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6      where R is as defined above, or a salt of the  also be used as
catalyst. In general, the hetero-     compound in which R is a hydrogen
atom, polyacids of the acid-forming elements of     is reacted with an
oxidising agent to produce  group VI of the Periodic Table of Elements
a compound of the invention, in which [err] is  are satisfactory. More than
two different 5  a hydrogen atom, in the form of a mixture  hetero-acid
forming elements of group VI may  70     of enantiomers. The choice of
oxidising agent  be present in the catalyst, examples being     is not
unduly critical although it should be  thiotelluro-tungstic acid and
selenomolybdo-     one capable of epoxidising the cis-propenyl-  tungstic
acid. As previously stated, these are     phosphonate compound without
undue des-  preferably converted in situ  to the corres- 10 truction of the
remainder of the molecule. It ponding peracid. Other catalysts which are
75      is preferred to carry out the epoxidation on a  suitable, although
not as effective as those men-      salt or ester derivative of the free
phosphonic  tioned above, are alkali metal carbonates, bi-      acid since
the acid itself tends to be unstable  carbonates and phosphates, e.g.
sodium car-      under the reaction conditions. In addition, it bonate,
potassium bicarbonate, sodium phos- 15 is further preferred to use as the
oxidising  phate and disodium hydrogen phosphate. At 80      agent  a
peroxy  compound,  such  as  least about 0.1% of catalyst (by weight of
cis-      hydrogen  peroxide,  an  inorganic  per-  propenylphosphonic acid
compound) is used      acid,  a  perorganic  acid,  an  organic  for best
results. Higher amounts are not harm-      hydroperoxide or peroxy imidate
as discussed  ful and up to about 30% by weight may be 20 hereafter.
However, other oxidizing agents  employed if desired. It is preferred to
use  85      may also be used if desired, and examples of from  0.25-5%  of
inorganic  peracid (by      these are also discussed hereinbelow.    weight
of propenylphosphonate). When these        One of the better methods of
peroxidising  catalysts are used in the cis-propenylphos-      the
ethylenic double bond of the olefin Com- phonic acid compound of Formula I
above is 25 pound VI is by treating said compound with  contacted with
hydrogen peroxide (or an  90      hydrogen peroxide. Although hydrogen per-
equivalent peroxide such as sodium or barium      oxide alone may be used,
it is preferred to  peroxide) in the presence of the catalyst and
conduct the reaction in the presence of a suit- in a suitable liquid
reaction medium. The re-      able inorganic peracid since much better re-
action is conveniently brought about at tem-  30 sults are thereby
obtained. In describing this peratures of from 0[err] to 90[err] C., and
prefer-  95      invention the inorganic peracid is sometimes  ably from
room temperature to 80[err] C. and      referred to as a catalyst, although
the exact at a pH of from 3.0 to 11.0, and preferably      role of such
peracid is not  unequivocally  from 4.0 to 6.0, At a pH below 4.0, reaction
established as a catalyst in the classical sense, temperatures below
15[err] C. are desirable in  35 and it may participate as an epoxidising
agent. order to avoid or minimize decomposition of 100      Although the
peracid itself may be added to  the desired epoxypropylphosphonic acid com-
the reaction medium, it is generally preferred  pound. At the higher pH
levels, (i.e. above      that the inorganic acid be added to the reac-
8.0) the hydrogen peroxide decomposes at      tion mixture and the peracid
formed in situ  an appreciable rate and must be replaced dur-  40 by
reaction with the hydrogen peroxide. Stated  ing the reaction.
105      another way, acids of metal oxides which react  Good results are
obtained by dissolving or      with hydrogen peroxide to form peracids may
suspending the cis-propenylphosphonic acid      be employed. Particularly
useful catalysts are  compound in the solvent, adjusting to the de-
the peracids of tungsten, vanadium and molyb- sired pH, adding the catalyst
and finally the  45  denum, either as the simple acids or poly- hydrogen
peroxide. The rate and temperature 110      acids, including the
heteropolyacid forms. The  of the reaction may be readily controlled by
inorganic acids are generally used in the form  rate of peroxide addition.
For best results,      of neutral salts, such as an alkali metal, e.g. at
least one mole of peroxide per mole of cis-      sodium  or potassium
tungstate, ammonium  propenylphosphonic acid compound is used,  50
tungstate, alkaline-earth metal salts such as  and it is preferable to use
at least 3 moles 115      calcium or barium tungstate or vanadate, a  of
peroxide per mole of phosphonate. Larger 



heavy metal salt, examples of which are zinc  excesses are not deleterious.
vanadate, zinc tungstate, tin tungstate, tin,   Water and/or alcohols
compatible with      molybdate, aluminium  tungstate and alu-  hydrogen
peroxide are preferably used as  55 minium molybdate. Alternatively, the
neutral solvent media, suitable alcohols being [err] 120       salt can be
formed in situ by adding a free  alkanols such as methanol, ethanol,
propanol       acid, such as tungstic or vanadic acid, and  or butanol. If
desired, chelating agents such       adding sufficient base to form the
desired  as ethylene diamine tetraacetic acid, ethylene-       salt.
diamine diacetic acid, glycine or [err]-alanine may  60   In addition to
the simple peracids, there may  be present during the epoxidation reaction
in 125       be used heteropolyacids, examples of which  order to sequester
any heavy metals such as       are the heteropolytungstic acids of arsenic,
iron, nickel or copper which tend to catalyze       antimony and bismuth.
In the same way  the decomposition of hydrogen peroxide.
heteropolymolybdic and  heteropolychromic    Upon completion of the
epoxidation reac-  65  acids of sulfur, selenium  or tellurium  may  tion,
any excess of hydrogen peroxide is de- 130                 7
1,239,987               composed. The [err] (cis - 1,2 - epoxypropyl) -  as
Triton B (" Triton" is a registered Trade              phosphonic acid
compound may be recovered  Mark) may also be used as catalyst although
by separation from inorganic compounds and  the metal oxides are more
satisfactory.              subsequent crystallization or evaporation of
Further, formation of the epoxides of this          5  the reaction mixture
to dryness.           invention can be brought about by treating  70
The () (cis - 1,2 - epoxypropyl) - phos-  the cis-propenylphosphonic acid
compound of              phonates of this invention may also be obtained
Formula V above with hydrogen peroxide and              by reaction of the
cis-propenylphosphonate  a nitrile which serves as a source of peroxy-
(V) with an organic peracid such as peracetic  imidic acid, suitable
nitriles being acetonitrile,          10 perbenzoic, substituted
perbenzoic, monoper-  propionitrile and benzonitrile. At least 1 mole  75
phthalic,  performic or peroxytrifluoroacetic  of peroxide and nitrile is
used per mole of              acid, preferably at temperatures of from  10
olefin, although larger quantities of oxidants              C. to 150[err]
C. Peroxyanhydrides may also be  may be employed if desired. The
peroxidizing              used as a source of the peroxy acids if so  agent
is the peroxyimidic acid formed in situ          15  desired. This
peroxidation is preferably car-  from the nitrite and hydrogen peroxide,
which  80              ried out in inert hydrocarbon solvents such  is
decomposed during reaction to an amide.              as chloroform,
methylene dichloride, benzene, The reaction is generally conducted in an
toluene, pyridine or ethyl acetate. The reac-  aqueous or [err] alkanolic
solvent medium (the              tion time is not critical and it is, of
course, alcohol being one that is compatible with          20 preferable to
continue the peroxidation until hydrogen peroxide), and at a pH  of 7-9.
85              the maximum  amount of epoxide has been  The pH may be
maintained with an alkali              produced. Generally, a molar excess
of organic  metal bicarbonate buffer or by other means              peracid
is used for best results. It is preferred  such as the continuous addition
of an alkali              that the reaction mixture be buffered when  metal
hydroxide, eg. sodium hydroxide. Time         25  using those peracids
which will decompose  and temperature are not critical factors. Upon  90
during the reaction to strong acids, e.g. per-  completion of the reaction,
any excess hydro-              oxytrifluoroacetic acid.  Disodium  hydrogen
gen peroxide is decomposed by known methods              phosphate is an
example of a suitable buffer-  and the desired product separated from the
ing agent. It should be pointed out at this  organic  amide  by-product by
techniques         30  juncture that use of an optically active organic
known to those skilled in this art. It is con-  95              peracid as
the peroxidizing agent, such as  venient to use a nitrile and solvent such
that              percamphoric acid, will afford a reaction  the resulting
amide is insoluble and the epoxide              mixture containing
predominantly only one  is soluble in the reaction mixture.              of
the optical isomers of the (cis - 1,2 - epoxy-    A still further method
for obtaining the 



35 propyl) - phosphonic acid compound. Thus, () (cis - 1,2 - epoxypropyl) -
phosphonic  100              for example, use of (+) percamphoric acid
acid compounds of the invention is by react-              as epoxidizing
agent will produce predomin-  ing the cis-propenylphosphonate compounds
antly the (-) (cis - 1,2 - epoxypropyl) -phos-  with oxygen (or air) in the
presence of a suit-              phonic acid compound. The desired products
able catalyst and a basic buffer. Examples of         40 may be recovered
by methods known to those  satisfactory catalysts are alkali metal tung-
105              skilled in this art, for instance by decom-  states or
vanadates, the naphthenates of cobalt,              position of excess
perorganic acid and removal iron, manganese or vanadium, or t-butyl hydro-
of the solvent or solvents.                   peroxide. It is desirable to
carry out the oxi-                Additionally, the  cis-propenylphosphonic
dation at temperatures of 75[err] C. to 125 C.         45  acid compounds
of Formula V may be epoxi-  since the epoxidation proceeds only slowly  110
dized to the 1,2-epoxypropyl compounds of  at lower temperatures. Although
a reaction              Formula I by reaction with an organic hydro-
sodvent is not absolutely necessary, it is pre-              peroxide in a
suitable solvent medium. Any  ferable to use an inert liquid solvent,
suitable              organic hydroperoxide may be used although  examples
of which are ([err], alkyl) amides such         50  the more readily
available ones such as t-butyl  as dimethylformamide and dimethylacetamide,
115              hydroperoxide cumene  hydroperoxide  and  or a [err] alkyl
benzoate, e.g. ethyl benzoate.              amylene hydroperoxide are
preferred. The re-  The reaction time is not critical, and periods
action is conveniently carried. out in inert  of from  15-25 hours are
normally used in hydrocarbon or halogenated hydrocarbon sol-  order to
obtain maximum yields of epoxyphos-         55  vent (similar to those used
in the perorganic  phonate. Upon completion of the reaction, the  120
acid process discussed above) at a tempera-  desired product is recovered
by known tech-              ture of from  -10 C. to 100[err] C., prefer-
niques from  the solvent after separation of              ably from
60-90[err] C. As catalyst, there is  the insoluble catalyst.
preferably used from 0.01% to 5% (by weight    Still another procedure for
peroxidizing the         60  of propenyl compound) of an oxide of a
olefinic cis-propenylphosphonate compound is 125              metal of
group Vb or VIb  of the Periodic  by reacting it with an oxidizing metal
salt such              Table, such as molybdenum, tungsten or vana-  as
chromium trioxide or an alkali metal per-              dium, or a complex
or ligand of these metals, manganate in a basic solvent, examples of
as for example molybdenum hexacarbonyl. An  which are pyridine,
[err]-picoline, piperidine and         65  alkali metal hydroxide or an
organic base such  dimethylformamide. The reaction time and  130
temperature are not unduly critical. It is pre-  about 80[err] C  are
satisfactory, using a slight     ferred to peroxidize at about room
tempera-  excess of epoxidizing agent. A solvent is not     ture, although
temperatures of from  00 C. necessary, although, if one is used, the cis-
to 100 C may be used. The reaction, in  propenylphosphonate should be
soluble in it. 5  which an excess of oxidizing agent is gener-  The alkyl
perborate, such as cyclohexyl per-  70     ally used, is allowed to proceed
until the  borate, is conveniently prepared by known     maximum amount of
() [err] - 1,2 - epoxy-  methods from an alkyl borate and hydrogen
propyl) - phosphonate is formed, which may  peroxide; the alkyl
perphosphate reagent may     then be recovered by known methods. Tri-  be
obtained by reaction of a dialkyl phos- 10  alkylamine N-oxides and
dimethyl sulfoxides  phorochloridate                              75
may also be used as oxidizing agents.       An alkali metal hypohalite may
also be     used as the oxidant in the process of this in-     vention, and
for this purpose sodium or potas-        [err] 15  sium  hypochlorite or
hypobromite are the     most suitable. The epoxidation is conveni-  with a
[err] alkyl hydroperoxide in the pre-     ently brought about in an aqueous
medium, sence of an alkali metal hydroxide. 



