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in ether, washed with 5% sodium hydroxide, and dried over
anhydrous sodium sulfate. After evaporation of the ether, the
triphenylmethane was recrystallized twice from ethanol, Two
samples of the triphenylmethane were counted and found to have
a specific activity of 1.34 X 107 decompositions min~! mol~1.
The melting point of the recrystallized triphenylmethane was
93-04° 16

4-Triphenyl-1-diphenylmethylene-2,5-cyclohexadiene (I).—
Mercury (20 g, 0.1 mol) was added to a solution of 5.78 g (0.021
mol) of triphenylchloromethane in 250 ml of dry toluene in the
first flask, following with minor modification the procedure of
Gomberg.'” The system was closed, degassed three times, and
allowed to react at 20° for 12 hr with vigorous stirring.

Reaction of Triphenylmethyl with Thiophenol.—The yellow
solution of I was filtered from the first flask through a glass wool
plug and then through a fritted glass filter into the second flask.
To the third flask, 16 g (0.15 mol) of tritium-labeled thiophenol
was added to 235 ml of dried reagent-grade toluene. The thio-
phenol-toluene solution was degassed three times. The entire
apparatus was then submerged in a bath controlled to within
+0.05° and allowed to attain thermal equilibrium. Compound I
was then added dropwise through the stopcock to the thiophenol-
toluene solution, which was magnetically stirred.

Isolation of Triphenylmethane, Trityl Phenyl Sulfide, and p-
Benzhydryltetraphenylmethane (II).—The reaction mixture was
washed with 5%, sodium hydroxide and dried over anhydrous
sodium sulfate. Toluene was removed by distillation, counted,

(16) W. R. Orndorff, R. C. Gibbs, S. A, McNulty, and C. V. Shapiro,
J. Amer. Chem. Soc., 49, 1543 (1927).
(17) M. Gomberg and C. 8. Schoepfle, 1bid., 39, 1659 (1917).
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and found to have no tritium. A 3 ft X 1 in. chromatographic
column packed with neutral aluminum oxide was used to separate
the viscous oil. A 2:1 mixture of low-boiling petroleum ether—
benzene was used to elute the mixture and obtain complete separa-
tion of the triphenylmethane. A 1:2 petroleum ether-benzene
mixture was then used to elute the trityl phenyl sulfide. After
all trityl phenyl sulfide was removed, methylene chloride was
used to elute any remaining compounds. Only at —25 and —15°
were any other compounds found. At these low temperatures
compound II was found, as shown by its melting point, 226-227°
(lit.*® mp 227°), and mixture melting point and nmr (singlet, =
4.45, 1 H; multiplet, » 2.60-3.00, 29 H). The triphenylmethane
had mp 93-94°, and the nmr showed a singlet at » 4.66 (1 H)
and another singlet at » 3.02 (15 H). Trityl phenyl sulfide had
mp 100-101° (lit.” mp 105-106°), and the nmr showed a singlet
at  3.15 (5 H) and a multiplet between + 2.50 and 3.10 (15 H).
No attempt was made to determine the exact yields since purity
of the products was our main goal. The isolated yields of purified
triphenylmethane at —25.0, —15.0, 0.0, 25.0, 40.0, and 60.0°
were 14.0, 40.0, 58.0, 73.0, 82.0, and 90.09, respectively. The
isolated yields of recrystallized II at —25.0 and —15.0° were
24.0 and 22.0%, respectively. The low total yields at the lower
temperatures do not represent incomplete reaction, for ditrityl
peroxide would have been produced on work-up and is easily
detected. We attribute the low yields merely to the difficulty
of separating triphenylmethane and compound I.

Registry No.—II, 3416-63-5; triphenylmethane,
519-73-3; trityl phenyl sulfide, 16928-73-7.

(18) W, Schlenk, E. Marcus, Ber., 47, 1665 (1914).
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The effect of substituents on the reaction rates of trialkyl phosphites [(RO);P] with benzil has been studied.
The rate constant, k, in the rate equation, » = k[{(RO)P][PhCOCOPL], increases with the change of R in the
order of methyl, ethyl, and isopropyl, while a little change of k is observed with R of n-propyl, n-butyl, n-amyl,

n-octyl, and sec-butyl, and the & value decreases by substitution of 2-methoxyethyl for methyl.
rates fit the Taft equation, log (k/ke) = —3.28 ¢* 4 0.40 E; + 0.03.
with R of CyHane: (n = 3), while polar effect alone is dominant with R of methyl and ethyl.

