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ABSTRACT: An eflicient catalytic amination of aryl-substituted allylic
alcohols has been developed. The complex [ (17*-allyl)PdCl], modified by

[(m3-allyl)PdCl],

~oH RNH,  1.5mol% Rl R?
a bis phosphine ligand, L, has been used as catalyst in the reaction that m T o T or
i L . : R HetNH | (3 mol%) SN
afforded a wide range of allyl amines in good to excellent yield under mild ‘ @N .
o 1 Dioxane 1 Het
conditions. R'=H,3-OMe, 2-OMe, 4-Me ~ ggon R

R? = Aryl and naphthyl (75 - 95)%
Het-NH = Heteroarylamine
L= A\
i
Pho,P  PPh,

Ilyl amines are important building blocks for various biolo-
A.gically active compounds and advanced intermediates in
total synthesis of natural products' and especially those involving
ring-closing metathesis.” Therefore, their synthesis is still an
important area of activity. Although catalytic C—N bond forma-
tion using nucleophilic attack on an 7*-allyl palladium complex
has been widely used to this end,’ activated derivatives of allyl
alcohol (esters, carbonates, carbamates, phosphates, halides etc)?
and allyl alcohol with activators® have only been chosen as
substrates. Use of allyl alcohol is limited by its reactivity despite
the economical and ecological advantage of this reaction that
only produces water as by product.® Of late, a few reports have
appeared where allyl alcohol has indeed been used as a substrate
in Pd-catalyzed amination reactions.”® The conditions, especially
the ligands on palladium in such instances, are less common. It is
in this context that we report a highly efficient direct catalytic
amination of aryl-substituted allylic alcohols under mild condi-
tion using a combination of [(7]3-allyl)PdCI]2 and a chelating P,
N—P ligand developed by us.”

The bidentate phosphine ligand (L) on treatment with
[(773—allyl)PdCl]2 in dichloromethane followed by addition of
the Ag salt afforded a 16e complex with deep magenta color (1a)
(Scheme 1). The molecular structure of the palladium complex
(1a) was determined by single-crystal X-ray analysis; the single
crystal of the air stable complex (1a) was grown from acetone/
hexane (see the Supporting Information).

We selected cinnamyl alcohol (2a) and p-anisidine (3b) as
typical coupling partners during optimization study. The molar
ratio of metal and ligand, the effect of different solvents, and
comparison of different Pd precursors were examined. The
results are summarized in Table 1. The comparative study reveals
that [(77°-allyl)PdCl], (entry 2) worked better as the catalyst
precursor than Pd(OAc),, Pd,(dba);, PA(CH;CN),Cl,, and
PdCl, (entries 6—9). The use of a phosphane/Pd molar ratio
of 1:1 was found to be optimal for this catalytic system (entry 2).
It was observed that the presence of excess ligand suppressed the
reaction (entry S). This reaction did not take place in absence of
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the bis-phosphane ligand, L (entry 16). We also studied the
influence of different solvents on the reaction. Dioxane was
found to be a superior solvent compared to toluene, DMF, and
CH;CN (entries 10—12). The temperature around 80 °C was
found to be optimal for this reaction. The yield decreased with
lowering the temperature (entry 14). We observed that the
amount of solvent had a marked influence on the yield. Use of
0.2 mL of solvent for 1.0 mmol of cinnamyl alcohol afforded the
corresponding monoallylamine (entry 2) in better yield than
when the solvent volume was increased to 1.0 mL (entry 13).
Also, under solvent-free conditions this catalytic system furn-
ished N-cinnamylaniline in 87% yield (entry 15). We decided to
retain a minimal volume of solvent dioxane to ensure even mixing
of reactants, especially when one of them was a solid.

Using the optimized conditions with [(5-allyl)PdCl],
(1.5 mol %) and ligand (3.0 mol %) in dioxane (0.2 mL), we
conducted allylic amination reaction of a large number of
electronically and structurally diverse allyl alcohols with variously
substituted arylamines (Table 2). Substituted cinnamyl alcohols
in combination with aniline, p-anisidine, m-acetylaniline, and
2-naphthylamine afforded the corresponding monoallylamine in
good to excellent yield. Both the trans- and cis-cinnamyl alcohol
afforded the allylated product as the trans-isomer in very good
yield (entry 6), suggesting involvement of the same s-allyl
complex. No product was obtained from 4-nitroaniline (entry S)
presumably due to the strong electron-withdrawing nature of
nitro group, which renders the aniline less nucleophilic. 2-Meth-
oxycinnamyl alcohol afforded the corresponding monoallylani-
line in good yield (entries 14 and 15). Ortho-substituted anilines
gave high yield of the desired products (entries 16 and 17),
although sterically demanding 2,6-disubstituted aniline did not
participate in the reaction. When we used benzyl amine as a
nucleophile very poor yield of product was obtained (entry 19)."°
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Scheme 1. Synthesis of Palladium Complex

