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The second group of experiments is summarized
in Table II and it employed peracetic acid (PAA) in
a medium of glacial acetic acid.!? It is noted in the
first place that the bimolecular rate constants were
three to four times smaller than those obtained
in the PBA oxidations. This difference can be
explained in several ways.

Firstly, Overberger and Cummins® have shown
that the oxidative strength of peracids increases
with the electron-withdrawing character of the
group attached to the percarboxy group, and of the
pheny! and the methyl groups the former is recog-
nized to be more electron-withdrawing. Sec-
ondly, it can be safely assumed that the sulfoxide
is more strongly solvated in acetic acid than in ace-
tone, and the higher degree of solvation would
tend to inhibit to some degree the successful col-
lisions with the peracid. Overberger and Cum-
mins* and Friess!? similarly explained the deceler-
ating effect of water on the oxidation reactions of
sulfoxides and ketones, respectively. Thirdly,
the PAA oxidations were carried out in the pres-
ence of small amounts of sulfuric acid and the lat-
ter was shown to be anegative catalyst. The inhib-
iting effect of sulfuric acid is worthy of further

(12) The kinetics of the oxidation of pheny! sulfoxide by PAA was
previously investigated by J. Beseken and E. Arrias [Rec. trav. chim.,
B4, 711 (1935)]. These investigators also found the reaction to obey
the bimolecular rate law but their rate constant varied considerably
from one experiment to another. Thus, in two experiments at 24°
they obtained rate constants of 7.2 and 4.45 (X 10-3) and variations
such as these were attributed to the spontaneous decomposition of
PAA since the rate constants seemed to increase as higher concentra-
tions of PAA were employed. These difficulties are largely avoided
in this study since the PAA employed here contained a stabilizer
which makes spontaneous decomposition negligible over the period of
two hours,

(13) 8. L. Friess, THis JourNaL, T1, 2571 (1949).

DIRECT SYNTHESIS OF SUBSTITUTED FERROCENES

2187

consideration. It is noted that the magnitude of
the effect of sulfuric acid is not very great and that
it seems to approach a constant value when the con-
centration of sulfuric acid exceeds that of phenyl
sulfoxide. We attribute the effect of sulfuric acid
to the salt formation with the sulfoxide, and the
close association of the two ions, or the strong solva-
tion of the sulfoxidonium ion!4 by acetic acid ex-
plains the observed decrease in the rate constant.
If the sulfuric acid were involved in the formation
of a complex with PAA then one would expect a
positive catalytic effect.* Rather surprising results
were obtained when benzoic acid was added to the
PAA oxidation experiments (Table II). The rate
constants calculated on the basis of a bimolecular
rate law were very large during the initial period,
then decreased rapidly, and at approximately 50%
reaction they approached a constant value. It is
difficult to suggest a clear cut explanation of these
results because of the complexity of the reaction
mixture. However, it seenis reasonable to assume
an equilibrium between PAA and benzoic acid, and
the simultaneous oxidation of phenyl sulfoxide by
PAA and PBA. Since the initial values of the ox-
idation rates were higher than those obtained when
PBA in acetone was employed, it is possible that
under these conditions there is also made a con-
tribution by a sulfuric acid-catalyzed PBA oxida-
tion. The latter would have a better chance in the
polar medium of acetic acid than in the medium of
acetone.

(14) H, H. Szmant and G. A, Brost, bid., T8, 4175 (1951).
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Ferrocene Derivatives. Part 1.

The Direct Synthesis of Substituted Ferrocenes

By P. L. Pausont
RECEIVED SEPTEMBER 14, 1953

A sex:ies of phenyl-substituted ferrocenes is prepared from the corresponding phenyl-substituted cyclopentadienes.
of a mixture of cyclopentadienie and phenyleyclopentadiene affords the monophenylferrocene.

Use
The preparation of 1,1’-

dibenzhydrylferrocene from beuzhydryleyclopentadiene provides direct proof that both rings are substituted in the diacyla-

tion of ferrocene.