The relative
Both polar and steric effects affect the rate
The correlation

between the P nmr chemical shift relative to (CH;0),P, A5 #1P, and the relative reaction rate or Taft’s ¢* valh%e
is discussed. These facts present an additional support for our previous mechanism involving a nucleophilic

attack of the phosphorus atom on the carbonyl carbon.

In our previous papers,'—32 kinetics of the reaction of
trialkyl phosphite with benzil and substituted benazils
favored a mechanism involving & nucleophilic attack of
a phosphorus atom of phosphite on a carbonyl carbon
atom of bengzil, which is similar to a mechanism pro-
posed by Litt for aliphatic « diketones.*

The present paper deals with the kinetic study on the
reaction of a number of trialkyl phosphites (2) with
benzil (1) forming substituted 1,3,2-dioxaphospholes
(3) (eq 1) to clarify the effect of substituents at phos-
phorus atom. The rate was measured by means of uv
spectrophotometry .7

(1) Y. Ogata and M. Yamashita, J. Amer. Chem. Soc., 98, 4670 (1970).

(2) Y. Ogata and M. Yamashita, Tetrahedron, in press.

(3) Y. Ogata and M. Yamashita, ¢bid., in press.

(4) A. D. Litt, Ph.D. Thesis, Rutgers University, 1968,

(5) (a) V. A. Kukhtin, Dokl. Akad. Nouk SSSR, 131, 466 (1058); Chem.
Abstr., 68, 1105a¢ (1959); (b) V. A. Kukhtin and K, M. Orekhova, Zh.
Obsheh. Khim., 80, 1208 (1960); Chem. Abstr., 86, 358h (1961); (¢) V. A.
Kukhtin, T. N. Voskoboeva, and K, M. Kirillova, ibid., 82, 2333 (1962);
Chem. Abstr., B8, 91279 (1968); (d) K. M. Kirillova and V. A. Kukhtin,
ibid., 82, 2338 (1062); Chem. Abstr., 58, 9128¢ (1963).

(6) (a) F. Ramirez and N. B, Desai, J. Amer. Chem. Soc., 82, 2652 (1960);

(b) F. Ramirez and N. B. Desai, ibid., 86, 3252 (1963); (c¢) F. Ramirez, N.
Ramanthan, and N. B. Desai dbid., 84, 1317 (1962); (d) ¥. Ramirez, N.

Ph Ph
No=C"
PhCOCOPh + (ROP — ¢ 0 ¢
/
1 2 P(OR),
3
Results

The reaction of a number of trialkyl phosphites (2)
with benzil (1) proceeds quantitatively at room tem-
perature to yield 2,2,2-trialkoxy-4,5-diphenyl-1,3,2-
dioxaphospholes (3). The rate was measured by means
of ultraviolet spectrophotometry of the produet 3.

Rate Law. —The rate was measured in dioxane at
20.0, 25.0, 30.0, and 35.0°. The rate law is expressed

Ramanthan, and N. B. Desai, ibid., 86, 3465 (1063); (e) F. Ramirez, A V.
Patwardhen, N. Ramanthan, N. B. Desai, C. V. Greco, and 8. R. Heller,
ibid., 87, 543 (1965).

(7) (a) G. H. Birum and J. L. Dever, U. 8. Patent 2,961,455 (1960);
Chem. Abstr., 55, 8292g (1961); (b) G. H. Birum and J. L. Dever, U. 8.
Patent 3,014,949 (1961); Chem. Abstr., 86, 10191a (1962).
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TasBLE I
SEcoND-ORDER RATE CONSTANTS FOR THE REACTION OF TRIALKYL PHOSPHITES (2)
wrth BenziL (1) IN DIoxANE AT 25.0°

