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Hydrolysis of teicoplanin (a complex of five closely related factors plus one, more polar
component) under selected conditions (acids in a biphasic hydroalcoholic medium) gives the
single aglycone with good yields. Whenthe reaction is carried out in homogeneoushy-
droalcoholic phase the removal of the sugars yields two newcompounds.

On the basis of fast atom bombardment mass spectra (FAB-MS), acid-base titration,
IR, UVand XHNMRanalyses it has been demonstrated that these compounds are two dia-
stereoisomers; they differ from the teicoplanin aglycone in having additional carboxyl and
amino groups derived from the hydrolysis of an amide bond.

Although the molecular shape of the newaglycones is greatly modified, they still maintain
some antibacterial activity which might be correlated with residual binding ability towards
the terminal D-alanyl-D-alanine residue of the cell-wall mucopeptides.

Teicoplanin (I), a new glycopeptide antibiotic produced by Actinoplanes teichomyceticus ATCC
31121i:>, is formed by a complex of five closely related factors T-A2-1 ~ 5 (formerly called teichomycin
A2) plus one, more polar component T-A3-l2). The aglycone moiety carries one D-mannose, one
JV-acetyl-D-glucosamine and one iV-acyl-D-glucosamine unit whose iV-acyl chains differentiate the
components of the complex3'4) (Fig. 1). Selected hydrolysis5) gives the pseudo-aglycones T-A3-1 by
removing the iV-acyl-glucosamines and T-A3-2 by removing D-mannose. By complete hydrolysis the
true aglycone (II) is obtained6) (Scheme 1). All these compounds maintain the antibacterial activity5).
In teicoplanin chemistry, as for many other glycopeptides, the aglycone is of great importance both
for structure and activity studies and as an intermediate for chemical modifications.

The different hydrolytic approaches to the aglycone were investigated previously6). In this paper,
an unusual opening of the polypeptide chain not yet described for the glycopeptides of the vancomycin-
ristocetin family is discussed.

Chemistry

The hydrolytic removal of the sugar moieties from glycopeptides of the vancomycin-ristocetin
family has been the subject of many studies (see the papers cited in ref 6). No general procedures can
be established since the strength of the semi-acetalic bonds depends upon the type of the hydroxyls on

* Presented in part at the 15th IUPAC International Symposium on the Chemistry of Natural Products,
The Hague, Aug. 17, 1986.
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Fig. 1. Structures of the components of teicoplanin, the pseudo-aglycones and the aglycone.



VOL. XL NO. 1 THE JOURNAL OF ANTIBIOTICS 51

Fig. 2. HPLCprofile of the reaction products. Table 1. Analytical data.

III-2HC1 IV-2HC1

HPLC retention timea 18.03 13.92
(minutes)

Weight loss (%)b 9.9 10.6
Analysis for C58H47C12N7O19 à"2HC1, MW= 1,289. 90

Found0 C 53.25 53.87

H 4.64 4.31

N 7.03 7.43

Cl 10.03 9.42

Cl- 4.10 4.24

Calcd C 54. 00
H 3.83

N 7.60
Cl 10.99

Cl- 5.44

FAB-MS (MH H+) 1,216 1,216

a See the Experimental section. T-aglycone (II)
shows retention time 19.35 minutes.

b Determined by TGA.
c On a sample dried at 140°C in inert atmosphere.the core-peptide, the type of sugars, the steric

hindrance, etc.
Teicoplanin (I) or its pseudo-aglycones T-A3-1 and T-A3-2 can be transformed into the aglycone

(II) by acid treatment under different conditions, whereas basic treatment gives rise to the correspond-
ing epimers7) (Scheme 1). In particular, fairly good yields were obtained by using trifluoroacetic

acid or other acids in a biphasic hydroalcoholic mediumor in anhydrous alcoholic medium(somewater
is originally present as residual solvent in teicoplanin)6).

