
740 J .  Org. Chem., Vol. 41, No. 4 ,  1976 Notes 

Table I 
Pseudo-First-Order Kinetics in the Reaction of 

Biphenyl Radical Anion with Biphenyl 4-Halides 

C 3 , -  AH, cal 
Registry C,H,X Temp, deg-l 

no. x = "C k x l o 4 ,  s-l mol-' 
~~ ~~ ~~ 

324-74-3 F -100 2.58 k 0.5 

-5 0 2.43 i 0.5 

-60 1.44 i 0 . 5  

-60 11.6 t 1.0 

' O" 15.4 * 2.5 2051-62-9 C1 -40 

14*4 * 22.8 * 3.7 

17.8 i. 2.5 

92-66-0 Br -40 

1591-31-7 I -40 422. i: 10  

2920-38-9 CN 22 0.0362 * 0.001 

Actually pseudo-first-order, inasmuch as the aryl halide is in large ex- 
cess in the bimolecular reaction of step 4. 
Splitting constants obtained from a McLachlan calculation and experl- 
mental values: a& = 5.8, a3.5 = 2.8, a2,6 = 0.7, a21,4,,el = 0.5, a3r,6r = 
0.2 G. 

(IO) Predicting the order of reactivity in various radlcai reactions of aryl ha- 
lides has been a rather fruitless task: PhCN > Phl > PhBr (for eaq) (ref 
1); Arl < ArBr or ArCi (for KNH2, "3) (ref 6). We too find the practice 
speculative, and prefer to offer for our system only the observations 
concerning the CN group and the order of reactivity of the halldes at 
-40' as ArF >> Arl > ArBr > ArCi. 

-40' these materials were highly unstable, and below 
about -70' the reaction times were rather too long to  mea- 
sure accurately. From these measurements a very rough es- 
timate of the activation energies may be calculated. The  
value obtained for 4-bromobiphenyl appears rather high, 
yet considering the error range, all three are somewhat sim- 
ilar. Nevertheless, the reaction rates of the halides C1, Br, 
and I a t  -40' are sucessively more rapid. Since the reaction 
of 4-fluorobiphenyl with biphenyl.- was too rapid to  mea- 
sure a t  temperatures higher than  -looo, we were not able 
to  attempt an  activation energy calculation for it.10 

We are presently investigating the corresponding naph- 
thyl halide series, and expect to  report on them in the near 
future. 

Expe r imen ta l  Sec t ion  

All compounds and solvents used in this study are available 
from Aldrich Chemical Co. and were used as purchased (with the 
exception of solvents-distilled and stored over Na metal). The 
glass reduction apparatus in its simplest form has been described 
earlier.4 The EPR instrument used is a JES-ME-1X (Jeolco) with 
variable temperature accessory of the Universidad de Los Andes. 

A typical kinetic run may be described as follows. The sample 
tube (in which the K mirror and the ca. 0.3 mg of aromatic com- 
pound in 1 ml of 2:l THF-DME solution are maintained separate- 
ly) was cooled in a bath consisting of a thick syrup of isopropyl al- 
cohol and liquid nitrogen at -135'. The sample tube was tipped 
and the solution allowed to contact the metal mirror for almost 1 s. 
On righting the tube for insertion into the cavity, the solution was 
agitated a bit in a bulge provided on the tube for mixing. The tube 
was rapidly wiped of alcohol and inserted into the precooled cavity 
(-135'). By this time, however, the tube itself was usually ca. 
-100' (the lowest temperature available for measurement). As 
soon as an appropriate temperature was reached, the diminution 
of the nine-line biphenyl signal produced was followed in sweeps of 
approximately 2.0 min. 

The initial intensities of all halides were &lo%, and were fol- 
lowed for ca. 10 min at -40' and ca. 50 min at -60' (six to ten 
points taken). At least three runs were made on each sample and 
the slopes of each run were within the error range of any single 
run. The results presented in Table I are the average results of the 
three runs. 

Inasmuch as the error involved in the calculation of the activa- 
tion energy puts all three halides (Cl, Br, and I) within the same 
range, we must consider these values as only approximate. 

Registry No.-Biphenyl radical anion, 34509-93-8. 
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We have previously described the hydroxylation of eno- 
lates by the readily available molybdenum peroxide MoOv 
P y H M P A  ( M O O P H ) . ~ ~ ~  In this paper, we report the analo- 
gous conversion of certain cyanide-stabilized anions to  cya- 
nohydrins. 

