Notes

tion chromatography. The first fraction (orange needles) was azo-
benzene, the second (yellow crystals) was azoxybenzene, and the
third (white crystals) was diphenylamine. Identification of the
products was made on the basis of their mp and comparison of
their ir and nmr spectra with those of the authentic samples.

The procedures for other runs were essentially similar to that
described above. When the two reactants were mixed at 35°, nitro-
gen evolved instantaneouly. Benzene was always one of the prod-
ucts formed, but its amount was not always determined.

Esr Measurement of Diphenylnitroxide Radical. A benzene
solution (1.1 g) of nitrosobenzene (0.02 g) was cooled to 0° in an esr
tube, and before it solidified a benzene solution (0.45 g) of phen-
ylhydrazine (0.03 g) was added. Its esr spectrum was determined at
0° with a JES-PE esr spectrometer. The signals of diphenylnitrox-
ide radical were observed,!? and did not change as long as the mix-
ture was kept as solid at 0°. When it was warmed up and melted,
the signals of the radical disappeared (g = 2.0057, aN = 10.0 G).
When a benzene solution of nitrosobenzene or that of phenylhy-
drazine was subjected to esr measurements, no esr signals were ob-
served. Only when the two solutions were mixed, were esr signals
of diphenylnitroxide radicals observed.

Reaction between Diphenylnitroxide and Phenylhydrazine.
A methanol solution (25 ml) of diphenylnitroxide (0.4 g, 2.3 mmol)
was cooled to —5°, and then a methanol solution (3 ml) of phen-
ylhydrazine (0.1 g, 0.92 mmol) was added to the cooled solution.
The dark red solution became yellow with evolution of some nitro-
gen. After-the mixture was warmed to and allowed to stand at
room temperature for 1 hr, the solvent was evaporated under re-
duced pressure, and the residue was subjected to column chroma-
tography (alumina). The first fraction eluted with hexane-benzene
(8:2) was rechromatographed with hexane, and the first fraction
eluted was identified as diphenylamine by comparison of its ir
spectrum with that of an authentic sample; yield, 0.046 g (0.12
mol/mol of PhoNO used).
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Registry No.—Phenylhydrazine, 100-63-0; nitrosobenzene,
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Acid-catalyzed skeletal rearrangements-involving the 1,2
shift of aryl groups are well known. Phenyl groups contain-
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ing electron-attracting substituents generally migrate
much more slowly than phenyl, if at all. One might antici-
pate that the moderately electron-withdrawing pentafluo-
rophenyl group?® would cause considerable deactivation in
such reactions. To our knowledge, acid-catalyzed rear-
rangements involving intramolecular 1,2 migration of the
CeF'5 group have not been reported. We describe here a se-
ries of interrelated reactions in which we observed such
aryl participation.

Pentafluorobenzaldehyde reacted rapidly with tris(di-
methylamino)phosphine = (hexamethylphosphorus  tri-
amide) to give a mixture of diastereomeric stilbene ox-
ides.2P This mixture or the pure trans- stilbene oxide (1),
obtained by peroxidation of the olefin,? reacted with boron
trifluoride etherate to form the isomeric decafluorodi-
phenylacetaldehyde (2) by migration of the CgFy moiety.
Compound, 2 was oxidized by Jones reagent to the di-
phenylacetic acid which rapidly lost COs to form decafluo-
rodiphenylmethane. When treated with concentrated
H.S04, 2 slowly underwent a reverse, 1,2-pentafluoro-
pheny! shift via the unstable cation 4,* to give the isomeric
ketone (3), whose structure was confirmed by independent

synthesis.
(Me,N);P==0

+
(0]
or 1
lBF,Et!o
conc H,80,
[(CeF3),CHCHOH] <————— (C,F),CHCHO
+ rm temp, 2
days 2
CrO; \HOAC
CeFy
shift [(CsF:),CHCOH]
o
(CyF;).CH,
H
CbFng—C—-OH — CGF,CH,COCF; (3)
H: shift
Cels -H T

CF.CH,COCl + (CF;).Cd

In order to compare the relative migratory aptitudes of
the phenyl and pentaftuorophenyl groups, the unsymmetri-
cal stilbene 5, prepared by Wittig syntheses (C¢FsCHBr
and PhCHO or PhCH2Br and CgF5CHOQ), was converted to
the epoxide 6, which was isomerized to the diphenylacetal-
dehyde 7. Compound 7 was characterized by its infrared
spectrum and 2,4-dinitrophenylhydrazone. The latter reac-
tion provides no information on which aryl group migrated.
However, on standing with concentrated HSO, at room
temperature, 7 was readily transformed into the ketone 8 in
a 95% conversion with no evidence of the presence of its
isomer, PhCH3;COCgFs;. Also, compound 8 readily formed a
2,4-dinitrophenylhydrazone, showed carbonyl absorption
around 1700 em™!, and was in all respects identical with an
authentic sample (c¢f. isomer, Experimental Section). This
observation demonstrated the strong preference of CgHj
over CgF5 migration in such 1,2 shifts. Ketone 8 was also
prepared by two alternate routes, one of which has been re-
ported previously.5 These results are in marked contrast to
the overwhelming migratory preference of CgF5 over CgHs
in 1,2 shifts in alkaline medium.® In the latter case, the
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pentafluorophenyl ring stabilizes the developing negative
charge in the transition state.