or in an organic base such as pyridine or di-  In accordance with an
additional aspect of     methylformamide, at temperatures of from  the
invention, the () (cis - 1,2 - epoxypro-  80 20  O[err]  C. to 100[err] C.
and at a pH above about pyl)-phosphonates of Formula I above are     8.0.
If desired, an epoxidizing agent capable  prepared directly by reaction of
cis-propenyl-     of generating hypochlorite in situ may be used,
phosphonous acid salts and esters with an oxi-     an example of such a
compound being 5,5-  dizing agent described above, and preferably
dimethyl 1,3-dichlorohydantoin. The desired  with a peroxy oxidizing agent.
Thus, the oxi-  85 25  product is then recovered by known tech-  dation
state of the phosphorus atom is changed     niques, one suitable method
being removal of  from [err] to [err] and the olefinic double bond
cations by adsorption on a cation exchange  epoxidized in the one reaction.
resin on the hydrogen cycle, and recovery of   The () (cis - 1,2 -
epoxypropyl) - phos-     the () (cis - 1,2 - epoxypropyl) - phosphonate
phonic acid, and  salts and biologically labile 90 30  compound from the
resin eluate. It is con-  esters thereof obtained in accordance with
venient to recover a salt by collecting the resin  the above-described
process may be used dir-     eluate in the presence of a base.
ectly as antibiotic agents since they possess       In addition, the
epoxidation may be carried  substantial antibacterial activity. In
addition,     out by reacting a cis-propenylphosphonate of the racemic
mixture obtained on oxidation of 95 35  Formula V in a suitable inert
solvent with  the cis-propenylphosphonate may be resolved     ozone in the
presence of either a donor ole- by formation of a salt with an optically
active     fin or a compound that form as 1:1 adduct  amine, such as
a-phenethylamine, separation     with ozone that decomposes to release
oxygen  of the two diastereomers by fractional crys-     in a very active
form. This process is con- tallization, and recovery of the salt of (-)
100 40  ducted in the cold, i.e. at temperatures of (cis - 1,2 -
epoxypropyl) - phosphonic acid.     from  -30 C. to -50 C., suitable donor
This latter material and salts thereof possess     olefins being compounds
such as stilbene and  a high degree of antibacterial activity.
cyclohexene. The reaction solvent is, of course,   The esters of () (cis -
1,2 - epoxypropyl) -     one that is inert under the reaction conditions
phosphonic acid may be converted to the free 105 45  and liquid at the
reaction temperatures, suit-  acid or to mono or di-salts of () (cis -
able solvents being methylene chloride, pen-  1,2 - epoxypropyl) -
phosphonic acid by a     tane or hexane. After the reactants are brought
number of methods such as by hydrolysis, or     together in the cold, the
mixture is allowed  reductive removal of the ester group. The     to warm
slowly to ambient temperature in  hydrolysis may be with base or acid, by
enzy- 110 50  order to complete the reaction. The desired  matic,
light-catalysed or via a trimethylsilyl     product is recovered by removal
of the sol-  derivative. The reduction removal of the ester     vent and
purification by known techniques.  group may be by hydrogenolysis or
chemical,     In this particular embodiment of the inven- as with
sodium-tertiary amine. The preferred     tion, best results are obtained
where the par-  method in any given instance depends upon  115 55  ticular
salt or ester of the cis-propenylphos-  the particular ester involved and
representa-     phonic acid compound is soluble in the reac-  tive examples
appear in the experimental     tion solvent. A dialkyl trioxide may also be
portion hereof. It should be noted that  in     the oxidant.
some cases the reaction conditions employed        Still another method for
preparing the [err]  to effect the epoxidation of this invention  120 60
(cis - 1,2 - epoxypropyl) - phosphonate com-  will also lead to at least
partial hydrolysis     pounds of the invention is by epoxidation of  of
certain esters. This may occur when the     the cis-propenylphosphonate
with an alkyl pH during the epoxidation is above about pH     perborate or
alkyl perphosphate. The reaction  6 because certain of the epoxide diesters
des-     is conveniently carried out at room  term-  cribed herein are
hydrolysed with base to  125 65  perature, although temperatures of up to
monoesters at higher pH's. Similarly, as will         9
1,239,987                                           9 



be appreciated by those skilled in this art, the () nomenclature is used
because it is  65     the conversion of esters of () (cis - 1,2 - preferred
over the dl nomenclature by those     epoxypropyl)phosphonic acid to the
acid or  expert in this field of chemistry. In this sys-     salts may be
brought about without recovering  tem of nomenclasure, the [err]-) isomer
is the 5  the ester from the epoxidation mixture. Thus, same as the 1
isomer.     for instance, dibenzyl cis-propenylphosphonate    When the
above reaction is carried out us-  70     may be epoxidized at about pH
4.5 with  ing 0.018 moles of dipotassium cis-propenyl-     hydrogen
peroxide and sodium pertungstate to  phosphonate, calcium
cis-propenylphosphonate     dibenzyl () (cis - 1,2 - epoxypropyl) -phos-
or magnesium  cis-propenylphosphonate  as 10 phonate, and this latter
product converted by  starting material, there is obtained dipotas-
hydrogenolysis without isolation to disodium  sium () (cis - 1,2 -
epoxypropyl) - phos-  75     () (cis - 1,2 - epoxypropyl) - phosphonate.
phonate, calcium () (cis - 1,2 - epoxypropyl)-     The epoxidation process
of this invention may  phosphonate, and magnesium () (cis - 1,2 -     also
be applied to preparing () (cis - 1,2 -  epoxypropyl) [err] phosphonate,
respectively. 15 epoxypropyl) - phosphonic acid or a salt there-     of
directly from a cis - propenylphosphonic             EXAMPLE 2     acid
ester that is easily oxidized, such as the    Cis-propenylphosphonic acid
(.50 g., .041  80     3-crotonyl, p-benzoquinoyl and p-naphtho- mole) is
dissolved in 0.5 ml. of water, and the     quinoyl esters. These are
epoxidized as dis-  solution neutralized to pH  5.5 by careful 20 cussed
above but employing a large excess  addition of ammonium  hydroxide. Sodium
of oxidizing agent. The reaction product thus  tungstate (10 mg., .00034
mole) is added,     obtained is the salt of [err] (cis - 1,2 - epoxy- and
the mixture is heated to 55[err] C. on a water 85     propyl) - phosphonic
acid corresponding to  bath. Hydrogen peroxide (0.5 cc.) is added,     the
cation present in the reaction mixture.  and the heating continued for
[err] hours. The 25   The resolution of the racemic phosphonic  reaction
mixture is then cooled to room tem-     acid compounds, and the conversion
of the  perature, and the solvent removed by freeze-     esters and
derivatives of Formula I above to  drying. The residue is dissolved in 50
ml. of 90     the parent phosphonic acid and salts thereof methanol, and
the insoluble inorganic material     are not a part of the invention of
this patent filtered off. Upon concentration of the solu- 30 application
but are inventions claimed in our tion, crystalline ammonium salt of ()
(cis -     co-pending applications Numbers 50638/68  1,2 - epoxypropyl) -
phosphonic acid is ob-     and  23137/68  respectively, Serial No's
tained. The product is characterized by its  95     1239989 and 1236955).
infrared and NMR spectra.
When this procedure is repeated, and the                     EXAMPLE 1
aqueous solution neutralized with dimethyl- 35    Cis-propenylphosphonic
acid (2.2 g., .018  amine, triethylamine or pyridine, there is ob-
mole) is dissolved in 10 ml. of water. The  tained dimethylammonium,
triethylammonium  100     pH  of the aqueous solution is adjusted to  and
pyridinium () (cis - 1,2 - epoxypropyl) -     5.5-6 by the addition of
sodium bicarbonate  phosphonate, respectively.     (1.51 g., 0.017 mole) to
produce sodium cis-    The same result is obtained when the fore- 40
propenylphosphonate. Sodium tungstate dihyd-  going procedure is repeated
using an equimolar     rate (0.55 g., 0.0017 mole) is added, and the
amount of potassium  vanadate or of alu- 105     nearly neutral solution is
placed in a water minium  molybdate as catalyst  instead of     bath and
heated to 55[err] C. The water bath  sodium tungstate.     is then removed,
and 2 ml. of 30% by weight 45 hydrogen peroxide are added to the reaction
EXAMPLE 3     mixture during 10 minutes. The reaction is   In a two liter,
3-necked flask equipped with     exothermic, and the temperature rises to
650  a stirrer, thermometer, pH electrode and addi- 110     C. during
addition of the peroxide. An addi- tion funnel is placed 150 g. (0.655
mole) of     tional 1.6 ml. of hydrogen peroxide is added.
monobenzylammonium   cis - propenylphos- 50  Oxygen evolves from the
solution during the  phonate and 1.12 liters of water. Sodium tung-
addition, and the temperature remains at 55-  state dihydrate (6.0 g.,
0.018  mole) is slowly     57[err] C. without external heating. After
stand-  added. After 10 minutes at 50[err] C., the pH  115     ing 20
minutes, the temperature falls to 53[err]  is adjusted to 5.0-5.5 with 2.5
N sodium hyd-     C. The reaction mixture is then heated in a  roxide. 150
ml. of 30% by weight hydrogen 55 water bath at 55[err] C. for an additional
20  peroxide is added over 15 minutes at 55- 



minutes, filtered and the solution is freeze-  60[err] C. maintaining a pH
of 4.8 to 5.2 by     dried to yield the mono-sodium salt of ()  addition of
sodium  hydroxide as required. 120     (cis - 1,2 - epoxypropyl) -
phosphonic acid  After stirring for 1 hour at 55[err] C., the mix-     as a
white powder, which is characterized by  ture is cooled to room
temperature while 60  NMR spectra. This product as well as the  10%  by
weight aqueous sodium bisulfite is     other salts and the other compounds
of this  added to obtain a negative starch iodide test.     invention
represented by Formulas I-IV   The solids are removed by filtration, and
the 125     above, may also be identified as dl(cis-1,2-  filtrate is
concentrated to dryness in vacuo     epoxypropyl)-phosphonic acid
compounds, but and further dried by washing with 3 X 10 ml.         10
1,239,987                                         10      of benzene.
Methanol (630 ml.) and acetone  The solution obtained is stirred and cooled
65     (1250 ml.) are added. After stirring at reflux  in an ice-bath.
After cooling for 1 hour the     for 5 minutes, the insolubles are removed
by  stirring is stopped and the flask kept at 0[err] C.     filtration and
washed with hot acetone-meth- for an additional 16 hours. The crystalline 5
anol. The filtrate is concentrated to dryness product is then removed by
filtration, washed     in vacuo and the solids slurried with 625 ml. with
two 100 ml. portions of cold n-propanol 70     of acetonitrile at reflux
for 20 minutes, and  and dried in vacuo at 60[err] C. to afford sub-
the slurry cooled to 25[err] C. The yellow pro- stantially pure
benzylammonium  () (cis-     duct is collected by filtration and washed
with  1,2 - epoxypropyl) - phosphonate, m.p. 148- 10 acetonitrile at
25[err] C. The product is dried  150[err] C. Recrystallization from
n-propanol     in   vacuo   at 60[err]  C.   to   afford  raises the
melting point to 155-157 C.    75     () (cis - 1,2 - epoxypropyl) -
phosphonic    When the above procedure is repeated using     acid as the
monobenzylammonium salt. It is  0.11 mole of ethylenediammonium and pipera-
purified by recrystallization from 10 volumes  zinium
cis-propenylphosphonate, there are ob- 15 of ethanol, m.p. 155-157[err] C
tained the ethylenediammonium and pipera-       Repeating this procedure
with 0.655 moles zinium (cis - 1,2 - epoxypropyl) - phosphon-  80     of
[err]-picoliniutn cts-propenylphosphonate and  ates. The salt containing 1
molecule of ethy-     aluminium cis-propenylphosphonate yields the
lenediamine melts at 120-130 C  (mono-     a-picoline and aluminium salts
of () (cis - hydrate) after recrystallization from 70% (by 20  1,2 -
epoxypropyl) - phosphonic acid.    volume) ethanol; the anhydrous salt
melts at                                                   169-171 C. after
precipitation from meth-  85                     EXAMPLE 4
anol by addition of ethanol. The salt contain-       In a 250 ml.
round-bottom flask equipped  ing 1 molecule of piperazine melts at 195[err]
with a stirrer and an addition funnel is placed  C on recrystallization
from 85% (by volume)     13.4 g. (0.11 mole) of cis-propenylphosphonic
isopropanol. 25  acid. 125 ml. of n-propanol is added with     stirring.
The resulting solution is treated drop-       EXAMPLE 5                  90
wise with 12.0 ml. (11.89 g., 0.11 mole)   In a 250 ml. flask equipped with
stirrer and     of benzylamine and heated to reflux. After  addition funnel
there is placed 13.4 g. of     refluxing for 10 minutes the hot solution is
cis-propenylphosphonic acid and 125 ml. of 30 filtered to clarify it. The
filtrate containing  n-propanol. (+) a - phenylethylamine is
benzylammonium  cis-propenylphosphonate is added to the propanol solution
dropwise to a  95     charged to a 500 ml. round bottom  flask  pH  of
5.7-5.8 (about 14 g. is required).     equipped with a stirrer, thermometer
and an  The resulting solution is warmed to 55[err] C.     addition funnel.
The solution is heated to  and to it there is added a solution of 0.5 g. 35
55[err] C. in an oil bath, and 0.50 g of sodium  of sodium tungstate and
0.1 g. of disodium     tungstate dihydrate added. The pH of this
ethylenediaminetetraacetic acid in 6 ml. of 100     mixture is 5.3 (0.1 ml.
of solution in 1.9  water. 17.5 ml. of 30% by weight hydrogen 



