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Inés Carrancd, JoseLuis Diaz Oscar Jimaez! Marc Vendrell! Fernando Albericid,
Miriam Royo; and Rodolfo Lavilla*"*

Parc Cientfic de Barcelona, Uniersity of Barcelona, Josep Samitier 1-5, 08028 Barcelona, Spain, and
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A multicomponent assembly of pyrido-fused tetrahydroquinolines is accomplished in a one-pot process
from the interaction of dihydroazines, aldehydes, and anilines. A rational screening of the different components
and parameters of this reaction, such as the range of reactive starting materials, catalysts and reaction
conditions (solvent range; thermal, high pressure- and microwave-promoted processes) is carried out.
Optimized conditions allow an efficient preparation of pyrido-fused tetrahydroquinolines with good yields,
bypassing the biomimetic NADH-like reductive pathway which is typical in the interaction of dihydropyridines
with carbonyl compounds and amines. Furthermore, solid-supported versions of the process have been
developed, which should facilitate the preparation of libraries.

Introduction

One of the main challenges of organic synthesis is to Ny, ? e ?
develop suitable synthetic access to the broad variety of Ej/II/\) — | —
structural types found in carbogenic compounds. Impressive

progress has been achieved in areas of selectivity control, il j
.. . . . Pyridines DHPs Polysubstituted

connectivity, synthesis design, catalysis, dttowever, other Piperidine Scaffolds
factors, such as versatility, parallelization, and efficiency, Figure 1. Synthetic strategy for the functionalization of pyridines.
are playing an increasingly important role in medicinal
chemistry? Diversity-oriented synthesis (DOS) has recently In fact, nature’s role for NADH (a 1,4-dihydropyridine) is
emerged as a new tool in the study of the chemistry/biology to promote the reduction of imines and carbonyl compounds
interface, and exciting results have been reported using this(becoming oxidized to NAD in the event). However, we
approach to discover novel bioactive small-molecule com- have recently shown that it is feasible to avoid this oxidative
pounds? In these fields, the presence of heterocyclic cores fate and, in what we termonbiomimetic transformations
is directly linked to bioactivity, and such motifs are we have achieved alternative oxidative routes by bonding
frequently found in “privileged structured Therefore, the DHPs with electronegative atoms in chemically productive
methodology for the incorporation of heterocyclic rings, processe8.
especially those that contain nitrogeimto complex mol-
ecules is scientifically relevant. This fact is even more
significant when multicomponent reactions (MCRs) are In this context, we were interested in the development of
involved, because this kind of process allows the introduction the MCR strategy in aza-DietsAlder-type reactions, in
of a high degree of molecular diversity in just a single $tep. which the enamine moiety of the DHP could be considered
Herein, a novel MCR incorporating dihydropyridines (DHPs) as the electron-rich dienophile, and the aryl imine (trenal
is reported. The use of DHPs in MCRs is especially appealing azadiene partner) was to be formed through the interaction
since they are readily available from pyridinium salts and of an aniline and a carbonyl compouh@his multicompo-
display a high degree of substitution; their reactivity is quite nent assembly of a tetrahydroquinoline system (an important
general and allows many synthetically relevant transforma- scaffold with a wide range of biological activitié$has been
tions; and finally, they can be considered as natural precur-successfully exploited in several synthetic approaches, al-
sors to interesting piperidine-based scaffolds, including thoselowing the preparation of diversely substituted derivatives
showing unusual substitution patterns (Figure 1). On the otherand even complex natural produéts.
hand, a potential drawback of their synthetic utility is their ~ On the basis of this idea, the reaction between DHPs (as
tendency to oxidize to the corresponding pyridinium salts. electron-rich olefins) and imines in acid-catalyzed cycload-
ditions was first examined. Accordingly, the three-component

*To whom correspondence should be addressed. E-mail: rlavilla@ jnteraction of anN-alkyl-1,4-DHP (1) with an aniline @)
pcb.ub.es. )

T parc Cierific de Barcelona. and an aldehydesf was screened. This would lead (through
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Scheme 1.Biomimetic and Nonbiomimetic Reactive Table 1. Yields of Cycloadductgla—a’ Obtained with
Pathways of Dihydropyridines Different Catalysts
Ra entry acid catalyst yield (%)
+ R—CHO 1 TFA a
s 2 BFsEtO a
, NH Formal [4+2] 3 Mg(CIOy). a
1 cycloaddition 4 InCI3 65
5 Sc(OTfy 70
6 Sn(OTf 67
R / 7 Y(OTf)s 76
Ry 8 Yb(OTf)3 85
N 9 Pb(CRCO,), 72

||+ Ri 10 Cu(OTf) 64
® N
Rz Nﬁ 11 Ce(OTf} 86
S aNot detected.
Biomimetic

Reductive
Interference

benzonaphthyridine-type addudt(the parent heterocyclic
system is also very frequently found in bioactive com-
pounds), in a formal [4+ 2] cycloaddition. It should be
remarked that the process, although well precedented for
olefins, enol ethers, and enamines, presents here the pos-
sibility of a reductive capture of the imine intermediate by
the NADH analoguel, leading to the pyridinium salt and
the corresponding secondary amine (Scheme 1).

