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estabIishment of phenyl-nitrogen, -oxygen and 
-sulfur bonds. In an extension of studies involving 
amines as nucleophiles, Wittig and Bena3 have 
shown that triarylphosphines react with benzyne ; 
thus, phenyl biphenylene phosphine can be isolated 
in low yield from the reaction of benayne with 
triphenyl phosphine. We now report the phenyla- 
tion of the organophosphorous nucleophiles, sodium 
dialkylphosphonates, and trialkyl phosphites, via a 
benzyne intermediate; the reaction leads to the 
formation of phenyl phosphonates and constitutes 
a new synthetic method for this class of compounds. 

Sodium diethylphosphonate (0.05 mole) and 
o-fluorobromobenaene (0.05 mole) were treated 
with magnesium (0.062 mole) in anhydrous tetra- 
hydrofuran. After the spontaneous reaction had 
ceased, the mixture was refluxed for 1 hr. and 
hydroIyzed by established procedures. 8.4 The 
organic residue was distilled to yield diethyl 
phenylphosphonate (I) (41%), b.p. 103-104' 
(0.5 mm.) [lit.s b.p. 104-105' (0.5 mm.)]. The 
infrared spectrum of the product was identical 
in all respects with that of an authentic sample. 
Triphenylene (ca. 5%), a normal byproduct of 
benayne rea~tions,~ was isolated from a lower boiling 
fraction. In a similar experiment, sodium dimethyl- 
phosphonate was phenylated to yield dimethyl 
phosphonate (11) (37%), b.p. 103-104' (4 mm.), 
243-245" (760 mm.), ( I i t . O  b.p. 247'). 

Triethyl phosphite (0.30 mole), o-fluorobromo- 
benzene (0.06 mole) and magnesium (0.06 mole) in 
anhydrous tetrahydrofuran reacted vigorously with 
the evolution of a gaseous product which was identi- 
fied as uncontaminated ethyl bromide by its in- 
frared spectrum. From the reaction mixture, the 
sole isolable product was I (210/0); variation in 
reactant ratios gave no appreciable increase in 
yield.' When triethyl phosphite was employed as 
solvent, initiation of the reaction was difficult and 
a lower yield of I was obtained.a The ester (I) was 
identified by a comparison of its infrared spectrum 
with that of an authentic sample and, in one experi- 
ment, by acidic hydrolysis to the known acid, 
phenylphosphonic acid. Trimethyl phosphite was 
similarly phenylated to form I1 in low yield. Ben- 
zyne phenylation is not restricted to phosphites 
but may be extended to other trivalent esters, 
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(7) The yields obtained are probably minimal since no 

rigorous efforta were made to establish optimum conditions. 
Additionally, in a blank experiment, only a 60% recovery 
of I waa obtained with the isolation technique employed. 
(8) These results are probably a reflection of the lower 

solvating power of triethyl phosphite as compared with 
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e.g. ethyl diphenylphosphinite was phenylated to 
yield triphenyl phosphine oxide in 17% yield. 

While the phenylation of sodium dialkylphos- 
phonates probably follows the conventional course 
for reaction of benzyne with anions,2 the phenyla- 
tion of the trivalent esters differs mechanistically 
from previously demonstrated courses. Further 
studies directed toward an elucidation of the 
mechanism of the latter reactions and a determina- 
tion of the scope of the synthetic method are in 
progress. 
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Hydration of Steroidal 1,2-Disubstituted 
Ethylenes 

Sir: 
The hydration of certain steroidal trisubstituted 

ethylenes to the corresponding secondary alcohols 
through successive hydroboration and hydrogen 
peroxide oxidation has recently been described, the 
hydroboration being carried out by means of lith- 
ium aluminum hydride and boron trifluoride in 
ether (method or by passing diborane into a 
solution of the steroid in an ether (method b).' 

We have found that steroidal 1,2disubstituted 
ethylenes on similar hydration give rise to compa- 
rable amounts of both possible positionally isomeric 
alcohols. Thus AI-cholestene (I) by method a4 fol- 
lowed by chromatography on alumina yielded 35%5 
of cholestan-la4 (11) (m.p. 103-104', [CY], +3606; 
ketone: m.p. 86-88', [.ID +114') and 40% of 
cholestan-2cu-01 (111) (m.p. 181-182', [CY], +28'; 
acetate: m.p. 89-91', [CY], 0'; ketone: m.p. 129- 
130', [ a ] ~  $50'). A2-Cholestene (IV) either by 
method a4 or by method b (in tetrahydrofuran solu- 
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SI, 6428 (1959). 
(4) Experimental details as for cholesterol,Ib except that 

