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Oxidation of Desazatetrahydro-a-erythroidinol (XI) to o-
Ethylbenzoic Acid (X).—A suspension of 283 mg. of desaza-
tetrahydro~a-erythroidinol (XI) in 12 ml. of water was
treated with a solution of 1.17 g. of potassium permanga-
nate in 35 ml. of water. The mixture was warmed until
the permanganate color disappeared, after which it was
acidified with hydrochloric acid and clarified by bubbling
sulfur dioxide through the solution. The resulting solution
was extracted several times with ether and the combined
ether extracts were then extracted in turn with two 5-ml.
portions of 109, aqueous sodium bicarbonate solution.
Acidification of the alkaline extract precipitated 14 mg.
(89,) of a white solid, m.p. 58-62.5°. Treatment of an
ethanol solution of this solid with Norite followed by re-
crystallization of the product from an ethanol-water mix-
ture gave white crystals, m.p. 63.5-65°. A mixture of
this sample and an authentic sample of o-ethylbenzoic
acid (X) showed no depression of melting point. Also, the
infrared spectra of the naturally-derived and synthetic sam-
ples of o-ethylbenzoic acid were identical.

Oxidation of Desazatetrahydro-«-erythroidinol to o-Ethyl-
pheny! 3-Tetrahydrofurany! Ketone (XII).—To a solution
of 308 mg. of desazatetrahydro-e-erythroidinol (XI) in 30
ml. of acetone there was added 500 mg. of magnesium sul-
fate and 110 ml. of a 19, solution of potassium permanga-
nate in acetone. The oxidation was allowed to proceed at
0° for 8.5 hours before it was stopped by adding a solution of
6.0 g. of sodium thiosulfate in 17 ml. of water. After the
precipitated manganese dioxide had been removed by fil-
tration, the acetone solution was concentrated to a small
volume and 1.0 g. of potassium hydroxide was added.
The resulting solution was extracted with ether; the com-
bined ether extracts were washed with base, dried over
magnesium sulfate, and concentrated n vacuo. This gave
215 mg. of a residual yellow oil which was taken up in ben-
zene and chromatographed over Florisil. From the first 30
ml. of eluate there was obtained 164 mg. of an oil which was
then purified by distillation using a short-path still. There
was obtained 70 mg. of a colorless, mobile oil; b.p. {pot
temperature) 45° at 0.001 mm., [e]®Dp +7.2 (¢ 0.013, eth-
anol).

Anal. Caled. for C;3H50:: C, 76.44; H, 7.90.
C, 76.31, 76.41; H, 8.07, 8.10.

Although several attempts were made to obtain solid
derivatives of XII, these were unsuccessful. This is not too
surprising in view of the hindered nature of the carbonyl
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group. However, as discussed in the previous section, the
ultraviolet and infrared absorption spectra of this material
are so characteristic that no alternative structure appears
suitable.

Desazahexahydro-«-erythroidinol (XVIII).—A solution
of 162 mg. of des-N,N-dimethylhexahydro-a-erythroidinol
(XIII) in 5 ml. of absolute ethanol containing 5 ml. of methy!
iodide was boiled under reflux for 1.5 hours. After removal
of the solvent, the resulting methiodide was obtained as a
gum which failed to crystallize and so it was converted di-
rectly to the corresponding methohydroxide derivative by
passage of an aqueous solution of the gum over an ion ex-
change column (Amberlite I.R. A-400-OH). Concentra-
tion of the combined eluate and washings from the column
gave an oil which was distilled using a short-path still.
There was obtained 83.6 mg. of a colorless, mobile oil;
b.p. (pot temperature) 150° at 0.02 mm., [«]®D +13.2°
(¢ 0.009, ethanol).

Anal. Caled. for C;5H»0.: C, 76.88; H, 9.47. Found:
C, 76.83, 76.22; H, 10.15, 9.58.

The ultraviolet absorption spectrum of this compound
was almost identical with that of XIII and was very similar
to that of o-xylene. Its infrared absorption spectrum does
not show the expected peaks for a terminal vinyl group but
instead has absorption peaks at 6.91, 7.33, 8.29, 9.41 and
11.06 u, indicating the presence of a tetrahvdrofuran ring.
For these reasons this product has been assigned structure
XVIII. Thus, this is a second instance in which the Hof-
mann elimination proceeds by internal displacement of the
trimetliylamino group with formation of a tetrohydrofuran
ring and slhiows that this type of elimination is not unusual
or peculiar to the ring system present in IX.
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The isolation from commercial Veratrum viride of the five hypotensive ester alkaloids isogermidine, germbudine, neogerm-
budine, desacetylneoprotoveratrine and veratetrine (neoprotoveratrine) is described. Isogermidine is the diester germine
monoacetate-mono-a-methylbutyrate. Germbudine is a diester of the alkamine germine which gives on hydrolysis ger-
mine, a-methylbutyric acid and the high melting diastereoisomer of «,3-dihydroxy-e-methylbutyric acid (m.p. 99-100°).
Neogermbudine is a new diester of germine in which the esterifying groups are a-methylbutyric acid and the low-telting
diastereoisomer of a,8-dihydroxy-a-methylbutyric acid. Desacetylneoprotoveratrine is a known triester of protoverine
which gives on hydrolysis one mole each of acetic acid, a-methylbutyric acid and the high melting isomer of «,3-dihydroxy-
a-methylbutyric acid. Veratetrine has been shown to be a tetraester of protoverine in which the esterifying acids are two
moles of acetic acid and one mole each of a-methylbutyric acid and the high melting «,8-dihydroxy-e-methylbutyric acid.
It has been shown to be identical to the alkaloid neoprotoveratrine. The structures of the naturally occurring high and low
melting isomeric a,8-dihydroxy-a-methylbutyric acids obtained by hydrolysis of some of these ester alkaloids, have been
confirmed by the synthesis of the racemic form of the former and both the racemic and resolved optical isomers of the latter,
from hydroxylation of tiglic acid. The infrared absorption spectra of these hypotensive alkaloids are recorded for identi-
fication purposes.

