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1-Piperidyl-2-o-naphthylcarbamyl-3,4,6-triacetyl-p-glucose

A 7.5-g. portion of I-piperidyl-3,4,6-triacetyl-p-glucose!
was dissolved in 75 ml. of anhydrous pyridine. A 4.2-g.
portion of a-naphthyl isocyanate was added, tlie flask was
stoppered, and the mixture allowed to stand for an hour.
At the end of this period, the flask was placed on a steam-
bath for 15 niinutes and then maintained at room tempera-
ture overnight. The solution was then diluted with 10 ml.
of water and heated on the steam-bath for 10 minutes,
whereupon it was poured into 300 ml. of ice-water. The
sirup formed at this point becane crystalline on maceration
with 25 ml. of cold methanol. Crystallization of the crude
product from 30 mt. of methanol vielded 10 g. (909 ) of
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essentially pure product melting at 162-163°. Two addi-
tional crystallizations yielded a pure product melting at
164°, [a]%Dp +36.0° (¢ 1.5, chloroform).

Anal. Caled. for CisH3OyNy: C, 61.98; H, 6.34; N,
5.16. Found: C, 62.11; H, 6.49; N, 5.02.

This work was perforined under contract No. DA-01-009-
ORD-191 issued to the Engineering and Industrial Experi-
ment Station, University of Florida, by the Birminghani Ord-
nance District, Department of the Army.
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CHARACTERIZATION OF THE ANTIBIOTIC
THIOLUTIN AND ITS RELATIONSHIP WITH
AUREOTHRICIN

Sir:

In 1950, the antibiotic Thiolutin was described
as a neutral, optically inactive, yellow-orange crys-
talline elaboration product of Streptomyces albus to
which the tentative empirical formula Cy3H;4N305S;
was assigned.! Subsequently, it became appar-
ent that the description of aureothricin, Cy3H;3N3s-
03S;, previously isolated in Japan, bore much re-
semblance to Thiolutin.? Accordingly, in 1950 an
interchange of samples was arranged? and prelimi-
nary comparisons confirmed the similarities of the
two antibiotics However, recent chemical stud-
ies on Thiolutin led to the preparation of significant
degradation products and their derivatives which
further characterize this antibiotic and differenti-
ate it from aureothricin. The present work invali-
dates the original empirical formulas of Thiolutin
and aureothricin and characterizes their molecular
formulas as CgHsN0:S: and CoH;pN20,S., respec-
tively.

Raney nickel desulfurization of Thiolutin in eth-
anol yields a white crystalline product designated
"desthiolutin” (I) m.p. 130~131°. Aunal. Caled.
for CeHuN:Oy: C, 56.45; H, 8.29; N, 16.46; mol.
wt., 170. Found: C, 56.78; H, 824; N, 16.19;
mol, wt. (Rast) 187, (Signer) 160.

Cautious acid hydrolysis of Thiolutin liberates
one mole of acetic acid to yield a monoamine (II),
amorphous free base, m.p. 191-194° (dec.), crystal-
line hydrochloride hydrate salt,* sinters ~200°,
And 229, € 5400; AhLag 309, € 6100; Ana. 381, e
11,0000. Anal. Caled. for CeHgN.OS,-HCI-H.O:

(1) F. W. Tanner, Jr., J. A, Means and J. W. Davisson, Abstracts
118th Meeting, American Chemical Society, September 7-8, 1950.

(2) (a) H. Umezawa, K. Maeda and H. Kosaka, Japanese Medical
Journal, 1, 512 (1948); (b) H. Umezawa, T. Tazaki, K. Maeda, H.
Kosaka and S. Fukuyama, Journal of Antibiotics (Japan), 8, Suppl. A,
105 (1949); (c) K. Maeda, $bid., 2, 795 (1949); (d) K. Maeda, Japan-
ese Medical Journal, 2, 85 (1948).

(3) Aureothricin (m.p. 260-270° dec., see note 5) was obtained

through the courtesy of Dr. H. Umezawa.
(4} Light absorption determined on methanol solutions.

