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Catalytic Cyanation of Aryl Halides with NaCN in the Presence of Crowned Phosphine
Complexes of Palladium under Solid-liquid Two-phase Conditions
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Abstract: The cyanation of aryl halides with powdered NaCN in papie 1. Catalytic cyanation of PhBr with powdered NaCN in
dioxane is efficiently catalyzed by crowned phosphine complexes of dioxane in the presence of PACl,L,?

palladium to give aryl cyanides in good yields. Owing to the proximity PACI,L, /L= Additives  Tumover Number (PhCN/Pd)
effect of the crowned complexes, the catalytic efficiency is superior to
those of mixed systems of unmodified phosphine complexes of PPhy(bc-5) Zn 264
palladium with the corresponding crown ethers. PPhy(be-5)¢ Zn 113
PPhy(bc-5) 215
_ _ _ o , _ PPhy(be-5)4 191
The cyanation of aromatic halides with inexpensive alkali metal PPhy(be-6) Zn 258
cyanides is an important synthetic tool, which is achieved by the use cPPh3 Benzo-15-crown-5€, Zn 170
Ni or Pd phosphine complexes under very mild conditiohswever, PPh 7n 30

alkali metal cyanides are insoluble in common organic solvents,

whereas in such solvents in which the cyanide salts are too soluble, ¢ der (2 1), PdClyLy (0.05 mmol) and L (0.1 1 in di
. . . powaer mmol), 2 . moi) al .1 mmol) 1n digxane
excess of cyanide anion deactivates these cat&lysmder to keep the (10 ml) was vigorously stirred under reflux for 20 h. PThe tunover

concentration of cyanide anion moderate, the good combination 0 yymber was determined by GLC using naphthalenc as an internal
solvent and cyanide s&f;>and the use of phase transfer cataf§ister standard.  CToluene (10 ml) was used instead of dioxane. 9In the
Al 2035 have been investigated. However, these cyanations require stricabsence of free PPhy(bc-5). ®Benzo-15-crown-5 (0.2 mmol) was
reaction conditions. Recently, it has been reported that phosphinadded

complexes modified with crown ethers efficiently react with slightly

soluble alkali metal sal® Therefore we studied the catalytic Table 2.Catalyticcyanation of aryl halides with powdered NaCN in
cyanation with sodium cyanide using the crowned phosphine complexe dioxane in the presence of rrans-PhPdBrlL,?

4A suspension of PhBr (25 mmol), powdered NaCN (75 mmol), Zn

of palladium. Aryl Halide Catalyst Yield/%2)

The cyanation of phenyl.bromlde with powdered NaCN in dioxane CeHsBr PhPdBz(PPhy(be-5)), 85
successfully proceeded in the presence of R{RPhy(bc-5)}, or PhPdB r{Pth(bc-S)}zb 89
PdCb{PPm(bc-G)}z (PPI}(bc-E)=17-diphenylphgsphino-2,5,8,11,14- PhPdBr{PPhy(dmp)}, © 7
pgntaoxa-blcyclp-[ls.4.0]-nonadeca-15,17,19.-tr|ene, HPReF5)=20- PhPdBr(PPh,(dmp)}, 21

d|phenylph.osph|no-2',5,8,11,14,'1?-hgxaoxa-bl.cyclo-[16.4.0]-docosa- p-CH3CgHBr PhPdBr{PPhy(bc-5)}y 92 (77)d

18,20,22-triene) to give benzonitrile in a considerable turnover nUmbE\p_C1C6H4BrC PthBl‘{Pth(bC-S)}z 93 (81)d
(see Table 1J. These catalysts were unfortunately inactive for the p-CH30CGHBr PhPdBr{PPhy(bc-5)} 26
cyanation using an aqueous solution of NaCN in toluene at 100°C. CgHsl PhPdBr{PPhy(bc-5)}5 91
m-CICgH4lf  PhPdBr{PPhy(bc-5)}, 87

CHg 4A suspension of aryl halide (7.5 mmol), powdered NaCN (22.5

Phy Phy mmol), trans-PhPdBrL, (0.025 mmol) and L (0.05 mmol) in dioxane

CHg (5 ml) was vigorously stirred under reflux for 20 h. AGLC yield.

