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lumiestrone estrone

tion products of benzylidenedecalone,® were un-
doubtedly the stereoisomers II and III epimeric
about the carbon holding the methyl group. One
of these isomers (8% was converted to estrone by
reactions already described! and is therefore repre-
sented by formula III which corresponds to the
most probable configuration for the natural product.
The B! epimer (formula II) yielded estrone ‘‘g”
which differs from natural estrone only in the con-
figuration at C;; and therefore represents un-
equivocally that stereoisomeric form which was
postulated by Butenandt and co-workers? for
lumiestrone. We have now compared the infra-
red spectra of di-estrone ‘‘g”’ methyl ether and lumi-
estrone methyl ether,*m.p. 130-130.6°, [«]¥*D —27°
in chloroform, and have found them to be identical.’
These results clearly demonstrate that our estrone
“g” instead of Anner and Miescher’s estrone ‘“‘f”’
is lumiestrone. Moreover, the identity of lumi-
estrone with synthetic material known to be epi-
meric with estrone at Cy3, establishes the configura-
tion postulated by Butenandt for this stereoisomer,
and proves that the photoisomerization of estrone
involves inversion only at Cys.

(3) W.S. Johnson, Txis JoURNAL, 65, 1317 (1943).

(4) A. Butenandt, A. Wolff and P. Karlson, Ber., 74, 1308 (1941),
A. Butenandt, ef al., ibid., 75, 1931 (1942); 77, 392 (1944).

(5) We are indebted to Dr. R. N. Jones of the National Research
Council, Canada, for determining the spectra,
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Thiation with Phosphorus Pentasulfide in Pyri-
dine Solution

By ERwIN KLINGSBERG! AND DOMENICK PaPa

The conversion of pyridones to thiopyridones
by means of phosphorus pentasulfide has hitherto
been effected by fusion? or by heating in a liquid
medium, such as benzene? or toluene,* with limited
solvent power for one or both reactants. These
reactions, however, have apparently been limited

(1) American Cyanamid Company, Calco Chemical Division, Bound
Brook, New Jersey.

(2) King and Ware, J, Chem. Soc., 873 (1939).

(8) Arndt and Kalischek, Ber., 68, 587 (1930).
(4) Arndt; sbid., 68, 92 (1932).
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to comparatively low-melting pyridones. Rath?
treated 5-iodo-2-pyridone (I) with phosphorus
pentasulfide and obtained not the corresponding
iodothiopyridones, but 2-thiopyridone, the iodine
having been lost in the conversion.

In the present investigation, initial experiments
with 3,5-diiodo-2-pyridone (II) were unsuccessful,
the diiodopyridone being recovered unchanged
after prolonged reflux in benzene with phosphorus
pentasulfide. Fusion of the two reactants at
various temperatures resulted only in intractable
reaction mixtures.

It appeared necessary to find a solvent which
would permit the conversion reaction to proceed in
solution. Pyridine proved excellent for the pur-
pose, having ample solvent power for the reactants,
a suitable boiling temperature; and, by its mis-
cibility in water, providing a simple method of
isolation. On heating a mixture of 3,5-diiodo-2-
pyridone, phosphorus pentasulfide and pyridine
for 1.5 hours and pouring the reaction solution into
approximately twice its volume of water, an ex-
cellent yield of 3,5-diiodo-2-thiopyridone (III)
separated in substantially pure form. The phos-
phorus-containing by-products remained in the
aqueous pyridine. Similarly, 3,5-diiodo-4-pyridone
(IV) was converted to the thiopyridone (V) in
quantitative yield. This method facilitates the
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conversion of the high-melting pyridones to the
corresponding mercaptans in one step, in contrast
to the former two-step procedure of converting the
pyridone to the active chlorine derivative and
subsequent metathesis with hydrosulfide.®

The great versatility of pyridine as an organic
solvent suggests its use in a variety of thiations
with phosphorus pentasulfide, and in a single ex-
ploratory experiment, benzanilide was converted
to thiobenzanilide in 739, yield.

