (CH,), 28.7
(CH,), 31.1 (CH,), 46.9 (CH,), 52.7 (OCHj3), 56.1
(2x OCH3;), 59.5 (CH), 75.2 (CH), 105.7 (2x CH), 126.7
(2x CH), 127.2 (CH), 128.0 (2xCH), 135.2 (C), 135.5
(C), 139.1 (C), 153.6 (2 x C), 157.7 (CO) ppm. Anal. Calcd
for C,sH3sNOs: C, 69.90; H, 8.21; N, 3.26. Found: C,
69.69; H, 8.03; N, 3.02.

4.10. Synthesis of brominated N-substituted carbamates
25f-h

Bromine (440 mg, 2.75 mmol) was added dropwise under
stirring to a solution of 27f-h (630 mg, 2.5 mmol) and
potassium acetate (374 mg, 2.75 mmol) in acetic acid
(15 mL). Stirring was maintained for 16 h at rt, the solution
was concentrated under vacuum and the residue dissolved
in CH,Cl, (30 mL). The solution was washed successively
with saturated aq Na,COj; solution (10 mL), aq sodium
thiosulfate solution (10%, 10 mL), and brine. The organic
layer was dried over Na,SO4 and the solvent was evapo-
rated under vacuum. The crude oily residue was purified
by column chromatography using AcOEt-hexanes (30:70)
as eluent to deliver a yellow solid.

4.10.1. [(S)-1-(2-Bromo-3,4-dimethoxyphenyl)ethylcarbamic
acid methyl ester 25f. Mp 52-53 °C; [oc}f)s = —63.5(c 1.01,
CHCly); '"H NMR (300 MHz, CDCly): 6 1.49 (d,
J=6.8 Hz, 3H, CHj;), 2.58 (s, 3H, N-CH3), 3.72 (s, 3H,
OCHs;), 3.85 (s, 3H, OCHs;), 3.88 (s, 3H, OCH3;), 5.42 (q,
J=6.8Hz, 1H, CH), 6.85 (s, 1H, Haom), 7.04 (s, 1H,
Harom) ppm; °C NMR (75 MHz, CDCl3): § 16.8 (CH3),
29.2 (CH3), 52.7 (OCHs;), 53.7 (CH), 56.1 (OCHs;), 56.15
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(OCH3), 111.3 (CH), 115.2 (C), 116.0 (CH), 131.6 (C),
148.1 (C), 148.7 (C), 156.6 (CO) ppm. Anal. Calcd for
C3HgBrNOy4: C, 47.00; H, 5.46; N, 4.22. Found: C,
47.26; H, 5.23; N, 4.51.

4.10.2. (S)-[(2-Bromo-3,4,5-trimethoxyphenyl)phenylmethyl]-
methylcarbamic acid methyl ester 25g.  Oil; [« = —0.3 (¢
1.01, CHCl;); "H NMR (300 MHz, CDCl3): 6 2.73 (s, 3H,
NCHs;), 3.67 (s, 3H, OCH3), 3.75 (s, 3H, OCH3;), 3.90 (s,
3H, OCH3), 3.92 (s, 3H, OCHs;), 6.34 (s, 1H, H,om), 6.69
(s, 1H, CH), 7.12-7.15 (m, 2H, Ha,om), 7.28-7.36 (m, 3H,
Huom) ppm; *C NMR (75MHz, CDCly): & 32.0
(NCHj), 53.1 (OCH3), 56.1 (OCHj3), 61.0 (OCHj3), 61.1
(OCH3;), 63.3 (CH), 109.6 (CH), 111.7 (C), 127.5 (CH),
1279 (2xCH), 128.6 (2xCH), 1349 (C), 139.0 (C),
144.4 (C), 151.2 (C), 152.4 (C), 157.2 (CO) ppm. Anal.
Calcd for C;9H»»,BrNOs: C, 53.79; H, 5.23; N, 3.30. Found:
C, 53.97; H, 5.04; N, 3.44.