C\‘F;,\ /H CH.CO.H Cqu\ ~ H
/C=C\ _ /C*—C\
H Ph H \O/ Ph

5 6
l BF, Et,0

conc CF- H

H.80, TN 1
C/F;CH,COPh <~— C—CHO
3 rm temp Ph/

H,80, 7
/ H,0

CF.CH.COCl + (CH;).Cd  CFsC=CCH;

Experimental Section

Decafluorostilbene Oxides.” To a stirred solution of pentaflu-
orobenzaldehyde (19.6 g, 0.1 mol) in 20 ml of dry benzene was
added dropwise 9.5 g (0.0583 mol) of hexamethylphosphorus tri-
amide® dissolved in 5 ml of anhydrous ether. The temperature was
regulated below 36° during addition. After 45 min, addition was
complete and the reaction mixture was heated at 50° for 1 hr and
cooled. The solvents were removed by flash evaporation, water and
ether were added to the residue, and the ether layer was separated,
washed with water, and dried over anhydrous magnesium sulfate.
Ether was removed by flash evaporation and the residual oil was
triturated with ethanol. Thin layer chromatography showed the
presence of two components. The mixture of oxides was crystal-
lized from ethanol: mp 164-176°; calcd mass spectrum 376, found
376.

Decafluorodiphenylacetaldehyde® (2). To a solution of 8.5 g
of decafluorostilbene oxides in 60 m! of benzene and 20 ml of anhy-
drous ether was added 2 ml of freshly distilled boron trifluoride
etherate. The mixture was shaken and left at room temperature for
1 min, Water (100 ml) was added and the mixture shaken. The two
layers were separated and the aqueous layer was extracted with
benzene. The combined organic layers were dried over anhydrous
sodium sulfate and filtered. The filtrate was evaporated and tritur-
ated with ethanol to remove any unreacted epoxide. The alcoholic
solution was evaporated to give a semisolid material, which could
not be distilled or crystallized: ir (CCly) 1710 cm~! (s). Further pu-
rification was effected by adsorption over neutral alumina and elu-
tion with anhydrous ether. A mass spectrum of this sample re-
vealed a peak at 376; 2,4-dinitrophenylhydrazone melted at 227°.

Attempted Oxidation of 2. To 5 g of impure aldehyde 2, dis-
solved in acetone, was added slowly a solution of Jones reagent
(134 g of CrOs, 11.5 ml of concentrated HsSO4, and 33.5 ml of
water). After addition was complete, excess reagent was destroyed
by adding isopropy! alcohol. The reaction mixture was poured into
water and the aqueous solution extracted with three 100-ml por-
tions of ether. The combined ether layers were -washed with water
and then with a 10% solution of potassium carbonate. Acidification
of the aqueous layer failed to give a solid. The ether layer, after
drying over MgSO0,, gave, on concentration, a solid which melted
at 61°, identical with an authentic sample of decafluorodiphenyl-
methane: mp10 62°.

Reaction of 2 with Concentrated HySOy. A sample of 2 (7.52
g, 0.02 mol) was mixed with 10 ml of concentrated HoSO,4 and the
mixture set aside for 2 days at room temperature. The mixture was
then poured into water and extracted with ether, and the ether
layer was washed with a dilute solution of sodium bicarbonate and
dried over anhydrous MgSO,. Ether was removed by flash evapo-
ration and the residual oil distilled (72°, 2 Torr; 7.2 g, 96% yield).
The ir spectrum was identical with that of an authentic sample of
decafluorodesoxybenzoin (3).11

Decafluoro-trans -stilbene.!2 In a 100-ml round-bottomed
flask were placed triethyl phosphite (8.3 g, 0.05 mol) and pentaflu-
orobenzyl bromide (13 g, 0.05 mol). A condenser was attached and
the mixture was heated gently for 1 hr, At 130-140°, ethyl bromide
was evolved. The internal temperature reached 210° at the end of
1 hr. The product was cooled and dissolved in 100 m! of dry 1,2-
dimethoxyethane. Pentafluorobenzaldehyde (9.8 g, 0.05 mol) and
50% sodium hydride (2.4 g, 0.05 mol) were added to the phospho-
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nate solution and the mixture was heated slowly to 85°. After heat-
ing for 0.5 hr, the mixture was cooled and dissolved in a large ex-
cess of water. The precipitated stilbene was filtered, dried, and pu-
rified by sublimation: mp 101° (lit.3131¢ mp 96.5-97.5°, 101.5~
103.5°,101°); yield 11.3 g (63%).

