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This invention relates to water-soluble derivatives of
dihydro vitamin K; (2-methyl-3-phytyl-1,4-naphthohydro-
quinone) having anti-hemorrhagic activity and to the
processes for preparing these novel derivatives. Moré
particularly, this invention relates to 1-monocarboxylic
acid esters of 2-methyl-3-phytyl-1,4-naphthohydroqui-
none-4-phosphate and to 2-methyl-3-phytyl-1,4-naphtho-
hydraquinone-4-phosphate, and to the intermediates pro-
duced in accordance with this invention.

Due to an overdose of certain anticoagulants or where
a proper amount of the anticoagulant is administered but
the patient is hypersensitive to such drugs, such anticoagu-
lants may cause serious hemorrhaging in the patient. The
immediate concern of the clinician with a patient having
a dangerously low prothrombin level due to these anti-
coagulants is to bring the prothrombin to a safe level as
rapidly as possible. Prior to this invention certain types
of hemorrhage occurring spontaneously were treated with
vitamin K preparations, one of the most active of which
being an emulsion of vitamin K; (2-methyl-3-phytyl-1,4-
naphthoquinone). In instances of hypoprothrombinemia
and bleeding due to a variety of anticoagulants, vitamin
K;, for example vitamin K; emulsion, has been estab-
lished as the only effective preparation available. Never-
theless, in certain critical cases of drug induced hypopro-
thrombinemia, the action of even vitamin K; emulsion
was not as rapid as might be desired.

Now an anti-hemorrhagic compound is available which
is capable of effecting a more rapid lowering of the pro-
thrombin time and blood clotting time than that noted
with previous preparations.

Water-soluble dihydro vitamin K; was found to be ap-
preciably more effective than vitamin K; emulsion by the
intramuscular route. Data obtained in prophylactic and
therapeutic studies indicate that water-soluble dihydro
vitamin K, has a shorter duration of action than vitamin
K; emulsion. Because of this property, water-soluble
dihydro vitamin X; should be capable of rapidly reversing
excessive hypoprothrombinemia with less liklihood of in-
ducing refractoriness to reinstitution of anticoagulant
therapy.

The novel compounds described in this invention,
namely 1-carboxylic acid esters of 2-methyl-3-phytyi-1,4-
naphthohydroquinone-4-phosphate and 2-methyl-3-phytyl-
1,4-naphthohydroquinone-4-phosphate are water-soluble
and have been found to provide a prompt lowering of
prothrombin time and blood clotting time.

In accordance with this invention a 1-monocarboxylic
acid ester of 2-methyl-3-phytyl-1,4-naphthohydroquinone
represented by the following structure

0—R

CH,
CH;

CH:—-CH=$—-CH2—CIGHH
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wherein R represents ‘a monocarboxylic acid radical, is

- reacted with phosphorus oxychloride to form a 1-mono-
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carboxylic acid ester of 2-methyl-3-phytyl-1,4-naphthohy-
droquinone-4-(dichloro) phosphate having the structure

O—R
CHj
CH;
CH:—CH=é—CH:—-C 15Hy

0=1’—01
wherein R is as above, The above compound is treated
with alkali to form a mono- or di-alkali metal salt of 1-
monocarboxylic acid -ester of 2-methyl-3-phytyl-1,4-
naphthohydroquinone-4-phosphate having the structure

0—R
—CH;
. CH;
CH:—CH=$—CH:—C15Hn

o
O0=P—OR/
’ R

metal and R” is hydrogen or an
alkali metal. . N ,

The above compound is reacted with an aqueous acid
solution to form a 1-monocarboxylic acid ester of 2-
methyl - 3 - phytyl - 1,4 - naphthohydroquinone - 4-
phosphate which may be indicated graphically as follows:

OR
CH,
CH,
CHrCH=é&CHr~015H||
].
0=Pr—0H
"

wherein R is as above.

Reaction of the above compound with a concentrated
aqueous alcoholic metal hydroxide such as Claisen’s
alkali, which is a solution of potassium hydroxide in
aqueous methanol, results in the formation of the mono-,
di- and tri-alkali metal salt of 2-methyl-3-phytyl-1,4-
naphthohydroquinone-4-phosphate which can be repre-
sented by the following formula

0—R”
]

CH;s
.CH;y

CH:—CH=J}—CH1—GIGHII

0=£’—0 R’
R’

wherein R’ and R” are as above. : :

The above compound is reacted with an aqueous acid
solution and 2-methyl-3-phytyl-1,4-naphthohydroquinone-
4-phosphate having the following structure is recovered,
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Instead of employing Claisen’s alkali, 1-monocarboxylic
acid ester of 2-methyl-3-phytyl-1, 4-naphthohydroqu1none-

