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Abstract: Catalytic additions of C-H bondsin aromatic hydrazones
to olefins proceeded with the aid of ruthenium or rhodium complex-
es. Severa hydrazones can be used in the chelation-assisted C-H/
olefin coupling described herein. When a Ru,(CO),, complex was
used as the catalyst, a mixture of the 1:1 addition product, along
with the corresponding dehydrogenated coupling products was ob-
tained. Inthe case of the reaction using RhCl(PPh;),-catalyst, no de-
hydrogenated coupling product was obtained and the 1:2 addition
product was produced as the major product.

Key words: ruthenium catalysts, rhodium catalysts, C-H bond
cleavage, aromatic hydrazones, C-H/olefin coupling

Astheresult of recent progressin the area, catalytic reac-
tions involving C-H bond cleavage has been found to be
one of the most useful protocols for the C-C bond forma-
tion.! We have been investigating the transition metal-cat-
alyzed addition of C-H bonds to C-C multiple bonds in
which chelation-assistance by directing groupsisbelieved
to play amajor role in the catalytic cycle, especialy inthe
C-H bond cleavage step.*2 To date, we have demonstrat-
ed that various types of aromatic and ol efinic compounds
having ketone? ester,* imine® imidate,” nitrile® alde-
hyde,® and pyridyl moieties'® can be applied to chelation-
assisted C-H/olefin coupling. In this communication, we
wish to report that an sp? nitrogen in hydrazones, which
are often used in organic synthesis for the preparation of
nitriles'® and chiral amines,** can also be used as a direct-
ing group for C-H/olefin coupling, giving the correspond-
ing ortho alkylated products.

The reaction of hydrzone 1, derived from acetophenone,
with triethoxyvinylsilane (2) was carried out using
Ru,(CO),, (3) asacatalyst (eq 1).2° The 1:1 addition prod-
uct 4 and the corresponding dehydrogenative coupling
products 5 were obtained in 46% and 41% yields, respec-
tively.1617

The catalytic activities of the RuH,(CO)(PPhy); and
RhCI(PPh;); complexes were also examined, and the re-
sults are shown in Table 1. When the ruthenium-phos-
phine complex, RuH,(CO)(PPh,);, was used instead of
complex 3, 1 was completely consumed and 4 and 5 were
obtained in 89% and 11% yields, respectively, with no 1:2
addition product (run 2). In contrast to the case of the re-
action of aromatic ketimine 8 with 2 which gave no dehy-
drogenated products,’2 the reaction of the ketone
hydrazone 1 afforded a considerable amount of dehydro-
genated product 5 (runs 1 and 2). When Wilkinson's cat-
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alyst (7) was used, the 1:2 addition product 6 was obtai ned
as amagjor product, after prolonged reaction period (48 h)
(run 3). Although the Ru,(CO),,-catal yzed reaction of the
aromatic ketimine 8 with 2 gave only the corresponding
1:1 addition product,® the use of catalyst 7 for thereaction
of 1 with 2 resulted inthe 1:2 addition product 6 asamajor
product (runs 3-5). Under forcing reaction conditions, i.e.,
using refluxing mesitylene as the solvent, a high total
yield of coupling products 4 and 6 (98% combined yield)
was achieved. Even when a smaller amount of the olefin
2 was used (run 5), the 1:2 coupling product was obtained
as amajor product (4, 34% yield and 6, 55% yield). The
predominant formation of the 1:2 addition product 6 can
be attributed to the binding affinity of the nitrogen atom
for the rhodium center, in which the second C-H bond
cleavage leading to the formation of 1:2 addition product
took place without the dissociation of the 1:1 product
from the rhodium center.®

Tablel TheReaction of Ketone Hydrazone 1 with Triethoxyvinyl-
silane (2) Using a Ruthenium or Rhodium Catalyst?

yields, %

run catalyst solvent time _—
4 5 6

1 Ruz(CO)12 (3) toluene 24h 46 41 6
2 RuH,(CO)(PPhg); toluene 48h 89 11 0
3 RhCI(PPhg); (7)  toluene 48h 16 0 75
4 RhCI(PPh3)3 mesitylene  6h 27 0 71
5° RhCI(PPh3)s mesitylene 24h 34 0 55

