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B. 2,4-Diphenyl-1-butene (III).—The compound that was
eluted in 22 min. on the fluorosilicone column gave the following
spectra. Infrared (film): w 3.28 (shoulder), 3.32 (w), 3.42 (w),
3.50 (shoulder), 6.14 (m), 6.24 (w), 6.67 (w), 6.86 (m), 9.30
(w), 9.70 (w), 11.16 (m), 12.87 (m), 13.40 (m), 14.35 (s); n.m.r.
(CCL): = 2.85 and 2.93 (10), 4.84 (doublet, 1, J = 2 ¢.p.8.),
5.05 (partially resolved doublet, 1), 7.31 (singlet, 4).

C. trams-1,3-Diphenyl-2-butene (V).—The compound that
was eluted in 32 min. on the fluorosilicone column gave the
following spectra. Infrared (film) u 3.28 (shoulder), 3.30 (w),
3.43 (w), 6.25(w),6.68 (m), 6.87 (m), 7.25 (w), 9.32(w), 9.47 (w),
9.71 (w), 13.25 (s), 13.50 (shoulder), 14.40 (s); n.m.r. (CCL):
t 2.85 (multiplet, 10), 4.08 (triplet, 1), 6.50 (doublet, 2), 7.88
(singlet, 3); ultraviolet (95% ethanol): 245 mpu (e 8250), 273
my (e 3750 sh).

2,4-Diphenyl-1-butene (III}) (Wittig Synthesis*).—A sus-
pension of triphenylmethylphosphonium bromide (Beacon
Chemical Industries) (1.43 g., 0.004 mole) in a solution of 0.320
g. (0.005 mole) of n-butyllithium in 25 ml. of ether was stirred
at 25° under nitrogen for 2 hr. To the solution which was ef-
fected during this period, was added 0.84 g. (0.004 mole) of 8-
phenylpropiophenone (II); stirring was continued at 25° for
another 0.5 hr. Dry tetrahydrofuran (50 ml.) was added, the
ether removed by distillation, and the solution was refluxed for
4 hr. The tetrahydrofuran was distilled at 20 mm., and the
residue was triturated with six 40-ml. portions of pentane.
Removal of the pentane left 0.68 g. of a colorless oil. Chromatog-
raphy on the fluorosilicone column at 180° and 40 ml. min.
gave a major peak at 9 min. and a small peak (starting ketone,
5%, of the major peak) at 21 min. The infrared and n.m.r.
spectra of the compound represented by the major peak were
identical with those obtained from component no. 3 of the
‘‘styrene dimer fraction,”’ and from the second fraction of the
chromatographed olefinic dehydration mixture.

{11) 8. Trippett, “Advances in Organic Chemistry,” Voi. 1, Interscience
Publishers, New York, N. Y., 1860, p. 83.
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Anal. Caled. for CisH1 (208.29): C,92.26; H,7.74. Found:
C, 92.38; H, 8.03.

Oxidation of Component No. 1.—To a solution of 10 mg. of
component no. 1in 0.5 ml. of glacial acetic acid held at 70°, was
added, portionwise, 50 mg. of chromic anhydride over a period of
45 min. The mixture was cooled and extracted with ether which
then was washed with 109, sodium hydroxide solution, dried,
and evaporated. The residue in 0.2 ml. of hexane was placed on
an alumina column (Merck, acid-washed, 0.5 g. in a 4-mm. tube)
and eluted with hexane. The hexane solution was concentrated
to 0.2 ml., cooled to —30°, and filtered. A 4-mg. crop of crys-
tals was obtained, m.p. 70-73° (lit.,” m.p. for g-phenylpropio-~
phenone 73°).  Admixture with an authentic sample (II) did not
depress the melting point; infrared (melt): 5.92 x (C=0).

Oxidation of Component No. 3.—A 29, aqueous solution of
potassium permanganate was added dropwise over a period of 2
hr. to 10 mg. of component 3 on a steam bath until the perman-
ganate color persisted. The mixture was extracted with ether,
and the ether solution was dried and evaporated. The residue
was treated with 2,4-dinitrophenylhydrazine. Three recrystal-
lizations of the product from ethanol-water gave the 2,4-dinitro-
phenylhydrazine, m.p. 162-164.5°, whose identity was proved
by mixed melting point with an authentic sample of 8-phenyl-
propiophenone 2,4-dinitrophenylhydrazone and by comparison
of the infrared spectra.
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authors are indebted to Mr. Norman Bhacea of Varian
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Dr. 8. A. Fuqua of Stanford Research Institute for
many helpful discussions of n.m.r. spectra. The n.m.r.
and mass spectra were run at Stanford Research In-
stitute by Mr. W. R. Anderson, Jr.,, and Mrs. L.
Peters, respectively.
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A series of phosphine oxides containing an additional carboxy, hydroxy, carbonyl, or phosphinyl group was pre-
pared by reaction of the lithium metalated methyl(disubstituted )phosphine oxide with the appropriate reagent.
The physical data and the infrared frequencies of the main functional groups are reported.