4-phosphate may be reacted with an aldoholic solution in
the presence of an acid catalyst such as sulfuric, per-
chloric, paratoluene sulfonic or sulfosalicylic acid and 2-
methyl-3-phytyl-1,4-naphthohydroquinone-4-phosphate is
recovered.
.-In. general, any suitable 1-monocarboxylic acid ester
of 2-methyl-3-phytyl-1,4-naphthohydroquinoné can be
employed as the starting material in this process. Thus,
the acyloxy substituent present at the 1-position of the
naphthohydroquinone nucleus may be an alkyl-acyloxy,
arylacyloxy or aralkylacyloxy group derived from a mono-
carboxylic acid, Ordinarily, however, it is preferred to
effect the reaction using a I-momnocarboxylic acid ester
of 2-methyl-3-phytyl-1,4-naphthohydroquinone in which
the acyloxy group contains eight carbons or less. Specific
examples of such compounds which can be used in this
invention that might be mentioned are 2-methyl-3-phytyl-
1,4-naphthohydroquinone-1-acetate, 2-methyl-3-phytyl-1,
4-naphthohydroguinone-1-propionate, 2-methyl-3-phytyl-
1,4 - naphthohydroquinone - 1 - butyrate, 2 - methyl - 3-
phytyl - 1,4 - naphthohydroquinone - 1 - valerate, 2-
methyl - 3 - phytyl - 1,4 - naphthohydroquinone - 1 -cap-
roate, 2-methyl - 3 - phytyl - 1,4 - naphthohydroquinone-
1 - caprylate, 2 - methyl - 3 - phytyl - 1,4 - naphthohydro-
quinone - 1 - phenylacetate, 2 - methyl - 3 - phytyl - 1,4-
naphthohydroquinone-1-benzoate, and the like. These
and similar esters can be prepared by reacting 1-mono-
carboxylic acid ester of 2-methyl-1,4-naphthohydroqui-
none with phytol in the presence of boron trifluoride to
produce the corresponding 1-monocarboxylic acid ester
of 2-methyl-3-phytyl-1,4-naphthohydroquinone.

The reaction of a 1-monocarboxylic acid ester of 2-
methyl-3-phytyl-1, 4-naphthohydroqumqne with phosphor-
ous oxychloride is conveniently achieved by contacting
the reactants in the presence of a suitable reaction me-
dium. Solvents such as pyridine, triethylamine and other
tertiary amines are examples of suitable reaction media in
which the reaction may be effected.

Following completion of this reaction .the desired 1-
monocarboxylic acid ester of 2-methyl-3-phytyl-1,4-naph-
thohydroquinone-4-(dichloro) phosphate is recovered - by
removing the excess phosphorous oxychloride and pyri-
dine by evaporation. The product then may be reacted
with dilute aqueous alkali to form 1-monocarboxylic acid
ester . of 2-methyl-3-phytyl-1,4-naphthohydroquinone-4-
phosphate in aqueous solution as a mixture of the alkali
metal and dialkali metal salt. The solution is extracted
with ether and acidified with dilute acid to about pH 1.
The mixture is then extracted with ether, the ether layer
separated and concentrated to dryness. The last traces
of water are then removed by co-distillation with benzene.
The residue thus obtained is the 1-monocarboxylic acid
ester of 2 - methyl - 3 - phytyl - 1,4 - naphthohydroqui-
none-4-phosphate.

The 1-monocarboxylic acid estér of 2-methyl-3-phytyl-
1,4-naphthohydroquinone-4-phosphate can then be re-
acted with Claisen’s alkali to form a mixture of the
mono-, di- and tri-alkali metal salt of 2-methyl- 3-phyty1—
14-naphthohydroqu1none-4-phosphate This lafter mix-
ture: is. then treated with aqueous acid solution to form
2.- methyl - 3 - phyhyl - 1,4 - naphthohydroquinone - 4-
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phosphate. Instead of employing Claisen’s alkali the
1-monocarboxylic ester of 2-methyl-3-phytyl-1,4-naphtho-
hydroquinone-4-phosphate can be reacted with methanolic
sulfuric acid to form directly the 2-methyl-3-phytyl-1,4-
naphthohydroquinone-4-phosphate.

