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Nitriles are one of the most useful organic compounds, since Table 1. Cyanoesterification of 5-Phenyl-1,2-pentadiene (2a)

they are versatile building blocks in organic synthesis and are often
seen in many synthetic targets including natural products, phar-
maceuticals, and materidig-ransition metal-catalyzed cyanofunc-

tionalization reactions of unsaturated compounds have been devel-

oped to synthesize variously functionalized nitriles, both cyano and
the other functional groups being installed simultaneously in highly
stereo- and chemoselective manriér&specially the most straight-
forward and atom economical reaction should be the carbocyanation
reaction, which allows direct introduction of organic and cyano
groups of nitriles toward unsaturated bofdsVe have been
interested in the role of nickel catalysts which may activateO0l
bond¢-®in an initiation step of the catalytic cycle of the carbocya-
nation reactior’®d We report herein nickel-catalyzed cyanoesteri-
fication of 1,2-dienes that gives variously functionalized 2-(1-
cyanoalk-1-yl)acrylate estes(eq 1).

(0]
O CN
(0] Ni cat.
A p2 1 2
+ R¢ —— 1 2+ R'O Z "R? (1)

R1OJ\CN =z RO R
R' = Et (1a) 2 2 NC 4

Bn (1b) major minor

Initially, we optimized the reaction of 5-phenyl-1,2-pentadiene
(2a: 1.0 mmol) with ethyl cyanoformatel& 1.2 mmol) in toluene
at 50°C using Ni(cod) and various phosphine ligands (Table 1).
Of ligands that we examined, Pih was found to be optimal,
and ethyl 2-(1-cyano-3-phenylprop-1-yl)acryladag) and ¢)-ethyl
2-(cyanomethyl)-5-phenyl-2-pentenoat@)fdad were produced
in 77% yield and 10% vyield, respectively (entry®Although the
ratio of 3aato 4aa did not change after prolonged reaction time

and/or at higher temperature, the regioselectivity was reversed when

the molar ratio oflato 2awas reversed to 1.0:1.2 (at 5Q, 3 h;

100 °C, 24 h), giving4aa predominantly as a mixture of stereo-
isomers (entry 2). PMeRBtgave a comparable yield &aa and
4aa(entry 3), whereas PRland PMg retarded the reaction (entries

4 and 5). No trace amount of the adduct was obtained with other
trialkylphosphines such as PBWPCys, and P{-Bu); as well as Pd-
(PPh),, a catalyst of choice for the cyanoesterification of nor-
bornene and norbornadieffe.

We propose thaBaashould be a kinetic product, whered®-(
4aashould be a thermodynamic one (entry 1 vs entry 2 of Table
1). The kinetic process may be initiated by oxidative addition of
EtOC(O)-CN to Ni(0) (Scheme Y. The sterically less hindered
terminal double bond i2a more likely coordinates to the Ni center,
and EtOC(O) then migrates to the cumulative carbon of the 1,2-
diene to giveos-allylnickel intermediate7, which is stabilized by
subsequent formation ofr-allylnickel complex 8. Reductive
elimination finally should result in formation &aaand regenera-
tion of Ni(0).2 Formation of regioisomeréaamay be understood
by coordination oRain an opposite direction followed by similar
steps throughr-allylnickel 9 or 10. Under thermodynamic condi-
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1a Ni(cod), (10 mol %) O OCN (o)
=.+_ Ligand (20 mol %) . P
} toluene, 50 °C, 5 h EO Ph EtO Ph
Ph NC
2a 3aa 4aa
entry ligand yield of 3aa (%) yield of 4aa (%) (Z:E)
1 PMePh P 10° (>95:5F
2d PMePh <5 78°(17:83y
3 PMePh 73 5 (>95:5p
4 PPh 7 21 (50:50y
PMes <5f <5f