Pentafluoro-trans -stilbene (5). (a) From Pentafluoroben-
zyl Bromide and Benzaldehyde. The procedure was the same as
that described for decafluoro-trans-stilbene: mp 137° (lit.15 139-
140°); yield 60%.

b. From Benzyl Chloride and Pentafluorobenzaldehyde.
The procedure was the same as above: mp 139°, mixture melting
point riot depressed.

Epoxidation of Stilbenes. (a) Decafluoro-irans-stilbene
Oxide (1). The procedure of House and Rief?" was employed. De-
cafluoro-trans- stitbene (10.8 g, 0.03 mol) in 45 ml of methylene
chloride was epoxidized with 6.5 ml of 40% peracetic acid to give 11
g (96%) of 1: mp 166°. Anal. Calcd for C1sHoOF:o: C, 44.41; H,
0.53. Found: C, 44.5; H, 0.57.

(b) Pentafluoro-trans -stilbene Oxide (6). The procedure was
the same as described above: mp 112°; yield 75%. Anal. Caled for
C14H,OF5: C, 58.74; H, 2.44. Found: C, 58.69; H, 2.40.

Pentafluorodiphenylacetaldehyde (7). The same procedure
as for the isomerization of decafluorostilbene oxide to compound 2
was used: bp 97° (2 Torr); caled mass spectrum 286, found 286; ir
po=0 1715 ¢cm™1; 2,4-dinitrophenylhydrazone melted at 185°.

Reaction of 7 with Concentrated HzSQ4. A sample of 7 (5.72
g, 0.02 mol) was mixed with 10 m! of concentrated HySO, and set
aside at room temperature for 2 days. After work-up (as described
earlier for 2), a solid, mp 117°, was isolated (yield 5.4 g, 95%). The
melting point was not depressed when mixed with compound 8,
but was depressed when mixed with benzyl pentafluorophenyl ke-
tone. Compound 8 gave a 2,4-dinitrophenylhydrazone which melt-
ed at 174°,

Preparation of Desoxybenzoins. The procedure was the same
as that used for.pentafluoroacetophenone.16

(a) Decafluorodesoxybenzoin (3). Compound 3 was prepared
from pentafluorophenylacetyl chloride and bis(pentafluorophe-
nyl)cadmium: bp 71-74° (2-3 Torr), ir vo—o 1740 cm™! (s). Anal.
Caled for C4HoOF1q: C, 44.41; H, 0.53. Found: C, 44.48; H, 0.52.
This compound failed to form a 2,4-dinitrophenylhydrazone.

(b) Pentafluorobenzyl Phenyl Ketone (8). Compound 8 was
prepared from pentafluorophenylacetyl chloride and diphenylcad-
mium: mp 118° (lit.1! mp 118-120°); ir »c—0 1700 ecm™! (s); nmr
7.8 ppm (5 H), phenyl protons, and a triplet at 4.36 ppm (methy-
lene protons split by ortho fluorines). Anal. Caled for C1sH7OF5:
C, 58.74; H, 2.44. Found: C, 58.6; H, 2.39. 2,4-Dinitrophenylhydra-
zone mp 174°.

(¢) Benzyl Pentafluorophenyl Ketone. This compound was
prepared from phenylacetyl chloride and bis(pentafluorophe-
nyl)cadmium: mp 54° (lit.]7 mp 52-56°); ir rc—o 1713 cm™!; nmr
7.16 ppm (5 H), phenyl protons, and a singlet at 4.05, methylene
protons. This compound failed to form a 2,4-dinitrophenythydra-
zone.

Registry No.—1, 52438-84-3; cis- 1, 52393-42-7; 2, 52438-80-9; 2
2,4-DNPH, 52393-43-8; 3, 24043-89-8; 5, 19292-25-2; 6, 52393-44-9;
7, 52393-45-0; 7 2,4-DNPH, 52393-46-1; 8, 34073-32-0; 8 24-
DNPH, 52555-18-7; pentafluorobenzaldehyde, 653-37-2; decafiu-
oro-trans- stilbene, 14992-40-6; pentafluorobenzyl bromide, 1765-
40-8; benzaldehyde, 100-52-7; benzyl chloride, 100-44-7; pentafluo-
rophenylacetyl chloride, 832-72-4; bis(pentafluorophenyl)cad-
mium, 15989-98-7; diphenylcadmium, 2674-04-6; benzyl pentafluo-
rophenyl ketone, 52393-47-2; phenylacetyl chloride, 103-80-0.
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The C-P bond of simple phosphines is known to with-
stand the conditions of the common organic reactions.
However, we have found that the bond is rendered sensi-
tive to cleavage by an acidic medium when a §-carbonyl
group is present. This reaction was encountered in an at-
tempt to effect the conversion of methyl 1-methyl-2-phos-
pholanecarboxylate? (1) to the acid (2) by HCl-catalyzed
transesterification with formic acid® (91%). The crystalline

