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Chemical Studies on Lincomycin. I.
The Structure of Lincomycin

Sir:
The antibiotic lincomycin!~* has been found to have

structure 1 as shown by the following data. Linco-
CH:CH,CH, {1
N H CHs
i RO—H
! %—‘N H
H
Oro
0]
RO OR
SCH;
1,R=H
2, R=Ac
mycin, Ci3HuN,0sS, contains one N-methyl, two

C-methyls, one basic function, pK.” = 7.5, and
gives a negative iodoform test® The infrared ab-
sorption is indicative of a monosubstituted amide
(1530 and 1640 cm.—!). A tetraacetate, 2, and iso-
propylidene lincomycin, 3, could be prepared. Aque-
ous 2 N acid liberated methanethiol and another frag-
ment isolated as the phenylosazone 4, CygHyN5Os.

H—C=N—NHCH;

CH, C=N—NHC:H;
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SCH; CH: W
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A vigorous acid hydrolysis freed an amino acid, 5,
CeHizNOs.  Preliminary comparisons with wv-hygric
acid and n.m.r. studies suggested an #n-propylhygric
acid. Rotational shifts on acidification suggested the
L-series.” Synthesis from 4-keto-L-proline® placed the

(1) D. J. Mason, A. Dietz, and C. 1De Boer, A niimicrobial Agents Chemo-
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(5) G. K. Daikos, et al., 7bid., 197 (1963); W. J. Holloway, et al., tbid,,
200 (1963); J. Harnecker, ef al., bid., 204 (1963); E. W. Walters, ¢t al.,
thid., 210 (1963); J. C. Trakas and H. L. Lind, ibid., 216 (1963).

(6) Although the negative iodoform test denied the presence of a methyl-
carbinol (¢f. ref. 1), subsequent n.m.r. and chemical studies proved the iodo-
form test to be anomalous.

(7) J. P. Greenstein and M. Winitz, "Chemistry of the Amino Acids,™*
Vol. 1, John Wiley and Sons, Inc., New York, N. Y., 1981, p. 83.

(8) A. A. Patchett and B. Witkop, J. Am. Chem. Soc., 79, 185 (1957).
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n-propyl group at C-4 and confirmed the L- configura-

tion. The amide of one of the two diastereomers so
C]Bz ?Bz Iil
N N N
— — ——
O0H g iOOH ,S COOH
0 fFH CH,CH,CH,
/CHQ
CH;
?HS ?Ha
N g N H
H | -+ CsH, |
uf COOH COOH
CH,CH,CH, H
s trang
5

formed was found to be identical with that obtained
from lincomycin. Oxidation® of 5 to (R)(+)-propyl-
succinic acid showed it to be frans-L-4-n-propylhygric
acid.

Lincomycin and its acetonide (3) took up 4 and 2
moles of periodate, respectively. Its nickel desulfuriza-
tion product, Ci7H3NOs, 6, consumed 2 moles, liber-
ating 1 mole of formic acid.

Hydrazinolysis cleaved 1 into 5 as the hydrazide and
compound 7, CgH1sNO;S, methyl a-thiolincosaininide.
The base 7, pK,’ = 7.5, containing no amide, gave a
negative iodoform test® and consumed 5 moles of perio-
date. Acylation of 7 with the propyl carbonate mixed
anhydride of 5, both natural and synthetic, vielded
crystalline 1 as the hydrochloride. Two acetyl deriva-
tives, 8 and 9, were obtained. The n.m.r. spectrum of 7,
in addition to suggesting galactose stereochemistry and
an axial methylthio function,’® displayed a distinct
doublet of doublets centered at § 3.3, J = 10.5 and 3.0
c.p.s., suggesting, in contradiction to the earlier iodo-
form data, that the hydrogen on the carbon bearing
nitrogen was split by only two hydrogens. Therefore,
the amine was not adjacent to the terminal methyl
group.

