Supporting Information for

A Highly Active Ruthenium(II) Pyrazolyl-Pyridyl-Pyrazole Complex Catalyst

for Transfer Hydrogenation of Ketones

Weiwei Jin, Liandi Wang, and Zhengkun Yu*

Submitted to Organometallics (2012)

Experimental procedures and analytical data:

Contents:

1. General Considerations
2. Experimental Procedures

3. Copies of NMR and HRMS Spectra

S2

S2

S6

S1



1. General Considerations

The solvents were dried and distilled prior to use by the literature methods. 'H
and "C{'H} NMR spectra were recorded on a Bruker DRX-400 spectrometer and all
chemical shift values refer to Stys= 0.00 ppm or CDCl; (8('H), 7.26 ppm; 8(**C),
77.16 ppm). The HRMS analysis was obtained on a Waters GC-TOF CA156 mass
spectrometer. All the melting points were uncorrected. Analytical TLC plates,
Sigma-Aldrich silica gel 60p were viewed by UV light (254 nm). Column
chromatographic purifications were performed on SDZF silica gel 160. All the
chemical reagents were purchased from commercial sources and used as received

unless otherwise indicated.

2. Experimental Procedures
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Synthesis of 2-acetyl-6-(3,5-dimethylpyrazol-1-yl)pyridine (2): Under nitrogen
atmosphere, to a suspension of 2-bromo-6-(3,5-dimethylpyrazol-1-yl)pyridine (10.00
g, 39.7 mmol) in 150 mL Et,0O was added 17.5 mL nBuLi (2.5 M in hexane, 43.6
mmol) at -78 °C over a period of 30 minutes. The resultant mixture was stirred at -40
°C for 1 h and then cooled to -78 °C. N,N-Dimethylacetamide (6.0 mL, 67.4 mmol)
was added, and the mixture was allowed to warm up to room temperature. The
reaction was quenched with 45 mL saturated aqueous NH4Cl solution. The resultant
mixture was extracted with diethyl ether (3x50 mL) and the organic phase was
separated, dried over anhydrous Na,SO,4 and filtered. All the volatiles were removed
under reduced pressure and the resultant residue was purified by flash silica gel
column chromatography (petroleum ether (60-90 °C)/ethyl acetate, v/v = 30:1) to
afford compound 2 as a white solid (5.60 g, 65%). M.p.: 105-107 °C. '"H NMR
(CDCI3, 23 °C) 6 8.11 (d,J=7.8 Hz, 1 H, 5-H), 7.88 (t, 1 H, 4-H ), 7.85 (d, /= 7.5
Hz, 1 H, 3-H), 6.02 (s, 1 H, 4'-H), 2.73 (s, 3 H, CO-CH3), 2.68 and 2.29 (s each, 3:3 H,
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3'and 5'-CH;). “C{'H} NMR (CDCl;, 23 °C) 6 199.5 (s, C=0), 152.8, 151.2, 150.4,
and 141.6 (Cq each, C=N and C-N), 139.3 (s, C4), 119.0 and 118.3 (C3 and C5),
109.8 (s, C4"), 26.3 (CO-CH3), 15.3 and 13.7 (3' and 5'-CH;). HRMS Calcd for
C12H13N30: 215.1059. Found: 215.1062.

Synthesis of 1-(6-(3,5-dimethyl-1H-pyrazol-1-yl)pyridin-2-yl)-3-(dimethyl-
amino)prop-2-en-1-one (3): A mixture of compound 2 (3.00 g, 13.9 mmol) and 15
mL dimethylformamide dimethyl acetal was heated to reflux for 14 h under nitrogen
atmosphere, yielding a dark brown solution. After cooled to ambient temperature,
excessive dimethylformamide dimethyl acetal was removed in vacuo to give a brown
solid which was subject to purification by flash silica gel column chromatography
(petroleum ether (60-90 °C)/ethyl acetate, v/v = 20:1) to afford compound 3 as a
yellow solid (3.30 g, 88%). M.p.: 142- 143 °C. '"H NMR (CDCl, 23 °C) 6 7.99 and
7.96 (d each, J = 7.5 and 8.2 Hz, 1:1 H, 3-H and 5-H), 7.90-7.85 (m, 2 H, 4-H and
3"-H), 6.42 (d, J=12.7 Hz, 1 H, 2"-H), 6.00 (s, 1 H, 4'-H), 3.16 and 2.93 (s each, 3:3
H, N(CHs),), 2.76 and 2.29 (s each, 3:3 H, C3' and 5'-CH; ). *C{'H} NMR (CDCls,
23 °C) ¢ 186.2 (Cq, C=0), 154.6 (s, C3"), 154.0, 152.2, 149.9 and 141.2 (Cq each,
C=N and C-N), 139.1 (C4), 118.8 and 117.4 (C3 and CS5), 109.3 (C4'), 91.6 (s, C2"),
452 and 37.4 (N(CHj)), 15.1 and 13.8 (C3' and C5'-CHj3). HRMS Caled for
Ci5sHisN4O: 270.1481. Found: 270.1476.