The described reaction may be specifically illustrated
by the reaction of 2-methyl-3-phytyl-1,4-naphthohydro-
quinone-1-acetate with phosphorus oxychloride to form
2 - methyl - 3 phytyl - 1,4 - naphthohydroquinone - 1-
acetate - 4 - (dn,hloro)phosphate Similarly, 2-methy1-3-
phytyl-1,4-naphthohydroquinone-1-propionate is reacted
with phosphorus oxychloride to- produce 2-methyl-3-
phytyl - 1,4 - naphthohydroquinone - 1 - propionate - 4-
(dichloro) phosphaté. . In like manner by starting with
other appropriate reactants there is obtained 2-methyl-3-
vhytyl - 1,4 - naphthohydroquinone - 1 - valerate - 4-
(dichloro)phosphate, 2 - methyl - 3 - phytyl - 1,4 - naph-
thohydroquirione - 1 -butyrate - 4 - (dichloro)phosphate,
2 - méthyl - 3 - phytyl - 1,4 - naphtholiydfoquinone - 1-
caproate - 4 - (dichloro) phosphate; 2 - methyl - 3 - phytyl-
1,4 - naphthohydroquinone - 1 - caprylate - 4 - (dichloro)
phosphate, 2 - methyl - 3 - phytyl - 1,4 - naphthohydro-
quinone - 1 - phenylacetate - 4 - (dichloro)phosphate, 2-
methyl -3 - phytyl - 1,4 - naphthghydroquinone - 1 - ben-
zoate - 4 - (dichloro) phosphate and other similar 1-mono-
carboxylic acid esters of 2-methyl-3-phytyl-1,4-naphtho-
hydroquinone-4-(dichloro) phosphate.

Any of the 1-monocarboxylic acid esters of 2-methyl-3-
phytyl - 1,4 - naphthohydroquinone - 4 - (dichloro)phos-
phate obtained above may be reacted with sodium hy-
droxide solution to form Il-monocarboxylic acid esters
of 2 - methyl - 3 - phytyl - 1,4 - naphthohydroquinone - 4-
phosphate as a mixture of the sodium and disodium salt.

The mixture of the sodium and disodium I1-monocar-
boxylic acid esters of 2-methyl-3-phytyl-1,4-naphthohydro-
quinone-4-phosphate when reacted with water or hydro-
chloric acid forms the l-monocarboxylic acid ester of
2 - methyl - 3 - phytyl - 1,4 - naphthohydroquinone - 4-
phosphate.

The 1-monocarboxylic acid ester of 2-methyl -3-phytyl-
1 ,4-naphthohydroquinone-4-phosphate may be reacted
with Claisen’s alkali to form the mono-, di- and tri-sodium
salt of 2 - methyl - 3 - phytyl - 1,4 - naphthohydroqui-
none-4-phosphate. In accordance with the reaction with
Claisen’s alkali, the 1-monocarboxylic acid ester of 2-
methyl 3- phytyl 1,4 - naphthohydroquinone - 4 - phos-
phate is dissolved in a suitable solvent such as a low boil-
ing petroleum ether and the resultmg solution is ex-
tracted with Claisen’s alkali. In this manner purlﬁcatxon
and unexpected solvolysis of the acyl group is achieved
simultaneously to give an alkaline solution of essentially
pure 2 - methyl - 3 - phytyl - 1,4 - naphthohydroquinone-
4-phosphate as a mixture.of the monosodium, disodium
and trisodium salt. The phosphate ester linkage is not
cleaved. To isolate the free acid, the alkaline aqueous
layer is extracted with petroleum ether and then acidified
with dilute hydrochloric acid to about pH 1. The ether
is rémoved by evaporation and the residual water is
removed by codistillation with benzene resulting in 2-
methyl-3-phytyl-1,4-naphthohydroquinone-4-phosphate.

_ Alternatively, a 1-monocarboxylic acid ester of 2-
methyl -3 - phytyl - 1,4 - naphtholiydroquinone - 4 - phos-
phate may be reacted with methanolic sulfuric acid to
form directly 2-methyl-3-phytyl - 1,4 - naphthohydroqui-
none-4-phosphate.

The comparative efficiencies of vitamin K1 emulswn
(2 - methyl - 3 - phytyl - 1,4 - naphthoqumone) 2-methyl-

3 - phytyl - 1,4 - naphthohydroquinone - 1,4 - diphosphate,

70

%

2 - methyl - 3 - phytyl - 1,4 - naphthohydroquinone - 1-
propionate-4-phosphate and 2-methyl-3-phytyl-1,4-naph-
thohydroquinone-4-phosphate by intravenous administra-
tion in dogs rendered hypoprothrombinemic by 3,3'-
methylenebis(4-hydroxy-coumarin) has been experimen-
tally demonstrated according to the following test:
The prothrombin time (in seconds) of ten well stand-
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ardized dogs was determined and found to range between
nine and ten seconds. Then these dogs were fed orally
2 mg./kg. of the anti-coagulant 3,3’-methylenebis(4-hy-
droxycoumarin) on two successive days. Prothrombin
tests were made each day and on the second day the
prothrombin time had risen to between nineteen and
thirty-one seconds. Three dogs were used as controls
and did not receive any of the vitamin K compounds.
The other seven dogs then received the vitamin K deriva-
tives and prothrombin determinations were made 214, 5,
24, 48 and 120 hours after the vitamin K derivative in-
jection. The results of these tests are gzven in the fol-
lowing table:
TABLE