Relative
~—-——Concn, M——— 108 &, rate
(RO)P, R = Registry no. 1] 2] M -1 gge™1 (k/ko) Log (k/ko) gk @
CH;, 121-45-9 0.05 0.05 4.83 1.00 0.000 0.000
C,H; 122-52-1 0.05 0.05 10.8 2.34 0.369 —0.100
1-C;Hy 116-17-6 0.02 0.1 13.5 2.80 0.447 —0.200
sec-CyH, 7504-61-2 0.02 0.1 9.19 1.90 0.279 —0.210
n-CsHy 923-99-9 0.05 0.05 8.37 1.73 0.238 —0.115
n-CaH, 102-85-2 0.05 0.05 9.64 2.00 0.301 —0.130
n~CeHyy 1990-22-3 0.05 0.05 10.4 2.15 0,332
n-CsHyy 3028-88-4 0.1 0.1 10.1 2.09 0.320
CH;OCH,CH, 4156-80-3 0.01 0.1 2.94 0.609 -0.216
e« R. W. Taft, Jr., J. Amer. Chem. Soc., 75, 4231 (1953).
TasLe IT

TEMPERATURE EFFECT AND ACTIVATION PARAMETERS FOR THE REACTION OF
TrRIALKYL PHOsPHITES WITH BENZIL IN DI1oxANE®

(RO)P, R = 20.0° 25.0° 30.0°
CH, 3.76 4.83 6.64
C.H; 8.08 10.8 12.8
1-CoHy 10.3 13.5 16.8
sec-CoH, 7.29 9.19 11.1
n-CsHy 6.10 8.37 11.4
n-CyHy 7.64 9.64 13.8
n-CsHyy 7.68 10.4 13.1
n-CgHyq 10.1 12.9
CH,0CH,CH. 2.18 2,94 3.82

¢ Caleulated by the least-squares method.

as eq 2 up to high conversion for all phosphites used as
has been reported with trimethyl phosphite.1—3

v = k[(RO)P][PhCOCOPH] (2)

Effect of Substituents at Phosphorus Atom. —The
rate in dioxane at 25.0° is summarized in Table I.
The rate increases with an increase of the electron-
releasing power of substituents of alkyl groups of the
phosphites. Both polar and steric effects in the Taft
equation are important, since the correlation between
the logarithm of the relative rate constant and Taft’s
o* or E, alone is not so good.

The rate measurements at various temperatures af-
ford energies of activation (F,), entropies of activation
(A87¥), and frequency factors (4) as shown in Table
II. As obvious from the table, both E, and AS¥ are
low.

%P Nmr Chemical Shift. —The *P nmr chemical
shift relative to (CH;0);P, A8 #P, was measured by a
JNM-C60-HL. high-resolution spectrometer at 24
MHz neat at room temperature. The values of
A8 3P are listed in Table III. A plot of A8 3P vs. o*
for R of CHs, CgHs, ’)’L-CaH7, i—C3H7, TL-C4H9, and sec-
C.H, gave a correlation coefficient (r) of —0.925 except
for R of sec-C/H;.  (sec-C,HO)sP has a little different
value.

A plot of A¢ 3P vs. log (k/ko) for all phosphites, except
R of sec-CJH, and CH;OCH,CHa, seems to show a good
correlation coefficient (r = 0.969). The substituents
of sec-CyHy and CH;OCH,CH, seem to give a somewhat
different effect on A8 3P,

Discussion

The mechanism of the reaction of trialkyl phosphites
with benzil may involve a nucleophilic attack of a phos-

100 ki, M1 g0~

b AS¥* was calculated at 25.0°.

— Ea, ASED Ln A4,
35.0° keal/mol eu M~1gec™!
9.90 —35.5 12.4
8.32 —41.1 9.78
9.12 —38.4 11.1
7.85 —~43.6 8.53
11.2 —32.9 13.9
10.9 —32.9 13.9
9.78 —~36.9 11.9
16.6 9.92 —36.5 12.1
10.4 —37.3 11.7
TasLe III
31P NMr CrEMICAL SHIFTS FROM (CH,0);P
(ROMWP, R = A§ 31P,® ppm
CH;, 0.00
C.H; +1.21
~C3H; +1.16
sec-C,Hy +0.16
n-CsHy +1.01
n-C4Hg +098
n-C5H11 + 1.08
n-CsHu + 1.06
CH;0CH,CH. + 0,750

¢ The - sign indicates the higher field shift. *In ca. 509, CCL
solution.

phorus atom of phosphite either on a carbonyl carbon
atom or an oxygen atom of benzil;'—38 thus, the corres-
ponding intermediate may be 4 or 5, respectively. A
probable mechanism involving path A or B may be
written as Scheme I.

