3,4-PHOSPHOLANEDIOL 1-0OXIDES AND THEIR DERIVATIVES
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It is known [1] that compounds containing the epoxide group can, as a rule, undergo three types of
transformations: 1) opening of the epoxide ring and formation of addition products; 2) isomerization to car-
bonyl compounds; 3) isomerization to unsaturated alcohols. However, data in the literature on this question
are insufficient for a-epoxides of heterocycles and they are mainly concerned with a-epoxides of alkylfuryl
alcohols and a-epoxides of sulfolenes [2, 3]. In agreement with these data, attempts of Azanovskaya and
Pansevich~Kolyada [2] to isolate products from the reaction of epoxides of alkylfuryl alcohols with aleohols,
amines, and water ended in failure: although the reaction went, the products formed could not be isolated.
In the case of a-epoxides of sulfolenes, their reactions with hydrogen halides, water, ammonia, and certain
other reagents were studied. Here, smooth opening of the epoxide ring [3] was observed with formation of
only addition products. It is natural to expect that the presence of other hetero atoms in the ring, and in
particulay a phosphorus atom, would in some degree affect the course of the process. In the light of what
has been presented above, we thought it of interest to study the chemical behavior of g-epoxides of phos-
phorus-containing heterocyclic compounds in the reactions indicated, We chose asg the object of the investi-
gation 3,4~epoxyphospholane I-oxides (A), which are bicyclic systems consisting of condensed oxirane and
phospholane fragments, the preparation of which we reported recently [4]. Data on this question are absent
in the literature.

Data concerning reactions of (A) with alcohols and water in the presence of catalysts of acid charac-
ter, organic acids, and hydrogen halides, are presented in this communication. Transformations under con-
ditions of basic catalysis and also reactions with amines will be reported in subsequent publications., Upon
reaction of (A) with alcohols the main course of reaction was found to be opening of the o-epoxide ring with
formation of addition products [5]. In the case of unsymmetrical (A), only one compound was isolated, for
which we propose the structure having a secondary hydroxyl group on analogy with the product of the open-
ing of the w-epoxide of methylcyelopentene under conditions of acid catalysis [6]. In rare cases the reac-
tion was complicated by isomerization to the unsaturated alcohols; however, the latter (based on IR spec-
tral data) were formed as small admixtures. The compounds obtained react with acetic anhydride, exchang-
ing the hydroxyl group for an acetate group. Analogous transformations are also observed upon reaction of
(A) with organic acids and hydrogen halides, In these cases the reaction is directed exclusively in the ¢i-
rection of formation of derivatives 3,4-phospholanediol 1-oxide, and the isomerization reaction is not ob-
served. With the exception of the bromohydrin, the compounds obtained were found to be stable and, in the
case of liquid products, did not decompose upon distillation. Reaction of (A) with water also proceeds
smoothly and leads to 3,6~phospholanediol 1-oxides.

On the basis of what has been stated above, we concluded that all the processes studied by us pro-
ceeded by the scheme
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The compounds obtained are presented in Table 1. They are viscous colorless oils or crystalline
substances having guite high melting points, frequently poorly soluble in water and organic solvents, The
compounds do not give a qualitative reaction for epoxide oxygen [7].

IR spectra were taken with the purpose of establishing the structure of the compounds obtained. Ab-
sorption in the 840-850 cm™! region (characteristic for the a~epoxide ring of phosphorus-containing epoxides
[8]) was absent in the spectra. Absorption in the 3250-3400 em™! region (OH stretching vibrations) was
present for all of the compounds [except (XV)], and (IX)~(XII) and (XV) absorbed in the 1720-1740 cm™! re-
gion (C = O stretching vibrations). A very weak absorption characteristic for the double bond situated in
an o,B~position to the phosphoryl group appeared in the spectra of compounds (VI) and (VII). All of these
data confirm the structures proposed by us for the adducts obtained. We have found a method [5] which
makes it possible to obtain 3,4-phospholanediol 1-oxides and some of their derivatives easily and simply.

EXPERIMENTAL
The starting 3,4-epoxyphospholane 1-oxides were prepared by the method described earlier [4].

