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The novel three-component reaction of aromatic aldehydes, ethylenediamine, and P-keto esters is described. In this reaction,  B-keto esters
react at the -position which is generally unreactive to produce the seven-membered ring compounds. Products have secondary amines and
f-enamino esters, which can serve in further functionalizations to produce molecular diversity.

Recently, the studies regarding multicomponent reactions development of a new MCR is still an important issue in
(MCRs) have been receiving much attentibecause of their  the fields of medicinal and organic chemistries.

efﬁCiency and diverSity of prOdUCtS. They are very useful in We now report a novel MCR using aromatic a|dehydes1
the drug discovery procesand are powerful tools for the  ethylenediamine, an@-keto esters. This reaction is very
total synthesis of complex natural produttslany studies  ynique because the C—C bond formation unexpectedly
for the improvement and application of already known qccurs at the generally unreactiyeposition of the-keto

classical MCRs, such as the Mannich reactiblyi reactio?  esters, and seven-membered ring products, which are nor-
and Biginelli reactiorf, have been reported. However, the mally difficult to form, are obtained.

T JSPS Research Fellow.

(1) For recent reviews, see: (a) Démling, 8hem. Re»2006, 106, (5) For reviews, see: (a) Démling, A.; Ugi,Angew. Chen2000,112,
17-89. (b) Banfi, L.; Riva, ROrg. React2005,65, 1-140. (c) Rama, 3300—3344;Angew. Chem., Int. EQR2000, 39, 3168—3210. For recent
D. J.; Yus, M.Angew. Chem2005,117, 1628—1661Angew. Chem., Int. studies, see: (b) Giovenzana, G. B.; Tron, G. C.; Paola, S. Di; Menegotto,
Ed. 2005, 44, 1602—1634. (d) Zhu, Eur. J. Org. Chem2003, 1133— I. G.; Pirali, T.Angew. Chem2006,118, 1117—1120Angew. Chem., Int.
1144. Ed. 2006,45, 1099—1102. (c) Kaim, L. El; Grimaud, L.; Oble,Angew.

(2) (@) Armstrong, R. W.; Combs, A. P.; Tempest, P. A;; Brown, S. D.; Chem.2005,117, 8175—8178Angew. Chem., Int. E®R005,44, 7961—
Keating, T. A.Acc. Chem. Redl 996,29, 123—131. (b) Schreiber, S. L. 7964. (d) Bonnaterre, F.; Bois-Choussy, M.; ZhuQig. Lett. 2006, 8,
Science2000,287, 1964—1969. (c) Werner, S.; Turner, D. M.; Lyon, M. 4351—4354.

A.; Huryn, D. M.; Wipf, P.Synlett2006, 2334—2338 and references cited (6) For reviews, see: (a) Kappe, C. &cc. Chem. Re2000,33, 879—
therein. 888. (b) Kappe, C. OQSAR Comb. ScR003,22, 630—645. For recent
(3) For examples, see: (a) Endo, A.; Yanagisawa, A.; Abe, M.; Tohma, research, see: (c) Nilsson, B. L.; Overman, LJEOrg. Chem2006,71,

S.; Kan, T.; Fukuyama, TJ. Am. Chem. So2002,124, 6552—6554. (b) 7706—7714. (d) Cohen, F.; Overman, L.EAm. Chem. So2006,128,

Inanaga, K.; Takasu, K.; Ihara, M. Am. Chem. So2004,126, 1352— 2604—2608. (e) Suzuki, I.; Suzumura, Y.; Takeda,TKtrahedron Lett.
1353. (c) Powell, D. A.; Batey, R. AOrg. Lett.2002,4, 2913—2916. 2006, 47, 7861—7864. (f) Debache, A.; Boumoud, B.; Amimour, M.;
(4) For reviews, see: (a) Marques, M. M. Bngew. Chem2006,118, Belfaitah, A.; Rhouati, S.; Carboni, Betrahedron Lett2006,47, 5697 —
356—360;Angew. Chem., Int. EQR006, 45, 348—352. (b) Cérdova, A. 5699. (g) Huang, Y.; Yang, F.; Zhu, Q. Am. Chem. SoQ005, 127,

Acc. Chem. Re004,37, 102—112. 16386—16387.