Ph Ph, O
N2 N\
—o—?—-fg(om8 ﬁ P(OR)
C C
Yo o
4 5

In view of the data of acid-base catalysis,® we ob-
served that the acid accelerates the reaction, while the
base retards it. The substituent effect in benzil gave a
good Hammett’s correlation with ¢ but not with ¢,
and it afforded a large positive p value.2 Moreover, the

(8) (&) L. D. Quin, *‘1,4-Cycloaddition Reactions,” J. Hamer, Ed.,
Academic Press, New York, N, Y., 1967, Chapter 3; (b) G. Pfundt and G. O.
Schenck, ref 8a, Chapter 11; (¢) A. J. Kirby and 8. G. Warren, “The Organic
Chemistry of Phosphorus,” Elsevier, Amsterdam, 1967, Chapter 3.
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substituent effect in aliphatic « diketones revealed that
the steric substituent constant, E,, controls the rate.?
These results suggest that a more probable intermediate
may be 4 and that the reaction involves a nucleophilic
attack of the phosphorus atom of phosphite on a car-
bonyl carbon atom of the a diketone in the rate-deter-
mining step.

ScuemE 1

MECHANISM FOR THE REACTION
oF TriALkYL PHosPHITES WiTH BENZIL

Ph 0
Ph\ /O A \C/
C slow +
|+ BOR), = ok Fop)
/C\ 2 | ?
0 Ph Ph
1 \:LA 4
Ph /0"
fast ¢
g,
/C\o _P(OR),
5
Ph\ _0
5 f=t, I P(OR),
~
pn” ©
3

With the change of an alkyl group R of the phosphite
from CH; to a more electron-releasing group, e.g.,
C.H; and ¢-C;Hy, a modest increase of the rate was ob-
served, while with the change to an electron-withdraw-
ing group such as CH;OCH:CH, the rate decreased
(Table I).

As will be discussed later, the substituent effect in
phosphites implies that a nucleophilic attack of phos-
phorus atom is involved in the rate-determining step,
since an electron-releasing group on phosphite acceler-
ates the reaction. Both rearrangement of 4 to 5 and
the cyclization of 5 to 3 involve an electrophilic attack
of a phosphorus atom, since the phosphorus atom has a
positive charge. Hence, the observed substituent effect
in phosphites suggests that these steps cannot be rate-
determining.

Therefore, path A in Scheme I may be more probable
than path B. The concerted one-step cycloaddition of
o diketone with phosphite (Scheme II) may be ex-

ScaEME 11
CONCERTED MECHANISM
INvoLVING A ONE-STEP CYCLOADDITION REACTION OF
TRIALKYL PHOSPHITES WITH BENZIL

Ph
\?/O Ph\C O
+_P(OR), —» I P(OR),
C Ca
P NG 2 PR’ O
1 3

cluded, since the first step must involve an attack of
phosphite on an oxygen atom of carbonyl, which is
inadequate as stated above.
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The observed small value of £, and the large negative
value of AS¥ are characteristic of this sort of reac-
tion,' % e.g., the condensation reaction of carbonyl com-
pounds with amines.® In general, a large negative
value of AS¥ is observed in the reaction in which the
total number of species decreases or a strongly polarized
and/or crowded transition states are involved.?
Hence, it is supported that the first step is rate deter-
mining. The values of B, and AS ¥ for (n-C,Hs,+10):P
(n Z 3) are nearly constant, but the alkyl substituents
such as C,H;, ¢-C;H7 and sec-CiHy decrease the E,
value.

A plot of log (k/ko) vs. o* (Figure 1) gives a very poor
correlation coefficient (r) of —0.806; this implies that
not only a polar effect but also a steric effect of phos-
phite is a controlling factor in the rate-determining
step. The negative value of r also supports the rate-
determining nucleophilic attack of phosphite.

A plot of log (k/ko) vs. E (Figure 2) may be classified
into three groups with the change of substituents, 7.e.,
(1) CHg and CQH5, (2) i-CgH7, n-CaHn n-C4Hg, ’Ilr-CaHu,
and n-CsHyz, and (3) sec-C.H,. For group 2 the plot
gives a negative correlation coefficient, which indicates
the accelation of reaction by releasing the steric hin-
drance of phosphites by going to the transition state.!!
This may not be the case, since the negative Taft’s
o* value and the large negative AS ¥ value were observed
in this reaction and positive Hammett’s p value was ob-
served in the substituent effect of benzil.?

