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In a previous paper [1] we have shown that cyclic ethylene and propylene phosphorochioridites undergo 1,4-
addition with 2,3-dimethyl-1,3-butadiene. The addition products undergo intramolecular Arbuzov rearrangement
with formation of substituted dihydrophosphole oxides, In the further development and extension of this investiga-
tion we have studied the reactions of cyclic phosphorochloridous esters with linear and cyclic conjugated dienes,
We have carried out the addition of 1,2-dimethylethylene and (chloromethyl)ethylene phosphorochloridites to 2,3~
dimethyl-1,3~butadiene and of ethylene and (chloromethyl)ethylene phosphorochloridites to 2,4~hexadine and to
alloocimene, All the reactions go by the same mechanism and lead to substituted dihydrophosphole oxides:
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The characteristics of the substituted 2,5-dihydrophosphole -1~oxides obtained are given-in Table 1, They are thick
colorless (greenish in the case of alloocimene) liquids with a pleasant smell, The structures of the products were
confirmed by their hydrolysis and their infrared spectra.

The infrared spectra of all the compounds obtained contained a strong absorption band at 1248-1250 cm ™!
characteristic for the stretching vibrations of the P = O group, a band at 1665 cm™" characteristic for the stretch-
ing vibrations of a disubstituted C = C bond in a five-membered ring, and a band -at 1647 em™! for alloocimene
derivatives (C = C in side chain). For the P—O—C group we found characteristic absorption bands at 1047 and
1025 cm™,

Also, to confirm the structure of the products of the reaction of alloocimene with cyclic phosphorochloridites
we attempted to add ethylene phosphorochloridite to 1,1,3-trimethyl-1,3~butadiene, The fact that cyclic phos-
phorochloridites do not add to 1,1,3~trimethyl~1,3-butadiene under analogous conditions indicates that the linkage

1782



'uon11s0d-¢*y 10
-g'g 2yl ur aq Kew Juut sjoydsoydorplyip 2yt ur puoq 31qnop oy eyl o1qissod ST 31  pue g "oN spunodicd 104 ‘—QO-HOHPHDID) 2inionus sy
aapy Aew Surdnoad 19159 2yl g pue ‘p ‘g "ON spunodurod Iof pue ‘paulunalap lou sem 1ydsoyd ooho o Jo amsold Suu ayi ur nonEIUSTIO SYL 4

“mo
— \O,INH.HO
21y 3TAEITT6 ¢ . ‘ ¢ f i f ¢ ¢ N |
Dd*0S'H®D| g‘03 86  |90'31) ¥8'S |0‘2¥{€0‘aI | 82°S |€1'ah 2I61‘1j0g8y 1| (9)ogi—¥gl :I,\m/ 10HD
AN I
nnmo O 1D°HD S
O £
H § A HO
oL8=08 °d ‘w Burpuels uo sezireIskid wﬁ
L/ /0—H)
DAFQEHED | 8Y'eg 08 96°6 | 9L'9 (9108 |2L'6 | 98'0 |28°6¥ 10991°1;081S 1] (£)gQ1—¥O1 \__J\m/ 10HD .
*HO  SHD 0 10°HD
3 O &
" N \mo
9
u
¢ ¢ AN w 0 —*HD
IDd%0%HD| 3'€S ge (18N P11 vEe11/9208 1 (€)ag1—¥s1 e *“
W /1T o
HO  °HD ¢
”mo
Nmo_
IO HY)| g'eg 15 190°gl 8611 2692 °1/£80S ‘1| (8)og1—¥81 :;l\m OHD
amo o.o.mo 4
*HO
*HO s
NS 7P
DA% HYD| 2'6o Gz |OI‘C1] 19°L |¥2°09,62°€I| 66'L | 18°08 (e8€1 1|r16% 1] (S)opI—b¥I \:l\m// 108D
THO 0 HD I
% goum| 4 | m | o t | 5 | o (wuw *d)
PINLLIO k4 a 1onpoad jo sanjonn .
1 PIoIX | UONDERA| ¢ “paternofed | g, ‘puncy 0e® | -2 | 5, d g +3Mp0I0 3 $ ON

1 971av.L

11783



of phosphorochloridites to alloocimene occursatthe less highly substituted dienic system of double bonds. This is in
good accord with data in the literature on diene synthesis with alloocimene [2;. As cyclic phosphorochloridites
were found to be fairly reactive, it was important to determine how they behave in reactions with cyclic dienes,

As examples of these, we chose bi-1-cyclohexen-1~yl, hexachlorocyclopentadiene, tetraphenylcyclopentadienone,
cyclopentadiene, and anthracene.