A\
1) DCM, 1 hr. N _
L + [(n*aly)PdCll, ———— | pp, b-Ph [SbFe
2) AgSbFg Ph’P\Pd, oh
2l
1a

Table 1. Optimization of Amination of Cinnamyl Alcohol
with p-Anisidine”

WOH N (NDHZ Pd-precursor ©/\/\NH
Ligand, solvent
OMe 80°C ©
2a 3b 4b  OMe

entry  Pd precursor (mol %)  ligand (mol %)  solvent  yield (%)
1 [(7*-allyl)PdC1], (1.0) 2.0 dioxane 81
2 [(7*-allyl)PdCI], (1.5) 3.0 dioxane 89
3 [(3-allyl)PdCI] (2.0) 4.0 dioxane 90
4 [(17>-allyl)PdCl], (1.5) LS dioxane 63
s [(37*-allyl)PdCI], (1.5) 6.0 dioxane 37
6 Pd(OAc), (3.0) 3.0 dioxane 68
7 Pd,dba; (3.0) 3.0 dioxane 57
8 Pd(CH;CN),Cl, (3.0) 3.0 dioxane 31
9 PdCl, (3.0) 3.0 dioxane S
10 [(*-allyl)PdC1], (1.5) 3.0 toluene 84
11 [(i*-allyl)PdC1], (1.5) 3.0 DMF 84
12 [(nallyl)PdCI], (1.5) 3.0 CH;CN 85
13 [(-allyl)PdCl], (1.5) 3.0 dioxane 62
14° [(-allyl)PdCI], (1.5) 3.0 dioxane 78
15 [(p-allyl)pdCl], (1.5) 3.0 neat 87
16 [(i-allyl)PdC1], (1.5) 0 dioxane 0

“Reaction conditions: cinnamyl alcohol (1.0 mmolz, p-anisidine (1.5
mmol), solvent (0.2 mL); argon atmosphere for 6 h. ” 1.0 mL of solvent
was used. “At 70 °C.

Encouraged by this result, we extended allylic amination of
arylallyl alcohol with heteroarylamines. Imidazole and pyrazole
afforded almost quantitative yields of product with cinnamyl
alcohol and its analogues (Table 3). Sterrically more hindered
heteroaryl amines such as carbazole and indole were unreactive
under these conditions (entries 9 and 10). Allylic substitution
reaction of a secondary aliphatic amine produced a relatively
lower yield of the product (entry 11).

It has been reported in literature that sp>-hybridized phos-
phorus with increased sr-acidity is a better donor for Pd-catalyzed
allylation of amines.”*® The ligand (L) described in this paper
resembles, to an extent, the ligand DPEphos featuring two
phosphorus on a flexible diphenyl ether backbone. The paper,®™
however, reports on catalysis by Pt while Pd is ineffective. In our
case, the reaction is catalyzed by palladium in combination with a
bidentate phosphine ligand where one of the two phosphorus
atom is linked to a nitrogen. The ligand bite angle is 94° which is
smaller than the angle commonly found with catalytically active
complexes.®*"

In summary, we have developed an efficient, direct, catalytic
amination of aryl-substituted allylic alcohols with aromatic amines

Table 2. Amination of Allyl Alcohols with Arylamine”

[(m3-allyl)PdCI],
1.5 mol%

N N
OH 2 @/\/\NH
R*NH, ———>
©/1\/\ * 2 Ligand, 3 mol% 1 '2

R
R Dioxane, 80 °C R

R"=H, 3-OMe, 2-OMe, 4-Me

R? = aryl, alkyl and naphthy!

entry  allyl alcohol amine

vield(%)
o N
OH N
1 ©/\/\ @-NHZ 6.0 ©’;" H-@ 84
2a 3a
N
2 MO~ )-NH, 60 mﬂ OMe g9
3b

