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The ultraviolet
absorption spectra of vitamins K1 from alfalfa
and Kz from putrefied fish meal, both of which were isolated by
Dr. E. A. Doisy and his associates at St. Louis University
School
of Medicine
(McKee,
Binkley,
MacCorquodale,
Thayer,
and
Doisy, 1939), have been determined.
Absorption
curves of the
reduction products of these two vitamins have been evaluated in
the ultraviolet region as well as those of the corresponding
diacetates and the hydrolyzed
diacetate of dihydro vitamin K,. In
addition, ultraviolet
absorption curves are presented for certain
substituted 1,4-naphthoquinones.
The close analogy between the
naphthoquinone
curves and those of vitamins II1 and Kz clearly
indicated the 1,4-naphthoquinoid
structure of the vitamins.
The compounds used throughout
this investigation
were prepared by Doisy and his associates in the course of their work on
the isolation of vitamins K1 and KS and the establishment
of the
chemical structures
of the two vitamins.
Spectrophotometric
examinations
were made, concurrently,
of various preparations
as obtained by Doisy in his vitamin K investigations.
The work
was begun in January, 1939, after the isolation of the two pure
vitamins to aid in the elucidation of the structure
of the compounds.
Apparatus

and Materials

The compounds were examined with a Bausch and Lomb
medium quartz spectrograph
and ultraviolet
sector photometer.
Excitation was generated in the first part of this investigation
by
* Parke,

Davis

and

Company

Research

Fellow.
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a No. 450-VA inductance condensed spark between tungsten steel
electrodes, and that in the latter part by a Hilger hydrogen quartz
lamp No. H-698.
Hexane (b.p. 63-64.5”) was used as a solvent for the vitamin
compounds
and others, except in the case of %-methyl- and
2-ethyl-l, 4-naphthoquinone-3-acetic
acids which were insoluble
in hexane.
Ethyl alcohol was used as the solvent for these acids.
Throughout
this investigation
two types of 10 mm. quartz
absorption
cells were used, one supplied by Bausch and Lomb,
the other by Zeiss. The Bausch and Lomb cell was equipped
with detachable optical quartz ends supported with monel metal
fittings.
Eastman No. 33 plates, 4 X 10 inches, were used and
processed with pyro (No. D-l) developer for 6 minutes at 18”.
Ultraviolet

Absorption

Curves

Vitamins K1 and Kz-Fig.
1 shows the absorption
curves of
vitamins K1 and Kz in hexane.
The maxima, minima, and other
characteristics
of the curves are quite similar.
Each has a broad
band with strong absorption in the region X 240 to 275 rnp with a
rather fine structure
revealing sharp maxima at X 243, 249, 260,
and 270 mp. The right and left portions of the two broad bands
seem to be rather separate parts and are formed of two smaller
but definite bands near together, for both vitamins.
The I$&.
of one band (249 mp) in vitamin K1 is 540; the corresponding
band in vitamin Kz has an E:?&,. of 305. The other maxima of
each compound have almost as high an extinction coefficient as
the X 249 rnp maximum in fresh solution.
Each curve also shows a broad and less intense absorption band
in the region of X 310 to 340 rnp with a maximum very close to
X 325 rnp. The E: T&. value of these maxima for both compounds
is about 75 and indicates a fundamental
similarity
in chemical
structure.
Vitamin Kz in the Solvents Alcohol and Hexane-The
absorption
curve of vitamin Kz in ethyl alcohol (Fig. 2) has a broad band from
X 235 to 280 mp split definitely into two rather flat, smaller bands
with maxima at X 247 and 267 rnp. The E:&,. coefficient is not
as large as in hexane.
A weak, broad band in the higher ultraviolet region has a wave-length
value corresponding
to that of the
curve in hexane but its Eitms is not as great.
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The use of hexane as a solvent gives a curve very similar in
outline, but characterized
by the fine structure
and maxima at
X 243, 249, 260, and 270 mp. Because of this finer structure

FIG. 1. The absorption
II) in hexane.

curves of vitamins

K1 (Curve 1) and Kz (Curve

FIG. 2. The absorption
hexane (Curve II).

curves of vitamin

Kz in alcohol (Curve I) and in

brought out in hexane, this solvent was used in subsequent absorption studies of the vitamins and their derivatives wherever
possible.
Vitamin Kz is unstable when exposed to light (MacCorquodale,
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Binkley, McKee, Thayer, and Doisy, 1939). An alcoholic solution of crystalline
vitamin KZ was received from Dr. Doisy in
January,
1939, and examined for its ultraviolet
absorption.
Significant absorption was exhibited in the region X 240 to 273 mp.
On the suspicion that the sample had changed, since it had been
dissolved 3 weeks previously, another sample was examined within
3 days after its preparation.
As expected, the second sample
showed a finer structure,
not only in ethyl alcohol but especially
in hexane. The hexane curve gave the characteristic
tine distinct
maxima.