Catalyst Screening. A systematic study of a model
reaction between DHRa,*? p-methylaniline 2a) and ethyl
glyoxylate @a) was undertakef Although almost any acid
catalyst promotes the imino-Diellder process, in this
case, the reactivity was dramatically dependent on the catalyst
used. The initial screening included préti@and aproti¢®
sources [TFA, BEELO and Mg(ClQ),] which failed to
generate the desired cycloadduct. The first two acids po-
lymerized the starting DHP, whereas the third acid efficiently
promoted the biomimetic hydride transfer to yield the

reduced amine and the pyridinium salt. However, th f
Py owever, the use o Figure 2. Optimized geometries (MMF94 and AM1) and diag-

6 17 . o .
InCls™ and Sc(OTf"' reversed this selectivity, affording the nostic NOEs irda and4ad (the models are represented as methyl
expected compounds with only residual contamination from esters for clarity).

the redox products. Interestingly, Sc(lll) salts have been used
for promoting reductive aminations using Hantzsch DMPs, The recently described lanthanide Lewis acids, whose
although they have also promoted {3 2] cycloadditions properties seem to be ideal for the requirements of MCRs,
with NADH-like DHPs?® The reactions were conducted at were subsequently tested. In particular, it was important to
room temperature with 20% mol equiv of the catalyst in dry take advantage of their N versus O selectivity, their compat-
CH4CN in the presence of 4-A molecular sieves and afforded ibility with aqueous environments, and the possibility of
a 2:1 mixture of the desired tricyclic compoundla—a’ in tuning the reactivity with ligandd. The process was
65% overall yield [InC{] and 70% Sc(OT# The diaster-  scrutinized for the most widely used catalyst, and the yields
eomeric mixtures were conveniently separated by flash and stereoselectivities were analyzedHyNMR (Table 1).
chromatography on silica gel (Scheme?2)A reasonable  Although the overall yields were acceptable, ranging from
explanation for the success of this reaction may involve a 63 to 86%, the stereoselectivity remained practically un-
kinetic competition between the redox and the bond-forming changed, affording only modest diastereomeric excesses
processes, the latter being the most favored by these Lewis(with the ratio of4a/4a being 2:1 in almost all case®)The
acid catalysts. lack of selectivity may be balanced by the fact that the access
Scheme 2.MCR-Based Synthesis of Compoundia—a’ to both stereochgmls_tnes 'S grar_1te_d. -
Me Structural Elucidation/Mechanistic Implications. The
, structural assignment of compoundia—a’ was performed
J/\NJ . by NMR experimentsd, °C, NOESY, COSY, HSQC).
NG Catalyst The cis fusion in the naphthyridine moiety was confirmed

e

CHION N by the vicinal coupling constant between &hd H, (~4 Hz
, 2 i, 12h CozEt COzEt in both isomers), and the expected NOEs betwegmihdl
CHOCO,Et H, (Figure 2). Furthermore, the relative stereochemistry of

3a the esten position was determined with the NOEs between
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Hs and H in 4a and between Hand H;, and B and H; in Table 2. Survey of Reaction Conditions

4d. The optimized geometries for these compounds, obtained Lewis yield
with molecular mechanics (MMF94) and semiempirical entry conditions solvent acid (%)
(AM1) methods?® displayed structural features which matched 1 {12 p CHCN InCls 65
the observed spectroscopic data. The models show a flexible 2 rt,12h CHCN Sc(OTfy 70
tricyclic arrangement, in agreement with the cis fusion. 3 rt, 12 h CHCI, InCl3 b
Interestingly, the models display their substituents pointing 4 ™. 12h THF InC} b
in different directions, with practically no steric interferences 2 't12h HO/SDS  InC o6
. . 6 rt, 12 h HO/SDS Sc(0ThH 72
among them, an especially important property for scaffolds 5 HP, 13 kbar CHCN Sc(OTf) 97
in medicinal chemistry. Although the calculated heat of 8 MW, 25w, 20 min  CHCN Sc(OTfy 74
formation for the two isomers differed by0.6 kcal mot?, 9 MW, 100 w, 5min  CHCN Sc(OTfy 80

the attempted epimerization between the two isomers under 10 rt,12h CHCN Yb(l# 89
basic catalysis was not successful under the conditions tested @ Polymer-bound® Not detected.
(tert-BuOK, EtOH).

The mechanism of the aforementioned formal42]
cycloaddition is believed to occur in a stepwise martfer,
the first step being the electrophilic interaction of the DHP
with the in situ formed imine (probably activated by
coordination with the Lewis acid), to form an iminium ion,
which would then undergo an intramolecular attack by the
aryl group of the aniline moiety to induce the ring closure
preferentially in a syn mode, leading to a cis stereochemistry
at the ring fusion. Interestingly, the trapping of this inter-
mediate by different nucleophilic species (terminators) would
give rise to new structural motif8? (Scheme 3).

only 5 min at 80°C and 100 W an isolated yield of 80%
was obtained (the reaction take42 h at room temperature
under conventional thermal activation). In this case, no
changes in the selectivity were noticed (entries 8 and 9).
Finally, a polymer-bound Lewis acid [ytterbium (lII)
polystyrylsulfonate] was shown to be an efficient and
recoverable catalyst. Thus, the desired compoutedsa’
were obtained in 89% yield (entry 10). Interestingly, after
the polymer was washed and the process was repeated, the
second, third, and fourth runs using the recovered catalyst
afforded yields and purities similar to those obtained in the

Scheme 3. Stepwise Mechanism of the MCR first run30

Me Survey of Reactants. Variation of the DHP Component.

Me As expected, the reaction works well with different substit-
Me

e v  Me |N I uents attached to the nitrogen (Me and Bn) and with the

U+ . oe 9 o el typical electron-withdrawing groups linked to tBeposition

N et IE‘V\@ saar COREt of the ring, required for the stability of the DHP ring (CN,

.o NG N e e CO,Me, COMe, CONH) (Table 3, entries £7). It should

CHOCO,Et Cogt | “n —Qm be noted again that the yields obtained with Sc(lll) were
3a NC