All the reactions of phosphorochloridous esters with dienes were conducted with heating to 100-120° in pres-
ence of zinc chloride. FEthylene and (chloromethyl)ethylene phosphorochloridites react at approximately the same
rate with bi-1-cyclohexen-1-yl. In both cases clear thick liquids are obtained which, after distillation in a high
vacuum, gradually crystallize to white substances which are sparingly soluble in ether, This property was made
use of for purification from the viscous product, possible bicyclohexenyl dimer. The course of the reaction canbe
represented as

O, OO QKD OO
/ + CIP’, - N/ ~N /S N/
| \0 H R P—Cl = P or /P
(\' i ¢ o & o o N
R=H or CHyCl— L | |
| CHy—CH—R | CH;—CHCI—R  CICH,CH—R

The reactions of cyclic phosphorochloridites with tetraphenylcyclopentadienone are much faster. Here the phos-
phorochloridous ester is both a reactant and a solvent, and for this reason a four- or five-fold excess is taken, The
reaction is complete in three hours at 100-120°, The end of the reaction is determined from the change in the
color of the solution from dark red to pale yellow. After suitable treatment of the reaction products with water,
purification by chromatography on alumina, and recrystallization from alcohol, we obtained the white crystal-
line product (IIT).

CeHj ¢Hs —1 CeHs oHs
GeHs  CqH, co co
CH,—0\ CeHy ot CGH5—-J<>-——C6H5
| Cl + O — P—Cl 2
CH,— N\ VA ()
0 O
6H5 CGHS l ? l
] H,C—CH, H,C—CH,Cl

The structure of the product was proved by its infrared spectrumn, This contains an intense absorption band at 1260
em™! characteristic for the stretching vibrations of the P = O group. A very intense absorption band at 1712 cm™!
undoubtedly indicates the presence of a carbonyl group.

All the products obtained by the reaction of ethylene and (chloromethyl)ethylene phosphorochloridites with
cyclic dienes are white crystalline substances, readily soluble in hot alcohol, but insoluble in water, The melting
points of the products, the results of analysis for phosphorus and other elements, and their yields are given in
Table 2,

Reaction between ethylene phosphorochloridite and hexachlorocyclopentadiene occurs very readily when the
reactants are heated together in presence of zinc chloride in a water bath; a black solid is formed. We have not
yet succeeded in isolating the product in a pure state.

Such reactive dienes as cyclopentadiene and anthracene do not undergo diene condensation with cyclic phos-
phorochloridites, In all our experiments we recovered the phosphorochloridites and dienes unchanged. The reac-
tivity of dienes in diene condensation with cyclic phosphites can be explained as follows: by virtue of the un-
shared electron pair on the phosphorus atom cyclic phosphorochloridites are evidently electron-donating dienophiles,
The reactivity of a diene in its reactions with them should be proportional to the accepting power of the diene,

i, e., inversely proportional to its donating power, which is proportional to the rate of its reaction with acceptor
dienophiles, The latter varies as follows [3]: cyclopentadiene > anthracene > bi-1-cyclohexen-1~yl > 2,3-di-
methyl-1,3~butadiene > cyclohexadiene > butadiene > tetraphenylcyclopentadienone > hexachlorocyclopentadiene,
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It is readily understood, therefore, why cyclic phosphorochloridites react readily with dienes at the end of this series
(hexachlorocyclopentadiene and tetraphenylcyclopentadienone), when reaction appears to go in the direction: di-
enophile—donor, diene—acceptor [4].

The reaction of cyclic phosphorochloridites with acyclic dienes goes with greater difficulty, and it does not
go at all with strongly donating dienes (cyclopentadiene and anthracene)., The most reactive cyclic phosphoro-
halidites in reactions with dienes were found to be o-phenylene phosphorochloridite and phosphorobromidite, which
react with butadiene extremely readily at room temperature in absence of catalyst, The products are white solids
which fume strongly in air, They are insoluble in diethyl ether, petroleum ether, and benzene, and are partially
soluble in acetone. They are readily soluble in hot water, but the ester ring is then opened and halogen is lost, As
a result of such treatment the same product, m. p, 128-129°, is obtained from the chlorine and bromine derivatives,
A mixture of these melts without depression, An aqueous solution of this substance gives an intense violet color
with ferric chloride, characteristic for a phenol, The course of the reaction can be represented as:

O )- O =0 X

0 -+HCI
The structure of the product was confirmed by the infrared spectra, Its infrared spectrum contained an intense
broad absorption band near 3225 cm™L, characteristic for the stretching vibrations of a hydrogen-bonded hydroxyl,
and absorption at 1265 cm™, characteristic for the P = O group. The spectra were run in mineral oil on the Hilger
H-800 and the 1KS-14 spectrophotometers, The characteristics of the products are given in Table 2,

EXPERIMENTAL

Procedure in the Addition of Cyclic Phosphorochloridous Esters to Dienes, All the cyclic phosphorochloridous
esters were prepared by Gefter's method [ 5] by the reaction of phosphorus trichloride with diolsin chloroform solution,

To an equimolecular mixture of the cyclic phosphorochloridite and the diene we added 0,8% of the weight
of the mixture of freshly fused zinc chloride and 0.05 g of hydroquinone. This mixture was heated in a sealed tube
at 100-120° until the volume no longer diminished., The products were purified by two or three vacuum distilla-
tions. The products of the reactions of ethylene and (chloromethyl)ethylene phosphorochloridites with bi-1-cyclo-
hexen-1~-yl, after vacuum distillation (1.6 1072 mm), were left in porcelain dishes for crystallization, Crystalliza-
tion started after a few days. The crystals were carefully washed from the viscous mass with dry ether, The char-
acteristics of the substituted 2,5-dihydrophosphole -1-oxides synthesized are given in Tables 1 and 2. The hydrolysis
of the products was conducted by the procedure described by us in [1].

Addition of Ethylene Phosphorochloridite to Tetraphenylcyclopentadienone. A mixture of 3 g of tetraphenyl-
cyclopentadienone and 0,04 g of zinc chloride was heated in a five-fold excess of ethylene phosphorochloridite in
a sealed tube at.100-110° until the color changed from dark red to light yellow (three hours), The thick yellow
liquid was then poured into a beaker containing ice water. A fine yellowish precipitate was formed, was care-
fully washed with water to remove acidic reaction products, and was dried in air, We obtained 3 g (93.4%, based
on the tetraphenylcyclopentadienone) of precipitate, This precipitate is readily soluble in many organic solvents
(benzene, alcohol, chloroform, carbon tetrachloride, ethyl acetate, acetone), However, it is impossible to recover
it in the crystalline state from these solvents—a resinous mass is obtained, The precipitate was purified chromato-
graphically on alumina, FElution with benzene gave a little unchanged tetraphenylcyclopentadienone (0.1 g), and
with absolute ethanol a white crystalline product was eluted slowly; after recrystallization from alcohol this had
m, p. 209-210°, The yield was 56%, based on the tetraphenylcyclopentadienone,

Addition of o-Phenylene Phosphorochloridite (and Phosphorobromidite) to Butadiene, o-Phenylene phos-
phorochloridite and phosphorobromidite were prepared by Crofts's method [6] by heating a mixture of phosphorus
trihalide and pyrocatechol in presence of a little water (0,858 g), 10 ml of butadiene was added to 20 g of
o-phenylene phosphochloridite mixture was sealed in a tube. On the next day the white crystalsformed,
which fumed strongly in air, were washed with dry ether,and dried in dry air; m. p. 95-110° (determined in a
sealed capillary). We obtained 23,6 g (90%, based on the o-phenylene phosphorochloridite). The product prob-
ably contained butadiene polymer impurity. Analysis gave a low chlorine content, Found: Cl 13.22%. CHyOPClL
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Calculated: Cl 15.58%. The product was then recrystallized twice from hot water, White, halogen-free crystals,
m, p, 128-129°, were obtained., With ferric chloride a solution of these gave an intense violet color, characteristic
for phenols, The same product was obtained from the reaction of o-phenylene phosphorobromidite withbutadiene,

The authors thank E. G. Yarkova for the determination of infrared spectra,

SUMMARY

1. Linear and cyclic dienic hydrocarbons undergo diene condensation with cyclic phosphorochloridic esters
with simuitaneous intramolecular Arbuzov rearrangement.

2. By the addition of cyclic phosphorochloridous esters to various dienic hydrocarbons a number of substituted
2,5~-dihydrophosphole-1-oxides were prepared.
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All abbreviations -of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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