Whenthe reaction is carried out in water or in hydroalcoholic mediumin homogeneousphase
(or in the presence of co-solvents) with mineral acids at a temperature between 80 and 90°C the forma-
tion of a new compound (III) having shorter HPLCretention than II was observed (Fig. 2), together
with minor amounts of an additional compoundIV. The reaction may be carried out also starting
from the pseudo-aglycones T-A3-1 and T-A3-2 with shorter times of heating. Compounds III and
IV are formed also when II is treated under the same reaction conditions and the relative amount of
IV is clearly dependent on the reaction time. Compound IV is formed also during the purification of
crude III by reverse-phase chromatography on silanized silica gel. CompoundsIII and IV were
isolated by chromatography. It was verified that III is relatively unstable in aqueous solution and
transforms into IV. Also by heating III in inert atmosphere at 140°C until the residual water is re-
moved (checked by thermal gravimetric analysis, TGA) a partial transformation into IV (up to 16 %)
occurs. An equilibrium is reached when either III or IV is treated with a NaHCO3aqueous solution
for 5 minutes at room temperature.

By examining the elemental analysis data (Table 1) it results that both compounds III and IV
(containing approximately 10 % of residual water) are dihydrochloride salts, although the salification
does not appear complete. Ionization data (Table 2) show the presence of two carboxyls and two
aminogroups. The empirical formulas obtained from the combustion data are consistent with the
MW'sobtained from high resolution fast atom bombardment mass spectra (FAB-MS). In fact,
both compounds III and IV show the same MH~~|+ ion at m/z 1,216, that corresponds to a MWof
1,215, whereas aglycone II shows MH"~| + m/z 1,198 corresponding to a MWof 1,197 (C58H45C12N7O18).
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Table2．Ionizationdataa．

JAN．19＄7

T－aglycone・HCl III・2HCl

Attribution

2．40　　　　　COOHofanα－aminoacid（．00C－C（7）H－NH3＋）

3．85　　　　　COOHendinggroupofapeptidicchain

（‾00C－C（7）H－NH）and（－00C－C（6）H－NH）

6．90　　　　　NH2endinggroupofapeptidicchain（C（1）H－NH3＋）

～10b NH20fanα－aminoacid（‾00C－C（7）H－NH3＋）

a SeeIntroductiontoExperimental．

b ThepKkcsvaluecannotbeclearlydetectedbecauseoftheinterferenceofthephenolichydroxyls・

TheclustersoftheFAB－MSspectraofIIIandIV（whichareidentical）bycomparisonwiththosecal－

culatedfromisotopedistributionconfirmthepresenceoftwochlorineatomsandareinagreement

withthemolecularfbrmulaC58H47C12N701。．TheUVspectrum（identicalfbrIⅡandIV）doesnot

di鮎rfromthatofII5），Showinganabsorptionmaximumat280nm（611，000）inneutralandacidic

mediawithashiftto300nm（620，000）inbasicmedia．Thesedataleadtothehypothesisthatcom－

POundsIIIandIVareisomers．

Inapreviouspaper6），thecompleteassignmentoflHNMRspectrumofTraglycone（II）hydro－

chloride，WhosestructureisdepictedinFig，3（thenumberingsystemis that proposed by D・H・

WILLIAMSgrOuP4）），WaSrePOrted．ThestructureofcompoundIII（Fig．3）wasassignedonthebasis

oflH NMR studies onits dihydrochloride，mainly homonuclear correlation spectroscopy（lH，1H－

COSY），uSingthesameapproachandincomparisonwithT－aglycone・HCl，takingintoaccountthat

molecularweightandionizationdatasuggestthatIIIisderivedfromIIthroughahydrolyticcleavage

Ofonepeptidicbond．AllthelHNMRasslgnmentSarerePOrtedinTable3．

Inpractice，theresonancesweresortedintosub－StruCturegrOuPingsbylH，1H－COSYexperiments・