The discovery that the reaction of cyclopenta-
dienylmagnesium bromide with ferric chloride
results in the formation of ferrocene (biscyclo-
pentadienyliron(II)),* was followed by the demon-
stration® that a variety of both mono- and di-
substituted derivatives can be prepared from this
compound by acylation under Friedel-Crafts
conditions. This niethod, however, has obvious
limitations; to obtain aryl-substituted derivatives
in particular, other methods are necessary. After
an unsuccessful attempt to introduce phenyl groups
into ferrocene by reaction with benzoyl peroxide, it
was decided to examine the possibility of preparing

(1) Chemistry Department, The University, Sheffield 10, England.

(2) T. J. Kealy and P. L. Pauson, Nature, 168, 1039 (1951).

(3) R. B. Wundward, M. Rosenblum and M. C. Whiting, THis
JOURNAL, T4, 3458 (1052).

Phenylcyclopentadiene and 1,2,3-triphenyleyclopentadiene have been obtained for the first time.

the desired products directly from suitably sub-
stituted cyclopentadienes.

The preparation of dibenzoferrocene (bis-in-
denyliron(II)) from indenyllithium has recently
been described,* but no other application of this
reaction to a substituted cyclopentadiene has been
reported. It is now shown that derivatives of
ferrocene substituted by aryl or alkyl groups in
both rings may be obtained readily in this way.
Moreover, one example is given to show that mono-
substituted derivatives likewise can be obtained
if a mixture of the appropriately substituted
cyclopentadiene with unsubstituted cyclopenta-
diene is used in the Grignard reaction.

Of the seven possible cyclopentadienes bearing
phenyl substituents (excluding isomers with two

(4) P. L. Pauson and G. Wilkinson, ¢bid., 78, 2024 (1953).
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groups attached to the saiie carbon atom), five
previously have been described.’—® In the course
of the present work it became necessary to syn-
thesize the remaining two.

The preparation of 1,2,3-triphenylcyclopenta-
diene followed closely the methods previously
used for the 1,2,4-isomer.” 1,2,5-Triphenylpentane-
1,5-dione? (I) was reduced with zinc and acetic
acid™ to 1,2,3-triphenyleyclopentane-1,2-diol (II)
which was smoothly dehydrated by hydrochloric
acid in boiling ethanol solution’® to yield the
desired diene ITI. Its infrared spectrum is shown
in Fig. 1 together with that of the 1,2,4-isomer.
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Tig. 1.—Spectra of (a) 1,2,4—(IX) and (b) 1,2,3-tri-
phenylcyclopentadiene (I1I1) in CCl; (20 mg./cc.; 3-8 u) and
in CS; (15 mg./cc.; 7-15 u).

To obtain phenylcyclopentadiene (VI), cyclo-
pentenone (IV) was treated with phenyllithium to
given 1-phenyl-2-cyclopentene-1-ol (V) which lost
water on distillation to yield VI. Although this
method is rapid and simple, the yields are only
moderate and the search for a better method is

therefore being continued.
= Puli =~ OH —H,0 AN
=) ——— —— \\ —Ph
Ph
VI
The preparation of ferrocene derivatives was

v A%
first attempted with the readily available 1,3-
diphenylcyclopentadiene.®  This readily forgned the
corresponding Grignard reagent on treatmeut with

(3) N. L., Drake and J. R. Adams, THIS JoUrRNaAL, 61, 1326 (193,

(6) C.F.H. Allen, J. E. Jonesand J. A, Van Allan, J. Org. Chem., 11,
268 (1946).

(7 J. Wislicenus and F. H. Newman, Ann., 302, 237 (1898).

(8) (a) J. Wislicenus and H. Carpenter, ibid., 302, 223 (1898); (b)
E. B, Auerbach, Ber., 86, 933 (1903); (c) K. Ziegler and B. Sclinell,
Ann., 448, 266 (1925); (d) W. Dilthey, W. Braun, O. Triisken, J,
prukt. Chem., [2] 139, 1 (1633).