Figure 1 shows that the steric effect operates little
upon C,H; but much upon sec-C.H, A line passing
through the points for CH; and C,H; (= 1,, with slope
of —3.69) was drawn and the deviation from the line
[= A log (k/ko)] was calculated with various alkyl
groups. The plot of A log (k/ko) vs. E, gave a straight
line whose slope was +0.46 (r = 0.977). When the
slope of 1, was changed little, the correlation between
Alog (k/ky) and E, becomes worse (r < 0.977). A plot
of log (k/ko) vs. (—3.69 o* 4+ 0.46 E,) gave a straight
line with a slope of +0.888 (r = 0.981). In other
words, the Taft equation may be applied, which is ex-
pressed in a form of eq 3 for this reaction (Figure 3).

log (k/ky) = —3.28¢* + 0.40E, + 0.03 (3)

As apparent from the coeflicients of the equation the
polar effect is more important. In view of the reported
values of F, for n-CsHy; (—0.40) and n-CgHyr (—0.33),*2
a probable ¢* value for n-C;Hy and n-CsHir may be
—0.140.

Assuming the activated complex 4 (path A), in which
a carbonyl carbon atom of benzil was attacked by a
nucleophilic phosphorus atom of phosphite, the reaction
site of benzil (carbonyl carbon) is shielded by two ben-
zene rings, a carbonyl group, and an oxygen atom.
Then a phosphorus atom carrying bulky alkyl groups is
prevented from an attack of the carbonyl carbon atom.
Figures 1-3 imply that for (C,Hz,+10)sP, the steric
factor of (C,Han+10)sP is unimportant when n is 1 and
2, but it is important when n = 3.

(9) (a) G. M, Santerre, C, T. Hansrote, Jr., and T. I. Crowell, J. Amaer.
Chem. Soc., 80, 1254 (1958); (b) Y. Ogata, A, Kawasaki, and N. Okumurs,
J. Org. Chem., 29, 1985 (1964),

(10) E. 8. Gould, ‘Mechanism and Structure in Organic Chemistry,”’
Henry Holt, New York, N. Y., 1959, p 181.

(11) L. N. Ferguson, J. Chem. Educ., 47, 46 (1970).

(12) R. W. Taft. Jr., J. Amer. Chem. Soc., T4, 3120 (1952).
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Figure 1.—Plot of log (k/ke) vs. Taft’s o* for the reaction of
(RO);P with PhCOCOPh in dioxane at 25.0°.

On the contrary, if the intermediate were 5 (path B)
the steric factor would be less important, since the
attacked carbonyl oxygen is out of the plane of the ben-
zil molecule.

These data also show that the phosphorus atom at-
tacks on the carbonyl earbon atom in the rate-deter-
mining step (path A).

1 i STy 7
L s 9 7 _P(OR) S
Ii l{ \ /I.*i( 3 ///

| i /:vc //

) ~ 107 J

L e e e o et et e s B T yp——

The lower side of the ecarbonyl carbon atom on the S,
plane is hindered by the benzene ring on S; plane, and
vice versa.’®* The phosphorus atom may chiefly attack
on the carbonyl carbon atom from one side, probably
from an upper side of the S; plane.

The P nmr chemical shifts relative to (CH;0);P
(== Ad ¥P, ppm) were measured at room temperature.
The shift may reflect the shielding efficiency of sub-
stituents on the phosphorus atom. The studies on §
1P have been reported for many phosphorus com-
pounds.’*—8 The linear correlation between § 3P and
the additive group contribution (Z¢%) has been known
with secondary and tertiary phosphines, phosphorus
halides, phosphonium salts, etc.’%:%  The Taft equation
is applicable to the & *'P values of some alkyl or aryl
phosphorus difluorides™ but not to those for phosphine

(13) T'wo benzoyl groups of benzil seem to be almost in one plane (car-
bonyl group twists ca. 7° from benzene ring), and the dihedral angle of two
carbonyl groups may be ca. 70° [N. K, Chaudhuri and M. A. El-Sayed,
J. Chem, Phys. 47, 1133 (1967); C.J. Brown and R. Sadanaga, Acta Crystal-
logr., 18, 158 (1965)1.

(14) (a) R. A, Y. Jones and A. R. Katritzky, Angew. Chem., T4, 60 (1962);
(o) M. Yoshifuji, Yuki Gosei Kagaku Kyokat Shi, 28, 177 (1970).

