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L . : . different metal triflates were screened, and Yb(QTf)
et bers.  eXhibited more promising cataytc capabilty than others
hydryl imines was catalyzed by Yb(OT#p toluene at room tem- (€ntries 1-5, Table 1). Then the reaction was optimized in
perature to give corresponding 2,5-disubstituted 2,3-dihydro-f€rm of yield under varying conditions including solvent,
pyridones in high yields. Three-component reactions of diene widatalyst loading and the concentration of the imine. Sev-
aldehydes and amines were also performed smoothly to afford #gal solvents including polar and non-polar ones were em-
d_esired cycloadducts under solvent-free condition in 51—86%0yed for the reaction. As shown in Table 1, solvent has
yields. remarkable effect on the yield of the reaction. Compared
Key words: Diels—Alder reactionN-benzhydryl imines, solvent- with other solvents, toluene was the best solvent, which
free, Lewis acid, three-component reaction gave the pyridone3a in 92% vyield with 20 mol%

Yb(OTf); (entry 9, Table 1). An attempt to carry out the

reaction in HO gave no product at all (entry 6, Table 1).
Aza-Diels—-Alder reactions provide a powerful strategreducing the catalyst loading from 20 mol% to 10 mol%
for the construction of nitrogen-containing six-memberegdnd 5 mol%, the yield dropped sharply down from 92% to
ring compounds While recent advances have been mads0% and 49%, respectively (entries 10 and 11, Table 1).
in a number of Lewis acid-catalyzed aza-Diels—Alder re4owever, increasing the concentration of imine from
actions in organic solveritS and aqueous mediasym- 0.125 M to 0.625 M, the reaction rate was greatly en-
metric versions using chiral catalysts have also be@anced with a shortened reaction time from 24 hours to 6
reported.?> Among these reactions imino dienophilesiours (entry 13, Table 1).
have different imino-nitrogen protecting groups includin

_ _ 10,11 _ ;
N phosphory?,g N. tqsyl, or N-aryl and ‘T’"ky" which imine 1a, a variety oN-benzhydryl imined were then in-
can activate the imine towards the aza-Diels—Alder rea\(féstigated in the presence of 20 mol% Yb(QTEf)room

tion. N-Benzhydryl imines have been widely used i . . >
Strecker reaction with HCN or TMS-CN affording thgemperature In toluene. The reactions of aldiminasth

; X 13 : e diene?2 took place smoothly to afford the corresponding
corres.pondmgu-ammo mtnles% In this communication, adducts3 in good to excellent yields. It should be noted
%ﬁgéils_ggertra;ii%m)gtiox;?—gt%eeiﬂyl-g?rizr?é?r?;l- that the electron-withdrawing groups of aldimines de-
siloxybuta-1,3 dierlé were carried out to give 2,S_disub_creased the yield compared with the electron-donating

. . . . . ones generally (entry 5 vs. 7, Table 2). Heteroaromatic
stituted 2,3-d||.hy.dro-4-py(r;plon'es.h_Hﬁriljn, we wish t%ﬂdimines, bothlh and 1i, afforded the corresponding
report our preliminary studies in this field. products3h,i with high yields, 84% and 99%, respectively
In 2002, Ding et al. reporteaihighly efficient aza-Diels— (entries 8 and 9, Table 2). TheB-unsaturated aldimine
Alder reaction in methanol without catalysRecently, also worked well giving the cycloadduct in good yield
Kobayashi and co-workers carried out the reaction ca@ntry 10, Table 2).

lyzed by AgOT¥f2 or alkaline saff in water. However, to

. the best of our knowledge, imines, particularly those
the best_of our knowledgg, ho report h_as bee_n de.scr'be%g(%ived from aliphatic aldehydes, are not always stable.
date usingN-benzhydryl imines as dienophiles in azas

i . .So it is synthetically interesting to construction aza-Diels—
Diels—Alder reaction. In the course of our effort to obtail ;.. products using a three-component one-pot reaction
the aza-Diels—Alder reaction cycloadduct of imihe manner especially for aliphatic aldimines, in which the al-

with diene2, we found that normal Lewis acids such a3imi S L
L ) : imines were prepared in situ and reacted with diene. Ac-
ZnCl,, TiCl,, EtZn and BJAICI promoted this reaction cordingly, the aldehyde was first allowed to react with

s:g%g'gzlgn?gge?:é € ?2% (\j:;'rzgh?ésggﬁgnthvsr{epsc;%rcea ine and dieng was introduced successively. Primary
yield. y P periment results proved that three-component aza-

a catalytic amount of Zn(OTJ) Initiated by the results, Diels—Alder reactions proceeded smoothly under solvent-

%ncouraged by the results obtained in the reaction of

free conditiont® As shown in Table 3, the three-compo-
SYNLETT 2005, No. 6, pp 1018-1020 nent condensation reaction was carried out smoothly to
Advanced online publication: 23.03.2005 afford the corresponding 2,5-disubstituted 2,3-dihydro-4-

