ORGANIC
LETTERS

Asymmetric Synthesis of ol 2,

Multifunctionalized Pyrrolines by a 53495352
Ruthenium Porphyrin-Catalyzed
Three-Component Coupling Reaction

Hai-Wei Xu," Gong-Yong Li, T Man-Kin Wong, * and Chi-Ming Che* -**

Shanghai-Hong Kong Joint Laboratory in Chemical Synthesis, Shanghai Institute of
Organic Chemistry, The Chinese Academy of Sciences, 354 Feng Lin Road,
Shanghai 200032, China, and Department of Chemistry and Open Laboratory of
Chemical Biology of the Institute of Molecular Technology for Drug Discy and
Synthesis, The University of Hong Kong, Pokfulam Road, Hong Kong, China

cmche@hku.hk
Received April 14, 2005

ABSTRACT

R R
%Ph)oj\&,\lz . A g g IRU2ECLTPPICO) Ar}wowf
(0) Ar® °N toluene, 60 °C Ar‘
Ph

Chiral multifunctionalized pyrrolines have been synthesized by a ruthenium porphyrin catalyzed three-component coupling reaction. In a
one-pot reaction, ruthenium porphyrins catalyzed in situ generation of chiral azomethine ylides from chiral diazo esters and imines. Asymmetric
1,3-dipolar cycloaddition reactions of the chiral azomethine ylides with dipolarophiles afforded the corresponding pyrrolines in good yields

and high diastereoselectivity (up to 92% de).

Chiral multifunctionalized pyrrolidines are versatile synthetic in a time- and cost-effective manner. Application of multi-
building blocks for organic synthesis and important structural component coupling approachés this area could facilitate
elements of many therapeutic drug molecules. Generally, future drug discovery efforts in both academic and industrial
such nitrogen-containing heterocycles are synthesized bylaboratories.
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Over the years, weand otherdhave demonstrated that ||| NN

ruthenium porphyrins are effective catalysts for highly stereo-
and enantioselective carbenoid transfer reactions. We have

also shown that ruthenium porphyrins are effective at % )H el ﬁ ﬁ
catalyzing a three-component coupling reaction between

o-diazo esters, imines, and olefinic dipolarophiles in a one-

pot reactiofi for pyrrolidine synthesi8:1°

[Ru'(2,6-CI,TPPYCO)] (R*=R%R*=H; R'=R%=CI)
Rul4-CITPPY(CO) (R'=RZ=R*=R%=H; R®-C])
[RUYTPPYCO)] (R'=R?=R=R*=R5=H)
[Ru"(2,6-(OMe), TPPYCO)] (R?=R%=R*=H; R'=R%=0OMe)

[RU'TMP)(CO)] (R%=R*=H; R'=R%-R%=Me)

Herein is described the first asymmetric synthesis of chiral
pyrrolines based on the aforementioned ruthenium porphyrin
catalyzed three-component coupling process (Figure 1). In
this work, we show that ruthenium porphyrins catalyze the

decomposition of chiral 8-phenylmenthatdiazo esters to

give metallocarbenoids that react with imines to afford chiral
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Figure 1. Proposed mechanism.

azomethine ylides. Subsequently, these chiral azomethine
ylides undergo 1,3-dipolar cycloaddition reactions with
dipolarophiles to afford chiral pyrrolines in good yields and
high diastereoselectivities (up to 92% de). In addition, we
provide experimental evidence for the proposed mechanism
of the three-component coupling reaction.

At the outset, we examined the cycloaddition of chiral 8-
phenylmenthanoti-diazo ester3a with imine 1la and di-
methyl acetylenedicarboxylate (DMAa using [Ru(2,6-
CI,TPP)(CO)] as catalyst. Slow addition 8&in CH,ClI, to
a mixture ofla, 2a, and [Ru(2,6-GI'PP)(CO)] (0.1 mol %)
in CH,CI, at 40°C via a syringe pump afforded cycloadduct
4 in 70% isolated yield. On the basis 81 NMR analysis
of the crude reaction mixture, two diastereomers were judged
to be present in a ratio of 2.1:1 (i.e., 36% de) (Table 1,
entry 1).

Table 1. Effect of Solvent
}xﬁ 51

[Ru@6-CLTPPYCO)N
solvent, 60 °C

o
. +Ph HJ\
Ph/\N" + DMAD + i OR*

Nz

1a 2a 3a
entry solvent yield® (%) de¢ (%)
1 CHyClg 70 36
2 CICH2CH;C1 27 33
3 CHCIl3 no reaction .
4 toluene 70 79
5 benzene 27 50
6 ethylbenzene 40 66
7 xylene 54 67
8 chlorobenzene 49 71
9 THF no reaction -

aRu catalystla/2a3a = 0.001:1.2:2:1 Isolated yield.c Determined by
IH NMR analysis of the crude products.

