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Palladium-Catalyzed Intramolecular Cyanesilylation of Alkynes Leading to
Stereoselective Synthesis of a,f-Unsaturated Nitriles
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Abstract: Intramolecular cyanosilylation was achieved by the reaction of chlorodiphenylsilyl ether of homopropargylic alcohols with
trimethylsilylcyanide in the presence of palladium catalyst. The reaction proceeded regio- and stereosclectively to give (Z)-3-(1-
cyanoalkylidene)-2-silatetrahydrofurans, whose silyl group was transformed into various organic groups.

Palladium-catalyzed cyanosilylation of carbon-carbon triple bonds provides an attractive method for
preparation of functionalized a,f-unsaturated nitriles.] The drawback of the reaction is, however, low
regioselectivity in the case of internal alkynes. We herein wish to describe palladium-catalyzed intramolecular
cyanosilylation of homopropargylic alcohols leading to regio- and stereoselective formation of (Z)-3-(1-
cyanoalkylidenc)-2-silatetrahydrofurans, whose silyl group was readily converted into various organic groups.

A mixture of chlorodiphenylsilyl ether? of homopropargylic alcohol 1 and 1.2 molar equivalent of
trimethylsilylcyanide was heated in toluene under reflux in the presence of palladium catalyst to afford (Z)-3-(1-
cyanoalkylidenc)-2-silatetrahydrofurans 2 in moderate to good yields (eq.1, Table 1).3
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The cyanosilylation reaction proceeded stereoselectively via exo-ring closure. Any products derived
from intermolecular cyanosilylation were not detected under the conditions. It may be presumed that cyano-
chloro exchange between 1 and rimethylsilylcyanide took place prior to the palladium-catalyzed intramolecular
cyanosilylation to carbon-carbon triple bond (eq.1).# Actually, 4-(cyanodiphenylsilyloxy)-1-butyne was dis-
tilled from the mixture of 1 and trimethylsilylcyanide. In contrast to the chlorodiphenylsilyl ethers,
chlorodimethylsilyl ethers gave no cyclized products corresponding to 2. Among palladium catalysts examined,
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Pd(acac)2 (acac = acetylacetonate) and Pda(dba)3CHCl3 (dba = dibenzylideneacetone) were the most effective,
but PdCla/pyridine catalyst, which was employed for the intermolecular cyanosilylation, showed low activity.!
Compared with terminal alkynes (entry 1,2), which are subject to oligomerization in the presence of palladium
catalyst, internal alkynes underwent intramolecular cyanosilylation in better yiclds (entry 3.4). Conjugated
enyne le also cyclized via 5-Exo ring closure to give 3-{cyano(vinyl)methylidenc]-2-silatetrahydrofuran (2e) as
a cis and trans mixture (4 : 1). The stereoselectivity was remarkably improved up to a cis/trans ratioof 13 : 1,
when Pd(acac); was used together with 1,1,3,3-tetramethylbutylisocyanide (isocyanide/Pd = 3 : 1) (entry 5).5

Table 1. Intramolecular Cyanosilylation of Alkynes

entry substrate (;:ﬁy;;) time ()  product yield (%)
. ~oPh2
O-SiPCl  py (dba),CHCL; P33
1 10 oN 57
=-H ®
1a 2a ;‘-I'
O-SiPhoCl O~gi 2
2 Et Pdy(dba);CHCly 10 oN 64
=-H 8)
1b 2 H
O-SiPh,Cl O~gPh2
3 Pd(acac), 5 N 84
=—Me 2
1c 2¢c Me
O-SiPh,Cl O-gFh2
4 Pd(acac), 10 CN 80
=—Bu" (¥3)
1d 2d pgyn
. Phy
O-SiPh,Cl O-~gi
s Pd(acac), (1) 12 N6
= 1OcNC (3) (cis/trans
le 2e =13/1)

Reactions of chlorodiphenylsilyl ethers 3 and 4 derived from propargyl alcohol and 4-pentyn-1-ol, re-
spectively, with trimethylsilylcyanide under the conditions identical with those for 1a,b (Table 1) did not afford
any cyclized products but gave very complex mixtures. Consequently, only the formation of 5-membered ring
was favorable for the intramolecular cyanosilylation.
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The cyclization products 2 underwent protodesilylatioa in the presence of KF at room temperature with
retention of stereochemistry (eq.2). Thus, regio- and stereoselective hydrocyanation of homopropargylic
alcohols was formally achieved by the intramolecular cyanosilylation-protodesilylation sequence.$

~&h2 H0 H
¢ Sl: KF /KHCOs WCN 2)
CN THF / McOH HO '
R rt./4h K
2 Sa (R' = H) 91%

¢ (R' = Me) 86%
e (R' = CH=CHy) 93%

Synthetic elaboration of the cyanosilylation products is also feasible by palladium-catalyzed cross-cou-
pling with organic halides.? Aryl and alkenyl iodide as well as allylic and benzylic bromide gave the correspond-
ing coupling products éa-d in moderate to good yields by use of (PPh3)2PdCI(CH2PhY/Cul catalyst (eq.3, Table
2)8 It is remarked that KF, which has failed to promote the palladium-catalyzed coupling reaction of alkoxy-
and fluorosilylalkencs so far reported, was usable as fluoride source in the present coupling reaction. The high

RX
O Fh2 R
& (PPhy);PdCI(CH;Ph) oN
CN Cul(dmol%)/ KF (2eq) HO ®
Me DMF/rt./4h Me
2c 6

Table 2. Palladium-Catalyzed Cross-Coupling with Organic Halides

entry organic halides products yield (%)
1 \/\Br HO/Q/CN 6a 9%
Me
Ph
2 PhCH_Br Ho/\/\ngN 6b 67
Me
Ph
3 PhI HOWCN 6¢c 72
Bu Me
. X
4 e 6d 79
nBu HO CN
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reactivity of ‘silicon-carbon bond in 2 may be given by strongly electron-withdrawing cyano group at its 8-
position.

The palladium-catalyzed intramolecular cyanosilylation of alkynes provides a new entry into the synthe-

sis of regio- and stereodefined o,8-unsaturated nitriles.

General Experimental Procedure for Palladium-Catalyzed Intramolecular Cyanosilylation .

A mixture of trimethylsilylcyanide (0.84 mmol, 83 mg) , chlorodiphenylsilyl ether of homopropargylic alcohol 1
(0.70 mmol) and palladium catalyst in toluene (0.9 mL) was stirred under reflux for the period indicated above.
Bulb-to-bulb distillation of the mixture (0.5 mmHg) gave cyclized product 2.
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