FIG.

3. The

absorption

spectra

of vitamin

Kz in ethyl

alcohol

Fig. 3 shows ultraviolet
absorption spectra of vitamin KS in
ethyl alcohol (as described above) with maxima at X 247 and 267
mp. Curve II shows the curve of the same solution after 3 days
in darkness.
The curves are very nearly the same, showing little
difference in either tall or short broad bands.
The physiological potency of vitamin Ki, is retained for a similar
length of time if dissolved in alcohol and kept in darkness.
Curve II, Fig. 4, is the absorption spectrum of vitamin KZ in
ethyl alcohol solution after standing 40 hours in a glass bottle
exposed to diffuse light.
The band has undergone little change
in absorption intensity, but it is spread out and shifted toward the
Schumann ultraviolet.
Curve I, Fig. 4, shows a comparable spectrum of vitamin K1

Ewing, Vandenbelt,

349

and Kamm

in hexane after standing 70 hours in daylight.
This band has
also shifted toward a lower wave-length,
retaining a shape similar
Some part of the broad band with the maximum at
to Curve II.
X 325 rnp seems to be remaining.

II)

FIG. 4. The absorption
spectra
after exposure
to visible
light.

of vitamins

K1 (Curve I)

and

This
FIG. 5. Absorption
spectra
of vitamin
K1 in hexane.
was obtained
by the hydrolysis
of the diacetate
of dihydro
The readings
of Curve
I were taken
15 minutes
after solution
Curve
II, 1 hour later.

Kz (Curve

preparation
vitamin
K,.
in hexane;

It is evident that the vitamin is seriously affected by light.
Instability
of Vitamin K, in Hexane Xolution-Fig.
5 shows the
absorption spectra of vitamin K1 obtained by hydrolysis of the
diacetyl dihydro derivative (regenerated vitamin HI). Curve I
was taken as soon aspossible after solution in hexane (15 minutes) ;
Curve II, 1 hour later. The E:&. values of fine structure peaks
of the major band have fallen during the hour.
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To obtain maximum absorption of the vitamin it is necessary
to determine the curve immediately after solution of the sample.
Effect of Reduction-Fig.
6 shows absorption spectra of the corn
pounds obtained by the catalytic reduction (Adams-Shriner)
of
vitamins K1 and Kz (McKee, Binkley,
MacCorquodale,
Thayer,
and Doisy, 1939). Like the vitamins, the vitamin K1 derivative
has the higher extinction coefficient.
There is an absorption band
from X 255 to 275 rnp in each case, with fine structure
maxima
at X 260 and 270 mp. The wave-lengths
of these narrow peaks
correspond exactly with the wave-lengths
of two of the peaks of the
respective vitamins.
Reduction
of the vitamins has destroyed

FIG. 6

FIG. 7
FIG. 6. Absorption spectra of reduction products of vitamins K1 (Curve
I) and KS (Curve II). These compounds still possessed a quinonoid
structure.
FIG. 7. Absorption
spectra of the diacetates of dihydro vitamins K1
(Curve I) and Kt (Curve II).

the left half of the major absorption band with its two narrow
maxima, leaving unchanged the two fine structure maxima at
X 260 and 270 mp.
Diacetates of Dihydro Vitamins K1 and K2-To help establish the
structure of the vitamins, the diacetates of the dihydro derivatives
of vitamins K1 and Kz were examined. Fig. 7 shows their respective absorption curves.
In place of the broad bands of the vitamins, with fine structure,
there is a narrow band farther in the ultraviolet, with a maximum
at X 232 mp. The E :2m. values of the vitamin K1 and Kz diacetates are 1600 and 1300 respectively.
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I ,&Naphthoquinone
and Diacetate of NaphthohydroquinoneFig. 8 shows curves of 1,4-naphthoquinone
and the diacetate of its
dihydro reduction product.
As in the case of the corresponding
vitamin K1 and Kz derivatives, the E i?&. value of the absorption
maximum of the diacetate is greater than that of the quinone.
Also, it is shifted to the farther ultraviolet,
so that with loss in
intensity of the radiation in that region, no record was obtained
on Eastman No. 33 emulsion.