10

6 ,
: -EXAMPLE 1
2 - methyl-3-phytyl-1 4-naphthohydroquinone-l-acetate-
: 4-phosphate.
" ‘,f; o
om

CH;
POCH
CHy—-CB=C~CHy—CyHy —

bu

Comparatxve eﬂicactes of vitamin K compounds in Re-
versing 3 3'-methylenebts(4-hydroxycaumarm) induced

hypoprothrombinemia
Prothrombin Time, Seconds
Dose ! ’ oo R :
Vitamin K Compound Mg./Kg.| 0Days { 1Day | 2Days | 2Days | 2Days | 3 Days | 4 Days | 7 Days
0 Hours | 0 Hours | 0 Hours 2.5 Hours| 5 Hours | 24 Hours 48 Hours {120 Hours
Controls (No Vitamin K Com- : : : .
pound) 10 12 26.5 28 27 33 37 13
Do. 10 10 215 24 26 36 25.5 10
Do 9.5 12,5 4.5 25 28 35.5 25 10
Emulsion of 2-methyl-3-phytyl- 1 Lo
naphthoquinone_______.___...__ 1 9.5 12 =215 18.5 14 11 10 11
2. Dth] Siphyisiiid i 2 10 14 31 31 19 iL5 i2 10
-methy! -3-phytyl-1,4-naph- i d
thohydroquinone -1, i diphos - B B
phate 1 9 11 19 16 13.5 Sl 12 8,5 :
Do 2 10 16 28 13 B} 17 145 | 10 . -
2-methyl -3 -phytyl-1, 4-naph-
thohydroquinone - 1 - propio- . e
nate-4-phosphate. o v e eeaeaaan 10. 10 14 26 23.5 17 1 11 10
2-methyl -3-phytyl-1, 4-naph- - a0
thohydroquinone - 4 phos - : .
phate do- 2 -9.6 -26.5.§. 30 1.5 12 20 28 9
Do . 5 9.5 11.5 - 245 1.5 n 14 24 12
3, &%-methylenebis (4-hydroxy- R
coumarin), 2 mg./kg., orally.. o |eecaaeaan # FEREE - N .
K compound, intravenously : #
1 Dose given in terms of vitamin X; molar equivalent. .
The table shows that even after four days the pro- g
thrombin time of the control dogs who received no is 0—C—CH,
vitamin K, derivatives is between 25 and 37, very much
above the normal of 9 to 10 seconds. Vitamin K; emul- CHy o,

sion, 2-methyl-3-phytyl-1,4-naphthohydroquinone, at 1
and 2 mg./kg. showed little or no activity within 2%
hours.
time was observable but this effect was less than with
the 2-methyl-3-phytyl-1,4-naphthohydroquinone diphos-
phate and 2-methyl-3-phytyl-1,4-naphthohydroquinone-
4-phosphate. However, at both dose levels, prothrombin
levels were essentially normal at the 24 hour interval and
remained so thereafter. 2-methyl-3-phytyl-1,4-naphthohy-
droquinone diphosphate, at 1 and 2 mg./kg., showed
good activity in reversing hypoprothrombinemia but re-
versal was not complete even at 5 hours. * One day after
treatment, prothrombin times rose again slightly and
thereafter returned to normal. 2-methyl-3-phytyl-1,4-
naphthohydroquinone-1-propionate-4-phosphate exhibited
definite activity, The most rapidly acting preparation,
2 - methyl - 3 - phytyl-1,4-naphthohydroquinone-4-phos-
phate, brought zbout essentially complete reversal of hy-
pothrombinemia within two and one-half hours after doses
of 2 or 5 mg./kg. Prothrombin times remained. low for
the next two and one-half hours but then progressively in-
creased on the following two days, after which they de-
clined toward normal limits. : .