We next examined the effect of different solvents on the
Ru-catalyzed cycloaddition reaction bé, 2a, and3a. As
shown in Table 1, remarkable solvent effects were observed
on the diastereoselectivity of cycloaddition. Significant

(9) For a copper-catalyzed three-component coupling reaction for pyr- improvements in diastereoselectivity (509% de) could be

rolidine synthesis, see: Galliford, C. V.; Beenen, M. A.; Nguyen, S. T
Scheidt, K. A.Org. Lett.2003,5, 3487.

» achieved using aromatic solvents (toluene, benzene, ethyl-

(10) For examples on three-component 1,3-dipolar cycloaddition reac- benzene, xylene, and chlorobenzene), when compared with
tions, see: (a) Fokas, D.; Ryan, W. J.; Casebier, D. S.; Coffen, D. L. halogenated solvents (Qe|2 and CICI—&CHZCI) (33 36%

Tetrahedron Lett1998,39, 2235, (b) Hamper B. C.; Dukesherer D.R,;
South, M. STetrahedron Lett1996 37, 3671. (c)Murphy M. M.; Schullek,
J. R.; Gordon, E. M.; Gallop, M. AJ. Am. Chem. 30a995,117, 7029.
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de). Notably, up to 79% de and 70% yield 4fcould be
attained by using toluene as the reaction solvent, and this
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was employed for the subsequent studies. No reaction wajjj | R NN

observed when the reactions were performed in GHCI Table 4. Cycloaddition with VariousN-Benzylidene Iminégs

THF
The effect of ligand structure on the ruthenium porphyrin , HOL . Ru@s-CLTPPYCO] MeO0_ COMe é\
catalyzed cycloaddition reactions bd, 2a, and3awas also RISy + DMAD AT SCRE U N 0'1 e1a & ¥
examined (Table 2). [Ru(2,6-gIPP)CO] was found to ! 2 3a g O HEIE AN
de¢
. 1 1la Ph Ph 4 70 79
Table 2. Effect of Porphyrin Structufe 9 b m-MeOPh Ph 6 58 70
) 3 1 -MeOPh Ph 7 68 77
entry catalyst yield® (%) de¢ (%) 4 hci g_szh Ph 8 67 74
1 [Ru(2,6-CITPP)(CO)] 70 79 > 1 PRomn En R 3
2 [Ru(4-CITPP)(CO)] 73 72 7 1g Ph p-MeOPh 11 61 74
3 [Ru(TPP)(CO)] 71 71 8 1h Ph p-BrPh 12 30 60
4 [Ru(2,6-(0Me);TPP)(CO)] trace - lg }} EE p-%lfgil ii g; Zg
_ j m-
5 [Ru(TMP)(CO)] trace 11 1k Ph 0-CIPh no reaction
* Ru catalystla/2d3a = 0.001:1.2:2:1Isolated yield * Determined by aRu catalyst/1/2a/3a 0.001:1.2:2:1b Isolated yield Determined by

'H NMR analysis of the crude products. IH NMR analysis of the crude products.

exhibit the best diastereoselectivity (79%) and good yield
(70%) in the cycloaddition reaction. With [Ru(4-CITPP)-
(CO)] or [Ru(TPP)(CO)] as catalyst, comparable yields<{71
73%) and diastereoselectivities (712%) were obtained.
While [Ru(2,6-(OMe)}TPP)(CO)] and [Ru(TMP)(CO)] dis-
played poor catalytic activity, only a trace amount of
cycloaddition product was detected.

When the 8-phenyl ring of chirak-diazo ester3a was
replaced by a hydrogen atom, a significant decrease in
diastereoselectivity (from 79% to 33%) resulted (Table 3).

imines 1a—f. Notably, up to 85% diastereoselectivity was
attained for iminelf with a p-NO, substituent (entry 6).
Similarly, a higher yield (61%) was obtained for imine
1gbearing an electron-donating substituert £Rp-MeOPh)
while 30—-47% yields were obtained for imind$—j bearing
electron-withdrawing substituents{R p-BrPh,p-CIPh, and
m-CIPh). Interestingly, imine&i (with p-Cl) and1j with (m-
Cl) substituents on the phenyl ring gave the corresponding
cycloaddition productd3 and 14 with high diastereoselec-
tivities (70 and 72%, respectively). Notwithstanding this, no
reaction was observed for theCl-substituted iminelk,
_ probably due to the steric bulkiness of thCI| substituent.
Table 3. Effect of Chiral Auxiliary? With [Ru(2,6-CLTPP)CQ] as catalyst, the cycloadditions
o Ve, codte é\ of 3a with dipolarophiles of different steric bulkiness and
oSy Ph + DMAD + H\OR* [Ruiz:n'fzifon IS*WOR i electronic properties were also examined (Table 5). Remark-

Nz 4,5
1a 2a 3 Ph [e]

Table 5. Effect of Various Dipolarophiles

entry a-diazoester X  cycloadduct yield® (%) de¢ (%)

