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sized by the isolation of such a material with a definite, though 
slightly diffuse boundary from crude vaccines less than 48 hours old 
(infectivity diminished at least 5 decimal dilutions). Older vaccines 
fractionated at pH below 7.0, however, yield materials that show 
only suggestions of a boundary or completely diffuse shadows in the 
sedimentation pattern where boundaries corresponding to this ap- 
proximate particle size should appear. 
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Water-Soluble Antihemorrhagic Compounds. 

The interest in vitaniiii I< aiialogues suitable for pareiiteral iiiedi- 
cation is evident from the current literature. Usually patients with 
hypoprothronibinemia due to obstructive jaundice receive orally 
vitamin K and bile or bile salts. Frequeiitly these latter substances 
are badly tolerated and it seem that they are not needed, if the 
antihemorrhagic material is adniiiiistered parenterally. In cases of 
severe hepatic insufficiency vitaniiii K orally is apparently not bene- 
ficial, but intravenous injections of a vitamin I< analogue, such as 
e.g. 2-methyl- 1 ,4-naphthoquinone, may be effective in raising the 
prothrombin content of the blood, as reported by Rhoads and 
Fliegelman.' 

The first synthetic antihemorrhagic substance to be employed 
parenterally in the clinic was phthiocol.'~ Relatively large doses 
(50-100 mg) are required, because the potency of this compound is 
small.* Flynn and Warner5 determined that plithiocol had but l/SOO 
the activity of methylnaphthoquinone, and we had reported pre- 

*Chemist at the Development Laboratory of E. R. Squibb & Sons, Brooklyn, 
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viouslyG an activity ratio of 1 :lo00 and even of 1 :4000, when an es- 
pecially purified sample of synthetic phthiocol was used. 

- is  already mentioned, methylnaplithoquinone in an aqueous 
medium is being employed clinically for intravenous medication. 
Aqueous or physiologic salt solutions containing 1 mg in 10 ml 
appear to be stable when kept in a refrigerator, and methylnaphtho- 
hydroquinone is even more soluble ( 3  to 4 times) in water. Recently 
Daiiii' found that oil solutions are roughly 3 times as active as 
aqueous ones. Our assays (Table I )  show that methylnaphthoqui- 
none, when administered orally, is about twice as potent in water as 
in oil, and confirm our previous observation' that the oil, used as a 
medium for administering vitamin K, interferes to a noticeable 
degree with the potency. Intravenously the aqueous solution is about 
as active as the oil solution orally. 

The sodium salt of 2-niethyl- 1,4-naphthohydroquinone disulfuric 
acid was synthesized by Fieser and FryQ who stated that it showed 
antihemorrhagic activity at a level of 2y. We found (Table I )  that 
this compound has a potency of 1 unit in about 25y. and 5y  is fully ef- 
fective in an l8-hour test (Table 11). 

Sodium 2-niethyl-l,4-naphthohydroyuinone diphosphate was pre- 
pared by Fieser and Fry9 and by Foster, et a1." The latter authors 
stated that it had an oral effectiveness lying below 2y. Our data (Table 
I )  show that this substance has a potency of 1 unit in about 10y,  and 
57 is the minimum fully effective dose when the test period is pro- 
longed to 18 hours (Table 11). Compared with methylnaphthoqui- 
none, this compound is but 1/20 as active. The results presented in 
Tables I and I1 do not agree with those of Foster, et aZ.,'' who ex- 
pressed the opinion that this sodium salt represents probably the most 
active antihemorrhagic substance known when compared on a molecu- 
lar basis with methylnaphthoquinone, Furthermore, our observations 
do not support the speculation of these investigators as to whether 
the antihemorrhagic effects of 2-methyl-l,.t-naphthoquinone, of its 
reduced form, and of like substances, are not mediated through a 
phosphoric ester. 

We wish to report on still another water-soluble antihemorrhagic 
compound, 2-niethyl- 1 ,I-naphthylene-dioxy diacetic acid. I t  has a 
potency of 1 unit in about 2 mg (Table I ) ,  and lo& is effective in 
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TABLE I. 
Vitamin K Assays. 