The following examples are given to illustrate specific
applications of the invention but is should be recognized
that the scope of the invention is not to be restricted to
the particular embodiments of the invention as disclosed
" in these examples,

At 5 hours a significant lowering of prothrombin
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60

85
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(]

| NaOH
CH:—CH—-C—CH:—C:;H;; —_—

’l
=P—Cl

[ :
0—C—CH,;
CH;s
CH;
HC1

CHr—CH—(jJ—CHr—Can e
H;0

]
0=P—ONa
RII

O—g——CH. ,.

CH;
CH;

CH:—CH—-(‘!—CH:—C:&H:A

o=1'>-on
o : X H
wherein R” is hydrogen or sodinm
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To a solution of 6.5 ml. of p‘hosphorus oxychloride
in 17 ml, of dry pyridine was added with vigorous stirring
4 solution of 4.6 g: of crude 2-methyl-3-phytyl-1,4-naph-
thohydroqmnone-l-acetatc (which can be prepared as
described hereinbelow) in 17 ml. dry pyridine.. The re- 5
action was allowed to continue in an ice bath for about
30 minutes during which time the temperatiire fose to
about 20-25° C., and 2-methyl-3-phytyl-1,4-naphthohy-
droquinone-1-acetate-4-(dichloro) phosphate was formed.

The excess phosphorous oxychloride and pyridine was
removed at 40° C. in vacuo and the residue thus obtdined
was neutralized with dilute aqueous sodium hydroxide to
about pH & to form 2-methyl-3-phytyl-1,4-naphthohy-
droquinone-1-acetate-4-phosphate as a mixture of the
sodium and disodium salts, The alkaline aqueous layer
was extracted portionwise with 150 ml. of ether and
then acidified with dilute hydrochloric acid to about pH
1. The aqueous solution was then extracted with about
100 ml. of ether, the ether layer separated and concen-
trated to dryness in vacuo. The last pottions of water
were removed by co-distillation with benzene. The
residue thus obtained was 2-methyl-3-phytyl-1,4-naphtho-
hydroquinone-1-acetate -4-phosphate.

10

15

20

2-methyl-3-phytyl-1 ,4-naphthohyd’r"oquinone- o
4-phosphate %

i
(I)—C—CH|
CH, : : 30
CH, Clalsen’s
. (]} alkall -
CH;—CH= —CHr—CuHu —_—

o=b—0H 35

H :
0 B"

CHy CcEH, 40

é HC1
_CHy—CH= —CHy—CuHn -H—o’

|
0=P—ONa
Ns

CH,

CH; 50

CH:—C H"‘([J—-C Hy—CpHy

i
O=1l’—-OH
OH

55

wherein R” is hydrogen or sodium

A solution of 1.88 g. of 2-methyl-3-phytyl-1, 4-naphtho—
hydroquinone-1-acetate-4-phosphate dissolved in 60 ml
of petroleum ether was extracted with 20 ml, of Claisen’s
methanolic alkall(prepared by dissolving 35 g. of potas-
sium hydroxide in 25 ml. of water and diluting to 100 ml
with methanol). This reaction mixture contains predomi-
nantly disodium 2 - methyl - 3 - phytyl-1,4-naphthohy-
droquinone-4-phosphate, however some mono and tri-
sodium 2 - methyl-3-phytyl-1,4-naphthohydroquinone-4-
phosphate may be present.

The alkaline aqueous layer was extracted with 20 ml.
of petroleum ether and then acidified with dilute hydro-
chloric acid to about pH 1. The 2-methyl-3-phytyl-1,4-
naphthohydroquinone-4-phosphate thus formed was then
extracted into 100 ml. of ether and the ether solution
evaporated to dryness in vacuo. The residual water was
removed by co-distillation” with benzene. The crude 2-
methyl-3-phytyl-1,4 - naphtliohydroquinone - 4-phosphate 73

60

65

45
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was purified by precipitation from 10 ml. of acetone solu-
tion with petroleum ether and benzene.

2-merhyi—3 -phytyl-1,4-naphthohydroquinone-1-acetate

The 2-methyl-3-phytyl-1,4-naphthohydroquinone-1-ace-
tate utilized as the starting miéterial in this example was
prepared as follows:

A mixture of 3.07 g. of phytol in 8 ml. of dioxane was
added slowly to 23.45 g. of 2-methyl-1,4-naphthohydro-
quitione-1-acetate in 20 ml. of dioxane to which about
0.54 ml. of boron trifluoride etherate had been added.
The addition was carried ouit at about 50° C. in an inert
atmosphere and the reaction allowed to continue for a
total of about 1 hour.