4.10.3. (S)-N-Benzyl-[1-(2-bromo-4-isopropoxy-3,5-dimeth-
ongsphenyl)pentyl]carbamic acid methyl ester 25h. Oil;
[a]5 = —20.7 (¢ 1.50, CHCl;); 'H NMR (300 MHz,
CDCl3): 6 0.86 (t, J=6.8 Hz, 3H, CH3), 1.12-1.43 (m,
10H, 2x CH; + 2 x CH,), 1.72-2.08 (m, 2H, CH,), 3.76
(s, 3H, OCHs), 3.78 (s, 3H, OCHs;), 3.82 (s, 3H, OCH,;),
422 (d, J=16.1 Hz, 1H, PhCH,), 4.31-4.46 (m, 2H,
PhCH, + CH), 542 (t, J=7.7Hz, 1H, ArCH), 6.72 (s,
IH, Harom), 6.97-7.05 (m, 2H, H, H.om), 7.06-7.22 (m,
3H, Huom) ppm; °C NMR (75 MHz, CDCl5): 6 14.0
(CH3), 22.4 (CH3y), 22.5 (CH3), 22.6 (CH,), 28.5 (CH,),
32.0 (CHy), 47.7 (CHy), 52.8 (OCH3), 56.1 (OCH3), 59.1
(CH), 60.5 (OCHj3), 76.2 (CH), 108.3 (CH), 113.1 (C),
126.7 (2x CH), 127.1 (CH), 127.9 (2x CH), 133.8 (C),
138.7 (2x C), 140.7 (C), 151.4 (C), 153.0 (CO) ppm. Anal.
Calcd for C,5H34BrNOs: C, 59.06; H, 6.74; N, 2.75. Found:
C, 59.22; H, 6.65; N, 2.98.

4.11. Synthesis of isoindolinones 3f-h

A solution of #»n-BulLi (0.71mL, 1.6M in hexane,
1.14 mmol) was added dropwise by syringe at —90 °C un-
der N, to a solution of carbamates 25f-h (347 mg,
1.04 mmol) in dry THF (30 mL). The reaction mixture
was stirred at —90 °C for 20 min then allowed to warm
to —40 °C over a period of 30 min. After the addition of
saturated aq NH4CI (5 mL) at —40 °C, the mixture was di-
luted with water (20 mL), extracted with Et,O (3 x 25 ml)
and the combined organic layers were dried (MgSQO,).
Evaporation of the solvent in vacuo left an oily residue,
which was purified by flash column chromatography on sil-
ica gel using AcOEt as eluent to furnish isoindolinone 3f-h
as a yellow oil.

4.11.1. (S)-6,7-Dimethoxy-2,3-dimethyl-2,3-dihydro-1 H-iso-
indol-1-one 3f. Mp 175-176°C; [o]) = —14.3 (¢ 1.02,
CHCl;); '"H NMR (300 MHz, CDCly): & 1.44 (d,
J=6.7Hz, 3H, CH;), 3.08 (s, 3H, NCH3), 3.91 (s, 3H,
OCHj;), 3.93 (s, 3H, OCH3), 432 (q, J=6.7Hz, 1H,
CH), 6.85 (s, 1H, Huom), 7.27 (s, 1H, Hyom) ppm; *C
NMR (75 MHz, CDCly): § 18.2 (CH;), 27.1 (NCHj),
56.2 (2xOCHjs), 57.3 (CH), 104.1 (CH), 105.1 (CH),
1242 (C), 140.3 (C), 149.6 (C), 152.4 (C), 168.3 (CO)

ppm. Anal. Calcd for C,H;sNO3: C, 65.14; H, 6.83; N,
6.33. Found: C, 65.24; H, 7.02; N, 6.03.

4.11.2. (S)-S,6,7-Trimethoxy-2-meth¥l-3-phenyl-2,3-dihy-
dro-1H-isoindol-1-one 3g. Oil; [o]) = +5.7 (c 1.06,
CHCl;); '"H NMR (300 MHz, CDCl3): & 2.90 (s, 3H,
NCH3), 3.79 (s, 3H, OCHs), 3.88 (s, 3H, OCH3;), 4.18 (s,
3H, OCHs;), 5.19 (s, 1H, CH), 6.39 (s, 1H, H,om), 7.15-
7.18 (m, 2H, Harom), 7.37-7.39 (m, 3H, Hypom) ppm; °C
NMR (75 MHz, CDCls): ¢ 27.4 (NCHj3), 56.2 (OCHs3),
61.4 (OCHj3), 62.7 (OCH3), 66.1 (CH), 101.4 (CH), 116.3
(C), 127.5 (2xCH), 128.7 (CH), 129.2 (2x CH), 137.3
(C), 141.8 (C), 143.4 (C), 151.1 (C), 157.2 (C), 167.1 (CO)
ppm. Anal. Caled for CigH;9NOy4: C, 69.00; H, 6.11; N,
4.47. Found: C, 68.79; H, 5.98; N, 4.70.