OnlyfiveoutofthesixamidicNH，ssignalspresentinIIarefbundinIIIthroughtheircouplingwith

theadjacentCH．S．Oneofthese（∂8．73ppm）iscoupledtoaCH（∂4．83ppm）whichisalsocoupled

toaCH2（∂2．96and3．35ppm）．Thesedataaccountfbrthe丘agmentNHCH（CH2）COofthephenyl－

alaninederivedmoiety2，PreSentalsoincompoundII，inanenvironmentwhichappearswellcom－

Parable．AnotherfragmentNHCH（CHOH）COisrelevanttoanNH（∂7．35ppm）whichiscoupled

toaCH（∂4．66ppm）whichinturniscoupled、toanotherCHgroup（∂5．37ppm）．This丘agment

correspondstothephenylalaninederivedmoiety6，andshowsconsistentdi鮎rencesinchemicalshifts

inrespecttocompoundII．Infact，inIIthisgroupinghastheamidegroupintheunusualcねcon－

fbrmation，aS deduced丘omthehighfieldvalue oftheNHchemicalshift（∂6．62ppm），While the

Chemicalshift（∂7．35ppm）ofthisNHincompoundIⅡsuggeststhenormaltransconfbrmationofthe

5－6amidegroup．

OnebroadsingletispresentintheCH’speptidicregionat∂5．48Ppmandiseasilyattributedto

xlbecauseithasthesamechemicalshiftandcouplingtoNH3＋asthecorrespondingprotonincom－

POundII．Oftheremainingamidic groups，that7．79ppmisattributedtoaminoacid40nthebasis

Ofitscouplingwithx4andofthelongrangecouplingofthislatterto4band4f．Itisworthwhileto

recallthattheseresonancesareunambiguouslyattributedduetotheirchemicalshiftataparticularly

highBeldfbranaromaticproton，CauSedbytheshieldingeffbctofrings2and6，reSPeCtively．DifJ

fbrentlyfromII，thereisanothersingletat4．46ppm，Whichisattributedtox7andisofparticularim一
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Fig. 3. Structure of teicoplanin aglycone (II) hydrochloride and of compound III; configuration (R or S) of the asymmetric
centers and nomenclature^.
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Table 3. Assignments of the XH NMRsignals of compound III dihydrochloride in comparison with
those of T-aglycone hydrochloride.

T-aglycone - HCl

8 (ppm) 3/ (Hz)

III - 2HC1

8 (ppm)
xl
x2
x3
x4
x5
x6
x7
z2
z'2

z6
wl
w2
w3
w4
w5
w6
w7
lb
le
If
2b
2e
2f
3b
3d
3f
4b
4f
5b
5e
5f
6b
6e
6f
7d
7f

5.47

4.92

35

60

33

10

4.42

2.87

3.35

5.10
8.53

8.10

7.66

7.53

8.38

6.62

8.40

6.77

02

20

20

16

86

6.32

6.34

6.39

5.50

08

07
6.65

6.68

7.77

7.19

7.43
6.39

6.24

nd
nd
10

12 and2
6

14and 3
14and 5

nd
nd

8
10

8
5

12
6

8and2
2
8

8and2
2
2

2

2

2

2

8

8and2
2

48

83
39

26
27

66
46

96
35

37
8.64

8.73

8.08
7.79

8.82

7.35

8.64

7.08

7.04

7.24

7.20

7.29

.92

.38

,48

6.65

5.47

5.75

7.08

6.78

6.74

7.53

7.31

7.58

6.39

6.44

nd
7.5and3.5

10
8.5

9.5

.8and3.5

10 and2
nd
nd
nd
7.5

10
8.5

9.5

nd
nd
2
8.5

8.5and2
2
8.5

8.5and2

2

2

nd
2
2
2
8.5

8.5and2
2

8.5 and
2
2

2+0.01

-0.09

+0.04

-0.34

+0.94

+0.56

+0.04

+0.09

0

+0.27

+0.ll

+0.63

+0.42

+0.26

+0.44

+0.73

+0.24

+0.31

+0.02

+0.04

0

+0.13

+0.06

+0.06

+0.14

+0.26

-0.03

+0.67

+0.01

+0.13

+0.06

-0.24

+0.12

+0.15

0

+0.20

nd: Not determined.