8Reaction conditions: hydrazone 1 (2 mmol), vinylsilane 2 (10 mmol),
catalyst (0.12 mmol), solvent 3 mL, reflux.
bTwo equivalents of 2 was used.
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Table2 The Transition Metal-catalyzed Reaction of Hydrazones
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The reaction of severa hydrazones with olefins was ex-
amined, and some selected results are listed in Table 2.
The ketone hydrazone 9 gavethe 1:1 (10) and 1:2 addition
products (11) in 27% and 73% yields, respectively (Table
2, run 1). Inthis case, the reactivity of the hydrazone was
very similar to the N,N-dimethylamino derivative 1. The
reaction of hydrazone 1 with ethylene gave the ortho eth-
ylated products 12 and 13 in 5% and 88% yields, respec-
tively (Table 2, run 2). The reaction with o-methylstyrene
proceeded smoothly to give only the 1:1 addition product
14 (Table 2, run 3). In the course of our studies of C-H/
olefin coupling, the use of aromatic olefins such as sty-
renes usualy resulted in the exclusive formation of the
corresponding 1:1 addition product. The reaction of hy-
drazone 15, derived from o-methylbenzal dehyde, with vi-
nylsilane 2 was carried using the Ruy(CO),,-catalyst. The
1:1 addition product 16 and the dehydrogenated product
17 were obtained in 30% and 8% yields, respectively (Ta-
ble 2, run 4). The catalytic activities of several other ruthe-
nium complexes were also examined. Of the catalysts
screened, RuH,(CO)(PPh;); (16, 13%; 17, 15%; 48 h) and
Ru(cod)(cot) (cod = 1,5-cyclooctadiene; cot = 1,3,5-cy-
clooctatriene) (16, 16%; 17, 1%; 24 h) were found to be
active catalysts, but their activities were low compared
with 3. In the case of the reaction of 15 with 2,
RhCI(PPhy); (7), which was the active catalyst for the re-
action of the ketone hydrazone 1 with olefins, did not
serve as acatalyst. To find a more reactive hydrazone de-
rivative, we further examined the present coupling reac-
tion using several additional hydrazones. Inthe case of the
reaction of a hydrazone having an N-piperidyl group on
the sp? nitrogen atom, the reactivity of the hydrazone was
dlightly increased (Table 2, run 5). However, when a ster-
ically hindered piperidyl group, i.e., 2,6-dimethylpip-
eridyl group, was introduced on the sp? nitrogen, the yield
was decreased considerably to 15% (Table 2, run 6).

In summary, we report on a new procedure for chelation-
assisted C-H/olefin coupling using transition metal-cata-
lysts, which enables the site-selective akylation of an ar-
omatic hydrazone with olefins. Further studies to address
the scope of this type of coupling reaction are now in
progress.
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1 9:H Me N(CH)s Si(OEt)s
2° 1:H Me NMe, H

3 1: H Me NMe; o-tolyl
4%€ 15: Me H  NMe, Si(iOEt)

59 18: Me H N(CHys Si(OED)3
Me,

8h 10 27% 1173%
24 h 12 5% 13 88%
24 h 14 77% 0%
48 h 16 30% —
48 h 19 51% —

W ow NN~

69 21: Me H N;:> Si(OEt); 3 48 h 22 15% -
Me

8Reaction conditions: hydrazone (2 mmol), olefin (10 mmol), catalyst
(0.12 mmol), mesitylene 3 mL, reflux,.

bGCyidd.

“The reaction with ethylene (7 atm, 14 mmol) was carried out in au-
toclave at 150 °C (oil bath temperature).

9The reaction was carried out in toluene.

€The corresponding dehydrogenated product 17 was also obtained in
8% yield. 'The corresponding dehydrogenated product 20 was also
obtained in 7% yield.
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analysis. After heating for the appropriate reaction period, the
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(16) 4 (anti isomer): 'H NMR (CDCl,, 270 MHz)  0.92-1.00 (c, 2
H, SiCH,), 1.22 (t, J = 7.02 Hz, 9 H, CH,CH,), 2.30 (s, 3 H,
CH3), 2.61 (s, 6 H, NCH,), 2.74-2.80 (c, 2 H, CH,), 3.82 (q,
J=7.02Hz, 6 H, OCH,), 7.0-7.3 (m, 4 H, ArH); 3C NMR
(CDCl,, 67.5MHz) 5 12.85, 18.26, 19.48, 26.22, 46.96, 58.33,
125.71, 127.51, 128.27, 128.95, 139.59, 141.76, 166.00; MS
(% relative intensity) 352 (M*, 13), 163 ([Si(OEt)3]*, 100).
HRMS: Calcd for CygH4,N,0,Si: 352.2182. Found: 352.2198.
4 (synisomer): *H NMR (CDCl;, 270 MHZz) 8 0.92-0.99 (c, 2
H, SiCH,), 1.23 (t, J = 7.02 Hz, 9 H, CH,CH,), 2.20 (s, 3 H,
CH3), 2.35 (s, 6 H, NCH,), 2.74-2.80 (¢, 2 H, CH,), 3.84 (q,
J=7.02Hz, 6 H, OCH,), 7.0-7.3 (m, 4 H, ArH); *C NMR
(CDCl,, 67.5MHz) 8 11.45, 18.26, 26.02, 26.22, 46.96, 58.37,
125.50, 126.09, 127.94, 128.14, 138.74, 140.07, 163.09.