(15) (a) 8. O. Grim and W. McFarlane, Nafure, 208, 995 (1965); (b)
H, 8. Gutowsky and J, Larmann, J. Amer. Chem. Soc., 87, 3815 (1965); (c)
G. A, Olah and C. W, McFarland J. Org. Chem., 84, 1832 (1969); (d) 8. O.
Grim, W, McFarlane, E. F. Davidoff, and T. J. Marks, J. Phys. Chem., 70,
581 (1966); (e) 8. O. Grim and W, McFarlane, Can. J. Chem., 46, 207 (1968),

(18) E. N. Tavetkov, G. K. Semin, T. A. Babushikina, D. I. Lobanov, and
M. I. Kabacknik, Izv. Akad. Nauk SSSR, Ser. Khim., 2375 (1987): Cheni.
Abstr., 68, 34550y (1968).

(17) B. 1. Tetel’baum, V. V. 8heluchenko, 8. 8. Dubov, G. I. Drozd, and
8. Z. Ivin, Zh. Vses, Khim. Obshchest., 12, 351 (1967); Chem. Abstr., €8,
73847v (1968).

(18) V. V. Bheluchenko, 8. 8. Dubov, G. I. Drozd, and 8. Z. Ivin, Zh.
Strukt, Khim., 9, 909 (1968); Chem. Abstr., 70, 24524v (1969).
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Figure 2.—Plot of log (k/ko) vs. Taft’s Es for the reaction of
(RO)P with PhCOCOPh in dioxane at 25.0°.
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Figure 3.—Plot of log (k/ke) vs. (—3.28¢* <4 0.40E,) for the
reaction of (RO);P with PhCOCOPh in dioxane at 25.0°,

and some of other phosphorus compounds,s2-¢18 gince
many factors, besides the inductive effect, may influence
8 BIP.Hb,lQ

The plot of log (k/ko) vs. A§ P gives a correlation
coefficient of 0.969 except for sec-C,H; and CH;OCH,-
CH,. The good correlation with As *'P seems to mean
the control of rate by the electronic state of the phos-
phorus atom, while the poor correlation with E; (r =
—0.254) seems to mean that the steric effect on Aé
$1P is unimportant.

Assuming the virtually constant bond angle of ca.
100° for O-P-0 of the phosphite,®a2 the substituent
effect may be parallel to the polar effect. The observed
poor correlation in o* with sec-C,Hy and CH;OCH.CH,
may reflect the deviation of the O-P-O angle and the
other factors influencing Aé 3P, e.g., the effect of oxygen
atom.

(19) (a) N. Muller, P. C. Lauterbur, and J. Goldenson, J. Amer. Chem.
Soc., 78, 3557 (1956); (b) L. 8. Meriwether and J. R. Leto, ibid., 88, 3192
(1961); (¢) C. P. 8lichter, *‘Prineciples of Magnetic Resonance,”” Harper and
Row, New York, N. Y., 1963, p 69.

(20) (a) H. 8. Gutowsky and J. Larmann, J. Amer. Chem. Soc., 87, 3815
(1965); (b)Y W. Gordy, W. V. 8mith, and R. F. Trambarulo, ''Microwave
Spectroscopy,” Wiley, New York, N. Y., 1953, p 372; (e} L. V. Vilkov,
P. A, Akishin, and G. E. 8Balova, Zh. Strukt. Khim., 6, 355 (1965); Chem.
Abstr., 68, 11308g (1956); (d) D. M. Nimrod, D. R. Fitzwater, and J. G,
Verkade, J. Amer. Chem. Soc., 90, 2780 (1968).
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TaBLE IV

CHARACTERISTICS OF TRIALKYL PHOSPHITES PREPARED BY THE REACTION OF
PHosPHORUS TRICHLORIDE WITH CORRESPONDING ALCOHOLS

(RO)P, R = Base
Csz
1-CyHy Diethyaniline
sec-CyHy
CH;OCH,CH,
n-CaH7
n~C.Hy Pyridine
n-CsHy
’I'L-Can;
TaBLE V
Uv SpecTRA OF D10XAPHOSPHOLES (3) IN n-HEXANE
Ph Ph
o
O\ 0
P(6R)9 Amax, €max
R = Registry no. mu X 10—+
CH;, 4850-55-9 319 1.14
C,H; 6509-75-7 323 1.18
1-CsH; 4850-57-1 322 1,12
sec~CyH, 30415-15-7 319 1.23
n~C3Hy 30415-16-8 321 1.28
7-CyH, 30415-17-9 321 1.21
n-C;Hy 30415-18-0 321 1.19
n-CsHyy 30415-19-1 322 1.19
CH,0CH,CH, 30477-09-9 316 1.15