Previous communications have disclosed the iso-
lation of the hypotensive ester alkaloids germbu-
dine, isogermidine, veratetrine! and desacetylneo-
protoveratrine? from commercial Veratrum viride.

(1) G. 8. Myers, W. L. Glen, P. Morozovitch, R. Barber and G. A.
Grant, THIS JoURNAL. T4, 3198 (1952).

(2) M. W. Klohs, M. D. Draper, F. Keller, W. Malesh and F. J.
Petracek, ibid., 75, 3395 (1953).

This report presents further findings on their con-
stitution together with the isolation of the new hy-
potensive ester neogermbudine.

The benzene-extractable alkaloids obtained from
the ground roots and rhizomes of commercial Vera-
trum viride using the procedure of Jacobs and Craig?

(3) W. A, Jacobs and L. C. Craig, J. Biol. Chem., 160, 555 (1943).
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were fractionated using methods similar to those
employed by Fried, White and Wintersteiner? to
give an amorphous alkaloidal concentrate of ter-
tiary bases which contained the bulk of the hypo-
tensive activity. This concentrate (0.3 to 0.5%, of
the crude drug) was subjected to a 24-plate Craig
countercurrent distribution between benzene and 2
N acetate buffer of pH 5.5. The more organophilic
alkaloidal material (tubes 4-24) from this distribu-
tion of a batch of drug received in 19525 was further
fractionated and yielded the known esters germi-
trine,* neogermitrine,’ protoveratrine’ (from tubes
12~18) and germerine'® (from tubes 4-6).

The Craig distribution curve of the total amor-
phous alkaloidal ester concentrate, together with
the ‘“‘ester number’’® of the alkaloids present in each
tube suggested that approximately 35% of the hy-
potensive ester alkaloids occurred in the hydrophilic
fraction (tubes 0-3). It is this fraction which has
received most of our attention since the more or-
ganophilic fraction has been studied quite consider-
ably by others.

The hydrophilic fraction (tubes 0-3) was sub-
jected first to a 72-plate Craig distribution between
benzene and 2 M acetate of pH 6.5. Crystallization
of the material in tubes 12-18 of this distribution
from benzene gave the diester isogermidine which
has been shown! to give on hydrolysis the alkamine
germine and one mole each of a-methylbutyric acid
and acetic acid. Isogermidine (C3Hg0,0N) melted
at either 221-222° or 229-230°, depending on which
form separated [a]®p —63° (¢ 1, in pyridine).
Recently, Kupchan and Deliwala® have described
the isolation of the ester neogermidine from Zyga-
denus venenosus and have shown it gives the same
hydrolysis products. The two alkaloids have been
compared and found to be identical (infrared spec-
trum).

Crystallization of the material in tubes 19-36
from benzene gave crystalline veratetrine, m.p.
269-270° dec., [¢]®Dp —33° (¢ 1, in pyridine). The
same alkaloid has been isolated in much larger
amounts from Veratrum album. -

Preliminary data! on the nature of this com-
pound indicated it to be an ester of protoverine in
which the esterifying acids were acetic, a-methylbu-
tyric and an unidentified acid. The latter has now
been isolated as a crystalline acid, m.p. 99-100°;
[a]®D +2° (water), which has been identified as
the high melting isomer of a,3-dihydroxy-a-meth-
ylbutyric acid. The presence of two moles of
acetic acid in the hydrolyzate also has been demon-

(4) J. Fried, H. L. White and O. Wintersteiner, THIs JoURNAL, 72,

4621 (1950).

(5) Ground roots and rhizomes were supplied by S. B. Penick Com-
pany.

(8) J. Fried, P. Numerof and Nettie H. Coy, THIS JOURNAL, T4,
3041 (1952).

(7) M. W. Klohs, R. Arons, M. D. Draper, F. Keller, S. Koster,
W. Malesh and F. J. Petracek, :bid., T4, 5107 (1952).

(8) The ester number is the relative degree of esterification of the
alkaloids determined by measurement of the intensity of the carbony!
band (at 1738 cm. 1) of the infrared spectrum; G. Papineau-Couture
and R. A. Burley, Anal. Chem., 24, 1918 (1952).