ml. of water). 35 ml. of hydrogen per- peroxide is then added slowly over a
15-minute     oxide (30% by weight) is added dropwise over period at a rate
to maintain the temperature 40  a 15-minute period while maintaining the
between 55 and 60[err] C. When the hydrogen     temperature between 55-60
C. The reac- peroxide addition is complete, the solution is 105     tion is
kept at 55-60[err] C. for an additional stirred at 55-60[err] C. for one
hour. It is     hour during which the pH  of the solution  then cooled to
[err] C. and stirred at this     is maintained at 4.6-5.2 with aqueous
sodium  temperature for 2 hours. The resulting solid 45  hydroxide as
necessary.                      is recovered by filtration and washed with
The heat source is then removed and a 20%  60 ml. of cold n-proponal. This
product is 110     aqueous sodium sulfite solution is added drop-
predominantly  (+)  [err] -phenethylammonium     wise to decompose excess
hydrogen peroxide, (-) (cis - 1,2 - epoxypropyl) - phosphonate,
maintaining the temperature below 55[err] C. m.p. 133-135 C. It is further
purified by 50  The mixture is then concentrated in vacuo to  heating in a
mixture of 40 ml. of isopropanol     a volume of 62 ml. 62 ml. of
n-propanol is  and 10 ml. of water at 75[err] C and then cool- 115
added and the mixture again concentrated in  ing the solution slowly to
about 0[err] C. The     vacuo to a volume of 62 ml. Addition of n-  solid
product is recovered by filtration, washed     propanol (62 ml.) and
concentration'to 62 ml. with cold isopropanol to afford substantially 55
is repeated once more. The mixture thus ob- pure (+)
[err]-phenethylammonium  (-)  (cis-     tained is diluted with 150 ml. of
absolute  1,2 - epoxypropyl) - phosphonate, m.p. 135- 120     methanol and
stirred at room temperature for  136[err] C.     1 hour. At the end of this
period, the insoluble     solids are removed by filtration. The filtered
EXAMPLE 6 60  solids are washed with 50 ml. of methanol   In a 100 ml.
round-bottom 3-necked flask     and the combined filtrates concentrated
under  fitted with a stirrer, thermometer and addition     vacuum to a
volume of 62 ml. 62 ml. of funnel is placed 3.2 g. (0.01 mole) dibenzyl 125
n-propanol is added and the resulting solution  cis-propenylphosphonate in
50 ml. of n-pro-     concentrated 'again to a volume of 62 ml. panol.
Sodium tungstate dihydrate (0.06 g.)         11
1,239,987                                         11      is added and the
mixture is heated to 55[err] C. treated with hydrogen peroxide as described
65     Hydrogen peroxide 30%  by weight (3 ml.)  above, there is obtained
the sodium salt of     (0.03 moles) is added dropwise over 15 minutes
n-butyl () (cis - 1,2 - epoxypropyl) - phos-     while the temperature is
maintained at 55-  phonate, ethyl () (cis - 1,2 - epoxypropyl) -  5
60[err] C. The mixture is aged at 55-60 for  phosphonate and phenyl () (cis
- 1,2 - epoxy-     1 hour. Additional hydrogen peroxide is added  propyl) -
phosphonate, respectively.  70     as needed to give positive reaction with
starch     iodide test paper.   The reaction is then
EXMPLE 8     quenched by the addition of a saturated solu-   1.53 mole of
di-allyl cis-propenylphosphon- 10 tion of sodium sulfite to destroy excess
hydro- ate is added to 1000 ml. of n-propanol in a     gen peroxide. The
mixture is concentrated to  reaction flask, and 0.018 mole of ammonium
1/2 volume, more propanol added and the  vanadate added slowly. The mixture
is heated  75     operation repeated. Methanol (50 ml.) is added  to 50 C.
and the pH adjusted to 5.3 with     and the inorganic salt removed by
filtration. ammonium hydroxide. 200 ml. of 30% hydro- 15 The solvent is
removed in vacuo and the  gen peroxide is then added over a 30 minute
dibenzyl ester of [err] (cis - 1,2 - epoxypro- period, holding the
temperature at 50-60 C.     pyl) - phosphonic acid isolated as an oil.  and
the pH at 5.0-5.3 by addition of base  80       When the above process is
repeated using  as necessary. The mixture is stirred for an     4.32 g. of
di to menthyl cis-propenylphos-  additional 45 minutes at 60[err] C., then
cooled 20 phonate as starting material, there is obtained  to room
temperature and sodium sulfite added 



predominantly di ([err]) menthyl (-) (cis - 1,2 - to a negative starch
iodide test. The mixture     epoxypropyl) - phosphonate together with a  is
filtered, and the filtrate concentrated to  85     lesser amount of di
[err] menthyl (+) (cis - dryness. The residue is extracted with 1800
1,2 - epoxypropyl) - phosphonate.        ml. of 2:1 acetone-methanol. The
extract 25    When 0.01 mole of di - (p - chlorobenyl)  is then
concentrated to dryness in vacuo to     or di - (p - nitrobenzyl) cis -
propenylphos-  afford an oil of diallyl () (cis - 1,2 - epoxy-     phonate
is used as starting material, there  propyl) - phosphonate.
90     are obtained the di - (p -chlorobenzyl) and    The di-methallyl,
diphenyl and ditolyl     di-(p-nitrobenzyl) esters of () (cis - 1,2 -
esters of () (cis - 1,2 - epoxypropyl) - phos- 30 epoxypropyl) - phosphonic
acid. The cyclic  phonic acid are prepared in the same manner     esters of
() (cis - 1,2 - epoxypropyl) - from the corresponding esters of
cis-propenyl-     phosphohic acid with catechol and with pro- phosphonic
acid.                               95     pylene glycol are obtained when
the above     procedure is used with 0.01 mole of the
EXAMPLE 9 35 cyclic esters of cis-popenylphosphonic acid    2.2 g. (0.018
mole) of cis-propenylphos-     with catchol and propylene glycol.
phonic acid is dissolved in 10 ml. of water.
0.15 g. of sodium tungstate dihydrate is added                     EXAMPLE
7                    and the mixture chilled to 5-10 C. 3 ml. 100       In
a 50 ml. round-bottom 3-necked flask  of 30% hydrogen peroxide are added
over a     fitted with a stirrer, thermometer and addi-  15-minute period,
maintaining the tempera- 40 tion funnel is placed 1.5 g. (0.01 mole) of
ture below 10[err] C. by external cooling. The     monomethyl cis -
propenylphosphonate in 30  mixture is then allowed to stand at 10[err] C.
ml. of methanol. The pH is adjusted to 4.5  for 120 minutes. Excess of
hydrogen peroxide 105     with 2.5 N sodium hydroxide. Sodium tung- is
decomposed by the addition of a dilute     state dihydrate (0.06 g.) is
added and the  aqueous solution of sodium bisulfite  (to a 45 mixture
heated to 55[err] C. Hydrogen peroxide  negative starch-iodide test). The
reaction mix-     30% by weight (3 ml.) is added dropwise  ture is
concentrated to a volume of about 3     over 15 minutes at 55-60 C. The
mixture  ml., filtered to remove insoluble material and  110     is aged
for one hour at 55-60[err] C. Hydrogen  then freeze-dried to afford a
residue of ()     peroxide is added as neded to maintain a posi-  (cis -
1,2 - epoxypropyl) - phosphonic acid. 50 tive  starch-iodide  test. The
mixture  is This latter product may be converted to the     quenched by
adding saturated sodium sulfite  mono-sodium salt by dissolving in a
minimum     solution to a negative starch iodide test The  quantity of
water and adding sodium bicarbon- 115     inorganic solids are removed by
filtration, the  ate to a pH of 5.5. The solution is then     solution
evaporated to one-half volume and  freeze-dried to afford the mono-sodium
salt. 55 chilled. The solid sodium methyl (+) (cis -     1,2 - epoxypropyl)
- phosphonate thus ob-             EXAMPLE 10     tained is separated by
filtration, washed with    When the procedure of Example 6 is re-
ethanol and dried. The same result is obtained  peated using 0.01 moles of
di-hexyl cis-pro- 120     when zinc vanadate or sodium selenomolybdo-
penylphosphonate, di(p-carbethoxyphenyl) cis- 60 tungstate is used as
catalyst in place of sodium  propenylphosphonate,   pivaloxymethyl cis -
tungstate.                                   propenylphosphonate  or
bis-acetoxymethyl       When an equimolar amount of n-butyl cis-
cis-propenylphosphonate instead of the start-     propenylphosphonate,
ethyl cis-propenylphos-  ing material of Example 6, and 0.8 g. of alu- 125
phonate or phenyl cis-propenylphosphonate is  minium tungstate as catalyst,
there is obtained          12
1,239,987                                         12      the di-hexyl,
di(p-carbethoxyphenyl), pival-  crystallization from 80%  by volume isopro-



oxymethyl or bis-acetoxymethyl ester of ()  panol.     (cis - 1,2 -
epoxypropyl) - phosphonic acid.
EXAMPLE  13                  65                    EXAMPLE 11
Peroxytrifluoroacetic acid is prepared by the 5    In a 50 ml. round-bottom
flask fitted with  method of Emmons (J. Am. Chem. Soc. 75     a stirrer and
addition funnel is placed 1.22 g. 4623 (1953). A solution of 2.8 g. of
peroxy-     (0.01 mole) of cis-propenylphosphonic acid  trifluoroacetic
acid in  20 ml. of chloroform     and 20 ml. of water. 2 ml. (0.01 mole)
sodium  is then added to 5 g. (0.022 mole) of benzyl-  70     hydroxide
solution (20% by weight) is added  ammonium cis-propenylphosphonate and 7
g. 10 to form the mono-sodium salt of cis-propenyl-  of solid disodium,
hydrogen phosphate in 30     phosphonic acid. The mixture is treated with
ml. of chloroform. The mixture is allowed     3 ml. of 30% by weight
hydrogen peroxide. to stand for 16 hours at [err]. The solids     The
mixture is stirred at room temperature  are then separated by filtration.
The solids  75     for 3 weeks. The excess of hydrogen peroxide  are
slurried in about 10 ml. of methanol; the 15 is quenched with sodium
sulfite and the solu-  slurry is filtered and the methanol filtrate
tion is concentrated to a small volume. The  evaporated to dryness in vacuo
to give a solid     solution is then passed over the ion-exchange  residue
of benzylammonium () (cis - 1,2 -     resin Dowex 50 on the hydrogen cycle
at  epoxypropyl) - phosphonate. The product is  80     0[err] C. and the
eluate collected in the presence  purified by recrystallization from 10
parts of 20 of 0.01 mole of benzylamine. (Dowex 50 is 95% by volume
ethanol.     a polysulfonated polystyrene  ion exchange    With 0.22 mole
of disodium cis-propenyl-     resin; " Dowex " is a registered Trade Mark).
phosphonate or diethylammonium cis - pro-     The eluate is concentrated to
dryness in vacuo  penylphosphonate as starting material, the cor- 85
and the solid recrystallized three times from  responding salts of () (cis
- 1,2 - epoxy- 25  n-propanol to give the benzylamine salt of propyl) -
phosphonate are produced.     () (cis - 1,2 - epoxypropyl) - phosphonic
acid. The disodium salt of cis-propenylphos-            EXAMPLE 14
phonic acid is epoxidized in similar fashion us-   In a 100 ml.
round-bottom 3-necked flask     ing 0.02 moles of sodium hydroxide; the
epoxi-  equipped with a stirrer, thermometer and an  90 30 dized product is
separated from the remaining  addition funnel is placed 6.4 g. (0.02 mole)
olefin salt by repeated recrystallizations from   dibenbyl
cis-propenylphosphonate and 30 ml.     ethanol or n-propanol.
of methylene dichloride. A solution of mono-       Disodium () (cis - 1,2 -
epoxypropyl) - perphthalic acid (3.6 g., 0.02 mole) in 20     phosphonate
is likewise obtained when 1.6  ml. of ethyl acetate is added slowly and the
95 35 g. of sodium peroxide and 0.01 of sodium  mixture heated to 40[err]
C. The course of the     tungstate are used in the above experiment
reaction is followed by gas liquid chromato-     in place of the hydrogen
peroxide, and the  graphy of the dibenzyl ester or by titration of
mixture filtered to remove solids prior to the  the peracid. The reaction
is essentially com-     ion-exchange resin treatment.            plete in
24 hours. At the end of this time, 100
the mixture is cooled to room temperature, the
phthalic acid removed by filtration and the 40                 EXAMPLE 12
dibenzyl () (cis - 1,2 - epoxypropyl) -       In a 100 ml. round-bottom
flask is placed 5  phosphonate recovered by removing the sol-     g. (0.022
mole) of benzylammonium cis - 1 - vent in vacuo. It is purified by
recrystallization 105     propenylphosphonate and 30 ml. of chloro-  from
95% by volume ethanol.     form. To this is added 3.04 g. (0.022 mole)
When this experiment is carried out using 45  of perbenzoic acid in 20 ml.
of chloroform. 0.02 mole of di-pyridylmethyl cis-propenyl-     The solution
is heated at 60[err] C. for 12 hours. phosphonate as starting material, and
4.6 g.     The mixture is then cooled and filtered. The  (0.02 mole) of
permethyloxyacetic acid as 110     solid  product, monobenzylammonium  ()
epoxidizing agent, there is obtained predomin-
(cis-1,2-epoxypropyl)-phosphonate is purified  antly di-pyridylmethyl (-)
(cis - 1,2 - epoxy- 50 by recrystallization from  10 parts of 95%   propyl)
- phosphonate.     by volume ethanol. The pure material melts     at
155-157[err] C.       A similar result is obtained when 0.022
EXAMPLE 15     mole of peracetic acid or performic acid is    When the
procedure of Example 13 is re- 115 55 used in place of perbenzoic acid.
peated using 0.02 mole of dimethyl cis-pro- 