C,2004; H, 3.77; N, 11.64; S, 26.62; Cl, 14.72;
H.0, 7.49; neut. equiv., 240.7. Found: C, 30.22;
H, 3.86; N, 11.67; S, 26.86; Cl, 15.06; H,0, 7.62;
neut. equiv., 239.5 (water—ethanol).

The amino compound (II) has been further
characterized by a variety of crystalline acylated
derivatives: acid succinamido compound (III)
m.p. 254-255° (dec.); Anal. Caled. for CyHy-
N204S;: neut. equiv., 286. Found: neut. equiv.,
282, 290 (dimethylformamide-water); e-carbo-
methoxycaproamido compound (IV), m.p. 163.5-
164°; Anal. Caled. for CiHsN2OsS:: mol. wt.,
342. Found: mol. wt. (Rast), 339. Thiolutin is
regenerated by acetylation of II, affording an es-
pecially purified preparation of the antibiotic, re-
ferred to as the acetamido derivative (V)5

e 200, € 6300; AZL 311, € 5700; Mga, 388, €
11,000. Anal. Caled. for CsHN,0:S:: C, 42.09;
H, 3.53; N, 12.28; S, 28.07. Found: C, 42.12;
H, 3.77; N, 12.19; S, 27.72. Interestingly, the
propionamido derivative (VI)*® is indistinguish-
able from aureothricin, A5, 248, ¢ 6100; Aga, 312,
e 3900; ADa, 388, e 11,000. Amnal. Caled. for
CgHmNgOzSzl C, 4461, H, 41(), N, 1156, S,
26.40. Found: C, 44.97; H, 4.12; N, 11.54; S.
26.40.

Thiolutin and related compounds are inherently
difficult to prepare free of solvent of crystallization.
The earlier observed analytical data on Thiolutin
and aureothricin coincidentally approximated both
the tentative Cy3 formulations and the revised form-
ulations. The high decomposition points and low
solubility of these antibiotics in camphor make di-
rect molecular weight determinations by the Rast
method unreliable. Thiolutin and aureothricin
possess strikingly similar antibiotic activity and
ultraviolet absorption spectra. However, present
paper chromatographic methods can resolve a mix-
ture of Thiolutin and aureothricin as well as mix-
tures containing other homologous acylamido deriv-

(56) Thiolutin, aureothricin and the respective reacylated compounds

V and VI decompose similarly at about 260 to 270° depending on the
rate of heating
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atives of II. Furthermore, the infrared spectra
(Nujol mulls) of closely related acyl derivatives of
IT exhibit differentiating absorption in the 12 to 14
micron region. Thiolutin is characterized by two
similar, sharp bands at 12.1 and 12.5 microns, a
dominantly, strong band at 13.45 microns and a
partially resolved band at 13.6 microns. Aureo-
thricin exhibits two similar, sharp bands at 12.2
and 12.6 microns, a partially resolved band at 13.45
microns and a dominantly strong band at 13.6 mi-
crons,
Structural studies are in progress and will be re-
ported in subsequent publications.
WaLTER D. CELMER
Frep W. TANNER, JR.
M. HARFENIST
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THE REACTION OF DIKETENE WITH KETONES
Str:

Although the preparation of diketene in acetone
is a commercial process, its reactions with ketones
to form compounds formulated as 2,2-disubstituted-
4-methyl-6-keto-1,3-dioxenes, I, have escaped ob-
servation.