10.1021/0l070402c CCC: $37.00  © 2007 American Chemical Society
Published on Web 04/05/2007



Generally, the nucleophilic attacks by tfieketo esters The reaction conditions were studied using benzaldehyde
occur at theiro-position? There are many such reactions. 1a, ethylenediamine (1.0 equiv), and methyl acetoac&ate
For example, known as the Knoevenagel condensétioa, (1.0 equiv). The results are shown in Table 1. For entries
reactions of3-keto esters and aldehydes give the unsaturated
keto esters that are-adducts of thgg-keto esters. The most || NG

previously reported MCRs usinf-keto esters also afford 1540 1. Optimization of the Reaction Conditions
thea-adducts® Only in few case¥ werey-adducts obtained

in the reaction of aldehydes afieketo esters, but-alkylated U 22 HN
[-keto esters were used in their cases. No examples of QCHO OMe
1a
.

y-adducts using-unsubstitutegd-keto esters are known in _ 8cid (01 equv) \NHO
MCRs, to the best of our knowledge. In general, the control 9y N/_\NH Sgﬁggt 3a
of the reaction at the-position is difficult, and it is necessary 2 2 OMe
to prepare dianion. In our reaction, they-adducts are
entry solvent acid time yield®

produced without preparing dianions even usignsub-
stituted -keto esters. Furthermore, the produced seven- 1 toluene p-TsOH-H,0 3 days 39%

membered ring compounds have both secondary amine and 2 DCE - 20 h 59%
enamino ester units, which would serve in further function- 3 DCM - - nd®
alizations to produce molecular diversity. Therefore, they ‘51 ?CE gﬁ;s B ZQZ’
would be expected as new skeletons in drug discovery. 6 _ AcOH _ ndc"

As part of our studies about the synthetic application of _ CSA _ 56%

the aminals prepared from aldehydes and diamihese gb _ p-TsOH-H,0 _ 59%
realized the unexpected reactivity of theketo ester. Thus, A . . _
the addition of methyl acetoacetafa (1.0 equiv) to a deterﬁ?rll?atg%r)ll I?Sé. All reagents were added successivebnd = not
mixture of benzaldehyd&a and ethylenediamine (1.0 equiv)
under acidic conditiong-TsOHH,0 (0.1 equiv), produced
the seven-membered ring compoufid, which was the  1—7, 1a and ethylenediamine were stirred for 12a and
y-adduct of2a. The C-C double bond oBawas determined  acid were then added to the resulting mixture, and the
as cis because the signal of NH appears at 8.91 ppm in thesolution was heated under reflux. For entries3]. the effect

IH NMR chart for intramolecular hydrogen bonding with of the reaction solvent was examined in the presence of
the carbonyl group (Scheme 1). We first expected the p-TSOHH,O (0.1 equiv). The reaction proceeded in moder-
ate yield in toluene (Table 1, entry 1). When 1,2-dichloro-
ethane (DCE) was used as the solvent, a better result was

Scheme 1 obtained (Table 1, entry 2). On the other hafdwas not
o o obtained in dichloromethane (DCM) due to the low reaction
QCHO A e 22 temperature (Table 1, entry 3). We next studied the acid
1a p-TsOH-H,0 (0.1 equiv) catalysts, trifluoroacetic acid (TFA), pyridiniup+toluene-
sulfonate (PPTS), AcOH, and camphorsulfonic acid (CSA),
HN N 3o el in DCE (Table 1, entries 4—7). These acids, except for
N, AcOH, were effective and produce in moderate yields.
HN The other solvents (THF and GEN) and other acids (TfOH,
- NH Tf.NH, BFs-Et,O, and Yb(TfO}) were not effective. During
MeO 0 MeO the reaction process, the successive additiodayfethyl-
0  4a o 4 enediamine2a, andp-TsOHH,0 (0.1 equiv) gave the same