consistently~10% higher than those found with In(lll). The
use of N-acyldihydroazines would increase the structural
Survey of Reaction Conditions.The effect of the solvent  diversity of the process; for this reason, the reactivity of the
used on the outcome of the reaction was first studied, startingN-methoxycarbonyl-1,2-dihydropyridinéfj was examined.
with CH;CN (Table 2, entries 1 and 2). THF and & Hence, naphthyridindf [37%, Sc(OTf)] was obtained as a
(entries 3 and 4) were ineffective, because the desiredsingle stereoisomer (entry 8), whereas the corresponding
cycloadduct was not detected under the usual reactionisoquinoline derivative g affords the benzo-analoguég—
conditions. However, when using mixtures of these solvents g' [63%, 4:1] (entry 9).
containing significant amounts of GEN, the process was The in situ formation of DHPs by N&:O. reduction of
again productive. Interestingly, no loss of yield was observed the pyridinium salts was considered, but no useful protocols
when the process was carried out in the absence of molecularcould be developed, partially by the restriction in the use of
sieves. The possibility of performing MCRs in water offers CH;CN as the solvent. In a series of related experiments,
several advantages, including the benefits of green proceduresve explored the introduction of an additional substituent at
and, in some cases, improved kinefie©n the other hand,  the DHPy-position by sequentially carrying a regioselective
the Lewis acids used here are also active in agueous medianucleophilic addition to a pyridinium salt, with the generation
and the solubility of organic substrates in water was of the reactive DHP which, in a tandem process, will react
dramatically increased using sodium dodecyl sulfate (SDS) with ethyl glyoxylate and th@-alkylaniline (Scheme 4). In
as a surfactant to form anionic micelles that hold in their this way, successful one-pot processes allowing the incor-
external surfaces the cationic Lewis aé§d!® Under such poration of cyano, phosphonate, and aminouracil residues
conditions, the desired produeta—a’ [InCl; (56%, 1:1) and were developed, and the corresponding prodbatsa’, 5b—
Sc(OTfg (72%, 1:1)] were obtained (entries 5 and 6). Next, b', and 5¢c—c' were prepared as the usual diastereomeric
the effect of high pressure (13 kbar) in the formal cyclo- mixtures at thex-ester position, thus controlling the relative
addition was studied, resulting in a very clean reaction configuration of three of the four centers. The stereochemical
(97%) with a clear reversal of the stereoselectivity, now outcome can be rationalized by considering the preferential
favoring thedd isomer (entry 7§72 The process was also  attack of the dihydropyridine ring upon the iminium ion
greatly accelerated under microwave irradiafidithus, in taking place from its less substituted faée.

COzEt
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Table 3. Range of DHP4L in the MCR Process Scheme 4.MCRs with In Situ-Formed DHPs
Me EtO,C-CHO
3a R3
DHP + L. A .
1 NH L |_ EL N ”31 R3 S (OTf) E1H
X u Ci
+ 2 rt.12h /E) - . F 1. I NH
Eo,c-cHo 28 CHCN Rs CHON g, e Ry T
3a 4 4 Pyridinium Nu NH; ' COzEt
Salt 2a 4-4'
Me Me iPr
Entry DHP Lewis acid Product Yield (%) Me,, Me,,
N N
| |
Ac ) NH NG NH
1 InCl, 65 N Cozft WA e
Me .
| 5a-a’ 5b-b'
N da-a°
NC’ .

) Sc(OTH), 70 desired compounds, but the strongly activatechethoxy-
aniline (entry 8) failed to do so, and the reaction progressed
with exclusive addition of the aniline to the intermediate
imine 22 With deactivating groups such as carboxylate (as

3 Me InCl, 63 the tetrabutylammonium salt), carboxamido, and methoxy-

N R carbonyl, the reaction was feasible, although somewhat
77 4b-b : : :
MeOLC slower and with moderate or low yields (entries-1(®). In
2

4 Sc(OTH), 86 agreement with the proposed mechanism, strongly deacti-
vated nitroanilines (entries 334) completely failed to
provide the cyclized compounds

Me
|
5 J/\NJ 1e InCl, 4¢-¢’ 56 Table 4. Range of Anilines in MCRs
MeOC R3 Rs3
Bn R1 R1
N N L. A. I 'H
6 U 1w  ScOTH,  4d-d’ 67 20% N
H,NOC | + + EtO,C-CHO — |
R2 NH2 CH3CN NH
Bn 1 N 3a rt. 12hRz H
7 LNJ o ScOTH,  de-e’ 86 4.4 COOEt
MeOC
yield
COzMe entry R/R; R3 Lewis acid product (%)
N
8 @ 1" Sc(OTH), af 37 1 Me/CN Me InCh 4a-a 65
X 2  Me/CN i-Pr Y(OTf);  4h—-h" 54
COMe 3 Me/CN H Sc(OThH b
N 4 Me/COMe Br Sc(OTfy 4i—i' 68
o’ 5 Bn/COMe F Y(OTfy  4j—j 16
? l ScOTh,  dg-g 63 6 Me/COMe OAc Sc(OTfy  4k—k' 70
19 7 Me/COMe 0-OH Y(OTf); 41— 65
8 Me/CN m-OMe Sc(OTf} b
- . o 9 Me/COMe NHAc YOTfy,  4m-m’ 65
Variation of the Aniline Component. The goal in this 10 Me/CN CONBu;  Y(OTf); an—n' 242
set of experiments was to determine the practical limits of ﬁ me;gm ggEtH E(O(-cr)f)T?f); 30—0' ié
. . . . . . e C p_p'
the reaction with respect to this diversity element and, taking 75 %<\ oNO, Y(OThs b

into account the reaction mechanism, to explore the influence 14  Me/CN m-NO, Sc(OTfy b

of the substitution at the a_romat|c ring on the final cyclization —, Isolated as the ethyl ester derivative after acid-catalyzed
step (see Table 4). A series of MCRs was performed under ggierification.t Not detected.

standard conditions using a parallel reactor. No optimization

of any individual process was considered, and the compounds The reduced ability of deactivated anilines to promote the
of this chemset were positively identified B NMR or final cyclization opens the possibility of alternative trappings
HPLC/MS techniques. As expected, mild activating and for the iminium ion intermediate. Thus, interaction with an
deactivating groups allowed the reaction (alkyls and halides, internal nucleophile was explored using a suitably located
entries 1, 2, 4, and 5). For unknown reasons, aniline failed indole ring in the tryptophylDHP®), which reacted with

to yield significant amounts of the expected compounds ethyl glyoxylate 8a) and ethylp-aminobenzoate2p, Scheme
(entry 3). Activating substituents, such as acetoxy, hydroxy, 5). In this way, the indoloquinoliziding derivative was
and acetamido groups (entries 6, 7, and 9), afforded theformed (66%, 4:1 mixture of epimers at tloleaminoester




