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Fluorinated 0-Alkyl Oximes.
Solid Derivatives of Fluorinated Olefins

Sir:

We wish to report the reaction between oximes
and fluorinated olefins giving addition compounds,
O-alkyl oximes, which are either solids or liquids
depending on the oxime used in the reaction. The
reaction is brought about in pyridine, or pyridine
and benzene, in the presence of sodium hydroxide
or potassium hydroxide and at 5° to 25° depending
on the olefin. Most fluorinated ethylenes and other
similarly substituted olefins undergo this reaction.
Yields are usually high, ranging from 60 to 95%,
most often closer to the latter value. The solids
are easily recrystallized from ethanol. High molecu-
lar weight oximes such as benzophenone oxime
and fluorenone oxime always gave solid products
in the reactions studied so far; lower molecular
weight oximes such as acetone oxime give liquid
products.

Examples of these oximino ethers are the follow-
ing: (satisfactory analytical data have been ob-
tained on all of the compounds reported).

Compounds M.P.°

(CeH;),C=NOCF,CFCIH 33.5
56.0

NOCF,CFCIH

(CH;);,C=NOCF,CFCIH b.p. 75.5/50

{CsH;).C=NOCF,CCL,H 63

(CH,);C=NOCF,CCLH b.p. 66/18

(CeH;).C=NOCF.CFHCF, 39.5

:

NOCF,CFHCF;

(CoHs)zC-‘—'—‘NOCFzCBI‘gH 72. 5—73
(CeH;).C=NOCF.:CLH 118
(CeH;),.C=NOCF,CH,Cl 66.5

(C¢H5)QC=NOCF20H2BI‘ 71

Cl H F,
F, 73
(CsH),C=NO
a T

1

Under the same conditions 1,1-difluoroethylene,
1,2-dichloro-1,2-diflucroethylene, bromoethylene,
and tetrachloroethylene did not react.

An attempt to obtain hydrolytic scission at the
double bond of these ethers by means of dilute
hydrochloric acid resulted in an attack at a carbon-
bearing fluorine, giving off hydrogen fluoride with
a subsequent attack on the glass apparatus.

This hydrolysis is believed to be analogous to the
hydrolysis of fluorinated ethers having the struc-
ture —CH,—O—CF,— which hydrolyze to esters
—CHy—0—C— when treated with strong acid.

]
0O
More work in this respect is in progress and will
be reported in detail in the near future.!
A, P. STEFANI
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Stereochemistry of the Claisen
Rearrangement!

Sir:

Aside from the interesting interpretive arguments
of Hart? based on the experimental findings of Alex-
ander and Kluiber,? the stereochemistry of the Clai-
sen rearrangement has not received any attention.
Since the retention of configuration suggested by
Hart is not in accord with the results of work on the
closely related Sxi’ reaction,* we should like to re-
port that we cannot confirm the suggestions made
by Hart.

Assuming that the point of bond severance and
the point of attachment of the migratory allyl
group must lie on the same side of the benzene ring
it may be seen that inversion of configuration re-
quires the formation of a trans double bond between
the « and 8 carbon atoms of Fig. 1. This corre-
spondence between the stereochemistry at the dou-
ble bond and the asymmetric atoms holds for the 32
possible transition states (all combinations of initial
cis or frans and final cis or trans double bonds, boat
or chair conformation and R. or 8 configuration)
providing only that the initial assumption is valid.
The relation between double bond geometry and
configurational changes for all cases is given in

(1) This research was supported in part by the National
Science Foundation as grant NSF-G7432. Paper number
four on the Claisen Rearrangement.

(2) H. Hart, J. Am. Chem. Soc., 76, 4033 (1954).

(3) E. R. Alexander and R. W. Kluiber, J. Am. Chem.
Soc., 73, 4304 (1951).