4.11.3.  (5)-2-Benzyl-3-butyl-6-isopropoxy-5 %7-dimeth0xy-
2,3-dihydro-1H-isoindol-1-one 3h. Oil; [o]}) = —40.2 (c
1.59, CHCl;); '"H NMR (300 MHz, CDCls): § 0.66-0.85
(m, 1H, CH,), 0.78 (t, J=7.2 Hz, 3H, CHj3), 0.86-1.06
(m, 1H, CH,), 1.16 (quint, J = 7.3 Hz, 2H, CH,), 1.30 (d,
J=6.0Hz, 3H, CHj3), 1.32 (d, J=6.1 Hz, 3H, CH;),
1.73-1.98 (m, 2H, CH,), 3.86 (s, 3H, OCH3;), 4.08 (d,
J=15.0Hz, 1H, ArCH,), 4.11 (s, 3H, OCH3), 4.30 (t,
J=4.0Hz, 1H, CH), 4.42 (sept, J=6.1 Hz, 1H, CH),
5.28 (d, J=15.0Hz, 1H, ArCH,), 6.57 (s, 1H, H,om),
7.26-7.31 (m, 5H, Haom) ppm; C NMR (75 MHz,
CDCl3): 6 13.9 (CH3), 22.5 (2x CHj), 22.6 (CH,), 24.0
(CH,), 30.1 (CH,), 43.7 (CH,), 56.2 (OCH3;), 58.0 (CH),
62.1 (OCH3;), 76.1 (CH), 100.4 (CH), 117.2 (C), 127.4
(CH), 128.2 (2xCH), 128.6 (2xCH), 137.6 (C), 139.7
(0), 142.6 (C), 152.0 (C), 157.7 (C), 167.1 (CO) ppm. Anal.
Calcd for C,4H3;NOy4: C, 72.52; H, 7.86; N, 3.51. Found:
C, 72.83; H, 7.98; N, 3.77.

4.12. (S)-N,N-Di(methoxycarbonyl)-2-methyl-1-(3,4,5-tri-
methoxyphenyl)propylamine 29

A solution of benzylamine 4i (2 mmol, 750 mg) and Et;N
(6 mmol, 610 mg) in CH,Cl, (20 mL) was added dropwise
over 30 min to a well stirred solution of methyl chlorofor-
mate (2 mmol, 190 mg) in CH,Cl, (20 mL) maintained at
—10 °C. The mixture was stirred at 0 °C for 30 min, washed
with satd aq NaHCOj; (2 x 10 mL), and brine (10 mL) then
dried over MgSQy,. After evaporation of the solvent the
crude product was dissolved in THF (10 mL) and cooled
to —30 °C. n-BuLi (1.6 M solution in hexanes, 2.1 mmol,
1.35 mL) was added and the mixture was stirred for further
30 min at —30°C. A solution of methyl chloroformate
(2 mmol, 190 mg) in THF (5 mL) was then added and the
mixture was stirred for 30 min at 0 °C. The mixture was di-
luted with water (20 mL), extracted with Et,O (3 x 25 ml)
after which the combined organic layers were dried over
MgSO,. Evaporation of the solvent in vacuo left an oily
residue which was purified by flash column chromatogra-
phy using AcOEt-hexanes (50:50) as eluent to furnish dic-
arbamate 29 as a colorless oil (475 mg, 67%); [o]5, = —48.1
(¢ 1.02, CHCl3); '"H NMR (300 MHz, CDCl3): § 0.85 (d,
J=64Hz, 3H, CHj3), 1.00 (d, J=6.4Hz, 3H, CH;),
2.82 (sext, J=6.4 Hz, 1H, CH), 3.77 (s, 6H, 2 x OCHs;),
3.82 (s, 3H, OCHj;), 3.83 (s, 6H, 2x OCHs;), 4.85 (;d,
J=112Hz, 1H, CH), 6.69 (s, 2H, Hu.om) ppm; *C
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NMR (75 MHz, CDCly): 6 19.7 (CH3), 21.2 (CHj3), 29.0
(CH), 58.8 (2xOCHj;), 56.1 (2xOCHj;), 60.8 (OCHs3),
67.9 (CH), 106.3 (2x CH), 134.4 (C), 137.4 (C), 152.7
(2xC), 155.1 (2xC) ppm. Anal. Caled for C;;H,>5NO7:
C, 57.45; H, 7.09; N, 3.94. Found: C, 57.30; H, 7.12; N,
3.68.