SN

time(bhr.) product

Hcod 3 COCH,
NH N
4 d 2 6.0 m u 92
5 2a

N
ONH_)-NH; 80 ©/\/H‘©‘Noz 0
3e 4o
N
6 ©/\L 3b 8.0 4b 75
OH

N N
7 Q/VOH 3a 6.0 N 5 O
ome 2¢ OMe

SN OMe

8 3b 4.0 WH 92

OMe 49

a0 ;( N NQ 4 o
° * ‘ " cocH
OMe 3

N
N
10 3d 5.0 ©/\”H 91
OMe 4i
* S
11 D/\/\ OH 3 6.0 /@/\» ”O 8
2d 4

o

12 3b 6.0 /©/\/\H OMe 7¢
4K
S

13 3 so TN Q 81
a

COCH;
N N
1w O oH " 60 (:(\/‘H-O-OMe 8
OMe OMe
2e 4m
SN
15 3¢ 6.0 WH 80
OMe COCHjg
4n
SN
16 2a ne g0 O N T, 81
3f
OMe Q
NN
17 2a O_NHZ 8.0 ©/\/\H OMe 79
39 4p
SN
18 2a NH, 80 O/VH 0
3h
4q
o
19 2a ©”NH2 8.0 O/VW\Q 25
3i 4

“Reaction conditions: allyl alcohol (1.0 mmol), amine (1.5 mmol),
[(*-allyl)PdCl], (1.5 mol %), L (3.0 mol %), dioxane (0.2 mL); argon
atmosphere. 0.1 mL of dioxane was used.

under mild conditions that provides an excellent yield of desired
monoallylamine. The reaction proceeded without any activator
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Table 3. Amination of Allyl Alcohols with Heteroarylamine”

SR
1 Het

[(m-allyl)PdCl],

o 1.5 mol%
OH
+ X
©/1\/\ Het-NH Ligand, 3 mol%

R ( R
Dioxane, 80 °C
R'=H, 3-OMe, 4-Me
Het-NH = Heteroaryl amine
entry allyl alcohol amine time(hr.) product yield(%)
N X
1 2a /'y 40 @A/\N:\\ 93
q) 5a SN
H 3j
N
2 2a / '\ 30 Ny 9%
N’ 5b
H 3k
N
NN
3 2c 3j 25 ©/\5:‘;I} 94
OMe
N
K 35 N7
4 2¢ 3 Q/::N‘ 95
OMe
x
5 2d 3j 40 mh\f’}} 91
N
6 3 3.5 5f N§
N
9 2a 6.0 ©/\” N I 0
N
H 3l Sg
N
10 2a m 6.0 ©/\/\@ 0
N 5h
3m H N
I\ N’\I
1 2a O\_/NH 8.0 (o) 45
5i
3n

“Reaction conditions: allyl alcohol (1.0 mmol), amine (1.5 mmol), [ (>
allyl)PdCl], (1.5 mol %), L (3.0 mol %), dioxane (0.2 mL); argon
atmosphere.

and produced water as the sole coproduct, representing an
inexpensive and environmentally friendly protocol for allyl amine
synthesis.

B EXPERIMENTAL SECTION

General Information. Unless otherwise noted, all starting materials
were obtained from commercial suppliers (except entries 2b, 2c, 2d, and 2e,
Table 2). Organic solvents were dried and distilled as described elsewhere.
All reactions were carried out in an oven-dried flask under argon atmo-
sphere. Column chromatography was performed with silica gel 230—400
mesh. All 'H NMR, *C NMR, and *'P NMR spectra were recorded in
CDCl; or CD,Cl, solution and are reported in ppm (8). HRMS (ESI)
spectra were recorded on micromass, Q-Tofmicro. X-ray single-crystal data
were collected using Mo Ka (4 = 0.7107 A) radiation. Data collection, data
reduction, and structure solution/refinement were carried out using the
software package of BRUKER APEX II The single-crystal structure of the
complex (1a) was solved by direct methods and refined in a routine manner.

Preparation of Ligand (L). To asstirred solution of 7-bromoindole
(980.0 mg, S mmol) in THF (25 mL), under argon atmosphere, was

added "BuLi (6.56 mL, 10.5 mmol, 1.60 M in hexane) dropwise at
—78 °C. The mixture was then stirred for 2 h at —78 °C. Chlorodiphe-
nylphosphine (1.94 mL, 10.5 mmol) in THF (S mL) was then added
dropwise and the mixture stirred for 3 h. The mixture was then warmed
to rt and stirred for a further 3 h. It was then quenched with saturated
NH,Cl solution at 0 °C and extracted with diethyl ether (2 x 100 mL).
The combined organic layer was washed subsequently with water and
brine and dried over anhydrous Na,SO,. Evaporation of solvent under
reduced pressure gave the crude product. Purification by flash column
chromatography (silica gel, 12% dichloromethane/petroleum ether)
afforded L as a white solid (607.0 mg, 25%).

