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Bismuth(lll) triflate was found to promote the formation of stable cydleacyliminium species in
remarkable catalytic amounts (1 mol %). Theamidoalkylation process seems to be effective in
intermolecular and intramolecular manners leadingutsubstituted lactams and heterocyclic systems
containing azacycles, respectively. By comparing our results with those obtained with the classical Lewis
acids as catalysts, it was evidenced clearly that the use of bismuth(lll) triflate had been efficient for
nearly allo-acetoxy lactams we used, except Facyliminium precursors bearing a sulfur atom. Also,

the process seems to be easy, general, and clean, having diastereoselectivity comparable to protocols
using classical Lewis acids and resulting in the formation of polyheterocyclic systems in good to excellent

yields (64-99% in acetonitrile as solvent).

Introduction

N-Acyliminium ions are important intermediates in organic

synthesis, especially for the synthesis of various nitrogen-

containing natural and unnatural products of biological inter-
estl2 N-Acyliminium ions also act as more electron-deficient
carbocationstoward weak nucleophiles providing exceptionally
useful methodologies for carbeizarbon bond formation, both
in intermolecular and in intramolecular processésThese

N,N-, and N,S-acetals as well ast-halo-, a-hydroxy, and
a-acetoxy amides, lactames, carbamates, and ‘isohmone
cycloadducts, and hence, several fsted and Lewis acids as
catalysts have been used to effect this transformation.
Because of the pivotal role played by these transformations
in academic and industrial applications, the search for new rapid
protocols to perform these acid-mediataeamidoalkylation
reactions, using particularly a combination of economical

species have been generated from amides or lactams bearing a (2) For representative reviews in this field, see: (a) Hiemstra, H.;

good leaving group in the-position to the nitrogen atom in
acidic media. The substrates used for this purpose indiL@e
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conditions (cheap reagents with low or no toxicity, catalysts
and solvents comparable) and the environmental ones, is still
of interest.

Pin et al.

report herein the preliminary results of our finding on the
catalytic activity of Bi(OTfy in both intermolecular and
intramolecular processes.

In this sense, it has been established now that lanthanide To the best of our knowledge, only few applications of the

triflates, Sc(OTf), Sn(OTf), and Y(OTf}, constitute a type of
Lewis acids that are different from classical ones such as BF
Et,O, AICl3, TiCly, SnCl, etc. The former are characterized by
their fairly high stability in water and recyclability as well as
their higher effectiveness in the case of polynitrogen compounds
exemplified by imines and othefdyut also by their high cost
associated with their difficult preparation, which limits their
intensive utilization.

In parallel studies, bismuth(lll) compounds have attracted
recent attention due to their low toxicity, low cost, good stability,
and higher catalytic efficiency rendering them suitable for green
chemistry. The use of these salts as catalysts in organic synthes
is well documented, and the results are consigned in two
excellent recent reviewsParenthetically, the preparation of
bismuth(lll) triflate associated with its applications was pat-
ented® According to these reports, bismuth(lll) triflate catalyzes
various important organic reactions, polymerization, and finally
miscellanous reactions. Bi(OTfjs particularly attractive be-
cause it is commercially available or can be easily prepared
under strictly anhydrous conditions from the more accessible
BiPhs or Bi;O3 and TfOH or THO as starting materials,
respectively.

Results and discussion

Because few acid-catalyzed carbazarbon bond-forming
reactions through aa-amidoalkylation process catalyzed with
bismuth(lll) salts have been described in the literature, allied
with our interest in the development of new selective and
environmentally friendly methodologies toward exploration of
these transformations M-acyliminium chemistry?, we wish to

(3) (@) Olah, G. A., Schleyer, P. V. R., EdSarbonium lons Wiley-
Interscience: New York, London, 1968; Vol. 1; 1970; Vol. 2; 1972; Vol.
3; 1975; Vol. 4; 1976; Vol. 5. (b) Bethell, D.; Gold, \Carbonium lons,
an Introduction Academic Press: New York, 1967. (c) Prakash, J. K. S.,
Schleyer, P. V. R., EdsStable Carbocation ChemistryWiley-Inter-
science: New York, 1997.

(4) (a) For recent development of novel Lewis acid catalysts for selective
organic reactions in aqueous media, see: Kobayashi, S.; ManabBecK.
Chem. Re=2002 35, 209-217. (b) See also recent advances in rare earth-
metal triflate catalyzed organic synthesis: (i) Luo, H.; Zhu, L.; Talukdar,
A.; Zhang, G.; Mi, X.; Cheng, I.-P.; Wang, P.-®&ini Rev. Org. Chem.
2005 2, 546-564. (ii) Kobayashi, S.; Sugiura, M.; Kitagawa, H.; Lam,
W. W.-L. Chem. Re. 2002 102,2227-2302.

(5) (a) For applications of bismuth(lll) compounds in organic synthesis,
see: Leonard, N. M.; Wieland, L. C.; Mohan, R. Betrahedron2002
58, 8373-8397. (b) For bismuth(lll) triflate in organic synthesis,
see: (i) Gaspard-lloughmane, H.; Le Roux, Elr. J. Org. Chem2004
2517-2532. (ii) Varala, R.; Alam, M. M.; Adapa, S. RSynlett2003
67—70.

(6) (a) Dubac, J.; Gaspard, H.; Labrouie M.; Laporterie, A.; Desmurs,

J. R.; Le Roux, C. PCT Int. Appl., WO 9711930, 19€hem. Abstr1997,
126, 317246. (b) Le Roux, C.; Réchet, S.; Dubac, J. PCT Int. AppWO
0164695, 2001Chem. Abstr2001, 135 220177. (c) Dubac, J.; Le Roux,
C.; Repichet, S. US Patent 2002)S 6455738,Chem. Abstr2002 137,
249502. (d) Roques, N.; Dubac, J.; Le Roux, C.pRket, S.; Bernard,
J. M.; Maestro, J. P.; Vidal, T.; Peyronneau, M.; Picot, A.; Mezse S.
PCT Int. Appl, WO 0205954, 2002Chem. Abstr2002 136, 120209. (e)
Dunach-Clinet, |.; Antoniotti, S. FR Patent, FR 2829490, 2@I&m. Abstr.
2003 138 237590.

(7) For efficient methods for the preparation of bismuth(lll) trifluo-
romethanesulfonate, see: (a) LabroudleM.; Le Roux, C.; Gaspard, H.;
Laporterie, A.; Dubac, J.; Desmurs, J. Retrahedron Lett1999 40, 285—
286. (b) Reichet, S.; Zwick, A.; Vendier, L.; Le Roux, C.; Dubac, J.
Tetrahedron Lett2002 40, 993—-995.
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intermolecularo-amidoalkylation process using other triflates
such as TBSOTf (from 4.5 to 223 mol %Bc(OTf) (from 10

to 100 mol %)% and Zn(OTf} (from 120 to 200 mol %) were
reported. Also, only two examples af-cationic cyclization
throughN-acyliminium species were described recently by the
Hiemstra group. They concern the formation of piperidine
derivatives byr-olefinic-N-acyliminium cation cyclization using
Sc(OTf (2 mol %)? and N-sulfonyliminium ion mediated
cyclization toa-vinyl-substituted isoquinolines arftdcarbolines
using Sc(OTH or Sc(OTfy in 10 mol % quantitied? respec-
tively. As of this date, there have been no reports describing
the ability of the nonrare earth-metal triflate, Bi(O3f)to
promote formation oN-acyliminium species and their trapping
by nucleophiles either in intermolecular or in intramolecular
processes.

In this context, we report an attractive method using bismuth-
(1) triflate as a catalyst for the--amidoalkylation of lactams
and a mechanistic aspect of these transformations to access a
library of small molecules containing pyrrolidinone or isoin-
dolinone nuclei fused both to simple and complex heterocycles.
In fact, as highlighted in retrosynthetic Scheme 1, the selection
of different substituents (Rvith i = 1—7) in a-acetoxylactam
systems| allows us to consider the existence of stable
N-acyliminium cationgl . This would act as a carbon scavenger
in intermolecular and intramolecular processes, furnishing
productslll and IV, respectively. Also, the direct heterocy-
clization process leading to products not represented in this
scheme, with heteroatom X (¢ O and S) acting as an internal
nucleophile, could constitute a serious competing reaétidme
requisite intermediatel$ generated fronw-acetoxy lactams
under Bi(OTf} influence in catalytic amounts may indeed be
stabilized depending also on the temperature, the solvent, and
the quantities of the reactant. At this stage, the measurement of
the impact of the nature of the substituent and the required
guantities of catalyst poses an important and interesting chal-
lenge for the comprehension of the scope and limitations of
these processes.

(8) For representative papers in this area from our group, see: (e),Dai
A.; Marchaln, S; Pigeon, P.; Decroix, Bletrahedron Lett1998 39, 9187
9190. (b) Hucher, N.; Decroix, B.; Deh, A. Org. Lett.200Q 2, 1201~
1204. (c) Hucher, N.; Decroix, B.; Deh, A.J. Org. Chem2001, 66, 4695~
4703. (d) Hucher, N.; Pesquet, A.; NetcHibeuP.; Déch, A. Eur. J. Org.
Chem.2005 2758-2770. (e) Pesquet, A.; Deh, A.; Decroix, B.; Van,
Hijfte, L. Org. Biomol. Chem2005 3, 3937-3947.

(9) (@) Munchhof, M. J.; Meyers, A. I. Org. Chem1996 61, 4607
4610. (b) Sato, K.; Koga, T.; Masuya, K.; Tanino, K.; KuwajimaSynlett
1996 751-752. (c) Santos, L. S.; Pilli, R. Al. Braz. Chem. SoQ003
14,982-993. (d) Othman, R. B.; Bousquet, T.; Fousse, A.; Othman, M.;
Dalla, V. Org. Lett.2005 7, 2825-2828. (e) Ali, I. A. I.; El Ashry, E. S.
H.; Schmidt, R. RTetrahedron2004 60, 4773-4780.

(10) (a) Vink, M. K. S.; Schortinghuis, C. A.; Luten, J.; van Maarseveen,
J. H.; Schoemaker, H. E.; Hiemstra, H.; Rutjes, F. P. J1.Org. Chem.
2002 67, 7869-7871. (b) Armstrong, A.; Shanahan, S.@&g. Lett.2005
7, 1335-1338.

(11) Pilli, R. A.; Robello, L. G.Synlett2005 2297-2300.

(12) Kinderman, S. S.; de Gelder, R.; van Maarseveen, J. H.; Schoemaker,
H. E.; Hiemstra, H.; Rutjes, F. P. J. J.Am. Chem. Sa2004 126, 4100~
4101.