(9) S. M. Kupchan and C. W. Deliwala, THis JoURNAL, 74, 8202
(1952). Dr. Kupchan has kindly furnished us with a sample of neo-
germidine for comparison with isogermidine.

(10) W.L. Glen, G. S. Myers, R. Barber, P. Morozovitch and G. A.
Grant. Nature, 170, 932 (1952).
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strated. This tetraester (CyHesOyN) has been de-
seribed independently and almost simultaneously
by two other groups of investigators. One group
has named it neoprotoveratrine’ and the other, pro-
toveratrine B.!! An exchange of samples has now
served to demonstrate the identity of the three.

Crystallization of the alkaloids in tubes 0-2 of
this distribution from benzene yielded a crystalline
triester, melting at 185-186°; [a]®D —8° (pyri-
dine). It gave on hydrolysis one mole each of acetic
acid, e-methylbutyric acid and the high melting
isomer of «,8-dihydroxy-a-methylbutyric acid (m.p.
99~100°) and was found to be identical to desacetyl-
neoprotoveratrine!? (infrared, mixed melting point)
which was prepared by methanolysis of neoproto-
veratrine using the procedure described by Klohs
and his associates, ?

The alkaloids in tubes 0-9 which remain after the
removal of the crystalline desacetylneoprotovera-
trine, were separated by prolonged countercurrent
distributions between chloroform and 2 M acetate
buffer of pH 4.4, into fractions from which the crys-
talline diesters germbudine and neogermbudine
were 1solated.

A preliminary communication! disclosed that
germbudine (m.p. 160-164°, [a]**Dp —7° (¢ 1, in
pyridine)) on hydrolysis gave germine and an acid
fraction and that the acids had been converted to
their p-phenylphenacyl esters which were separated
into the ester of a-methylbutyric acid and an uni-
dentified ester, The latter has now been shown to
be the ester of the high melting isomer of «,8-di-
hydroxy-e-methylbutyric acid (m.p. 99-100°).
Germbudine is therefore germine mono-ae-methyl-
butyrate-mono-high  melting  «,8-dihydroxy-a-
methyl-butyrate.

A new hypotensive alkaloid, slightly more or-
ganophilic than germbudine has been isolated. It
has been named neogermbudine. This alkaloid
(m.p. 149-152°, [a]®%D —12° (¢ 1, in pyridine)) has
the same empirical formula (CgHgO1N) as the
latter. It has been shown to be a diester of germ-
ine which gives on hydrolysis the alkamine germine
and one mole each of a-methylbutyric acid and the
low-melting diastereoisomer of «,8-dihydroxy-a-
methylbutyric acid.

The structures of the naturally occurring low
and high melting isomeric «,8-dihydroxy-a-methyl-
butyric acids (erythro—threo relationship) obtained
by the hydrolysis of these alkaloids, were substanti-
ated by synthesis. Thus, the racemic low melting
(m.p. 88°) and the racemic high melting (m.p.
110°) diastereoisomers of «,8-dihydroxy-a-methyl-
butyric acid were made by hydroxylating tiglic
acid with alkaline permanganate!® and with pera-
acetic acid, respectively. The racemic acid of
melting point 88° was resolved into its optical iso-

(11) H. A. Nash and R. M. Brooker, THis JourNaL, 75, 1942
(1953).

(12) The authors, in a paper presented at the 123rd Meeting of the
Am. Chem. Soc., Los Angeles, March 15-19, 1953, described the isola-
tion of this triester alkaloid from Veratrum viride and named it germ-
butrine. Since then, an article by Klohs, e/ al.,2 has appeared in
print describing an alkaloid which they called desacetylneoproto-
veratrine. The data presented here indicate the two are idenmtical
and the name desacetylneoprotoveratrine has been adopted for germ-

butrine.
(13) R. Fittig and M. Penschuck, Ann., 288, 109 (1894).
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mers by way of the brucine salt using methods
similar to those employed by Adams and Van
Duuren'* for the resolution of racemic a-isopropyl-
a,8-dihydroxybutyric acid. The (levo)-a,8-dihy-
droxy-a-methylbutyric acid so obtained melted at
63-65°, [a]?®D —3° (water), and gave a p-phenyl-
phenacyl ester (m.p. 165°) identical in melting point
and infrared spectrum with the corresponding ester
of the natural non-volatile acid isolated from hy-
drolysis of neogermbudine. The melting point of a
mixture (m.p. 164°) of the p-phenylphenacyl esters
of the synthetic (levo)-acid and the natural acid
(m.p. 164-165°) was not depressed while that of a
mixture of the esters of the (dextro)-acid and the
natural acid was 185~190°, which, as expected, was
about the same as that of the corresponding ester
of the synthetic racemic acid (192°). We were un-
able to resolve the synthetic racemic acid of melting
point 110° with brucine. The following observa-
tions, however, in addition to C and H analysis and
equivalent weight determination serve to establish
the structure of the naturally occurring acid of
melting point 99-100°, which is derived from hy-
drolysis of germbudine, germbutrine and veratet-
rine, as the optically active (dexiro)-high-melting
isomer of a,8-dihydroxy-a-methylbutyricacid. The
infrared spectra (carbon disulfide solution) of both
the p-phenylphenacyl ester (m.p. 90°) of the natural
acid and the ester (m.p. 119°) of the synthetic race-
mic high melting isomer of «,8-dihydroxy-a-meth-
ylbutyric acid were identical. The dicyclohexyl-
amine salts of both these acids melted at 170° and
had identical infrared spectra. A mixed melting
point of the two was not depressed.