Addition of a solution of 4-phenylbutyronitrile in dry 
T H F  to  lithium diisopropylamide followed by reaction with 
MoOPH at -23' gives hydrocinnammaldehyde cyanohy- 
drin in 57% yield (65%, considering recovered starting ma- 
terial) after aqueous work-up. Similarly, 5-cyanonorbor- 
nene is hydroxylated in 35-40% yield. Although the yield 
for this oxidation is poor, the procedure is simple and i t  be- 
comes possible to  convert the acrylonitrile-cyclopentadiene 
Diels-Alder adduct into an  easily hydrolyzed derivative of 
the ketene-cyclopentadiene a d d ~ c t . ~  The  stereochemistry 
of t he  norbornenone cyanohydrin has not been determined, 
bu t  the MoOPH product is identical with the cyanohydrin 
obtained by treating norbornenone with acetone cyanohy- 
drin-KCN according to  NMR evidence. 

Under the usual conditions, stearonitrile affords the cya- 
nohydrin in 55-60% yield and 3,3,3-triphenylpropanonitrile 
yields 55% cyanohydrin and 10% triphenylacetaldehyde (68 
and 12.5%, respectively, considering unreacted starting ma- 
terial). The  reaction of diphenylacetonitrile anion with 
MoOPH gives a mixture of comparable amounts of cya- 
nohydrin and benzophenone in 71% yield (81% based on re- 
covered nitrile) together with 11% of tetraphenylsuccinoni- 
trile, apparently formed by dimerization of diphenylcya- 
nomethyl radicals. Since radical coupling products are not 
formed in detectable amounts from other MoOPH hydrox- 
ylations, we prefer t o  rationalize cyanohydrin formation via 
carbanion attack a t  the peroxide 0-0 bond of the molyb- 
denum reagent and not by an  electron transfer mechanism. 

OH 
I 

PhCH,CH,EHCN - PhCH,CH,CHCN 
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OH 
I 

Ph,&HCN - Ph,CCCN + Ph,CCHO 

OH CNCN 

PhzeCN - Ph&CN + Ph&O + Ph2CCPhr 
I \ I  

Somewhat different results are obtained upon attempted 
hydroxylation of cyclohexyl cyanide. The major product 
from MoOPH oxidation is 1 (35%), identical with material 
prepared from cyclohexanone and cyclohexyl cyanide 
anion. Small amounts of the cyclohexanone cyanohydrin 
and  cyclohexanone are also obtained (10-20% combined 
yield). Apparently an oxidation intermediate such as 2 is 
formed which fragments to  cyclohexanone a t  a rate compa- 
rable to  the rate of oxidation. Unreacted cyclohexyl cya- 
nide anion then attacks the ketone in preference to the 
sparingly soluble MoOPH. 

2 

1 

In general, moderate to  good yields of cyanohydrins are 
expected from cyanides provided that  the oxidation inter- 
mediates resist spontaneous fragmentation to  the carbonyl 
compound. This condition is satisfied for typical aliphatic 
aldehyde cyanohydrins, bu t  the behavior of ketone cya- 
nohydrin precursors is unpredictable. A recent report de- 
scribes a method for converting cu-disubstituted cyanides 
into ketone cyanohydrins by oxygenation of Rz(7CN to 
R&(CN)OOH, followed by reduction with stannous chlo- 
ride.4 This technique fails with a-monosubstituted cya- 
nides RCHzCN which are the preferred substrates for di- 
rect hydroxylation with MoOPH. Thus, anion oxygenation 
and MoOPH hydroxylation are complementary techniques 
which allow synthesis of ketone or aldehyde cyanohydrins, 
respectively. 

Experimental Section 
Oxodiperoxymolybdenum(hexamethy1phosphoric triam- 

ide) (pyridine) (MoOPH). Oxodiperoxymolybdenum( hexameth- 
ylphosphoric t ~ i a m i d e ) ~ . ~  (18 g, 51.9 mmol) was dissolved in dry 
THF (40 ml) and pyridine (4.11 g, 51.9 mmol) was added with stir- 
ring. The product crystallized during addition. After filtering, 
washing thoroughly with ether, and vacuum drying over P205, yel- 
low crystals (19.1 g, 85%) were obtained, identical with material 
prepared directly from MOOVHMPA-H~O and pyridine.* The lit- 
erature procedure* for preparation of MO,OPH is less satisfactory 
because traces of hydrate may be present in the product. 