When 0.022 mole of the procaine or the  penylphosphonate, diphenyl
cis-propenylphos-     diethanolamine salt of cis-propenylphosphonic
phonate or [err]-cyanoethyl cis-propenylphos-     acid is used in the above
experiment, there  phonate, there is obtained dimethyl () (cis-     is
produced the procaine or diethanolamine  1,2 - epoxypropyl) - phosphonate,
diphenyl 120 60 salt of () (cis - 1,2 - epoxypropyl) - phos-  () (cis - 1,2
- epoxypropyl) - phosphonate     phonic acid. The salt containing 1
molecule  and [err]-cyanoethyl (+) (cis - 1,2 - epoxypro-     of procaine
melts at 127  130[err] C. on re- pyl) - phosphonate, respectively.
13                                          1,239,987
11                     EXAMPLE 16                   of diethylenetriamine
melts at 182-183 C.       4.3 g. (0.02 mole) or (+) percamphoric  on
recrystallization from isopropanol; the salt  65     acid in 20 ml. of
ethyl acetate is added slowly  containing 1 molecule of 1,6-hexamethylene-
to 6.4 g. (0.02 mole) of dibenzyl cis-propenyl-  diamine melts at 1940 C.
on recrystallisation 5  phosphonate in 30 ml. of chloroform. The  from
1:3:3 by volume water:methanol: iso-     mixture is heated for 22 hours at
60[err] C and  propanol.     then cooled to room temperature and filtered
EXAMPLE 19                  70     to separate any solid materials. The
filtrate is    A solution of 0.01 g. of molybdenum hexa-     extracted with
3 X 40 ml. of 2.5 N sodium  catbonyl, 4.8 g. (0.05 mole) of t-butyl hydro-
10 hydroxide, the organic layer  washed with  peroxide and 13.0 g. (0;05
mole) of [err]     water, dried over sodium sulfate and concen-
ethoxyethyl) cis-propenylphosphonate in 100     trated to dryness n vacuo
to afford a residue  ml. of benzene is placed in a 200-ml. round-  75
consisting predominantly of dibenzyl (-) (cis- bottom flask fitted with a
thermometer, a re-     1,2-epoxypropyl)phosphonate.                 flux
condenser and a stirrer. The temperature 15   The di-n-propyl and di-decyl
esters of (-)  is raised gradually to 80 C. and held at     (cis - 1,2 -
epoxypropyl) - phosphonic acid  80 C. for one hour. The reaction mixture
are prepared according to the above procedure  is then cooled to room
temperature, filtered, 80     from 0.02 mole of the corresponding esters of
and the t-butanof and benzene removed by     cis-propenylphosphonic acid.
concentration in vacuo. The residual product
thus obtained is bis([err]-ethoxyethyl) () (cis - 20
EXAMPLE 17                    1,2 - epoxypropyl) - phosphonate.       To
0.022 mole of di-n-butyl cis-propenyl-    When 0.5 mole of
bis(methylsulfonylphenyl)  85     phosphonate in 40 ml of benzene in a
suitable  cis - propenylphosphonate or di - (p - nitro-     reaction flask
is added 0.04 mole of performic phenyl) cis-propenylphosphonate is employed
acid solution. The mixture is allowed to stand  in the above experiment,
the bis methylsul- 25 at room temperature for 16 hours. It is then
fonylphenyl) or di-(p-nitrophenyl) ester, res-     cooled to 10[err] C. and
any excess per acid de- pectively, of () (cis - 1,2 - epoxypropyl) - 90
composed with sodium bisulfite. Any insoluble  phosphonate is obtained.
materials are separated by filtration, and the     filtrate concentrated to
dryness in vacuo  at               EXAMPLE 20 30  about 35[err] C. to
afford a residue of di - n -   In a 200 ml. round-bottom 3-necked flask
butyl () (cis - 1,2 - epoxypropyl) - phos- fitted with a stirrer, reflux
condenser and     phonate. The bis - ([err] - hydroxyethyl) ester  addition
funnel is placed 0.01 g. molybdenum  95     of () (cis - 1,2 - epoxypropyl)
- phosphonic  hexacarbonyl, 7.5 g. (0.05 mole) of cumene     acid is
prepared by this procedure from bis - hydroperoxide, 5.0 g. (0.05 moles) of
tri- 35 ([err]-hydroxyethyl) cis-propenylphosphonate.  ethylaminae, 6.8 g.
(0.05 mole) of mono-
methyl cis-propenylphosphonate and 100 ml.                    EXAMPLE 18
of benzene. The reaction mixture is heated  100       In a 100 ml.
round-bottom 3-necked flask  slowly to 80[err] C. and held at 75-80[err] C
fitted with a pH electrode, stirrer and addi- with stirring for [err]
hours. At the end of this     tion funnel is placed 11.4 g. (0.05 mole)
ben- time, it is cooled to 20[err] C., filtered, and the 



40 zylammonium cis - propenylphosphonate and  filtrate concentrated to
dryness under reduced     4.5 g. (0.05 mole) of t-butylhydroperoxide in
pressure. The remaining solid is triethylam- 105     50 ml. methanol. The
mixture is adjusted  monium methyl ([err]) (cis - 1,2 - epoxypropyl)-
to pH 8.0 with concentrated sodium hydroxide  phosphonate.     and stirred
at 35-40[err] C. for [err] hours, 45  adding sodium hydroxide as necessary
to main-           EXAMPLE 21     tain pH 8.0. At the end of this time, the
In a 500-ml. round-bottom 3-necked flask     mixture is concentrated in
vacuo to a small fitted with a stirrer and addition funnel is 110
volume, the pH adjusted to 4.6 with sulfuric  placed 300 ml. of methanol,
61 g. (0.5 moles)     acid and n-propanol added. The solids are  of
cis-propenylphosphonic acid and 40 grams 55 removed by filtration, the
remaining methanol of sodium hydroxide. Benzonitrile 52 grams     removed
by  concentration in vacuo and the  (0.5 moles) is added and the mixture
cooled     volume of the propanol mixture adjusted to  to room temperature.
34 g of hydrogen per- 115     25 ml. The mixture is aged at 0[err] C. for
16  oxide (50% by weight) is added slowly from     hours. The solid
benzylammonium () (cis- the addition funnel. When the addition is com- 55
1,2 - epoxypropyl) - phosphonate is collected  plete, the mixture is
stirred at room tem-     by filtration and dried in vacuo.
perature for 40 hours. The excess peroxide       Similar results are
obtained using the di- is then decomposed with a saturated solution  120
ethylene triamine, calcium, magnesium, 1,6 -  of sodium  sulfite (to a
negative starch     hexamethylenediamine or ethylamine salts in  iodide
test). The solution is evaporated to 60 place of the benzylammonium cis -
propenyl-  dryness and the residue extracted with 10     phosphonate. The
corresponding salt of ()  volumes of methanol. The methanol solution
(cis -  1,2 - epoxypropyl) - phosphonic acid  is filtered and evaporated to
dryness. The  125     is obtained. The salt containing 1 molecule  residue
is extracted with 2X 20 ml. of water         14
1,239,987        to extract the disodium (+) (cis - 1,2 - epoxy-
epoxypropyl) - phosphonate is recovered from       propyl) - phosphonate
from benzamide. The  the aqueous extract.       aqueous extracts are
combined and passed       over a column of Dowex 50 resin on the
EXAMPLE 25                    65   5  acid cycle at 0 [err]C. The eluate
containing the    In a round-bottom 3-necked flask fitted with       free
phosphoric acid is collected in the presence a stirrer, thermometer and gas
inlet tube and       of 0.5 mole of benzylamine. The monobenyl-  vent is
placed 12.2 g. (0.1 mole) of cis-pro-       ammonium salt of (+) (cis - 1,2
- epoxy- penylphosphonic acid, 100 ml. of dimethyl-       propyl) -
phosphonic acid is recovered by  formamide and 8 g. of sodium hydroxide
pel-  70   10 evaporating the eluate to dryness in vacuo. lets. 0.1 g. of
cobalt naphthenate and 0.1 g.       It is purified by recrystallization
from  10  of t-butyl hydroperoxide are added and the       volumes of 95%
by volume ethanol.           mixture heated to 100[err] C. Air is bubbled
EXAMPLE 22  through the mixture at 100[err] for 21 hours.
EXAMPLE 22                   The mixture is then concentrated to half its
75         A solution of 100 ml. of methanol, 15.6  volume and diluted with
an equal volume of   15 g. (0.05 mole) of dibenzyl cis-propenylphos- water.
The mixture is repeatedly extracted with       phonate, 1.0 g. of potassium
bicarbonate and  chloroform to remove dimethylformamide and       2.05 g.
of acetonitrile are stirred at room tem- the aqueous solution of disodium
[err] (cis -       perature 3.4 g. (0.05 mole) of 50% by weight  1,2 -
epoxypropyl) - phosphonate is then  80       hydrogen peroxide is added
slowly and the  passed over a column of Dowex 50 on the  20 mixture is
stirred untila negative starch iodide hydrogen cycle at 0[err] C. into an
aqueous solu-       test is obtained. The methanol is then removed  tion of
benzylamine (0.1 moles of benzyl-       by concentration in vacuo, the
solids dissolved amine). The resulting benzylammonium salt       in water
and extracted with chloroform. The  of [err] (cis - 1,2 - epoxypropyl) -
phosphonic  85       chloroform  extracts are washed well with  acid is
purified by recrystallization from  10 



25  water to remove the acetamide, dried with  volumes of 95% by volume
ethanol.      magnesium sulfate, and concentrated to an      oil in vacuo
to afford dibenzyl () (cis - 1,2 -         EXAMPLE 26
epoxypropyl)-phosphonate.                      A mixture of 14.9 g. (0.1
mole) of di-         When the above procedure is repeated using  methyl
cis-propenylphosphonate and 31.8 (0.1  90  30  0.05 mole of di-phenethyl
cis-propenylphos-  mole) of cyclohexylperborate are stirred at      phonate
as starting material, there is obtained  room  temperature under a nitrogen
atmo-      di-phenethyl [err] (cis - 1,2 - epoxypropyl) -  sphere for 30
minutes. The temperature is then      phosphonate.
raised to 80[err] C. for 1 hour. The mixture
is cooled to room temperature and quenched  95                     EXAMPLE
23                    by the addition of 30 ml. of water. The  35    In a
200 ml. flask fitted with stirrer is  organic phase is separated and the
water      placed 8.3 g. (0.05 mole) of disodium cis- layer extracted with
3 x 10 ml. of chloro-      propenylphosphonate and 100 ml. of water. form.
The chloroform extracts are combined      75 ml. of aqueous sodium
hypochlorite solu-  with the organic phase and the whole is 100      tion
(5% by weight) (0.05 mole) is added  evaporated to dryness in vacuo to
afford a  40 slowly and the mixture stirred at room tem-  residue of
dimethyl () (cis - 1,2 - epoxy-      perature overnight The aqueous
solution is  propyl) - phosphonate. The product is puri-      concentrated
in vacuo to one-half its volume  fied by distillation, b.p. 70-72 C/0.5 mm
and then freeze-dried to afford disodium ()  mercury.
105      (cis - 1,2 - epoxypropyl) - phosphonate.
EXAMPLE 27                                                     In a
round-bottom flask there is placed 30.0 45                 EXAMPLE 24
g. of diphenyl cis-propenylphosphonate in 300        A solution of 2
millimoles of cyclohexene in  ml of chloroform. Dibutyl mono-t-butyl per-
5 ml. of methylene chloride is cooled to -40  phosphate (28.2 g., 0.1 mole)
(made from di- 110      C. and treated with ozone until saturated. A  butyl
phosphonocloridate and 1 mole of      previously cooled solution of 3.1 g.
(10 milli-  sodium t-butyl hydroperoxide) in 150 ml. of 50 moles) of
dibenzyl cis-propenylphosphonate in  chloroform is added at room
temperature. The   10 ml. of methylene chloride is added and  mixture is
heated at the reflux temperature     the mixture allowed to warm slowly to
room  for 15 hours The solvent is then removed by 115     temperature. The
solvent is then removed by  concentration in vacua. The product, diphenyl
evaporation in vacuo to afford dibenzyl ()  () (cis - 1,2 - epoxypropyl) -
phosphonate 55  (cis - 1,2 - epoxypropyl) - phosphonate.  is obtained as an
oil.       The above reaction is repeated using equi-     valent molar
amounts of stilbene in place of                EXAMPLE 28     cyclohexene,
and monomethyl cis-propenyl-    A. Methyl acetylene is passed into a
reflux- 120     phosphonate in place of the dibenzyl ester. On  ing
ethereal solution of ethyl magnesium bro- 60  completion of the reaction,
the solution is  mide (from 109 g. of ethyl bromide and 24     extracted
with aqueous sodium  hydroxide.  g. magnesium) until two layers are formed.
The sodium salt of methyl () (cis - 1,2 -  The ether is then evaporated by
heating in a            15                 15          stream of nitrogen
until only the lower thick  together equimolar amounts of methyl - 3 -  65
solution remains. This is then dissolved in  keto - butenoate, sodium
hydride and diethyl-         500 ml. of tetrahydrofuran and 200 ml. of
ether, and treating the resulting product with benzene, and cooled with
stirring in a dry ice- cis-propenylphosphonic dichloride.      5  acetone
bath. To this slurry of 1-propynyl   To a solution of 31.8 g. (0.1 m) of di
-         magnesium bromide is added a solution of 2' - (methyl - 2' -
butenoate) - cis - propenyl- 70         217 g. of dibutylchlorophosphite in
200 ml. phosphonate in 300 ml. of n-propanol is added         of ether over
a period of one hour while  0.6  g. of sodium tungstate dihydrate and 