5: 'H NMR (CDCl;, 270 MHz)  1.22 (t, J = 7.02 Hz, 9 H,
CH,CH,), 2.19 (s, 3H, CH,), 2.35 (s, 6 H, NCH,), 3.84 (q,
J=7.02Hz, OCH,), 6.10(d, J=17.8 Hz, 1 H, SICH =), 7.0-
74 (m,4H,ArH),740(d,J=1H,CH=).

6 (anti isomer): *H NMR (CDCl;, 270 MHz) 5 0.84-1.08 (c, 4
H, SICH,), 1.22 (t, J = 7.02 Hz, 18 H, CH,CH,), 2.26 (s, 3 H,
CH,), 2.60 (s, 6 H, NCH,), 2.57-2.63 (c, 4 H, CH.,), 3.81 (q,
J=7.02Hz, 12 H, OCH,), 7.0-7.3 (m, 3H, ArH); 3C NMR
(CDCl,, 67.5MHz) 8 12.67, 18.28, 19.97, 25.99, 46.90, 58.33,
125.32, 125.82, 139.48, 141.29, 166.65; MS (% relative
intensity) 542 (M*, 20), 163 ([Si (OEt);]*, 100). Anal Calcd for
C,6H5oN,O6Si,: C, 57.53; H, 9.28; N, 5.16. Found: C, 57.48;
H, 9.07; N, 5.25. 6 (syn isomer): *H NMR (CDCl5, 270 MHz2)
$0.84-1.08 (c, 4 H, SiCH,), 1.24 (t, J = 7.02 Hz, 18 H,
CH,CH,), 2.17 (s, 3H, CH,), 2.35 (s, 6 H, NCHj), 2.57-2.63
(c,4H, CH,), 3.84 (q, J= 7.02 Hz, 12 H, OCH,), 7.0-7.3 (m,
3 H, ArH); 3C NMR (CDCl;, 67.5 MHz) 5 11.70, 18.28,
25.86, 26.04, 46.60, 58.40, 128.00, 128.10, 137.65, 138.19,
161.81.

10 (anti isomer): *H NMR (CDCl,, 270 MHz) 5 0.88-1.04 (c,
2H, SiCH,), 1.23(t, J = 7.02 Hz, 9 H, CH,CHy), 1.35 (quintet,
J=5.67Hz, 2H, CH,); 1.73 (quintet, J = 5.67 Hz, 4 H,
NCH,CH,), 2.30 (s, 3H, CHj), 2.64-2.80 (c, 2 H, ArCH,),
2.80(t, J=5.67Hz,4H, NCH,), 3.82(q, J=7.02Hz, 6 H,
OCH,), 7.0-7.3 (m, 4 H, ArH); 3C NMR (CDCl,, 67.5 MH2)
5 12.89, 18.26, 19.61, 25.25, 25.39, 26.06, 55.90, 58.31,
125.68, 127.55, 128.16, 128.93, 139.69, 141.80, 165.97; MS
(% relative intensity) 392 (M*, 49), 163 ([Si(OEt)5]*, 100).
Anal Calcd for C,;H5N,05Si: C, 64.24; H, 9.24; N, 7.13.

Synlett 2001, SI, 948—951 ISSN 0936-5214 © Thieme Stuttgart - New Y ork

Found: C, 64.26; H, 9.46; N, 6.83. 10 (syn isomer): *H NMR
(CDClg, 270 MHz) 5 0.88-1.04 (c, 2 H, SICH,), 1.23 (t,
J=7.02Hz, 9H, CH,CH,), 1.29 (quintet, J = 5.67 Hz, 2 H,
CH,); 1.48 (quintet, J = 5.67 Hz, 4 H, NCH,CH,), 2.21 (s, 3
H, CH,), 2.59 (t, J =5.67 Hz, 4 H, NCH,), 2.64-2.80 (c, 2 H,
ArCH,), 3.83 (g, J=7.02 Hz, 6 H, OCH,), 7.0-7.3 (m, 4 H,
ArH); 3C NMR (CDCl,, 67.5 MHz) § 12.89, 18.26, 23.78,
23.90, 26.06, 26.17, 55.71, 58.31, 125.21, 126.13, 127.64,
127.91, 138.72, 140.36, 163.68.

