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methosulfate, #¥p 1.5023, a thick viscous liquid,
could not be induced to crystallize and was purified
by repeated precipitations by dissolving it in chloro-
form and adding to a 10-fold excess of ether; calcu-
lated for C;oH2;0,PS;; P, 8.1; found, P, 8.3. The
infrared spectrum* in chloroform solution showed
strong absorptions for the P=0 and P-O-C moieties
at 1250 and 1015 cm.™?, respectively, and a weak
shoulder for the P~-O-CH,CHj; moiety at 1160 cm. =1,

The formation of the sulfonium salt increased
the anticholinesterase activity by a factor of about
one hundred fold: from a 509 fly-brain cholines-
terase inhibition concentration of 3 X 10~% M
for the O,0-diethyl S-2-mercaptoethyl phosphoro-
thiolate to a 3.3 X 10~% M for the methosulfate.
It is of interest to note the similarity in structure
of the sulfonium ion (I) to the natural cholinester-
ase enzyme substrate acetylcholine (IT).

CH3CH2(O)>P/O CH;
CH,CH,0” NS—CH,CH,SCH,CH,
+
CHsSO4_
I, Methosulfate
(0] CH;
CH3C< ]
0O—CH,CH,;NCH;
H,

<-
II, Acetylcholine

The product is extremely soluble in water and
showed excellent systemic activity in the cotton
plant. For the determination of the systemic ac-
tion, the bases of young cotton plants (6-leaf stage)
were treated with 5\ of the methosulfate. After
various intervals leaves were picked, and contact
toxicity in Munger cells and house fly-head cholin-
esterase inhibition by the leaf homogenates were
determined.> The results are shown in Table I.

TABLE 1
SysTEMIC AcCTIVITY OF O,0-DIETHYL S-2-ETHYLMERCAPTO-
ETHYL PHOSPHOROTHIOLATE METHOSULFATE

Per cent. mortality in
Munger cells after 48 hours

Time House fiy-head Helio- Tetrany-
after cholinestearase thrips chus
treat- % inhibition haemor- bimacula- Aphis
ment 0.1% 0.01%  rhoidalis tus gossypit
24 hr. 71 51 0 90 100
48 hr. 96 93 90
1 week 100 100 93 95 90 100
2 weeks 100 100 100 80 70 100
3 weeks 100 100 100 20 90 100
6 weeks 97 97 48 5 80 100

¢ Leaf homogenate diluted 110 10 and 1 to 100 with water.

Evaluation of contact toxicity of the methosul-
fate to the house fly, thrips, and mosquito larvae,
gave LCy values of 0.49, 0.019, 0.0019, respec-
tively. The intraperitoneal LDs, to the mouse was
between 1 and 5 mg. per kg.
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(4) A Perkin-Elmer model 21 self-recording infrareds pectropho-

tometer was used in this work.
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J. Econ. Ent., 47, 1045 (1954).
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FRACTIONATION OF DEOXYRIBONUCLEIC ACID
(DNA) BY ION EXCHANGE!
Str:

Recent evidence?—® clearly indicates that the to-
tal DNA of the cell is heterogeneous. Further ex-
ploration of this finding has been aided by the de-
velopment of new fractionation procedures which
afford greater resolution and are applicable to
small quantities of material.

Highly polymerized calf thymus DNA7 (ca. 1
mg./ml., pH 7) was applied to columns of ion-ex-
changers. The adsorbed DNA could not be eluted
with concentrated NaCl solution at neutral pH
from the strong-base anion-exchanger Dowex-1
Cl=. It was eluted from the weak-base anion-ex-
changer Amberlite IR-4B OH™ with stepwise in-
crease in NaCl concentration (0.1-3.0 M) yielding
some 16-20 fractions, but this resin had several dis-
advantages. Of the substituted-cellulose deriva-
tives? tested, the weak-acid cation-exchanger CM-
cellulose had no affinity for DNA, but the weak-
base anion-exchangers DEAE-cellulose®! and EC-
TEOLA-cellulose? adsorbed it quantitatively from
solution. )