The infrared spectra of these hypotensive alka-
loids are recorded for identification purposes in
Fig. 1.

%’harmacology.—All five ester alkaloids are pow-
erful antihypertensive agents.’® The hypotensive
activity of germbudine, neogermbudine, isogermi-
dine, veratetrine (neoprotoveratrine) and de-
acetylneoprotoveratrine have been determined in
the anesthetized dog. In comparison with a mixed
alkaloidal ester preparation from Veratrum viride
(“Deravine’’), which produced a 309, fall in the
mean arterial blood pressure of the anesthetized
dog at a dose of 2v per kg., administered intrave-
nously over a 10-minute period, their relative ac-
tivities are 0.8, 1.0, 0.1, 1.5 and 0.4, respectively.

Acknowledgment.—The authors are indebted to
Mr. W. J. Turnbull for the microanalyses, optical
rotations and equivalent weight determinations
and to Mrs. J. Jachner and Mr. R. Burley for their
infrared spectral determinations. They also wish
to thank Dr. C. Chappel and his associates for the
pharmacological data reported above.

Experimental'é

Preparation of the Hypotensive Concentrate from Vera-
trum viride. —Dried and ground roots and rhizomes of com-
tnercial Veratrum viride (600 1b.; received in 1950%), were
extracted with benzene and dilute ammonia (Jacobs and

(14) R. Adams and B. I.. Vau Duuren, TH1S JOURNAL, 74, 5349
(1952).

(15) The pharmacological data were supplied by Dr. C. Chappel of
the Ayerst Pharmacology section.

(1A) Al melting points are corrected and all evaporations were
varrsed onl sticder redsteed pressore »iless stated olherwise.
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Craig?), the benzene extract concentrated (60 1.) and the
crystals which separated (largely jervine) removed by fil-
tration (826 g.) The filtrate was diluted with benzene to 72
1. and extracted with 2 M acetate buffer of pH 4 (1 X 481.
and 4 X 24 1.). The buffer extracts were cooled, adjusted
to pH 9-10 with ammonia and extracted with chloroform
(4 X 30 L.). The chloroform extracts were washed with
water, dried with anhydrous sodium sulfate and concen-
trated. The residue was dissolved in 59, acetic acid (36
1.) treated with saturated aqueous ammonium sulfate (4.8
1.} and the mixture cooled overnight. The insoluble sul-
fates of jervine and veratramine, which separated, were
removed by filtration and the filtrate was cooled, adjusted
to pH 9-10 and extracted with chloroform (4 X 12 1.).
The chloroform extracts were dried, concentrated and the
residue so obtained was dissolved in warm acetone (2 1.)
and the solution was cooled to 0° for several hours. The
crystals which separated (largely rubijervine and isorubijer-
vine) were removed by filtration (149 g.) and the filtrate was
concentrated to dryness to give 844 g. (0.3, of the crude
drug) of amorphous, hypotensive, alkaloidal concentrate.

Fractionation of the Amorphous Alkaloidal Concentrate.—
A portion of the concentrate obtained above (63.3 g.) was
freed from residual amounts of the secondary base jervine
by treating it with acetic anhydride in methanol as in (4).
The jervine-free alkaloidal concentrate (49.3 g.) was then
subjected to a 24-plate Craig countercurrent distribution
between equal portions of benzene (2 1.) and 2 M acetate
buffer (2 1.) of pH 5.5, in 24 separatory funnels. Alkaloidal
fractions were then isolated from each funnel by alkalizing
with ammonia and extracting into chloroform in the usual
manner.

Neogermitrine and protoveratrine were obtained from
funnels 12-20 while crystallization of the esters in funnels
4-11 from benzene gave germerine,! Alkaloids from fun-
nels 0-3 (23.8 g.) were next subjected to a 72-plate Craig
countercurrent distribution (72 separatory funnels) using
900-cc. portions of both benzene and 2 M acetate of pH 6.5.
The material in funnels 0-36 contained essentially all the
hypotensive potency.

Isolation of Veratetrine (Neoprotoveratrine).—The alka-
loids from funnels 19-36 of the above distribution (weight
2.38 g.) were crystallized several times from benzene to give
0.37 g. of veratetrine; m.p. 269-270° dec., [«]®%p —2° (¢ 1,
in chloroform), [«]%®Dp —32° (¢ 1, in pyridine).

Anal. Caled. for C4HegON: C, 60.8; H, 7.84; N, 1.73.
Yound (after drying at 110° ixn vacwo): C, 60.8; H, 7.56;
N, 1.4.