(13) Kinderman, S. S.; Wekking, M. M. T.; van Maarseveen, J. H.;
Schoemaker, H. E.; Hiemstra, H.; Rutjes, F. P. JJ.TOrg. Chem2005
70, 5519-5527.
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SCHEME 1. Retrosynthetic Scheme Leading to Lactam Targets of Types Ill and IV
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SCHEME 2. Scheme Leading tax-Acetoxy Lactams 3 as TABLE 1. Bi(OTf)s-Catalyzed Amidoalkylation of a-Acetoxy
N-Acyliminium lon Precursors? Lactam 3a in Different Solvents
o} o g™
R Bi(OTf)3 (1% mol) —
r N Solvent r.t N
4 X o
O§< (1.2 equiv.)
2a4q 3a 1to12h \ 4
jiii - - -
ﬁ dielectric yield of 4a
o entry solvent constant (%)
1a-q R . 1 1,4-dioxane 2.21 —a
i N 2 diethyl ether 4.34 —b
Ry | 3 chloroform 4.81 37
o O 4 tetrahydrofuran 7.60 30
§< 5 dichloromethane 8.93 56
6 nitromethane 35.9 50
3a-q 7 acetonitrile 375 64
aKey: (i) NaBHs (3—6 equiv), MeOH,—5 to 0°C, 15-30 min; (ii) in a8 Only hydroxy lactam producﬂ_a, correspond!ng to the hydrolysis of
the case of imidegb,i,p (a) LIBHEt; (1.2 equiv), CHCI,, —60°C, 20-40 ester3a, was recovered? The starting materizBa is insoluble.

min, (b) AcO (1.5 equiv),—60 °C to room temperature, 1 h; (i) A© (2

equiv), CHClo, DMAPcs NEG (2 equiv), room temperature, 12 h. tography on a silica gel column. In the cases of succinimides

1b,i,p, the half reduction was brought about with LiBHEL.15
equiv) in dry CHCI, at —60 °C for 20—40 min (monitored by
TLC using a silica gel plate and cyclohexane/AcOEt as the
eluting mixture). Because the purification of the resulting
hydroxy lactamsb,i,p can be somewhat problematic, their in
situ conversion intat-acetoxy lactam8b,i,p was accomplished
by using 1.3 equiv of AgD 9415

Inspired by the following general observations that (1)-Bi-
(OTf)3 is tolerant toward C-nucleophiles such as silanes and
enoxysilanes and (2) Bi(OTf)is an effective catalyst for the
nucleophilic addition onto nitrogen functions exemplified by
iminium salts in the Michael-type reaction, for examflaye
began our investigations by screening various solvents for the
Thtermolecular amidoalkylation with allyltrimethylsilane (1.2
equiv) of the N-acyliminium cation derived fronu-acetoxy
lactam3ain the presence of 1 mol % of Bi(OTHf}’ Out of the
various polar solvents tested (Table 1), the reaction failed to
operate satisfactorily because it led to hydroxy lactaay
corresponding to hydrolysis of the estgs, and 1,4-dioxane
and diethyl ether failed to react altogether because of low

First, the synthesis of the requiredacetoxy lactams of type
3 was accomplished by a two-step sequence and/or in only one
step as outlined in Scheme 2. The N-alkylated imideas
starting materials are not commercially available but were
prepared according to known procedures from amines and
anhydrides by thermal amir@nhydride condensation or by
condensation under azeotropic removal of water with the
presence of NEktas the catalyst.

Regioselective reduction of imiddswas performed with a
large excess of NaBH3—6 equiv) in dry MeOH at-5to 0
°C for a short time. To compensate for the poor solubility of

performed in a mixture of THF and CHE(v/v) as solvents.
Under these conditions, hydroxy lactathe/ere isolated as the
sole reaction products in good to excellent yields. Their
transformation in the ultimate stage into the corresponding
a-acetoxy lactam8 was accomplished easily by reaction with
acetic anhydride (i.e., A© (2 equiv), CHCI;, DMAP,, NEft;
(2 equiv), room temperature, 12 H).The products3 were
isolated in very good yields>90% in all attempts), and in (15) Mostowicz, D.; Wicik, R.; Dotezga, G.; Kaluza, ZTetrahedron
certain cases, the pure product could be isolated after chroma-Lett. 2004 45, 6011-6015.

(16) (a) Ollevier, T.; Nadeau, B. Org. Chem2004 69, 9292-9295.

(b) Yadav, J. S.; Reddy, B. V. S.; Premalatha,3¢nlett2004 963—966.
(14) For LiE&BH reduction and one-pot reduction/acetylation processes  (17) A prescreening of this reaction with, respectively, 10, 5, and 1 mol

of the imides, see: (a) Takacs, J. M.; Weidner, J.0rg. Chem1994 % of Bi(OTf)z in CH.Cl, demonstrated the high efficiency of this catalyst,
59, 6480-6483. (b) Szemes, F., Jr.; Fousse, A.; Othman, R. B.; Bousquet, and in addition, only 1 mol % of Bi(OTf)was sufficient to catalyze the
T.; Othman, M.; Dalla, V.Synthesi2005 7, 875-879. allylation reaction.

J. Org. ChemVol. 72, No. 4, 2007 1183
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SCHEME 3. Bi(OTf)s-Catalyzed Alkylation of o-Acetoxy SCHEME 4. Bi(OTf)s-Catalyzed o-Amidoalkylation of
Lactam 3a with Different C-Nucleophiles.a Chiral a-Acetoxy Lactams 3b and 3c

OAc Bi(OTf)3

(1 mol% é\/_)\/\
CHZCIZ 56% oéq)"OAccTSCNL =~ . O’A/D S
CH3CN 64%
*Sl/\/ 3 ° _SI/\/
70:30
82%
Jj 0’3' o o \ 3b
N CH,Cl, 58%
CHON 71% BI(OTMs
3 ° 0,
(1 mol%) S
O= %a OAc CHacN /S

<

i
O’ —
N 97%
4cA
CH,Cl, 66%

6a  CHiCN 84% .
o-hydroxy lactamg corresponding to reactanBswere recov-
Q ered, generally in very good yields.
The ability of Bi(OTf); to catalyze diastereoselectiweami-
doalkylation of a chiral cyclicN-acyliminium cation with

“Key: (i) Bi(OTNs (1 mol %), solvent, room temperature; 12 h, C-nucleophiles was examined next. As highlighted in Scheme

allyltrimethylsilane (1.2 equiv). In the case of enoxysilanes, 1.5 equiv was

used. 4, addition of allyltrimethylsilane to the known enantiop@te
according to our protocol effectively provides allylation in 82%

solubility of the substrate3a. Chloroform, THF, and ni- yield while providing the desired product as a mixture of two

tromethane gave the expected prodiein yields ranging from inseparable diastereometbA and4bB in a 70:30 ratio. This

30 to 50%, and the best results were obtained with acetonitrile stereochemical outcome ap & similar to that reported in the
(64% yield). In dichloromethane, the reaction gave rise also to literature for the same reactaBl using other Lewis acids such
the desired product but only in 56% vyield. as BR+Et,0,18InCl3,192NbCls, 1% as well as TMSOTP420and
Encouraged by the above results, we extended the processSc(OTfy for related structure¥? Interestingly, it has been
to a variety of C-nucleophiles such as enoxysilanes, depictedreported also that enantiopukeacyliminium derived from8b
in Scheme 3. This clearly shows that in the presence of is useful in coupling reactions with silyl enol ethers, obtained
2-trimethylsiloxypropene (1.5 equiv) as the nucleophile, the from various 3-ketoesters, ketones, anttdiketones! and
reaction under the well-established protocol outlined above is high stereoselectivity with respect to the lactam ring was
completely selective and the correspondingmidoalkylation obtained for the more sterically demanding nucleophiles.
derivative 5a constitutes the sole reaction product (71%). Our results are in line with those cited above and others
Under the same protocol, the reaction with 1-phenyl-1-trimeth- reported in literature which concern the coupling reaction of
ylsiloxy-ethylene (1.5 equiv) furnished after chromatographic chiral N-acyliminium cations in the pyrrolidinone series with
purification o-benzoylmethyl lactam6a in a very good allyltrimethylsilang9022.23
yield (84%). In general, the reaction proceeded to completion  Elsewhere, the 1,3-induction of chirality during theami-
in 1-12 h and the use of Ci€l; as solvent instead of doalkylation was also examined starting from aracetoxy
acetonitrile led to lower yields because componé&atand6a lactam in isoindolinone serie& bearing §)-phenylethylamine
were isolated in yields of 58 and 66%, respectively. These ((S-PEA) as a chiral auxiliary. Here, the selectivity induced
observations confirm those made above during the formation during the N-acyliminium trapping of a nucleophile is also
of a-allyl lactam 4a (56% in CHCl, compared to 64% in  similar to that observed above because the reaction products
acetonitrile; see Scheme 3 and Table 1) and were in accordancetcA and4cB, isolated in an excellent yield of 97%, were in a
with those made during nucleophilic addition of an allyltrim-
ethylsilane reactant ontdl-acyliminium ion species in the (18) Koot, W.-J.; van Ginkel, R.; Kranenburg, M.; Hiemstra, H.;
piperidine serie$% Louwrier, S.; Moolenaar, M.-J.; Speckamp, W. Tetrahedron Lett1991,
These results and observations made during the experlmenta32(fg)l(;;oindrade C. K. Z: Rocha, R. O.; Russowsky, D.: Godoy,
tion deserve some comments. So, the efficacy of the solventy N.J.Braz. Chem. So2005 16, 535-539. (b) Russowsky, D.; Petersen,
could be related to its dielectric constant (see Table 1). In this R. Z,; ?odm M. l;l dF;Irllll arA Tetrahedron Lett200Q 41, 9939-9942
sense, acetonitrile contn_butes, prob_ably (_:oncomltantly with the an?zroe) %reel’?‘l(;erglm : Mf:heelh F.. Potenza, D.: Scolastico, C.: Villa, R.
catalyst, to the acceleration of the dissociation ofdkacetoxy Tetrahedron Lett199Q 31, 4949-4952.
lactams3 into the correspondindj-acyliminium cation inter- (21) (a) Pilli, R. A.; Russowsky, DJ. Org. Chem.1996 61, 3187
mediates. This facilitates the nucleophilic attack of the cation 3190. (b) Louwrier, S.; Ostendorf, M.; Boom, A.; Kranenburg, M.; Hiemstra,
species being stabilized by both the solvent (acetonitrile in this Eteés?ﬁecf;?p' W. NTetrahedron1996 52, 2603-2628 and references
case)®and the counterion. In addition, the grade of solvent ~ (22) (a) Polniaszek, R. P.; Belmont, S. E.; Alvarez,JROrg. Chem.
was shown to be crucial for the yield of the transformation. 199Q 55, 215-223. (b) Polniaszek, R. P.; Belmont, S. E.Org. Chem.
Ultimately, the presence of any water traces either in solvents 1332 gg 1386%:“16831 () Polniaszek, R. P.; Belmont, S.EOrg. Chem.
or in reagents decreases dramatically the reaction yields, and1 (23) Ukaji, Y.; Tsukamoto, K.; Nasada, Y.; Shimizu, M.: Fujisawa, T.
in some cases, the reaction failed. In the latter cases, only theSynlett1993 221-224.
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SCHEME 5. Diastereoselectivex-Amidoalkylation of Chiral TABLE 2. Influence of the N Group and the N-Acyliminium
o-Acetoxy Lactam 3c Cation Stability on the Bi(OTf) s-Catalyzed Intermolecular
H o-Amidoalkylation of Acetates 3d-i
Acid \ N ePh N Me o~ Bi(OTf); (1 mol%)
- N3 =0 Acetyloxy lactams 3d-i __CHCN.*t _ products 4d-i
H SN
H J (1.2 equiv)
Reactant 3 ‘ Product 4 Yield (%) Reactant 3 ‘ Product 4 'Yield (%)
j
ﬂ o o Me
— «w Me HY o
m N N 99 0
s O n 3 . (ﬂ
3d
Min §< \ 3g OMe \ 4g
g 2~ : p o ¢
Felkin-Ahn model: K 94 :\//j\ N ath 92
/‘/ Mi O§< 2 =N" o SN
/\/SI\ l " 0;{\ :m\
§§ p 5 Q 0 §}
rotation @:«( Elé" B N B
Py — 82 3 73
Me H \\ \ af b/\ 3i \ 4
N
nOe aKey: Thea-amidoalkylation reaction occurred in 60% yield when the
4cB. Min L acetate8g was treated with allyltrimethylsilane (1.2 equiv) and 300 mol %