maintaining the temperature below -40[err] C   the mixture heated to
55[err] C. 90 ml. of 30%     10 The mixture is then allowed to come to room
by weight hydrogen peroxide (0.9 m.) is then         temperature and
stirred for 4 hours. 180 ml. added over a 45-minute period, maintaining  75
of pyridine is added dropwise with stirring  the temperature at 55-60  C.
The mixture         and the precipitated pyridine-magnesium bro-  is
stirred at this temperature for 3 hours with         mide complex removed
by filtration. The fil- hydrogen peroxide being added as needed to     15
trate is concentrated to a thick solution and  maintain a positive
starch-iodide test, and         600 ml. of petroleum ether added. The
petro-  sodium hydroxide added as needed to maintain  80         leum ether
extract is decanted from a thick  a pH of 4.5-5.5. As the end of this time
gum and evaporated to a syrup which is excess peroxide is destroyed with
saturated         disilled under reduced pressure. After a small aqueous
sodium sulfite and the reaction mix-     20 forerun there is obtained
dibutyl l-propynyl- ture concentrated in vacuo to 1/2 its volume.
phosphonite, b.p. 80-84 C./0.4 mm.       It is then diluted to its original
volume with  85            B. 96 g. of dibutyl - 1 - propynylphosphon-
water to afford a solution containing sodium          ite is heated under
reflux with 100 ml. of (+) (cis - 1,2 - epoxypropyl) - phosphonate.
water and 50 ml. of Dowex 50 resin (H+  The product is purified by passing
the aqueous     25 cycle) for two hours. The mixture is then  solution over
Dowex 50 resin on the hydrogen         evaporated in vacuo to remove
butanol and  cycle and collecting the eluate in the presence  90
the slurry diluted with water and filtered. of one molar equivalent of
benzylamine. The         The resin is washed with 200 ml. of water
resulting benzylammonium  phosphonate salt         which is added to the
filtrate. The combined  is recrystallized from 95% by volume ethanol     30
aqueous solutions are then evaporated to a  to give substantially pure
material, m.p. 155-         thick oil which is allowed to stand at 0[err]
C. 157[err] C.                             95         for eighteen hours.
The resulting oily crystal-   B. The bis - p - benzoquinone ester of cis-
line mass is broken up by the addition of 20  propenylphosphonic acid is
prepared by react-         ml. of ethyl acetate and filtered. The resulting
ing together 0.1 m. of cis-propenylphosphonic     35 crystals are washed
with ether containing a  dichloride and 0.2 m. of monocarbobenzoxy
little ethyl acetate to afford l-propynylphos- hydroquinone in the presence
of triethylamine 100          phonous acid, m.p. 64-66 C
and subsequent removal of the carbobenzoxy            C. A solution of 4 g.
of l-propynylphos-  group by hydrogenation.          phonous acid in 50 ml.
of water is neutral-   When the procedure of Example 13 is re-     40  ized
to pH 7 with sodium bicarbonate and  peated using 3 g. of di - (p -
benzoquinonyl -          hydrogenated at an initial pressure of 40  cis -
propenylphosphonate and 3.8 g. of per- 105          p.s.i. in the presence
of 1 g. of Raney nickel oxytrifluoroacetic acid, there is obtained
catalyst. The hydrogenation is stopped when  sodium [err] (cis - 1,2 -
epoxypropyl) - phos-          one equivalent of hydrogen is taken up. The
phonate.     45 solution is filtered from catalyst and evapor-
ated to give the sodium  salt of cis- 1 -                   EXAMPLE 30
propenylphosphonous acid.                      To a stirred suspension of
0.35 ml. (0.0125 110            D. 0.5 g. of the end product of Part C
mole) of 90% by weight hydrogen peroxide          is dissolved in 8 ml. of
water. Sodium tung- in 2.5 ml. of methylene chloride cooled in an     50
state (0.13 g.) is added and the pH brought ice-bath there is added
dropwise over a ten-         to 6.5 with sulfuric acid. 30% by weight Hyd-
minute period of 2.1 ml. (0.015 mole) of tri-         rogen peroxide (0.8
cc.) is added and the mix-  fluoroacetic anhydride. The solution of per-
115         ture heated at 55 C. for four hours, while  oxytrifluoroacetic
acid so obtained is stirred         maintaining the pH at 5.5-5.6 by the
addi-  in the cold for an additional 15 minutes, and     55 tion of 0.1 N
sodium hydroxide solution. The  then is added over a period of 15-20
minutes,          solution is then evaporated and the residual with
vigorous stirring, to a mixture of 0.0005          solid extracted with 50
ml. of methanol mole of dibenzyl cis-propenylphosphonate,10 120
and filtered from inorganic salts. The meth-  ml. of methylene chloride,
3.8 g. (0.045 mole)          anolic solution is evaporated to dryness leav-
of dry sodium bicarbonate, and 5 g. of an-     60  ing a residue of sodium
(+) (cis - 1, 2 -  hydrous magnesium sulfate. After the addi-
epoxypropyl) -'phosphonate.                 tion is complete, the mixture
is heated under                                                      reflux
with continued stirring for 30 minutes. 125                        EXAMPLE
29                      The reaction mixture is then stirred with
A. Di - 2' - (methyl - 2' - butenoate) - cis -  25 ml. of water until the
inorganic salts are         propenylphosphonate is prepared by reacting
dissolved. The aqueous phase is separated and 
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16      extracted once with 5 ml. of methylene chlor- the solution is added
to the reaction mixture     ide. The organic layers are combined, dried
containing di-t-butylphosphorochloridite with     over anhydrous magnesium
sulfate and evap-  stirring during 25 minutes, maintaining the  65
orated in vacuo to give dibenzyl () (cis -  reaction temperature between 5-
10 C. by 5  1,2 - epoxypropyl)phosphonate.            external cooling. The
resulting mixture con-
taining di - t - butyl - 2 - propynylphosphite                    EXAMPLE
31                   is stirred at 5-10 C for one hour.       When the
procedure of Example 13 is re-    The reaction mixture containing
di-t-butyl-  70     peated using as starting material 0.022 mole
2-propynylphosphite is then heated to reflux,     of dibenzylammonium  or
diethylenediammo-  and the refluxing is continued for one hour. 10 nium cis
- propenylpyrophosphonate, there is  The solution is then cooled to room
tempera-     obtained dibenzylammonium or diethylenedi-  ture with a water
bath, and 185 ml. of water     ammonium  () (cis - 1,2 - epoxypropyl)-  is
added in portions. The triethylamine hydro- 75     pyrophosphonate,
respectively.               chloride dissolves in the aqueous layer, and
The disodium () (cis - 1,2 - epoxypro-  the organic layer is separated from
the aqueous 15 pyl)pyrophosphonate is  obtained from  di-  layer. The
benzene solution is heated at atmo-     sodium cis-propenylpyrophosphate
using the  spheric pressure, and the water is removed by     procedure of
Example 1.                      azeotropic distillation. The residual
benzene  80                                                  solution
contains di-t-butylpropadienylphos-                    EXAMPLE 32
phonate.       When 0.02 mole of cis-propenylphosphonic    Where desired,
the crude ester can be ob- 20  acid cyclic di-anhydride is reacted with
per- tained by removing the solvent and distilling     phthalic acid by the
procedure described in  the ester under high vacuum; the pure ester 85
Example 14, there is obtained () (cis - 1,2 -  is characterized by IR and
NMR spectra.     epoxypropyl)phosphonic acid cyclic dianhyd-    The dried
benzene solution of di-t-butyl-     ride. The product is purified by
crystallization  propadienylphosphonate is  hydrogenated at 25 from
anhydrous ethanol.                       20-25 C. with 5% by weight
palladium-                                                  on-carbon
catalyst (5.0 grams) until hydrogen  90                    EXAMPLE 33
absorption ceases. The catalyst is removed by       The disodium  and
diammonium  salts of filtration and is washed with 2 x 50 ml of     sodium
and ammonium () (cis - 1,2 - epoxy- benzene. Upon removal of the solvent in
vacuo,     propyl)isohypophosphoric acid are produced  di - t - butyl - cis
- propenylphosphonate is 30 from the corresponding salts of cis-propenyl
obtained and is characterized by NMR and  95     isohypophosphoric acid by
treating the olefin  IR spectra. The crude ester can be purified
compounds with  hydrogen  peroxide  and  by high vacuum distillation.
sodium tungstate by the procedure of Example   Di - t - butyl - cis -
propenylphosphonate     1 (for the sodium salt) and Example 2 (for  (1.0
mole) and para-toluene sulfonic acid 35 the ammonium salt).
(0.005 mole) are dissolved in 235 ml. of ben- 100       The
cis-propenylphosphonic  acid  com- zene, and the solution is heated at
reflux until     pounds employed as starting materials for  the calculated
amount of isobutene is formed.     the present invention are prepared as
follows. A gas metering device is employed to detect
cis-propenylphosphonic acid itself is made  the isobutene. The reaction
mixture is then 40 from  di-t-butyl phosphorochloridite by the  cooled to
room temperature, the solvent is re- 105     procedure:
moved in vacuo and cis-propenylphosphonic       Phosphorus trichloride
(68.7 grams, 0.5  acid is obtained as the residue.     mole) and 750 ml. of
anhydrous benzene are    Salts of cis-propenylphosphonic acid are
placed in a 2-liter, 3-necked flask equipped  made by treating the free
acid in ethanol with 45 with mechanical stirrer, thermometer, dropping  a
base. The metal salts are obtained by em- 110 