Lithium Diisopropylamide (LDA). Pmified (BaO distilled) 
diisopropylamine (2.18 ml, 15.6 mmof) was cooled to -80' and n- 
BuLi (8.0 ml, 13.1 mmol) in hexane was added dropwise under ni- 
trogen. Dry THF was slowly added to a total volume of 16 ml and 
the mixture was brought to room temperature (nitrogen atmo- 
sphere throughout). The normality of the resulting LDA solution 
was calculated as being ca. 0.82 N. The LDA was prepared and 
stored under Nz in a flask having no outlet other than a three-way 

stopcock. Aliquots were removed by syringe through the stopcock 
under nitrogen flow without disturbing the small amount of pre- 
cipitate on the botton of the flask. With the stopcock closed, the 
LDA solution could be stored for several weeks at room tempera- 
ture without apparent deterioration, and with no increase in the 
amount of precipitate. 

Hydroxylation of ,4-Phenylbutyronitrile. A solution of 4- 
phenylbutyronitrile (Lor g, 6.95 mmol) in 15 ml of dry THF was 
added dropwise to LDA (8.6 mmol of 0.82 N solution in THF-hex- 
ane) a t  -78' under nitrogen. After 15 rnin at -78', powdered 
MoOPH (3.90 g, 9.0 mmol) was added to the anion solution. The 
resulting mixture was stiiced at -78' for 10 min and then at -23O 
for 40 min before being quenched with aqueous sodium bisulfite 
(25 ml). The mixture was stirred vigorously (ca. 5 min) a t  room 
temperature to extract molybdenum salts from the organic phase. 
The products were extracted with ether, and the ether layer was 
washed successively with 5% HC1, water, and brine, dried, evapo- 
rated, and separated by preparative layer chromatography over sil- 
ica gel, using l% methanol-CHzClz to give recovered starting ma- 
terial (0.12 g, Rj 0.5-0.6) and dihydrocinnammaldehyde cyanohy- 
drin (0.64 g, Rf 0.2-0.35). 

Other cyanide hydroxylations were performed using an identical 
procedure, with appropriate modifications in the chromatographic 
separation technique. 

Attempted Hydroxylation of Cyclohexyl Cyanide. A solution 
of 223 mg (2.04 mmol) of cyclohexanecarbonitrile in 4 mi of dry 
THF was added dropwise to 2.4 ml of 1.0 M LDA in THF-hexane 
a t  -78' under nitrogen. After 15 rnin at -78O, 1.130 g (2.6 mmol) 
of MoOPH was added to the vigorously stirred anion solution. The 
resulting red-brown mixture was maintained at -78' for 5 min and 
then allowed to warm to -23' for 10 min (light green solution). 
After addition of aqueous sodium bisulfite to the reaction mixture, 
the product was extracted with ether. The organic phase was 
washed successively with 5% HCI, water, and brine, dried, and 
evaporated to give a thick yellow oil. 

The crude product, after addition of a few drops of pentane, de- 
posited 72 mg (35%) of white crystals which were found to be iden- 
tical with material obtained by quenching the anion of cyclohex- 
anecarbonitrile with excess cyclohexanone a t  -70'. The hydroxy- 
nitriles produced by these two methods had mp and mmp 116- 
118' (from ether) and the same Rf by TLC (silica gel, 50% ether- 
hexane or methylene chloride containing a trace of methanol): m/e 
calcd for C I ~ H ~ ~ N O ,  207.16220; found, 207.16231. 

TLC analysis (same conditions as above) of the remaining oil 
showed starting material, cyclohexanone, and cyclohexanone cya- 
nohydrin by comparison with authentic samples. Cyclohexanone 
was assayed by GLC on 5 f t  X 0.25 in. SE-30-Chromosorb P a t  
120' (injection port at 220'), 10-20% yield. The cyclohexanone 
peak tailed somewhat, apparently due to on-column decomposi- 
tion of cyclohexanone cyanohydrin. Authentic cyclohexanone cya- 
nohydrin behaved similarly under these conditions. 
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