At the end of this fime; the solution was cooled to
about 20° C. and diluted with 100 cc. of ether. The
ether solution was washed twice with 100 ml. portions of
sodium bicarbonate, water and salt. It was then evapo-
rated to dryness in vacuo and about 54 ml. of petroleum
ether was added to the residue. Any solid was removed
by filtration, and the filtrate treated with activated char-
coal and subsequently extracted with 2% aqueous potas-
sium hydroxide. It was then washed further with sodium
chloride solution and the petroleum ether finally removed
by concentration in vacuo to about 80° C.

EXAMPLE 2
2-methyl-3-phytyl-1 4-naphthohydroquinone-4-phosphate

o—g—cm
CH; oH,

é MoetHanolle
CHy—CH=C—CH;s—CHy

—_—

HiS0,

O0=P-~0H
H

CH;
i
CH;—CH=C—~CH;~Cj;Hu

o=£>—01‘1
H

To 4 mixture of 2 68 g. of 2-methyl-3-phytyl-1,4-naph-
thohydroqumone-l-acetate-4—phosphate prepared as de-
scribed in Examiple 1, in 10 ml. of methanol, was added
0.2 ml. of concentrated sulfuric acid. The solution was
allowed to stand at room temperature. The solution was
diluted to 40 mi. with methanol and 160 ml. of a saturated
solution of sodium chloride was added. This mixture
was extracted with three 80 ml. portions of ether. The
remaining aqueous layer showed no ultra-violet absorp-
tion. The combined ether layers consisting of 240 ml.
were washed twice with 50 ml. of saturated sodium chlo-
ride solution. The sodium chloride solution picked up
some color, leaving behind a slightly brown colored ether
layer. The ether layer was evaporated to dryness and
further dried by azeotropic distillation with berzene.

The 2 - methyl - 3 - phytyl-1,4-naphthohydroquinone-4-
phosphate thus obtained showed the same infra-red spec-
trum- s described in the above example.

Treatment of the 2-methyl-3-phytyl-1,4-naphthohydro-
gquinone- -phosphate thus obtained with one equivalent of
base results in- the formation: of 2-methyl-3-phytyl-1,4-
naphthohydroquinone-4-sodium  phosphate, while at
higher pH 2-methyl-3-phytyl-1 4-naphthohydroqumone-
4-disodium phosphate is formed. :
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EXAMPLE 3
2-methyl-3-phytyl-1,4-naphthohydroquinone-
1-propionate¢4-phosphate

To a solution of 6.5.ml. of phosphorus oxychloride in
17 ml. of dry pyridine-was added with vigorous stirring a
solution of 4.6 g. of crude 2-methyl-3-phytyl-1,4-naphtho-
hydroquinone-1-propionate (which can be prepared as
described hereinbelow) in 17 ml. dry pyridine. The re-
action was allowed to continue in an ice bath for about
30 minutes during which time the temperature rose to
about 20-25° C., and 2-methyl-3-phytyl-1,4-naphtho-
hydroquinone-1-propionate - 4 - (dichloro)phosphate was
formed. ) : ) .

The excess phosphorus oxychloride and pyridine was
removed at 40° C. in vacuo and the residue thus obtained
was neutralized with dilute aqueous sodium hydroxide to
about pH 8 to form 2-methyl-3-phytyl-1,4-naphthohydro-
quinone-1-propionate-4-phosphate as a mixture of the
sodium and disodium salts. The alkaline aqueous layer
was extracted portionwise with 150 ml. of ether and then
acidified with dilute hydrochloric acid to about pH 1.
The aqueous solution was then extracted with about 100
ml. of ether, the ether layer separated and concentrated
to dryness in vacuo. The last portions of water were re-
moved by co-distillation with benzene. The residue thus
obtained was 2-methyl-3-phytyl-1,4-naphthohydroqui-
none-1-propionate-4-phosphate. .

A sample of 2-methyl-3-phytyl-1,4-naphthohydroqui-
none-1-propionate-4-phosphate was dried at 100° C. for
90 minutes and showed the following ultra-violet proper-
ties in 1% sodium bicarbonate solution: A max. 235 muy
En=52,500; 291 myu Ey==5,150.

2-methyl-3-phytyl-1 4-naphthohydroquinone-4-phosphate

A solution of 1.88 g. of 2-methyl-3-phytyl-1,4-naphtho-
hydroquinone-1-propionate-4-phosphate dissolved in 60
ml. of petroleum ether was extracted with 20 ml. of
Claisen’s methanolic alkali (prepared by dissolving 35 g.
of potassium hydroxide in 25 ml. of water and diluting to
100 m]. with methanol). This reaction mixture contains
predominantly - disodium 2-methyl-3-phytyl-1,4-naphtho-
hydroquinone-4-phosphate, however some mono and tri-
sodium 2 - methyl - 3-phytyl-1,4-naphthohydroqninone-4-
phosphate may be present.