(4) H. L. Goering and R. W. Greiner, J. Am. Chem. Soc.,
79, 3464 (1957); H. L. Goering and R. R. Jacobson, J. Am.
Chem. Soc., 80, 3277 (1958). F. Caserio, G. E. Dennis, R.
H. deWolfe, and W. G. Young, J. Am. Chem. Soc., 77, 4182
(1955).
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Figure 1

Table I. It is clear then that the stereochemistry
of Claisen rearrangement may be studied equally
readily by optical methods® or by a study of the
geometric isomerism about the double bond. Uti-
lizing the latter method we have prepared a sample
of cis-4-phenoxypent-2-ene, b.p. 43—45° (0.6 mm.),
nh 1.5097 (Anal. Caled. for CyHuO: C, 81.44;
H, 8.70. Found: C, 81.55; H, 8.58), infrared band
at 718 cm. ', by semihydrogenation of 4-phenoxy-
pent-2-yne, b.p. 59.5-60° (0.65 mm.) ny 1.5254
(Anal. Caled. for CyHO: C, 82.48;, H, 7.55.
Found C, 82.56; H, 7.56) over the Lindlar® cata-
lyst. A sample of trans-4-phenoxypent-2-ene, b.p.
48-48.5° (0.4 mm.), n3 1.5101 (lit.? np 1.5110), in-
frared band at 965 cm.~!, was also prepared by
standard methods. Each isomer was free of the
other geometric form as indicated by infrared spec-
troscopy.

TABLE I

Geometry

Initial Final Config.
double bond double bond Relation
trans trans Invert,
trans cis Reten.
cis trans Reten.

cis cis Invert.

Each ether was rearranged in a 1M solution in
boiling mesitylene (b.p. 163°) and the unchanged
ether as well as the rearrangement product re-
covered in each case. In each case the rearrangement
product consisted of mainly (ca. 909%,) o-(1-methyl-
trans-but-2-enyl)phenol, b.p. 64-65° (0.2 mm.).
D 1.5325. However in each case a small but sig-
nificant amount of ¢is product was obtained and the
amount was notably greater in the product from
the trans ether. These results were reproduced in
three separate runs, the analysis being by infrared
spectroscopy. It is interesting that the trans ether
was recovered as pure trans ether after partial reac-
tion whereas the cis ether was slowly converted to
the trans form. However, prolonged heating of the

(5) H. Lindlar, Helv. Chim. Acta, 35, 446 (1952).
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product from the rearrangement of either the cis or
trans ether under the conditions of the rearrange-
ment produced no change as indicated by infrared
spectra.

These results can be consistently interpreted by
assuming a cyeclic transition state whose geometry
resembles that of the chair form of cyclohexane
(Fig. 1) and applying the principles of conforma-
tional analysis. This brings the stereochemistry of
the Claisen rearrangement into accord with that of
the Sxi’ process and shows that it occurs with high
stereospecificity.

Ervior N. MARVELL
JouN L. STEPHENSON

DEPARTMENT OF CHEMISTRY
ORrEGON STATE COLLEGE
CorvaLris, ORE.
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New Synthesis of 4-Hydroxycoumarins!

Sir:

The principal known methods for the synthesis
of 4-hydroxycoumarins are: (a) condensation of
acetyl salicyloyl chlorides with acetoacetic, cyano-
acetic, or malonic ester and conversion of the result-
ing 3-substituted 4-hydroxycoumarins to the corre-
sponding 4-hydroxycoumarins;? (b) cyclization of
acetyl methyl salicylates in the presence of an alkali
metal;? (c) condensation of o-hydroxyacetophe-
nones with diethyl carbonate in the presence of an
alkali metal* and (d) eyclization of diaryl malonates
in the presence of anhydrous aluminum chloride at
about 180°.%

We have evolved a new and simple process for
the synthesis of 4-hydroxycoumarins in which a
phenol is treated with an equimolecular proportion
of a malonic acid in the presence of a mixture of 2-3
moles each of anhydrous zinc chloride and phos-
phorus oxychloride as the condensing agent at
temperatures preferably between 60-75°. The suc-
cess of this reaction is dependent upon the specific
condensing action of the mixture of anhydrous
zine chloride and phosphorus oxychloride® which are
individually almost ineffective. Other condensing
agents such as anhydrous aluminum chloride, stan-
nic chloride, and ferric chloride and mixtures with
phosphorus oxychloride are also ineffective. Lower
alkyl esters of malonic acid or substituted malonic
acid may also be used in the reaction, but usually

(1) V. R. Shah, J. L. Bose, and R. C. Shah (to Council of
Scientific & Industrial Research, India), Indian Patent
62890, Jan. 20, 1958. Patents filed in U.8.A., U.K., Switzer-
land, and Germany.

(2) R. Anschiitz, Ber., 36, 465 (1903).

(3) H.Pauly and K. Lockemann, Ber., 48, 28 (1913).

(4) J. Boyd, A. Robertson, and W. B. Whalley, J. Chem.
Soc., 174 (1948).

