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A silver/palladium relay catalyzed 1,3-dipole annulation/allylation
reaction of iminoesters and Baylis-Hillman acetates for the
construction of fully substituted allyl imidazolidines is reported.
Examination of both iminoesters and Baylis-Hillman acetates
affords the fully substituted allyl imidazolidines in high yields and
regioselectivities. The three component reaction is triggered by
silver-catalyzed 1,3-dipole annulation, followed by the sequential
palladium catalyzed allylation. Mechanistic studies reveal that the
dual catalytic system plays the key role in the reaction. The
developed methodology provides straightforward access to allyl
imidazolidines under simple reaction conditions.

Dual catalyst relay catalysis, in the light of the combined use of
two different catalysts, provides a powerful strategy for
achieving ideal organic synthesis.” This is because it can fulfill
chemical transformation that can’t finished by either of the
catalysts soIer.2 In this system, each catalyst works either
cooperatively or independently to realize tandem multi-step
synthesis in one pot, which dramatically reduces waste,
solvents, time and so on. Despite important progress made in
this field, it still remains an unmet challenge to skilfully
operate two types of dipolarophilic species resulted from
different substrates concomitantly. Thus the development of a
novel dual catalyst system is highly desirable.

The Baylis—Hillman acetates have emerged as powerful
substrates in organic synthesis,3 which can be employed in
allylic substitution reactions by forming -allylpalladium
complexes.4 Especially, the catalytic allylic amination, which
provides an efficient approach to give natural products and
biologically active molecules with an allylamino moiety, has
attracted tremendously attention.” The allylic amination
reaction can result in two regioselective products ( a- and y-
products). Thus chemists are devoted to highly regioselective
obtain sole product.6 In 2002, Igbal and co-workers reported a
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palladium-catalyzed allylic amination of Baylis—Hillman
acetates, albeit with moderate regioslectivity (a/y =3 :1to6:
1).7 Next Liu and co-workers improved the regioslectivity by
employing [Pd(C;sHs)Cl],/ferrocene-type diphosphine catalytic
system.8 In 2011, Alper and co-workers reported a
palladium/palladium relay catalyzed tandem y-regioselective
amination and intramolecular cyclocarbonylation reaction.’
Despite all that, How to extend the substrate-scope of the
palladium-catalyzed allylic amination reactions into widely N-
nucleophiles is still challenge. On the basis of our interest in
domino reaction,10 we describe herein a silver/palladium relay
catalyzed 1,3-dipole annulation/allylation reaction of
iminoesters '* and Baylis-Hillman acetates, providing a series of
fully substituted allyl imidazolidines in moderate to good yields

and excellent regioslectivities (Scheme 1).
(1) Palladi talyzed a-regioselective allylic

ion of Baylis-Hillman acetates

NHAr
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(2) Palladium-catalyzed y-regioselective amination reactions of Baylis-Hillman acetates
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Scheme 1. Allylic substitution of Baylis—Hillman acetates.

Initially, Baylis—Hillman acetate 1aa and iminoester 2a were
selected as the model substrates to optimize the reaction
conditions. By employing a bimetallic catalyst system
consisting of [Pd(C3H;)Cl], and a Cu complex derived from
Cu(CH3CN),BF,/PPh;, NEt; as a base in CH,Cl, at room
temperature, the reaction proceeded smoothly to give the
corresponding product 3a in 45% vyield and complete
regioselectivity (Table 1, entry 1). Screening of catalysts Il
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suggested that [Pd(CsHs)Cl], was the best catalyst (Table 1,
entries 1-6). Next, different Ag(l) and Cu(l) salts were screened,
and showed that AgNTf,/[Pd(C;Hs)Cl], dual catalysis was the
optimal catalyst system, giving the product 3a in 47% yield
(Table 1, entries 1, 7-10). The examination of different solvents
and bases indicated that THF and NEt; were best choice (Table
1, entries 11-18). Notably, clear effect of temperature on the
reaction was observed (Table 1, entries 19-21). Finally, the
evidently improved vyield was obtained by increasing the
stoichiometry of iminoester 2a (Table 1, entries 15 22-23).