(9) C.F.H. Allen and W. E. Barker, Tuis Jour~aL, 54, 736 (1932).
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ethylinagnesium broniide and on treatment of this
solution with ethereal ferric chloride, the orange-
red 1,3,1’,3’-tetraphenylferrocene was obtained;
it was readily separated from unchanged hydro-
carbon by fractional crystallization from acetone
in which it is less soluble.

1,2,4-Triphenylcyclopentadiene’ behaved simi-
larly, and the red 1,2,4,1/,2’,4’-hexaphenylferrocenc
was obtained after removal of unchanged hydro-
carbon by sublimation.

However, when the same reaction sequence was
applied to 1,2,3,4-tetraphenylcyclopentadiene,® no
ferrocene derivative could be isolated. To ensure
that this failure was not the result of failure to
obtain the intermediate Grignard reagent, the
hydrocarbon was first converted to the corre-
sponding bromine!?; this underwent halogen-iuetal
exchange smoothly when treated with a solution of
phenyllithium, but again the desired product could
not be obtained after treatment of the tetraphenyl-
cyclopentadienyllithium with ferric chloride.

It was considered of particular interest to test the
next higher member of this series, 1,2,3,4,5-penta-
phenyleyclopentadiene (VII, R = H),* in view of
the known stability of the corresponding free
radical VIII.%* However, neither reaction of the
bromide (VII, R = Br)* with phenyllithium to
yield the lithium derivative (VII, R = Li) followed
by treatment with ethereal ferric chloride nor inter-
action of the radical VIII with iron pentacarbonyl
afforded the desired ferrocene derivative.

Ph Ph
Ph=" /Pll PLAA /Ph
Pha /R Ph‘\ '

Ph Ph

VII VIII

These unexpected failures led to the consideration
of the possibility that steric factors might be re-
sponsible for preventing the reaction of the tetra-
and  pentaphenylcyclopentadienyllithium  with
ferric chloride.

It can readily be ascertained from niodels that
in these substances the phenyl groups cannot all be
coplanar with each other and with the five-mem-
bered ring owing to interference between the hy-
drogen atoms in the ortho positions. Instead, the
molecules most probably assume a propeller-like
configuration. When only two phenyl groups are
adjacent as in 1,2,4-triphenylcyclopentadiene (IX),
this effect can be minimized by a slight increase of
the angles (*), but with three adjacent phenyl
groups as in 1,2,3-triphenylcyclopentadience (III),
at least the ceutral one must be rotated appreciably
out of the planc of the cyclopentadiene ring.

(10) II. Kainer, Ann., §78, 232 (1352).
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To test these vie s, III was synthesized as de-
scribed above. Although this compound reacted
vigorously with methyl- or ethyllithium, being
converted to the corresponding lithium derivative,
the second step, reaction with ferric chloride again
failed, in strong contrast to the behavior of the
isomeric compound IX. This observation thus
lends strong support to the view that steric effects
interfere with the formation!! of ferrocene deriva-
tives from cyclopentadienes bearing three or more
adjacent phenyl substituents. In this connection,
the differences in the infrared spectra (Fig. 1)
may be of interest. (Note the absence in III of
the niedium strong band at 8.32 y, the presence of
additional bands at 10.16 ¢ (weak) and 12.55 u
(medium) and the shift of the 13.3 u (strong)
band (of IX) to 13.5 u.)

To complete the series, phenyleyclopentadiene
was converted to the corresponding Grignard
reagent with ethylmagnesium bromide and then
with ferric chloride to 1,1’-diphenylferrocene.
Further, as an example of the applicability of this
method to the preparation of unsymmetrical
ferrocene derivatives, a mixture of cyclopentadiene
and phenylcyclopentadiene was converted to a
mixture of the corresponding Grignard reagents
and allowed to react with ferric chloride. An
excess of cyclopentadiene was used in this experi-
ment and, under these conditions, the products
where chiefly ferrocene and phenylferrocene with
only a trace of the diphenyl derivative. The prod-
ucts were readily separated chromatographically
on alumina using petroleum ether as solvent.