General Procedure for Catalytic Reactions. A solution of
ligand (14.6 mg, 0.03 mmol), [ (17>-allyl)PdC1], (5.5 mg, 0.015 mmol),
cinnamyl alcohol (1.0 mmol), and amine (1.5 mmol) in dioxane
(0.2 mL) was stirred under argon atmosphere at 80 °C for 2.5—8.0 h
(depending on substrate). The reaction mixture was then cooled to rt,
diluted with DCM (S mL), and filtered through a pad of Na,SO,. The
filtrate was evaporated under reduced pressure, and the residue was purified
by flash column chromatography on silica gel (230—400 mesh) using ethyl
acetate/petroleum ether or methanol/dichloromethane as a eluent.

N-Cinnamylaniline (4a)™®. Light-yellowish oil. 'H NMR (300 MHz,
CDCly): 6 7.43—7.21 (m, 7H), 6.80—6.64 (m, 4H), 6.37 (td, ] = 15.9,
5.7 Hz, 1H), 3.97 (dd, ] = 5.7, 1.2 Hz, 2H), 3.88 (bs, IH). "*C NMR (75
MHz, CDCL): 6 147.6, 1369, 132.0, 129.4, 128.7, 127.7, 126.8, 126.5,
1182, 113.6, 46.7.

N-Cinnamyl-4-methoxyaniline (4b)®. White-yellowish solid. "H NMR
(300 MHz, CDCLy): 0 7.38—7.22 (m, SH), 6.79 (dd, ] = 6.7, 2.2 Hz, 2H),
6.63 (dd, ] = 6.6,2.3 Hz, 2H), 6.58(s, 1H), 6.33 (td, J = 15.9, 5.8 Hz, 1H),
3.88(dd, ] =5.8,1.3 Hz,2H), 3.74 (s, 3H). *C NMR (75 MHz, CDCl;): &
1525, 142.1, 1370, 1317, 1287, 127.6, 127.3, 1264, 1150, 1147,
55.9,47.4.

N-Cinnamyl-3-acetylaniline (4¢)*". Yellow oil. "H NMR (300 MHz,
CDCl3): 0 7.39—7.24 (m, 8H), 6.87—6.84 (m, 1H), 6.63 (d, ] = 15.9 Hz,
1H), 6.31 (td, J = 15.9, 5.7 Hz, 1H), 3.97 (dd, ] = 5.7, 1.4 Hz, 2H), 2.57
(s, 3H). *C NMR (75 MHz, CDCl;): 0 198.7, 148.3, 138.3, 136.8,
131.9, 1294, 128.7, 127.7, 126.5, 1264, 118.0, 117.8, 111.9, 46.1, 26.8.

N-Cinnamyl-2-naphthylamine (4d). White solid. '"H NMR (300
MHz, CDCly): 0 7.74—7.66 (m, 3H), 7.44—7.26 (m, 7H), 6.98—6.93
(m, 2H), 6.71 (d, ] = 15.9 Hz, 1H), 6.41 (td, ] = 15.9, 5.8 Hz, 1H), 4.08
(dd, J = 5.8, 1.4 Hz, 2H). *C NMR (75 MHz, CDCl,): § 145.7, 136.9,
135.3,131.9,129.1, 128.7, 127.8, 127.7, 126.7, 126.5,126.1, 122.2, 118.1,
105.1, 46.3. HRMS (ESI): caled for C1oH,gN ([M + HJ*) 260.1439,
found 260.1434. Mp: 45 °C.

N-(3-m-Anisylallyl)aniline (4f). Yellow oil. "H NMR (300 MHz,
CDCly): 0 7.17—7.10 (m, 3H), 6.89 (d, ] = 7.7 Hz, 1H), 6.83 (s, 1H),
6.73—6.63 (m, 4H), 6.51 (d, J = 15.9 Hz, 1H), 6.25 (td, ] = 15.8, 5.8 Hz,
1H), 3.86 (dd, J = 5.8, 1.2 Hz, 2H), 3.73 (s, 3H). "*C NMR (75 MHg,
CDCly): 8 159.9, 1474, 138.4, 132.0, 129.7, 129.4, 127.0, 119.1, 118.4,
113.8,113.4, 111.8, 55.3, 46.8. HRMS (ESI): calcd for C;6H,sNO ([M +
H]") 240.1388, found 240.1383.

