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TOTAL STRUCTURE OF THE PEPTIDE ANTIBIOTIC COMPONENTS
OF THIOPEPTIN BY !H AND !3C NMR SPECTROSCOPY
Otto D. Hensens* and Georg Albers-Schtnberg
Merck Sharp & Dohme Research Laboratories, Rahway, New Jersey 07065

Thiopeptin, produced by Streptomyces tateyamensis and belonging to a group of highly modified
sulfur-containing peptide antibiotics is a valuable growth promotant in swine and chickensl and
was shown to be effective as a lactic-acidosis preventive in sheep and cattleg. The antibiotic
complex was characterized by Miyairi et aZS and shown to consist of a major component B and four
minor components A], A2, A3 and A4. No structures for any of the components have been reported
although acid hydrolysis experiments4, primarily on thiopeptin B, have demonstrated a close re-
lationship to thiostrepton, the structure of which was largely determined by X-ray crystallog-
raphy5 and its side-chain by 13¢ MR spectroscopy6. We wish to report here on the structure
determination of the various thiopeptin components primarily by 14 and 13¢ WMR techniques.

Thiopeptin components were separated by silicagel chromatography similar to that previously
describedg. Subsequent analysis of the components by l1H NMR at 300 MHz and HPLC of various
batches indicated in the majority of cases a two compound system. Consistent differences in
their !H NMR spectra allowed them to be grouped into two distinct series arbitrarily designated
by the subscripts a and b as summarized in Table 1. Pure components Alg, A1, A3gs A4g and By
were isolated from some batches whereas thiopeptin Bp was separated from By by multiple prepara-
tive tlc on silicagel. Thiopeptins A3j; and Ay were not separated from the "o components, but

were analyzed as mixtures. Thiopeptin Ay was not produced in our fermentation.

Table 1: Molecular formulae for thiopeptin components#*

"q'"" Series "p'" Series
Acid Bg - C71HguN1g0185¢ Bp - C71HgoN1g0185¢
Methyl ester Alg- C72HgeN1g01856 Alp- C72HguN180185¢
Des-Deala (Amide) A4- CggHgoN1g016Se A4p— CegHgoN1801656
Bis-Des-Deala (Amide) A3a— CgsHygN170155¢ A3b— CgsH79N17015S¢

*from microanalytical and 14 and 13¢ NMR data.

Correlations between the majority of resonances in the g NMR spectra of thiostrepton and the
thiopeptins were made to within 0.04 ppm and differences were noted at four different sites of

the molecule which are circled in Figure 1 and which shall now be discussed.
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Fig. 1. Structure of Thiopeptins Pip - Piperidine ring

Nature of Amino Actds

Amino acid analysis of the acid hydrolysate of the thiopeptin components gave Thr, Val and Ala in
the molar ratio of 1:1:2 indicating that the Ile residue in thiostrepton is replaced by Val. That
this residue is attached to the quinaldic acid precursor portion was confirmed by high-resolution
mass spectral data of the TMS derivatives of all components. The highest peak at m/e 521.2687
corresponds to fragment a (calc. 521.2686) (Fig. 2) which can readily aromatize by losing TMSiOH
(m/e 431.2187, calc. 431.2185). The lH NMR spectrum7 of thiostrepton in CDCljy reveals eight
methyl doublets, one triplet and one singlet in the region

0-2 ppm whereas the thiopeptins, instead of the triplet, have

R an extra doublet at 80.98 (Val CH3, J = 7 Hz). This doublet
0 oTMS ,/k is coupled to a hextet (outer satellites not observed) at §1.92
N N|TMS (Val 8-CH, J = 6 Hz) which in turn is coupled to a doublet at
HO -
l * §2.88 (Val o-CH, J = 6 Hz). Moreover, the 13¢ NMR spectrum of
N thiostrepton7 has 15 resonances in the 0-35 ppm region whereas
OTMS all thiopeptins have only 14, comprising 10 x CH3, 3 x CH; and

2 1 x CH carbons. One CH, resonance is missing which occurs at

23.0 ppm for thiostrepton. The presence of Val is thus firmly
established.