Because of its favorable capacity, low shedding
blank, the essential reproducibility of elution pat-
tern and high recovery of DNA obtained with
neutral eluting solutions, ECTEOLA-cellulose ap-
pears to be the most promising chromatographic
medium. Most of the calf thymus DNA adsorbed
on it was eluted by either discontinuous or continu-
ous change of concentration of sodium chloride solu-
tion (Figs. 1 and 2). DNA from pneumococcus pos-
sessing transforming activities*® gave patterns simi-
lar to Fig. 2. The fractionation appears to depend,
in part, on the molecular size or state of aggregation
of the polynucleotide components of the nucleic
acids. A mixture of mono-deoxyribonucleotides
was completely eluted with 0.01 M phosphate, pH
7, devoid of sodium chloride, whereas a deoxyribo-
nuclease digest of calf thymus DNA containing a
large proportion of oligonucleotides required in-
creases in sodium chloride concentration up to 0.22
M for quantitative elution (¢f. Fig. 2). A highly
polymeric ribonucleic acid (RNA) from pneumococ-
cus exhibited the same heterogeneous type of be-
havior as did DNA. After treatment with ribonu-
clease, the remaining RNA fragments were also
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Fig. 2—Column of ECTEOLA-—cellulose about one-half saturated with DNA, gradient elution (recovery 90 to 1009,).

completely removed from the column before 0.22 A/ the exchanger at neutral pH largely maintain
sodium chloride was reached. their integrity is furnished by the following obser-
Evidence that the DNA fractions desorbed from vations. Fractions are still essentially non-dialy-
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sable and are precipitable by alcohol. On re-chro-
matography, the fractions studied still possess their
original chromatographic properties. Individual
fractions from pneumococcal transforming DNA!!
show comnsiderable biological activity, comparable
to that present in the original preparatiomn.

These chromatographic analyses provide further
evidence for the heterogeneous nature of DNA from
single sources, and the method appears applicable
to the fractionation of RNA. It furnishes a tech-
nique for an experimental approach to the study of
the metabolism and the character of biologically
active nucleic acids.!?
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CORRELATION OF DIGITOGENIN WITH PROGES-
TERONE
Sir:

Although it has now been demonstrated!? that
digitogenin is a 2«,38,15-trihydroxy-5a-spirostan
derivative, the available evidence does not permit
an unequivocal assignment to the stereochemistry
of the C/D ring juncture. Thus, digitogenin (I),
as the 2,3-diacetate® or 2,3-dicathylate* can be oxi-
dized to the corresponding 15-ketone which is very
readily inverted at C-14 by base. From the course
of the Wolff-Kishner reduction?® of both isomers,
which proceeded in poor yield to furnish gitogenin
(II), it was suggested tentatively that digitogenin
has the 148(C/D c¢is) configuration, while the op-
posite conclusion might be reached on the basis of
the results of desulfurization studies.* We have
now been able to arrive at a rigorous solution of this
problem, which also has an important bearing on
the relative stability of fused hydrindanone sys-
tems.

A%-5e,22a-Spirosten-153-0l, readily obtainable?
by sodium iodide treatment of digitogenin 2,3-di-
mesylate, was oxidized with perbenzoic acid to the
2a,3c-epoxide (m.p. 188-190°, [«]%*p —56° (CH-
Cly); found: C, 75.31; H, 9.83) which was re-
duced with lithium aluminum hydride to 22a,5a-
spirostane-3e,158-diol (m.p. 238-240°, [a]p —74°
(CHCIy); found: C, 75.23; H, 10.02). Side chain
degradation® produced Al-allopregnene-3a,158-
diol-20-one diacetate (m.p. 142-143°, [a]p —152°
(CHCly), AEOH 231 my, log e 4.00; found: C,