1 3a Ph 4 70 79
2 3b H 5 90 33 i [Ru(2,6-Cl,TPP)CO)] é\
. ) o Sy PP =R IHKOR* T woene.60%C /Z_S{,(OR
aRu catalyst/1a/2a/3= 0.001:1.2:2:1P Isolated yield ¢ Determined by 1a 2 N2 aa 54,1516 /,\
1H NMR analysis of the crude products.
dipolar- cyclo-
entry ophile R3 R* adduct yield® (%) de¢ (%)
The bulky 8-phenyl ring was therefore crucial to achieving 1 2a COMe CO;Me 4 70 79
high diastereoselectivity in the cycloaddition reaction. 2 g}: 882Eitpr 882Eit1>r A o
. o 2-L- 2-L-
To define the scope of the Ru-catalyzed cycloaddition 4 2d H COsMe no reaction
5 2e Me COzMe no reaction

process, we extended our studies to a randé-loénzylidine
imines with different substituents on the two aromatic rings  aRuy catalyst/1a/2/3a 0.001:1.2:2:1? Isolated yield.c Determined by
(i.e., R and R). Using chiral a-diazo ester3a as the 'H NMR analysis of the crude products.
carbenoid source, DMAD (2a) as dipolarophile, and [Ru-
(2,6-CLTPP)(CO)] as catalyst, with a seriesNvbenzylidine
imines 1a—k, the chiral pyrrolines were obtained in good ably, up to 92% de was achieved for the bulky dipolarophile
yields and high diastereoselectivity (Table 4). 2¢ (R® = R* = CO»i-Pr) while only 67% de was attained
We note that higher yields (5870%) were obtained for ~ for 2b (R® = R* = CO,Et). This result suggests that high
imines 1a—d bearing electron-donating substituents (R diastereoselectivity can be achieved via modification of the
Ph, m-MeOPh,p-MeOPh, andp-MePh) when compared steric bulk of the dipolarophiles. For the less electron-
imines lef with electron-withdrawing substituents {R= deficient dipolarophile2d,e, no reactions were observed.
p-CIPh andp-NGO,Ph) (39—45% yield). Nevertheless, high Cycloaddition reactions with different olefinic dipolaro-
diastereoselectivities (#B5%) were achieved for all the philes were conducted (Table 6). High diastereoselectivity
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Table 6. Cycloaddition with Olefinic Dipolarophilés

o] o
. [Ru(2,6-CI,TPPYCOC)] . . « R*= é\
P Syl =/ HkOR toluene, 60 °C Phl—Nin’OR 7Y
1a 2 M3 by O 17-21 A
Ph
entry olefinic dipolarophile cycloadduct yield (%)° de (%)”
1 2f R=Me R 17 74 78
2 2g R=Ph N 18 76 71
3 2h R=CHpPh ovo 19 64 71
4 2i R=COMe =/ 20 47 35
5 2j R=CN =/ 21 30 nd

aRu catalyst/1a/2/3a= 0.001:1.2:1:1.1, at 60C. P Ru catalyst/1a/2/3a
= 0.001:1.2:1:4, at 9CC. cIsolated yieldd Determined byH NMR
analysis of the crude products.

(up to 78%) and good yields (64/6%) were obtained for
cyclic imides2f—h while less satisfactory results were found
for terminal alkene®i,j. However, attempts to use chalcone,
methyl crotonate, antrans-4-phenyl-3-buten-2-one failed

On the basis of X-ray crystallographic analysis2df the
ruthenium—carbene distance is 1.854(8) A, which is com-
parable to the reported exampgiegsee the Supporting
Information).

In a one-pot reaction, bicyclic pyrrolidin@5 was
obtained in 61% vyield by reacting a stoichiometric amount
of Ru—carbene comple®4, imine 1d, and dipolarophile
2g in refluxing toluene for 16 h (Figure 3). This experi-

|
N__o

o
Ph
Ph |
SN + O=N0 é, COMe
U toluene, reflux, N~ ~CO.Me
1d 29 16h,61% L 25

Figure 3. Synthesis oR5.

ment offers an experimental evidence that ruthenium-

to give the corresponding cycloadducts under the samecamene complex can react with imines to generate azome-
reaction conditions. Instead, an unexpected 8-phenylmentholio ylides for 1,3-dipolar cycloaddition with cyclic

phenylamino este22 (45—56% yield) was obtained (see the

Supporting Information). Probably, the ester arose from an

N—H insertion of 8-phenylmenthol carbene into aniline,
which was generated from the decomposition of imlae

No reactions were observed for maleic anhydride and

dimethyl maleate.
It is well-known that azomethine ylides undergo 1,3-
dipolar cycloaddition with dipolarophiles to give pyrrolidines.

imides.

In conclusion, we have found that ruthenium por-
phyrins are effective catalysts for asymmetric synthesis of
multi-functionalized pyrrolines with remarkable stereoselec-
tivity via a three-component coupling reaction involving
chiral diazo estersN-benzylidene imines, and dipolaro-
philes??

However, there is sparse evidence on the generation of

azomethine ylides from metallocarbenes and imines for
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