a8 Reactions were carried out usiria (1.2 mmol), 2a (1.0 mmol),
Ni(cod), (0.10 mmol), and a ligand (0.20 mmol) in toluene (2.0 mL) at 50
°C. PIsolated yields based ¢ta. ¢ Determined byH NMR. @ The reaction
was carried out usindga (1.0 mmol) and?a (1.2 mmol) at 5¢°C for 3 h
and then at 100C for 24 h.¢Isolated yield based ofha. f Estimated by
GC (based or2a) using tetradecane as an internal standaiktermined
by GC.
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tions (entry 2 of Table 1), isomerization 8damay take place via
a sequence of oxidative addition to Ni(0), isomerization of the
resultingsr-allylnickel 8 to 9 or 10, and reductive elimination to
give (E)- or (2)-4aa which may be in equilibrium with3aa
Preferential formation offf)-4aaover3aaand ¢)-4aaafter longer
reaction time at elevated temperature would reflect their thermo-
dynamic stability. In the presence b in excess (entry 1 of Table
1), the oxidative addition o8aamay be slow compared with the
favorable oxidative addition of an unreactéd

We applied the optimized conditions to the cyanoesterification
reaction of a diverse range of 1,2-dienes to observe that various
allenes having a substituent like a hexyl, cyclohexght-butyl,
cyanoalkyl, protected hydroxyalkyl, dd-phthalimidoalkyl group
underwent the reaction, giving various ethyl 2-(1-cyanoalk-1-yl)-
acrylates in good yields (entries-¥ of Table 2). Benzyl cyano-
formate (Lb) also added acrogain an acceptable yield under the
identical conditions (entry 8). Disubstiuted allenes such as 3-methyl-
1,2-butadiene 4j) and 5,6-undecadiene?jj participated in the
reaction, albeit in modest yields (entries 9 and 10). We further found
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Table 2. Nickel-Catalyzed Cyanoesterification of 1,2-Dienes?
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6  2g[NC(CHp3] 5 64@ag  15@ag°
7 2h [PhthN(CH)4] 4 76 (3ah) 15 (@ah)d References
8° 2a 18 51 @ba) 10 (4ba)f .
9 3-methyl-1,2-butadiene) 9 51 gai)) 10 E4ag) (1) (a) Fleming, F. FNat. Prod. Rep1999 16, 597-606. (b) Greenham, N.
e . N C.; Moratti, S. C.; Bradley, D. D. C.; Friend, R. H.; Holmes, A.NBature
10 5,6-undecadiengj 24 45 Baj) - 1993 365, 628—630.

aReactions were carried out usifig (1.2 mmol), a 1,2-diene (1.0 mmol),
Ni(cod), (0.10 mmol), and PM#h (0.20 mmol) in toluene (2.0 mL) at 50
°C. PIsolated yields based dh ¢ Z.E = >95:5 by'H NMR analysis.d Z:
E = 90:10 by!H NMR analysis.¢ Benzyl cyanoformatelp: 1.2 mmol)
was used instead dfa. f Z.E = 91:9 by!H NMR analysis.

Scheme 2. Transformations of the Cyanoesterification Products?
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Cyanosilylation: (a) Chatani, N.; Takeyasu, T.; Hanafusd,efrahedron
Lett. 1986 27, 1841-1844. (b) Chatani, N.; Takeyasu, T.; Horiuchi, N.;
Hanafusa, T.J. Org. Chem.1988 53, 3539-3548. (c) Chatani, N.;
Takeyasu, T.; Hanafusa, Tetrahedron Lett1988 29, 3979-3982. (d)
Suginome, M.; Kinugasa, H.; Ito, Yretrahedron Lett1994 35, 8635
8638. Cyanostannylation: (e) Obora, Y.; Baleta, A. S.; Tokunaga, M.;
Tsuji, Y. J. Organomet. Chen2002 660, 173—-177. Cyanoboration: (f)
Suginome, M.; Yamamoto, A.; Murakami, M. Am. Chem. So2003

125 6358-6359. (g) Suginome, M.; Yamamoto, A.; Murakami, M.
Angew. Chem., Int. EQ005 44, 2380-2382.

