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ABSTRACT

A novel one-pot methodology is described for the synthesis of functionalized pyrrolopyridinones using in situ generated formimines and an
ortho-lithiated pyridinecarboxamide species. Depending on the reaction conditions, this procedure allows versatile access to aminomethylated
pyridinecarboxamides, 2,3-dihydro-pyrrolopyridinones, or 1,1-dialkylated 2,3-dihydro-pyrrolopyridinone derivatives.

The synthesis of isoindolinones is widely reported in the  Although isoindolinones are ubiquitous moieties used by
literature! These compounds have a common intermediate the pharmaceutical industry, only two syntheses of these aza-
skeleton with numerous alkaloids and display various analogue derivatives, also known as dihydro-pyrrolopyridi-
biological properties of pharmaceutical interést. nones, have been reported. At first, Couture et al. described
Introducing a nitrogen atom in the aromatic ring could a method based on aromatic nucleophilic substitutisiore
provide the opportunity to modulate the pharmacodynamic

and kinetic properties of these dihydro-pyrrolopyridinofies.  (2) (a) Hardcastle, I. R.; Ahmed, S. U.; Atkins, H.; Calvert, A. H.; Curtin,
N. J.; Farnie, G.; Golding, B. T.; Griffin, R. J.; Guyenne, S.; Hutton, C. et
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recently, Clayden et al. used &htert-butyl N-benzylnico- erizationi® they need to be formed in situ and trapped by
tinamide in the presence of a large excess of base to triggerthe lithiated species.
the C—C bond formatiop. In the present paper, we report the use of formimines as
We propose here an alternative approach based on aa versatile tool for the synthesis of different isomers of 2,3-
nucleophilic addition of an ortho-lithiated pyridinecarbox- dihydro-pyrrolopyridinones.
amide on a formimine, followed by intramolecular cycliza- ~ Our study started by the aminomethylation of a sterically
tion. This route would not only broaden the choice of hindered nicotinamideN,N-Diisopropyl nicotinamidel was
substituents on the nitrogen atom of the lactam but also ortho-lithiated at C4 with complete regioselectivity by
enable the dialkylation of the exocyclic methylene. treating with an excess of lithiated 2,2,6,6-tetramethyl-
The directed ortho metalation is a powerful methodology piperidine (LiTMP) in THF at—78 °C. When using lithium
for the functionalization of aromatic and heteroaromatic diisopropylamide (LDA) in anhydrous THF, only dimerized
compounds because lithiated derivatives display high reactiv-nicotinamide was obtained, resulting from addition of the
ity toward a wide range of electrophilésMetalation of lithiated nicotinamide on the starting material at Chhe
pyridines has been studied extensively by our group, andinitial addition of N-(cyanomethyl)-p-methoxybenzylamine
the synthetic value of this methodology has been deternfined. 2 to the preformed solution of ortho-lithiatel,N-diiso-
Carboxamides are well-known as ortho-directing groups propylnicotinamide, followed by quenching with NEl,
because of their complexing ability. Previous studies on the furnished the uncyclized intermediate in good yield
metalation of pyridine-3-carboxamides have highlighted a (Scheme 1).
good regioselectivity at CMoreover, the amide carbonyl
can allow further nucleophilic ring closure. Therefore,
dihydro-pyrrolopyridinones could be advantageously syn-
thesized via a tandem “metalatiofunctionalization” se-

Scheme 1. Aminomethylation ofN,N-Diisopropylnicotinamide

guence using N-substituted formimine as an electrophile. This o) 1) LiTMP, THE, 78 © PMBHN 0
approach is depicted in the retrosynthetic analysis shown in . - )
Fippure . p Yy Yy TSNP e 2 NN
g : N THF, -78 C N"
1 3) aq NH,CI 3
65% Yield
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N cyclization oo aminomethylation 0 Mechanistic considerations would suggest that the lithiated
@90 NR2 ®/KNRE adduct resulting from the addition of the lithiated pyridine-

carboxamide onto the formimine could react further via
Figure 1. Retrosynthesis of 2,3-dihydro-pyrrolopyridinone using ~ intramolecular addition onto the carboxamide (Figure 2). We
an aminomethylation—cyclization reaction.

Surprisingly and to the best of our knowledge, amino- 0
methylation of lithiated pyridine derivatives is not described ~y"nr, LTMP 1%

Li O
in the literature. The aminomethylation reaction is an ~~ N ) @ﬁm
important method for the synthesis @iactams using ester [ J
NZ
R

enolates as nucleophil@&xamples of nucleophilic attacks ~ ®RHN"cN Sl "

are numerous, and they generally involve imines activated ‘

with electron-withdrawing groups and subsequent deprotec- R

tion of the amine. Examples using unactivated imines are N o

sparse. Less-hindered formimines readily react with organo- s © o NR

metallic compounds. Nevertheless, as their degradation N’

occurs even at low temperatures due to their rapid polym- gigyre 2. Mechanism of the tandem aminomethylatiaryclization
reaction.
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J. Org. Chem2001,66, 8064.
(5) Clayden, J.; Hamilton, S. D.; Mohammed, R.Qrg. Lett.2005,7,
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(7) (@) Guiliier, F.; Nivoliers, F.; Godard, A.; Marsais, F.; Quéguiner, amide.
(,:3 S'Sgé?}ijr']’e'\r/"éfe?gﬁgﬁfghggb?rg%Cfgsng.lggs 60, 292. (b) Mongin, We then turned our attention to a less-hindered nicotin-
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Res. (SIL986.18, 18, (2) Villacampa, M. De. la Cuesta, £ Avendano, C. were aimed at screening various nicotinamides and varying
Tetrahedron1995,51, 1259.