The alkaline aqueous layer was extracted with 20 ml.
of petroleum ether and then acidified with dilute hydro-
chloric acid to about pH 1. The 2-methyl-3-phytyl-1,4-
naphthohydroquinone-4-phosphate thus formed was then
extracted into 100 ml. of ether and the ether solution
evaporated to dryness in vacuo. The residual water was
removed by co-distillation with benzene. The crude
2-methyl-3 - phyty] - 1,4 - naphthohydroquinone - 4-phos-
phate was purified by precipitation from 10 ml. of acetone
solution with petroleum ether and benzene.

2-methyl-3-phytyl-1,4-naphthohydroquinone-1 -propionate

The 2-methy1-3-phytyl-1,4-naphthohydroquinone—I-pro-
pionate, utilized as the starting material in this example
was prepared as follows:

A mixture of 3.07 g. of phytol in 8 ml. of dioxane was
added slowly to 23.45 g, of 2-methyl-1,4-naphthohydro-
quinone-1-propionate in 20 ml. of dioxane to which about
0.54 ml, of boron trifluoride etherate had been added.
The addition was carried out at about 50° C. in an inert
atmosphere and the reaction allowed to continue for a
total of about 1 heur.

At the end of this time, the solution was cooled to about
20° C. and diluted with 100 cc. of ether. The ether solu-
tion was washed twice with 100 ml. portions of sodium
bicarbonate, water and salt. It was then evaporated to
dryness in vacuo and about 54 ml. of petroleum ether was
added to the residue. Any solid was removed by filtra-
tion, and the filtrate treated with activated charcoal and
subsequently extracted with 2% aqueous potassium
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hydroxide. It was then washed further with sodium chio-
ride solution and-the petroleum ether finally removed by
concentration in vacuo-to about 80° C. . o ’

' EXAMPLE 4  . o ‘
2-methyl-3-phytyl-1 ,4-naphthohydroquinone-4-phosphale‘

To a mixture of 2.68 g. of 2-methyl-3-phytyl-1,4-naph-
thohydroquinone-1-propionate-4-phosphate, prepared as
described in Example 3, in 10 ml. of methanol, was
added 0.2 ml. of concentrated sulfuric acid. The soli-
tion was allowed to stand at room temperature. The
solution was diluted to 40 ml. with methanol and 160
ml. of a saturated solution of sodium chloride was added.
This mixture was éxtracted with three 80 ml. portions of
ether. The remaining aqueous layer showed no ultra-
violet absorption. The combired ether layers consisting
of 240 ml. were washed twice with 50 ml. of saturated
sodium chloride solution.  The sodium chloride solution
picked up some color, leaving behind a slightly brown
colored ether layer.. The ether layer was -evaporated to
dryness and further dried by azeotropic distillation with
benzene. )

The 2-methyl-3-phytyl - 1,4 - naphthohydroquinone-c}-
phosphate thus obtained showed the same infra-red spec-
trum as described in the above example. _

Treatment of the 2-methyl-3-phytyl-1,4-naphthohydro-
quinone-4-phosphate thus obtained with one equivalent
of base results in the formation of 2-methyl-3-phytyl-1,4-
naphthohydroquinoné-4-sodium . phosphate, while at
higher pH - 2-methyl-3-phytyl-1,4-naphthohydroquinone-
4-disodium phosphaté is formed. - ' s

Various changes and modifications of the invention can
be made and, to the extent that such variations incor-
porate the spirit of this invention, they are intended to
be included within the scope of the appended claims.

I claim:

1. A compound of the formula

0—R

(o]
H CH;y

CH:—CH=(B—~CH2—CHH:1

0=I"—R'

!

wherein R is selected from the group consisting of hydro-
gen and a lower fatty acid acyl group and R’ is selected
from the group consisting of halogen and hydroxyl, and
compounds wherein the hydrogen atom of at least one of
the hydroxyl groups is replaced by an alkali metal.

2. Alkali metal salt of 1-lower fatty acid ester of 2-
methyl-3-phyty1-1,4-naphthohydroquinone-4—phosphate.

3. Sodium 2 - methyl-3 - phytyl-1,4-naphthohydroqui-
none-1-acetate-4-phosphate.

4. Dialkali metal salt of 1-lower fatty acid ester of
2-methy1-3-phyty1-1,4-naphthohydroquinone-4-phosphate.

5. Disodium 2 - methyl-3-phytyl-1,4-naphthohydroqui-
none-1-propionate-4-phosphate.

6. l-lower fatty acid ester of 2-methyl-3-phytyl-1,4-
naphthohydroquinene-4-phosphate.