CN ) CN o i (3) (a) Nozaki, K.; Sato, N.: Takaya, Bull. Chem. Soc. Jprl996 69, 1629-
EtO,C Me aor EtO,C Me c 1637. (b) Nishihara, Y.; Inoue, Y.; ltazaki, M.; Takagi, &rg. Lett 2005
Me Me 64% M 7, 2639-2641. (c) Nakao, Y.; Oda, S.; Hiyama, J. Am. Chem. Soc.
R Bu M e 2004 126, 13904-13905. (d) Nakao, Y.; Yukawa, T.; Hirata, Y.; Oda,
2ai ane, (R=BU) 13 e S.; Satoh, J.; Hiyama, T. Am. Chem. So@006,128.In press.
a ngﬁ(é%’)étaz/?'zb - 74% (4) Stoichiometric reactions of nickel complexes: (a) Parshall, GI\&m.
= CH(COzEY), (12b): 74% Chem. Soc.1974 96, 2360-2366. (b) Morvillo, A.: Turco, A.J.
CN EtO,C Organomet. Cheml981, 208 103-113. (c) Favero, G.; Morvillo, A.;
. d Z Ph Turco, A.J. Organomet. Chen1983 241, 251-257. (d) Bianchini, C.;
EtO,C pht P—=—Pr — p Masi, D.; Meli, A.; Sabat, MOrganometallics1986 5, 1670-1675. (e)
| 14: 81% Abla, M.; Yamamoto, TJ. Organomet. Chen1997 532, 267—-270. (f)
. ° Garcén, J. J.; Brunkan, N. M.; Jones, W. D.Am. Chem. So2002 124,
3aa Pr” "CN (5Ei5Z=83:17) 9547-9555. (g) Liu, Q.-X.; Xu, F.-B.; Li, Q.-S.; Song, H.-B.; Zhang,

Z.-Z. Organometallics2004 23, 610-614. (h) Brunkan, N. M.; Brest-
ensky, D. M.; Jones, W. DI. Am. Chem. SoQ004 126, 3627-3641.

(i) Garcm, J. J.; Afgalo, A.; Brunkan, N. M.; Jones, W. ODrganome-
tallics 2004 23, 3997-4002. Catalytic reactions: (j) Luo, F.-H.; Chu,
C.-l.; Cheng, C.-HOrganometallics1998 17, 1025-1030. (k) Miller, J.

A. Tetrahedron Lett2001, 42, 6991-6993. (I) Miller, J. A.; Dankwardt,
J. W. Tetrahedron Lett.2003 44, 1907-1910. (m) Miller, J. A,
Dankwardt, J. W.; Penney, J. Bynthesi2003 1643-1648. (n) Penney,
J. M.; Miller, J. A. Tetrahedron Lett.2004 45, 4989-4992. (0)
Chaumonnot, A.; Lamy, F.; Sabo-Etienne, S.; Donnadieu, B.; Chaudret,
B.; Barthelat, J.-C.; Galland, J.-Organometallic2004 23, 3363-3365.
(p) van der Vlugt, J. I.; Hewat, A. C.; Neto, S.; Sablong, R.; Mills, A.

aReagents and conditions: (a) BuLi, Cul, BBEb, ELO, —70 °C to
rt, 5 h; (b) NaCH(CGEt),, THF, 0°C to rt, 1 h; (c) NaBH, CoCbh, EtOH,
0 °C to rt, 9 h; (d) Ni(cod) (10 mol %), P(4-CE—CsHa)3 (20 mol %),
CHsCN, 80°C, 8 h.

that benzoyl cyanide reacted wifla under Ni/PMeP# catalysis
with the same regiochemistry to give benzoylcyanation prodilict
in 47% yield (eq 2.