funnel and a drying tube. The solution is  ploying a metal oxide or
hydroxide as the     cooled to 5[err] C   and triethylamine (50.6  base,
and amine salts by employing the appro-     grams, 0.5 mole) is added at
5-10[err] C. dur-  priate amine. In order to obtain a mono-salt,     ing 20
minutes. The benzene solution is then  the pH is adjusted with the base to
4.8 for 50 stirred for 20 minutes. A solution of tri- metal salts and 4.2
for amine salts; for di- 115     ethylamine (50.6 grams, 0.5 mole) and t-
salts the pH is adjusted to 8.8 for metal salts     butanol (37.06 grams,
0.5 mole) is added with  and 8.2 for amine salts. In order to recover
stirring during 20 minutes at 5-10 C., and  the salt, the ethanol is
removed by evapora-     the mixture is stirred for 20 minutes. A sec- tion
in vacuo. Thus, for example, 2 g. of cir- 55  ond portion of t-butanol
(37.06 grams, 0.5  propenylphosphonic acid in 50 ml. of ethanol 120
mole) is then added at 5-10 C. over a  is adjusted to a pH of 4.8 with
aqueous sodium     20 minute period, and the reaction mixture  hydroxide.
The mixture is concentrated to     containing di-t-butyl
phosphorochloridite is  dryness in vacuo to afford mono-sodium cis-
stirred for 90 minutes at 5-10 C.      propenylphosphonate. When aqueous
sodium 60   Triethylamine, (50.6 grams, 0.5 mole) and  hydroxide is added
to the above solution to a 125     propargyl alcohol (28.03 grams, 0.5
mole) are  pH of 8.8, and the mixture concentrated to     dissolved in 40
ml. of anhydrous benzene, and  dryness, di-sodium  cis-propenylphosphonate
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17          is obtained. The mono- and di-benzylamine  monobenzyl ester.
Aqueous 1 N sodium, hyd- salts are obtained in the same fashion by  roxide
is added and the mixture stirred, during          adding benzylamine to the
ethanolic solution  which time a clear solution forms. The solu-
of cis-propenylphosphonic acid to a pH of 4.2  tion in vacao. Thus, for
example, 2g. of cis-      5  or 8.2. Any of the other salts discussed here-
butanol. Removal of the solvent leaves mono-  70         inabove are
obtained in the same manner us- benzyl cis-propenylphosphonate.         ing
the appropriate base.                       Other mono-esters are obtained
in the same            The diesters of cis - propenylphosphonic  fashion
using the appropriate alcohol.         acid are obtained by first
converting the free    An alternate method for making esters is     10 acid
to cis-propenylphosphonic dichloride, and  represented by the following:
75         then reacting this dichloride with 2 molar equi-   (d) 10
millimoles of cis-propenylphosphonic         valents of an alcohol
represented by the for-  acid in 20 ml. of water is treated with 2.3 g.
mula -R-OH, where R represents the alcohol of silver oxide. The solution is
then concen-         residue of the resulting ester. The mono-esters
trated under reduced pressure to dryness and     15 are prepared from the
di-esters by removal the residue of silver salt is washed with a  80
of one of the ester radicals with base. A mono-  small amount of
dimethoxyethane and sus-         salt mono-ester may then be prepared by
re-  pended in 10 ml. of this solvent. One gram         acting the
mono-ester with one equivalent of potassium carbonate and 2.55 g. of bromo-
of base. Representative examples for the fore-  methyl acetate is added and
the mixture     20 going reactions are given herein, and it is  stirred for
18 hours at 250 C. The reaction  85         to be understood that other
esters and salts  mixture is then filtered and the filtrate concen-
are obtained in the same manner from the  trated to dryness to give a
residue of bis-         apppropriate starting materials.
(acetoxymethyl) cis-propenylphosphonate.            (a) Into a 250 ml.
three-necked round-bot-   Esters may also be obtained in the follow-     25
tomed flask there is added 6.1 g. of cis- ing manner:
90         propenylphosphonic acid, 60 ml. of dry ben-   (e) 0.2 moles of
cis-propenylphosphonic di-         zene and 9.0 ml of pyridine. The mixture
is  chloride and 200 ml. of ether is cooled to         heated to 50[err]
C., the heat removed and 13.2  -13[err] C. and to this solution with
stirring         g. of thionyl chloride added dropwise at such  is added
dropwise a mixture of 0.4 moles     30  a rate as to keep the reaction
mixture at  of pyridine and 0.4 mole of [err]-hydroxypro-  95 



50 C, The mixture is then cooled to room  pionitrile with good stirring and
maintenance         temperature and stirred for 2 hours at room   of
temperature below -10 C. The mixture         temperature. The mixture is
filtered and the  is poured onto 1 liter of water and 500 grams
filtrate concentrated in vacuum at 35 C.to  of ice. The aqueous layer is
then separated     35  yield 4.5 g. of a turbid oil. It is distilled to
from the ether and extracted three more times 100         afford
cis-propenylphosphonic dichloride, b.p. with 100 milliliter portions of
ether. The         67-69[err] C./9-10 mm.; [err] 1.4885.        combined
ether extracts are washed with water,           b. A stirred mixture of 0.1
mole of cis-  diluted with hydrochloric acid and finally with
propenylphosphonic dichloride and 0.2 mole  water. After drying the ether
solution over an-     40  of triethylamine in 100 ml. of benzene is
hydrous sodium sulfate, it is filtered and con- 105         cooled to
5[err] C. To the mixture there is added  centrated in vacuo to give bis -
(2 - cyano-         0.2 mole of methyl alcohol at such a rate  ethyl)
cis-propenylphosphonate.         as to maintain the temperature at 5-10 C.
An alternate method of making alkenyl         When the addition is
complete, the mixture is esters is the following.     45  stirred at room
temperature for 1 hour. The    (f) A stirred mixture of 0.4 moles of cis-
110         precipitated triethylamine hydrochloride salt
propenylphosphonic acid, 2.4 mole of vinyl         is then filtered off and
the solvent is removed  acetate and 1.6 g. of mercuric acetate and 0.2
at reduced pressure to leave dimethyl cis-  ml. of sulfuric acid is
refluxed under nitrogen         propenylphosphonate. Other di-OR-esters of
for 3 hours. Sodium acetate (0.83 g.) is added     50
cis-propenylphosphonic acid where R is alkyl, and the low boiling excess
vinyl acetate is 115         alkenyl, alkynyl, aralkyl or aryl, substituted
removed in vacuo. The product is obtained         alkyl, aryl, or alkenyl
are prepared in the  by vacuum distillation.         same manner using 0.2
mole of the alcohol    A  method of preparing mixed esters is
[err].                                    the following.     55   (c) A
stirred mixture of cir-propenylphos-   (g) A stirred solution of cis - 1 -
propenyl- 120         phonic dichloride, 0.1 mole) and triethylamine
phosphonic dichloride (0.1 mole) in 200 ml.         (0.2 mole) in 100 ml.
of benzene is cooled  of ether is cooled to 0[err] C. and then treated
to 5[err] C. To the mixture there is added benzyl dropwise with a solution
of absolute ethanol         alcohol (0.1 mole) at such a rate as to main-
(0.1 mole) and triethylene amine (0.1 mole) in     60  tain the temperature
at 5-10 C. When the  50 ml. of anhydrous ether. The addition rate 125
addition is complete, the mixture is stirred  is controlled so as to
maintain the reaction         at room temperature for 1 hour. Then the
temperature between 0-5 C. When the addi-         precipitated
triethylamine hydrochloride salts  tion is complete, the reaction mixture
is         are filtered off and the solvent is removed at stirred in the
cold for 1 hour more. The     65  reduced pressure to leave the monochloro-
precipitate of triethylamine hydrochloride is 130         18
1,239,987                                           18      then removed by
filtration and the filtrate con-  lyst and evaporated to dryness in vacuo
at     centrated under reduced pressure to yield O-  room temperature to
give potassium cis - 1,2     ethyl cis - propenylphosphonochloridate.
epoxypropylphosphonate.       0.1 mole of O-ethyl-cis-propenylphosphono-
When R and/or [err] in Formula I is [err], 5  chloridate in 150 ml. of
ether is cooled to  alkyl or aryl, the preferred methods for remov-
10[err] C. and added dropwise with a mixture  ing these groups is by
ultraviolet light irradi-     of 0.1 mole of benzyl alcohol and 0.1 mole
ation in the presence of base, by alkaline hyd-     of triethylamine in 40
ml. of ether. The term-  rolysis, or by enzymolysis as exemplified be-  70
perature is maintained below about 10[err] C. low: 10  The reaction mixture
is stirred for one hour,   (1)4 g. of diphenyl [err] (cis  1,2 - epoxy-
filtered and the filtrate concentrated to dryness propyl)phosphonate in 100
ml. of an aqueous     to afford O - ethyl - O - benzyl - cis-  2% by weight
solution of trimethylammonium 



propenylphosphonate.                          carbonate is irradiated in a
quartz flask at    75     Bis - (cis - propenyl)pyrophosphonic acid:
25-30[err] C. for 4 hours with an ultraviolet 15    12.2 g. of
cis-propenylphosphoric acid is  light source. The solution is then
evaporated     heated gradually to 200[err] C. under a nitrogen  to dryness
and the residue extracted into an-     atmosphere at 200 mm. Hg. pressure,
and  hydrous methanol. The solution is passed over     maintained at this
temperature for 48 hours. a sulfonic acid resin column (IR 120 previ-  80
The heating is discontinued.  The resulting  ously dehydrated with
methanol) on the hyd- 20 product is bis (cis - propenyl)pyrophosphonic
rogen cycle at 0-5  C. The effluent is col-      acid.
lected and rapidly adjusted with cyclohexyl-        Cis -
propenylphosphonic acid cyclic dian-  amine to pH 5. Concentration of the
solution  85      hydride:                                      to dryness
affords () (cis - 1,2 - epoxy-        One mode of water is added slowly
with  propyl) - phosphonic acid monocyclohexyl- 25  vigorous stirring to
one mole of cis-propenyl-  amine salt.      phosphonic dichloride, keeping
the tempera-   (2) 7 g. of diethyl [err] (cis - 1,2 - epoxy-      ture
below 10[err] C. by external cooling. When  propyl)phosphonate is added to
75 ml. of 2%      the evolution of heat stops, the mixture is  by weight
trimethylammonium carbonate solu-  90      heated to 120[err] C. under 50
mm. pressure  tion, in a quartz flask. The solution is irradi-  30  until
no more gas is evolved to afford cis-  ated with an ultraviolet light
source for 2      propenylphosphonic acid cyclic dianhydride.   hours at
25-30[err] C. Five ml. of trimethyl-        Cis - propenyl -
isohypophosphoric acid:   amine are added and the solution evaporated   95
0.11 mole of diethyl chlorophosphonate of to dryness in vacuo. The
resulting product is      the formula
crystallized from  alcohol to afford bis-tri-
methylammonium  () (cis   1,2 - epoxy-
propyl)phosphonate.  35             [err]                   (3) 40 ml. of a
medium consisting of 0.8%
nutrient broth, 0.2% yeast extract, 3%  cere- 100      (prepared by
reaction of ethanol with phos-  lose and 0.3% malt extract (by weight), ad-
phorus oxychloride) is mixed with 0.1 m. of  justed to pH 7.0, is
autoclaved for 15 minutes      ethyl cis-propenylphosphonate in 150 ml. of
in a 250 ml. Erlenmeyer flask at 121[err] C. and      ethanol. The mixture
is stirred at room tem-  15 psi. The medium is then inoculated with  40
perature for 5 hours and then brought to pH   a loopful of inoculum from
an agar slant of 105      9 with sodium hydroxide and heated at 80[err]
Aspergillus niger, and the flask incubated on,      C. for 6 hours. The
solvent is removed in  a mechanical shaker (220 r.p.m.) at 28[err] C.
vacuo to afford sodium cis - propenylisohypo-  until the cultures are well
grown (2-4 days).      phosphoric acid disodium salt.                10 ml.
of the fermentation broth is then asep- 110  45    When the epoxidation
process of the inven-  tically transferred to a centrifuge tube and the
tion leads to an ester of (cis - 1,2 - epoxy-  cells pelleted at 25,00Oxg.
The supernatant      propyl)phosphonic acid, such ester may be is discarded
and the cells re-suspended in 4      converted to the free acid, or
preferably to  ml. of distillated water. 2 Ml. of this cell sus-      a
salt, byt one of several methods, the method  pension are aseptically
transferred to a sterile  50  of choice depending upon the nature of the
20 x 200 mm   test tube  containing 2y of 115      hydrocarbyl radical to
be removed.           sodium methyl () (cis - 1,2 - epoxypropyl)-
When R and/or [err] in Formula I above are  phosphonate in 2 ml. of water.
The tube is in-      alkenyl, alkynyl or aralkyl residues, the pre-
cubated for 20 hours at 28[err] C. on a mech-      ferred method for
removing them by hydro-  anical shaker (220 r.p.m.). The cells are then  55
genolysis, e.g. by the following procedure:   removed by centrifugation
(25,00OXg.). The 120        A solution of 3.2 g. of dibenzyl (cis - 1,2 -
supernatant is evaporated to dryness in  vacuo      epoxypropyl)phosphonate
in 250 ml. of meth-  to afford sodium  () (cis - 1,2 - epoxy-      anol is
hydrogenated at 40 psi at room tem-  propyl)phosphonate.      perature for
15 minutes in the presence of 800    Substituted alkyl and aryl esters are
con-  60  mg. of 10% by weight palladium on charcoal. veniently hydrolyzed
with base such as an 125      catalyst and 2 g. of potassium bicarbonate.
alkali or alkaline earth metal hydroxide or        The solution is then
filtered from the cata-  oxide. Representative conditions are:     
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19           0.1 Mole of bis - (acetoxymethyl) () (cis-  ml. of water. The
pH on the resulting solu- 1,2 - epoxypropyl)phosphonate is dissolved in
tion is then adjusted to 4.8 by the dropwise        50 ml. of water and
then 0.1 mole of calcium   addition of an aqueous solution of +-[err]-phen-
oxide is added. The solution is heated with  ethylamine. The resulting
solution is evapor-     5  stirring at 60-80 C. for 2 hours. It is then
ated in vacuo to 95-100 ml. and sufficient  70        concentrated to
dryness in vacuo to give a  isopropanol (about 320 ml.), preheated to
residue of calcium  () (cis - 1,2 - epoxy-  70[err] C., is added so that
the resulting solution        propyl)phosphonate.
contains about 20% by weight water. The           A solution of 50
millimoles of diphenyl  resulting solution is heated with agitation to
10 () (cis - 1,2 - epoxypropyl)phosphonate in  75-79 C. and then quickly
cooled to 60[err] C. 75        10 ml. of 30% ethanol-water is refluxed with
and seeded witha small amount of mono -        a two-fold excess of barium
hydroxide in a  (+) - phenethylammonium (-) (cis - 1,2 -        nitrogen
atmosphere for 1[err] hours. The reac-  epoxypropyl)phosphonate.   This
solution is        tion is cooled, adjusted to pH 8 with 4 N   then cooled
to 0-3 C. and stirred slowly for    15 sulfuric acid and extracted 3 times
with ethyl 16-24 hours, whereupon the crystalline dia-  80        acetate.
The remaining aqueous slurry is  stereomer precipitates and is collected by
fil-        stirred overnight at room  temperature with  tration. The
filter cake is washed with 40 ml.        30 g. of sodium sulfate. The
solids are re-  of cold isopropanol-water (9:1) and finally        moved by
filtration and the filtrate evaporated  with 40 ml. of cold isopropanol.
The crystal-    20 to dryness to give [err] (cis - 1,2 - epoxy- line
product is then dried at 40[err] C. to con- 85        propyl)phosphonic
acid, disodium salt.       stant weight in vacuo. The mono - (+) -
Where R and/or [err] represent aryl or sub-  phenethylammonium (-) (cis -
1,2 - epoxy-        stituted aryl, the conversion to salts is con-
propyl)phosphonate so obtained melts at 129-    25 veniently effected by
treatment with sodium in  132[err] C. when the sample is inserted at 125
a tertiary amine, i.e.:                      C. and heated at 2[err] C. per
minute. The pro- 90          5 g. of diphenyl ([err]  1,2- epoxypro-  duct
has a rotation  [err]        pyl) - phosphonate in 5 ml. of methanol is
added to 100 ml. of trimethylamine. Small [err] Recrystallization from
aqueous        pieces of sodium are added gradually to a  isopropanol
affords crystalline product melt-    30  total of 2.0 gm. The solvents are
removed by  ing at 133-136[err] C  and having the same
concentration, and the product is extracted into  rotation.
95        methanol. The methanol solution is then passed    When the
procedure of Example 28 D        over a column of IR 120 resin on the
hydrogen  is repeated using as starting material an opti-        cycle
which has been precooled to 5[err] C. The  cally active
cis-propenylphosphonite,  which    35  effluent is basified to pH 8.2 with
phenethyl-  has been obtained by resolution of a mixture        amine and
concentrated to give () (cis - 1,2 -  of enantiomers of an optically active
cis- 100        epoxypropyl)phosphonic acid as the bis-phen-
propenylphosphonite, there is obtained a mix-        ethvlamine salt.
ture of enantiomers of (cis - 1,2 - epoxy-          The (-) (cix - 1,2
epoxypropyl)phos-  propyl)phosphonate  containing a predomin-    40
phonic acid referred to herein rotates plane-  ance of one of the
enantiomers.        polarized light in a counterclockwise direction
Procedures such as those described in Ex- 105        (to the left as viewed
by the observer) when  amples 1, 2 and 4, i.e. those epoxidations us-
the rotation of its disodium salt is measured in  ing a transition metal
catalyst, may also be        water (5 %  by weight concentration) at 405
carried out using as catalyst an optically active        [err]
salt, complex, ester or mixed anhydride of          The designation cis
used in describing the  hexavalent tungsten cation, of tungstic acid  110
1,2 - epoxypropylphosphonic acid compounds  or of similar cations and acids
of other tran-        means that each of the hydrogen  atoms  sition metals
such as molybdenum and vana-        attached to carbon atoms 1 and 2 of the
pro-  dium. In addition, complexes of such cations    50  pylphosphonic
acid are on the same side of  with polyamino compounds of the type ethy-
the oxide ring.                              lene diamine,
1,3-diaminopropane or diethy- 115 



