a-Regioselective Barbier Reaction of Carbonyl Compounds and

Allyl Halides Mediated by Praseodymium

San Wu, Ying Li and Songlin Zhang *

Key Laboratory of Organic Synthesis of Jiangsu Province, College of Chemistry,
Chemical Engineering and Materials Science, Dushu Lake Campus,
Soochow University, Suzhou, 215123, People’s Republic of China.

zhangsl@suda.edu.cn

NMR spectra S2-S24



1.8
1.7

100
-20
-10
=10

3a

(LN
©'Y

we/

s
ors
€S

s
L
L
95°'S

e
gL
L
0L
0L
wi
L
YL
SE'L

1.0 05 0.0

1.5

T

T

f1 (ppm)

T

w

Lrs—=

T

T

T

T

80 75 70 65 60 55 50 45 40 35 30 25 20

T

9EL
LEEL
8L

68°tL

60" L1~
8PTI—

£6'671—

LOTHI—

1.6
1.5
1.4
1.3
1.2
1.1
+1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0.1
0.2

OH
85 75 65 55 45 35

f1 (ppm)

110

125

140

155




3b

§22%333%3222382¢282.79
00°0— /o

/

/ v
=
g\

19'1— [ ¢ ,v 4

Vo
- o \ UT&...
167 )
no.uv — Fooz |
9f— Y IA Fzo9
$0°s
s.mw
or's I
PIS— ™ Fo6'1
'S .
$°s > Fese
95°s
8s°S
mh.oV
SL'9 — F8'€
PIL— .
£T'L —_— Fsse
ST'L

1.0 05 0.0

80 75 70 65 60 55 50 45 40 35 3.0 25 20

1.5

f1 (ppm)

2.4
+2.2

2.0

1.8

1.6

1.4

0.6

0.4

0.2

0.0

0.2

69—

W'ss
Lyss

9L
wIL
PLL
9LL

sien
Ss°el

800T1—

£6'9T1~,
Lz

PoEEl—
oretl—

9T8S1—

125 110 95 85 75 65 55 45

140

155

€1 L)



3c

[ [ —

§ ¢ 2 § % 28 g8 o
00°0-— —

]
wi- -~
17T S — = (0'C
- — >980
WQ.N L ¥
8.~v o =6'1 |

d F96'1 |
F680

we
Wl

06'1
— M wot

T T T T T T

T

85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

1.0 05 0.0

1.5

f1 (ppm)



6.0
5.5

5.0

r4.5

+4.0

3.5

IS°LI—

STer—

LTEL
EEL
(47"
6S°¢EL
6S°¢EL
16°¢L
16°¢L

S8911—

Rled

60°0t1—
96°TE1—
SUorli—
1T°erl—

30 20

40

70

130 120 110 100 92

140

150

f1 (ppm)

3d

3500

3000
2500
r2000

F1500

1000

500

00°0—

~ i

(DUPVOY, N W FY

k_._AL

= 6

= 003

Feo?

F 96

ﬁvmh 't

i

10.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0



14
1.3

1.2

1.0

8T'er—

SEEL
8L
99°¢L
86°¢tL

arLII—

OH

120 110 100

130

3e

+550

450

400

+350
300

250

200

150

+100

50

00—

Los
ors
rIs—
sPs
oS
6r's
IS
£SS

SI'L

LU N

£TL
STL

/

/

OH
a a

Feen |

Foso

£l

70 65 6.0 55 50 45 40 35 3.0

1.0 05 00

5

2.0

25

fl (ppm)

7.5

8.0



26000
24000
22000
20000
18000
16000
14000
12000
~10000

-6

~-2000

w9r—

8T9L
LL9L
60°LL
IP°LL

Lriz—

SPLIIN
SP8TI—

(443 &
_e.nn_\

99'P1—

OH
Cl | l [}

90

110

120

130

140

f1 (ppm)

3f

2 2 =
5EEEFfEEESfEss:8: §F
00°0-- . L
)
-
-
w, PR
oA — Lee
60'sy
sy t
LI's== — Ho6'l
b = u k60|
m.%
z.i
(S'S
SH}
H.wur. —_— M Fs9€ |
— FiLe