Thiostrepton (R = CHpCHz) M/e 535
Thiopeptins (R = CH3) Mje 521

Fig. 2
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Nature of Piperidine Ring

"p!" Series: Comparison of the chemical shifts and coupling constants for the piperidine
protons in thiostrepton and thiopeptin Ay, indicate that both compounds have the same Al-
piperidine ring structure. The chemical shifts of the -CHyCHy- protons are anomalous due to the

neighbouring ring currents of the thiazole rings and analyze as a first order four spin system
gem vic

characterized by the following coupling constants: J8m = 12.5 Hz; J = 19 Hz; J =
vic vie vic 4a, 48 30, 3p ?B,4B .
30,40 6 Hz; J3a,48 = 12.5 Hz; J3B,4a = J3B,66 = 1.5 Hz; J3a,66 = 3.5 Hz. On the basis of its

homoallylic coupling to the protons at C3, H-6 was assigned to the unresolved broad singlet at
85.26 in Ajp and §5.23 in thiostrepton. Addition of d-TFA exchanges both the allylic protons
at C3 via an amine‘:;f enamine equilibrium giving two doublets for H-4a and H-48 (Jgem = 12.5 Hz)
and removes the homoallylic coupling to H-68 which now appears as a very sharp singlet.

"q!" Series: The piperidine ring protons of the "g" series are characterized by a complex
second order spin system which becomes almost first order on protonation with d-TFA suggesting
a -CHpCHpCH- fragment. All five resonances move to lower field on addition of the acid including
the singlet for H-6 (§4.47 in Al,) which undergoes the same shift as the resonance for H-2 (84.44,
dd, J = 3.5, 10 Hz, axial)g suggesting an amine flanked by two CH groups. It is proposed there-
fore that the saturated piperidine ring system characterizes the "g" series. Confirmation comes
from comparison of the 13C NMR spectra of Al; and Ajp. Ajlp has one extra carbon at 160.9 ppm
(161.0 ppm in thiostrepton) in the 140-190 ppm region attributed to the imine carbon C2 whereas
Ala has one extra carbon at 56.8 ppm (C2) in the 45-80 ppm region, similar to that assigned to
Cé at 60.7 ppm, both of which undergo the same upfield protonation shift with d-TFA.
Nature of Modified Threcnine Residue, Thr(2)

The -CHNH- protons of Thr(2) in the thiopeptins were found appreciably downfield of those in

thiostrepton, e.g. the a-CH and NH doublets in the latter appear at 65.87 and 68.32 (J = 10 Hz)
whereas in thiopeptin Ay, they occur at §6.85 and 69.79 respectively. The reason for these shifts
was not immediately clear until the 13C NMR evidence was carefully analyzed. 1In both series of
thiopeptins, a peak at 189.9 ppm appears in 20% CD30H/CDCl; downfield of all other resonances.
It remains a singlet on gated decoupling but is observed as a split peak when measured in the
fully deuterated solvent mixture and is therefore assigned to a carbon adjacent to a slowly ex-
changing peptide NH group7. Microanalytical data on the thiopeptins support a higher sulfur
content compared to thiostrepton (Table 1) and hence a thiocamide group was entertained which
would readily account for the low field shifts observed for the —-CHNH- protonsg. Further
support was obtained as follows. Thiocarbonyl groups appear downfield of their oxygen analogues
in a predictable manner by the relationship GC=S = 1.45 GC=O - 46.5 ppmlO. On calculation, this
gives GC=O = 163.0 ppm for 5C=S = 189.9 ppm in very good agreement with that assigned to the
corresponding amide carbonyl in thiostrepton (161.1 ppm) and that observed in thiazole-4-carbox-
amide in DMSO-dg (162.8 ppm). Moreover, the thiocarbonyl resonance at 189.7 ppm in the thio-
analogue of the thiazole-4-carboxamide provides further strong support.

Nature of Side Chain

Thiopeptins B,/ and Ala/1b have two Deala residues in their side chain as in thiostrepton

which can be readily distinguished from the other Deala residue in the bicyclic portion.



3652 No. 39

Thiopeptin B, forms a sodium salt and was assigned a carboxylic acid; A1q/1p have a three proton
singlet at 63.93 and are therefore methyl esters. The 1H and 13C NMR resonances for both Deala
residues are missing in A3a/% and for only one in A4,/p and are identical to the products ob-
tained from facile acid hydrolysis of B/ and Alg/1p- N

This therefore completely defines the thiopeptins structurally. The two series of thiopeptins
are close structural analogues of thiostrepton. However, they are unique in being, as far as we
are aware, the first reported examples of naturally occurring thioamides. Biosynthetically, the
components Ba/b and Aj,;/1p can be envisaged as being simply related by an oxidation or reduction
and hydrolysis or esterification sequence, the other components A4 /4y and Az, /gy being des-Deala
and bis-des-Deala acid artefacts of thiopeptin Bo/b (and Ala/lb) respectively.

A full report of this work will be published elsewhere.
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