A solution of 49.1 g. of the monobenzyl-  lenetriamine, either in a stirred
reactor or in        ammonium salt of racemic (cis - 1,2 - epoxy-  a fixed
bed, may be utilized as the cata-        propyl)phosphonic acid in 490 ml.
of water  lyst. When catalysts of this type are employed    55  is. cooled
to 0-5 C  and passed through a  the resulting (cis - 1,2 -
epoxypropyl)phos-       column containing 330 ml. of a sulfonic acid
phonate is obtained as a mixture of enantio- 120       cation exchange
resin of the polystyrene type  mers in which one of the enantiomers is pre-
(Dowex 50) on the acidic cycle, which has been  dominant.       previously
cooled to 6-2[err]   C.  The phos-    60  phonic acid salt is passed over
the resin at             EXAMPLE 34        a rate of 20-40 ml. per minute.
The column    To a solution of 5.25 g. of diphenyl cis -        is then
washed with 660 ml. of 0-5  C.  propenylphosphonate in 250 ml. of methylene
125        water at the same rate. The combined efflu-  chloride is added
119 g. of disodium hydro-        ents are collected in an agitated mixture
of  gen phosphate and the resulting suspension    65  24.2 g. of (+) -
[err]- phenethylamine in 100  stirred and then heated to reflux. To the re-
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20      fluxing solution is added l00.ml. of .2.5 molar  salt of () (cis -
1,2 - epoxypropyl)phos-  65     peroxytrifluoroacetic acid in small
quantities  phonic acid in-a yield corresponding to 237%     over a period
of 45 hours. The resulting reac- of the theoretical.     tion mixture is
then cooled  and filtered to 75  remove insoluble inorganic salts. The
salts                  EXAMPLE 36      are washed with  a small volume of
methylene   40 ml. of peroxysuccinic acid is added at      chloride and
the-washes added to the filtrate.  25 C. to a solution of 8.4 g. of
disodium   70      The resulting filtrate (ca. 250 ml.) is washed
cis-propenylphosphonate in 20 ml. of water.      successively with 2x 50
ml. of aqueous 20%   The resulting mixture is stirred for [err]  hours 10
by weight sodium bisulfite solution, 2x50   at ambient temperature,
maintaining the pH     ml. of 2.5 N aqueous sodium hydroxide, 2 x  between
4.6 and 5.1 with base. The solution     50 ml. of water, and finally 1 X 50
ml. of  is then cooled to room  temperature :and  75     saturated  sodium
chloride  solution. The  brought to pH 9 with 50%  by weight aqueous
washed solution  is dried  -over anhydrous  sodium hydroxide. 25.9 g. of
calcium acetate 15  sodium sulfate and then evaporated in  vacuo  in 70 ml.
of water is added and the resulting      to an oil which crystallizes on
standing. The  thick mixture filtered. The solid is washed      product,
diphenyl () (cis - 1,2 - epoxypro-  with water and dried in vacuo at 50 C.
to  80      pyl)phosphonate, is found to melt at 46-  afford a product
containing calcium [err] (cis -    48[err]C
1,2-epoxypropylphosphonate in  12% yield. 20    The diphenyl
cis-propenylphosphonate used      above is prepared as follows.
EXAMPLE -37        To 30.0 g. of cis-propenylphosphonic di-    To a mixture
of 83 g. of disodium cis -      chloride in 150 ml. of ethyl ether is added
propenylphosphonate in 35 ml. of glacial 85      dropwise a solution of
-33.87:g. of -phenol  and  acetic -acid there is added 10 ml.  of 40% 25
28.8 ml. of pyridine in 200-ml. of ethyl ether  by weight peroxyacetic acid
containing 800      while maintaining the reaction mixture at a  mg.
of-sodium acetate trihydrate. The -result-      temperature of 5-10 C.
After the addi-  ing mixture is stirred at room temperature for      tion
is complete, the  reaction mixture is  24-hours and then 200 mg.-of 5%
palladium  90      -allowed to stir for 3 hours and then cooled  on carbon
added to decompose any remaining 30  to 5[err] C. The cooled solution is
filtered to  peracid. The mixture is stirred for 2 hours      remove the
precipitated pyridine hydrochloride  at room temperature and then filtered.
The fil-      which is washed with a small amount of ethyl trate is freeze
dried to afford a product con-      ether. The filtrate is concentrated to
a small taining calcium [err] (cis - 1,2 - epoxypropyl)-  95 



volume in vacuo, filtered to remove solids and  phosphonate in 24%  yield.
35 the  filtrate concentrated and finally fraction-      ally distilled at
under vacuum. The fraction              EXAMPLE   38      distilling at
138-141 C at 0.20-0.15 mm       To a solution of 15.0 g. of dimethyl cis-
mercury and amounting to 21.6 g is recrystal-  propenylphosphonate in 80
ml. of benzene is      lized from hexane to -afford diphenyl cis-pro-
added 1 g.of vanadyl acetylacetonate. To the 100 40  penylphosphonate
melting at 44-46 C         resulting solution is added -9.9 g. of freshly
distilled t-butyl hydroperoxide. The -reaction                     EXAMPLE
35                  mixture is heated to 60[ERR] C under nitrogen        To
a solution of 16.6 g. of disodium cis-  for 8 hours. At the end of this
time the      propenylphosphonate in 50 ml. of water there  mixture is
cooled to room temperature and  105      is -added a solution of 23 g. of
85% by weight  concentrated to dryness in vacuo to remove 45
m-chloroperbenzoic acid in 75 ml. of meth-  benzene and excess oxidizing
agent. The resi-     anol. The reaction mixture is stirred -for 4  due
contains predominantly (+) (cis - 1,2 -     hours at 25-40 C, maintaining
the pH be-  epoxypropyl)phosphonate.     tween 5 and 6.5 with 50% by weight
aqueous     When the above process is carried out on  110     sodium
hydroxide solution. At the end of the  the diethyl ester of cis -
propenylphosphonic  50  reaction period the mixture is concentrated at
acid in the presence of 1 ml. of glacial acetic      50-55[err] -C in vacuo
to about half its volume  acid, and the reaction mixture heated at 60[err]
in order to remove methanol. 75 ml. of water C for 4 -hours, there is
obtained diethyl ()      is added and the mixture again concentrated  (cis-
- 1,2 - epoxypropyl)phosphonate. Similar. 115      to about half its
volume. The mixture is fil-  results are obtained when other [err]
aliphatic 55  tered and to the filtrate is-added 26 g. of cal-  acids such
as propionic acid are used in place      cium acetate in 75 ml. of water.
The mixture  of acetic acid.      is aged at room temperature for 30
minutes                  EXAMPLE 39      and the solid product separated by
filtration    To a solution of 6.1 g. of cis - 1 -propenyl- 120      and
dried in vacuo. 8 g. of calcium acetate in  phosphonic acid in 60-ml. of
ethyl acetate is.  60  25 ml. of water is added to the filtrate and  added
portionwise 6.06 g. of (+)-phenethyl-      the resulting -solution chilled
overnight and  amine. The resulting salt (mono - (+) -      filtered, and
the solid is dried in vacuo. The  phenethylammonium - cis - 1 -
propenylphos-      two solid products are combined to afford  phonate)
partially precipitates out. The slurry  125      32.8 g. of material
containing the calcium  is cooled to room temperature and 9.4 g of
m-chloroperbenzoic acid in 30 ml. of ethyl-          acetate is added over
a period of 10 minutes.          The mixture is aged for three hours.
During          this period the salt dissolves. To the  clear       5
solution a solvent mixture of 3 ml water and  where each of R and [err] is
a hydrogen atom   65 3 ml. propanol is added.   The solution is  or a
substituted or unsubstituted hydrocarbyl,          cooled to 0[err] C. to
5[err] C. Crystalline (+)    acyl or heterocyclic radical or R and [err]
to-          phenethylammonium  - (-) - cis - 1,2    gether form a cyclic
ester group.          epoxypropylphosphonate monohydrate precipi-   2. A
compound as claimed in claim 1, in      10 tates and is collected on a
funnel, and the  which R and/or R, is a [err] , alkyl, C,, alk-  70
cake is washed with cold n-propanol.        enyl, [err] alkynyl,
cycloalkyl, aryl, aralkyl or            The crude product is recrystallized
from  heteroaryl radical.          90% by weight n-propanol, to give
substanti-   3. () (Cis - 1,2 - epoxypropyl)phosphonic          ally pure
material, m.p. 135-137[err] C.       acid. 