good result (Table 1, entry 8). We then determined the

conditions in entry 8 of Table 1 as the optimized conditions.
Under the optimized conditions, the reactions of various

aldehydes, ethylenediamine, and methyl acetoac2tate

the presence op-TsOH-HO (0.1 equiv) were examined

(Table 2). Various aromatic aldehydes are available for this
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Table 2. Reactions with Various Aldehydes

entry aldehyde 1 product 3 yield?
HN
X Yoro X "
el
OMe
1 1b: X=MeO 3b: X=MeO 39%
2 1c: X=Cl 3¢c: X=Cl 57%
3 1d: X=Br 3d: X=Br 62%
4 1e: X=NO, 3e: X= NO, 68%
5 1f: X=CN 3f: X=CN 74%
6 1g: X= COOMe 3g: X=COOMe  62%
7 @ 7NN 48%
N CHO =N \NH
O
1h 3h
OMe
HN
8 @CHO NN 48%
S NH
S
1i e
3i
CMe

a |solated yield.

The reactions of varioug-keto esters were next studied
(Table 3). Benzyl acetoaceta?b gave almost the same yield
as methyl acetoacetaga (Table 3, entry 1; see entry 8 in
Table 1). Substitution of one more methyl group at the
y-position of methyl acetoacetate (methyl 3-oxovaleaip
or one more methyl group at the-position of methyl
acetoacetate (ethyl 2-methylacetoacefaty decreased the
yields (Table 3, entries 2 and 3). On the other hand,
interestingly, the cyclig-keto ester, lacton@e, gave the
desired enamino est&8m in moderate yield (Table 3, entry
4). Furthermore, the cyclig-keto ester2f gave the 5,7-
bicyclic compound3n in good yield (Table 3, entry 5).
Compounds3k and 3n are single diastereomers, and the
relationships between the benzyl proton and the homobenzyl
proton were determined to be cis in both compounds based
on theirJ values and NOE studiés.

The products of this reaction have the characteristic
structures: the enamino ester units of the products were
stabilized by hydrogen bonding. Every product in this article
shows a proton signal of the NH unit aroung®5 ppm in
the 'H NMR chart. The X-ray structure @m also shows
that the hydrogen atom of NH is on the same plane as the
carbonyl group (Figure 1).

of electron-withdrawing groups such as chloro, bromo, nitro, _

cyano, and methyl esters resulted in good yields (Table 2,
entries 2—6). Heteroaromatic aldehydes such as 2-pyridine-
carboxaldehydéh and 2-thiophenecarboxaldehytlegave
moderate yields (Table 2, entries 7 and 8). However, the
aliphatic 3-phenyl propionaldehyde did not produce a seven-
membered ring compound and gave a complex mixture.

Table 3. Reactions with Varioug-Keto Esters

entry B-keto ester 2 product 3 yield?®

O O HN’\
1 MOBn NH 56%
. \ o
2b 3j
OBn
O O HN/\ .
2 27%
OMe R NH
SN o
2c 3k OMe
3 @ 9 HN/\ 30%
MOE‘ NH
e
2d 3l OFt
4 ? o HN/\ 46%
NH
0 \
(e]
2e 3m o
o HN
(o]
: O
OMe S
o
2f 3n OMe

a |solated yield.
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Figure 1. X-ray crystal structure of compourmn.

To clarify the reaction mechanism, the NMR study was
performed as follows. Equimolar amounts of benzaldehyde,
ethylenediamine, and methyl acetoacetate were stirred with
TFA (0.1 equiv) in CDCJ at room temperature and reaction
was monitored byH NMR. The'H NMR spectrum showed
the disappearance of aldehyde and the appearance of imine,
and characteristic enamino ester peaks were also obs¥rved.
This result suggests that at the first stage of the reaction
ethylenediamine bridged the aldehyde andfHeeto ester
to form imine and enamino ester intermedia{§igure 2).
Reflux of the reaction mixture afforded compouBa. The

(13)J value of benzyl proton:3k, J = 1.5 Hz;3n,J = 9.5 Hz. NOEs
were observed between the benzyl proton and the homobenzyl proton in
both 3k and3n.