Bis(disubstituted phosphinyl)methanes, R.P(0Q)CH,-
P(O)R;, appear to be more effective extractants for
various metal ions than the monophosphine oxides.!
It was found desirable to study the effect of substitution
of other functional groups for one of the phosphinyl
groups on the extractability of metal ions.

Use was made of the acidic nature of the hydrogen
atom of a methylene group adjacent to the P—O group
of a phosphine oxide to introduce functional groups such
as carboxy, hydroxy, and carbonyl into the molecule.2—¢
Di-n-hexylmethylphosphine oxide and methyldiphenyl-
phosphine oxide were first metalated with n-butyl-

(1) K. E. Burke, J. J. Richard, H. Sakurai, J. W. O'Laughlin, and C. V.
Banks, 138th National] Meeting of the American Chemical Society, Ab-
stracts, p. 13-B; Chem. Eng. News, p. 57, (September 19, 1960).

(2) L. Horper, H. Hoffmann, and H. G, Wippel, Ber., 91, 61 (1958).

(3) L. Horner, H. Hoffmann, H. Wippel, and G. Klahre, bid., 92, 2499
(1959).

(4) F. Hein and H. Hecker, ibid., 93, 1339 (1960).

(5) L. Horner, H. Hoffmann, and V. G. Toscano, ibid., 85, 536 (1962).

(6) L. Horner, H. Hoffmann, W. Klink, H. Ertel, and V. G. Toscano, 7bid.,
95, 581 (1962).

lithium and the resulting intermediate was treated with
the various types of compounds listed below to give the
indicated product. The method also can be used to
prepare bis(disubstituted phosphinylymethanes (equa-
tion 5).

H+*

H +
R,P(0)CH;Li + R'CHO — —> R.P(0)CH,C(OH)HR’ (2)

H+
R,P(O)CH.Li 4+ R,'CO —> —> R;P(O)CH,C(OH)R,' (3)
R;P(0)CH,Li + R’CO:Et —> R.P(O)CH.C(O)R’ (4)
R,P(0)CH:Li 4+ R.'P(0)Cl —> R.P(O)CH;P(O)R,’ (5)

Although the lithium salts of the methyl(disub-
stituted)phosphine oxides were not isolated, they were
formed in at least 60-709, yield as indicated by the
recovery of the carboxymethyl(disubstituted)phosphine
oxides.
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TasLE I

PREPARATION AND PROPERTIES OF SOME PHoOSPHINE OXIDES

——Bup.

Compound Yield, % °C. Mm.

1. (CeH,;3).P(0)CH;CO.H 67

2. (CeHs)zP(O)CHzCOzNa 63

3. (CﬁHa)zP(O)CHzCOgHa’b

4. (CsHy3),P(0)CH,CO,CH;, 50 168 0.3

5. (CeHis)oP(O)CH,C(OH)(C.Hs)e 46  158-168 1

6. (CsHs)P(O)CH,C(OH)(CoHs): 61

7. (CsHu3).P(O)CH,C(OH )(CeHs). 49

8. (CeH;)P(O)CH,C(OH )(CeHs)s 81

9. (CeHu):P(O)CH,CH(OH)(CeHjy) 50 220 .15
10, (CiHq3).P(O)CH==CH(CHjs) 10  205-210 .15
11, (CeH;)P(O)CH,CH(OH )(CeHs) 31
12, (CeHi5).P(O)CH,C(OH )}(C¢H;)CH; 51 207 .18
13. (CeHu)oP(O)CH,CH(OH)CH; 44  165-170 .20
15, (CeH;)P(O)CH,P(O)(CsHia)e 25
16. (CeHi3).P(O)CH,C(O)CH; 30 137-144 .10
17, (CeHi3)%P(O)CH,C(O)CsH; 33  182-187 .05
18, (CeH;).P(O)CH,C(O)CsHs° 40
19, (CeH,3),P(O)CH,P(O )(CeHyy s 35  225-235 .23
20. (CeH;):P(O)CH,P(O)(CsHs),® 25

% Caled.: equiv. wt., 260. Found: equiv. wt., 259.
b.p. 218-223° at 0.2 mm. ¢ Reported®® m.p. 180-182°.