Experimental

3,5-Diiodo-2-thiopyridone (III).—A solution of 70 g.
(0.202 mole) of 3,5-diiodo-2-pyridone and 50 g. (0.225 mole)
of phosphorus pentasulfide in 300 ml. of pyridine was re-
fluxed for 1.5 hours and poured into 500 ml. of hot water.
Cold water tends to give a gummy product, probably due
to incomplete solution of the phosphorus by-products.
The slurry was cooled and filtered. On recrystallization
from dilute pyridine, there was obtained 65 g. of product
(89% of theory), m.p. 200-203°. A second recrystalliza-
tion gave 52 g. (70%,) of product, m.p. 206-206.5°.

Anal. Caled. for CH;NIS: C, 16.54; H, 0.83; XN,
3.86. Found: C, 16.08; H, 1.09; N, 3.85.

Dohrn and Diedrich® prepared this compound from 2-
chloro-3,5-diiodopyridine and reported m.p. 181°, but no
analysis.

3,5-Diiodo4-thiopyridone (V).—3,5-Diiodo-4-pyridone
(140 g., 0.404 mole) and phesphorus pentasulfide (110 g.,
0.495 mole) were refluxed in 550 ml. of pyridine for 2 to 2.5
hours and the solution then poured inte 800 ml. of hot
water. On cooling, filtering, washing and drying, there

(5) Rath, Ann., 487, 105 (1931).
(6) Dobrn and Diedrich, idid., 494, 284 (1932).
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was obtained a quantitative yield of 3,5-diiodo-4-thiopyri-
done, m.p. 197-199°. Purification may be effected by dis-
solving in sodium carbonate or ammonia solution, filtering
and reprecipitating with acid. The purified product melts
at 204-205°.%

Thiobenzanilide.—Benzanilide (41 g., 0.071 mole) and
phosphorus pentasulfide (17 g., 0.076 mole) were refluxed 40
minutes in 70 ml. of pyridine and poured into water. The
resulting gum turned crystalline when made weakly alkaline
with potassium hydroxide. The product can be crystallized
from dilute methanol or purified by dissolving in alkali and
precipitating with hydrochloric acid. There was obtained
11 g. (73%), m.p. 96-96.5°.7 Methylation with dimethyl
sulfate and alkali gave the S-methyl ether, m.p. 65.5-66°.%

(7) Bernthsen, Ber., 11, 503 (1878).
(8) May, J. Chem. Soc., 108, 2272 (1913),
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Preparation of Some Mixed Dialkyl Phosphites
By GENNADY M. KOSOLAPOFF

There is a very considerable body of literature
concerning the symmetric dialkyl phosphites, but
not a single example of a mixed dialkyl phosphite,
containing two unlike radicals, can be found.

In order to secure some information about such
compounds, their preparation was examined. Al-
though, theoretically, one may expect to obtain
such compounds by the reaction of phosphorus
trichloride with a mixture of alcohols, such a
reaction yields complex mixtures which contain
relatively small amounts of the mixed derivatives.
Another possible method is exchange esterification
with symmetric dialkyl phosphites. This method
gives the desired mixed esters in moderate yields
and can be made to proceed without difficulty at
reflux conditions without added catalysts.

NoTes
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of MR values when AR for phosphorus is taken as
7.04. Trials of the latter value in calculations
involving the dialkyl phosphites leave no doubt
that this value cannot be applied at all. This
confirms the non-trivalence of phosphorus in these
compounds. The use of the 3.75 value in calcula-
tions with the compounds described in this paper,
along with a number of previously prepared sym-
metric esters, reveals a need for a new AR value
for phosphorus for compounds having the struc-
tures of the type found in dialkyl phosphites. The
table below gives the results of calculations using
the ‘‘phosphate” AR of 3.75, and the newly pro-
posed value of 4.44, derived on empirical basis from
the calculations with Kabachnik’s value. The
magnitude of this constant appears to indicate that
the phosphorus atom in these esters is much closer
to the tetra-(or penta)-valent state of the phos-
phates, than it is to the trivalent state found in
other phosphites in which the trivalency is clearly
demonstrable.
Experimental