Hydrolysis of Veratetrine (Neoprotoveratrine).—This
alkaloid was hydrolyzed using methods similar to those emi-
ployed by Klohs, ef al.,” for the saponification of neoproto-
veratritte. It was found to give the same hydrolysis prod-
uets as tle latter (the alkamine protoverine (or its alkaline
isomerization product isoprotoverine), two moles of acetic
acid and one mole each of a-methylbutyric acid and the high
melting isomer of a,3-dihvdroxy-a-methylbutyric acid).
A sample of neoprotoveratrine, furnished by the above in-
vestigators, was then compared with veratetrine and the two
were found to be identical (infrared and mixed melting
point comparisons).

Isolation of Isogermidine.—Crystallization of thie alka-
oids in funnels 12-18 of the second distribution (wt. 5.40 g.)
from benzene gave 1.3 g.; m.p. 195-205°. On recrystalli-
zation from henzene it melted at either 221-222° or 229 -
230° (dec.); depending on which form separated; [a]%»
—63° (¢ 1, in pyridine), —26° (¢ 1, it cliloroformn).

Anal. Caled. for CiHuOwN: C, 64.2; H, 8.40; equiv.
wt.,635. Found(after dryingat110° invacuo): C,64.0; H,
8.33; equiv. wt., 650.

The volatile acid liberated by 8.28 mg. of isogermidine
consumed 2.19 cc. of 0.01 N sodium hydroxide; caled. for
germine monoacetate-mono-a-methylbutyrate, 2.61 cc.

Hydrolysis of Isogermidine —Isogermidine (100 mg.)
was treated (20 hours) with 0.3 N aqueous sodium hydroxide
(2.4 cc.) in methanol (3.3 cc.). The crude germine (80 mg.)
was extracted frotn the alkaline hydrolyzate with chloroforin
(4 portions of 10 cc.) and crystallized from methanol to melt
at 226-228° dec. Its infrared spectrum was identical to
that of an authentic sample of germine.

Anal. Caled. for CxHguOsN: C, 63.6; H, 8.50.
(alter drying at 110° in vacuo): C, 63.0: 11, 8.20,

Found
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Fig. 1.—Infrared spectra:

The chloroform-extracted aqueous phase was concen-
trated to 2 cc., adjusted to pH 6.5 with a few drops of hydro-
chloric acid, and refluxed with p-phenylphenacyl bromide

200 mg.) and 3 wvol. of ethanol for 2 hours. The product
175 mg.) was exfracted with benzene and chromatographed
on a column of 3:1 silicic acid—Celite. Elution with a 3:1
mixture of hexane—benzene gave p-phenylphenacyl bromide
(118 mg.), followed by p-phenylphenacyl a-methylbutyrate
(22 mg.), m.p. 71.5-72° after crystallization from hexane.

Caled. for CipHy05: C, 77.0; H, 6.80. Found: C, 76.9;
H, 6.78.

Subsequent elution with 1:1 hexane—benzene gave a small
amount of p-phenylphenacyl alcohol followed by p-phenyl-
phenacyl acetate (13 mg.), m.p. 109.5-110.5° after crystal-

Y
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A, germbudine; B, neogermbudine;
desacetylneoprotoveratrine;

1
|
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1200 Hov TGGo 900 cm;’

C, isogermidine; D, veratetrine (neoprotoveratrine);
all in chloroform.

lization from benzene—hexane mixture (identified as the ace-
tate ester by mixed melting point and infrared spectral com-
parisons with an authentic specimen).

Isolation of Desacetylneoprotoveratrine.—The ‘‘hypoten-
sive alkaloidal concentrate’’ (500 g.) from a batch of Vera-
trum viride received in 19528 was fractionated as above and
the alkaloids corresponding to those contained in tubes 0-9
of the above 72-plate countercurrent distribution were
separated into desacetylneoprotoveratrine, germbudine and
neogermbudine, as follows:

The alkaloids from tubes 0-2 (23 g.) were dissolved in
warm benzene (200 cc.), and the benzene solution was
shaken with a drop of water and allowed to stand for several
hours. The crystals which separated (10.7 g.) were recrys-
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tallized from wet benzene to give 4.8 g., m.p. 177-181°,
Further crystallization of this material from dry benzene
gave pure desacetylneoprotoveratrine; m.p. 185-186°,
[«]?D —8° (¢ 1, in pyridine), 14° (¢ 1, in chloroform).

Anal. Caled. for CiHuON: C, 61.0; H, 8.01.
(after drying at 110° in vacuo): C,61.0; H, 7.92.

It was identical (hydrolysis products, infrared spectrum,
mixed melting point) to an authentic sample of desacetyl-
neoprotoveratrine which was prepared by methanolysis of
neoprotoveratrine using the procedure described by Klohs,
et al.?