of AICI3 (99.99%) in CHCI, at room temperature.

75:25 ratio. These results are in agreement with those observed

for related structures in hydroxy lactams from succinirfidé? lation process, two methyl acetate derivatigg and 3e as

and phthalimid& series. The latter mentioned generally reason- N-acyliminium precursors were prepared according to the
able diastereoselectivity depending on the nature of the acidgeneral sequence described above and evaluated (Table 2).
used, the steric hindrance of tieacyliminium species, and  Indeed, when exposed to 1 mol % of Bi(OFfinder the reaction
finally the nature of the nucleophiles. On the contrary, high protocol described above, they were converted to the products
stereoselectivity was obtained, for example, from cybli®- 4d and4ewhich resulted from the allylation process in excellent
acetal-trimethyl-silylether or hydroxy imidazolothiazolones and yields of 99 and 94%, respectively. The formationdaf was
enoxysilanes under the acid influence of both#,0 (ee up described more recently in 73% yield by desulfurization of
to 96:4) and TMSOTf (ee up to 982)or BR-EtO2® 3-allyl-2-benzyl-3-phenylsulfanyl-2,3-dihydroisoindol-1-one us-
respectively. Also, an additional study about the total diaste- ing Smk in the presence of HMPA in dry TH#.The structure
reochemistry as well as its reversal of stereoselection wasof allyl 4eis identical to that reported in our laboratory using
rationalized by a transition state model, using molecular orbital 5 mol % of TMSOTf in CHCI, at 0°C for 30 min (88%) In
theory and substrate conformational preferences, that was doneur cases, the yields are better than those cited above and better
to clarify the nucleophilic additions t§-acyliminium cation$? than those obtained for the amidoalkylation in the furan series
Herein, the determination of the majdcA and minor4cB of acetate3a into 4a, which is only 64% in the best case (see
diastereomers was based on NOE experiments that involvedScheme 3). From these results, the nature of the group attached
irradiation of the methylene protons of the allyl group and the to the nitrogen lactam did not exert much influence on the course
proton and methyl residue of th&(PEA auxiliary of the of the reaction, and it only decreased the yield of the reaction
mixture productglcA and4cB. In this case, the resulting NMR  in the case of heteroaromatics.

spectra exhibited a significant NOE enhancement, indicating Taking into account tha-acyliminium ions derived from
that the proton of theS)-PEA auxiliary and the methylene allylic  phthalimide derivatives or equivalents are more stable than those
protons were spatially proximate in diastereomeA, but in generated from succinimides and related five- and six--membered
the case of the minor diastereom#aB, the interaction of the  rings? we decided to investigate the behavior of fouacetoxy
methyl group of the®)-PEA auxiliary and the methylene allylic  |actams3f—i as valuable cations for trapping C-nucleophiles
protons is effective. The stereochemical outcome of the reaction (Table 2). Thes®-acyliminium precursors differ essentially by

of 3c with allyltrimethylsilane can be explained as illustrated their left parts, which are successively isoindolinone, pyrrolo-
in Scheme 5. Although the major proddatA could be obtained [3,4-b]pyridin-5-one, pyrrolo[3,45]quinolin-1-one, and pyrro-
directly by the nucleophilic attack on the opposite side of the Jidin-2-one. The aryl group bears the same substituent to
phenyl group, the formation of the minor proddaB suggests  minimize the influence of this block on the alkylation process.
nucleophilic attack occurs from the same side of the phenyl Generally, the reaction proceeded cleanly and good to excellent
group giving the intermediatke, which rotates rapidly about  yields (73-95%) of a-allyl lactams4f,h,i were obtained by

the C-N bond to give the more stable conformer observed in using our protocol (i.e., 1 mol % of Bi(OT) allyltrimethyl-

the NOE studies. _ _ silane (1.2 equiv), CBCN, room temperature,112 h) except
To measure the influence of the group attached to the nitrogenin the case ofig. The relative low yield obtained in the case of
atom of the lactam function in the intermolecutaamidoalky- pyrrolidinone 4i (73%) is due to the low stability of the

- N-acyliminium platform intermediate derived from 5-acetoxy-
(24) Shin, D.-Y.; Jung, J.-K.; Seo, S.-Y.; Lee, Y.-S.; Paek, S.-M.; Chung,

Y. K.; Shin, D. M.; Suh, Y. GOrg. Lett.2003 5, 3635-3638.
(25) Chavan, S. P.; Chittiboyina, A. G.; Ravindranathan, T.; Kamat, (26) Hidemi, Y.; Naoki, K.; Kunihiko, T.Synth. Commun2003 33,
S. K.; Kalkote, U. RJ. Org. Chem2005 70, 1901-1903. 1087-1094.
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TABLE 3. BIi(OTf)s-Catalyzed Intramolecular o-Amidoalkylation
of Acetoxy Lactams 3j-q

Bi(OTf);
(1% mol)

Acetyloxy lactams 3j-q TS
CH3CN, r.t

Products 4j-q

Reactant 3 ’ Product 4 Yield (%) Reactant 3 Product 4 Yield (%)

° \©

72 35

\(

”\ A 65 N 4
bl ‘i‘ !
3k \© 4 O 0>/° \S j QSE\Q
7 30 <
O Nj o o
?—O \0 AcO‘-‘g N
. o>"0 ™ A" 73
|
3p 4p

Q ;
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m@@m@ ” °*?f\© %

a E = methoxycarbonyl group (CsMe).

\(
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pyrrolidin-5-one derivativi compared to those obtained from
aromatic and heteroaromaticacetoxy lactam8&8f—h as men-
tioned above. Also, in the case 8ifas the starting material, no

byproduct enamide (not presented in the scheme) which would

have resulted from the deprotonation of tNeacyliminium
cation intermediate was observed.

Pin et al.

Encouraged by the effectiveness of the Bi(Qidtalyzed
intermolecularo-amidoalkylation reaction, we then reasoned
that a suitably and conveniently substitutBdacyliminium
precursor of typél (Scheme 1) could allow a facile approach
to the tricyclic compound$V via an intramolecular catalytic
sr-cationic cyclization. To the best of our knowledge, utilization
of the present application to form a central six-membered
ring as a piperidine and 1,3-oxazine rings fused to other
systems represents a novel illustration of the chemistry of Bi-
(OTf)3 in organic synthesis. The two reports using catalytic
amounts (2 mol %) of Sc(OTf)or Sc(OTfy to access
intramolecularly fused piperidines constitute pioneering work
in this field 1213

As a starting point of this study, three kinds of acetates such
as N-acyliminium precursors were considered (Table 3). We
have chosem-acetoxy lactan8j to allow only thes-cationic
cyclization,a-acetoxy lactam8k—o to test the heterocyclization
process (possible intramolecular attack of t@cyliminium
cation with a heteroatom such as oxygen and sulfur atoms) as
a competing reaction to tha-cyclization one, and finally
acetate8p,q to introduce the possible elimination (dehydration)
reaction as well as the measurement of the stereocontrol of the
intramoleculerz-cyclization case. We expected to obtain these
precursors of cyclization from knows-hydroxy lactamj—
by esterification using the protocol outlined above in the general
Scheme 2. The enantiopure diacetagewas obtained in one
step from the known chiral imidédp,?” and acetate8q was
prepared by a three-step sequence from the commercially
available citraconic anhydriderY and phenylethylamine8j
(Table 2). Indeed, they were prepared by successive amino
anhydride condensation in refluxing acetic acid for 12 h (88%)

Even after increasing the reaction temperature, the changeand sodium borohydride reduction of the carbonyl function of
of solvent, and the reaction time, the crude product resulted the resulting imide under mild conditions in the presence of

from the reaction of acetate in the pyridine se@gswith Bi-
(OTf)3 (1 mol %) and allyltrimethylsilane (1.2 equiv) was
identified as the starting acetoxy lact&8g. Also, no traces of
the required allyl producédg were formed as indicated by

CeCl-7H,0, followed in an ultimate step by the acylation of
the hydroxylactam2g, as a minor regioisomer, with A©
according to the protocol described above in 96% yield. It should
be noted that, when the reduction of imitlg was performed

NMR analysis of the crude reaction mixture. We speculated With a known protocol (NaBll CeCk:7H;0),?® a mixture of

that the origin of the ineffectiveness of the acid-catalyzed
o-amidoalkylation could be due probably to the high basicity
of the pyridine heterocycle K = 5.29) compared to the

quinoline (K,= 4.94), rendering the catalyst inactive by
simple complexation with the nitrogen atom. This fact was

corroborated by the results obtained when acetate in furan serie

two regioisomers in a 3:1 ratio was obtained in 86% yield. The
latter was separated by chromatography on a silica gel column
using a mixture of AcOEt/cyclohexane (4:1) as the eluent. The
choice of the minor regioisomer hydroxylact@gB as a cycle
precursor was due to its high purity and its plausible and easy
dehydration process under acidic cyclization conditions to give

She conjugated enamidone produ€t as a competing process

3awas treated as described in Table 1 but with the addition of (Scheme 6).

traces of NEf or DMAP. In these cases, ro-amidoalkylation
took place and only the acetoxy lacté®a was recovered as

First our attention was directed toward testing the behavior
of acetate8j toward C-nucleophiles under the catalytic procedure

starting material. Here, a thermodynamic argument based ongeyeloped above using 1 mol % of Bi(OTflTo our surprise,

the strength of the NBi bond vs the G-Bi bond could be
considered.