Multicomponent Reactions with Dihydroazines Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 37

Scheme 5.New Structural Types Derived from the MCR Table 5. Effect of Different Aldehydes in the [4- 2]
EtO,C-CHO Process
3a
+ Me
v U NH; (\EQ Me NH, L. A. Me
| H + © InCl3 N “‘\l N N 20% '!lH
N — N JT\J + + RCHO —
oo, Lo CHiCN : NH\©\ NC 3 CHsCN NG I NH
- CN CO,Et CosEt 1a Me rt.12h H R
7 2a 4-4'
l\llle
N EtO,C-CHO
U + 3a
NH, NC - :
1a Entr Aldehyde Lewis Product Yield
EtOH $o(0Ts  Bu y (RCHO, 3) acid (%)
NO, InCl3 NH,
2 AN m I EO,C-CHO 3a InCl, da> 65
l\rce OFEt S
| Aot 2 OzN—O—CHO YT,  dg-q¢ 67

NC NH\©/N02 NC ) Negy
CO,Et
2 o COsE 3 MeOZC—Q—CHO YOTf),  drr’ 30

8

position, stereochemistry not determined) in a stereocon-
trolled manner. This result was complemented with an

IN
o
O
I
(@]

Y(OT),  4s’ 58

example of external nucleophilic trapping, in which the ,
iminium ion is captured by a molecule of EtOH. Hence, DHP > D_CHO S(OTH), dut 20
1la, ethyl glyoxylate 8d), m-nitroaniline @c), and EtOH

afforded the 4CR to form the tetrahydropyridi®é54%) as 6 CH o Y(OTf),  4du-w’ 9

a complex mixture of sterecisomers. In this respect, it should

be noted that the participation of different nucleophiles as 7 Y(OTY), dv-v’ 40
terminators in these processes is restricted, because they HO  CHO

could competitively trap the first iminium generated in the 8 HO—@—CHO Y(OTY), 4w-w’ 20
interaction of the aldehyde and the aniline in Strecker-type

reactions. However, the reversibility of the interaction with 9 MeO Y(OTS), 4x-x’ 17
O-nucleophiles allows this interesting 4CR to occur. Fur- nd  CHo ’

thermore, the resulting compound is a known iminium ion o) ,
precursor and may allow the entry of additional nucleophilic 10 @_CHO Y(OT), 4y-y 70

species at the nitrogex-position in a subsequent st&prhe —
participation ofN-nucleophiles (e.g. alkylamines) follows a 11 N/\\:/>_CH°
modified mechanism, involving addition of the imine,
trapping of the iminium ion by a second equivalent of the
amine, and a final ring closure by condensation with another
molecule of the aldehyde to yield the bicyclic amifgé1%)
as a single stereoisomer. Interestingly, the ring fusion shows
a trans stereochemistry, probably the result of the more having enolizable hydrogens present special problems in this
favorable attack of the amine to the iminium ion from its type of process (they usually generate the Doebmen
less substituted face, whereas thearbonyl centers may  Miller condensation products) and until very recently have
be controlled by a thermodynamic equilibration (Scheme been excluded from this chemisffyThey were not con-
5)24d These results truly increase the versatility of the sidered in this study. Unfortunately, no reaction was observed
process, allowing the formation of structurally diverse in the cases op-formaldehyde, chloral hydrate, atichins
scaffolds using the essentially same chemistry and relatedcinnamaldehyde.
starting materials. The interaction ofp-chlorobenzaldehyde with the less
Variation of the Aldehyde Component. Different alde- reactiveN-acylDHP1f also produced the desired compounds
hydes were tested in order to determine their influence on 4aa—aad (25%, 1.5:1), although heating for 48h was required
the outcome of the MCR. Apart from the highly electrophilic (Figure 3). On the other hand, the participation of electro-
ethyl glyoxylate 8a), which was used as a reference, a philic carbonyl derivatives was considered, and in this way,
representative set of aromatic and heteroaromatic aldehydesenzoylformate and isatin were reacted with DEH&and
were considered (Table 5). Acceptable yields were obtainedp-methylaniline a) under the usual reaction conditions.
for most of the reagents studied, including rings with Although the former did not yield the expected adduct (only
electron-donating and electron-withdrawing substituents. Duethe imine and the biomimetic reduction products were
to the imine-enamine tautomerization, aliphatic aldehydes detected), the latter afforded the spirocyclic compoulis-

Y(OTY), 4z-7’ 63

aWith DHP 1b. These reactions afforded the usual 2:1 diaster-
eomeric mixtures, following the same trends as the ethyl glyoxylate
processes.
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Scheme 6. Solid-Supported MCRs Using Anchored

Glyoxylate
0
Cl Ref. 362 OJH/OH
OH
1
Merrifield resin Me
e,
N
DHP 1a, aniline 2a |
NH
20% Sc(OTf)3 NG H
CHzclgf’CchN“I“l) 12 0] (0]

' EtONa S
THF-EtOH THF-ROH EtNH,
Figure 3. Adducts formed by reaction of DHPs amemethyl- K%'S'Dgat' THF-H,0
aniline with p-chlorobenzaldehyde and isatin.

a' in 18% yield (nonoptimized). The major stereoisondd ( Me Me Me

a') was assigned with the aid of NOESY experiments, which

showed the diagnostic correlations shown in Figure 3. Mey MeH ’\,"eH
Synthesis on Solid Support.The use of solid-phase N N N

techniques offers interesting advantages, particularly in the | NH | NH | NH

acceleration and parallelization of syntheses, and has been NC Il NC . NC h

a major breakthrough for the preparation of large collections H co; . COR CONHEt

(libraries) of heterocyclic compoundsTherefore, the pos- Na

sibilities of carrying this MCR under such conditions were 4ab-ab’ 4ac-ac’' R=Me 4ad-ad’

examined. Cycloadditions in solid-phase were studied using fecaaliRRi=E

two complementary approaches: the immobilization of the

glyoxylate and also by attaching the aniline component to gptimized) were obtained, respectively. Finally, the cleavage
the solid support. The two most used resins, the Merrifield of the product from the resin was also performed with EsNH