Synthesis of 2-(1H-pyrazol-3-yl)-6-(3,5-dimethylpyrazol-1-yl)- pyridine (4): A
mixture of compound 3 (1.10 g, 4.1 mmol) and 7 mL hydrazine monohydrate in
ethanol (15 mL) was heated to reflux for 1.5 h. Water (15 mL) was added and the

mixture was cooled to ambient temperature. The white precipitate was collected by
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filtration, successively washed with cold water and pentane, and dried in vacuo.

Recrystallisation from CH,Cl,/hexane (v/v = 1:2) afforded 4 as a white solid (0.80 g,

82%). M.p.: 114-116 °C. "H NMR (CDCls, 23 °C) 6 11.16 (br, 1 H, NH), 7.77-7.74

(m, 2 H, 3-H and 5"-H ), 7.62 (m, 2 H, 5-H and 4-H), 6.81 (br, 1 H, 4"-H), 6.01 (s, 1

H, 4'-H), 2.69 and 2.31 (s each, 3:3 H, C3' and 5'-CH3 ). “C{'H} NMR (CDCl;, 23 °C)
0 153.1, 150.1, 147.8, 146.1, and 141.6 (Cq each, C=N and C-N), 139.2 (C4), 136.1

(C5"), 116.8 and 114.7 (C3 and CS5), 109.3 (C4'"), 104.0 (C4"), 15.0 and 13.7 (C3' and
C5'-CH3). HRMS Calced for C13H;3Ns: 239.1171. Found: 239.1174.

Synthesis of complex 5: Under nitrogen atmosphere, a mixture of RuCly(PPhs);
(0.81 g, 0.84 mmol) and compound 4 (0.20 g, 0.84 mmol) in toluene (40 mL) was
refluxed for 2 h. The mixture was cooled to ambient temperature to precipitate a
red-brown microcrystalline solid. The solid was filtered off, washed with diethyl ether
(3%50 mL), and dried under reduced pressure to afford complex 5 (0.48 g, 85%) as a
red-brown crystalline solid. M.p.: dec. > 230 °C. 'H NMR (CDCls, 23 °C) 6 14.54 (s,
1 H, NH), 7.64 and 7.56 (d each, J= 6.3 and 7.0 Hz, 1:1 H, 3-H and 5-H), 7.29-7.04
(m, 16 H, 4-H, and Ph in PPh3), 7.05 (d, /= 6.8 Hz, 1 H, 5"-H), 6.77 (br, 1 H, 4"-H),
6.11 (s, 1 H, 4-H), 2.56 and 2.16 (s each, 3:3 H, C3' and C5'-CH; ). "C{'H} NMR
(CDCls, 23 °C) 6 157.8, 155.6, 153.3, 150.7, and 132.0 (Cq each, C=N and C-N),
144.7 (C4), 135.6 (C5"), 133.3(d, J = 9.6 Hz), 129.6, and 128.0 (d, J = 9.3 Hz) (CH of
3xPh), 131.2 (Cq and d, J = 82.6 Hz, i-C of PPh;), 116.7 and 113.1 (C3 and C5),
107.8 (C4"), 105.3 (s, C4"), 15.3 and 14.6 (C3' and C5'-CH;). *'P{'"H} NMR (CDCls,
23 °C) 6 46.1. Anal. Calcd for C3;HpsCIpNsPRu: C, 55.28; H, 4.19; N, 10.40. Found:
C, 51.81; H, 4.81; N, 9.69.
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Synthesis of complex 6: Under nitrogen atmosphere, a mixture of complex 5
(0.240 g, 0.36 mmol) and K,COj3 (0.500 g, 3.6 mmol) in CH,Cl, (30 mL) was stirred
at ambient temperature for 10 h and then passed through a short pad of celite which
was rinsed with 2x5 mL CH,Cl,. The filtrate was combined and all the volatiles were
removed under reduced pressure to afford complex 6 (0.205 g, 90%) as a red-brown
crystalline solid. M.p.: dec. > 170 °C. 'H NMR (CDCl3, 23 °C) 0 7.65 (t, 1 H, 4-H),
7.54-7.46 and 7.32-7.28 (m each, 9:7 H, 3-H and CH of PPhj), 7.17 (d, /= 7.8 Hz, 1
H, 5-H), 6.53 (s, 1 H, 4'-H), 6.45 (d, J =2.3 Hz, 1 H, 3"-H), 6.28 (d, /=2.2 Hz, 1 H,
4"-H), 2.96 and 2.92 (s each, 3:3 H, C3' and C5'-CH3 ). >C{'H} NMR (CDCls, 23 °C)
0 158.2, 154.8, 152.7, 149.7, and 144.0 (Cq each, C=N and C-N), 140.2 (C4), 134.4 (s,
C3"), 133.8 (Cq, i-C of PPh3), 133.4 (d, J = 9.8 Hz), 129.4, and 127.7 (d, J = 9.0 Hz)
(CH of PPh3), 114.5 and 111.6 (C3 and C5), 106.4 and 105.8 (C4' and C4"), 16.1 and
15.2 (C3' and C5'-CH;). *'P{'H} NMR (CDCls;, 23 °C) & 46.6. Anal. Calcd for
C;31H27CINsPRu: C, 58.44; H, 4.27; N, 10.99. Found: C, 57.61; H, 4.31; N, 10.89.