67°L]
ON.L
1L

RJ —_—

1.0 05 0.0

80 75 70 65 60 55 50 45 40 35 30 25 20

1.5



1300

38 ¥E 2T B e PR "
33 §¢ R g &y RREE 3
\/ N T N T NG I [:1200
1100
\ HO 7 1000
F F 800
700
600
i 500
| 400
, 300
200
¥ | h
I ]
=100
1;0 1;0 1;0 1;0 1;0 1‘20 11‘? ( 1(‘)0] 9‘0 olo 7‘0 6‘0 5‘0 4‘0 3‘0
1 (ppm
3g
EO54835222 g058S ==2 SRIRELE 28 2 ES
Ll ol S S S S S AV VA R RV R R ) e K s I I I B I | - ]
e e R Py ) 1 I 1230
! ] Il'] -
OH
«
F150
[&]
100
S0
J L L_L_J\_L.o
L ) eyt ey L
EE2a2 z % 58 2
S == s = = =
80 75 70 65 60 55 50 45 40 35 30 25 20 L5 1.0 05 00

f1 (ppm)



6559y

(44 A ¥4%
coLsgL
G86'6ZL
LES°2L

S8T'8et
peo'sgL

Cl
Cl

OH

3h



2500

2000

1500

000
500

~-500

HO

M1
9Ty

o_uuk

6T
IS'T
o1
15T

9T

1TL
LN
sTL
wi
L

6L

—

X +68'0
:

I

Foor
o6t

1.5 1.0 05 0.0

80 75 70 65 60 55 50 45 4.0 35 3.0 25 20

f1 (ppm)

1400
1300
1200
1100

700

325§

+300

+200

100

100

80°SL
Q..on/
S.E.W
LELL

6r'el—
PESTl

nedN_V
EI8TI—

Sl

8LSPI—

HO

105

75 65 55 45

85

f1 (ppm)

135 125 115

145

10



4a

~14000

12000

2000

t0's
-4
9°S

Lre
8I°L
61°L
0L
wi
YL
WL
8T'L
0t'L
L

009

160

Frett

560

187
"y
Mot

T

T

05 0.0

s

20 15 10

25

55 50 45 40 35 30
f1 (ppm)

6.0

6.5

7.0

75

500

681 —

1
09z’

£6°0r—

S8'9L
LrLL
oF°LL

SL'LL

S8l
S19TIy

woel
6L971 \
08%E1—

Lri—

T

10

60 S50 40 30 20

140 130 120 110 100 9 80 70
f1 (ppm)

150

1"



4b

16000
15000
14000
-12000
12000
11000
10000
9000
8000

6000
5000
4000
3000
2000
1000
-1000

) —

oo’/
O-.—l / \ 0/ —
L9l
8._v( ——r 6179
SHi- - —110'1
r6Zy — —r66'1|
96'7
8L'E— —1-6£9|
w“”mv - =001
LL'9
6L'9
08'9 k

— - — .
89/ T— VEOT'P
STL~ - - -
L S =y
PEL

T

80 75 7.0 65 60 55 50 45 40 35 3.0 25 20

1.0 05 0.0

1.5

f1 (ppm)

1100
1000
900
800
700

600
500
400
300
200
100

~100
~-200

Iniy—

€TSS

YULL

EL'9L
Po°L FW
9¢E°LL

8P°TIl
LEEL _M
£8°8I1—

STLTI~
IL6T1—

09°6£1—

ST8SI—

110 100 90

150 140

40 30 20

50

70 60

80

120

130

160

f1 (ppm)

12



4c

PSSh o

699°}

20€°T— 3 O

UNsST—

w,

100°€/

9v0'S —

L60°L,
LivL
88)°L
£0T°L
90T°L;
99T°L
0LT 'L+
€8T°L
98T°L:
VOoEL-
0zTE'L

e

Fooe

FL6'T
Foos

F66°s

[ss0

6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

7.0

8SL8)-~
wyr—

095°9T—

VOE“ IV —

€8)°LL
00§°LL
818°LL
666°LL

0Z0°641—
vnv.ou—/
omo.n:

OH

125°8T
8IL9EL
781°8€1—

€S VYL —
LV9° Ly —

150 140 130 120 110 100 _90 80 70 60 50 40 30 20 10
f1 (ppm)

160

13



4d

3000

2000
1000

~1000

Ly1-
00T~

65T—

£0't
SO0t )

0TI- O
E |
_
j
=

Vs

920°s
wc.mv
60'S

8I°L
L
LTl
0tL
9¢°L
0¥'L

!