Special methods are necessary for the preparation
of each of the phenyl-substituted cyclopentadiene
derivatives used in the above syntheses. However,
a general method is available for the preparation
of certain alkyl-substituted cyclopentadienes which
may be exemplified by Schlenk and Bergmann’s
preparation'? of benzhydryleyclopentadiene (X)
by the route illustrated

= CeH e CeHs Na
{ H, + 0—=c  —> (TS
= CaHs ey C5H5

H

Na Na cH
e | CeHs EtOH ~~ e
\\ ¢ —_— CH
T CsHa N \CsHo

X

It was deemed worthwhile to demonstrate the
usefulpess of such alkyl-substituted cyclopenta-
dienes in the preparation of ferrocenes. Indeed
it was found that X was smoothly converted to
1,1’-dibenzhydrylferrocene (XI). The particular
choice of X was dictated by the fortunate circum-
stance that Woodward and Csendes!® had inde-
pendently synthesized XI by the route.

Direct comparison of the two products!® left no
doubt as to their identity. Thus whereas the di-
benzoyl (XII) and other diacyl ferrocenes®!4

(11) There is no basis for believing that the products would be un-
stable if formed. Only interference with their formation under the
usual reaction conditions is here postulated.

(12) W. 8chlenk and E. Bergmann, Ann., 463, 1 (1028).

(13) Private communication; the author is grateful to Professor
R. B. Woodward for permission to quote these unpublished results and

to Dr. E, Csendes for a sample of the product.
(14) M. Rosenblum, Thesis, Harvard University, 1953.
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formed as the principal products from ferrocene
under Friedel-Crafts conditions had always been
formulated as those in which both rings are sub-
stituted, the present synthesis of dibenzhydryl-
ferrocene (XI) provides the first direct proof of the
correctness of this assumption,

The infrared spectrum of XI is shown in Fig. 2
together with those of mono-, di-, tetra- and hexa-
phenylferrocene. XI has all the separate absorbing
units present in tetraphenylferrocene, but sepa-
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Fig. 2.—a, phenylferrocene (20 mg./cc.) in CCly (3-8 u)
and in CS; (8-16 u); b, 1,1’-diphenylferrocene in CCl,
(30 mg./cc.; 3-8 u) and in CS: (20 mg./cc.; 8-16 p);
¢, 1,3,17,3’-tetraphenylferrocene, solid in KI; d, 1,2,4,1°,2/,-
4’-hexaphenylferrocene, solid in KI; e, 1,1’-dibenzhydryl-
ferrocene (XI) (20 mg./cc.) in CCly — aud in CSy ---—e-—-
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rated from each other by the inethine groups;
thus conjugation is prevented and several of the
characteristic bands of tetraphenylferrocene are
therefore lacking in XI. Indeed there is a closer
sirnilarity between the spectra of the polyphenyl-
ferrocenes and their parent hvdrocarbons as is seen
by comparing the spectrum of 1,2,4-triphenylcyclo-
pentadiene (Fig. 1a) with that of the derived iron
compound (Fig. 2d). The most striking differences
between these two compounds are the absence of
the wedium strong band at 7.25 u and the presence
of the additional bands at 8.65, 12.0 and 15.5 u
as well as the merging of the bands at 13.0-13.3 u
into a single broad band. At least some of these
features are comimon to all the phenylferrocenes
and must result from interactions of the hydro-
carbon radical with the metal atoni. Comnparison
of the phenyl-substituted ferrocene derivatives
among themselves reveals the uost striking differ-
ences in the case of the monophenyl derivative.
In this substance, four bands can clearly be dis-
tinguished: at 7.03, 9.0, 9.95 and 12.21 p which are
absent in the others. However, these correspond
exactly to the main absorption regions of ferrocene
itself. It has already been observed by Professor
R. B. Woodward and his collaborators!®!* that the
bands near 9.0 and 9.95 u are retained in all mono-
substitution derivatives of ferrocene, but disappear
when both rings bear substituents'?; the present
observation is in good agreenient with these results.