To perform the transformation a8g into corresponding
allylated product4g, additional Lewis acid screening was
necessary-Acetoxy derivative3g remains unchanged or gives
only alcohol2g when the reaction was catalyzed by 8,0,
HNTf, (10%) or TiCl using up to 3 equiv relative to the
substrate3g, respectively. But thei-amidoalkylation reaction
work well when 300 mol % of anhydrous Al€Cvith higher
analytical grade (99.99%) was used. In fact, with 1.2 equiv. of
allyltrimethylsilane in dry CHCI, at ambient temperature, the
reaction afte 3 h gave the expectedg in acceptable yields
ranging from 56% to 60%.
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the reaction with 1.2 equiv of allyltrimethylsilane furnished
exclusively 5,1P-dihydroisoindolo[1,2a]isoquinolin-8(61)-one

(4)) in 72% yield which was confirmed by spectroscopic assays
and comparison with théH NMR spectra of an authentic
samplet®29From this result, no allyltrimethylsilane was needed
because only theN-acyliminium s-cyclization took place
exclusively. In fact, when the reaction was conducted without

(27) Lee, Y. S.; Kang, D. W.; Lee, S.-J.; Park, H.0Org. Chem1995
60, 7149-7152.

(28) (a) Mase, N.; Nishi, T.; Hiyoshi, M.; Ichihara, K.; Bessho, J.; Yoda,
H.; Takabe, K.J. Chem. Soc., Perkin Trans2002 707—709. (b) Robert,
S. Coleman, R. S.; Liu, P.-HDrg. Lett.2004 6, 577—580.

(29) Katritzky, A. R.; Mehta, S.; He, H.-YJ. Org. Chem.2001, 66,
148-152 and references therein.
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SCHEME 6. Generation and Intramolecular triflate catalyzedsr-cyclization protocol. Thus, under these
a-AmidoaIkyIation of Acetoxy Lactam 3q conditions, we isolated in 76% vyield (Table 2 and Scheme 6)
BI(OTN, the tricyclic system4q in which the double bond of the

96% which isomerizes spontaneously intq as the thermodynamic
Dehyd,at.o,. isomer. Also, no traces &and10were detected in the reaction
mixture.
“ AOH fLo E} The structure of all products and intermediates reported herein
Reflux ° was confirmed by theifH and 3C NMR spectra including
1qEJ oo 6 “ DEPT programs as well as NOE measurements and elemental
analyses.

NaBH4 CeCly.7H,0
OH | r.t, 86%

Ac,0, NEt; (1 mol%) . s . . . . .
. Ho 0 _CHCh _ 3a _CHCN wCydlization | N dihydropyrrole ring is in conjugation with the benzene ring.
5 DMAPe  2q8 't 8 76% This is produced with the intermediacy of the azacygle

7

adding the silane, the same tricyclic system was obtained in Conclusion

compqrable yielgl. . ) In these preliminary studies, intermolecutaamidoalkylation
Having established the capacity of Bi(O3fp promote the of variousa-acetoxy lactams with C-nucleophiles such as silanes

capture of arN-acyliminium ion in an intramolecular manner, 5,4 enoxysilanes have been successfully carried out in the
we sought to determine whether this protocol might be extend- presence of a catalytic amount of bismuth triflate (Bi(Q)f)

able to 9ther functipnalities such asaryloxymethylamidals, The reaction works best with 1 mol % of catalysts and-1L5
N-arylthiomethylamidals, an@l-arylethylamidals in chiral or o4,y of allyltrimethylsilane in acetonitrile at ambient temper-
achiral form. Significant structural variation in thearomatic ature under strict anhydrous conditions. In contrast to the
system as well as in azacycles ashaacyliminium source can  gyisting alkylation ofN-acyliminium ion processes which use
also be realized. More importantly, the Bi(OFfatalyzed  many acidic catalysts, our method is very cheap, is characterized
intramolecularr-cationic cyclization appears to be quite tolerant by operational simplicity, and uses an easy to handle and
toward to theN,O-acetal functionality in substrate and 3. nontoxic catalyst. Also, the reaction protocol is high yielding,
In these cases, only products edihydroisoindolo[1,%][1,3]- tolerates structural and substrate diversity, shows no formation

benzoxazin-8-onetk and 1,3-dimethoxy derivativél were ¢ byproducts as well as decomposition products, and more
isolated in 65% vyield in each case after chromatographic importantly is environmental friendly.

purification. These structures are identical to that obtained earlier |, ,qdition. we have demonstrated also the utility of this

by us through intramolecular arylation of &kacyliminium ion methodology in intramolecular arylation afacetoxy lactams

In neat TFA aF room tempergtyre for 123‘hfl'he.use of Bi- via the intermediacy oN-acyliminium cations which allows
(OTf)s has particularly a beneficial effect on the yield of product ¢, ngtrction of polyfunctionalized six-membered fused hetero-
4" This may be attributed to a decreased cleavage of tm}OH . cyclic systems including isoindolinone and pyrrolidinone in
linkage of the methoxy group as a benzene substituent with o) torm or not. These scaffolds constitute a frequent central
Lewis acid Bi(OTfy |nsteaq of TFA. In contrast, substrates 4o of various alkaloids as well as their heterologues. Thus,
bearing theN,Sace_taI functl_on such as th"’.‘t Bl_n—o led OnEI}C/ we anticipate that the high catalytic properties of bismuth
o the correspondm@l_\l,Sd|acetals4m—o in yields of 32; triflate developed in this project will find further applications
35, .a.nd 43%, respectwei’y}‘.These produgts were formed by, organic synthesis using aracyliminium template to access
addition of a thiophenate ion, generated in situ by cleavage of i)y extremely large libraries of small molecules with
the CH—S linkage under Bi(OTf influence, to the not yet  qjanificant potential in biological and pharmacological areas.
cleavedN-acyliminium cation. Our group has already observed ginayy further explorations of the scope, selectivity, stereo-
similar results in sulfi® and oxygef¥ series using TFA as an control, and related mechanistic considerations are now under

N-acyliminium promoter. Whatever the changes in the experi- j, estigation in our group, and the results will be published
mental conditions, neither the-cationic cyclization nor the (401 as a full account.

tandem thiocyclization/isomerizationtyclization cascade prod-
ucts were detected.

On the other hand, thi-acyliminium cyclization of chiral Experimental Section

trans-diacetate8p, derived fromL-malic acid in a known three- General Procedure for the One-Pot Reduction/Acetylation
step sequence, with 1 mol % of Bi(O%faccording to our Process of the Imides 1b,i,pTo a solution of imidesla—q (3
established protocol proceeded cleanly to providg1(R)- mmol) in 16 mL of anhydrous dichloromethane was added
1-acetoxy-1,2,3,5,6, lhexahydropyrrolo[2, Blisoquinolin-3- dropwise at-60 °C a commercially available solution of LifEBH

(2 M) in THF (3.6 mL, 3.6 mmol, 1.2 equiv). The solution
was stirred for 1530 min at the same temperature, and acetic

yield and stereochemistry of this compognd are similar to anhydride (0.43 mL. 4.5 mmol, 1.5 equiv) was added dropwise at
those reported by the Park grotipln the ultimate stage, the —60 °C. The solution was quenched by addition of an aqueous

behavior of an acetoxy lactarBq in a partially reduced  gojytion of NaHCQ. The aqueous layer was extracted with
pyrrolldlnone nucleus was examined under the bismuth CH2C:|2 (20 mL) and orgamc |ayers were combmed washed
with water, dried over MgS§) and evaporated to dryness. The

one @p) in 73% vyield as a single diastereomer. Both the

(30) Hucher, N.; Dah, A.; Decroix, B.J. Heterocycl. Chenl99§ 35, acetate derivativ8b,i,p was obtained in yields ranging from 65 to
1477-1483. ) ) 95%. In certain cases, additional chromatographic purification on
(31) Taking into account that 2 equiv of starting materizis—o was a silica gel column, eluting with cyclohexane/AcOEt (1:1), was

necessary for the formation of the disulfuns—o0, these products may be

obtained at maximum efficiency in 50% vyields. necessary. .
(32) Cul, A.; Chihab-Eddine, A.; Pesquet, A.; Marchal&; Daich, A. General Procedure for the Acetylation of Hydroxy Lactams
J. Heterocycl. Chenﬂooa 40, 499-505. 2a-g.Acetic anhydride (2 equiv) was added dropwise to a solution
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of the hydroxy lactam (1 equiv), NE(2 equiv), and DMAP (0.1
equiv) in CHCI, (10 mL per 1 mmol of hydroxy lactarfl). The

Pin et al.

NMR (CDCly) 6 21.0 (CH), 43.8 (CH), 55.4 (CH), 80.9 (CH),
114.2 (2CH,), 123.9 (CH,), 124.0 (CH,), 128.8 (G), 129.8

mixture was stirred at room temperature overnight and quenched(2CH.,), 130.5 (CH,o), 132.0 (G), 132.6 (CH,0), 141.1 (G), 159.3

by addition of a saturated aqueous solution of NaHCThe
aqueous layer was extracted with &H, (20 mL), and organic
layers were combined, dried over Mg§@nd evaporated. The
acetate derivative was then obtained after purification of the
residue by chromatography on a silica gel column.