Ps'L

¥

< F60° 1

L5

75 70 65 60 55 50 45 40 35 30 25 20

S AR QTN =S RRE S TN =S
N T T T T T TTTe PP PRP.D® ~ _
(—]
B )
L =
= e
[ o £L81— L o
- $$'97— -
K
11— 8 - S
3
-2
£I'LL L e
SHLL
LLLL 3
P6'LL
g r &
(=%
C
ﬂ ]
LLSII-
1'9z71— [ 2
£r8El—
88°6€1
91 1Pl - 7
£ror1
STLYI
(=
B
- &

4e

14



5000
4500
4000
3500

3000
2500

2000
1500
1000

70 60 50 40 30

90 80
f1 (ppm)
15

“— 4 1=
- s PEI—
L
O S 91'97—
POl L L=
me._v -
IRYA o
LS'1 L v
651 _ Y[ -
L2
~
87— Ny FoLoF O
LL9L
P87 $07 .
wr o mmw
| IWLL
Lag]
L2
-
L
88 -
wmm = xA_Ts e LyLI—
6¥'LT1
L PSLTI -
“ oegr/
-3 LLSEI—
w 01'srI—
"<
N“Mk | o
: oy =
PTL ——— %
STL i
LTL =

130

150

170



4i

3 : B EEEEE 3
g i R A B B B~ A . |
{
65’1 Jﬁ;ﬁ.
08'1— 3
Sy LT@P
68'7 e
ler — 1561 |
89'¢— —_ — 500
96'F— —~ FE6'0-
pL'9 i
ﬁ.ew 0T
o1l I
PI'L / Tﬂ.
7L 3
LTL
PEL

1.0 05

20 15

25

75 70 65 60 55 50 45 40 35 30

2
-1

000
900
-1800

1700

~-100
=200

SE'8I—
99—
£0° 1P
vTss—
W89L
PI'LL
WLL
IS°LL

L ElI~
IL8I—
L09Z1—

09°LET—
£ELYI—
9¢E'8S1—

160 140 120 100
f1 (ppm)

180

200

16



5a

1000

900
800
700

- Qr

08T

[ S
m-.m‘v

I

Feor
F+6'0
9°9

\zgee

0.0

20

4.0

5.0

6.0

7.0

8.0

9.0

3.5

+3.0

2.5

2.0

1.5

1.0

0.5

0.0

€9y O

_c.t.
mn.t.v
SOLL

6£°611
0£971
Lot
08°LTI
8L'8TI~
PO SEI~

I89%1—

200

230

20

40

110

140

170

5b

17



3372833522825 ¢2¢z¢5¢2¢ ¢
007 /
=]
[
(=]
957~ O —F00'1
2
£1°¢ .
ore) = Fooz}
pLE- @ —= Foz'9
009
709
$0'9 .
90’9 N Foo'r
809
059- S Foo1
897 —_— F80'y
P89
91°L e SR Th_.m L
LIL —_— F96'¢
8I'L
0T'L

yTL

3600
3400
3200

-3000
-2800
2600
2400
+2200
2000
1800

1600

1400
1200
1000

~200

6£°9r—
LTSS~

S8'9L
PO°LL
9I°LL
SPLL

pSEl—
(4574 5
66'FE1—
0rLel
1761

Pr8SI—

AN

180 160 140 120 100
f1 (ppm)

200

18



5¢

2 8 & 8 2 8 8 8 8 8 8 8 28 o s
g 5 8 8 g & g & 8 7 8 8 8 g , %
00°0— . .
O
{
<
W, 4
0€°T~ — - 60°¢
VST — - 00" )
Ve
) — ——d100°T,
61°€
009
70'9
v0'9
909
80°9-t = ===-00"|
T5°9- L ~==-00"}
o1t
OV L e — =VE
81L e — wc_._‘
veL 66'1
€€°L

0.5

70 65 60 55 50 45 _40 35 3.0 25 2.0
f1 (ppm)

7.5

2000
1900
1800
1700
1600
1500
1400
1300
1200
1100

1000
900
800
700

600
500
400
300
200
100

=100
=200

9L 9V

OH

€8°9L
VVLL
8€°LL
v LL

—_——

L8YT)
90°9T1
SE9TL
69T
SS°LT)

158t/
0€'SEL—

LL'EY)—
S8'9vL/

135 125 115 105 95 85 75 65 55 45 35 25
f1 (ppm)

145

19



5d

£5°T—

ore
N_.mv

P6’S
ma.mw
86'S
€9
hv.e.\
SO°L

86°S
S m,ﬁ

N Fsor
e Fron

ST
L

1.0 05 0.0

L5

60 55 50 45 40 35 30 25 20

85 80 75 7.0 65

3.0

+2.5

+2.0
1

0.5

80P

Po'LL

0r1'LL
_v.t.v
ELLL

88°FT1
9971
9971
£8°971
LTLT1
£E°LTI
8E°LTI

60671/

9L'SE1I—
0°0rI~

g.mv_N
8971

Je

HO,

Se

20



22000
21000
20000
19000
18000
17000
-16000
r15000
-14000
-13000
12000
11000
-10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

