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TasLe II
THE REACTION OF ETHYLMAGNESIUM BROMIDE AND
DIETHYLMAGNESIUM WITH 1-HEXYNE IN TETRAHYDROFURAN
C4HC=CH : organometal,

molar ratio Br:Mg Relative reactivity
1:1 0 350
10:1 0 330
10:1 1.00 134
10:1 1.05 105
10:1 1.17 80

is little dependence of the rate of reaction on the molar
concentration of reactants.

Experimental

The gas-collecting system and the determination of rates was
the same as previously described.? Ethers were purified by dis-
tilling from ethylmagnesium bromides prepared in them. 1-
Hexyne was purchased from Farchan Research Laboratories,
redistilled, and sealed in vials until ready for use. Magnesium
turnings were from an unknown lot purchased from Eastman
Organic Chemicals. Analysis of the metal was not known.

Diethylmagnesium was prepared by the dioxane precipitation
method.’® The solvents were removed ¢n vacuo. The light
green solid remaining was redissolved in dry tetrahydrofuran
forming a light yellow solution. It contained less than 0.3
mole 9, of bromine.

A tetrahydrofuran solution of magnesium bromide was pre-
pared by treating bromine with magnesium in dry tetrahydro-
furan. The solution was analyzed for total magnesium and
bromine content. The preparation of magnesium bromide in
ether was previously described.

The Grignard reagents were prepared from ethyl bromide in
the appropriate ethers. With the exception of ether and tetra-
hydrofuran, the bromine to magnesium ratios of the formed solu-
tion were sufficiently close to 1.08 so that they did not require
adjustments with solutions of magnesium bromide in the appro-
priate ethers.
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The perhalofluorochloroacetones are not readily
susceptible to attack by reagents that normally lead
to replacement of the carbonyl oxygen.? This inert-
ness i8 in marked contrast with their considerable
reactivity toward nucleophiles* and other polar func-
tions.’

This study has indicated that these perhaloacetones
are resistant to the action of phosphorus pentachloride
under conditions which lead to replacement of the

(1) Paper I: B. Sukornick, Org. Syn., 40, 103 (1960); Paper II: P.
Eaton, E. J. Carlson, P. Lombardo, and P. Yates, J. Org. Chem., 25, 1225
(1960); and Paper III: B. Farah and S. Horensky, ibid., 28, 2494 (1963).
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(3) H. E. Simmons and D. W, Wiley, J. Am. Chem. Soc., 82, 2288 (1960).

(4) See, for example, (a) S. Andreades, U. S. Patent 3,030,409 (1962);
(b) 8. Andreades, U. S. Patent 3,040,085 (1962); (c) I. L. Knunyants, et al.,
Iw. Akad. Nauk SSSR, Otd. Khim. Nauk, 927 (1962).
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carbonyl oxygen even in highly substituted ketones.
They were recovered unchanged after refluxing with
phosphorus pentachloride, either in the presence or
absence of inert solvents. Although pentachloro-
acetone is converted to heptachloropropane with
PCl; at 180° in 6-8 hr.,* the perhaloacetones gave
extremely low yields at 200° for 24 hr. with excess
reagent in a rocking autoclave, Not until tempera-
tures of 250° or higher were employed did substantial
reaction occur, except in the case of hexachloroacetone
which reacted at 230°. At 275-300° fair yields of the
corresponding perhalopropanes were obtained (Table
I) in 5 hr. Since the unreacted ketones are either
readily soluble in aqueous base,” or react with it, the
perhalopropanes were obtained in high purity. These
compounds have previously been prepared only by
multistep syntheses.

TaBLE I
PREPARATION OF PERHALOPROPANES

~——% fluorine——

Perhalopropane formed B.p., °C. % yield® Caled. Found
F;CCCLCF; 33-34° 31 51.7 51.6
F;:CCCIL,CF.Cl 72¢ 50 40.2 40.0
CIF,CCCLCF,Cl  112-113¢ 61 29.8 299
CIF,CCCLCFCl,  152¢ 48 21.2  21.1
CLFCCCLCFCl,  194° 62 12.9  13.2
CL,CCCLCCl’ 270-271¢ 85

¢ Based on the amount of ketone used. ®J. T. Maynard,
J. Org. Chem., 28, 113 (1963). ¢ A. L. Henne, A. M. Whaley,
and J. K. Stevenson, J. Am. Chem. Soc., 63, 3478 (1941). ¢ A. L.
Henne and M. W. Renoll, ibid., 61, 2489 (1939). ¢ A. L. Henne
and E. C. Ladd, dbid., 60, 2491 (1938). 7 Run at 230°. ¢ F.
Kraft and V. Merz, Ber., 8, 1296 (1875). Product gives an
infrared spectrum identical with that of sample purchased from
Aldrich Chemical Co.

This resistance of the perhaloacetones to phosphorus
pentachloride is attributed to the negative inductive
effect of the halogen clusters surrounding the carbonyl
group,® which reduces electron availability at the
carbonyl oxygen and inhibits attack by the chloro-
phosphonium ion, PCLi*t.?* It would also make the
formation of the carbonium ion I difficult, since de-
parture of the oxygen atom with its pair of bonding
electrons would be electronically unfavorable.