3-Acetoxy-2-(furan-2-ylmethyl)-isoindolin-1-one (3a). This
product was isolated as a brown solid: 86% yieR; 0.61
(cyclohexane/AcOEt 1:1); mp 10€; IR (KBr) v 3690, 1741, 1717,
1470, 1618 cm?*; 'H NMR (CDCly) 6 2.09 (s, 3H, CH), 4.48 (d,
1H,J=15.6 Hz, CHN), 4.91 (d, 1HJ = 15.6 Hz, CHN), 6.27—
6.29 (M, 2H, H,), 6.96 (s, 1H, CH), 7.32 (s broad, 1Hg P, 7.45-
7.58 (m, 3H, Hyo), 7.79-7.83 (m, 1H, H,); 13C NMR (CDCk) 6
21.2 (CHy), 37.1 (CH), 81.2 (CH), 108.8 (CHly), 110.6 (CHyJ),
123.9 (CHy), 124.1 (CHy), 130.4 (CH,), 131.8 (G), 132.7
(CHar), 141.2 (), 142.8 (CHy), 150.0 (G), 167.6 (C=0), 171.2
(C=0). Anal. Calcd for GsH13NO, (271.08): C, 66.41; H, 4.83;
N, 5.16. Found: C, 66.33; H, 4.73; N, 5.09.

3(9)- and 3(R)-Acetoxy-2-(18)-phenylethyl)isoindolin-1-one
(3c). This mixture was isolated as an inseparable brown oil in a
60:40 ratio: 97% yieldR: 0.72 (cyclohexane/AcOEt 1:1); IR (KBr)
v 1739, 1709, 1470, 1401, 1374 cm'H NMR (CDCl;) 6 1.42
(s, 1.6H, CH), 1.64 (d, 3HJ = 7.0 Hz, CH}), 2.00 (s, 1.4H, Ckt
CO), 5.44-5.61 (m, 1H, CHN), 6.57 (s, 0.4H, CHOAc), 7.11 (s,
0.6H, CH-OAC), 7.14-7.26 (m, 3H, H), 7.29-7.46 (m, 5H,
Haro), 7.65-7.77 (m, 1H, H,); 3C NMR (CDCk) ¢ 16.9 (CH
maj.), 18.3 (CH min.), 20.5 (CH min.), 21.4 (CH maj.),
49.2 (CH maj.), 50.9 (CH min.), 79.1 (CH maj.), 81.4 (CH min.),
123.6 (CHy, maj.), 123.7 (CHyp min.), 123.9 (CH,, maj.), 124.0
(CHaro min.), 127.5 (CH,y), 127.5 (2CH,, maj.), 127.6 (2CH,
min.), 128.4 (2CH,,maj.), 129.0 (2CH,min.), 130.3 (CH,,min.),
130.4 (CHy maj.), 132.7 (CHy), 139.7 (G), 140.8 (G), 141.4
(Cqmaj.), 141.5 (G min.), 168.0 (=0 min.), 168.2 (=0 maj.),
170.7 (G=0O min.), 170.8 (=0 maj.). Anal. Calcd for GH;~
NO; (295.12): C, 73.20; H, 5.80; N, 4.74. Found: C, 73.13; H,
5.69; N, 4.61.

3-Acetoxy-2-benzylisoindolin-1-one (3d).This product was
isolated as a white solid: 94% yiel& 0.59 (cyclohexane/AcOEt
1:1); mp 95°C; IR (KBr) v 1711, 1687, 1471, 1420 crh 'H NMR
(CDCl) 6 1.88 (s, 3H, CH), 4.48 (d, 1H,J = 14.9 Hz, CHN),
4.85 (d, 1H,J = 14.9 Hz, CHN), 6.86 (s, 1H, CH), 7.197.24
(m, 5H, Hyo), 7.44-7.52 (M, 3H, Hy), 7.78-7.83 (M, 1H, Ho);
13C NMR (CDCk) ¢ 20.9 (Ch), 42.8 (CH), 81.2 (CH), 123.6
(2CHaro), 127.8 (CHyo), 128.7 (2CH,), 128.9 (2CH,), 130.0
(CHar), 131.4 (GQ), 132.6 (CHy), 136.9 (), 144.1 (), 167.3
(C=0), 176.7 (CG=0). Anal. Calcd for GH1sNO3 (281.11): C,
72.58; H, 5.37; N, 4.98. Found: C, 72.42; H, 5.28; N, 4.83.

2-Allyl-3-acetoxyisoindolin-1-one (3e).This product was iso-
lated as a yellow oil: 84% yield¥ 0.78 (cyclohexane/AcOEt 1:1);
IR (KBr) v 1725 cn1!; 'H NMR (CDClg) 6 2.11 (s, 3H, CH),
3.92 (dd, 1HJ = 15.6 and 6.5 Hz, CkN), 4.36 (dd, 1HJ = 15.6
and 5.4 Hz, CHN), 5.20 (dd, 1H,J = 16.4 and 1.6 Hz=CH),),
5.24 (dd, 1HJ = 7.7 and 1.6 Hz=CH,), 5.72-5.92 (m, 1H,=
CH), 6.98 (s, 1H, CH), 7.497.57 (m, 3H, H), 7.77—7.83 (m,
1H, Har); 13C NMR (CDCE) 6 21.2 (CH), 43.2 (Ch), 81.2 (CH),
118.1 (CH), 123.9 (CH,y), 124.1 (CH,o), 130.5 (CH,o), 132.0
(Cq), 132.7 (CHyo), 132.8 (CHyo), 141.2 (G), 167.8 (C=0), 171.2
(C=0). Anal. Calcd for GsH13NO3 (231.09): C, 67.52; H, 5.67;
N, 6.06. Found: C, 67.40; H, 5.49; N, 5.94.

3-Acetoxy-2-(4-methoxybenzyl)-isoindolin-1-one (3f)This prod-
uct was isolated as a yellow solid: 93% yielRi0.58 (cyclohexane/
AcOEt 1:1); mp 77°C; IR (KBr) v 1739, 1712, 1247 cr; H
NMR (CDCl) 6 1.98 (s, 3H, CH), 3.75 (s, 3H, OCH), 4.38 (d,
1H,J = 14.9 Hz, CHN), 4.89 (d, 1H,J = 14.9 Hz, CHN), 6.82
(d, 2H,J = 8.6 Hz, Hy), 6.88 (s, 1H, CH), 7.22 (d, 2H, = 8.6
Hz, Hyyo), 7.43-7.55 (M, 3H, Hy), 7.81-7.85 (M, 1H, Hy); °C