Response" 

<> 1 unitt = 1 unit < 1 unit 
Mode of 
adminis- 

\ 

Substance tration Vehicle y Y Y 
~~~~~~~ 

1/4 
1/10 

2 -methyl - 1,4- orally oil 3/4 1/2 
water 1/2 1/4 naphthoquinone $ 9 ,  

iiitraven. " $ 3/4 1/2 1/4 

Sodium 2-methyl-1,4- 
naphthohydroquinone 

Sodium 2 -methyl- 1,4- 
naphthohydroquinone 
disulf ate 9 7  9 ,  30 25 20 

dildiosphczte orally 9 1  12.5 10 7.5 

Phthiocol ? 7  capsules 600 500 400 

Purified ph thioc ol ? ?  " 2250 2000 1750 

2-methyl-1,4- 
naphthylene-dioxy 
diacetic acid ? ?  water 2250 2000 1750 

*A minimum of twenty severely vitamin K-deficient chicks was used for each 

tAnsbacher unit ( J .  Nutrition, 1939, 17, 303). 
SMethylnaphthoquinone or methylnaphthohydroquinone. 
$Water or physiologic salt solution. 

dose level. 

TABLE 11. 
Minimum Effeetive Doses in 6- and 18-hour Tests. 

6 hr 18 hr 
Substance Y Y Ratio 

2-methyl-1,4-naphthoquinone* 1/2 t 1/4 t 1 2 : l  

diphosphate 10 5 3:l 

naphthoquinone 2000 1000 2:l 

1/4$ 118 $ I 
Sodium 2-methyl-1,4-naphthohydroquinone 

Ph.thioco1 (purified) B-methyl-3-hydroxy-1,4- 

Sodium 2-methyl-1,4-naphthohydr~quinone 
disulf ate 25 5 5 : l  
Vitamin K, , 2-methyl-3-phytyl-1,4- 
naphthoquinone 15 1 15:l 
2-methyl-1,4-naphthylene-dioxy diaeetic acid 2000 100 20:l 

"Methylnaphthoquinone or methylnaphtholiydroquiiione. 
+Orally in oil or intravenously in an aqueous medium. 
$Orally in water. 

an 18-hour test (Table 11). This substance was prepared in the 
following manner : 

To 15 g of 2-methyl-l,4-naphthohydroquinone and 16.3 g of mono- 
chloracetic acid, 13.8 g of sodium hydroxide in 350 ml of water was 
added, the mixture refluxed for 6 hours under nitrogen and allowed 
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to stand overnight. The product was then diluted with an equal 
volume of water and 10% hydrochloric acid added until an oil sep- 
arated which soon solidified. It was removed by filtration, taken up 
in a 10% sodium carbonate solution, warmed in the presence of a 
decolorizing charcoal, filtered and reprecipitated with dilute hydro- 
chloric acid. A pinkish powder with a m.p. of 204-10” was thus 
obtained. I t  was dissolved in a 10% sodium bicarbonate solution, 
treated three times with decolorizing charcoal, and reprecipitated 
from the almost colorless solution with dilute hydrochloric acid. 
The final product was a white powder, m.p. 217-518”; yield 7.5 g 
(30%). 

AnuZysis. Calculated for C,,H,,O~, : C, 62.04% ; H, 4.86%. 
Found: C, 61.38% ; H, 4.92%. 

Other water-soluble vitamin K substitutes have been prepared and 
studied clinically. According to Butt et clZ.,ll the 1,4-dihydroxy-2- 
methyl-3-naphthaldehyde of Binkley and coworkersf2 is effective at a 
level of 10 mg, and Broun13 found that the 2-methyl-4-amino-l- 
naphthol hydrochloride of Doisy and associates14 has a definite effect 
at 5 mg. Synthetic vitamin K1 is practically insoluble in water. It 
has been used by Frank, et al l5  in form of a colloidal suspension in 
glucose and was active at 10 mg. These data would seem to confirm 
the statement by Rhoads and Fliegelmanl that “2-methyl-l,4- 
naphthoquinone appears to be the most potent agent for the treat- 
ment of prothrombin deficiency so far employed clinically.” 

Summnry. Methylnaphthoquinone or methylnaphthohydroqui- 
none is the most active vitamin K compound known. It is as 
effective intravenously in an aqueous medium as orally in oil solution. 
Per 0s its potency is greater in water than in oil. The phosphate 
derivative is considerably less active. The sulfate is not as potent 
and not as rapidly absorbed by the organism as the phosphate. A 
new water-soluble vitamin K-active compound is described. 
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