max
(1) F. L. Warren and P. A. S. Canham, Ckem. and Ind., 727 (1954).
(2) C. Djerassi and T. T. Grossnickle, $bid., 728 (1954).
(3) C. Djerassi, T. T. Grossnickle and L. B. High, #bid., 473 (1955).
(4) D. L. Klass, M. Fieser and L. F. Fieser, Tals JoURNAL, T7
in press (1953); we are grateful to these authors for an advance copy
of their paper.
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71.74; H, 8.70) which was hydrogenated (palla-
dium-—charcoal, ethyl acetate) and saponified® (29,
methanolic potassium hydroxide, steam bath, 2
hours) to yield allopregnane-3e,158-diol-20-one
(IIT), (m.p. 239-241°, [a]p +59° (CHCl,), +-84°
(pyridine), no high selective ultraviolet absorption;
found: C, 75.37; H, 10.30). Mild oxidation (15
min.) with chromium trioxidel ed to allopregnane-
3,15,20-trione (IV) (m.p. 222-223°, [a]p +137°
(CHCLy); found: C, 76.72; H, 8.79), which was
also obtained from 158-hydroxyprogesterone® by
catalytic hydrogenation (palladium-BaSO,, ethyl
acetate) to allopregnan-153-0l-3,20-dione (m.p.
256~258°, [@]**p -+93° (CHCI); found: C, 76.12;
H, 9.70) followed by mild chromium trioxide oxida-
tion, or by palladium hydrogenation of 15-keto-
progesterone® (m.p. 155-157°, [«]?*p +200° (CH-
Cly), found: C, 76.90; H, 8.57). Identity of the
3,15,20-trione IV, prepared by all three routes
was demonstrated by infrared comparison as well as
by conversion at identical rates (mutarotation:
+130° — +-35°), to the 143,17 e-isomer (m.p. 186—
189°, [a]®p +60° (CHCl); found: C, 76.32;
H, 8.91), when allowed to stand at room tempera-
ture in 0.02 V methanolic potassium hydroxide for
18 hours. This latter isomerization parallels that
of 15-ketoprogesterone to its 148,17 e-isomer (m.p.

213-214°, [a]®*p +113° (CHCly); found: C,
76.53; H, 8.72).87
. H CHs
r_’ iov—>_ C=0
N\O AN
(C\J D g ‘ /W
HO. b '|14 15 . :\
2/\ ANETNR I/\/\’/ 0
3 5 i
HO : AN
I,R = OH v
ILR = H

The above correlation of digitogenin (I) with a
microbiological oxidation product of progesterone
establishes the l4a-configuration for digitogenin,
which can now be given the rigorous name 22a,25a,-
Sa-spirostane-2a,33,158-triol.* It is instructive to
note that while 15-keto derivatives in the choles-

(5) That no inversion occurred at C-17 had already been demon-
strated with the corresponding 2«,38,15-triacetoxy-20-ketone (ref. 2),
which was regenerated after saponification and reacetylation.

(6) The microbiological oxidation of progesterone to 158-hydroxy-
progesterone has been reported by J. Fried (AAAS Gordon Research
Conference on Steroids, August, 1953), ¢f. J. Fried, R. W, Thoma, D.
Perlman, J. E. Herz and A, Borman, Recent Progress Hormone Re-
search, 11, 157 (1955); J. Fried, R. W. Thoma, P. Grabowich and J. R.
Gerke, Chem, and Ind., in press (1955).

(7) The alkali-isomerized 3,15,20-triketones are formulated as 17a-
pregnane derivatives since ring C/D cis-fused 20-ketosteroids possess-
ing the 17B3-configuration are epimerized at C-17 by alkali (¢f. R. C.
Elderfield, J. Biol. Chem., 118, 631 (1936); K. Meyer, Helyv. Chim.
Acta, 30, 1976 (1947)), while those having the 17a-configuration are
stable in that medium (cf. P. A. Plattner, H. Heusser and A. Segre,
ibid., 81, 249 (1948)).

(8) The assignment of the 8-configuration to the 15-hydroxyl group
in III and therefore also in I is based on the following considerations:
The molecular rotation values calculated for the 15a- and 158-epimers
of allopregnane-3a,15-diol-20-one from the values for 15«- and 158-
hydroxyprogesterone (cf. ref. 6) and the average value for the change
At-3-ketone — allo-3a-ol (—261°) (¢f. D. H. R. Barton and W. Klyne,
Chewm. and Ind., 755 (1948)) are +461° and +-237°, respectively. The
latter value (153) is in good agreement with the found value of +197°.