The @-hydroxyphosphine oxides, as opposed to the
a-hydroxyphosphine oxides which decompose into
starting material when heated to their melting points
or when dried at 100° are thermally stable. Di-n-
hexyl(2-hydroxy-2-phenylethyl)phosphine oxide, how-
ever, partially dehydrates upon distillation. Distilla~
tion also causes the carboxymethyl(disubstituted)phos-
phine oxides to decarboxylate.

The infrared data would seem to indicate that the
B-hydroxyphosphine oxides are intramolecularly hydro-
gen bonded as are the a-hydroxyphosphine oxides.?
The hydroxy band is shifted an average of only 70
cm.—! on going from solid or liquid state into solution
in carbon tetrachloride (19, by weight) and further
dilution produced no further shift.

Initial studies by reversed-phase chromatography
indicate that several of these compounds may possess
desirable characteristics as extractants for metal ions.
A systematic study of their properties as extractants
will be made in the future.

Experimental

Methyldiphenylphosphine Oxide® and Di-n-hexylmethylphos-
phine Oxide.®*—Most of di-n-hexylmethylphosphine oxide used
in the following experiments was obtained as a by-produet from
the synthesis of bis(di-n-hexylphosphinyl)methane,! but can be
prepared in 707, vield by the synthesis listed below. One mole of
diethyl hydrogen phosphite was added to 3 moles of the Grignard
reagent (n-hexyl or phenyl) at such a rate to maintain steady
reflux. The mixture was refluxed for an additional 3 hr., at
which time a mole of methyl bromide dissolved in anhydrous
ether was added. The mixture was refluxed overnight, hydro-
lyzed, and the phases separated. Di-n-hexylmethylphosphine
oxide was obtained in 709, vield upon distillation of the organic
phase, b.p. 130-135° at 0.2 mm. Methyldiphenylphosphine
oxide? was obtained upon evaporation of the aqueous phase (pH

(7) R. C. Miller, C. D. Miller, W. Rogers, Jr., and L. Hamilton, J. 4m.
Chem. Soc., 79, 424 (1957).

(8) C. D. Miller, R. C. Miller, and W. Rogers, Jr., tbid., 80, 1562 (1958).

(9) G. M. Kosolapoff, ‘“‘Organophosphorus Compounds,’” John Wiley and
Sons, Ine., New York, N. Y., 1850, p. 115.

(10) J. J. Richard, K. E. Burke, J. W. O’Laughlin, and C. V. Banks,
J. Am. Chem. Soc., 83, 1722 (1961).

® Reported!! m.p. 142-144°,

M.p., ~—Carbon, %—  —Hydrogen, %-— —Phosphorus, %—
°C. Caled. Found Caled. Found Caled. Found
60.84 60.82 10.57 10.80 11.21 11.11
59.58 59.61 4.29 4.38 10.98 11.25

145-146
62.04 61.61 10.76 10.81 10.67  10.90

67.88 67 .82 12.34 12.22 9.71 970

141-142 7475 74.70 5.65 5.94
83-84 71.56 71.50 10.59 10.76
65.18 65.10 12.03 11.84 11.21 11.01
67.03 67.25 12.25  12.22 10.18 .97
96-97 71.28 71.00 9.50 9.48 12.68 .66
65.66 65.47 11.39  11.44 11.29 .32
71.39  71.28 9.89 9.74 9.21 27
139-140 74.97 74.99 5.35 5.43 9.67 .61

7

7

9

9
.61 9.69
.79 8.92

1

9

2

1

9

9

114-116  71.50 71.53 7.67 7.72 10.24 10.15
82-83 75.33 75.76 9.48 9.57 7.47 .39
192-193  78.37 78.84 5.82 5.85 7.77 .75
70.97  71.29 10.42  10.48 9.15 11
74.96 75.08 10.38 10.45 9.67 .56

9

8

— et

178-180

¢ Reported!® m.p. 140-140.5°, ¢ Reported®

6) after removal of the magnesium hydroxide by filtration or
centrifugation (pH 12). The methyldiphenylphosphine oxide
separated as an oil and was extracted into hot benzene from which
it crystallized on cooling. A 509 yield was obtained, m.p.
108-109°.