(14) For details, see Supporting Information.
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Figure 2. Mechanistic consideration for the formation 3.

y-selectivity is not clear at this stage. However, we think
that the reaction proceeded via such an intermediated
y-addition occurred maybe throughin an intramolecular

functions can be selectively introduced on the nitrogen atom
of the secondary amine to give—d. Many functionaliza-
tions of enamino esters have been repottddheir interesting
heterocyclic synthesis was applied3d to provide various
bicyclic heterocycles. Thus, the reaction with acryloyl
chloride gave dihydropyridorgg;*>2the trans3-nitrostyrene
produced the pyrrolesb;**® and formaldehyde andert-
butylamine gave 1,2,3,4-tetrahydropyrimidife !> These
results show that the seven-membered ring compounds
provide a further functionalization for molecular diversity.
In conclusion, we developed a new three-component
coupling reaction of aromatic aldehydes, ethylenediamine,

fashion for some reason such as hydrogen bonding formationandf-keto esters. This reaction is very interestingaeeto
The various reactions using the seven-membered ringesters react at the-position under usual conditions. Fur-

compound3a are shown in Scheme 2. Although compound

thermore, the produced seven-membered ring compounds

3a has two nitrogen atoms, the secondary amine and thehave both secondary amine and enamino esters, which enable
enamino ester amine, the various functional groups such agfurther modifications leading to molecular diversity. The

benzyl, n-butyl, benzyloxycarbonyl, ang-toluenesulfonyl

Scheme 2
conditions R. /\ 5a (R=Bn, 91%)
3a (a)-(d) NH o 5b (R= nBu, 100%)
Ph \ 5¢ (R= Cbz, 91%)
. OMe 5d (R=Ts, 94%)
o
o TS\N/\\ o}
THF, rt Ph N
——————
82% 3 6a
MeO,C
Ph/\/ NO, Ts\N/\
EtOH, reflux N \
5d > Ph N
56% Ph
MeO,C 6b
CH,0 aqueous, Ts.
tBuNH,, CH3CN, N/\N—’\
70°C Ph N N—{Bu
98% 6
MeO,C ¢

a Conditions: (a) BnBr, KCOs;, CH;CN, 60°C for 5a; (b) nBul,
K2CO;, CH3CN, reflux for5b; (c) CbzCl, KCOs, CH;CN, H,O, 0
°C for 5c; (d) TsClI, EfN, DMAP, CH,Cl,, 0 °C for 5d.
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potential of the reaction here would then be very high for
use in medicinal and synthetic chemistries. Studies on the
reaction mechanism and broadening the scopes of the
reaction are now in progress.

Acknowledgment. We are grateful to Dr S. Obika (Osaka
University) for his help with X-ray analysis. This work was
financially supported by a Grant-in-Aid for Scientific
Research (A) and a Grant-in-Aid for Scientific Research for
Exploratory Research from the Japan Society for the Promo-
tion of Science and by a Grant-in-Aid for Scientific Research
on Priority Areas (17035047) from the Ministry of Education,
Culture, Sports, Science, and Technology, Japan.

Supporting Information Available: Experimental details
and detailed spectroscopic data of all new compounds. This
material is available free of charge via the Internet at
http://pubs.acs.org.

OL070402C

(15) For examples, see: (a) Abelman, M. M.; Curtis, J. K.; James, D.
R. Tetrahedron Lett2003, 44, 6527—6531. (b) Baldoli, C.; Cremonesi,
G.; Croce, P. D.; Rosa, C. L.; Licandro, Beterocycle2004,64, 491—
497. (c) Zhao, F. L.; Liu, J. TJ. Fluorine Chem2004,125, 1841—1845.

(d) Bartoli, G.; Cimarelli, C.; Marcantoni, E.; Palmieri, G.; Petrini, .
Org. Chem1994,59, 5328—5335. (e) Cheng, Y.; Yang, H.-B.; Wang, M.-
X.; Williams, D. J. Tetrahedron2002,58, 2821—2829.

Org. Lett, Vol. 9, No. 9, 2007