(9) (@) Overman, L. E.; Burk, R. MTetrahedron Lett1984,25, 1635. (10) (a) Guillemin, J. C.; Denis, J. M. Chem. So¢Chem. Commun.
(b) Overman, L. E.; Osawa, T. Am. Chem. S0d.985,107, 1698. 1985, 951. (b) Guillemin, J. C.; Denis, J. Metrahedron1988,44, 4431.

5890 Org. Lett, Vol. 8, No. 25, 2006



acid (Scheme 2). Reaction of piperidine isonicotinaniile
with N-(cyanomethyl)-p-methoxybenzylamine gave 2-(4-

Table 1. Optimizing the Aminomethylation—Cyclization

Tandem Reaction methox.ybenzyl).-z,3—dihydroH—pyrroIo[S,.4c]pyriFiin—_1-.
1) LITMP. THF, -78 T one4b in 52% vyield. Unfortunately, reaction of piperidine
o PMB picolinamide under the same conditions afforded mainly the
0 2) NC ZNHPMB , THF, -78 T N dimerized product observed previou8lye-(4-Methoxy-
| X7 UNR, conditions A or conditons B | N © benzyl)-54-pyrrolo[3,4-b]pyridin-7(6H)-one4c was success-
N NG fully obtained in 53% yield starting froml,N-diethylpico-
3)aq NH,CI 4 linamide 13 under conditions B.

This tandem reaction gives easy access to 2,3-dihydro-
conversion® of carboxamides into pyrrolopyridinones in good yields and in a one-pot procedure,
2,3-dihydro-pyrrolopyridinone thus making it a valuable tool for future functionalization

of such compounds.

conditions A conditions B . L
substrate: NR» _78°C.7Th _78°Cto —10°C. 16 h We then envisaged the N-substitution of the lactam by
. . changing theN-(cyanomethyl)amine (Scheme 3). 2-(Allyl-
NEt: 5 52 54
NBn; 6 0 0
NPhgy 7 12 18
piperidine 8 88 43 Scheme 3. Modification of the Formimine: Varying the
pyrrolidine 9 54 34 N-Substitution of the H-Pyrrolo[3,4-c]pyridin-3(2H)-one
N-(allyl)2 10 34 0 1) LiTMP, THF, -78 T R
morpholine 11 36 15 9 2);“:':\7:2?7 :' B g)lllgllohexy[ 12 N o
aEstimated conversion bfH NMR with 1,3,5-trimethylbenzene as an NNﬁ A l o
internal standard. N 3) aq NH,Cl N
R'=PMB da 81%
. . . ) 8 allyl 16 67%
the temperature profile of the reaction. As listed in Table 1, cyclohexyl 17 70%

N,N-diethylnicotinamides afforded a better conversion in

conditions B than in conditions A. On the contrary, piperidine _ o ) o

nicotinamide8 gave excellent conversion without any trace @mino)acetonitrild4.and 2-(cyclohexylamino)acetonitrils

of noncyclized product at-78 °C but led to partial ~ Were then prepared and engaged in the aminomethytation

degradation when the temperature was allowed to increasecYclization reaction to give the cyclized compouridsand

More hindered nicotinamides, such as compoubdsd7, 171in 67% and 70% yields, respectively.

gave lower yields in both conditions. Becauselof the eIectron—W|t.hQraW|ng character of both the
The piperidine carboxamid&seemed to be more adapted lactam moiety and ther-deficient heterocycle, we can

to mild conditions (conditions A), both avoiding degradation SUPPOSe that the pyrrole methylene may undergo depro-

and allowing good conversion. In this case, 2-(4-methoxy- tonation. This hypothesis was previously verified in the

benzyl)-H-pyrrolo[3,4<]pyridin-3(2H)-one4awas isolated  isoindolinone serie&. This implies that a possible function-
in 81% yield. alization of this position could be achieved owing to either

To broaden the scope of this methodology, we applied the excess of LITMP or the nitrogen base liberated from the
the same procedure to both available isomers of nicotinic Sécondary amide during the cyclization process. To confirm
this hypothesis, we tried to perform an aminomethylation
cyclization—alkylation cascade on a lithiated nicotinamide.

Scheme 2. Tandem Aminomethylation—Cyclization of Using our previous conditions, metalation ®followed
Lithiated Pyridine Carboxamides by reaction withN-(cyanomethyl)p-methoxybenzylamine
1)LITMP, THF, -78 T PMB and quenching with alkylating agents aB80 °C allowed

o 2) NCAZNHPMB, THF,-78 C, 7h N the formation of dialkylated compound8 and19 (Scheme
(o) . .
(j)LNﬁ 3)aq NHLCI [ \/ 4). The use of one molar equivalent of the alkylating agent
N 1% Yield N also resulted in dialkylated compounds.
8 4a In summary, we have developed a short and efficient
ou N % 1)unip\, THF,-78 T o PMB methodology for the preparation of 2,3-dihydro-pyrrolo-
2) NC” "NHPMB THF, 78T, 7h N
S 2 S [
| P 3) aq NH,CI | P
N 50% Yield N Scheme 4. Aminomethylation—Cyclization—Dialkylation
12 ab Cascade Starting from a Lithiated Pyridine Carboxamide
1) LiTMP, THF, -78 T PMB R PMB
O N N
N 2)NC NHPMB. THE, 78 C t0-10°C, 16 h A i o | Solrcan ¢ o
I = NEt, | = N-FMB MNQ Zﬂgsgethylation | > : I D
N 2 3)ag NH,CI N N/ Cyclization N/ then aq NH,CI N/
53% Yield ° 8 R=Me 18 32%
13 4c allyl 19 31%
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These sequences could be used to produce key building
blocks for the syntheses of valuable natural product ana- Supporting Information Available: Experimental pro-
logues. cedures and full spectroscopic data for all new compounds.
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