portance because it localizes the hydrolytic cleavage in the peptidic chain between amino acids 6 and 7.
The attribution lies on the fact that this signal shows no coupling with an amidic NHand that the
ionization pattern indicates the presence of an amino acidic moiety. The last two CH's in the peptidic
region give rise to two signals at d 5.27 and 5.39 ppm and are attributed by exclusion to x5 and x3,
respectively, in agreement with the remarkable shift for x5 passing from II to III, as x5 belongs to the
left part of the molecule which is strongly modified. Consequently, the signals at d 8.82 and 8.08
ppmare assigned to w5 and w3, respectively.

Analogously, the signals of all the aromatic protons were assigned and they are reported in Table
3. It may be concluded that compound III differs from T-aglycone for the presence of an additional
carboxyl on C-6 and an additional amino group on C-7, originated by the opening of the amidic bond



VOL. XL NO. 1 THE JOURNAL OF ANTIBIOTICS 55

Fig. 4. Stereo-structure of compoundIII obtained from a Dreiding model.
The interactions through space found by the NOEexperiment (Table 4) can be seen.

between these two carbons. The structure assigned to compoundIII is reported in Fig. 3. It is
important to point out that the configurations of the asymmetric centers involved in the hydrolytic
cleavage (i.e., amino acids 6 and 7) have been assumed the same as those of the original aglycone II,
but no direct confirmation has been tried.

Information on the dipolar interactions through space between relevant protons of III was ob-
tained by 2D nuclear Overhauser effect spectroscopy phase sensitive (NOESYPH) experiments^.

The results are reported in Table 4.
This information confirms the structure attributed and gives a picture of the shape of III, which

appears substantially modified in the left part. Fig. 4 shows a stereochemical Dreiding model, where
the conformation of the molecule can be visualized. Furthermore, the interactions through space
reported in Table 4 can be seen.
It is noteworthy to comment the chemical shift variations of III in respect to II. Even if the right

part of the molecule is the same for the two compounds for III a change in conformation has to be
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Table 4. Selected qualitative difference NOE ob-
servations for III-2HC1 protons (labeling system
Fig.3).

Proton irradiated Resonance involved
" x2 z2,z'2

x3 3b
x5 5b, w5
x6 z6, 6b
x7 5b, x5
w2 xl
w3 3f
w4 4b
lb 3f
le If
2b z'2
2e 2f
5e 5f
6b z6
6e 6f
7d le, If

Fig. 5. Compound V and XHNMRassignments.

deduced because this is reflected by the variation
for 1b and 3f and by the strong NOEobserved
for them. Furthermore, w2, w3 and w4 show
decreasing variations of d, which can be inter-

preted as a modified availability of these groups
to the solvent as a consequence of the changed

conformation. The left part of the molecule has a different structure for II and III, and the dif-
ferences in the NMRsignals are in complete agreement. Finally, the NOEobserved between 7d and

le, If indicates that rings 1 and 7 approach one over the other.
The ^ NMRexperiments performed on compoundIV led to the conclusion that this latter is a

diastereoisomer of III because of the presence of a different enantiomeric form at x7. In fact, the
NMRspectrum is very similar for III and IV (Jd 0.1 ppm) and the only difference is the d value of
x7, which is 4.46 ppm in III and 4.29 ppm in IV. A diastereoisomeric relationship of this type was

Table 5. In vitro antibacterial activitya.