Experimental Section

Materials.—Trialkyl phosphites were prepared by the reaction
of phosphorus trichloride with corresponding alcohols in the
presence of base below 15° # and purified by repeated distillations
with metallic sodium under reduced pressure with nitrogen at-
mosphere. The characteristics of prepared trialkyl phosphites
were listed in Table IV. Benzil was prepared as mentioned in
our previous paper.!

(21) A. H, Ford-Moore and B. J. Perry, ‘‘Organic Syntheses,”” Collect.
Vol. IV, Wiley, New York, N. Y., 1963, p 955.

Yield,

% Bp, °C (mm) nD (deg)

60 54 (17) 1.4104 (25)
70 57 (9) 1.4049 (25)
70 77-78 (3.5-4) 1.4294 (25)
80 99 (1.5) 1.4365 (25)
73 89 (10) 1.4239 (24)
65 100-101 (4) 1.4307 (25)
64 94-99 (1~1.5) 1.4369 (25)
67 189-195 (1) 1.4468 (25)

2,2,2-Trialkoxy-4,5-diphenyl-1,3,2-dioxaphospholes (3) were
prepared by the reaction of benzil with excess trialkyl phosphite
without solvent or in anhydrous dioxane under nitrogen at-
mosphere at 25.0° for 3-12 hr. The structure of 3 (R = Me)
was confirmed by ir, nmr, and uv spectra.! The uv spectra of 3
were measured in anhydrous n-hexane and listed in Table V.

The hydrolysis product of 3 (R = Me) showed new peaks in ir
and uv spectra: ir 3350 (OH, broad) and 1230 em™! (P==0,
broad); uv Amax 285 mp but not 313 mu (in dioxane). Solvents
were purified and dried before use.

Kinetic Procedure.—The kinetic experiments for the reaction
of trialkyl phosphite with benzil were carried out in anhydrous
dioxane. The rate measurements were done by means of the
procedure as mentioned previously.!~® An isosbestic point was
observed during the reaction of 1 (R = Me) at 287 my in dioxane.

The P nmr chemical shifts were measured by a JNM-C60-HL
model of Japan Electron Optics Laboratory Co., Ltd., at 24
MHz with proton decoupling at room temperature. The data
were shown in Table I1T.1%s,22-24
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Aromatic ketones are reduced, almost quantitatively, to aromatic hydrocarbons by lithium—ammonia solutions
followed by an ammonium chloride quench. Lithium is more effective than sodium as the dissolving metal;
in addition, the reduction is apparently catalyzed by trace amounts of metals such as cobalt or aluminum.
The series of aromatic ketones which were reduced to aromatic hydrocarbons includes 1-tetralone to tetralin,
7-tert-butyl-l-tetralone to 6-tert-butyltetralin, 1-indanone to indan, 3,3-dimethyl-l1-indanone to 1,1-dimethyl-
indan, 2,2,3,3-tetramethyl-1-indanone to 1,1,2,2-tetramethylindan, 5-chloro-3,3-dimethyl-1-indanone to 1,1-
dimethylindan, 3,3,4,5,6,7-hexamethyl-l-indanone to 1,1,4,5,6,7-hexamethylindan, benzophenone to diphenyl-

methane, xanthenone to xanthene, and dibenzoylmethane to 1,3-diphenylpropane.

This study reveals various

reduction rate relationships which are interpreted as due to steric effects, relief of strain, or stable ketyl radical

formation.

Hitherto, it has been assumed that aromatic ketones
are reduced, as are alkyl ketones, to alecohols in metal—
ammonia reductions.? This presumption is apparently
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(3) For general discussions and leading references, see (a) A. J. Bireh,.
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17 (1958); (¢) G. W. Watt, Chem. Rev., 46, 317 (1950); (d) C. Djerassi,
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A mechanism is proposed for the catalyzed and uncatalyzed reduction.

based on work involving the reduction of benzophenone
to diphenylmethanol with sodium in liquid ammonia.*
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