15    The above procedure may be carried out   4. A salt of a compound as
claimed in  75          using solvents such as chloroform, methylene  claim
1.          chloride, dichloroethane, acetic acid, ether,   5. A
pharmaceutically acceptable salt of a          or acetone in place of the
ethyl acetate, and  compound as claimed in claim 1.          organic
peracids such as peracetic acid, per-   6. An alkali metal salt of a
compound as      20 trifluoroacetic, perbenzoic, perfuroic, mono- claimed
in claim  1.                        80          persuccinic, and
monoperphthalic acids in   7. A sodium salt of a compound as claimed
place of the chloroperbenzoic acid.         in claim 1.
8. Disodium (+) (cis - 1,2 - epoxypropyl)-                         EXAMPLE
40                   phosphonate.            In a 250 ml. three-necked
flask equipped    9. A monosodium salt of a compound as -85      25  with
dry ice cooled reflux condenser and gas claimed in claim 1.          inlet
tube are placed 100 ml. of acetone, 12.2   10. An alkaline-earth metal salt
of a com-          g. of cis - 1 - propenylphosphonic acid, 12.1  pound as
claimed in claim  1.          g. of (+)-phenethylamine and 40 g. of benz-
11. A calcium salt of a compound as claimed          aldehyde. Dry oxygen
is introduced through  in claim 1.                                  90
30  the gas inlet tube with simultaneous irradiation    12. An amine salt
of a compound as claimed          with a 100 W  mercury lamp. The tempera-
in claim  1.          ture of the reaction mixture is maintained    13. A
salt of a compound as claimed in          between 25[err]  to 35[err] C. by
external cooling. claim  1 and an optically active amine.          After
six hours reaction time 4 ml. of water is   14. A phenethylamine salt of a
compound  95      35  added and the mixture cooled to -20 C. The  as
claimed in claim 1.          crystalline solid is filtered and
recrystallized    15. A a-phenethylamine salt of a compound          from
80%  by volume isopropanol to give  as claimed in claim 1.          (+) -
phenethylammonium - (-) - cis - 1,2 -    16. A  (+) a-phenethylamine salt
of a          epoxypropylphosphonate.                     compound as
claimed in claim  1.          100      40    The above procedure may be
carried out us-   17. A benzylammonium salt of a compound          ing
carbon tetrachloride, methylethyl ketone, as claimed in claim 1.
ether, or tetrachloroethane as solvent instead    18. An ethylenediammonium
salt of a com-          of acetone.                                 pound
as claimed in claim 1.                         EXAMPLE 41
19. A compound as claimed in claim 1 in  105      45    To a solution of
6.1 g. of cis - 1 - propenyl-  which R and [err] are biologically labile
hydro-          phosphonic acid in 70 ml. of water are added  carbyl
radicals.          5 0 mg. of ethylene diamine tetraacetic acid-    20. A
compound as claimed in claim  1,          disodium salt, 250 mg. of sodium
tungstate di-  in which at least one of R and [err] is an acyloxy
hydrate and stirred until all dissolves. To the  [err] alkyl radical.
110      50 clear solution 8.9 g. of sodium perborate tetra-    21. A
compound as claimed in claim 1, in          hydrate is added portionwise
over a period of  which R  and [err] are both  acetoxymethyl          five
minutes. The solution is warmed up to  groups.          50[err] C and aged
with agitation between 50-    22. A compound as claimed in claim 1, in
55[err] C for one hour. The slight excess of  which R and [err] are both
diethylamino-ethyl 115      55  sodium perborate is decomposed by adding a
groups.          few ml. of 10%  by weight sodium bisulfite    23. A
compound as claimed in claim 1, in          solution. The reaction mixture
(free from per-  which at least one of R and [err] is a [err] alkyl
borate) is freeze dried to give a solid residue  group.          containing
the sodium - () - cis - 1,2 -    24. A compound as claimed in claim 1, in
120      60  epoxypropylphosphonate.                      which at least
one of R and [err] is an aralkyl
group.            WHAT WE CLAIM IS:-                          25. A
compound as claimed in claim 1, in            1. () (cis - 1,2 -
epoxypropyl)phosphonic  which R and [err] are both benzyl groups.
acid compounds of the formula: -              26. A compound as claimed in
claim 1, in  125       



21                                         1,239,987
21           m-chloroperbenzoic acid in 30 ml. of ethyl-          acetate
is added over a period of 10 minutes. The mixture is aged for three hours.
During          this period the salt dissolves. To the clear      5
solution a solvent mixture of 3 ml water and  where each of R and [err] is
a hydrogen atom  65          3 ml. propanol is added.  The solution is  or
a substituted or unsubstituted hydrocarbyl,          cooled to 0  to -5  C.
Crystalline (+)   acyl or heterocyclic radical or R and [err] to-
phenethylammonium  - (-) - cis - 1,2    gether form a cyclic ester group.
epoxypropylphosphonate monohydrate precipi-   2. A compound as claimed in
claim 1, in      10 tates and is collected on a funnel, and the  which R
and/or [err] is a [err] alkyl, [err] alk-  70          cake is washed with
cold n-propanol.      enyl, [err] alkynyl, cycloalkyl, aryl, aralkyl or
The crude product is recrystallized from  heteroaryl radical.          90%
by weight n-propanol, to give substanti-   3. () (Cis - 1,2 -
epoxypropyl)phosphonic          ally pure material, m.p. 135-137[err] C.
acid.      15   The above procedure may be carried out   4. A salt of a
compound as claimed in  75          using solvents such as chloroform,
methylene  claim 1.          chloride, dichloroethane, acetic acid, ether,
5. A pharmaceutically acceptable salt of a          or acetone in place of
the ethyl acetate, and  compound as claimed in claim 1.          organic
peracids such as peracetic acid, per-   6. An alkali metal salt of a
compound as      20 trifluoroacetic, perbenzoic, perfuroic, mono- claimed
in claim  1.                        80          persuccinic, and
monoperphthalic acids in    7. A sodium salt of a compound as claimed
place of the chloroperbenzoic acid.       in claim 1.
8. Disodium () (cis - 1,2 - epoxypropyl)-                         EXAMPLE
40                   phosphonate.            In a 250 ml. three-necked
flask equipped    9. A monosodium salt of a compound as 85      25 with dry
ice cooled reflux condenser and gas claimed in claim 1.          inlet tube
are placed 100 ml. of acetone, 12.2   10. An alkaline-earth metal salt of a
com-          g. of cis - 1- propenylphosphonic acid, 12.1  pound as
claimed in claim  1.          g. of (+)-phenethylamine and 40 g. of benz-
11. A calcium salt of a compound as claimed          aldehyde. Dry oxygen
is introduced through  in claim 1.                                  90
30 the gas inlet tube with simultaneous irradiation    12. An amine salt of
a compound as claimed          with a 100 W  mercury lamp. The tempera- in
claim 1.          ture of the reaction mixture is, maintained    13. A salt
of a compound as claimed in          between 25[err]  to 35 C. by external
cooling. claim 1 and an optically active amine.          After six hours
reaction time 4 ml. of water is   14. A phenethylamine salt of a compound
95      35  added and the mixture cooled to - 20 C. The  as claimed in
claim 1.          crystalline solid is filtered and recrystallized    15. A
a-phenethylamine salt of a compound          from  80% by volume
isopropanol to give  as claimed in claim 1.          (+) -
phenethylammonium - (-) - cis - 1,2 -    16. A  (+) a-phenethylamine salt
of a          epoxypropylphosphonate.                     compound as
claimed in claim  1.          100      40    The above procedure may be
carried out us-   17. A benzylammonium salt of a compound          ing
carbon tetrachloride, methylethyl ketone, as claimed in claim 1.
ether, or tetrachloroethane as solvent instead    18. An ethylenediammonium
salt of a com-          of acetone.                                 pound
as claimed in claim 1.                          EXAMPLE 41
19. A compound as claimed in claim 1 in  105      45   To a solution of 6.1
g. of cis - 1 - propenyl- which R and [err] are biologically labile hydro-
phosphonic acid in 70 ml. of water are added  carbyl radicals.          5 0
mg. of ethylene diamine tetraacetic acid-    20. A compound as claimed in
claim  1,          disodium salt, 250 mg. of sodium tungstate di-  in which
at least one of R and [err] is an acyloxy          hydrate and stirred
until all dissolves. To the  [err] alkyl radical.                    110
50 clear solution 8.9 g. of sodium perborate tetra-    21. A compound as
claimed in claim 1, in           hydrate is added portionwise over a period
of which R  and [err]  are both  acetoxymethyl           five minutes. The
solution is warmed up to  groups.           50[err] C and aged with
agitation between 50-    22. A compound as claimed in claim 1, in 



55 C for one hour. The slight excess of which R and [err] are both
diethylamino-ethyl 115      55  sodium perborate is decomposed by adding, a
groups.          few ml. of 10%  by weight sodium bisulfite   23. A
compound as claimed in claim-1, in          solution. The reaction mixture
(free from per-  which at least one of R and [err] is a [err] alkyl
borate) is freeze dried to give a solid residue  group.          containing
the sodium - ([err]) - cis - 1,2 -    24. A compound as claimed in claim l,
in 120       60 epoxypropylphosphonate.                      which at least
one of R and R, is an aralkyl
group.             WHAT WE CLAIM IS: -                         25. A
compound as claimed in claim 1, in             1. (err) (cis - 1,2 -
epoxypropyl)phosphonic  which R and [err] are both benzyl groups.
acid compounds of the formula:-               26. A compound as claimed in
claim 1, in  125        22                                    1,239,987
22     which at least one of R and [err] is a mono-    36. A process as
claimed in claim 31, in    cyclic aryl group.                      which
the salts are phenethylamine salts.       27 () (cis - 1,2 -
epoxypropyl)phosphonic    37. A process as claimed in any one of     acid
compounds of the formula:-         claims 30 to 36, in which the oxidising
50                                             agent is a peroxy compound.
38. A process as claimed in any one of            Claims 30 to 36 in which
the oxidising 5                                          agent is hydrogen
peroxide in the presence             of an inorganic peracid.
55     or                                        39. A process as claimed
in any one of                                 claims 30 to 36, in which the
oxidising agent             is a perorganic acid.
40. A process as claimed in any one of               claims 30 to 36, in
which the oxidising agent  60     or
is a [err], alkyl hydroperoxide.                        41. A process as
claimed in claim 38, in                 which  benzylammonium
cis-propenylphos-             phonate is reacted with hydrogen peroxide in
the presence of sodium pertungstate to pro- 65 10  where R is hydrogen or a
[err]  alkyl, [err]  duce benzylammonium  (cis - 1,2 - epoxy-     alkenyl,
[err] alkynyl, cycloalkyl, aryl, aralkyl propyl)phosphonate.     or
heteroaryl radical, [err] is a [err] alkyl or    42. A process as claimed
in claim 38, in     alkali metal radical, and salts thereof in which  which
[err]-phenethylammonium   cis-propenyl-     R is a hydrogen atom.
phosphonate is reacted with hydrogen peroxide  70 15   28. An antibacterial
composition compris-  in the presence of sodium pertungstate to pro-
ing a compound as claimed in claim 5 inti-  duce [err]-phenethylammonium
(cis - 1,2 -     mately admixed with a pharmaceutically ac-
epoxypropyl)-phosphonate.     ceptable carrier vehicle.                43.
The process that comprises reacting a       29. A mixture of the (+) and
(-) enantio-  compound of the formula:          75 20 mers of a compound of
the formula:                        C P-OR     where R and [err] are as
defined in claim 1,     or a salt of such a compound in which at     least
one of R and [err] is a hydrogen atom.   where R is as defined in claim 1,
or a salt 25   30. The process that comprises reacting a  of the compound
in which R is a hydrogen 



compound of the formula:               atom with an oxidising agent to
produce a                                             compound as claimed
in claim 1 in which [err]  80                             is a hydrogen
atom in the form of a mixture                    of enantiomers.
44. A process as claimed in claim 43, in
which the starting material is a salt and the
oxidising agent is a peroxy compound.     85
45. A process as claimed in claim 30 sub-     where R and [err] are as
defined in claim  1  stantially as herein before described in any     or a
salt of such a compound in which at one of Examples 1 to 27, 29, 30, 31, 32
30 least one of R and [err] is a hydrogen atom,  and 34 to 41.     with an
oxidising agent to produce a com-   46. A process as claimed in claim 43
sub- 90     pound as claimed in claim 1 or a salt of a  stantially as
hereinbefore described in Ex-     compound as claimed in claim 1 in which
at ample 28 or 33.     least one of R and [err] is a hydrogen atom.   47.
(cis - 1,2 - epoxypropyl)phosphonic acid 35   31. A process as claimed in
claim 30, in  compounds when prepared by a process as     which the
starting material and product are  claimed in any one of claims 30 to 46.
95     salts.                                   48. An antiseptic
composition containing a       32. A process as claimed in claim 30, in
compound as claimed in any one of claims     which the starting material
and product are  1 to 27, 29 and 47 and a diluent or carrier. 40 esters.
49. A pharmaceutical antibacterial com-       33; A process as claimed in
claim 31, in  position containing a compound as claimed in 100     which
the salts are alkali metal salts.     any one of claims 1 to 27, 29 and 47
and a       34. A process as claimed in claim 31, in  non-toxic
pharmaceutical diluent, carrier or     which the salts are amine salts.
coating. 45   35. A process as claimed in claim 31, in    50. A composition
as claimed in claim 49,     which the salts are benzylamine salts.    in
the form of a tablet, capsule or pill.  105        23
1,239,987                                         23        51. A
composition as claimed in claim 49,     in parenterally injectable form.
52. A composition as claimed in claim 49,           For the Applicants,
in the form of a solution or suspension.                D. YOUNG & CO., 5
53. A paint containing as preservative a            Chartered Patent
Agents,     compound as claimed in any one of claims        9, Staple Inn,
London, W.C.1.     1 to 27, 29 and 47.         Printed for Her Majesty's
Stationery Office, by the Courier Press, Leamington Spa, 1971.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A lAY,
from                                   which copies m ay be obtained.    