(g%';é?élgéiﬁ'jgﬁ[gg‘g&gégg _'?\I:ELVJVO%?EST pyridones in moderate to high yields without solvent. The
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Table 1 Aza-Diels—Alder Reaction of Dierzwith Imine 1 Table2 Yb(OTf);-Catalyzed Aza-Diels—Alder Reaction of Dieh
with Imines1?
Ph OMe
\I + < catalyst o~ -CHPh R OMe
N — = = .CHPh
‘CHPh, TMSO rt o Ph le ' i TR jZ\)N\ 2
la 2 (2.0 equiv) 3a CHPh;  TMSO rt o) R
- - la—j 2 (2.0 equiv) 3a-j
Entry  Catalyst Catalyst loadingSolvent Yield
(mol%) (mol%)° Entry R Product Yield (99
1 LiOTf 20 THF 36 1 CsHs 3a 94
2 Cu(OTf), 20 THF 45 2 2-MeCeH, 3b 78
3 Sc(OTH), 20 THF 60 3 4-MeCgH, 3c 80
4 Zn(QTf), 20 THF 62 4 2-MeOCgH, 3d 84
5 Yb(OTf), 20 THF 70 5 4-MeOCgH, 3e 90
6 Yb(OTf), 20 H,O N.R. 6 4-CICH, 3f 76
7 Yb(OTf), 20 CH,Cl, 71 7 4-FCH, 39 70
8 Yb(OTf), 20 EtO 81 8 2-Furyl 3h 84
9 Yb(OTf), 20 Toluene 92 9 2-Pyridyl 3i 99
10 Yb(OTf), 10 Toluene 60 10 PhCH=CH 3] 62
11 Yb(OTf), 5 Toluene 49 a All reactions were performed over 6 h with concentration of
imine = 0.625 M, unless otherwise noted.
12 Yb(OTf)s 20 Toluene 83 b |solated yields. All compounds were confirmed'ByNMR, 13C
J NMR and HRMS analyses.
13 Yb(OTf), 20 Toluene 94
a All reactions were performed over 24 h with concentration of
imine = 0.125 M, unless otherwise indicated.
b |solated yields. Table 3 Yb(OTf);-Catalyzed Three-Component Aza-Diels—Alc
¢ Reaction was carried out over 6 h, concentration of imine = 0..25 NReaction under Solvent-Free Conditidns
4 Reaction was carried out over 6 h, concentration of imine =%. 62 OMe
M. ﬁ vb _CHPh,
(OTf)3 (20 mol%) ~ N
RCHO + NH,CHPh, + I\)\
T™MSO rt,6h o R
yields of the reaction were slightly lower than those ok1.5 equiv 2 (2.0 equiv) 3
tained by the reaction of isolated aldimines. The reactign )
R Yield (%)

tolerated various aldehydes, such as aromatic, aliphafi€™”
olefinic and heteroaromatic aldehydes. Interestingly, aki- CeHs 77
phatic aldehydes could react successfully with amines and

diene2 to afford corresponding pyridones (entries 7-% 4-MeGH, 2
Table 3), which could not be obtained in the stepwisg 3-MeOGH, 78
system above.

In conclusion, we have developed a mild and highly effiAi
cient protocol for the synthesis of racemic 2,5-disubst 2-Pyridyl 75
tuted 2,3-dihydro-4-pyridones from dier@ with N-

benzhydryl imines or aldehydes and benzhydrylamines.
The mild experiment conditions, short reaction time antl c-CeHyy 86
the wide substrate generality represent the notable fea-
tures of this procedure. Further investigations on asym-
metric aza-Diels—Alder reactions Nfbenzhydryl imines 9 CH,CH,CH, 51
with diene2 are now in progress.

2-CICH, 76

PhCH=CH 58

(CH,),CH 54

a All reactions performed on a 0.125 mmol scale at r.t.
b |solated yields. All compounds were confirmed'ByNMR, 13C
NMR and HRMS analyses.
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Stepwise Procedure for the Aza-Diels—Alder Reaction of Diene  (3)
2 with Imines

All reactions were carried out using anhyd toluene and under nitro-
gen in over-dried tubes. Yb(OTfj15.5 mg, 0.025 mmol) and- 4)
benzhydryl imine 1a, 33.9 mg, 0.125 mmol) were placed in tube.
Toluene (0.2 mL) and dier(56 uL, 0.25 mmol) were then added
successively. After stirring for 64t r.t., the reaction was quenched

with 0.5 mL of 1.0 M HCI. The mixture was extracted with, CH

and concentrated. The crude material was purified by flash chroma{5)
tography to give the cycloadduga as white crystal (mp 120-121

°C) in 94% yield.*H NMR (600 MHz, CDC)): § = 7.33-6.98 (m, (6)
15 H, Ph-H), 6.91 (s, 1 H, =CH), 5.29 (s, 1 H, -CE)P#.42—4.39

(m, 1 H, N-CHPh), 2.74-2.72 (m, 2 H, -QH1.59 (s, 3 H, C}}.

13C NMR (150 MHz, CDC)): 6 = 190.5, 149.6, 139.4, 138.9, 138.4,
129.5,129.1,129.0, 128.8, 128.4, 128.2, 128.1, 127.9, 127.6, 127 .4,
127.3, 106.4, 67.5, 66.0, 62.8, 44.1, 13.1. HRMS (E8/2:.calcd ©)
for C,5H,3NO [M — NaJ': 376.1672; found: 376.1671.

One-Pot Procedure for the Three-Component Aza-Diels—Alder (8)
Reaction without Solvent
Yb(OTf); (15.5 mg, 0.025 mmol) was placed in the tube. Then,
benzaldehyde (18L, 0.1875 mmol) and benzhydrylamine (22,
0.125 mmol) were sequentially introduced, and d&¢ss5ulL, 0.25
mmol) was added successively. After stirring for 6 h, the reaction
was quenched with 0.5 mL of 1.0 M HCI. The mixture was extract-
ed with CHCI, and concentrated. The crude material was purified (9)
by flash chromatography to give the cycloadd&in 77% yield.

(10)
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