(benzyl) and the Rink [poly(alkoxybenzylhydrylamine)] iy THF—H,O, providing the corresponding carboxamide
resin, have been used for the anchoring of carboxylic gadq—ad' (3096)38

moieties. The former is robust, forms an ester bond with the 1<t the attachment of the aniline component to a solid-

C‘.",:Lboxf'c acid o_;the suhbstrate,hls dstablek'ilo: TFA, alnd rehqlwref support, 4-aminobenzoic acid (PABA) was chosen as a
€lther strong aclds such as anfydrous or nucleophiies Orepresenta’[ive aniline and linked to a Rink amide resin. The

liberate the final product from the resin. The Rink resin is interaction of the PABA-loaded resin with DHEx, ethyl
linked to the su_bstrate via an amlde_bond, wh!ch at_the endglyoxylate @a), and Sc(OTH in a mixture of CHCN—CH,-
of the synthesis can be cleaved with TFA, liberating the Cl, afforded the corresponding cycloadduct, which was

sugstra}te a;s an ?\Tiaéfl' » - | q cleaved from the resin with TFA to yield the corresponding
I tar:mg 1rlom ernne dre.sm, the polymer-supporte 4 Products o0, 45%), thus illustrating the utilty of the
glyoxylate 11 was prepared in two steps using reporte procedure (Scheme 7).

protocols®” Treatment with the DHRa, the aniline2a, and
Sc(OTfg as a Lewis Acid in a mixture of C#N—CH,ClI, _ _ 3
gave the corresponding cycloadduct, which was then cleavedScheme 7. Solid-Supported MCR Using Anchored Aniline

from the resin. This operation allowed the introduction of O—H—Fmoc H A kit d &NHCO@—NHz
an additional diversity element (Scheme 6). Thus, when the (ii) PABA, BOP,

resin 12 was treated with NaOEt in THFEtOH, the Rink Amide Resin  DIPEA NMP 13
corresponding sodium carboxylaf@b—ab’ was obtained Q

(85%, 2:1). The HPLC/MS profile of the sample secured CON CONH,
the structure and the purity of the compounds thus obtained. DHP 1a, E10,C-CHO 38 Me "

The hydrolytic outcome is most likely the result of adventi- 20% Sc(0Tf)y N TFA n

tious water from the resin. However, convenient transesteri- DCM-CH4CN (1:1) | Ly ocm | I
fication protocols were achieved with different alcohols He o hite .
(MeOH and EtOH) under KCN catalysis, and the corre- CO,E COEt

sponding esterdlac—ac (32%) and4a—a (25%, non 14 40-0'
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Scheme 8.Diversity of Scaffolds Prepared Using DHPs in MCRs

R, co
TN
l NH
C,Hs—0” 0
\ R3

[R;

Merrifield 00
resin

aScheme drawn for a two-column format.

Conclusion Parallel Screening of Catalysts, Reaction Conditions
and Substrates.Up to 12 simultaneous reactions were run
in a Radleys platform, following the general procedure, and
were extracted and analyzed with HPLC/MS,(H-CHs-
CN—1% formic acid; gradient from 100%8 to 100% CH-

CN in 20 min; flow 1 mL/min; UV detection at 254 nm;
MS-ES"). The presence of the compounds of the chemsets
was confirmed upon observation of the expected molecular

mass, théH NMR diagnostic signals, or both; in most cases,

A simple one-pot procedure was developed to promote
the multicomponent aza-Dietlder reaction of DHPs,
anilines, and carbonyl derivatives without significant inter-
ference of the biomimetic reductive pathway. This expands
the synthetic use of DHPs, allowing the formation of final
products in which the pyridine-derived unit is fused to a
tetrahydroquinoline moiety. A careful rational screening was
carried out to tune all of the steps of the process. The v >
systematic variation of every component led to a remarkable tNey were purified (flash chromatography) and characterized.
level of structural diversity, allowing the synthesis of awide 1he HO reaction was run in a water (5 mt:BDS (0.6

set of attractive scaffolds with great variability. Furthermore, Mmol) micellar system; the reagents and the catalyst were
due to the mechanistic particularities of this MCR, interesting 2dded, and the reaction was run for 12 h at room temperature.

skeletal modifications have been described. The modular '€ high-pressure experiment was performed using the same
character of this approach, the simplicity and availability of '€29ents, catalyst, and solvent ratios at 12 kbar, for 12 h.

the majority of building blocks used, and the possibility to "€ microwave-promoted reactions were performed using a
perform some of these processes in solid-supported versionsiocused apparatus with irradiation powers of 25 and 100 W,

should allow the HTOS of large collections of compounds [0 25 and 5 min respectively. The reaction using Yb(lll)

and its use in DOS processes (Schem&8). polystyrylsulf_onate (0.75 mmol/g resin Ioa_ding) was per-
formed keeping the same 20% catalyst ratio in F{FH;-

Experimental Section CN (10 mL, 1:1), and after the filtration, the resin was
General Procedure for the Three-Component Reaction SUbJe?ted to a new run.unde.r the samg_condmons.
of Dihydroazines with Aldehydes and AnilinesThe Lewis Solid-Phase Synthesis Using Immobilized Glyoxylate.

acid (0.2 mmol) was added to a solution of aldehypdg A suspension of the DHRa (1 equiv, 1.1 mmol, 132 mg),
mmol) and aniline2 (1 mmol) in dry CHCN (4 mL), and  the aniline2a (1 equiv, 1.1 mmol, 118 mg), and Sc(O7f)
the mixture was stirred at room temperature. A solution of (0.2 equiv, 0.22 mmol, 108 mg) in a GEl;—CHCN
dihydropyridinel (1 mmol) in dry CHCN (3 mL) was then ~ mixture (1:1, 10 mL) was added to the glyoxylate-bound
added, and the resulting suspension was stirred at roomresin1l (prepared in two steps from Merrifield resin [1 g,
temperature (unless otherwise specified) undeathtosphere 1.1 mmol/g])?** and the mixture was stirred at room
for 12 h. A saturated aqueous NaHE&blution was added,  temperature for 16 h. The reaction mixture was filtered,
and the resulting mixture was extracted with EtOAc. The and the resulting polymer was washed with DMF, THF,
organic phase was dried (p80;), filtered, and concentrated ~and CHCI, (10 mL, x5) and dried in vacuo to give poly-
under reduced pressure. The residue was purified by flashmer 12.