11 (anti isomer): *H NMR (CDCl;, 270 MHz) 3 0.80-1.11 (c,
4H, SiICH,), 1.22 (t, J=7.02 Hz, 18 H, CHj), 1.48 (quint,
J=5.67Hz, 2H, CH,), 1.72 (quint, J = 5.67 Hz, 4 H,
NCH,CH,), 2.27 (s, 3H, CHj,), 2.57-2.63 (c, 4 H, ArCH,),
2.80(t, J=5.67Hz,4H, NCH,), 3.82(q, J=7.02Hz, 12 H,
OCH,), 7.0-7.3 (m, 3 H, ArH); 3C NMR (CDCl,, 67.5 MHz)
5 13.19, 18.74, 20.52, 24.40, 25.88, 26.42, 56.28, 58.78,
126.27, 128.50, 138.74, 141.82, 167.12; MS (% relative
intensity) 582 (M, 100), 163 ([Si(OEt)5]*, 41). Anal Calcd for
CyoHsuN,O6Si,: C, 59.75; H, 9.34; N, 4.81. Found: C, 59.92,
H, 9.42; 4.90. 11 (synisomer): *H NMR (CDCl;, 270 MHz) §
0.80-1.11 (c, 4 H, SiCH,), 1.23 (quintet, J = 5.67 Hz, 2 H,
CH,), 1.24(t,J=7.02Hz, 18 H, CH,), 1.35 (quintet, J = 5.67
Hz, 4 H, NCH,CH,), 2.17 (s, 3H, CHj), 2.57-2.63 (c, 4 H,
ArCH,), 2.66 (t, J =5.67 Hz, 4 H, NCH,), 3.84 (q, J = 7.02
Hz, 12 H, OCH,), 7.0-7.3 (m, 3 H, ArH); 3C NMR (CDCl,,
67.5 MHz) 8 13.19, 18.74, 24.28, 25.77, 26.42, 55.76, 58.85,
125.61, 128.12, 138.20, 140.00, 167.12.

12: 'H NMR (CDCl,, 270 MHz) 8 1.25 (t, J= 7.56 Hz, 6 H,
CH,CH,), 2.15 (s, 3H, CH,), 2.60 (s, 6 H, NCH,), 2.69 (q,
J=756Hz,4H,CH,),7.0-7.3(m, 3H, ArH); MS (% relative
intensity) 190 (M*, 14), 148 ((M-NMe,)*, 48).

13 (anti isomer): *H NMR (CDCl,, 270 MHz) § 1.25 (t,

J= 756 Hz, 6 H, CH,CHj), 2.25 (s, 3H, CHjy), 2.52 (q,
J=7.56Hz,4H,CH,), 260 (s, 6 H, NCH,), 7.0-7.3 (m, 3H,
ArH). 13 (synisomer): *H NMR (CDCl;, 270 MHz) & 1.22 (t,
J= 756 Hz, 6 H, CH,CHj), 2.15 (s, 3H, CH), 2.35(s, 6 H,
NCH,), 2.55(q,J = 7.56 Hz, 4H, CH,), 7.0-7.3(m, 3H, ArH).
MS (% relativeintensity) 218 (M*, 26), 174 ((M-NMe,]*, 15).
14 (anti isomer): *H NMR (CDCl,, 270 MHz) 8 2.23 (s, 3 H,
CHj3), 2.30 (s, 3H, ArCH,), 2.59 (s, 6 H, NCH,), 2.88-2.96 (c,
4H, CH,), 7.0-7.3 (m, 8 H, ArH). 3C NMR (CDCl,, 67.5
MHz) (anti and syn isomers): § 19.14, 19.23, 19.43, 26.31,
33.55, 33.98, 34.34, 35.31, 46.97, 125.80, 125.89, 125.97,
126.02, 126.33, 127.64, 127.85, 128.16, 128.55, 128.79,
129.00, 129.83, 130.06, 130.12, 135.78, 137.54, 138.89,
139.16, 139.93, 139.98, 162.26, 165.62; MS (% relative
intensity) 280 (M*, 2), 221 ([M-NMeg;]*, 11). Anal Calcd for
CioH2uN,: C, 81.38; H, 8.63; N, 9.99. Found: C, 81.29; H,
8.59; N, 9.94. 14 (synisomer): *H NMR (CDCl;, 270 MHz) §
2.14(s,3H, CHy), 2.32 (s, 3H, ArCH,), 2.35 (s, 6 H, NCH,),
2.88-2.96 (¢, 4 H, CH,), 7.0-7.3 (m, 8 H, ArH).