Lithium Salts of Di-n-hexylmethylphosphine Oxide (I) and
Methyldiphenylphosphine Ozxide (II).—n-Butyllithium (0.1
mole) dissolved in hexane was added to 0.1 mole of methyl(disub-
stituted )phosphine oxide dissolved in 300 ml. of anhydrous ether
in a 500-ml. three-necked flask equipped with stirrer, dropping
funnel, and reflux condenser. The mixture was refluxed for 4 hr.
and used in the reactions below. An inert atmosphere was main-
tained throughout the reactions.

Carboxymethyldi-n-hexylphosphine Oxide and Carboxymethyl-
diphenylphosphine Oxide.—The lithium salt, I or II, was poured
with stirring onto a slurry of Dry Ice and ether. The ether was
evaporated and the residue was dissolved in dilute base. This
solution was acidified and the carboxymethyldi-n-hexylphosphine
oxide was purified by reextracting into ether. The purification
process was repeated a second time and gave almost complete re-
moval of the unreacted starting material. Carboxymethyldi-
phenylphosphine oxide, upon acidification, separated into a
third phase. The desired phase was separated and the sodium
salt precipitated by the addition of a small amount of concen-
trated aqueous sodium hydroxide. The sodium salt was re-
crystallized from acetone. Acidification of the sodium salt with
dilute hydrochloric acid gave the acid.t!

Di-n-hexyl(methoxycarbonylmethyl)phosphine Oxide.—Car-
boxymethyldi-n-hexylphosphine oxide was esterified using
methyl alcohol in the usual manner. Sapon. equiv.—caled.:
290.4; found: 289.1.

8-Hydroxyphosphine Oxides.—The appropriate ketone or
aldehyde (0.1 mole) dissolved in 50 ml. of anhydrous ether was
added to the lithium salt, I or II. The mixture was refluxed for
4 hr., cooled, and hydrolyzed with 3% hydrochloric acid. The
phases were separated and the ether phase was washed with two
small portions of water. The ether was evaporated and the resi-
due was either recrystallized or vacuum distilled.

(2-Ethyl-2-hydroxybutyl)di-n-hexylphosphine oxide and (2-
ethyl-2-hydroxybutyl )Jdiphenylphosphine oxide were prepared by
the reaction of 3-pentanone with I and II, respectively. The aryl
compound was recrystallized from ether.

Di-n-hexyl(2-hydroxy-2,2-diphenylethyl)phosphine oxide and
(2-hydroxy-2,2-diphenylethyl )diphenylphosphine oxide were pre-
pared by the reaction of benzophenone and I and II, respectively.
After removal of the unchanged di-n-hexylmethylphosphine
oxide by vacuum distillation, the hexyl compound was re-

(11) K. Issleib and G. Thomas, Ber., 94, 2244 (1961).
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crystallized from petroleum ether (b.p. 65-110°). The tetra-
phenyl compound precipitated from the reaction mixture upon
bydrolysis. It was filtered and reecrystallized from benzene.

Di-n-hexyl(2-hydroxzy-2-phenylethyl)phosphine oxide and 2-
(hydroxy-2z-phenylethyl )diphenylphosphine oxide were prepared
by the reaction of benzaldehyde and I and II, respectively. The
n-hexyl compound dehydrated upon distillation giving di-n-
hexylstyrylphosphine oxide. If the ether solution is extracted
with base prior to distillation, the dehydration product is held to
approximately 109, of the total yield. The aryl compound was
purified by recrystallization from benzene.

Di-n-hexyl (2-hydroxy-2-phenylpropyl)phosphine oxide, di-n-
hexyl(2-hydroxy-n-propyl)phosphine oxide, and di-n-hexyl-(2-
hydroxy-n-pentyl)phosphine oxide were prepared by the reaction
of I with acetophenone, acetaldehyde, and butyraldehyde, re-
spectively.

The disubstituted phosphinyl chlorides used in the following
preparations were prepared by the method of Kosolapoff.12

Bis(di-n-hexylphosphinyl)methane® was prepared by the
reaction of di-n-hexylphosphinyl chloride, b.p. 160-163° at 1
mm., and I. The reaction mixture was refluxed for 4 hr.,
hydrolyzed, extracted with 59, sodium hydroxide and water, and
vacuum distilled.

Bis(diphenylphosphinyl)methane!® was prepared by the reac-
tion of diphenylphosphinyl chloride and II. The product is very
insoluble in the reaction media and precipitated as a sticky residue
at the bottom of the flask. The liquid was decanted from the
residue which was then dissolved in hot benzene from which it
crystallized on cooling.