Cl
PCL* + cl- (J;
X;CCOCX; ———> X;C(|JCX3 —> X,;CCCX; —>
G
PCl, | PClL,

l al-
XngCXa —> X;CCCLCX;
I
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(9) For an elegant discussion of the mechanism of the reaction of phos-
phorus pentachloride with ketones, see () M. S. Newman and L. L. Wood,
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Experimental

Typical Procedure.—The ketone (0.5 mole) and phosphorus
pentachloride (1.0 mole) were sealed in a stainless steel autoclave,
and the mixture was heated at 275-300° for 5 hr. with shaking.
The vessel was then cooled to room temperature and the contents
were transferred to a separatory funnel containing 1 kg. of crushed
ice. The mixture was shaken and the lower layer was withdrawn.
It was washed three times with 50-ml. portions of 5% sodium
hydroxide solution, dried over calcium chloride, and distilled.
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The decomposition reaction of the anions of aryl-
and alkylsulfonylhydrazones, referred to as the Bam-
ford—Stevens reaction, has attracted considerable at-
tention in the past few years.!-¢* The reaction affords
a convenient way of generating carbenes when it is
carried out in aprotic media (eq. 1-3), while the de-

R R
\ base \ -
C=N—NH—tosyl —> C=N—N—tosyl (1)
R R
R
AN - A + o -
/C=N—N—'tosyl — /C=N=N + SO H,
R R (2)
R R
AN + - nonprotic AN
C=N=N ———> C: (3)
/ solvents /
R R
R R\ R\
Nofie 2% “or—fi=N— GH @
/ solvents /

R R R

composition in protic solvents leads to products formed
via an ionic mechanism (eq. 1, 2, and 4). The inter-
mediates in both cases are aryl- or alkyldiazomethanes.
In the case of the tosylhydrazones of some aromatic
aldehydes and ketones, the alkaline decomposition re-
action proceeds at sufficiently low temperatures that
the diazo compound may be conveniently isolated.®
During the course of some synthetic work using this
reaction we observed large differences between the ab-
sorption spectra of the anion of the tosylhydrazone of
p-nitrobenzaldehyde in protic and nonprotic solvents.
Similar observations had been made earlier by Burawoy
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and co-workers®” in their studies of the effects of hydro-
gen bond formation on the absorption spectra of many
aromatic substances having hydrogen bond donor and
acceptor sites. They showed that where the effect of
hydrogen bonding with the solvent is to reduce the
polarity of the solute molecule a blue shift of the = —
7* absorption band (K-band) is observed. A relevant
example is the blue shift which occurs in the absorption
spectrum of the p-nitrophenol anion on changing the
solvent from pyridine to water.” In this case hydrogen
bonding localizes the negative charge on the oxygen,
thereby decreasing the dipole moment of the anion and
stabilizing its ground state and causing a shift of the
primary band to shorter wave lengths.

Brealey and Kasha® have also discussed the effect of
hydrogen bonding on electronic absorption spectra.
They showed that the blue shifts observed in the n —
n* absorption bands (R-bands) of pyridazine and
benzophenone upon changing from hydrocarbon to
hydroxylic solvents are mainly due to hydrogen bond-
ing, which stabilizes the ground state more than the ex-
cited state of the molecule.

This paper reports our findings of a hypsochromic
shift of the primary absorption bands of several anions
of substituted benzaldehyde tosylhydrazones upon
changing from aprotic to protic solvents. It was also
found that the rate at which the anions decompose is
retarded by the same solvent changes.

Experimental

Spectra.—Spectra were measured on a recording spectropho-
tometer, using 1-cm. quartz cells.

Solvents.—Solvents used were all Spectroquality, with the ex-
ception of N,N-dimethylformamide (DMF), which was reagent
grade. Distilled water was used.

Toluene-p-sulfonylhydrazones.—The toluene-p-sulfonylhydra-
zones were prepared in ethanol solutions and were recrystal-
lized from methanol-water mixtures. The p-diethylamino
compound was prepared in an ethanol-acetic acid solution.
The aldehyde tosylhydrazones which are shown in Table I were
prepared.

Excess diethylamine was added to 10~¢ M solutions of the
tosylhydrazones to obtain the anion solutions, except in solutions
of the p-diethylamino compound, in which alcoholic NaOH
was used.

The spectral absorption data are given in Tables II and II1
where Amax refers to the wave length of the primary absorption
band. The p-nitrobenzaldehyde tosylhydrazone was studied
most thoroughly, since it displayed the greatest shift.

p-Nitrophenyldiazomethane.—p-Nitrobenzaldehyde tosylhy-
drazone (1 g.) was dissolved in 10 ml. of DMF. Diethyl-
amine (1 ml.) was added and the solution was allowed to stand
at room temperature for about 1 hr. On the addition of water,
p-nitrophenyldiazomethane, m.p. 80° dec., separated and was
recrystallized from acetone; yield 59%, A\o%® 370 mu (log
4.29). In the infrared spectrum a strong band at 4.84 u (>CN,?)
was observed. The identical compound was also prepared by
the oxidation of p-O.NC:H,CH=NNH, with active manganese
dioxide.

Anal. Caled. for C;H;N;0,: C, 51.5; H, 3.1.
51.6; H,3.1.

p-Nitrobenzaldehyde N-Methyltoluene-p-sulfonylhydrazone.
—p-Nitrobenzaldehyde N-methyltosylhydrazone was prepared
in 809 yield according to Dornow and Bartsch,? by alkylation
of the tosylhydrazone with diazomethane. It melted at 165°

Found: C,
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