Ethy! Butyl Phosphite.—A mixture of 27.6 g. (0.2 mole)
of diethy! phosphite and 14.8 g. (0.2 mole) of #-butanol was
slowly heated in a distillation apparatus up to bath tempera-
ture of 150°, when a brisk reaction started and ethanol began
to distil. The bath was kept at 150-155° for 55 minutes, at
which time 5.8 ml. of ethanol was collected. Distillation
of the mixture under reduced pressure gave 8 g. of unchanged
diethyl phosphite, 16 g. of crude ethyl butyl phosphite,
b.p. 103-105° at 13 mm., and 3 g. of crude dibutyl phos-
phite, b.p. 110-115° at 11 mm.; the residue showed signs
of decomposition on attempts at further distillation. Re-
distillation of the middle cut gave pure ethyl butyl phos-
phite (15.0 g., 45%), b.p. 99-100° at 13 mm., »?*'D 1.4139,
d?y 1.0120. Found: P, 18.6, 18.8. Caled. for (EtO)-
(BuO)POH: P, 18.7. Treatment with warm water, acidi-
fied with hydrochloric acid, rapidly yielded phosphorous acid
which was detected by the calomel test. This showed that
no isomerization to a phosphonate took place during the re-
action, thus confirming the above formula,.

TABLE I
M Realed, with:
Ester Ref, R.I. Density M Robsd. AR = 3.75 AR = 444
(EtO),POH 2 n%®p 1,4080 d%, 1,0742 31.69 31.02 31.71
(PrO),POH 2 1.4172 1.0184 41.03 40.25 40.94
(BuO);POH 2 1.4240 0.9888 50.10 49,49 50.18
(CsH,,0),POH 2 1.4325 0.9486 68.75 67.96 68.65
(CG;H;50).POH 2 1.4382 0.9363 77.95 77.19 77.88
(EtO)(BuO)POH 7D 1,4139 d% 1.0120 40.98 40.25 40.94
(EtO)(AmO)POH 1.4189 0.9935 45.71 44 .87 45.56

In the course of characterization of the products
it was desirable to evaluate their molecular re-
fractions. It was found that the values of MR
that are found experimentally are significantly
higher than the calculated values, when the
reasonable assumption is made that the esters
possess the “keto” structure, s.e.,, (RO),P(O)H.
This formulation calls for a value of atomic re-
fraction of phosphorus that is probably close to the
value suggested by Kabachnik! for the phosphates,
1.e., for phosphorus in the higher state of oxidation:
AR = 3.75. The use of a value in the vicinity of
the above is reasonable since the dialkyl phosphites
do not display the chemical properties of trivalent
phosphorus. The truly trivalent derivatives, such
as (RO)sP and ROPX,, give very good correlation

(1) Kabachnik, Isvestiye Akad. Nauk S.5.5.R., otdel. khim. nauk,
219 (1948); C. 4., 48, 57364 (1948).

Ethyl n-Amyl Phosphite .—The procedure described above,
using 27.6 g. of diethyl phosphite and 17.6 g. of #-amyl
alcohol, gave 11.5 g. of unreacted diethyl phosphite and 12
g. of pure (after two distillations) ethyl #-amyl phosphite
(33%), b.p. 109-110° at 13 mm., #?'p 1.4189, d¥) 0.9935.
Found: P, 17.2, 17.25. Caled. for (EtO)AmO)POH:
P, 17.25. Behavior on hydrolysis was as described above.

Reaction with n-Decanol.—When diethy! phosphite (27.6
g.) was heated as above with 31.6 g. of #n-decanol, the reac-
tion took place briskly at 150-155° bath temperature with
distillation of ethanol. Attempted distillation of the mix-
ture gave only 9 g. of unreacted diethyl phosphite, further
distillation leading to considerable decomposition of the
mixture even at 1 mm. Thus, the probably formed ethyl
decyl! phosphite could not be isolated.
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(2) Arbuzov and Vinogradova, Doklady Akad. Nauk S.5.S.R., 88,
81 (1047); Isvestive Akad. Naouk S.8.5.R.. otdel, khim. nouk, 617
(1947); C. A, 49, 5844h (3048),