chromatography (Sighexanes EtOAc) to give the desired Cleavages: (i) Resif2 (1.3 g) was treated with EtONa
product. (2 equiv, 2.2 mmol, 150 mg) in EtOHTHF (1:1, 10 mL),
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and the mixture was stirred fdl h atroom temperature.  References and Notes
The mixture was filtered, and the resin was washed with (1) (a) wender, P. A.; Handy, S. T.; Wright, S. Chem. Ind.

H>0 (10 mL, x5); the filtrate and washings were evaporated 1997, 765. (b) Nicolaou, K. C.; Snyder, S. A. [Dlassics in
under reduced pressure to give the corresponding sodium Total Synthesis jWiley-VCH: Weinheim, Germany, 2003;
carboxylatedab—ab’' (285 mg, 85% vield). (ii) Resin2 (1 gﬂapterl 1. (Ecéz%% 'a4£0r1r§6 M. C. Sierra, M. Angew.
9) was treated with KCN (14 mg, 0.22 mmol) in MeGH (2) (a)egd}dga, E. M.;%allyop, M A.; Patel, D. VAcc. Chem.
THF (1:1, 10 mL) or in EtOHTHF (1:1, 10 mL) at 60C Res 1996 29, 144. (b) Reader, J. Curr. Top. Med. Chem.
for 16 h. The mixture was filtered, and the resin was washed 2004 4, 671. (c) Sanchez-Martin R. M.; Mittoo S.; Bradley
with THF (10 mL, x5). The filtrate and the washings were M. Curr. Top. Med. Chen004 4, 653.

evaporated to dryness under reduced pressure, and the residue(3) (2) Burke, M. D.; Berger, E. M.; Schreiber, S. &cience

; : 2003 302, 613. (b) Spring, D. ROrg. Biomol. Chem2003
was suspended in J and extracted with EtOAc. The 1, 3867. (c) Burke, M. D.- Schreiber, . Angew. Chem.,

organic layer was dried, filtered, and evaporated to yield the Int. Ed. 2004 43, 46.

methyl esterdlac-ac (105 mg, 32%) and ethyl esteds— (4) (a) Wess, G.; Urmann, N.; Sickenberger Agew. Chem.,
a' (86 mg, 25%). (iii) The productad—ad was cleaved Int. Ed.2001, 40, 3341. (b) Muegge, IChem—Eur. J.2002
from the resinl12 (1 g) by shaking it with a mixture of 8, 1977. (c) Merlot, C.; Domine, D.; Cleva, C.; Church, D.
ethylamine (70% in kO, 5 mL) and THF (5 mL) at room J. Drug Discaery Today2003 8, 594.

(5) (@) Collins, I1.J. Chem. Soc. Perkin Trans.2D02 1921. (b)

temperature for 16 h. The mlxtu.re was fllteredl, and the resin Gordeev, M. F.. Patel, D. V.: Gordon, E. M. Org. Chem
was washed with MeOHTHF (1:1, 10 mL,x3 times). The 1996 61, 924. (c) Lorsbhach, B. A.; Bagdanoff, J. T.; Miller,
filtrate and washings were concentrated to provide the amide R. B.; Kurth, M. J.J. Org. Chem1998§ 63, 2244. (d) Munoz,
4ad—ad (103 mg, 30%¥2 as the usual 2:1 mixture of B.; Chen, C.; McDonald, I. ABiotechnol. Bioeng200Q
stereoisomers. 71, 78. (e) Pel.ish, H. E; Westwood, N. J.; Feng, Y.;
Solid-Phase Synthesis Using Immobilized AnilineRink Kirchhausen, T.; Shair, M. Ol. Am. Chem. 502001, 123
. . . . 6740. (f) Ding, S.; Gray, N. S.; Wu, X.; Ding, Q.; Schultz,
amide resin (1 g, 0.57 mmol/g) was treated with a solution P. G.J. Am. Chem. So@002 124, 1594.
of piperidine (1 mL) in DMF (4 mL) &3) then filtered and (6) For recent reviews, see: (a) Ugi, |.; Domling, A.; Werner,
washed with DMF and CKCl, (5 mL, x5). The resin was B. J. Heterocycl. Chem200Q 37, 647. (b) BienayreH.;
then mixed with BOP (2 equiv, 1.14 mmol, 442 mg), DIPEA Hulme, C.; Oddon, G.; Schmitt, Bhem-—Eur. J. 2000 6,
(2 equiv, 1.14 mmol, 0.2 mL), and PABA (1 equiv, 0.57 3321. (c) Dianling, A.; Ugi, I. Angew. Chem., Int. E200Q
I, 78 mg) in 5 mL of NMP, and the mixture was stirred 39, 3168 (d) Ugi, I.; Heck, SComb. Chem. High Through-
mmol, g ", . ¢ put Screenin@001, 4, 1. (e) Ugi, I.Pure Appl. Chem2001,
at room temperature overnight. The resin vas filtered and 73, 187. (d) Orru, R. V. A.; de Greef, MSynthesi®2003
washed with NMP, DMF, and Ci&l; (5 mL, x5). A 1471. (f) Hulme, C.; Gore, VCurr. Med. Chem2003 10,
suspension of the DHRa (1 equiv, 0.57 mmol, 68 mg), 5L _
syl gyouate3a (L equiv. 057 mmol, 104) and” () &) ouresrn; Touanen A oneraierse e
SC(OTf)g 0.2 (_aquw’ 0.11 mmol, 54 mg) in & GBll—CHs- . Scriven, E. F. V., Eds,; Pergamo’n: Oxfc;rd, 199’6; Vol. 5 p
CN mixture (1:1, 5 mL) was added to the PABA-loaded resin 135. (b) For a recent review, see: Lavilla, R Chem. Soc.,
13. The mixture was shaken at room temperature overnight, Perkin Trans. 12002 1141.
then filtered and washed with DMF, THF, and & (5 (8) Lavilla, R.Curr. Org. Chem2004 8, 715.