Reaction with Alcohols. A mixture of the 3,4-epoxyphospholane 1-oxide (A), excess alcchol, and 1-2
drops of Hy80, or 5-7 drops of BF; etherate or 5 drops of H;PO, was boiled for 6-24 h with a reflux con-
denser, then neutralized with NaHCO;3 or Ba(OH),, and filtered from the precipitate. All volatile products
were distilled in vacuum. The crystalline residue was recrystallized from a suitable solvent and liquids
were distilled in vacuum. Analyses and constants of the compounds obtained are indicated in Table 1.

Preparation of 1,4-Diethoxy-3-phospholanol 1-Oxide (I). From 16.2 g of (A) (R =0C,H;, R' =R"
=H), 12.6 g of ethanol, and 2 drops of conc. H,SO, after boiling for 24 h, subsequent neutralization with
Ba(OH),, filtration from the precipitate, and distillation of the liquid residue in vacuum we obtained 8.9 g
of (I). '

Preparation of 1,4-Diethoxy-4-methyl-3-phogpholanol 1-Oxide (II). From 12.6 g of (A) (R = OC,Hjs,
R' = CH,;, R" =H), 30 ml of C,H;OH, and 7 drops of BF; etherate after boiling for 6 h and subsequent dis-
tillation we obtained 7.82 g of (II) {method a).

b. From 17.6 g of (A) (R = OC,H;, R' = CH;, R* =H), 55.2 g of ethanol, and 1 drop of conc. HyS80,
after boiling for 7 h, neutralization with NaHCO,, filtration, and distillation of the liquid residue in vacuum
we obtained 7.0 g (yield 31.5%) of (II). Yield of (II) in Table 1 is given for method a.

Preparation of 4-Methoxy-3,4-dimethyl-1-phenyl-3-phospholanol 1-Oxide (IIl}. From 1.1 g of (A)
(R = CgH;, R* =R" =CHy), 20 g of CH;OH, and 2 drops of conc. H,SO, after boiling for 13 h with a reflux
condenser and removal of alcohol in vacuum, filtration of the crystalline residue, and recrystallization of
it from acetone we obtained 1.23 g of (III).

Compounds (IV) and (V) were obtained analogously.

Preparation of 4-Methyl-1,4-dipropoxy-3-phospholanol 1-Oxide (VI). From 7.0 g of (A) (R = OC;Hy,
R' = CH;, R" =H), 30 ml of propyl alcohol, and 7 drops of BF; etherate after boiling for 6 h and subsequent
distillation we obtained 1.1 g of (VI).

Preparation of 1,4-Dibutoxy-3,4-dimethyl-3-phospholanol 1-Oxide (VI). From 9.55 g of (A) (R = 0C,
‘Hy, R' = R" = CHy), 20 ml of butyl alcohol, and § drops of 65% HyPO, after boiling for 16 h, neutralization
with NaHCO,, filtration from the residue, and subsequent distillation we obtained 2.7 g of (VII).

Reaction with Acetic Anhydride

Preparation of 1,4-Diethoxy-3-acetoxyphospholane 1-Oxide (XV). A mixture of 7.6 g of (I), 10 ml of
abs. benzene, 6 ml of (CH;CO),0, and 1 drop of conc. HyS0, was held at room temperature for 48 h and then
heated at 80°C for 1 h. Subsequent distillation in vacuum yielded 6.3 of product (XV).

Reaction with Hydrogen Halides

Preparation of 4-Chloro-3,4-dimethyl-1-phenyl-3-phospholanol 1-Oxide (XII). We dissolved 1 g of
(A) (R = C¢H;, R' = R" = CHy) in ether and the solution was saturated with HCI. An oil precipitated which
hardened upon rubbing with a glass rod. We obtained 1.15 g of (XIII).
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Preparation of 4~-Bromo-3,4-dimethyl-1-phenyl-3-phospholanol 1-Oxide (XIV). We dissolved 1 g of
(A) (R== CgHy, R'==R"=CH;) in 5 ml of distilled Hy0. To the solution we added 5 ml of 48% HBr, An oil
precipitated which solidified upon rubbing with a glags rod. We obtained 1.3 g of product (XIV)., After
washing with water and acetone with recrystallization from acetone-n-heptane, 5: 1, we obtained colorless
crystals (dec. t. 185°) which turned brown under the influence of light.