4.13. (S)-N,N-Di(methoxycarbonyl)-2-methyl-1-(2-bromo-
3,4,5-trimethoxyphenyl)propylamine 28

Bromination of 29 was carried out as described for 25f-h to
furnish 28 as a colorless oil in 75% yield. [«]}, = +6.5 (¢
1.06, CHCly); '"H NMR (300 MHz, CDCl5): 6 0.85 (d,
J=6.7Hz, 3H, CHj3), 1.07 (d, J=6.6 Hz, 3H, CHs;),
2.82 (sext, J=46.6, 6.7Hz, 1H, CH), 3.78 (s, 6H,
2 x OCH3), 3.86 (s, 3H, OCHs;), 3.87 (s, 3H, OCH3), 3.89
(s, 3H, OCHs;), 5.27 (d, J=11.1 Hz, 1H, CH), 7.26 (s,
1H, Huom) ppm; *C NMR (75 MHz, CDCls): o 19.6
(CH3), 20.3 (CHj3), 29.8 (CH), 53.8 (2xOCHj;), 56.1
(OCHs;), 60.9 (OCH3), 61.0 (OCH3), 66.3 (CH), 109.7
(CH), 113.0 (C), 133.8 (C), 143.6 (C), 150.3 (C), 152.1
(C), 154.8 (2xC) ppm. Anal. Caled for Ci7;H»4BrNO:
C, 47.02; H, 5.57; N, 3.23. Found: C, 47.29; H, 5.29; N,
3.01.

4.14. (S)-3-Isopropyl-5,6,7-trimethoxy-2,3-dihydro-1 H-iso-
indol-1-one 3i

A solution of #n-BuLi (0.69 mL, 1.6 M in hexane, 1.1 mmol)
was added dropwise by syringe at —90 °C under N, to a
solution of dicarbamate 28 (434 mg, 1 mmol) in dry THF
(30 mL). The reaction mixture was stirred at —90 °C for
10 min then allowed to warm to rt and stirred at rt for
1 h. After the addition of H,O (20 mL), the mixture was ex-
tracted with Et,O (3 x25mL) and the combined organic
layers were dried over MgSQy. Evaporation of the solvent
in vacuo left a solid residue which was purified by flash col-
umn chromatography on silica gel using AcOEt as eluent
to furnish isoindolinone 3i (146 mg, 55%). Mp 167-
168 °C; [oc],zj5 =—48.1 (¢ 09, CHCL); 'H NMR
(300 MHz, CDCl3): ¢ 0.68 (d, J= 6.8 Hz, 3H, CH3), 1.10
(d, J=6.8 Hz, 3H, CH3), 2.19 (dq, J=3.3, 6.8 Hz, 1H,
CH), 3.88 (s, 3H, OCH3), 3.91 (s, 3H, OCHs;), 4.11 (s,
3H, OCH3), 4.42 (d, J= 3.3 Hz, 1H, CH), 6.64 (s, 1H, H,,.
om), 7.10 (br s, 1H, NH) ppm; '*C NMR (75 MHz, CDCl5):
0 15.3 (CHjy), 19.8 (CH3), 31.9 (CH), 56.3 (OCHy), 61.4
(OCHs;), 61.8 (CH), 62.5 (OCHs3), 100.8 (CH), 141.5 (C),
144.5 (C), 147.3 (C), 151.6 (C), 157.6 (C), 170.2 (CO)
ppm. Anal. Caled for Ci4H;9yNOy4: C, 63.38; H, 7.22; N,
4.28. Found: C, 63.48; H, 7.03; N, 4.41.
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