?Ha CH3 CHs
le{ HO+H R:O+H
/G —HN L H RHN-H
r—
H O HOf-o R:0/=Q
OH N
SCH;3
6 7, 1{1 = 1{,_1 =H
8 R = I; R =Ac
9 1 = R = Ac

Conversion of 8 to acetonide (10), hydrazinolysis to
11, followed by oxidation, first with periodate, then with
nitric acid, afforded mucic acid, confirming the galacto-
pyranose configuration. Borohydride reduction of the
above periodate product (not isolated). hydrolysis with

(9) A. Neuberger, J. Chem. Soc., 429 (1045); G. W, Kenner, J. s Dalby,
and R. C. Sheppard, ibid.. 4387 (1962).

(10) A complete discussion of the n.m.r. spectrum will be the subject of
a later communication.
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acid, and isolation as D-galactose a-methylphenylhydra-
zone established the D- series.

CH;: CH,
HO H HO H
AcHN H H,N H
—_—
o) 0, 0 0}
O O
SCH; SCH3
OH OH
10 11
1, HIO4
2. NaBH;
— D-galactose a-methylphenyl
3. H~ hydrazone

4. a-methylphenylhydrazine

Nickel desulfurization of 10 gave 12, Cy3HyNOs.
Chromic acid oxidation of 12 afforded 13, CisHuNOg,
which gave a positive iodoform test and displayed a
new n.m.r. peak, intensity 3H at § 2.3, consistent with a
methyl group adjacent to a carbonyl function. The
product of borohydride reduction of 13 again gave
a negative iodoform test. These data located the side-
chain substituents.

CHj CHa
HO H (0]
AcHN H AcHN H
0 0
0O
|
OH OH
12 13

Further reactions confirmed these assignments and
established side-chain stereochemistry. Lincomycin
was mercaptolyzed to methylthiolincomycose, 14,
Ci1sH3sNO6S,.  Hydrazinolysis of 14 afforded lincos-
amine dimethyl dithioacetal, CiHNO;S;, 15, which
was converted to the 24-dinitrophenyl derivative,
CmH%NgOgSg, 16.

H?(SCHa)z
H—C—OH
HOC—H 14, R=
HOC—H
HCOH
15, R=H
H?NHR NO.
H—(fOH
CH,

16, R= NO2

Periodate—permanganate!! oxidation of 16 afforded
2,4-dinitrophenyl-p-allothreonine, an amorphous solid
isolated by countercurrent distribution and identified
by analyses and optical rotations.!* Thus. lincomycin
appears to be chemically related to celesticetin,!1*
for which the partial structure has been published.?®
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Celesticetin. IV, The Structure of Celesticetin
Sir:

The partial structure of the antibiotic celesticetin
has been reported! to be 1.
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Structural studies on lincomycin? have shown that it
is chemically related to celesticetin. The present
studies now extend the comparison between the two
materials and celesticetin is shown to have structure
2 and desalicetin to be 3.

The earlier work on celesticetin did not resolve the
question as to whether the octose consisted of a straight
or a branched chain. The exact locations of the hygric
amide and methoxyl functions were also in doubt, and
the stereochemistry of the sugar was unknown. The
preparation of the identical compound, 4, from both
lincomycin and celesticetin resolves these questions.
Celesticetin is found to have the same carbon chain,
order of substitution, and stereochemistry as linco-
myecin.

H; ClHa
(l'[) CH;0—C—H R.0—C—H
<—>C—NH—C—H AcNH—C—H
N7 0
| H HO H 0 OH
CH; OH 0
SCH,;CH,0OR R:
OH OR,
2, R = salicyloyl; celesticetin 4 Ry = Me; R, = H
3, R = H, desalicetin 5, R, = H; R, = ~SCH;
6, Ry, =R, =H

N-Acetylmethylthiolincosaminide, 5, has previously
been prepared from lincomycin.? Treatment with
Raney nickel desulfurized 5, giving 6 as a crystalline

(1) H. Hoeksema and J. W. Hinman, 129th National Meeting of the
Ametican Chemical Society, 1dallas, Texas, 1956; J. Am. Chem. Soc., in
press.

(2) H. Hoeksema, B. Bannister, R. I). Birkenmeyer, FF. Kagan, B. J.
Magerlein, F. A, MacKellar, W. Schroeder, . Slomp, and R. R. Herr,
ihid. 86, 4223 (1964).