7. % -methyl-3 -phytyl-1,4-naphthohydroquinone-1-ace-
tate-4-phosphate, .

8. Trialkali metal salt of 2-methy}-3-phytyl-1,4-naph-
thohydroquinone-4-phosphate.

9. Trisodium 2 - methyl-3-ph_ytyl_—1,4-naphthohydroq_ui—
none-4-phosphate.

10. Alkali metal salt of 2-methyl-3-phytyl-1,4-naph-.
thohydroquinone-4-phosphate,

11. 2 - methyl - 3 - phytyl-1,4-naphthohydroquinone-4-
phosphate.

12. The process which comprises reacting 1-lower fatty
acid ester of 2-methyl-3-phytyi-1,4-naphthohydroquinone
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with phosphorus oxychloride to form the 1-lower fatty
acid ester of 2-methyl-3-phytyl-1,4-naphthohydroquinone-
4-(dichloro)phosphate, reacting the latter compound with
alkali to form a mixture of the mono- and di-alkali metal
salt of 1-lower fatty acid ester of 2-methyl-3-phytyl-1,4-
naphthohydroquinone-4-phosphate, - reacting the latter
compound with an inorganic acid to.form 1-lower fatty
acid ester of 2-methyl-3-phytyl-1,4-naphthohydroquinone-
4-phosphate, reacting the latter compound with a con-
centrated aqueous alcoholic metal hydroxide to form a
mixture of the mono-, di- and tri-alkali metal salt of
2 - methyl - 3 - phytyl-1,4-naphthohydroquinone-4-phos-
phate and reacting the latter compound ‘with acid to form
2-methyl-3-phytyl-1,4-naphthohydroquinone-4-phosphate.

13. The ‘process which comprises reacting 2-methy1-3~
phytyl-1,4-naphthohydroquinone-1-propionate with phos-
phorous oxychloride to form 2 -methyl - 3 - phytyl-1,4-
naphthohydroqumone - 1 -"propionate-4-(dichloro)phos-
pliate, reacting the latter compound with sodium hydrox-
ide to form a mixture of sodium and disodium 2-methyl-
3 - phytyl-1,4-naphthohydroquinone-1-propionate-4-phos-
phate, reacting the latter compound with hydrochloric
acid to form 2-methyl-3-phytyl-1,4-naphthohydroquinone-
1-propionate-4-phosphate, and reacting the latter com-
pound ‘with methanolic sulfuric acid to form 2-methyl-3-
phytyl-1,4-naphthohydroquinone-4-phosphate.

14, The process which comprises reacting 2-methyl-3-
phytyl - 1.4 - naphthohydroquinone - 1 - acetate - 4 - (di-
chloro) phosphate with sodium hydroxide to form a mix-
ture of sodium and disodium 2-methyl-3-phytyl-1,4-naph-
thohydroquinone-1-acetate-4-phosphate.
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15. The process which comprises reacting 2-methyl-3-
phytyl - 1,4 - naphthohydroquinone - 1 - propionate-4-(di-
chloro)phosphate with sodium hydroxide to form a mix-
ture of sodium and disodium 2-methyl-3-phytyl-1,4-
naphthohydroquinone-1-propionate-4-phosphate.

16. The process which comprises reacting a mixture of
sodium and disodium 2-methyl-3-phytyl-1,4-naphthohy-
droquinone-1-acetate-4-phosphate with hydrochloric acid
to. form 2 - methyl-3-phytyl-1,4-naphthohydroquinone-1-
acefate-4-phosphate.

17. The process which comprises reacting 2-methyl-3-
phytyl - 1,4 - naphthohydroquinone-1-acetate-4-phosphate
with a concentrated aqueous alcoholic sodium hydroxide
to form a mixture of the di- and tri-sodium salt of 2-
methyl-3-phytyl:1,4-naphthohydroquinone-4-phosphate.

18. The process which comprises reacting 1-lower fatty
acid ester of 2-methyl-3-phytyl-1,4-naphthohydroquinone-
4-phosphate with an alcoholic solution in the presence of
an acid catalyst to form 2-methyl-3-phytyl-1, 4-naphth0-
hydroquinone-4-phosphate.

19. The process which comprises reacting 2-methyl-3-
phytyl-1,4-naphthohydroquinone - 1 - propionate-4-phos-
phate with methanolic sulfuric acid to form 2-methyl-3-
phytyl-1,4-naphthohydroquinone-4-phosphate.-

20. Sodium 2 - methyl - 3 - phytyl - 1,4 - naphthohydro-
quinone-4-phosphate.
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