Experimental

1,2,3-Triphenylcyclopentane-1,2-diol (II).—To 1,2 5-tri-
phenyipeutane-1,5-dione (I)° (18 g.) dissolved in boiling
glacial acetic acid (500 cc.), zine (90 g.) was added in por-
tions over three liours. The wmixture was maintained at
reflux for a further two hours after couiplete addition, fil-
tered liot and poured on ice. The ziue residues were ex-
tracted witl a further 200 cc. of hot acetic acid. The prod-
et was collected (if oily, crystallization may be induced by
trituration witli miethanol) and reerystallized from cyclo-

hexane. It forms large white prisius (9 g., 509%), m.p.
132.5-133.5°.
dunal. Caled. for CuHau0:: C, 83.6; H, 6.7. TFound:

C,83.8; H,6.7.

Evaporation of tlie mother liquors leaves an oil which
failed to crystallize and was therefore not examined further;
it may contain some of the stereoisomers of the above diol as
well as the straight chain diol corresponding to I.

1,2,3-Triphenylcyclopentadiene (III).—The above diol
(8.2 g.) was heated with a mixture of ethanol (200 cc., 95%)
and concentrated hydrochloric acid (20 cc.) on a steani-bath
for 2 hours under reflux. The product gradnally crystal-
lized from the hot solutionn and was collected by filtration
after cooling (6.1 g.). Further heating (1 lour) and con-
centration of the solution to 100 ce. vielded a further quan-
tity of slightly less pure product (0.9 g.) (total vield 7 g.,
0667). Recrystallization from ethanol gave long, fiue,
pale vellow (almost colorless) needles, m.p. 157-159° (in a
sealed evacuated tube).

Anal. Caied. for Calys: C, 93.9; H, 6.1.
04.1; H, 6.2.

Phenylcyclopentadiene (VI).—To a solution of plienyl-
lithium (excess) prepared i1 ether from broniobenzeie (35
¢.) and lithimn (3 g) was added an ether solution of 2-
cvelopentene-T-one (10 g.) at 0°.  After complete addition
the mixture was allowed to warin to room temperatire over
I hour and stirred at that temperature for a further hour, the
cntire reaction being conducted in a nitrogen atniosphere.

Found: C,

i1y Tle bamwl at 7.05 p is relatively wenk and cannot always be
alservis D ssdfvicntly clearly;  fnsusilivient data tio establislh 4 geueral
rule pre available for 1hie 12,2 @ batud as wsst of the spectra have beew
disvevan it elioroforun e vachon tetracldorile ouly.

P. L. PausoxN

Vol. 76

The solution was poured on ice, washed with water, dried
and evaporated to yield a viscous oil (11 g.) which crystal-
lized partially when kept at 0°. Its infrared spectrum in-
dicated the preseuce of a ketone (probably 3-phenyleyclo-
pentanone arising from 1,4-addition of the plienyllithium) as
an impurity. Distillation resulted in loss of approximately
the quantity of water calculated for V. (Double distilla-
tion was employed to effect complete dehydration. Coin-
plete dehydration also resulted in one step when copper
bronze was added, but this procedure resulted in more ex-
tensive resinification.) The main fraction distilled at
180-220° (3.2 g.) and was used for the following experi-
ments without further purification.