FIG. 8. Absorption
spectra
diacetate
of naphthohydroquinone

of 1,4-naphthoquinone
(Curve
II).

(Curve

I) and

the

It is interesting that the maximum of the less intense broad band
is shifted to a lower wave-length.
The band of vitamin Ki is
shifted from X 325 to X 283 mp in the diacetate, from X 328 rnp
in vitamin Kz to X 284 rnp in its diacetate, and from X 325 to
X 285 rnp in the diacetate of the naphthohydroquinone.
Vitamin K1 Obtained by Hydrolysis
of Diacetyl Dihydro Derivative-The diacetate of dihydro vitamin Ki was hydrolyzed in order
to regenerate the vitamin.
The curve is given in Fig. 5.
The main band lies in the same position as that of the original
vitamin K1, as do the fine structure
maxima at X 243, 249, 260,
and 270 mp. Also, the less intense band with the maximum in
the longer wave-lengths
reverts to its vitamin K1 position.
The
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E :Fm,. values of both bands of the regenerated vitamin are similar
to those of the original vitamin.
1 ,&Naphthoquinone
and Derivatives-Fig.
9 shows absorption
curves
of 1,4-naphthoquinone,
2-methyl-l, 4-naphthoquinone,
2-ethyl-1,4-naphtho2,3-dimethyl-l ,
4-naphthoquinone,
and
quinone, all in hexane.
All four compounds have principal absorption bands in the same
ultraviolet
region with a less intense band (not shown) with the
maximum near X 325 rnti.

FIG. 9. Absorption
spectra
of 1,4-naphthoquinone
(Curve
1,4-naphthoquinone
(Curve
II), 2,3-dimethyl-1,4-naphthoquinone
III),
and 2-ethyl-1,4-naphthoquinone
(Curve
IV), in hexane.

I), a-methyl(Curve

The introduction
of substituents
exerts a notewort,hyeffect
on the
with
fine structure of the major band. The 1,4-naphthoquinone,
no substituent,
has no fine structure.
Introduction
of a methyl
group in the 2 position produces three maxima.
Two met,hyl
groups cause four maxima, as does an ethyl group in the 2 position. The 2,3-dimethylnaphthoquinone
has an absorption spectrum singularly like that of the vitamin (Fig. l), its fine structure
maxima being at X 243, 248, 259, and 269 rnp, respectively.
1 ,+&Benxoquinone-Fig.
10 shows the E :&,. curve of 1,4benzoquinone, in hexane.
It is very similar in shape to that of the
1,4-naphthoquinone.
The major absorption
is in the region
X 230 to 260 rnp, wit,h a maximum at X 241 rnp. The longer wavelength band is very weak.
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R ,S Disubstitution
Products of I ,&Naphthoquinone;
AcidsFig. 11 (Curve I) shows the absorption curve of the quinone acid,
C13H1004, obtained by the oxidation of vitamin K1. The general
features of the curve are very similar to those of the naphthoquin-

FIG. 10. Absorption

spectrum

of 1,4-benzoquinone

in hexane

FIG.
11. Absorption
spectra
of 2-methyl-1,4-naphthoquinone-3-acetic
acid (Curve
I) obtained
from oxidation
of vitamin
K,, and of a synthetic
preparation
of 2-ethyl-l,
4-naphthoquinone-3-acetic
acid
(Curve
II).
Both compounds
were dissolved
in ethyl
alcohol.

oues studied, with absorption from X 240 to 275 rnp, broken up
into a tall maximum at 244 to 248 rnp, and a shorter one at X
260 to 270 rnp. There is also a less intense band from X 315 to
340 rnF with a maximum at X325 mp. The compound, 2-ethyl-1,4-
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naphthoquinone3-acetic
acid (Curve II) exhibits the same maxima, general shape of the absorption
curve, and similarity
in
extinction
coefficients.
This indicates
a similar
molecular
arrangement
in the compounds.
DISCUSSION