Isolation of Neogermbudine.—The alkaloids in tubes 0-9
of the above 72-plate countercurrent distribution, except
for the crystalline crude desacetylneoprotoveratrine (10.7
g.) which was removed as above, were combined (45 g.).
A portion (35.6 g.) of this was countercurrently distributed
between chloroform and 2 M acetate buffer of pH 4.4, as
follows.!” The 35.6 g. of alkaloids was added to tubes 0—4
of the apparatus, each tube of which had been loaded with
a 100-cc. portion of chloroform. Acetate buffer in 100-cc.
portions was then passed countercurrently through the ap-
paratus until the alkaloids were moved through the 100
chloroform phases and into the collector (294 portions of
buffer were used). Buffer effluents 35-94 were combined
and processed for germbudine (see below).

Buffer effluents 95-124 were combined, made slightly al-
kaline with ammonium hydroxide and extracted with chloro-
form. Evaporation of the chloroform gave 2.6 g. of resinous
residue which after several crystallizations from benzene
gave 1.06 g. of neogermbudine; m.p. 149-152°, [«]%D
—12°(c 1, in pyridine).

Amnal. Caled. for C37H;;012N: C, 62.6; H, 8.38. Found
( after drying at 110° in vacuo): C, 62.5; H, 8.27.

Hydrolysis of Neogermbudine.—Neogermbudine (211
mg.) was hydrolvzed with dilute methanolic sodium hy-
droxide as described above for isogermidine. The crystal-
line residue from tlie chloroform extract (149 mg.) after two
recrystallizations from methanol melted at 221-222° dec.
after drying at 110°. Its melting point was not depressed
on admixture witlt autlientic germine and its infrared spec-
trum was identical to that of the latter.

The alkaline, chloroforin-extracted, aqueous hydrolyvzate
was adjusted to pH 2.4 with sulfuric acid, diluted with
water (100 cc.) and concentrated under reduced pressure to
remove the volatile acid. Titration of the distillate to pH
8.2 required 16 cc. of 0.0206 V sodium hydroxide (theory for
one mole of volatile acid in 15 cc.). This titrated distillate
was concentrated to 3 cc., adjusted to pH 6.5 and treated
with p-phenylphenacyl bromnide as described above in the
hvdrolysis of isogermidine. The p-phenylphenacyl o~
methvlbutyrate so obtained (63 mg.) melted at 72-72.5°
after crystallization from liexane and was identified by mixed
melting point and infrared spectral comparisons with an
authentic sample.

The non-volatile residue from the distillation (3 cc.) was
diluted with water (40 cc.) and extracted continuously with
ether for several hours. Evaporation of the ether extract
gave a sirupy non-volatile acid (40 mg.) which was esteri-
fied with p-phenylphenacy! bromide to give 41 mg. of crude
ester. This, after several crystallizations from methanol,
melted at 165° and was identified as the p-phenylphenacyl
ester of the (Jevo)-low-melting diastereoisomer of «,8-dihy-
droxv-a-methylbutyric acid by mixed melting point and
infrared spectral comparisons with the corresponding ester
of the synthetic (levo)-low-melting «,B-dihydroxy-«-methyl-
butvric acid described below.

Isolation of Germbudine.—Buffer effluents 35-94 of the
above countercurrent distribution were combined, made
slightly alkaline, extracted with chloroform and the chloro-
form evaporated to give 14.6 g. of alkaloidal residue. This
residue was countercurrently distributed between chloro-
form and 2 M acetate buffer of pH 4.4 whereby it was
moved through 365 tubes of chloroform (100 cc. in each tube)
and into the collector using 280 portions of buffer (100-cc.
portions). The bulk of the alkaloids was contained in
buffer effluents numbered 80-249. The alkaloids in buffer
effluents 180-224 were recovered, combined (2.2 g.) and

Found

(17) A 100-tube, automatic, glass Craig countercurrent distribution
apparatus, made by the Post Scientific Instrument Co., Maspeth,
N. Y., was used. Each tube had a capacity of 200 cc.—-100 cc. of each
phase.
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crystallized several times from benzene to give 0.82 g. of
crystalline germbudine; m.p. 160-164°, [a]2D —7° (¢ 1,
in pyridine).

Anal. Caled. for C5:Hs01N: C, 62.6; H, 8.38; equiv.
wt., 709. Found (after drying at 110° 4n vacuo): C, 62.0;
H, 8.34; equiv. wt., 722.

Hydrolysis of Germbudine.—Germbudine (202 mg.) was
hydrolyzed with aqueous methanolic sodium hvdroxide as
described above for neogermbudine. The residue from the
chloroform extract (126 mg.) was crystallized three times
from methanol. The crystalline alkamine so obtained (44
mg.) melted at 218-219° (after drying at 110°) and was iden-
tified as germine by comparison with an authentic specimen
(mixed melting point and infrared spectrum).

Anal. Caled. for CoHgOsN: C, 63.6; H, 8.50. Found
(after drying at 110° in vacuo): C, 63.1; H, 8.35.

The alkaline, chloroform-extracted, aqueous hydrolyzate
was adjusted to pH 2.5 with sulfuric acid and the volatile
acid was distilled and titrated as described above for neo-
germbudine. It required 27 cc. of 0.01 NV sodium hyvdroxide
(theory for 1 mole is 28.5 cc.). This acid was identified as
a-methylbutyric acid by conversion to its p-phenviphenacyl
ester which melted at 72.5°. This ester gave no melting
point depression on admixture with an authentic specimen
and had an infrared spectrum identical to that of the latter.