1,1’-Diphenylferrocene.—Crude phenylcyclopentadiciic
(0.65 g.) dissolved in ether was added to phenyllithiuni (10
cc., 0.5 N solution in ether) and the mixture stirred uuder
nitrogen for 1 hour. An ether solution of ferric chloride
(0.25 g.) was then added and the mixture left overnight.
After pouring the product on ice~HCI, separating the etlic-
real layer, washing, drying and evaporating, a benzeuc
solution of the residue was passed through a short coluu
of alumina to remove tarry impurities. Crystallization of
tlie eluate from light petroleum yielded orange lecaflets,
m.p. 154°,

Amnal. Caled. for CpHjsFe: C, 78.1; H, 5.4. Tound:
C,77.6; H, 5.8.
Phenylferrocene.—To methyllithium prepared frow

lithium (1.4 g.) and methyl iodide (14 g.) in ether (100 cc.)
under nitrogen, phenylcyclopentadiene (4 g.) diluted with
cther (20 cc.) was added dropwise at room temperature and
followed after 30 minutes by cyclopentadiene (4 g.) in ether
(20 cc.), the mixture being stirred througliout. After a
further hour, the mixture was cooled to 0° and an etlier
solution of ferric chloride (5 g.) slowly added. After leaviug
overnight and working up as described for the diplienyl-
ferrocelie (above), the crude product was subjected to cliro-
matography on alumina using light petroleum as solvelt.
Ferrocene passes throiigh the column rapidly and is followed
more slowly by the monophenyl derivative, the diphenyl
compound being held even niore strougly; complete sepa-
ration was readily achieved on an 8-incli colurnn. Moiio-
pheuvliferrocene formed orange crystals froin light petroleinin
m.p. 109-110°.
Anal. Caled. for CgHyFe:
C,73.6; H,5.7.
1,3,1’,3'-Tetraphenylferrocene —1,3-Diphenylevelo-
pentadiene (3 g.) dissolved in benzene (50 ce.) was added
to ethylmagnesiuin bromide, prepared in ether frour ethyl
browide (1.5 g.) and magnesium (0.32 g.}, and the solution
was refluxed for 4 hours. After cooling to 0°, an cther
solution of ferric chloride (0.7 g.) was added and the mix-
ture left at room temperature overutight. After working up
i1 the nsual manuer, the product was crystallized fromn acc-
tone. Deep orange-red flat prisms of 1,3,1’,3'-hexaphenyl-
ferrocene separated leaving unchanged hydrocarboi i1 solu-
tion. After recrystallization from tlie same solvent tlie
prodiict had m.p. 220-222°,
Anal. Caled. for CuHylle: C, $3.3; H, 5.3.
C, 83.2; H, 5.3.
1,2,4,1’ 2’ 4'-Hexaphenylferrocene.—1,2 4-Triphcnyl-
cyclopentadicne (2.5 g.) and benzene (50 cc.) were added to
an ether solution of butyllithium (0.012 mole) aud refluxed
two liours. After cooling in ice, etliercal ferric chloride
(0.8 g.) was added and the mixture left overnight. The
crude product, isolated iu the usnal wauier, was sublined
nnder reduced pressure to remove unchanged hydrocarbou.
The residue crystallized readily from acetone in red prisius
m.p. 227-228°,

C, ©3.53; H, 5.4. Found:

Fouud:

Anal. Caled. for CyHyTe: C, 86.0; H, 5.3. Fouud:
C, 83.7; H, 5.4.
1,1’-Dibenzhydrylferrocene.—Dipheuylfuilvene was re-

duced as deseribed by Schlenk and Berginanu!2and the crude
product distilled to give benzhydryleyclopentadiene as a
viscous oil (0.85 g.) which was used withont further purifica-
tion. Its solution in ether (10 cc.) was added to phenyl-
lithium (8 cc. of an 0.5 N solution) under nitrogen and the
resulting mixture was allowed to stand at roow tetnperatire
for 1 hour. Ferric chloride (0.2 g.) dissolved in anhydronus
etlier (10 cc.) was then added at 0° aud the wixture kept at
roomt temnperature overnight.  The product was paired o1l
an ice -annnonimn ehiloride mixture, extracted with ctlier,
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washed, dried and evaporated. The residue was dissolved
in cyclohexane and passed through a short column of alu-
nina to remove tarry impurities.