(5) E. Ziegler and H. Junek, Monatsh., 86,29 (1955).

(6) P. K. Grover, G. D. Shah, and R. C. Shah, J. Chem.
Soc., 3982 (1955).
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poor yields of 4-hydroxycoumarins are then ob-
tained.

The new method would appear to be of industrial
significance for the production of 4-hydroxycou-
marin which is a key intermediate for the synthesis
of a number of leading anticoagulant drugs, like
dicoumarol and tromexan, and also for the synthe-
sis of modern anticoagulant rodenticides, warfarin
and fumarin.

Small quantities of diaryl malonates were often
isolated from the reaction product. The possibility
of formation of diaryl malonates in situ and their
further cyclization under the conditions of our
method was, however, unlikely since no appreciable
quantity of 4-hydroxycoumarins could be obtained
when diaryl malonates such as diphenyl malonate
were heated with a mixture of anhydrous zine chlo-
ride and phosphorus oxychloride under the usual
conditions of the new method.

We have condensed successfully by our method
phenols such as phenol, thiophenol, o-, m~, and p-
cresols, 2,5-xylene-1-ol, a- and B-naphthols, and
resorcinol, with malonic acid to give, in most cases,
good yields of the corresponding known 4-hydroxy-
coumarins. Thymol and p,p’-dihydroxydiphenyl
with malonic acid yielded respectively 5-methyl-8-
isopropyl-4-hydroxycoumarin, m.p. 223-224°,
(Anal. Caled. for C1;Hy405: C, 71.54; H, 6.47. Found:
C,71.45;H, 6.19) and 4,4’-dihydroxy-6,6’-dicouma-
rin m.p. > 360°, difficult to eombust and character-
ized through the diacetyl derivative, m.p. 229-230°
(Anal. Caled. for CpHu0s:C, 65.03; H, 3.47.
Found: C, 65.50; H, 3.77). We have also success-
fully condeused substituted malonic acids, such as
n-propyl-, n-butyl-, n-hexyl-, and phenylmalonic
acid with phenol to give good yields of the corre-
sponding known 3-substituted 4-hydroxycoumarins.
n-Octylmalonic acid with phenol yielded 3-n-octyl-
4-hydroxycoumarin, m.p. 143-144° (Anal. Caled.
for CiyH»0;: C, 74.42; H, 8.08. Found: C, 74.76;
H, 8.21).

The following preparation of 4-hydroxycoumarin
is typical: A mixture of phenol (225 g.), malonic
acid (247.5 g.), anhydrous zine chloride (979 g.),
and phosphorus oxychloride (657 ml.) was heated
with stirring at 60-65° for 35 hr., cooled and de-

COMMUNICATIONS

voL. 25

composed with ice and water and allowed to stand.
The resulting crude 4-hydroxycoumarin was col-
lected, dissolved in 109, sodium carbonate and
acidified. At about the neutral point some oily by-
product separated out and was removed. Acidifica-
tion of the remaining solution gave 4-hydroxycou-
marin of m.p. 201-203° in 649, yield. On recrystalli-
zation from water or dilute alcohol pure 4-hydroxy-
coumarin of m.p. 209-210° was obtained.

NaTIoNAL CHEMICAL LABORATORY V. R. SHan
Poona 8, IND1A J. L. Bose
R. C. SuAH
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Convenient Method for Splitting Diethyl
Ether

Sir:

During the course of investigation of methods for
the preparation of lanthanon iodides in which we
were attempting to use diethyl ether as a solvent
we discovered an unusual reaction. Anhydrous hy-
drogen iodide reacts immediately with diethyl
ether at room temperature to produce ethyl alcohol
and ethyl iodide.

C.H;0C,H; + HI C.H:I + C,H;OH

A two layer system is obtained which can be sepa-
rated by means of a separatory funnel. Undoubtedly
hydrogen iodide reacts further with some of the
ethyl alcohol to produce more ethyl iodide and some
water.

Though we have not conducted a detailed investi-
gation of this reaction it appears that it may be
quite superior to the usual method of refluxing
ethers with aqueous solutions of hydrogen iodide to
split them. We have suggested that a student at
another university study the general application of
this reaction as a method for splitting ethers.

Moopie D. TayLor
Louis R. GRANT

DEPARTMENT OF CHEMISTRY
Howarp UNIVERSITY
WasHiNgTON 1, D. C.
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