16: *H NMR (CDCl,, 270 MHZz) § 0.94-1.00 (c, 2 H, SiCH,),
1.23(t,J= 7.02Hz, 9 H, CH,), 2.39 (s, 3H, ArCH,), 2.81-
2.88(c, 2H, CH,), 2.95(s, 6 H, NCH;), 3.83(q, J = 7.02 Hz,
6 H, OCH,), 7.06 (m, 3 H, ArH), 7.46 (s, L H, CH = N); °C
NMR (CDClg, 67.5MHz) § 12.65, 18.31, 21.19, 26.99, 42.88,
58.33, 126.79, 127.21, 128.36, 132.88, 133.05, 136.62,
143.29; MS (% relative intensity) 352 (M*, 9), 163
([Si(OEt)5]*, 100). Anal Calcd for CygH4,N,0,Si: C, 61.32; H,
9.15; N, 7.94. Found: C, 61.43; H, 9.15; N, 7.72.

17: *H NMR (CDCl3, 270 MHz) 8 1.10 (t, J=7.02 Hz, 9 H,
CHy), 2,38 (s, 3H, ArCH,), 2.97 (s, 6 H, NCH,), 3.88 (q,
J=7.02Hz,6H,CH,),6.03(d,J=18.9Hz,SICH =), 7.0-7.3
(m, 3H, ArH), 7.43 (s, 1H,CH =N), 7.66 (d, J = 18.9 Hz,
CH =). HRMS Calcd for C,gH4oN,O,Si: 350.2026. Found:
350.2030.
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19: *H NMR (CDCl,, 270 MHz) § 0.93-1.00 (¢, 2 H, SiCH,),
1.23(t, J = 7.02 Hz, 9 H, CH,), 1.55 (quintet, J = 5.67 Hz, 2
H, CH,), 1.76 (quintet, J = 5.67 Hz, 4 H, NCH,CH,), 2.39 (s,
3H, ArCH,), 2.80-2.87 (c, 2 H, ArCH,), 3.15 (t, J = 5.67 Hz,
4H,NCH,), 382 (q, J= 7.02 Hz, 6 H, OCH,), 7.0-7.3 (m, 3
H, ArH), 7.78 (s, 1H, CH = N); ®CNMR (CDCls, 67.5 MHz)
§12.71, 18.28, 21.13, 24.23, 25.09, 26.92, 52.24, 58.29,
126.76, 127.40, 128.32, 133.05, 134.90, 136.71, 143.41; MS
(% relative intensity) 392 (M*, 9), 163 ([Si(OEt),]*, 100).

HRMS Calcd for CpyHaeN,05Si: 392.2495. Found: 392.2483.

22: 'H NMR (CDCl,, 270 MHz) § 0.95-1.02 (c, 2 H, SiCH,),
1.06 (d, J = 6.48 Hz, 6 H, CHCHy), 1.23 (t, = 7.02 Hz, 9 H,
CHa), 1.5-1.6 (m, 3H, CH,), 1.7-1.8 (m, 3H, CH,), 2.47 (s, 3
H, ArCH,), 2.89-2.96 (c, 2 H, ArCH,), 3.0-3.1 (m, 2 H, CH),

3.87(qg, J=7.02Hz, 6 H, OCH,), 7.0-7.3 (m, 3H, ArH), 8.43
(s, 1H, CH = N); 3C NMR (CDCl,, 67.5 MHz) 5 12.72,
18.31, 20.88, 21.57, 21.76, 27.05, 32.83, 57.14, 58.33, 126.92,
128.55, 128.61, 131.52, 137.68, 144.38, 153.57; MS (%
relativeintensity) 420 (M*, 8), 163 ([Si(OEt),]*, 100). HRMS
Calcd for Cy3H4N,O4Si: 420.2808. Found: 420.2807.

(17) Thermal syn-anti isomerization in the hydrazone appeared to
occur during the reaction.

(18) We previously mentioned the possibility of cleavage of the
second C-H bond without dissociation of the 1:1 addition
product from the metal center. See, ref. 2a.
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