Table 1. Optimization of the reaction conditions.”
Ph

|
g\COQEt

MeOZC/r,CE “IPh

Ph Cat. I/PPh,

Cat. Il
COEt + P SN"COMe — >
ACO)ﬁT 2Me Base, Solvent
8h

1aa 2a PR 2 \COZMe

entry cat. | cat. Il solvent yield
(%)

1 Cu(CH3CN),BF,  [Pd(CsHs)Cl], CH,Cl, 45
2 Cu(CH3CN),BF, Pd(OAc), CH,Cl, 34
3 Cu(CH3CN),BF, Pd(PPhs), CH,Cl, 38
4 Cu(CH;CN),BF,  Pd,(dba);.CCl; CH,Cl, 33
5 Cu(CH;CN),BF,  [Ir(cOD)Cl], CH,Cl, -
6 Cu(CH;CN),BF,  [Rh(coD)cl], CH,Cl, -
7 Cu(CH5CN),PF [Pd(C3 S)Cll; CH,Cl, 37
8 Cu(OTf), Pd(C5Hs)Cl], CH,Cl, 37
9 AgNTf, Pd(C3Hs)Cl], CH,Cl, 47
10 AgOTf [Pd(C Hs)Cll; CH,Cl, 43
11 AgNTf, [Pd(C5H;)Cl), 1,4-dioxane 56
12 AgNTf, [Pd(C Hs)Cl], toluene 53
13 AgNTf, Pd(C5Hs)Cl], Et,0 50
14 AgNTf, Pd(C3Hs)Cl], THF 59
15 AgNTf, [Pd(C S)Cll; CH;CN 51
16 AgNTf, [Pd(C Hs)Cll; CHCl, 47
17¢ AgNTf, Pd(CsHs)Cl], THF 49
18° AgNTf, Pd(C3Hs)Cl], THF 56
19° AgNTf, [Pd(C S)Cll, THF 62
20/ AgNTF, [Pd(C5H5)Cll, THF 67
21° AgNTf, [Pd(C Hs)Cll; THF 54
22" AgNTf, Pd(C3Hs)Cl], THF 78
23" AgNTf, Pd(C3 S)Cll, THF 76

yield (Table 2, entry 17). In addition, iminoesters derived. from
4-fluoro, and 4-chlorobenzaldehyde cB@Id10I8E/ QffIreroehe
corresponding products 3r-3s in 27-60% yields (Table 2, entries
18-19).
substrates to proceed the reaction. Various Baylis—Hillman

Next, we employed Baylis—Hillman carbonates 1b as

carbonates bearing the electron-withdrawing (Table 2, entries
21-24) and electron-donating groups (Table 2, entry 25) were
employed in the reaction, providing the desired products 3 in
37-65% yields. The structures of 3 were characterized by a
combination of NMR, HRMS spectra, and single crystal X-ray
analysis (3b) (see Supporting Information).12

Table 2. Substrate scope.’
Ph
|

PPh (10 mol %) CO,Et

Ar
N R%Z
RWO)Wcoza . Rz@ﬂwcwe __AGNT], (10 mol %) ®,,,,(Nj.ucone
~ [PA(CaHs)Cll, (5 mol%) =" \—/ ,

NEt; (20 mol%)  MeO,C—/ / &
THF, -10 °C, 8h Q
2 3 =

1a R’ =Ac; 1b R' = Boc

9 Unless otherwise specified, all reactions were carried out
using 1aa (0.2 mmol) and 2a (0.6 mmol) at room temperature.
b Isolated yield. © Na,CO; (2.0 equiv) as base. ¢ NaHCO; (2.0
equiv) as base. ¢ Reaction temperature: 40 °C. f Reaction
temperature: -10 °C. ? Reaction temperature: -20 °C. " 2a (4.0
equiv.) was used. "2a (5.0 equiv.) was used.

With optimized reaction conditions in hand, the substrate
generality of the reaction was next surveyed. As outlined in
Table 2. The Baylis—Hillman acetates 1 derived from the
aromatic aldehydes bearing either electron-withdrawing or
electron-donating groups in the phenyl rings gave the desired
products 3 in moderate to good yields (Table 2, entries 1-15).
However, the substitution positions of phenyl rings (ortho-,
meta-, or para-) had certain influence on yields, and ortho
substituent resulted in lower yields, probably due to the steric
hindrance (Table 2, entries 15, 16 vs 3, 4, 11, 13). Baylis—
Hillman acetates laq derived from 2-thienyl formaldehyde
proceeded smoothly, providing the desired product 3q in 61%