Ni(cod), (10 mol %) O CN M.; Lutz, M.; Spek, A. L.; Miller, C.: Vogt, D.Adv. Synth. Catal2004

(¢} PMePh, (20 mol %) 346, 993-1003. (q) Wilting, J.; Mller, C.; Hewat, A. C.; Ellis, D. D;

)J\ + 2a —M— Ph Ph (2 Tooke, D. M.; Spek, A. L.; Vogt, DOrganometallic2005 24, 13—15.
Ph”™ “CN 2.0 equiv toluene, 70 °C, 60 h 1: 47% (5) Activation of C-CN bonds by other transition metals: (a) Blum, J.;

Oppenheimer, E.; Bergmann, E. D.Am. Chem. Sod.967, 89, 2338~
2341. (b) Burmeister, J. L.; Edwards, L. NMl.Chem. Soc. A971, 1663~
1666. (c) Clarke, D. A.; Hunt, M. M.; Kemmitt, D. WJ. Organomet.
Chem.1979 175 303-313. (d) Churchill, D.; Shin, J. H.; Hascall, T.;
Hahn, J. M.; Bridgewater, B. M.; Parkin, @rganometallics1999 18,
2403-2406. (e) Taw, F. L.; Mueller, A. H.; Bergman, R. G.; Brookhart,
M. J. Am. Chem. Soc2003 125 9808-9813. (f) Nakazawa, H.;
Kawasaki, T.; Miyoshi, K.; Suresh, C. H.; Koga, Brganometallic004
23, 117-126. (g) Murahashi, S.; Naota, T.; Nakajima, N.Org. Chem.

Synthetic versatility of the cyanoesterification products that pos-
sesay,B-unsaturated ester and allyl cyanide moieties was examined
(Scheme 2). AdducBai underwent 1,4-addition reactions with
butylcopper/BE-OE®L!° or sodium malonate to give the correspond-
ing S-cyanoesterd2aand12b, respectively12afurther afforded _ _ _
y-lactam13 upon treatment with NaBHn the presence of Cogt* é%?gn?&r’] gggggfoldﬁio%%ifazawa’ H.; Kamata, K.; ltazakd, 1@hem.
Further carborrcarbon bond elongation is possible based on the  (6) Isomers3 and4 obtained in this study are readily separable by a single
sequence of carbocyanation reactions. Cyanoesterification product g?’tﬂg‘%t%%’é"rﬁhr'g;gﬁf’t'on on silica gel, demonstrating a practical utility
3aa successfully added across 4-octyne in the presence of a Ni- (7) wu, M.-S.; Rayabarapu, D. K.; Cheng, C.-B.Am. Chem. So@003
(cod)/P(4-CR—CgH,); catalyst to regioselectively give trisub- 125 12426-12427. , i ) ]

. L . . . . (8) Alternatively,o-bond methathesis of alkylidene nickelacyclopropane with
stituted acrylonitrilel4in 81% yield as a mixutre of stereoisomers. lato give o-allylnickel 7 followed by isomerization tor-allylnickel 8

In conclusion, the cyanoesterification reaction of 1,2-dienes is and reductive elimination could also account for the formatioB.of
successfully demonstrated using a Ni/BWMle catalyst. We have Og “2\ L EtO, (i
achieved regioselective preparation of variously functionalized 2-(1- 6\N| - rw\%: d gy 3
cyanoalk-1-yl)acrylate esters, which would be potential precursors N EOTYO 4
for y-aminobutyric acids}-amino acids, and 1,2-dicarboxylic acids ) >
derivatives, and their further transformations including addition e o sy es. see: Ng, S.-5.; Jamison,ITAR. Chem.
reaction across alkynes. Efforts to expand the reaction scope (9) Although the yield was modest, no detectable amount of regioisomers
including an enantioselective version as well as synthetic applica- yas optained, and uniike ;&epfgfﬁ“& heating the resulting mixture at.
tions are currently in progress in our laboratories.

8

A related mechanism of the nickel-catalyzed reaction of 1,2-dienes,

isomerization ofl1.
(10) Yamamoto, Y.; Maruyama, K. Am. Chem. Sod978 100, 3240-3241.
(11) Satoh, T.; Suzuki, S.; Suzuki, Y.; Miyaji, Y.; Imai, Zetrahedron Lett.
1969 10, 4555-4558.
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