Reaction with Organic Acids

Preparation of 4~-Acetoxy-3,4~dimethyl-1-phenyl-3-phospholanol 1-Oxide (X). A mixture of 1.95 g of
(A) (B==Cgll5, R'= R"= CHj), 20 m] of anh. CH;COOH, and 2 drops of HySO, was heated at 50° for 72 h.
The excess CH;COOH was distilled in vacuum, The solid was filtered off, washed with ether, and recrystal-
lized from acetone. We obtained 2.25 g of product (X).

Preparation of 3,4-Dimethyl-1-phenyl-4-(trichloroacetoxy)-3-phospholanol 1-Oxide (XII). A mixture
of 0.6 g of (A) (R==CygH;, R'= R"== CHy), 0.7 g of the anhydride of CCl3CO,H in 12 ml of abs. CyH; was
boiled for 15 h. The solvent was removed in vacuum. The residue was recrystallized from acetone —meth-
yvlene chloride, 5: 1. We obtained 0.83 g of product (XII}.

Compound (XI) was obiained analogously.

Preparation of 4-Acetoxy-1-ethoxy-3,4~dimethyl-3-phospholanol 1-Oxide (IX), We held 14 g of (A)
(R== OCyH;, R'= R" == CHg), 70 ml of anhyd. CH;COOH, and 3 drops of H,50, at room temperature for 288
h, after which the CH;COOH was removed in vacuum, The residue was diluted with ether and washed with
an agqueous solution of Ky,COq fo a neutral reaction. The ether layer was separated from the agueous layer
and the latter was extracted two times with ether.

The extracts were combined with the ether layer and dried over NaySO,. After filtration from the dry-
ing agent the solvent was removed in vacuum and the residue was subjected to distillation. We obtained
10.2 g of product (IX).

Reaction with Water

Preparation of 3,4-Dimethyl-1-phenyl-3,4-phospholanediol 1-Oxide {(VIII). A mixture of 0.6 g of (4)
(R== C;H;, R"= R"= CHjy), 4 ml of H;0, and 1 drop of conc. H,SO; was boiled for 13 h. The precipitated
crystals were filtered off, washed with water, and recrystallized from dioxane. We obtained 0.6 g of prod-
uct (VIII).

CONCLUSIONS

Upon reaction of 3,4-epoxyphospholane 1-oxides with alcobols and water in the presence of catalysts
having acid character, organic acids, and hydrogen halides, opening of the o-epoxide ring occurs with for-
mation of additien products.

LITERATURE CITED

1. A, Rosowsky, The Chemistry of Heterocyclic Compounds, Edit. A, Weissberger, New York—London
~—8ydney (1964), 1, p. 1.

2. M., M. Azanovskaya and V. L. Pansevich-Kolyada, Zh. Obshch, Khim., 27, 384 (1957).

3. 0. E. van Lohuizen and H. I. Backer, Rec. Trav, Chim. Pays-Bas, 68, 1137 (1949); W. R. Sorenson,
J. Org. Chem., 24, 1797 (1959); M. Prochazksa and V. Horak, Collection Czech. Chem. Commun., 24,
5 (1959).

4, B. A. Arbuzov, L. A. Shapshinskaya, A, P. Rakov, A. O, Vizel’, and N, P. Kulikova, Authors' Certifi-
cate USSR No. 212258, 19.XI1.1966, Byul. Izobret No, 9 (1968); B. A. Arbuzov, A. P, Rakov, A, O,
Vizel', L. A. Shapshinskaya, and N, P, Kulikova, Izv. Akad. Nauk SSSR. Ser. Khim., 1313 (1968).

5. B. A. Arbuzov, L. A. Shapshinskaya, A. P. Rakov, A, O, Vizel', and N, P. Kulikova, Authors® Certifi-
cate USSR No. 225187, 12.V1.1967; Byul, Isobret No. 27 (1968}.

6. Problems of Chemical Kinetics, Catalysis, and Reactivity [in Russian], Izd-vo Akad, Nauk SSSR
{1955}, p. 784.

7. Houben-Weyl, Methods of Organic Chemistry [Russian translation], Khimiya (1965), Vol. 2, p, 423.

8. B. A, Arbuzov and M. E. Movsesyan, Izv. Akad, Nauk SSSR, Otd. Khim. Nauk, 267 (1959).

2082