mL, x5). The dried resiri4 (1 g) was treated with 5 mL of (9) (a) Poparov, L. SRuss. Chem. Re 1967 36, 656. (b)

: : ) Grieco, P.; Bashas, Aletrahedron Lett1988 29, 5855.
0, ’ ) ’ y
10% TFA in CHCI, for 30 min, then filtered and washed (10) For areview of tetrahydroquinoline synthesis, see: Katritzky,

with CH,Cl,. The filtrates were evaporated under reduced A. R.: Rachwal, S.. Rachwal, Bletrahedron1996 52
pressure to give the produdb—o' (117 mg, 45% vyield). 15031.
Treatment with aqueous NaO; and extraction with Ckt (11) For leading references, see: (a) Cabral, J.; Laszlo, P.
Cl, afforded the free base, which was positively identified Iﬂetrghedron L‘éttlgSQ 30,”723;\1 - (\t/)) lll-UCCC;h"(I:'h Vi Péato,
H H A H H .; Scorrano, G.; Stivanello, ., Valle, Q. em. >oc.,
Wltlht.an Iﬂdependem sar‘tnple Eau AL Perkin Trans. 21992 259. (c) Mellor, J. M.; Merriman, G.
solution-phase experiment. D. Tetrahedronl995 51, 6115. (d) Kobayashi, S.; Ishitani,
H.; Nagayama, SSynlett1995 1195. (e) Makioka, Y.;
Acknowledgment. Financial support from the DGICYT, fgénsdgbl'; (fT)ag'gudC'“’ Y& Ti‘ﬂkalk" Kk-? Eula‘ga' gy';th‘is's
- : ) : ) . audelle, R.; Melnyck, P.; peez, B.; Tartar,
Spain (Project BQUZOOS 00089), and from AlmirallProdes A, Tetrahedror998 54, 4125, (g) Kyselyov. A. S.: Smith,
farma (Barcelona) is gratefully acknowledged. Dr. M. L.; Armstrong, R. W Tetrahedror.998 54, 5089. (h) Babu,
Carmen Bernabeu and J. Antoni Barranco are thanked for G.; Perumal, P. TTetrahedron Lett1998 39, 3225. (i) Ma,
experimental contributions. We also thank Dr. Juan Miguel Y.; Quian, C.; Xie, M.; Sun, JJ. Org. Chem1999 64, 6462.
Jimenez (Vertex Pharmaceuticals) and Dr. Dolors Fadez (i) Gadhwal, S.; Sandhu, J. 3. Chem. Soc, Perkin Trans.
(AlmirallProdesfarma) for useful suggestions. Dr. Diego 12000 2827. (k) Crousse, B.; Bgig J.-P.; Bonnet-Delpon,
Mufoz-Torrero (Laboratory of Pharmaceutical Chemistr D. J. Org. Chem.2000 65, 5009. () Sundararajan, G.;
. . ) y ) . Y Prabagaran, N.; Varghese, Brg. Lett 2001, 3, 1973. (m)
University of Barcelona) is thanked for technical advice and Sabitha, G.; Venkata, E. R.; Yadav, J. S/nthesi2001,
use of the equipment. 1979. (n) Powell, D. A.; Batey, R. AOrg. Lett 2002 4,
2913. (o) Stevenson, P. J.; Nieuwenhuyzen, M.; Osborne,
. . . . D. Chem. Commun2002 444. Zhang, J.; Li, C.-10.
Supporting Information Available. Characterization Org. Chem2002 87 396239. @ C(F;])eng D?' Zhoul 3. Saiah
data for synthetic compounds. This material is available free E.; Beaton, GOrg. Lett 2002 4, 4411. (r) Bailey, P. D.;

of charge via the Internet at htpp://pubs.acs.org. Smith, P. D.; Morgan, K. M.; Rosair, G. Mletrahedron



Multicomponent Reactions with Dihydroazines

Lett.2002 43, 1071. (s) Hoemann, M. Z.; Xie, R. L.; Rossi,
R. F.; Meyer, S.; Sidhu, A.; Cuny, G. D.; Hauske, J. R.
Bioorg. Med. Chem. LetR002 12, 129. (t) Magomedov,
N. A. Org. Lett 2003 5, 2509.

(12) TheN-alkyl DHPs 1 were routinely prepared by N&O,
reduction of the corresponding pyridinium salts, which in
turn were formed by alkylation of the commercially available
pyridines.

(13) (a) Taggi, A. E.; Hafez, A. M.; Lectka, Acc. Chem. Res
2003 36, 10. (b) Meester, W. J. N.; van Maarseveen, J. H.;
Schoemaker, H. E.; Hiemstra, H.; Rutjes, F. P. JEdr. J.
Org. Chem 2003 2519.

(14) For a recent reference, see: Kumar, R. S.; Nagarajan, R.;
Perumal, P. TSynthesi®004 949. Also see ref 11g.

(15) For a BR-catalyzed process, see: (a) Borrione E.; Prato,
M.; Scorrano, G.; Stivanello, M.; Luccihi, \J. Heterocycl.
Chem 1988 25, 1831. (b) Kouznetsov, V. V.; Zubkov. F.
I.; Mora Cruz, U.; Voskressensky, L. G.; Vargas Mendez,
L. Y.; Astudillo, L.; Stashenko, E. B.ett. Org. Chem2004
1, 37.

(16) Babu, G.; Perumal, P. Rldrichim. Acta200Q 33, 16.

(17) (a) Kobayashi, SEur. J. Org. Chem1999 15. (b) Koba-
yashi, S. InLewis Acids in Organic Synthesigamamoto,
H., Ed.; Wiley-VCH: Weinheim, 2000; Vol. 2, p 883.

