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w-propyl group at C-4 and confirmed the L- configura
tion. The amide of one of the two diastereomers so 
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Chemical Studies on Lincomycin. I. 
The Structure of Lincomycin 

Sir: 

The antibiotic l incomycin1 - 6 has been found to have 
structure 1 as shown by the following data. Linco-
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mycin, CIgH34N2OeS, contains one N-methyl, two 
C-methyls, one basic function, pKj = 7.5, and 
gives a negative iodoform test.6 The infrared ab
sorption is indicative of a monosubstituted amide 
(1530 and 1640 c m . ' 1 ) . 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, C2QH42NeOs. 
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A vigorous acid hydrolysis freed an amino acid, 5, 
C9HnNO2 . Preliminary comparisons with L-hygric 
acid and n.m.r. studies suggested an w-propylhygric 
acid. Rotational shifts on acidification suggested the 
L-series.7 Synthesis from 4-keto-L-proline8 placed the 
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formed was found to be identical with tha t obtained 
from lincomycin. Oxidation9 of 5 to (./?)(+ ^propyl -
succinic acid showed it to be 2raws-L-4-w-propylhygric 
acid. 

Lincomycin and its acetonide (3) took up 4 and 2 
moles of periodate, respectively. Its nickel desulfuriza-
tion product, CnH32N2Oe, 6, consumed 2 moles, liber
ating 1 mole of formic acid. 

Hydrazinolysis cleaved 1 into 5 as the hydrazide and 
compound 7, CgH18NO5S, methyl a-thiolincosaminide. 
The base 7, pKJ = 7.5, containing no amide, gave a 
negative iodoform test6 and consumed 5 moles of perio
date. Acylation of 7 with the propyl carbonate mixed 
anhydride of 5, both natural and synthetic, yielded 
crystalline 1 as the hydrochloride. Two acetyl deriva
tives, 8 and Q, were obtained. The n.m.r. spectrum of 7, 
in addition to suggesting galactose stereochemistry and 
an axial methylthio function,10 displayed a distinct 
doublet of doublets centered at <5 3.3, J = 10.5 and 3.0 
c.p.s., suggesting, in contradiction to the earlier iodo
form data, tha t the hydrogen on the carbon bearing 
nitrogen was split by only two hydrogens. Therefore, 
the amine was not adjacent to the terminal methyl 
group. 
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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 
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acid, and isolation as D-galactose a-methylphenylhydra-
zone established the D- series. 

CH3 

H2N 

3. H^ 
4. a-methylphenylhydrazine 

D-galactose a-methylphenyl 
hydrazone 

Nickel desulfurization of 10 gave 12, Ci3H23NO6. 
Chromic acid oxidation of 12 afforded 13, Ci3H2INO6, 
which gave a positive iodoform test and displayed a 
new n.m.r. peak, intensity 3H at 8 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 da ta located the side-
chain substituents. 

Further reactions confirmed these assignments and 
established side-chain stereochemistry. Lincomycin 
was mercaptolyzed to methylthiolincomycose, 14, 
CiSH36N2O6S2. Hydrazinolysis of 14 afforded lincos-
amine dimethyl dithioacetal, C I 0 H 2 3 N O S S 2 , 15, which 
was converted to the 2,4-dinitrophenyl derivative, 
Ci6H25N3O9S2, 16. 
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Periodate-permanganate1 1 oxidation of 16 afforded 
2,4-dinitrophenyl-D-allothreonine, an amorphous solid 
isolated by countercurrent distribution and identified 
by analyses and optical rotations.12 Thus, lincomycin 
appears to be chemically related to celesticetin,13 '14 

for which the partial structure has been published.15 
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Celesticetin. IV. The Structure of Celesticetin 
Sir: 

The partial structure of the antibiotic celesticetin 
has been reported1 to be 1. 
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Structural studies on lincomycin2 have shown tha t 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
mycin. 
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2 , R = salicyloyl; celesticetin 4, R1 

3 , R = H; desalicetin 
Me; R2 = H 

5, R1 = H; R2 = --SCH3 

6, R1 = R2 = H 

N-Acetylmethylthiolincosaminide, 5, has previously 
been prepared from lincomycin.2 Trea tment with 
Raney nickel desulfurized 5, giving 6 as a crystalline 
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