A general procedure for transfer hydrogenation of ketones: A catalyst solution
was prepared by dissolving complex 5 (6.7 mg, 10.0 umol) in iso-propanol (198.0
mL). Under nitrogen atmosphere, the mixture of a ketone (2.0 mmol) and 19.8 mL of
the catalyst solution containing 1.0 umol of 5 was stirred at 82 °C for 5 minutes. Then
0.2 mL of a 0.1 M /PrOK solution in iso-propanol was introduced to initiate the
transfer hydrogenation reaction. At the stated time, 0.05 mL of the reaction mixture
was sampled and immediately diluted with 0.5 mL of iso-propanol at ambient
temperature for GC analysis. After the reaction was complete, the reaction mixture
was condensed under reduced pressure and subject to purification by flash silica gel
column chromatography to afford the alcohol product. All of the alcohol products
were identified by comparison with the authentic samples and/or by proton NMR
measurements.
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3. Copies of NMR and HRMS spectra

1 in CDC13)

1H WMR

6.82

PEL9
0884

za10 "

g

T~
s

68360

9186 °0
Mwmwo T
5966 70

5.0
£1 (ppm}

8.0

8.5

b1

13 MR (h-1 in CDC13)

LELTET~
FOCTATT

408 "9 —

£78 94
097°LL
84F LA

964

6.2
£16

S5
S89°

£Tp
arg”

9in

B0T—

BT~
BIT

BET—

Me

N
(2)

¢

Me

200 190 180 170 160 160 140 130 120 110 100 an 80 o 1]
£1 (ppm

210

S6



h-1 GCT CA156 06-Mar-200821:23:30
hws080306-1 111 (1.850) Cm (107:111-38:52) TOF MS El+
215.1062 5.20e4|
100
Y Ve m
/0
=N (@]
% Me 2
:
214.0092
| 20888 o
2161101
173.0823 [
146.0850 156.0676 |70 000 I
145.0771. | H
95.0610 | o
121.0523 7L \( if 2171124
woios  asqusssossrzsosergtovos. [1oapsee 028y Nl e 2409180
20 40 60 80 160 120 140 160 180 200 230 240
]
IR bz in Q01D
P o A, G S S 2
TS HE TR Fa T kel 5
Sertnaloas ia i | bebifht &
i e o5 g R 2
s o L G e i &
Y | iYa [ NN
\
Me |
4
7 N N - (|
1
|
o
N O N [ ]
Me : ; | ‘
3) (|
(3) {f [ | )
1
i L
e oo s
St L A &
Sigat G frig e 8
LREa e B Ciels S
el £ & S g
s & B S s
! . ; : y . ; . q . . : y . . ; : .
o 85 &0 &5 &0 5 L0 &5 &D &S 45 40 35 30 25 20 L5 L0 05§

S7



W2
13 MR (b2 in CDC13)