1000
2000

65°T
om.NV

e —
z.nw

$6'
S.mv Ny —
66'
€597 5 =
LS9

6lLp— R
17'L -
ST'L
LTL
9¢°L

1660
H0'z

£66'0

Foo'

181'6
290t

T T T T

80 75 7.0 65 60 55 50 45 40 35 3.0 25 20

T

T T T T T

T

T

1.0 05 0.0

1.5

f1 (ppm)

100
200

88°5p—

LLOL
S._E.W
IP°LL

SS'ETI
PE9Tl
8¥°LTI
S8'LTI

(43,14 7
vo.nu_

ICvri—

20

40

80

160 140 120 100
f1 (ppm)

180

200

21



5f

750
700

650
600
550
500
450
400
350

300
250
200

150
100

50
0

=50

IS

S0t
e’

88°S
-
6°s
SP9—
689
ma.o\
£l
LrL

wiL

—
3

——t —p—t

;
:

POl

SO°T(

90°1

8L°¢
s
8t

80 75 70 65 60 55 50 45 40 35 30 25 20

1.0 05 00

1.5

3.5

3.0

2.5
2.0

1.5

1.0

H0.5

[»0.0

s
13 11
weil—
66'SE1—
Ligrdy!
1S°Tr1 N

£8°091~
LTEI

T

0

9 80 70 60 50 40 30 20

10

110

130

150

170

190

22



Si

111113111110

1000

8I't—

ELE—

P09

B9~
1$9—
89—

AL

]f/

Ly R S

wi
wi
St'L
13

Flro1
00T

Fore

F0'If

F66'0
0T
5t°9
wi

T

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1o 0.0
f1 (ppm)

9.0

+2800
2600

+2400

2200

+2000
-1800
1600

-1400

1200

200

(L2315
£6'PTI—
0T'SE1I—
P6'orI—
S'851—

160 140 120 100
f1 (ppm)
23




6a

~7000

~5000

4000

3000

2000

191
9k
£9°)
€9°)
9L
€9°C
16°T
161
86°L
66°L
66°L
00°€
V'L
8L

13
[ 1
oL
VL
VL
LTL
LTe
81,
6T°L
6L
0€°L
0€°L
VEL
(4
WL
V'L
EV'Ly
L2 s
L,
i

sv'L
ovL
oL

A

| ——

0

2.0 1.5 1.0

2.5

40 3.5
f1 (ppm)

4.5

6.0

7.0

7.5

5000
4500

3500

3000

2500

1500

1000

500
ro

OT'El
bi'sL—

LV'6E—
15°sy—

89°9L
SL'9L
00°LL
TeLL-
85°'L
6591
411
56'ST1
99'921
€L'9T)
90°81|
£0°8T1
om.ﬁ%
08’1l
69'9v1 —

ppm)

210 200 190 180 170 160 150 140 130 120 l? 100 90 80 70 60 50 40 30 20 10 o -10
1(

24



6¢

~15000

~14000

~13000

~12000

~11000

~10000

~9000

8000

~7000

~6000

~5000

~4000

~3000

~2000
~1000
~=1000

994
61T
6Vt
65T
56'C
16'T
vo'e
90°€
6's
v9's
§9°§
£9°s
89°§
60°L
(1]
81'L
641
6L
oL
(143
(143
8T'L
og'L
V'L
14374
€€L
ve'L
we
€L,
VL

vyl
sv'L)
sv'L

A

=" L0

d»oo.n

.|IA990.0

3.5 30 25
1 (ppm)

f4.0

5.0 4.5

7.0 6.5

7.5

4500

3500

00
~2500

2000

500

r=500

0T'Eh-
0L'8b-.
16'07

05°6€ -
§S°SY--

oo.o)
89°9L
00°£L-
TeLL’)
3.«1
[¥R%4"
85°ST)
68°ST1
£5°9L)
v9'9T4,
70°8Z} |
v0°8Z}-
9L'8L}/
8.'8T}-
6L
v9'LElL
ot
0£'9€EL
18'cvl
889Vl
06'9v1

-

190 180 170 160 150 140 130 120 11 100 90 e0 70 60 50 40 30 20 10
(PPM)

200

25