| oA
/< Ia, R; = Ry = CH,
= CH;, Rg = CgHs

The p-toluenesulfonic acid catalyzed reaction of
diketene with acetone at 90° yields Ia (919%),
h.p. 61-64° (5 mm.), n%p 1.464, d2°, 1.079, A\ELQH
247.5 mu, log € 3.9; Anal. Caled. for CyHyO;5:
C, 59.14; H, 7.09; Found: C, 59.20; H, 7.15.
The product from acetophenone, Ib, is crystalline,
m.p. 93-94°, AEOH 2475 my, log e 3.86, Aisooctane
240 my, log €3.85; Anal. Caled. for CeH120;5:  C,
70.57, H, 5.92; Found, C, 70.21; H, 5.81. These
ketodioxenes are pleasant smelling liquids or crys-
talline solids easily handled in the absence of alkali.
Asmany of their reactions paralle] those of diketene
they may conveniently be used in its place. Thus I
reacts with alcohols, aniline and with ild alkali to
vield acetoacetates, acetoacetanilide and dehydra-
cetic acid, respectively. I does not react with car-
bonyl reagents and this and the ultraviolet spectra
rule out structures 1T and III also considered.
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(1) The Research Laboratories, The Pittsburgh Plate Glass Co.,
Milwankee, Wisconsin.
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C-TERMINAL GROUPS OF TRYPSINOGEN, DFP-
TRYPSIN AND CARBOXYPEPTIDASE!
Sir:

A recent study of the effect of carboxypeptidase
on chymotrypsinogen and DFP-a-chymotrypsin
has led to the conclusion that the zymogen contains
no C-terminal groups, in contrast to two such
groups, leucine and tyrosine, in DFP-a-chymotryp-
sin.? In the present study, the same experimental
technique was employed to investigate similarly
the changes involved in the activation of trypsino-
gen and to test for the autolysis of carboxypepti-
dase.

Trypsinogen was crystallized in the presence of
DFP? and residual trypsin (less than 0.019,) was
inactivated by the addition of a 2-fold excess of
crystalline soybean trypsin inhibitor (Worthing-
ton). Twice recrystallized DFP-trypsin,? contain-
ing less than 0.19, trypsin, was similarly inacti-
vated. Seven timesrecrystallized carboxypeptidase
was freed from residual amino acids (which previ-
ously were found to form a background on paper
chromatograms?) by washing of the crystals with
distilled water, and residual tryptic activity (less
than 0.049,) was removed by the addition of a 100-
fold molar excess of DFP to a solution of the en-
zyme in 109, LiClL

Trypsinogen or DFP-trypsin was incubated with
carboxypeptidase (substrate/enzyme mole ratio
11/1) at pH 7.5, 25°, and aliquots were removed at
various time intervals up to 3 hours. Any free
amino acids were absorbed onto and eluted from
Dowex 50 resin?* and subjected to one-dimensional
paper chromatography (butanol-acetic acid-water,
4:1:5 or phenol-m-cresol, 1:1). No amino acids
whatsoever could be detected. Negative results
were obtained also when a 29 solution of carboxy-
peptidase was similarly tested after it was al-
lowed to autolyze up to 3 hours at 25°, pH 7.5.

These negative results suggest that (1) the pro-
tein substrates have no free C-terminal groups or
(2) that these groups are not reactive toward car-
boxypeptidase either because they do not conform
to the specificity requirements of the enzyme or
because they are sterically inaccessible. The first
explanation is rendered unlikely by the recent find-
ings of Rovery, Fabre and Desnuelle? that trypsino-
gen and DFP-trypsin each contain one N-terminal
group, valine and isoleucine, respectively, suggest-
ing that these proteins are composed of at least one
open polypeptide chain. The second interpreta-
tion receives support from the observation that fol-
lowing denaturation by acid, DFP-trypsin becomes
reactive toward carboxypeptidase (substrate/en-

(1) DFP denotes di-isopropylfluorophosphate. This work was per-
formed under contract No. Nonr-477-04 between the University of
‘Washington and the Office of Naval Research, Department of the
Navy, and was supported also by funds made available by the people
of the State of Washington, Initiative 171.

(2) 1. A. Gladner and H. Neurath, Biockim. ¢t Biophys, Acta, 8, 335
(1952), and unpublished experiments.

(3) L. W. Cunningham, Jr., F. Tietze, N. M. Green and H. Neurath,
Discussions of the Faraday Society, in press; F. Tietze, in preparation.

(4) S. M. Partridge, Nature, 169, 496 (1952); A. R. Thompson, ibid.,
169, 495 (1952).

(6) M. Rovery, C. Fabre and P. Desnuelle, Biochim. et Biophys.

Acta, in press, We are indebted to Professor Desnuelle for informing
us of these results prior to publication.