2 B e
2 S e
e goigim By 2o
g Hdeg o8 Hiey
T oA N7 7
S
Me |
N N
7N
=N O N
Me

(3)

—109. 292
91. 614

TT. 479
7. 160
T6. B42

¢

—45.194
—37.361
15118
13,752

T T T T T T T T T
210 200 190 180 170 160 160 140 130 120

' : :
110 100 an 80 T 1] B0 40 50 20 10 o
£1 [ppmy
h-2 “GCTCA156 06-Mar-200821:41:54
hws080306-2 264 (4.385) Cm (264:269-76:94) TOF MS El+
227.1074 3.77e4
100+
AN
Me |
—
/N "N ~
|
=N 0] N
- ~ 187.1113
Me
504
270.1476
%
172.0878 226.0991 zz&111§53“1458
188.1143 1 271.1520
171.0787 :
.0636 |
550428 70,0663 96.0696 Fs 146.0837 | | 272.1563
42.0344. H
oh2o01sa 20 ) TR0 il ‘ ‘ iz
20 40 60 80 100 120 140 _ 160 _ 180 200 220 240 260 280

S8



ngisz—

lz6a'z—

93009 —

[IEEE

ez —
FIE

Z0kL ImY
Loy )
98 2

ZLLLL

SR8 TT—

b3 in CDC13 [HIMR 400MHz

hmz e

-z e

TFaaan 1
Fropsn 1

etz
Faurz

‘v 0000 ‘T

&0 T5 0 &5
1 {ppm)

8.5

iz5 12.0 1.5 1.0 0.6 10.0

153.0

gzl
2486 BT

9ZpE 8L
G
BLLP AL

23967001 —
Lbere0T—

869 pIT—
291 9IT—

sgt9gr
Lzzeer-"
D9SC° TP

PRPTIESTA_

h-3 13C MR (h-3 in CDC13)

210 200 180 180 170 160 150 140 130 120 un 100 a0 a0 it 60 80
1 (ppm)

20

S9



h-3 7 GCT CA156 06-Mar-200822:19:51
hws080306-3r 145 (2.416) Cm (143:145-64.:69) TOF MS El+
2391174 4.01ed
100~|
I X
| Me ‘
I P ;
|
! |
: 7N NN |
| =N N-N
! H
Me )
%
238.1100
N
:1240.1208
198.0911 224.0944 |
145.0647 197.0834.
i 169.0762193.0773.
144.0567._| . 2111004 2411245
117.0498 : 1 _171.0770 I ! .
39.0229 63.0229 90'0364]950612. g 1420889 L \JU \‘\ il
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 180 200 210 220 230 240 250

Jwin3
IHWR in CDC13 jwl03 400MHz

— 14,5457
—2.5595
2.1578

- (5)

=
=

09466~ [

#
1

09151 = e
17 5052

3o LomE
09450 =
2.9865
282689 =

=S

Ej

-

w

5

B
|

S10



jwid3 13CHME 100MHz in CDC13

— 157,848
— 1556265
—153.2625
— 150,747

— 16,7077
— 37T

Jodedd

— w7 852
—w05.2770

74714
771537
76,8360

_~15.2685

. s61e

<

T T T T T T T T
20 210 200 180 180 170 160 160 140 130

Jwin3
SIFNMR in CDC13 jwl03

T T
120 1o
£1 (ppm

80

6. 0567

T T T T
0 116 110 105 100 95 a0 i 80 16 kil 65

S11



Jwliie
w111k 1HUE 400z in CDCL3

Me |
y 'T
“N—gu~N-N

|
AT

_-z.a588
<z

I
A4 A
8 17 18 15 14 & 12 1 10 ) 8 T 4 3 2 L
£1 (ppm}
Ju-111h .
Ju-1l1b 13CNR 100MHz in CDCL13 EE
i
R
Me ‘
P
"N N =
| | /
Me pp,p’ |
Cl
(6)
N 1
i it iibbailablbi el I Y o
20 210 200 160 180 170 160 180 140 130 120 10 100 a0 &0 0 60 50 40 30 20 10 =
£1 {ppm)

S12



Jwlith
SIENIR in CDC13 jw-1iib

45,5032

T T T T T T T T T T T T T T T T
180 170 160 160 140 130 120 110 100 80 80 70 60 60 30 20 0 o -i0 =20 =30 -40 -60 -A0 -70 -80 80

S13