1188 J. Org. Chem.Vol. 72, No. 4, 2007

(Cy), 168.0 (C=0), 171.2 (C=0). Anal. Calcd for GgH1/NO,4
(311.12): C, 69.44; H, 5.50; N, 4.50. Found: C, 69.32; H, 5.38;
N, 4.41.
7-Acetoxy-6,7-dihydro-6-(4-methoxybenzyl)-B-pyrrolo[3,4-
b]pyridin-5-one (3g). This product was isolated as a yellow solid:
100% vyield;Rs 0.53 (cyclohexane/AcOEt 1:4); mp 8C; IR (KBr)
v 2981, 1744, 1717, 1612, 1473 ci'H NMR (CDCl;) 6 1.98
(s, 3H, CH), 3.76 (s, 3H, OCH), 4.49 (d, 1H,J = 14.9 Hz, CHN),
4.84 (d, 1H,J = 14.9 Hz, CHN), 6.83 (d, 2H,J = 8.6 Hz, Hy),
6.99 (s, 1H, CH), 7.26 (d, 2H] = 8.6 Hz, Hy), 7.45 (dd, 1HJ
= 7.8 and 4.7 Hz, H,), 8.12 (dd, 1HJ = 7.8 and 1.6 Hz, H),
8.73 (dd, 1HJ = 4.7 and 1.6 Hz, H); 13C NMR (CDCk) 6 20.9
(CHs), 44.0 (CH), 55.5 (CH), 79.9 (CH), 114.3 (2CH,), 125.1
(CHarg), 126.3 (G), 128.8 (G), 129.9 (2CHyo), 132.1 (CHy), 155.5
(CHar), 159.2 (G), 161.1 (G), 166.3 (C=0), 170.6 (C=0). Anal.
Calcd for GH1eN2O4 (312.11): C, 65.38; H, 5.16; N, 8.97.
Found: C, 65.38; H, 5.16; N, 8.97.
3-Acetoxy-2,3-dihydro-2-(4-methoxybenzyl)-H-pyrrolo[3,4-
b]quinolin-1-one (3h). This product was isolated as a brown
solid: 92% vyield;Rs 0.43 (cyclohexane/AcOEt 1:1); mp 14€;
IR (KBr) v 1749, 1716, 1635, 1614 crj *H NMR (CDCl;) 6
1.98 (s, 3H, CH), 3.76 (s, 3H, OCH), 4.57 (d, 1H,J = 14.9 Hz,
CH;N), 4.90 (d, 1H,J = 14.9 Hz, CHN), 6.83 (d, 2H,J = 8.6
Hz, Hay), 7.10 (s, 1H, CH), 7.30 (d, 2H] = 8.6 Hz, Hy), 7.64
(dd, 1H,J=7.8 and 7.0 Hz, H), 7.83 (dd, 1HJ = 8.6 and 7.0
Hz, Hay), 8.18 (d, 1HJ = 7.8 Hz, Hy), 8.19 (d, 1HJ = 8.4 Hz,
Haro), 8.61 (s, 1H, Hy); ¥*C NMR (CDCk) 6 21.0 (CH), 44.2
(CHy), 55.5 (CH), 80.3 (CH), 114.3 (2CH,), 123.2 (G), 128.0
(CHar), 128.3 (G), 128.8 (G), 129.8 (CH,o), 129.9 (2CH,y), 130.0
(CHarg), 132.0 (CHyo), 133.2 (CHyo), 150.3 (G), 159.2 (G), 159.4
(Cy), 166.3 (C=0), 170.7 (C=0). Anal. Calcd for G;H1gN>04
(362.13): C, 69.60; H, 5.01; N, 7.73. Found: C, 69.49; H, 4.87;
N, 7.66.
5-Acetoxy-1-(2-bromobenzyl)-pyrrolidin-2-one (3i).This prod-
uct was isolated as a colorless oil: 96% yidRdf.52 (cyclohexane/
AcOEt 1:1); IR (KBr)v 3154, 1706, 1602 cnt; *H NMR (CDCly)
0 1.98 (s, 3H, CH), 2.01-2.15 (m, 1H, CH), 2.20-2.70 (m, 3H,
CHy), 4.41 (d, 1HJ = 15.7 Hz, CHN), 4.80 (d, 1H,J = 15.7 Hz,
CH;N), 6.06 (d, 1H,J = 5.5 Hz, CH), 7.08-7.18 (m, 1H, H),
7.22-7.28 (m, 2H, H), 7.53 (d, 1HJ = 7.8 Hz, Hyy); 13C NMR
(CDCly) 6 21.2 (CHy), 26.3 (CH), 28.3 (CH), 44.9 (CH), 85.1
(CH), 123.9 (@), 127.9 (CHy), 129.5 (CH), 130.2 (CHy), 133.2
(CHa), 135.4 (G), 170.6 (G=0), 175.9 (C=0). Anal. Calcd for
Ci3H14BrNO; (311.02): C, 50.02; H, 4.52; N, 4.49. Found: C,
49.00; H, 4.39; N, 4.40.
3-Acetoxy-2-phenethylisoindolin-1-one (3j)This product was
isolated as a colorless oil: 100% yieR;0.60 (cyclohexane/AcOEt
1:1); IR (KBr) » 3064, 3030, 2939, 1739, 1713, 1618, 1604, 1497,
1470, 1414, 1372 cnt; *H NMR (CDCl3) 6 2.13 (s, 3H, CH),
2.85-3.18 (m, 2H, CH), 3.48 (ddd, 1HJ = 14.5, 9.0, and 6.2
Hz, CH:N), 4.03 (ddd, 1HJ = 14.5, 8.6, and 6.3 Hz, CiN), 6.89
(s, 1H, CH), 7.2%+7.29 (m, 5H, H,), 7.49-7.56 (m, 3H, H),
7.79-7.84 (m, 1H, H,); °C NMR (CDCk) ¢ 21.2 (CHy), 34.8
(CHy), 42.1 (CH), 81.4 (CH), 123.7 (CHy), 124.0 (CH,o, 126.7
(CHarg), 128.8 (2CHyg), 129.0 (2CH), 130.4 (CHyg), 132.1 (),
132.5 (CHy9), 138.6 (G), 141.0 (G), 168.0 (C=0), 171.3 (C=
0). Anal. Calcd for GgH17/NOs (295,12): C, 73.20; H, 5.80; N,
4.74. Found: C, 73.09; H, 5.69; N, 4.68.
3-Acetoxy-2-(phenoxymethyl)-isoindolin-1-one (3k)This prod-
uct was isolated as a white solid: 83% yieRi0.53 (cyclohexane/
AcOEt 1:1); mp 127C; IR (KBr) v 1725, 1599, 1497, 1470 crhy
IH NMR (CDCl) 6 2.14 (s, 3H, CH), 5.36 (d, 1H,J = 10.5 Hz,
CH:N), 5.77 (d, 1HJ = 10.5 Hz, CHN), 6.93-7.07 (m, 3H, H),
7.18 (s, 1H, CH), 7.227.31 (m, 2H, H,), 7.49-7.54 (m, 3H,
Haro), 7.81-7.87 (m, 1H, H;o); 3C NMR (CDCk) 6 21.2 (CH),
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68.3 (CH), 80.3 (CH), 115.7 (2Ck), 122.2 (CHyo), 124.4 (CHyo),
124.5 (CHy), 129.8 (2CH,), 130.7 (CH,), 131.1 (G), 133.4
(CHar), 141.4 (@), 156.4 (G), 167.8 (C=0), 171.1 (C=0). Anal.
Calcd for G7H1sNOy (297.1): C, 68.68; H, 5.09; N, 4.71. Found:
C, 68.60; H, 5.00; N, 4.59.
3-Acetoxy-2-((3,5-dimethoxyphenoxy)methyl)-isoindolin-1-
one (3I). This product was isolated as a white solid: 100% yield;
R: 0.53 (cyclohexane/AcOEt 1:1); mp 10Z; IR (KBr) v 2964,
2843, 1724, 1598, 1471 crfi *H NMR (CDCly) 6 2.14 (s, 3H,
CHg), 3.73 (s, 6H, OCH), 5.32 (d, 1H,J = 11.0 Hz, CHN), 5.73
(d, 1H,J=11.0 Hz, CHN), 6.09 (s broad, 1H, k), 6.26 (s broad,
2H, Haro), 7.16 (s, 1H, CH), 7.527.57 (m, 3H, H,), 7.84 (d, 1H,
J = 6.3 Hz, Hy); 13C NMR (CDCk) 6 21.2 (CH), 55.6 (20CHj),
68.1 (CH), 80.3 (CH), 94.1 (2CH), 94.7 (CHyo), 124.4 (CHyo),
124.5 (CHyo), 130.7 (CHyo), 131.1 (G), 134.4 (CHyo), 141.4 (G),
158.2 (G), 161.7 (2G), 167.8 (C=0), 171.1 (C=0). Anal. Calcd
for CigH19NOg (357.12): C, 63.86; H, 5.36; N, 3.92. Found: C,
63.69; H, 5.27; N, 3.77.
3-Acetoxy-2-((4-methoxyphenylthio)methyl)-isoindolin-1-
one (3n).This product was isolated as a white solid: 66% yield;
R: 0.62 (cyclohexane/AcOEt 1:1); mp 10&; IR (KBr) v 1721,
1594 cmt%; 'H NMR (CDClg) 6 2.09 (s, 3H, CH), 3.74 (s, 3H,
OCH), 4.44 (d, 1HJ = 14.1 Hz, CHN), 5.30 (d, 1HJ = 14.1
Hz, CH:N), 6.76 (d, 2H,J = 8.6 Hz, Hy), 7.16 (s, 1H, CH), 7.35
(d, 2H,J = 8.6 Hz, Hy), 7.44-7.56 (m, 3H, H,), 7.70-7.80 (m,
1H, Hao); °C NMR (CDCk) 6 21.2 (CHy), 46.4 (CH), 55.5
(OCHg), 80.3 (CH), 114.9 (2CHK), 123.5 (G), 124.0 (CH,o), 124.5
(CHarg), 130.5 (CHyo), 131.5 (G), 133.0 (CHyo), 135.1 (2CH,9),
141.1 (G), 160.1 (@), 167.2 (C=0), 171.1 (C=0). Anal. Calcd
for C1gH17/NO4S (343.09): C, 62.96; H, 4.99; N, 4.08. Found: C,
62.8196; H, 4.80; N, 4.00.
3-Acetoxy-2-0-methoxycarbonylphenylthiomethyl)-isoindo-
lin-1-one (30).This product was isolated as a yellow solid: 93%
yield; R 0.64 (cyclohexane/AcOEt 1:1); mp 10%; IR (KBr) v
1718, 1605, 1422 cnt; *H NMR (CDCl;) 6 2.12 (s, 3H, CH),
3.86 (s, 3H, OCH), 4.61 (d, 1H,J = 14.1 Hz, CHN), 5.55 (d,
1H, J = 14.1 Hz, CHN), 7.13 (s, 1H, CH), 7.147.22 (m, 1H,
Haro)y 7.38-7.64 (m, 5H, |'zlro)u 7.75-7.80 (m, 1H, Hro): 7.88 (dd,
1H,J = 7.8 and 1.6 Hz, H); 3C NMR (CDCk) 6 21.2 (CH),
42.7 (CH), 52.4 (OCH), 80.6 (CH), 124.0 (CHy), 124.7 (CHyo),
125.8 (CHyo), 128.5 (CHyo), 129.6 (G), 130.6 (CHyo), 131.3 (G),
131.4 (CHyo), 132.8 (CHy), 133.1 (CH,), 137.4 (Q), 141.2 (Q),
167.1 (C=0), 167.6 (G=0), 171.0 (C=0). Anal. Calcd for GoH1~

NOsS (371.08): C, 61.44; H, 4.61; N, 3.77. Found: C, 61.31; H,

4.54; N, 3.59.
(4R,59)-4,5-Diacetoxy-1-phenethylpyrrolidin-2-one (3p)This
product was isolated as a colorless oil: 95% vyieR|; 0.51
(cyclohexane/AcOEt 1:1); IR (KBn) 1748, 1714, 1455, 1422, 1376
cm%; IH NMR (CDClg) ¢ 2.02 (s, 3H, CH), 2.05 (s, 3H, CH),
2.62 (t, 2H,J = 8.6 Hz, CH), 2.70-2.98 (m, 2H, CH), 3.23 (ddd,
1H,J = 14.8, 8.6, and 6.3 Hz, Cij 3.80 (ddd, 1H]J = 14.8, 8.6,
and 6.3 Hz, CH), 5.14 (td, 1HJ = 8.6 and 5.5 Hz, CH), 6.17 (d,
1H,J = 4.7 Hz, CH), 7.15-7.32 (m, 5H, H); 13C NMR (CDCk)
0 20.7 (CHy), 21.0 (CH), 34.0 (CH), 34.2 (CH), 42.6 (CH), 66.3
(CH), 82.1 (CH), 126.9 (CH,), 128.8 (2CH), 128.9 (2CH),
138.1 (G), 170.1 (C=0), 170.6 (G=0), 171.8 (C=0). Anal. Calcd
for CieH1oNOs (305.13): C, 62.94; H, 6.27; N, 4.59. Found: C,
62.82; H, 6.14; N, 4.41.
5-Acetoxy-2,5-dihydro-3-methyl-1-phenethyl-H-pyrrol-2-
one (3q).This product was isolated as a yellow oil: 85% yidRy;
0.65 (cyclohexane/AcOEt 1:1); IR (KB¥) 1736, 1710, 1658, 1455,
1418, 1373, 1233 cnt; *H NMR (CDCls) ¢ 1.89 (s, 3H, CH),
2.10 (s, 3H, CH), 2.72-2.90 (m, 2H, CH), 3.33 (ddd, 1HJ =
14.8, 8.6, and 6.2 Hz, NC#{ 3.79 (ddd, 1HJ = 14.8, 8.6, and
7.1 Hz, NCH), 6.24 (s, 1H, CH), 6.49 (s, 1HsCH), 7.16-7.31
(m, 5H, Hyo); 1C NMR (CDCk) 6 11.1 (CHy), 21.1 (CHy), 34.8
(CH,), 42.2 (CH), 81.7 (CH), 126.7 (CHl), 128.7 (2CHo), 129.0
(2CHarg), 134.8 (CHy), 138.7 (2G), 170.8 (C=0), 170.9 (C=0).
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Anal. Calcd for GsH;/NO3 (259.12): C, 69.48; H, 6.61; N, 5.40.
Found: C, 69.31; H, 6.49; N, 5.31.