The non-volatile residue was diluted with water (40 cc.)
and extracted continuously with ether (17 hours). Evap-
oration of the ether extract gave 36 mg. of non-volatile acid
whigh after two crystallizations from ether melted at 99--
100°.

Anal. Caled. for C;HioO4: C, 44.8; H, 7.51; equiv. wt.,
134. Found: C,45.1; H, 7.55; equiv. wt., 133.

It was identical (infrared spectrum and mixed melting
point) to the dihydroxy acid isolated from veratetrine (neo-
protoveratrine) and desacetylneoprotoveratrine and al-
though optically active ([«]®p 42° (water)) it had an infra-
red spectrum (mull) similar to that of synthetic (racemic)-
high-melting isomer of «,8-dihvdroxy-a-methvlbutvric acid
(m.p. 110-111°) described below.

(racemic)-Low-melting Isomer of «,3-Dihydroxy-«-meth-
ylbutyric Acid (m.p. 88°) by Hydroxylation of Tiglic Acid.—
An alkaline solution of tiglic acid (100 g.) was hydroxylated
with potassium permanganate (158 g.) using the method
described by Fittig and Penschuck!® to give 83 g. of crude
dihydroxy acid (m.p. 66-79°) which after two recryvstalliza-
tions from cold ether gave the (racemic)-low-melting isomer
of «a,8-dihvdroxy-e-methylbutyric acid melting at 87.5-
88.5° (47 g., 359, yield). Tlie dicyclohexylamine salt and
the p-phenylphenacyl ester of this racemic dihydroxy acid
were prepared. They melted at 178-179° and 192-193°,
respectively.

Resolution of the (racemic)-Low-melting «,3-Dihydroxy-
a-methylbutyric Acid (m.p. 87.5-88.5°).—A solution of the
racemic dihydroxy acid (20.1 g.) in warm ethanol (250 cc.)
was treated with a warm solution of brucine (69.9 g.) in
ethanol (200 cc.) in a manner similar to that described by
Adams and Van Duuren for the resolution of (racemic)-a-
isopropyl-a,8-dihvdroxybutyric acid.!* On cooling, a white
crystalline solid separated; m.p. 233-234°, yield 41 g.
After two recrystallizations from ethanol a salt of constant
melting point and rotation was obtained; m.p. 239-240°,
vield 23.9 g., [«]%D —20° (¢ 1, in chloroform).

The combined mother liquors from the crystallization of
the less soluble salt were diluted with a little ether. On
standing, a white crystalline solid separated; m.p. 227-
229°, yield 33.7 g., [«]®D —29° (¢ 1, in chloroform). The
melting point and rotation remained unchanged on recrys-
tallization from ethanol.

(dextro)~Acid.—A solution of the less soluble brucine salt
(15 g.) in 109, aqueous sulfuric acid (75 cc.) was extracted
continuously with ether for 21 hours. The extract was
dried over sodium sulfate. Filtration and removal of the
ether left a sirup which was precipitated twice from ether
with hexane to give a sirupy acid which crystallized on dry-
ing in vacuo, yield 3.2 g. (84%), [«]?D 4° (¢ 3, in water),
m.p. 64-66°.

(levo)-Acid.—The (levo)-acid was obtained from the more
soluble brucine salt in the same manner; vield was 82¢,
m.p. 63-65°, [a]?D —3° (¢ 6, in water).

Anal. Caled. for CsH104: C, 44.8; H, 7.51.
C, 44.9; H, 7.53.

Found:
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p-Phenylphenacy! Ester of the (Jevo)-Acid.—The ester,
prepared by the procedures described above, was crystal-
lized from methanol to give colorless needles, m.p. 165°.
It was identical (mixed melting point and infrared spectrum)
to the p-phenylphenacyl ester (m.p. 165°) of the dihydroxy
acid isolated above from neogermbudine.

Anal. Caled. for C;pH2005: C, 69.5; H, 6.16. Found:
C, 69.3; H, 6.32.

(racemic)-High-melting Isomer of a,3-Dihydroxy-o-meth-
ylbutyric Acid (m.p. 110°) by Hydroxylation of Tiglic Acid.
—A solution of tiglic acid (50 g.) in acetic acid (600 cc.) con-~
taining 1.5 cc. of concentrated sulfuric acid was treated on
the steam-bath with 309, hydrogen peroxide (200 cc. added
portionwise over a period of 4 hours). After an additional
hour of heating the warm mixture was made alkaline with
sodium hydroxide and digested for a half hour at 100° to en-
sure saponification of any acetylated hydroxy acid. The
resulting solution was adjusted to pH 2 with hydrochloric
acid, evaporated to drvness and the residue extracted with
acetone., The acetone extract was filtered from the inor-
ganic salts and evaporated to give 62 g. of crude acid, m.p.
72-88°, which after several recrystallizations from acetone—
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ether gave colorless crystalline (racemic)-high-melting «,3-
dihydroxy-a-methylbutyric acid; yield 40 g. (609%;), m.p.
110-111°.