N-(3-m-Anisylallyl)-4-methoxyaniline (4g). Yellow oil. '"H NMR
(300 MHz, CDCl,): 0 7.14 (t, ] = 8.0 Hz, 1H), 6.89 (d, ] = 7.7 Hz,
1H), 6.83 (s, 1H), 6.74—6.69 (m, 3H), 6.6—6.56 (m, 2H), 6.51 (d, ] =
15.9 Hz, 1H), 6.25 (td, ] = 15.9, 5.7 Hz, 1H), 3.81 (dd, = 5.7, 1.1 Hg,
2H),3.73 (s, 3H), 3.67 (s, 3H). *C NMR (75 MHz, CDCl;): 6 159.9,
152.5, 142.2, 138.5, 131.5, 129.7, 127.8, 119.1, 115.0, 114.6, 113.3,
111.8, 55.9, 55.3, 47.4. HRMS (ESI): calcd for C,,H,,NO, ([M +
H]*) 270.1494, found 270.1489.

N-(3-m-Anisylallyl)-3-acetylaniline (4h). Yellow oil. "H NMR
(500 MHz, CDCl3): 0 7.29—7.21 (m, 4H), 6.96 (d, ] = 8.0 Hz, 1H),
6.90 (s, 1H), 6.84 (dd, J = 7.5,2.0 Hz, 1H), 6.80 (dd, ] = 8.0, 2.0 Hz,
1H), 6.60 (d, J = 15.5 Hz, 1H), 6.30 (td, ] = 15.5, 5.5 Hz, 1H), 4.05
(bs, 1H), 3.98 (dd, ] = 5.5, 1.1 Hz, 2H), 3.80 (s, 3H), 2.57 (s, 3H).
13C NMR (125 MHz, CDCl;): 0 198.7, 160.0, 148.3, 138.3, 138.3,
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131.8,129.7,129.5,126.9, 119.1, 118.1, 117.8, 113.4, 112.0, 111.9,
55.4, 46.1, 26.8. HRMS (ESI): calcd for C,sH;oNNaO, ([M +
Na]*) 304.1313, found 304.1314.
N-(3-m-Anisylallyl)-2-naphthylamine (4i). Light yellow oil. 'H
NMR (300 MHz, CDCL,): 6 7.63—7.55 (m, 3H), 7.30 (t, ] = 7.5 Hz,
1H), 7.17—7.12 (m, 2H), 6.91—6.84 (m, 4H), 6.72 (dd, ] = 8.2, 2.3 Hz,
1H), 6.56 (d, ] = 15.9 Hz, 1H), 6.31 (td, ] = 15.9, 5.9 Hz, 1H), 3.97 (dd,
J=5.9,0.8 Hz,2H), 3.72 (s, 3H). *C NMR (75 MHz, CDCl;): 0 159.9,
144.9,138.3,135.1,132.2,129.7,129.2, 128.1,127.8, 126.5,126.3, 122.5,
1192, 118.3, 113.5, 111.8, 106.1, 55.3, 46.8. HRMS (ESI): calcd for
Cy0H20NO ([M + H]") 290.1545, found 290.1538.
N-(3-p-Tolylallyl)aniline (4j)'*. Yellow oil. "H NMR (300 MHz,
CDCly): 6 7.21—7.10 (m, 4H), 7.04 (d, ] = 8.0 Hz, 2H), 6.71—6.63
(m, 3H), 6.52 (d, ] = 15.9 Hz, 1H), 621 (td, ] = 15.9, 5.9 Hz, 1H), 3.85
(dd, J = 5.9, 1.2 Hz, 2H), 2.26 (s, 3H). >*C NMR (75 MHz, CDCl,): 6
147.6, 137.5, 134.1, 131.9, 129.4, 126.4, 125.6, 118.2, 113.7, 46.8, 21.3.
N-(3-p-Tolylallyl)-4-methoxyaniline (4k). Light yellow solid. "H NMR
(300 MHz, CDCl5): 6 7.19 (d, ] = 8.1 Hz, 2H), 7.05 (d, ] = 7.9 Hz, 2H),
6.73 (dd, J = 6.7, 2.2 Hz, 2H), 6.59—6.49 (m, 3H), 621 (td, ] = 159, 5.9
Hz, 1H), 3.80 (dd, J = 5.9, 1.3 Hz, 2H), 2.26 (s, 3H). ">°C NMR (75 MHg,
CDCly): 0 1524, 142.4, 137.4, 134.2, 131.6, 129.4, 126.3, 115.0, 114.6,
559, 47.5, 21.3. HRMS (ESI): caled for C;7H,oNO ([M + H]")
254.1545, found 254.1538. Mp: 75 °C.
N-(3-p-Tolylallyl)-3-acetylaniline (4l). Light yellow solid. "H NMR
(300 MHz, CDCl): 6 7.20—7.1S5 (m, SH), 7.04 (d, ] = 8.0 Hz, 2H),