5\/0 \; bzn (0.1i mg atom) was added. cBenzoEIS-crown-S (0.1 mmol) was

n n=0, PPhy(bc-5) PPhy(dmp) added. “Isolated yield. ep—ClC6H4CN. m-CICgH CN

1, PPhy(bc-6)

o . . The addition of benzo-15-crown-5 was effective in increasing the
The turnover number of the solid-liquid cyanation was improved by the

dditi f I ts of 7 d dqf 5) The 7 Catalytic activity of PdG(PPh),. Though a large amount of the
addition .0 §ma amounts of Zn powder and free JIRHS). _e " benzocrown was used, the activity of the mixed system was still inferior
powder is likely to reduce PdgPPhy(bc-5)}, to the catalytically

to that of PAG{PPhy(bc-5)},. The crowned phosphine and
active species as reported beféfdn fact, PhPdBr{PPj{bc-5)}, was APPhy )2 PhosP Bemp)

PPh(dmp)=1,2-dimethoxy-4-diphenylphosphino-benzene) are almost
active without Zn powder (see Table'd)The addition of the phosphine (PPh(dmp) y-a-ciphenyipnosp )

" tributes to stabilizati ¢ th talvticall i . equivalent in both electronic and steric effects. However, the catalytic
dmos ybcgnbnl utes to stabilization of the catalytically active species a%\Ctivity of PhPdBr{PPKdmp)}, was very poor as compared with that
escribed below. of PhPdBr{PPk(bc-5)},. The addition of benzo-15-crown-5 also

enhanced the catalytic activity of PhPdBr{B@imp)},, but the yield

Ar-X + NaCN in Dioxane X= B, | Ar-CN was still below the level of PhPdBr{PKhc-5)},. The crowned
Organic  Solid PhPdBI{PPh,(bc-5)l, or phosphine itself is known to be upon the same extractability level with
Phase  Phase PdCI,{PPh,(be-5)l, - Zn benzo-15-crown-8P Therefore, the high reactivity of the crowned

complexes is likely attributed to a proximity effect as in enzyme
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chemistry. That is to say, the intramolecular substitution of theg4)
palladium complex with the cyanide anion extracted with the side crown
arm is much faster than the corresponding intermolecular reaction in the
mixed catalyst system. Analogous proximity effects are observed ifs)
other reactions of crowned phosphine complé&€st? ®)
The biphasic cyanation of iodides as well as aryl bromides was also
achieved. As aryl chlorides were inert under these conditions, bromo or
iodo chlorobenzenes gave the corresponding chlorobenzonitriles i
good yields. These biphasic reactions have the advantage in that the
product and the cyanide salt are easily separated from the reaction
mixture. ®)
C)
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These dichloro compounds were prepared by the previously
reported procedur®.

This phenyl compound was prepared as follows. To a mixture of
PdC}, (0.05 g) and PRibc-5) (0.51 g) in DMSO (4 ml) at 130°C,
NH,NH,-H,0 (0.07 ml) was added. After addition of benzene (30
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PhBr (0.3 ml) in benzene (4 ml) under reflux for 20 h to give
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d, J=7.8Hz), 6.78 (2H, d, J=8.4Hz), 7.0 (2H, m), 7.1-7.7 (22H, m).
13C-NMR(67.8 MHz, CDC}, 3) : 68.7, 69.0, 69.4, 69.5, 70.5,
70.6, 71.2, 71.3, 113.0, 121.8, 122.5, 125.3, 127.7, 127.8, 128.6,
129.5, 132.3, 134.3, 136.3, 148.4, 150. 8, 156B:-NMR(109.3
MHz, CDCl, 9) : 22.7.

E. M. Hyde, B. L. Show, and |. Shephe¥dChem. Soc., Dalton
Trans, 1978 1686.

Downloaded by: University of Pittsburgh. Copyrighted material.