General Procedure for the Intermolecular and Intramolecu-

lar Bi(OTf) 3 a-Amidoalkylation of the Acetates 3a-i and 3j—
g. To a stirred solution of thé&l-acyliminium ion precursoB (1
equiv) and allyltrimethylsilane (1.2 equiv) (2-trimethylsiloxypropene
(1.5 equiv) or 1-phenyl-1-trimethylsiloxyethylene (1.5 equiv)) in
dry CH;CN (5 mL per 1 mmol of the acetaBa—q) was added in
one portion of Bi(OTf} (0.01 equiv). In the intramolecular Bi-
(OTf); a-amidoalkylation version, no external C-nucleophile was
needed. When the reaction was over (monitored by TLC using CH
Cl, as eluent), a saturated aqueous solution of NagMZ&3 added.
The aqueous layer was then extracted with,Ckl (10 mL), and
the organic layers were combined, dried over MgS@nd
evaporated. The resulting product was purified by chromatography
on a silica gel column or by recrystallization to give the expected
products in appreciable yields.
3-Allyl-2-(furan-2-ylmethyl)-isoindolin-1-one (4a). This prod-
uct was isolated as a colorless oil: 64% yidRd0.61 (cyclohexane/
AcOEt 1:1); IR (KBr)v 2927, 1794, 1683, 1470, 1431, 1411¢m
IH NMR (CDCk) ¢ 2.70-2.77 (m, 2H, CH), 4.24 (d, 1H,J =
15.6 Hz, CHN), 4.51 (dd, 1HJ = 5.5 and 3.9 Hz, CH), 4.95 (d,
1H,J=9.4 Hz, CH=), 5.02 (d, 1HJ = 15.6 Hz, CH=), 5.21—
5.43 (m, 1H, CH), 5.26 (d, 1H,J = 15.6 Hz, CHN), 6.28 (d,
2H,J = 1.6 Hz, Hy), 7.24-7.53 (m, 4H, H,y), 7.82 (d, 1HJ =
7.8 Hz);13C NMR (CDCh) 6 35.4 (CH), 36.8 (CH), 58.7 (CH),
108.6 (CHyo), 110.6 (CHyo), 119.4 (CH), 122.5 (CH,), 123.9
(CHarO)v 1283 (Cl';;ro)x 1314 (CHrO)v 1316 (CFAFO)! 1323 (Q),
142.5 (CHyo), 145.0 (G), 150.7 (G), 168.3 (G=0). Anal. Calcd
for C16H1sNO, (253.11): C, 75.87; H, 5.97; N, 5.53. Found: C,
75.66; H, 5.80; N, 5.42.

3(9)- and 3(R)-2-(1(S)-Phenylethyl)isoindolin-1-one (4cA and
4cB). This mixture was isolated as a brown oil in an inseparable
75:25 ratio: 97% yieldR: 0.72 (cyclohexane/AcOEt 1:1); IR (KBr)
v 1677, 1470, 1451, 1398 crfj *H NMR (CDCl) 6 1.78 (d, 1H,
J=17.0 Hz, CH), 1.82 (d, 2H,J = 7.0 Hz, CH), 2.15-2.29 (m,
0.7H, CH maj. + min.), 2.44-2.67 (m, 1.3H, CH maj. + min.),
4.26 (dd, 0.4HJ = 6.3 and 2.4 Hz, CHCH,), 4.62-4.93 (m,
2H,=CH,), 4.66-4.71 (m, 0.6H, CH-CH,), 5.05-5.25 (m, 0.7H,
CH=), 5.22-5.39 (m, 0.3H, Ck¥), 5.50 (q, 0.7H,J = 7.0 Hz,
NCH—CHj), 5.62 (g, 0.3HJ = 7.0 Hz, NCH-CHj), 7.18-7.50
(m, 8H, Hyo), 7.81=7.86 (M, 1H, H,); 13C NMR (CDCk) 6 17.7
(CH; maj.), 18.5 (CH min.), 36.6 (CH maj.), 37.0 (CH min.),
50.7 (CH maj.), 51.3 (CH min.), 58.9 (CH maj.), 59.2 (CH min.),
119.1 (CH maj.), 119.3 (CH min.), 122.5 (CH,, min.), 122.6
(CHaromaj.), 123.8 (CH,min.), 123.8 (CH,,maj.), 127.6 (2CH,
maj.), 127.6 (2CH,min.), 127.8 (CH,, min.), 127.9 (CH,, maj.),
128.2 (CHyomin.), 128.3 (CH,, maj.), 128.6 (2Ck, maj.), 128.8
(2CHyomin.), 131.4 (CH,,maj.), 131.5 (CH,min.), 131.6 (CH,),
132.5 (G min.), 132.8 (G maj.), 140.4 (Gmin.), 142.0 (G maj.),
145.3 (@), 169.1 (CG=0 min.), 169.2 (=0 maj.). Anal. Calcd for
CigH1NO (277.15): C, 82.28; H, 6.90; N, 5.05. Found: C, 82.05;
H, 6.77; N, 4.87.

3-Allyl-2-benzylisoindolin-1-one (4d).This product was isolated
as a colorless oil: 99% vyield® 0.71 (cyclohexane/AcOEt 1:1);
IR (KBr) v 3687, 1681, 1520, 1414 crij *H NMR (CDCl;) 6
2.58-2.65 (m, 2H, CH), 4.11 (d, 1H,J = 15.6 Hz, CHN), 4.37
(t, 1H, J = 4.7 Hz, CH), 4.96-5.02 (m, 2H,=CH,), 5.22-5.31
(m, 1H,=CH), 5.38 (d, 1HJ = 15.6 Hz, CHN), 7.20-7.50 (m,
8H, Har), 7.83 (d, 1H,J = 6.3 Hz, Hyo); 13C NMR (CDCk) 6
35.4 (CH), 44.0 (CH), 58.1 (CH), 119.5 (Ch), 122.6 (CH,),
124.0 (CHyo), 127.8 (CHyo), 128.3 (2CH,o), 128.4 (CH,), 129.0
(2CHarg), 131.4 (CH,), 131.6 (CHy), 132.5 (G), 137.3 (), 145.0
(Cy), 168.7 (C=0). Anal. Calcd for GgH1/NO (263.13): C, 82.10;
H, 6.51; N, 5.32. Found: C, 82.01; H, 6.34; N, 5.21.

3-Allyl-2-(4-methoxybenzyl)-isoindolin-1-one (4f) This product
was isolated as a yellow oil: 87% vyieldR 0.56 (cyclohexane/
AcOEt 1:1); IR (KBr)v 3681, 1679, 1513, 1470, 1412 cinH
NMR (CDCly) 6 2.63-2.73 (m, 2H, CH), 3.78 (s, 3H, OCHh),
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4.10 (d, 1H,J = 14.9 Hz, CHN), 4.41 (t, 1H,J = 4.7 Hz, CH),
4.95-5.01 (m, 2H,=CHy), 5.27-5.45 (m, 1H,J = 7.7 Hz,
=CH), 5.36 (d, 1HJ = 14.9 Hz, CHN), 6.84 (d, 2HJ = 8.6 Hz,
Harg), 7.22 (d, 2H,J = 8.6 Hz, Hy), 7.35-7.52 (m, 3H, H),
7.88 (d, 1H,J = 6.3 Hz, Hyo); **C NMR (CDCk) 6 35.2 (CH),
43.3 (CH), 55.4 (CH), 57.9 (CH), 114.2 (2Ckl,), 119.3 (CH),
122.5 (CHyo), 123.8 (CHyo), 128.2 (CH,), 129.2 (G), 129.6
(2CHarg), 131.4 (CHy(), 131.5 (CH,), 132.5 (G), 145.0 (G), 159.1
(Cy), 168.5 (C=0). Anal. Calcd for GgH19NO, (293.14): C, 77.79;
H, 6.53; N, 4.77. Found: C, 77.62; H, 6.41; N, 4.59.
7-Allyl-6,7-dihydro-6-(4-methoxybenzyl)-pyrrolo[3,4-b]pyri-
din-5-one (4g).To a stirred cold solution of 7-acetoxy-6,7-dihydro-
6-(4-methoxybenzyl)-8-pyrrolo[3,4b]pyridin-5-one Bg) (312 mg,
1 mmol) and allyltrimethylsilane (1.37 g, 1.2 equiv) in 10 mL of
anhydrous CEHCI, was added aluminum trichloride (99.99%, 4.0
g, 30 mmol) over a period of 10 min at5 to 0°C, and the mixture
was allowed to reach room temperature. Afieh of reaction at
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1593, 1494 cm?; *H NMR (CDCls) d 3.65 (s, 3H, OCH), 3.73
(s, 3H, OCH), 4.74 (d, 1H,J = 7.3 Hz, CHN), 5.54 (d, 1HJ =
7.3 Hz, CHN), 5.81 (s, 1H, CH), 6.52 (d, 2H] = 8.6 Hz, H0),
6.75 (d, 2H,J = 8.6 Hz, Hyo), 6.86 (d, 2H,J = 8.6 Hz, Hyyo),
7.26-7.38 (m, 1H, H), 7.32 (d, 2H,J = 8.6 Hz, Hy), 7.46—
7.64 (m, 3H, H,o); 3C NMR (CDCL) 6 45.6 (CH), 55.3 (OCH),
55.5 (OCH), 65.5 (CH), 114.4 (2CHkl), 114.9 (2CH,o), 118.0 (Q),
123.6 (G), 123.6 (CHyo), 124.0 (CHo), 128.8 (CH,0), 131.2 (G),
132.1 (CHyo), 134.6 (2CHyo), 137.4 (2CHy), 143.1 (G), 159.9
(Cy), 160.7 (G), 167.0 (C=0). Anal. Calcd for GHz;NOsS,
(423.1): C, 65.22; H, 5.00; N, 3.31; O, 11.33. Found: C, 65.22;
H, 5.00; N, 3.31; O, 11.33.
3-(2-Methoxycarbonylphenylthio)-2-((2-methoxycarbonylphe-
nylthio)methyl)-isoindolin-1-one (40).This product was isolated
as a colorless oil: 43% yield® 0.53 (cyclohexane/AcOEt 1:1);
IR (KBr) v 1710, 1523, 1471, 1435 cy 'H NMR (CDCl) 6
3.88 (s, 3H, OCH), 3.95 (s, 3H, OCH), 4.76 (d, 1H,J = 14.1 Hz,

room temperature, the organic layer was carefully neutralized with cp,N), 5.84 (d, 1H,) = 14.1 Hz, CHN), 6.23 (s, 1H, CH), 7.14

NaOH 2 N solution, separated, dried over MgSénd evaporated
to give after chromatograpic purification the title proddgtas a
yellow oil in 60% vyield: R 0.42 (cyclohexane/AcOEt 1:4); IR
2984, 2953, 1685, 1611, 1514, 1474 ¢m*H NMR (CDCl3) ¢
2.72-2.97 (m, 2H, CH), 3.76 (s, 3H, OMe), 4.11 (d, 1H] =
14.9 Hz, CHN), 4.45 (dd, 1HJ = 4.7 and 3.9 Hz, CH), 4.91 (d,
1H,J=10.2 Hz,=CH,), 4.98 (d, 1HJ = 18.0 Hz,=CH,), 5.15-
5.27 (m, 1H,=CH), 5.36 (d, 1H,J = 14.9 Hz, CHN), 6.83 (d,
2H,J = 8.6 Hz, Hyo), 7.21 (d, 2HJ = 8.6 Hz, Hy), 7.36 (dd, 1H,
J=7.8and 4.7 Hz, H,), 8.10 (d, 1HJ = 7.8 Hz, Hy,), 8.68 (d,
1H,J = 4.7 Hz, Hyo); 3C NMR (CDCk) ¢ 33.8 (CH), 43.5 (CH),
55.5 (CH), 59.6 (CH), 114.4 (2CHK,), 119.7 (CH), 123.5 (CHy),
126.5 (G), 128.8 (G), 129.7 (2CHy), 130.8 (CHy), 132.0 (CH,),
152.5 (CHyo), 159.4 (G), 164.9 (G), 166.8 (C=0). Anal. Calcd
for C1gH18N200 (29414) C, 73.45; H, 6.16; N, 9.52. Found: C,
73.31; H, 6.08; N, 9.40.