6.79—6.75 (m, 1H), 6.51 (d, ] = 159 Hz, 1H), 6.17 (td, ] = 15.9, 5.8 Hg,
1H), 3.88 (dd, ] = 5.8, 1.2 Hz, 2H), 2.48 (s, 3H), 2.25 (s, 3H). *C NMR
(75 MHz, CDCl,): 0 198.7, 148.3, 138.3, 137.6, 134.0, 132.0, 129.5, 129.4,
1264, 125.3, 118.1, 117.9, 112.0, 46.3, 269, 21.3. HRMS (ESI): calcd for
C15H1oNNaO ([M + Na]") 288.1364, found 288.1364. Mp: 78 °C.
N-(3-0-Anisylallyl)-4-methoxyaniline (4m). Yellow solid. "H NMR
(300 MHz, CDCl3): 0 7.46 (dd, ] = 7.6, 1.4 Hz, 1H), 7.28—7.22 (m,
1H), 7.01—6.89 (m, 3H), 6.86—6.80 (m, 2H), 6.71—6.66 (m, 2H), 6.39
(td,J=15.9,6.1 Hz,1H),3.93 (dd, J = 6.1, 1.4 Hz,2H), 3.87 (s, 3H), 3.78
(s, 3H). *C NMR (75 MHz, CDCl,): 0 1567, 152.4, 142.4, 1287, 128.1,
127.0,126.7,126.1,120.8,115.0, 114.6, 111.0, 55.9, 55.5,47.9. HRMS (ESI):
caled for C7H,oNO, ([M + H]*) 270.1494, found 270.1487. Mp: 69 °C.
N-(3-0-Anisylallyl)-3-acetylaniline (4n). Light yellowish oil. '"H NMR
(300 MHz, CDCl3): 6 7.39 (dd, J = 7.6, 1.4 Hz, 1H), 7.29—7.18 (m, 4H),
6.97—6.82 (m, 4H), 6.30 (td, ] = 15.9, 6.0 Hz, 1H), 3.96 (dd, ] = 6.0, 1.4
Hz, 2H), 3.82 (s, 3H), 2.55 (s, 3H). ">*C NMR (75 MHz, CDCl,): 0
198.8, 156.7, 148.3, 138.3, 129.4, 128.8, 127.2, 127.1, 127.1, 125.9, 120.8,
118.0, 117.9, 112.1, 111.0, 55.5, 46.7, 26.8. HRMS (ESI): calcd for
CsHoNNaO, ([M + Na]") 304.1313, found 304.1313.
N-Cinnamyl-2-methylaniline (40)". Light-yellowish oil. "H NMR
(300 MHz, CDCl;): 6 7.45 (d, ] = 7.2 Hz, 2H), 7.37 (t, ] = 7.0 Hz, 2H),
7.32—7.27 (m, 1H), 7.22—7.13 (m, 2H), 6.78—6.67 (m, 3H), 6.43 (td,
J =159, 5.8 Hz, 1H), 4.04 (dd, ] = 5.8, 1.1 Hz, 2H), 2.24 (s, 3H). °C
NMR (75 MHz, CDCl,): 6 146.0, 137.0, 131.8, 130.2, 128.7, 127.7,
127.3,127.2, 126.5, 1222, 117.4, 110.3, 46.3, 17.7.
N-Cinnamyl-2-methoxyaniline (4p)**. Colorless oil. "H NMR (300
MHz, CDCly): 6 7.42 (d, ] = 7.1 Hz, 2H), 7.35 (t, ] = 7.1 Hz, 2H),
7.29—7.24 (m, 1H), 6.92 (m, 1H), 6.84 (d, ] = 7.9 Hz, 1H), 6.76—6.65
(m,3H),6.40 (td, ] = 15.9,5.7 Hz, 1H),4.00 (dd, ] = 5.7, 1.0 Hz,2H), 3.9
(s, 3H). *C NMR (75 MHz, CDCly): 0 147.1, 138.1, 137.1, 1315,
128.7, 127.6, 127.4, 126.5, 121.4, 116.9, 110.4, 109.6, 55.5, 46.1.
N-Cinnamylbenzylamine (4r)*®. Oil. '"H NMR (300 MHz, CDCI;):
07.38—7.22 (m, 10H), 6.55 (d, ] = 15.9 Hz, 1H), 6.32 (td, J = 15.9, 6.2
Hz, 1H), 3.84 (s, 2H), 3.44 (dd, ] = 6.2, 1.2 Hz, 2H), 1.88(bs, 1H). *C
NMR (75 MHz, CDCly): 6 140.3, 137.2, 131.6, 128.7, 128.6, 128.4,
128.4, 127.5,127.2, 126.4, 534, 51.3.
N-Cinnamylimidazole (5a)"*. Solid. "H NMR (300 MHz, CDCl,):
0 7.55 (s, 1H), 7.38—7.26 (m, SH), 7.10 (s, 1H), 6.96 (s, 1H), 6.52