+ HCOOH — "+ HCOOCH,
COOCH, COOH

| |

CH; CH,
1 2

solid that was obtained in 71% yield had properties quite
unlike those expected for 2, Through a combination of
spectral techniques, it was established to have the ring-

opened structure 3.
:P COOH

cH” | H
0
3

The product, which by analysis differed from the expect-
ed structure 2 by the elements of H,0, had infrared spec-
tral bands for a strongly hydrogen-bonded carboxylic acid
group, showing that the expected transesterification had
occurred, However, there were also P-H (2375 cm~!) and
P=0 (1100 ¢m™1) stretching bands, and this suggested the
presence of phosphorus in the secondary phosphine oxide
function. The P-H bond was also apparent in the 'H nmr
spectrum; a peak appeared at 9.98 ppm in H;0 that was re-
moved on running the sample in Ds0. This proton had
been coupled with the P-CHj group, for this latter signal,
which in HoO was a doublet of doublets (Jpcy = 14, JupcH
= 2 Hz), lost the smaller coupling after D exchange. The
peak at 9.98 ppm is half of the P-H signal; the other half is
obscured by the Hy0 signal. However, in CDCls both
halves were visible, with 6 7.62 and Jpy = 476 Hz. The
shift and coupling constant are in line with those known for
other secondary phosphine oxides (e.g., for Me,PHO % §
7.5, Jpu = 490; for Et,PHO,% 6 7.2, Jpy = 468; for 3,4-di-
methyl-3-phospholene oxide (4), which was available from
previous work,5 6 7.97, Jpy = 490 Hz). ‘

The proton-decoupled 3P nmr signal (§ —31.8 in CHClj;,
—38.2 in Hy0) was also in the region expected for secon-
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dary phosphine oxides (e.g.,, for Et;PHO,* § —41.0 and
—47.7; for the phospholene oxide 4, 6 —39.8 and ~44.4). Re-
placement of the proton with deuterium introduces a valu-
able structure diagnostic effect; the phosphorus singlet is
split to a 1:1:1 triplet with a characteristic coupling (for 3, J
= 73 Hz; other secondary phosphine oxides gave similar
values 4). ‘

The 3C nmr spectrum also proved the secondary phos-
phine oxide structure. Carbons attached to phosphoryl
groups have large (60-100 Hz) coupling constants,® and are
readily recognized. For 3, there would be two such signals
of roughly equal intensity and these were observed at § 13.0
with Jpc = 64 Hz (C-1) and 8 29.0 with Jpc = 65 Hz (C-2).
The complete assignment is shown below.

O
1 ” 2 3 4 5 u
CHy—~P—CHy;— CH,~—CH,— CH,;—C—0H
H
6 13.0 290 212 261 343 1790
J.. 64 65 <2 10 s S

BC

C-5 is easily recognized since it should be quite similar in
position to the @-carbon of pentanoic acid (6 34.5).7 The as-
signment of C-3 and C-4 rests first on a coupling effect with
31P; it is known that in aliphatic tertiary phosphine sulfides
and oxides, 3Jpc exceeds 2Jpc,® and since this should pre-
vail also in secondary oxides, C-4 is the signal with Jpc =
10 Hz. Chemical shift relations support this assignment.
Thus, C-4 should have a shift much like that of the §-car-
bon of pentanoic acid, since phosphorus groups are known
to exert only a slight effect on a carbon in this position.8
The C-4 shift of 26.1 ppm corresponds well to that of the g
carbon of pentanoic acid (6 25.2).7 C-3 is upfield of C-4 be-
cause it undergoes y-shielding effects® with both CHj3 and
O on phosphorus.

The generality of the cleavage process was tested with
another @-carbonyl phosphine, compound 5, which was
available from previous work.? The HCl-formic acid treat-
ment should produce structure 6, and the product obtained
had spectral properties (see Experimental Section) that
confirmed this expectation. The product was a noncrystal-

(O 0
HCl
——
[ ] HCOOH [ CH,
P _PH
i cn; |
CH, 5
5 6

lizing oil, and complete characterization was not possible.
There is no doubt, however, that the ring cleavage oc-
curred, and that secondary phosphine oxide 6 was formed.
The mechanism of the cleavage of these 3-carbonylphos-
phines presumably involves attack of water on the proton-
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