The eluate on evaporation to dryness left vellow crystals,
m.p. 161°, Recrystallization from acetone gave the pure
1,l’gdibenzhydrylferrocene as yellow needles, m.p. 162-
163°.

Anal. Caled. for CyHpFe:
C, 83.7; H, 5.8.

C, 83.4; H, 5.8. Found:

ArLyL ESTERS OF PHOSPHONIC ACIDS

2191

This product was indistinguishable in melting point,
mixed melting point and infrared spectrum (determined in
carbon tetrachloride solution with a Baird double beam
spectrophotometer, Fig. 2e) from a sample supplied by Dr.
E. Csendes.!?
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Allyl Esters of Phosphonic Acids. IIL

Influence of Substituents on Polymerization

Characteristics!

By A. D. F. Toy AND RoBERT S. COOPER
RECEIVED DECEMBER 4, 1953

It is well-kuown that diallyl esters of organic dibasic acids will undergo polymerization to forin cross-linked types of glassy

resius.
transparent solids which are flame resistant.

other phosphorus-containing allyl derivatives have shown that glassy polymers are not obtained in all cases.
factors are among those which appear to govern the polymerization characteristics of these compounds:

It has been shown that the diallyl esters of the arylphosphonic acids undergo polymerization to produce hard,
Further studies covering more than thirty allyl esters of phosphonic acids and

The following
(1) steric hindrance

as determined by the size of the substituent group; (2) electrical character of the substituent group and (3) presence or

absence of inhibitory groups.

The dimethally] esters polymerize faster than the corresponding diallyl esters.

The degree of

flame resistance of these phosphorus-containing polymers seems to depend upon their thermal stability rather than upon the

phosphorus content of the monomers.

It is well-known that the diallyl esters of dibasic
acids, such as diallyl phthalate?? and diethylene
glycol bis-(allylcarbonate)* will undergo polymeri-
zation to form cross-linked glassy solids. In pre-
vious papers™® of this series, it has been shown that
the diallyl esters of arylphosphonic acids also un-
dergo similar polymerization reactions to form hard
transparent resins. A unique property of these
arylphosphonate polymers is their flame resistance,
that is, they are self-extinguishing when removed
from a flame. This self-extinguishing characteris-
tic is even retained in copolymers produced by co-
polymerization with other compatible monomers.
It had been assumed that the observed polymeriza-
tion tendencies of these substances are tvpical of
all diallyl esters and that the self-extinguishing char-
acteristic is due to the phosphorus content. How-
ever, further studies in this Laboratory have shown
that these generalizations do not always hold.
Differences in the polymerization and flame resist-
ant characteristics have been observed among the
allyl esters of various phosphonic acids.

This paper constitutes a preliminary report on
the influence of substituents on the polymerization
characteristics and other properties of the allyl es-
ters of sonie phosphonic acids and some allyl deriv-
atives of other phosphorus-containing acids.’

The diallyl and dimethallyl esters of a series of al-

(1) Presented in part before the Division of Organic Chemistry at the
1221d Meeting of the American Chemical Society, Atlantic City, N.J.,
September, 1952.

(2) D. A. Kardashev, N. S, Leznov and V. P. Nuzhdina, Khimi-
cheskaya Prom., No. 2, 5 (1945).

(3) W. Simpson, J. Soc. Chem, Ind., 65, 107 (1946).

(4) I. E. Muskat and F. Strain, U. 8. Patent 2,370,565 (1945).

(5) A. D. F. Toy, TuIis JoUurRNaL, 70, 186 (1948),

(6) A.D. F. Toy and L. Brown, Ind. Eng. Chem., 40, 2276 (1948).

(7) Since the presentation of this paper, G. Kamai and V. A.
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