(d,J=15.8 Hz, 1H), 6.27 (td, ] = 15.8, 6.1 Hz, 1H), 4.70 (d, ] = 6.1 Hz,

2H). *C NMR (75 MHz, CDCl;): 6 137.2, 135.8, 133.8, 129.7, 128.8,
128.4, 126.7, 123.8, 119.1, 49.1. Mp. 48.0 °C.

N-Cinnamylpyrazole (5b). Light yellowish oil. '"H NMR (300 MHz,
CDCly): 0 7.27—7.12 (m, SH), 6.31 (d, J = 16.0 Hz, 1H), 6.19 (td, ] =
15.9, 5.4 Hz, 1H), 5.76 (s, 1H), 4.72 (d, ] = 5.4 Hz, 2H), 2.17 (s, 3H),
2.16 (s, 3H). ">*C NMR (75 MHz, CDCL,): 0 147.4, 139.5, 136.3, 132.4,
128.6,127.9,126.6,124.5,105.6, 51.1, 13.4, 11.1. HRMS (ESI): calcd for
Ci4H-N, ([M + H]") 213.1392, found 213.1385.

N-(3-m-Anisylallyllimidazole (5c). Colorless oil. "H NMR (300
MHz, CDCly): 0 7.74 (s, 1H), 7.25 (t, ] = 8.0 Hz, 1H), 7.13 (s, 1H),
6.99—6.95 (m, 2H), 6.90 (s, 1H), 6.84 (d, ] = 8.2 Hz, 1H), 6.52 (d, ] =
15.8 Hz, 1H), 6.28 (td, ] = 15.8, 6.1 Hz, 1H), 4.74 (d, ] = 6.1 Hz, 2H),
3.81(s, 3H). "*C NMR (75 MHz, CDCl;): 6 160.0, 137.2, 137.0, 134.0,
129.8,128.9,123.8,119.3,119.2, 114.1, 112.0, 55.3, 49.2. HRMS (ESI):
caled for C3HsN,O ([M + H]") 215.1184, found 215.1179.

N-(3-m-Anisylallyl)pyrazole (5d). Light yellowish oil. "H NMR (300
MHz, CDCl;): 6 7.28—7.19 (m, 1H), 6.95 (d, ] = 7.7 Hz, 1H), 6.89 (d,
J=2.0Hz, 1H), 6.80 (dd, ] = 8.2, 1.9 Hz, 1H), 6.38 (d, ] = 16.0 Hz, 1H),
6.30 (td, ] = 16.0,4.9 Hz, 1H), 5.86 (s, 1H), 4.80 (d, ] = 4.9 Hz, 2H), 3.83
(s, 3H), 2.27 (s, 3H), 2.26 (s, 3H). *C NMR (75 MHz, CDCl;): &
159.9,147.5,139.4,137.8,132.2,129.6, 124.9,119.3,113.7, 111.8, 105.6,
55.3,51.1,13.5, 11.1. HRMS (ESI): caled for C;sH;oN,O ([M + H]")
243.1497, found 243.1492.