[(Di-n-octylphosphinyl)(diphenylphosphinyl)imethane was
prepared by the reaction of di-n-octylphosphinyl chloride, b.p.
190° at, 0.1 mm., and II. The reaction mixture, after having been
refluxed for 4 hr., was hydrolyzed with 39 hydrochloric acid, the
layers were separated, and the organic layer was extracted with
5% sodium hydroxide and water several times to remove the
methyldiphenylphosphine oxide and di-n-octylphosphinic acid.
Purification was by recrystallization from petroleum ether (b.p.
65-110°).

Di-n-hexylphenacylphosphine oxide and acetonyldi-n-hexyl-
phosphine oxide were prepared by the reaction of I with ethyl
benzoate and ethyl acetate, respectively. The phenacyl com-
pound was isolated and purified by reerystallization from ether-
petroleum ether (b.p. 30-60°) at —80° or vacuum distillation
and the acetonyl compound was vacuum distilled.

(12) G. M. Kosolapoff and R. F. Struck, J. Chem. Soc., 3950 (1959).
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TasLe II
PHosPHORYL, HlYDROXYL, AND CARBONYL FREQUENCIES OF SOME
ProspHINE OXIDES
»—P—0, em."*— ~—0H, em. "l—

1% solu- 1% solu-
Com- Solid or  tion in Solid or  tion in C=0, ¢cm."!
pound liquid CCly liquid CCls Solid or liguid
1® 1110 2500 1715
2 1186 1612 and 1360
3 1170 1715
4 1162 1135
5 1142 1168 3330 3430
6 1163 1182 3420 3470
7 1133 1150 3260 3330
8 1162 1177 3380 3380
9 1147 1150 3230 3280
10 1159
11 1174 1185 3270 3440
12 1143 1168 3300 3380
13 1142 1157 3280 3330
14 1142 1157 3280 3380
15 1186
16 1170 1710
17 1173 1680
18 1177 1670
19 1164
20 1190
218 1150
22° 1168

¢ See Table I. ¢ Di-n-hexylmethylphosphine oxide. ¢ Meth-

vldiphenylphosphine oxide.

Phenacyldiphenylphosphine oxide!® was prepared by treating
ethyl benzoate and II. It was recrystallized from acetone.

Physical properties, yields, and analytical data for the com-
pounds prepared are compiled in Table I. Those features of the
infrared spectra used in confirming assigned struetures are listed
in Table II. The spectra described here were obtained with a
Perkin-Elmer Model 21 double beam instrument. Liquid
samples and low melting solids were scanned as capillary films
while the higher melting solid samples were scanned as potassium
bromide pellets. The hydroxy-containing phosphine oxides were
also scanned in 19, by weight solution of carbon tetrachloride.

(13) M. Saunders and G. Burchman, Tetrahedron Letters, 1, 8 (1959).

Synthesis of Nitro-olefins from Olefin Dinitrogen Tetroxide Adducts!
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A convenient synthesis has been developed for the direct conversion of 1-octadecene into 1-nitro-1-octadecene and
of cycloSetene into 1-nitrocyclosetene in 809, and 959 yields, respectively. The reaction involves addition of
the olefin and oxygen to an ethereal solution of dinitrogen tetroxide and subsequent elimination of nitrous and

nitric acids from the adducts with triethylamine.

Elimination reactions of the independently synthesized inter-
mediates of the addition were studied with several bases.

The dependence of the product composition on the

amount of oxygen used in the dinitrogen tetroxide—olefin reaction was investigated by quantitative infrared
analysis, and the relative rates of elimination were determined. The results led to a nitro-olefin synthesis from a

1-olefin making isolation of any intermediate unnecessary.

Addition of pure dinitrogen tetroxide and oxygen to
l-olefins in ether or ester-type solvents has been
shown?~* to give dinitro, I, nitro nitrite, II, nitro
nitrate, III, and nitro ketone, IV, compounds as the
major products.

(1) Presented at the 142nd National Meeting of the American Chemical
Society, Atlantic City, N. J., September, 1962.

(2) H. Baldock, N. Levy, and C. W. Scaife, J. Chem. Soc., 2627 (1949),
and previous papers.

(3) T. E. Stevens, J. Am. Chem. Soe., 81, 3593 (1959).
(4) T. E. Stevens, Chem. Ind. (London), 38, 499 (1960).

N:0
RCH—CH, ——> R?HCHzNOz + Rl([JCHzNOz

X o v
(I. X = NOy)
(II. X = ONO)
(ITI. X = ONOy)

Oxygen 1is responsible for the formation of I1I? and
IV34; both are formed at the expense of I. The un-
stable nitro nitrite, II, is isolated as nitro alecohol V