2| J. Name., 2012, 00, 1-3

entry Ar R! R’ yield(%)b
1 Ph Ac H 78(3a)
2 4-FCgH, Ac H 67(3b)
3 4-CICgH, Ac H 70(3c)
4 4-BrCgH, Ac H 56(3d)
5 4-CNCgH, Ac H 65(3e)
6 4-NO,CeH, Ac H 44(3f)
7 4-OCH5CgH, Ac H 59(3g)
8 4-CH3CgH, Ac H 62(3h)
9 4-'BuCgH, Ac H 53(3i)
10 4-CF3CgH, Ac H 52(3j)
11 3-CICgH, Ac H 70(3k)
12 3-FC¢H, Ac H 64(31)
13 3-BrCgH, Ac H 74(3m)
14 3-NO,C¢H, Ac H 37(3n)
15 2-CIC4H, Ac H 42(30)
16 2-BrCgH, Ac H 31(3p)
17 2-thienyl Ac H 61(3q)
18 H Ac 4-F 60(3r)
19 H Ac 4-Cl 27(3s)
20 H Boc H 49(3a)
21 4-FCgH, Boc H 58(3b)
22 4-CICgH, Boc H 44(3c)
23 4-BrCgH, Boc H 65(3d)
24 4-NO,C¢H, Boc H 51(3f)
25 4-CH5CgH, Boc H 37(3h)

% Unless otherwise specified, all reactions were carried out
using 1 (0.2 mmol) and 2 (0.8 mmol) at -10 °C. b isolated yield.

Owing to demonstrate the practicality of our method, we
performed silver/palladium relay catalyzed 1,3-dipole
annulation/allylation reaction at the gram scale, when Baylis—
Hillman acetate derived from bromobenzaldehyde 1ab and
iminoester 2a were used in the presence of the low loading of
[Pd(C5Hs)CI],, the reaction proceeded smoothly to afford the
desired adduct 3b in 55 % yield at 21h.

This journal is © The Royal Society of Chemistry 20xx
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Scheme 2. The preparation of large scale.

In order to verify the reaction mechanism, we carried out
some control experiments. First, only silver catalyst and PPh;
were used, the reaction didn’t occur. Next, we proceeded the
reaction step by step. The first annulation reaction could
proceed smoothly in the presence of silver and PPh;. While the
subsequent reaction could occur only [Pd(C5H;5)Cl], and PPhy
were applyied, albeit with longer reaction time and lower yield
(Scheme 3).

PPh; (10 mol%)

Ph . AgNTF, (10 mol%)
AcO COEt + Ph” N COMe —— x> 3a
NEt; (20 mol%)

THF, rt
4eq
1aa 2a
[Pd(C3Hs)Cll2
(5 mol%)
NEt3 (20 mol%)
THF
3a
MeO,C
IR NEt3 (20 mol%
3 o)
N AgNTf, (5%) ph_ N by +1aa 2oF
PhN"Co,Me 1 S T
NEt; (20%) NH
THF ~ MeOC
2 22h 4 PPh; (10 mol%)
[Pd(C3Hs)Cl], (5 mol%)
vield: 27% NEt, (20 mol%)

THF, 61h 3a
yield: 6%

Scheme 3. Control experiment.

Based on our experiment result and previous Iiterature,g’g'13
a possible catalytic model was proposed. As depicted in
Scheme 4. The in situ formed azomethine ylide coordinated to
the active Ag(l) complex, leading to the intermediate A.
Conjugate addition of the enolate to another iminoester gave
the enolate intermediate B. The following intramolecular
annulation produced the intermediate C. And the formation of
Pd(l1)/PPh; complex activated the Baylis—Hillman acetate laa
affording the intermediate D, which removed monomolecular
acetic acid to give the intermediate E. Next, intermediate F
was obtained by coordinating [Pd] with imidazolidinide anion.
Finally, the desired product 3a was obtained by y-
regioselective allylic substitution reaction (Scheme 4).

N,
Ph” N">CO,Me + EtN
-EtsNH | Ag(1)/PPhg
CO,Me
OMe RPhg
J}/\ /{ Phy P/?g 08 Moo, Ph
e0,C—
Ph3P\</~N Ph\/N 2 /< PPhy
v — N—ng
P A / ppn
A Ph ~d 3 MeO,C,

N
-Ag()  Ph Ph
T
PPh.
. Me0,C \?/(V 3ph
Ph Ph Ph3P’,’,[

Pd(ll)/PPhy CosEt .
L_coset
Ao COEt 0 Phy P\:d EGN _phgp Ny CO2 . cost
0 OH ?e ]
PPh; :

-Act
PPh,
D E

Scheme 4. A proposed mechanism.

This journal is © The Royal Society of Chemistry 20xx
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Conclusions

View Article Online
DOI: 10.1039/C90OB02633A
We developed a silver/palladium relay catalyzed 1,3-dipole

annulation/allylation reaction of iminoesters and Baylis-
Hillman acetates, providing the corresponding tri-substituted
alkenes 3 in moderate to good yields and excellent
regioselectivities. The gram scale experiment demonstrated
the practicality of our method. It should be noted that the
reaction owned lower reactive activity step by step, which
certificated the effectiveness of the Ag/Pd relay catalysis
system.
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(1) Silverlg ium relay ysi

(2) Three component reactions
(3) 25 examples
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