MIC Og/ml)
Organism -

Teicoplanin (I) II HI IV
Staphylococcus aureus ATCC 6538 0. 125 0.063 0. 5 4.0
S. aureus TOUR 0.125 0.063 0.25 2.0
S. aureus TOURb 0.5 0.125 1.0 8.0
S. aureus TOURe 0.5 0.25 4.0 16.0
S. epidermidis ATCC 12228 0.25 0.016 0. 12 0.25
Streptococcus pyogenes C203 0. 063 0. 125 2. 0 8.0
S. pneumoniae UC41 0.063 0. 125 1.0 8.0
S. faecalis ATCC 7080 0. 125 0. 125 1.0 16.0
S. mitisL 796 0.125 0.125 1.0 2.0
Escherichia coli SKF 12140 > 128 64 > 128 > 128
Proteus vulgaris X 19 H ATCC 881 >128 128 >128 >128
Pseudomonas aeruginosa ATCC 10145 > 128 > 128 > 128 > 128

a Minimum inhibitory concentration (MIC) was determined using the 2-fold dilution method in microtiter
system. The media used were: Iso-Sensitest broth (Oxoid) for Staphylococci, S. faecalis and Gram-
negative bacteria; Tood-Hewitt broth (Difco) for Streptococci. The final inoculum was about 104
cfu/ml. MICwas read as the lowest concentration which showed no visible growth after 18 ~24 hours

incubation at 37°C.
b Inoculum 106 cfu/ml.

c Determined in Iso-Sensitest broth supplemented with 30%bovine serum.
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not unexpected9*10). In fact, treatment of teicoplanin (I) with 6 n HC1at reflux for 8 hours gave
compoundV, which originated from the diphenyl moiety, as a mixture of two diastereoisomers, as
revealed by the doubling in the :H NMRspectrum (in DMSO-c/6) of one of the two methine groups
and of all the aromatic signals10 (see Fig. 5).

Antibacterial Activity
In Table 5 the MICs of compounds III and IV are compared with those of teicoplanin (I) and

the T-aglycone (II). CompoundIII still retains activity against the Gram-positive bacteria tested,
although to a lesser extent in respect to II and to I. A greater decrease is shown by compound IV.

Discussion

The commonfeature of the glycopeptides of the vancomycin-ristocetin group is the presence of
a linear heptapeptide chain madeby aromatic amino acids whose phenyl rings are linked together by
ether or carbon-carbon bonds forming three or four condensed dipeptide rings which can be visualized
as part of a larger cycle. Although many glycopeptides have been submitted to controlled hydrolysis
for the selective removal of sugars, the cleavage of the heptapeptide skeleton with the formation of an
additional terminal amino acid is new. Teicoplanin, as the other glycopeptide antibiotics, inhibits
the biosynthesis of the bacterial cell-wall by interfering with the peptides terminating in the sequence
D-alanyl-D-alanine at the free carboxyl end12>13). Studies with the model peptide iV-Ac-D-Ala-D-Ala
showed that hydrogen bonds between the NH's groups and one carbonyl of the glycopeptide and the
carboxyl group, one carbonyl, and one NH group of the JV-Ac-D-Ala-D-Ala together with hydrophobic
interactions are responsible for the binding and that the initial interaction between the peptide model
carboxylate and the terminal protonated amine in the antibiotic is electrostatic14). Recently, it was
shownthat the complete removal of sugars from teicoplanin causes a variation of the free energies of
binding with the model JV-Ac-D-Ala-D-Ala peptide (JG) from 35.0 to 32.3 kJ/mol (measured by UV
difference spectroscopy)15).