N-(3-p-Tolylallyl)imidazole (5e). Solid. "H NMR (300 MHz, CDCl,): &
7.72 (d, ] = 6.6 Hz, 1H), 7.28 (d, ] = 8.0 Hz, 2H), 7.15 (d, ] = 8.3 Hz, 3H),
6.99 (s, 1H), 6.54 (d, ] = 15.8 Hz, 1H), 6.24 (td, J = 15.8, 6.0 Hz, 1H), 4.74
(d, J = 6.0 Hz, 2H), 2.35 (s, 3H). >C NMR (75 MHz, CDCl;): 0 1384,
137.0, 134.1, 133.0, 129.5, 1289, 126.6, 122.3, 119.2, 49.4, 21.3. HRMS
(ESI): caled for C3H 5N, ([M + H]") 199.1235, found 199.1230. Mp:
60.0 °C.

N-(3-p-Tolylallyl)pyrazole (5). Light yellow oil. "H NMR (300 MHz,
CDCly): 6 7.23 (d, ] = 8.0 Hz, 2H), 7.10 (d, ] = 8.0 Hz, 2H), 6.37 (d,
J=15.9Hz, 1H), 6.22 (td,] = 15.8, 5.6 Hz, 1H), 5.84 (s, 1H),4.78 (d,] =
5.6 Hz, 2H), 2.32 (s, 3H), 2.25 (s, 3H), 2.24 (s, 3H). >C NMR (75
MHz, CDCly): 6 147.4, 139.3, 137.8, 133.6, 132.2, 129.3, 126.5, 123.6,
105.5, 51.2, 21.3, 13.5, 11.1. HRMS (ESI): caled for C;sH;oN,
([M + H]") 227.1548, found 227.1543.

N-Cinnamylmorpholine (5i)*®. Oil. '"H NMR (500 MHz, CDCL,): 0
7.37 (d,J=8.0 Hz,2H), 7.31 (t,] = 7.5 Hz, 2H), 7.24 (m, 1H), 6.53 (d, ] =
16.0 Hz, 1H), 6.26 (td, J = 16.0, 6.5 Hz, 1H), 3.74 (t, ] = 4.5 Hz, 4H), 3.16
(d,J = 6.5 Hz, 2H), 2.51 (m, 4H). *C NMR (75 MHz, CDCl,): 0 136.9,
133.6, 128.7, 127.7, 126.5, 126.1, 67.1, 61.6, 53.8.

Typical Procedure for Synthesis of Complex 1a*°. A solution
of ligand L (87.4 mg, 0.18 mmol) and [(7]3—aHyI)PdC1]2 (33.0 mg, 0.09
mmol) in dichloromethane (2.0 mL) was stirred for 1 h at rt. AgSbFg
(0.18 mmol, 62.0 mg) was then added, and the yellow solution became
magenta. Filtration of AgCl on Celite followed by evaporation of the
dichloromethane under reduced pressure affording 1a as a deep magenta
solid (125.0 mg, 80%) which was crystallized from acetone/hexane.

L—Pd Allyl Complex (1a)'°. Deep magenta solid. "H NMR (500 MHz,
CD,CL,): 6 7.98 (d, J = 7.5 Hz, 1H), 7.55 (t, ] = 7.5 Hz, 1H), 7.48 (t, ] =
7.5 Hz, 2H), 7.42 (m, 3H), 7.35 (m, 5H), 7.28 (m, 2H), 7.22 (m, 4H),
7.07 (m, SH), 6.91 (d, ] = 2.0 Hz, 2H), 5.90 (m, 1H), 4.27 (m, 2H), 3.45
(m, 2H). "*C NMR (125 MHz, CD,CL,): ¢ 133.2, 133.1, 133.0, 132.9,
132.8,132.6,132.5,131.8, 131.6, 131.5, 131.4, 130.8, 130.6, 130.5, 130.4,
130.1, 129.9, 129.6, 129.5, 129.4, 129.3, 129.2, 129.1, 126.1, 124.7, 124.7,
124.6,122.8,122.7,109.2,75.0.>'P NMR (202.44 MHz, CD,Cl,): 6 62.3
(d,J=74.9Hz),10.0 (d,] = 74.9 Hz). Anal. Calcd for C55H;,F¢NP,PdSb:
C, 48.39; H, 3.48; N, 1.61. Found: C, 48.35; H, 3.47; N, 1.59.

B ASSOCIATED CONTENT

© Ssupporting Information. Detailed experimental proce-
dures and characterization data for all compounds and CIF file
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