(18) (a) Itoh, T.; Nagata, K.; Kurihara, A.; Miyazaki, M.; Ohsawa,
A. Tetrahedron Lett2002 43, 3105. (b) Itoh, T.; Nagata,
K.; Kurihara, A.; Miyazaki, M.; Ishikawa, H.; Kurihara, A.;
Ohsawa, A.Tetrahedron2004 60, 6649.

(19) Fukuzumi, S.; Fujii, Y.; Suenobu, J. Am. Chem. So2001,
123 10191.

(20) For a preliminary account of this section, see: Lavilla, R.;
Bernabeu, M. C.; Carranco, |.;"&a, J. L.Org. Lett 2003
5, 717.

(21) (a) Shibasaki, M.; Yamada, K.; Yoshikawa, N Liewis Acids
in Organic Synthesisyamamoto, H., Ed.; Wiley-VCH:
Weinheim, 2000; Vol. 2, p 911. (b) Kobayashi, S.; Manabe,
K. Acc. Chem. Res2002 35, 209. (c) Kobayashi, S.;
Busujima, T.; Nagayama, £hem—Eur. J.200Q 6, 3491.

(d) Mikami, K.; Terada, M.; Matsuzawa, Angew. Chem.,
Int. Ed. 2002 41, 3554.

(22) The addition of£)-Binol to the Sc(OTf}-catalyzed reaction
did not affect the yield or the stereoselectivity.

(23) SpartatD2 Wavefunction, Inc., Irvine, Ca.

(24) (a) Risch, N.; Arend, M. InStereoselecte Synthesis
(Houben-Weyl) Helmchen, G., Hoffmann, R., Mulzer, J.,
Schaumann, E., Eds.; Thieme: Stuttgart, 1996; Vol. E 21, p
1925. (b) For a related process, see, ref 11b. (c) Hermitage,
S.; Jay, D. A.; Whiting, ATetrahedron Lett2002 43, 9633.

(d) Carranco, I.; Daz, J. L.; Jimeez, O.; Lavilla, R.
Tetrahedron Lett2003 44, 8849. (e) Also see refs 11d, and
19.

(25) (a) Breslow, R. InGreen ChemistryAnastas, P. T., Will-

iamson, T. C., Eds.; Oxford Press: New York, 1998; Chapter

Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 41

13. (b) For a recent reference, see: Pirrung, M. C.; Das
Sarma, K.J. Am. Chem. So2004 126, 444.

(26) Manabe, K.; Aoyama, N.; Kobayashi, &dv. Synth. Catal
2001, 343 174.

(27) (a) Jenner, Gletrahedronl997, 53, 2669. (b) van Berkom,

L. W. A.; Kuster, G. J. T.; Scheeren, H. WIol. Diversity
2003 6, 271.

(28) The origin and the consequences of this stereochemical
preference are currently being investigated.

(29) For recent references, see: (a) Stadler, A.; Kappe, Q. O.

Comb. Chem2001, 3, 624. (b) Varma, R. SPure Appl.

Chem 2001, 73, 193. (c) Alexandre, F.-R.; Domon, L.; Feg

S.; Testard, A.; THigy, V.; Besson, TMol. Diversity 2003

7, 273. (d) Blackwell, H. EOrg. Biomol. Chem2003 1,

1251.

The use of clays, ionic liquids or microencapsulated catalysts

may constitute alternative and useful ways for catalyst

immobilization. See, for instance: (a) Sartori, G.; Bigi, F.;

Maggi, R.; Mazzacani, A.; Oppici, GEur. J. Org. Chem

2001 2513. (b) Yadav, J. S.; Reddy, B. V. S.; Uma Gayathri,

K.; Prasad, A. RSynthesi®002 2537. (c) Kobayashi, S.;

Nagayama, SJ. Am. Chem. S0d998 120, 2985.

For the account of this section, see: Lavilla, R.; Carranco,

I.; Diaz, J. L.; Bernabeu, M. QMol. Diversity 2003 6,

171.

(32) Huang, T.; Li, C.-JTetrahedron Lett200Q 41, 6715.

(33) For a recent use of oxazolidine compounds as iminium ion
precursors, see: Poupon, E.; Frais¢c D.; Kunesch, N.;
Husson, H.-PJ. Org. Chem2004 69, 3836.

(34) Powell, D. A.; Batey, R. ATetrahedron Lett2003 44, 7569.

(35) (a) Pulici, M.; Cervi, G.; Martina, K.; Quartieri, Eomb.
Chem. High Throughput Screeni2§03 6, 693. Also see:
(b) FranZe, R. G.J. Comb. Chen?00Q 2, 195. (c) Krchné,

V.; Holladay, M. W.Chem. Re. 2002 102, 61. (d) Chauhan,
P. M. S.; Srivastava, S. KComb. Chem. High Throughput
Screening2001, 4, 35.

(36) Albericio, F.; Giralt, E. I'Houben-Weyl. Methods of Organic
Chemistry Synthesis of Peptides and Peptidomimetics;
Goodman, M., Felix, A., Moroder, L., Toniolo, C., Eds.;
Georg Thieme Verlag: Stuttgart, 2001; Vol. E 22, pp 685
709.

(37) (a) Kobayashi, S.; Akiyama, R.; Kitagawa, Bl.. Comb.
Chem 2001, 3, 196. For alternative procedures, see: (b) Xu,
Q.; Lam, K. S. Tetrahedron Lett.2002 43, 4435. (c)
Schlienger, N.; Bryce, M. R.; Hansen, T. Ketrahedron
Lett. 200Q 41, 5147.

(38) (a) Yang, L.; Guo, LTetrahedron Lett1996 37, 5041. (b)
Nicolas, E.; Clemente, J.; Ferrer, T.; Albericio, F.; Giralt,
E. Tetrahedron1997, 53, 3179.

(39) Taylor, S. J.; Taylor, A. M.; Schreiber, S. Angew. Chem.,
Int. Ed. 2004 43, 1681.

(30)

(CHY)

CCO049877A