3-Allyl-2,3-dihydro-2-(4-methoxybenzyl)-pyrrolo[3,4-b]quino-
lin-1-one (4h). This product was isolated as a yellow solid: 92%
yield; Ry 0.56 (cyclohexane/AcOEt 1:1); mp 9C; IR (KBr) v
2981, 1684, 1634, 1513, 1467 cln'H NMR (CDCl) 6 2.81—
3.08 (m, 2H, CH)), 3.76 (s, 3H, OCHh), 4.18 (d, 1HJ = 14.9 Hz,
CHN), 4.58 (dd, 1HJ = 4.7 and 3.9 Hz, CH), 4.88 (d, 1H,=
10.2 Hz,=CHy,), 4.99 (d, 1H,J = 17.2 Hz,=CH,), 5.19-5.36
(m, 1H,=CH), 4.43 (d, 1H,J = 14.9 Hz, CHN), 6.84 (d, 2H,
J = 8.6 Hz, Hyo), 7.25 (d, 2H,J = 8.6 Hz, Hy), 7.60 (dd, 1H,
J=7.8and 7.0 Hz, H), 7.83 (dd, 1HJ = 8.6 and 7.0 Hz, H,),
7.98 (d, 1H,J = 7.8 Hz, Hy), 8.12 (d, 1HJ = 8.6 Hz, Hy), 8.61
(s, 1H, Hyo); 13C NMR (CDCk) 0 34.4 (CH), 43.7 (CH), 55.5
(CHy), 59.8 (CH), 114.4 (2CH,), 119.7 (CH), 124.2 (G), 127.1
(CHarg), 127.8 (G), 128.7 (G), 129.4 (CHyo), 129.7 (CH,), 129.8
(2CHaro), 131.1 (CHyo), 131.4 (CHyo), 132.6 (CHyo), 150.1 (G),
159.4 (G), 163.4 (G), 166.7 (C=0). Anal. Calcd for GoHzoN20,
(344.15): C, 76.72; H, 5.85; N, 8.13. Found: C, 76.58; H, 5.69;
N, 8.04.

5-Allyl-1-(2-bromobenzyl)-pyrrolidin-2-one (4i). This product
was isolated as a colorless oil: 73% yieR};0.33 (cyclohexane/
AcOEt 1:1); IR (KBr)v 2929, 1676, 1441 cnt; *H NMR (CDCly)
0 1.70-1.87 (m, 1H, CH), 1.99-2.24 (m, 2H, CH), 2.29-2.58
(m, 3H, CH), 3.53 (septuplet, 1H] = 3.9 Hz, CH), 4.27 (d, 1H,
J = 15.6 Hz, CHN), 4.90 (d, 1H,J = 15.6 Hz, CHN), 5.08 (d,
1H,J=13.1 Hz,=CH,), 5.08 (d, 1HJ = 14.7 Hz,=CH,), 5.53~
5.74 (m, 1H=CH), 7.06-7.18 (m, 1H, H,o), 7.22-7.28 (m, 2H,
Harg), 7.53 (d, 1H,J = 7.8 Hz, Hyo); 1C NMR (CDCk) 6 23.5
(CHyp), 30.1 (CH), 37.6 (CH), 44.3 (CH), 57.0 (CH), 119.0 (Ch),
123.5 (G), 127.9 (CH/), 129.2 (CH,), 129.7 (CH,), 132.8
(CHarg), 133.1 (CHyo), 136.0 (G), 175.6 (G=0). Anal. Calcd for
C14H16BrNO (293.04): C, 57.16; H, 5.48; N, 4.76. Found: C, 57.02;
H, 5.35; N, 4.59.

3-(4-Methoxyphenylthio)-2-((4-methoxyphenylthio)methyl)-
isoindolin-1-one (4n). This product was isolated as a colorless
oil: 35% yield; R 0.60 (cyclohexane/AcOEt 1:1); IR (KBr)1703,
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7.28 (m, 4H, H,o), 7.34-7.56 (m, 4H, H,o), 7.64-7.72 (m, 3H,
Har), 7.88 (dd, 1HJ = 7.8 and 1.6 Hz, H); 13C NMR (CDCk)
042.5 (CH), 52.4 (OCH), 52.6 (OCH), 65.1 (CH), 123.8 (CH),
124.1 (CHyg), 125.5 (CHyo), 127.8 (CHyo), 128.3 (CHyo), 129.1
(Cq), 129.2 (CHrg), 130.7 (CHir), 131.1 (G), 131.4 (CHyo), 131.8
(CHarg), 132.5 (G), 132.6 (CHro), 132.8 (CHyo), 133.0 (CHy),
134.1 (@), 137.7 (GQ), 142.8 (G), 167.1 (CG=0), 167.2 (C=0),
167.3 (C=0). Anal. Calcd for GsH21NOsS, (479.09): C, 62.61;
H, 4.41; N, 2.92. Found: C, 62.50; H, 4.32; N, 2.79.

5,6-Dihydro-2-methylpyrrolo[2,1-alisoquinolin-3(2H)-one (4q).
This product was isolated as a white solid: 76% yidRd;0.35
(cyclohexane/AcOEt 3:2); mp 167L09°C; IR (KBr) v 3009, 2994,
1703, 1612 cm?; 'H NMR (CDCly) 6 1.34 (d, 3H,J = 7.8 Hz,
CHy), 2.94 (t, 2HJ = 6.3 Hz, CH), 3.24 (qd, 1HJ= 7.8 and 3.1
Hz, CH), 3.72 (t, 2HJ = 6.3 Hz, NCH), 5.64 (d, 1HJ = 3.1 Hz,
=CH), 7.17-7.29 (m, 3H, Ho), 7.52-7.56 (m, 1H, H); 3C NMR
(CDCly) 6 15.4 (CH), 29.1 (CH), 37.0 (CH), 43.6 (CH), 104.0
(CHarg), 124.4 (CH,), 127.2 (CHy), 128.7 (CHyo), 129.0 (CHyo),
134.1 (2@), 138.3 (G), 180.0 (CG=0). Anal. Calcd for GgH13NO
(199.1): C, 78.36; H, 6.58; N, 7.03. Found: C, 78.21; H, 6.43; N,
6.89.

2-(Furan-2-ylmethyl)-3-(2-oxopropyl)-isoindolin-1-one (5a).
This product was isolated as a brown solid: 71% yié¥0.28
(cyclohexane/AcOEt 1:1); mp 10C; IR (KBr) v 1718, 1687, 1471
cm L IH NMR (CDCl) 6 2.11 (s, 3H, CH), 2.71 (dd, 1HJ =
17.2 and 7.0 Hz, C}J, 3.04 (dd, 1HJ = 17.2 and 4.7 Hz, C}),
4.51 (d, 1HJ = 15.6 Hz, CHN), 4.94 (d, 1HJ = 15.6 Hz, CHN),
5.03 (dd,J = 7.0 and 4.7 Hz, 1H, CH), 6.25%.31 (m, 2H, K.,
7.31 (s, 1H, Hy), 7.37-7.47 (m, 3H, H,), 7.82 (d, 1HJ = 7.1
Hz); 13C NMR (CDCk) ¢ 30.8 (CHy), 37.7 (CH), 46.6 (CH), 55.8
(CH), 108.7 (CHo), 110.8 (CHyo), 122.7 (CHyo), 124.1 (CHyo),
128.6 (CHyo), 131.8 (G), 132.1 (CHyo), 142.5 (CHyo), 145.8 (G),
150.6 (G), 168.3 (C=0), 205.8 (C=0). Anal. Calcd for GeH1s-
NOs (269.11): C, 71.36; H, 5.61; N, 5.20. Found: C, 71.22; H,
5.47; N, 5.06.

2-(Furan-2-ylmethyl)-3-(2-oxophenethyl)-isoindolin-1-one (6a).
This product was isolated as a white solid: 84% yidRl,0.42
(cyclohexane/AcOEt 1:1); mp 10€; IR (KBr) v 3684, 3620, 3019,
2400, 1686, 1523, 1427 cf *H NMR (CDCly) 6 3.01 (dd, 1H,
J =18.0 and 7.0 Hz, C}), 3.39 (dd, 1H,J = 18.0 and 5.0 Hz,
CH,), 4.33 (d, 1HJ = 15.6 Hz, CHN), 4.80 (d, 1HJ = 15.6 Hz,
CH,N), 5.07 (dd, 1H,J = 7.0 and 5.0 Hz, CH), 5.986.05 (m,
2H, Hy), 7.01 (s, 1H, H,), 7.16-7.28 (m, 5H, H,), 7.33-7.41
(m, 1H, Hyo), 7.62-7.71 (M, 3H, H,o); 3C NMR (CDCk) 6 37.7
(CHy), 42.2 (CH), 56.3 (CH), 108.8 (CHly), 110.7 (CH\), 123.1
(2CHarg), 131.8 (G), 132.0 (CHiy), 133.8 (CHyo), 136.6 (G), 142.5
(CHay), 146.1 (G), 150.5 (G), 168.4 (C=0), 197.3 (C=0). Anal.
Calcd for GiH17/NOs (331.12): C, 76.12; H, 5.17; N, 4.23.
Found: C, 76.00; H, 5.05; N, 4.14.
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