the peroxide oxidation was carried out as demibed in the 
experimental example given below. 
(5) Yields are given to the nearest 5%. 
(6) AU rotations in chloroform unless otherwise stated. 
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tion) afforded 35% of cholestan-2asl (III) (m.p. 
180-182', identified with the abovedescribed com- 
pound) and 45% of cholestan-3u-01 (m.p. 
187-188', [ C Y ] ,  +24'; acetate: m.p. 97-98', [alD 
+28'; ketone: m.p. 127-128', [a], +40°, identi- 
fied with an authentic sample). A*-Cholestene (VI) 
by method a4 yielded Myo of cholestan-3a-01 (V) 
(m.p. 187-188', identifled with the compound ob- 
tained above) and 45% of cholestanlad (VII) 
(m.p. 188-189', [ a ] D  +3'; acetate: m.p. 110-112', 
[a], +15O; ketone: m.p. 99-100°, [ a ] D  +30°). 
5a-25D-A11-Spirosten-3j3~l acetate (VIII) by 
method b (in tetrahydrofuran solution) followed by 
saponification gave 40% of 5a-25D-spirostane- 
38,lladiol (IX) (m.p. 216-218', [aID -68', 
identified with an authentic sample; diacetate: 
m.p. 175-177') and @yo of 5a-25D-spirostane- 
3&12adiol (X) (m.p. 21&217', [ a ] D  -30"; 
diacetate: m.p. 153-155', [a], -12'') 
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several steroidal 1 $-disubstituted ethylenes by use 
of this reagent and subsequent oxidation. Reaction 
of Al-cholestene (I) with bis-3-methyl-2-butylbor- 
ane (prepared by hydroboration of 2-methyl-2- 
butene either with lithium aluminum hydride and 
boron trifluoride in ether'bts or with sodium boro- 
hydride and boron trifluoride in diglymes) followed 
by oxidation with hydrogen peroxide indeed yielded 
75% of cholestan-2asl (111), the less hindered 
isomer, and no detectable amount of cholestan-la- 
01 (11). On the other hand no very significant change 
from the previous results were observed when A L  
cholestene (IV) and Akholestene (VI) were al- 
lowed to react with bis-3-methyl-2-butylborane, the 
former giving 35% of cholestan-2a-01 (III) and 45% 
of cholestan-3a-01 0, while the latter gave 45% of 
cholestan-3a-01 (V) and 35% of cholestan-4cu-01 
(VII) . 

A typical experimental procedure for carrying 
out the reaction of Al-cholestene (I) with bis-3- 
me thyl-%butylborane follows. 

A solution of 0.50 g. (13.2 mmoles) of lithium 
aluminum hydride in 30 cc. of dry ether was added 
dropwise during 20 min. to a stirred solution con- 
taining 2.47 g. (35.3 mmoles) of 2-methyl-%butene 
and 2.50 g. (17.6 mmoles) of boron trifluoride 
etherate in 40 cc. of ether, with ice-cooling under 
nitrogen. After an additional 1 hr. at 0", a solution 
of 0.50 g. (1.35 mmoles) of A*-cholestene (I) (m.p. 
09-70', [&ID +14") in 30 cc. of ether was added 
during 5 min. and the mixture was allowed to stand 
for 4 br. without further cooling. It was then treated 
with a saturated sodium sulfate solution and solid 
sodium sulfate, and was filtered and evaporated. 
The residue dissolved in 20 cc. of tetrahydrofuran 
was oxidized with 10 cc. of 30% hydrogen peroxide 
and 15 cc. of 10% aqueous sodium hydroxide for 1 
hr. at 0". Isolation with ether followed by chroma- 
tography on alumina and crystallization from meth- 
anol yielded 0.39 g. (74%) of cholestan-2a-0l(III), 
m.p. 17&180°, [ a ] D  +27O. Almost identical results 
were obtained when the hydroboration of 2-methyl- 
2-butene was carried out with sodium borohydride 
and boron trifluoride in diethyleneglycol dimethyl 
ether .E 
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Very recently Brown and ZweifeP have shown 
that hydroboration of acyclic olefins with the steri- 
cally hindered bis-3-methyl-2-butylborane results in 
greater steric control than if diborane is employed. 
Consequently we have investigated the hydration of 

(7) In acetone. 
(8) H. C. Brown and G. Zweifel, J.  Am. Chem. Soc., 82, 

3222 (1960). 

Protonolysis and Deuterolysis of Tri-2- 
norbornylborane-Evidence for the 
Retention of Configuration in the 

Protonolysis of Organoboranes 

Sir: 
The hydroboration of olefins, followed by proto- 

nolysis with carboxylic acids, provides a convenient 