Doisy and his associates (McKee,
Binkley,
MacCorquodale,
Thayer, and Doisy, 1939) have shown vitamins Kl and K2 to
possess quinone structures,
whereas our comparison of the ultraviolet absorption curves with those of known quinones has led to
the conclusion that the vitamins are derivatives of naphthoquinone
rather than of benzoquinone.
There is evidence, moreover, that
one pair of maxima, in the region X 240 to 250 rnp, is due primarily to the benzene nucleus, whereas the other, in the region X
260 to 270 rnp, is associated with the quinonoid structure.
This
is shown by our measurements
of the reduction products of the
vitamins.
Both vitamins upon catalytic reduction yield colorless products
which upon exposure to air are oxidized to yellow compounds
presumably
possessing
quinone structures
(McKee,
Binkley,
MacCorquodale,
Thayer, and Doisy, 1939). Absorption measurements showed that the maxima at X 243 and 249 mp had been eliminated (Fig. S), whereas the maxima at X 260 and 270 rnp remained.
Dam et al. (1939) found the absorption
curve of vitamin K,
to have four principal maxima at X 248, 261, 270, and 328 rnp,
and an extinction
coefficient of E :Fm. at X 248 mp of 280. In
Fig. 1 a sharp maximum is noted at X 243 rnp and the value of the
E :‘&. at X 249 rnp is 540, practically double that reported by Dam.
It is obvious that our much higher value of the extinction coeEicient and very pronounced maximum at X 243 rnp are due to the
higher purity of the product.
The difference between the absorption
curves of the hydrogenated vitamin K, observed by Dam et al. (1939) and ourselves
is difficult to understand. If the conception of the St. Louis
group is correct, the only points of reduction are the double bond
in the side chain, the aromatic rings, and the quinonoid linkages.
Dam and coworkers found, after reduction, maxima at X 248,
261, and 270 rnp but a disappearance of the band at 328 rnp.
Since the 328 rnp band or one analogous to it is present in all
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of the 1,4-naphthoquinones
and the diacetates of the naphthohydroquinones
which we have studied, it seems that this absorption must be due to the ring structure.
However, hydrogenation
of the non-quinonoid ring of vitamin K, causes loss of the maxima
at X 243 and 248 as well as 328 rnp (see Fig. 6). Obviously the
discrepancy cannot be cleared up until Dam and his collaborators
furnish additional evidence on the nature of the compound produced by their process of reduction.
The E i7me,.of 1,4-naphthoquinone
had a value of 1090 at a sharp
maximum of X 245 rnp and a value of 150 at X 328 rnp where the
band was very broad.
The hexane solution of 2-methyl-1,4-naphthoquinone gave the following approximate values of E:?&,. 1150
at X 244 rnp, 1145 at X 253 rnp, 975 at X 264 rnp, and 180 at X
325 to 328 mp. An extinction coefficient of EiFrn. 810 was found
for the minimum at X 260 rnp (Fig. 9). Macbeth, Price, and
Winzor (1935) found only two maxima for these compounds, one
at X 246 rnp and another at X 334 rnp as well as a minimum at h
285 mp. Fieser, Bowen, et al. (1939) report a maximum at X
250 rnp. We believe that this portion of the ultraviolet
absorption spectrum of 2-methyl-1,4-naphthoquinone
consists of distinct
maxima at X 244 and 253 rnp, and a minimum at X 248 mp.
In a more recent publication Fieser, Campbell, and Fry (1939)
give the absorption curve for 2,3-dimethyl-l ,
4-naphthoquinone.
A comparison of this curve with the one (Fig. 9) obtained in this
laboratory
shows that Fieser failed to observe the fine structure
of the main absorption
bands, probably because of his use of
ethyl alcohol rather than hexane as the solvent.
The fine structure of the absorption shows that the maxima of 2,3-dimethyl1,4-naphthoquinone
and vitamins K1 and Kz are almost identical.
The absorption spectra of the diacetates of dihydro vitamins
K1 and Ii2 are very similar in that sharp maxima occur at X 231
rnp for t’he vitamin KZ derivative
and at X 230 rnp for the corresponding vitamin K1 compound.
The E::,,,. for the vitamin
K1 derivative was 1600 and for the corresponding
compound of
vitamin Kz the value was 1300. In both of these cases extinction
coefficients of 100 were found at X 285 mp. It is noted that the
diacetate of dihydro-1,4-naphthoquinone
shows substantially
the
same type of absorption curve.
The diacetate band (Fig. 7) is simple, and in consideration of the
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comparative stability of the diacetates, it would seem that these
compounds have the proper qualifications as reference standards
for the vitamins.
From these observations
it may be concluded that vitamins K1
and Kz are derivatives of 2,3-dimethylnaphthoquinone,
that they
contain the structure
0

and that the side chains contain

no conjugated

double bonds.

Addendum-After
this article had been submitted for publication,
we
had an opportunity
of measuring the absorption spectrum of Dr. Doisy’s
synthetic vitamin KI. Maxima were observed at X 243, 249, 260, 269, and
325 rnp, the corresponding Et &. values being 410, 425, 395, 395, and 75.
These values are in good agreement with those obtained in our measurements on pure vitamin KI from alfalfa and show that the synthetic
product is identical with the natural.
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