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During the past few years, the concept of phase transfer reactions has been explored exten-
sively by synthetic chemists The pioneering work of Starks,(]) Heber,(z) and Markoza(3) on the
11quid/11quid phase transfer process has led to an explosion 1n the synthetic usefulness of this

(5) (6)

class of reactions (4) The extension 1nto solid/liquid phase transfer by Liotta and others
have extended the usefulness of this reaction further. We wish to report on our study with two
sol1d/11quid phase transfer processes moderated by crown ethers, specifically 18-Crown-6 (7)

In the classic work by Starks(]) on cyanide nucleophilicities 1n the Tiquid/1iquid phase
transfer process, he reports very good yields with primary and secondary alkyl halides being con-
verted to their corresponding alkyl nitriles However, he reports that when benzyl halides were
the substrate, hydrolysis to the alcohol, not displacement by cyamide, was the principle product
We have also observed this same behavior with activated halides (allylic and benzylic) Since
the conversion of activated halides to their corresponding nitriles 1s especially important 1n
introducing '*C, *3C, and !°N into biologically active compounds we have developed a solid/
11quid phase transfer method which employs 18-Crown-6 to overcome this disadvantage For 1n-
stance, reaction of benzyl chloride (or bromide) with dry KCN in the presence of 18-Crown-6 gives
90-95% yields of the corresponding nitrile The 18-Crown-6 1s used in a catalytic amount and 1s
quite easy to remove after the reaction 1s over (8) The same reaction was observed 1n the con-
version p-mitrobenzyl chloride, p-chlorobenzyl chloride, and 3,4-dimethoxybenzyl chloride to
their corresponding mitriles We also found that small amounts of water did not substantially
effect the course of the reaction. When benzyl chloride was reacted with KCN 1n 1-2% H,0/CH3CN,
only phenylacetonitrile was observed. All yields were isolated yields and ranged from 85-95%.

A more important application of this technique is the ability to do SN, displacements on
substrates which can tolerate no nucleophilic solvents (H,0, alcohols, or DMSO). Evans, et

al.(g) have recently shown the usefulness of trimethylsilyl cyanide as a synthetic intermediate.
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The synthesis of this intermediate 1s tedious and expensive, however. By the simple modification
of doing a cyanide displacement on trimethylsilyl chloride in the presence of 18-Crown-6, 40-50%
distilled yields of pure trimethylsilyl cyanide may be obtained. This reaction 1s much easier to
perform, although yields are slightly lower, than reported by Evans.

We have also observed that nitrite 1s solid/1i1quid phase transferred under 18-Crown-6 catal-
ysis to form nitro compoundsas the major product, the major by-product being nitrite esters. The
yields and product distribution are similar, although slightly lower, to nitrite displacements in
DMSO.(IO) The simplicity of reaction and ease of workup makes this difference in yields 1nconse-
quential. The mitrite displacement in the Starks(]) system 1s not an efficient process, although
this problem has recently been circumvented by weber.(1]) Table One gives a representative

sample of the nitro compounds formed by this procedure.

Table One

Nitrite Displacements in Acetonmitrile using
1:20 Molar Ratio of 18-Crown-67

Starting Halide Product Isolated Yield
1-bromo octane 1-mitro octane 65-70%
1-10do octane 1-nitro octane 50-55%
cyclohexylbromide 1-nitrocyclohexane 0-3%
2-bromoethylbenzene 2-nitroethylbenzene 32%
3-bromo-1-phenylpropane 3-nitro-1-phenylpropane 51%
benzyl chloride a-nitrotoluene 34%

%A11 reactions runata temperature range of 25-40°C, molar ratic of halide
nitrite catalyst =20:22 1.

A representative experimental procedure 1s given for the synthesis of trimethylsilyl cy-
anide. A dry 250 ml round-bottom flask was charged with dry KCN (6 6 g, 0 1 mol), 20 m] methyl-
ene chloride, trimethylsilyl chloride (14.0 ml, 12 g, 0.11 mol, disti1led from CaH, before use),
18-Crown-6 (0.1 g, 0.4 mmol) and the mixture was refluxed, protected from the atmospheric mois-
ture with a CaCl, drying tube, with stirring, for 24 hours At the end of the reflux the salts
had acquired a light brown color. The reflux condenser was then replaced with a 12.5 cm Vig-
reaux column and the mixture distilled directly from the pot The fraction boiling at 114-117°C

y1elded pure water-white trimethylsilyl cyanide (3.3 g, 0.036mol) which was 1dentical 1n all
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respects with the properties reported by Evans(a). Gc analysis showed impure trimethylsilyl
cyamide 1n the lower fractions from which another 5-10% could be obtained upon redistillation.
Overall yield ~ 45%.

We think the above solid/liquid phase transfer procedures offer substantial advantages over
the more classical procedures, especially in small-scale reactions to introduce 1sotopes i1nto

(5,6)

biological molecules. From these and other reactions, crown ethers, specifically 18-Crown-6,

have been demonstrated to be of proven utility 1n the arsenal of the synthetic chemist.
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