Anal. Caled. for CsHmOﬁ
C, 45.3; H, 7.63.

Attempts to resolve this racemic acid, by way of the bru-
cine salt, were unsuccessful.

Dicyclohexylamine Salt.—Treatment of this racemic di-
hydroxy acid in ether with dicyclohexylamine gave the crys-
talline salt, m.p. 170-171°, which was identical (mixed
melting point and infrared spectrum) to the dicyclohexyl-
amine salt (m.p. 170-171°) of the non-volatile acid isolated
above from germbudine, veratetrine and desacetylneoproto-
veratrine.

p-Phenylphenacyl Ester.—The ester of this synthetic di~
hydroxy acid, prepared in the usual way, was recrystallized
several times from methanol., It melted at 119-120° and
had an infrared spectrum identical to that of the p-phenyl-
phenacyl ester (m.p. 90-91°) of the non-volatile acid iso-
lated from germbudine, veratetrine and desacetylneoproto-
veratrine.

C, 44.8; H, 7.54. Found:

MoNTREAL, CANADA

[CONTRIBUTION FROM THE RESEARCH LABORATORIES OF CHAS. PF1zER AND Co., INC.]

Magnamycin.

IV. Mycaminose, an Aminosugar from Magnamycin

By F. A. HocuSTEIN AND PETER P. REGNA
RECEIVED JANUARY 22, 1955

Mycaminose, CgHzNOy, is a dimethylamino sugar isolated from the acid hydrolysis products of the Magnamycin anti-

biotics.

Mpycaminose is a reducing sugar, which contains one C-methyl group, and yields two triacetates on acetylation.
Periodate oxidation has yielded formic acid and a new sugar C;H;3NO;.

Further oxidation forms acetaldehyde, but no

formaldehyde or acetic acid. Mpycaminose liberates dimethylamine very rapidly with base, indicating it to be a 8-dimethyl-

aminoaldehyde.
with only one structure, II, for mycaminose.

When the antibiotics Magnamycin! or Magnamy-
cin B are subjected to acid hydrolysis,?? two unu-
sual sugars may be isolated. One of these, mycar-
ose, has been shown to have the structure 1.4 The
second, mycaminose, is here shown to have the
structure II.

HO CH, H  N(CH)
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HOCH CH
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{ HOCH CHOH
CH,CH CHOH
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| |
CH;CH CHOH
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Mycaminose, CsHyi7NO,, contains a dimethyla-
mino group, and one C-methyl group.? It is there-
fore, a dimethylaminomethylpentose. Mpycami-
nose reduces Fehling solution readily, loses di-
methylamine rapidly in alkaline solution, and gives
a slow positive iodoform test. Methylation in
methanol-hydrochloric acid yields a methyl deriva-
tive, which no longer reduces Fehling solution, nor
does it readily lose dimethylamine in alkaline solu-
tion. The presence of an aldehyde group in my-
caminose is evident from the fact that periodate

(1) Magnamycin is Chas. Pfizer & Co.’s registered trade name for the
antibiotic carbomycin.

(2) R. L. Wagner, F. A, Hochstein, K, Murai, N, Messina and
P. P. Regna, THis JourNaL, T8, 4684 (1953).

(3) F. A. Hochstein and K. Murai, tbid., 76, 5080 (1954).

(4) P. P. Regna, F. A, Hochstein, R, L. Wagner and R. B, Wood-
ward, ibid., 75, 4625 (1953),

The seven-carbon sugar, by contrast, loses dimethvlamine only slowly. These observations are compatible

oxidation yields formic acid and a seven-carbon
sugar. This aldehyde function must be present as
a cyclic hemiacetal, since the infrared spectrum
(Fig. 1) shows no carbonyl absorption. Further,
the acetylation of mycaminose has yielded two iso-
meric triacetates,?® as would be expected of a cyclic
hemiacetal, and the hydrogenation of mycaminose
to the alcohol can be effected only under forcing
conditions,

The oxidation of mycaminose with one equiva-
lent of periodate results in the formation of formic
acid and of a new dimethylamino sugar, C:H;sNO;,
both in excellent yield. The new sugar differs from
mycaminose in that it reduces Fehling solution
only slowly. Like mycaminose, it contains ome
C-methyl group, and the infrared spectrum shows
no free carbonyl group. Further periodate oxida-
tion of mycaminose, or of the derived seven carbon
sugar proceeds more slowly, as would be expected
for cleavage of a HOC~-CN(CHj); bond.? Mycam-
inose eventually consumes up to four equivalents
of periodate, and both it and the derived methyltet-
rose yield acetaldehyde, but no formaldehyde, and
1o acetic acid.

The formation of formic acid, and of a dimethyl-
aminomethyltetrose on partial periodate oxidation,
together with the qualitative tests, indicates that
mycaminose must have the terminal group CHOH-
CHO common to C.1 and C.2 of formulas III and
IV.

(6) E. H. Flynn, M. V. Sigal, P. F. Wiley and K. Gerzon, bid.,
76, 3121 (1954). See especially p. 3124,