A different way to compare the affinity binding ability of glycopeptides to a D-Ala-D-Ala terminal
is the solid-phase enzyme-receptor assay (SPERA)16), which is based on the competition of the anti-
biotics and horseradish peroxidase-labeled teicoplanin for a synthetic analog of the biological receptor,
e.g., albumine-£-aminocaproyl-D-alanyl-D-alanine. In this test T-aglycone (II) shows 50% of the

affinity binding ability of teicoplanin, and compounds III and IV, 2.1 % and 3.4 %, respectively. These
data show that the structural modifications in the left side of the molecule, i.e. the opening of the ring
with the introduction of an amino acid center and the reversal of the amide bond, strongly affect the
binding ability. The residual binding activity of compounds III and IV may be attributed to the
unmodified right part of the peptide chain that in all the membersof the class forms a "binding pocket"
for the D-Ala-D-Ala terminal carboxylate ion. Taking into account that also the epimerization at C-3
of T-aglycone gives a dramatic decrease of the activity7), we can confirm that the geometry of the
glycopeptides, together with the protonation state14' 15) , is determinant for the binding activity, whereas
fatty acid residues and sugars have a minor influence.

The correlation between the binding capabilities observed with models and the activity in the
bacterial cells is only qualitative and this may be attributed to transport and/or cell surface recogni-
tion1^ as is often the case with antibiotics rather than to an other modeof action as suggested for
vancomycin17).

Experimental

Evaporation was carried out, after addition of BuOHto prevent foaming, with a rotary evaporator
at room temp under vacuum.

HPLCwere run with a chromatograph Hewlett-Packard 1084A equipped with a UVdetector at
254nm and a column Brownlee RP-18 (250mm, 5 ^m). Injection volume; 30 ^1. Flow rate; 1.5
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ml/minute. Mobile phases: (A) CH3CN-0.02maq NaH2PO4 (5 : 95); (B) CH3CN-0.02m aq
NaH2PO4 (75 : 25); linear step-gradient as follows :

Minutes : 0 10 20 30 35 40

% B: 8 15 25 40 40 40
The pK values were determined potentiometrically in Methyl Cellosolve (MCS) - water (4 : 1)

solution by titration with 0.1 n KOH.
The *H NMRspectra and the various experiments were obtained with Bruker instruments

equipped with Aspect 3000 console at 500 and at 250 MHz.The spectra were recorded at 40°C in
DMSQ-d6solution (internal standard TMS, d 0.00 ppm). The samples were previously lyophilized
twice from DMSO-d6solutions.
Preparation of CompoundsIII and IV
Twommol of teicoplanin (I)*, containing 15 %by weight of crystallization water, was added to

150ml of a mixture of 2-propanol and 37% HC1, 8: 2 preheated at 80°C. The powder dissolved.
Heating was continued for 75 minutes, then the reaction mixture was evaporated to dryness under
vacuum.
The residue was dissolved with 30 ml of H2Oand the solution was applied to a column (280x

3.6 mm) prepared with LiChroprep RP-8 40-63 jam (Merck) (Column A) slurried in H2O. The
column was eluted with H2Ountil the eluate had pH 7, then with a mixture of 0.02 m aq NaH2PO4-
CH3CN(87: 13) under a slight pressure. Fractions of 20 ml were collected at a rate of 16 ml/minute.
Fractions 100- 180 contained IV.
Fractions 181 -250 containing essentially III were combined, the pH was brought to 2 with 1 n

HC1and the solution was evaporated to dryness.
The residue was dissolved with 50 ml of H2Oand the solution was re-chromatographed (Column

A) eluting with a mixture of 0.02 m NaH2PO4- CH3CN(85: 15). Fractions of 25 ml were collected.
Fractions 30- 75 contained a mixture ofIII and IV. Fractions 76 - 120, containing III, were combined,
acidified to pH 1 with 1 n HC1 and evaporated to dryness. The residue was dissolved in H2Oand
the solution was passed through a column containing 80 g of LiChroprep RP-8, followed by H2O
until the eluate was free of Cl~. The product was then eluted with a mixture of CH3CN- H2O(3: 7)
collecting 200ml of a solution which was acidified to pH 2 (1 n HC1). BuOHwas added and the
solution was concentrated under vacuum to give a butanolic solution (about 20 ml). By adding 200 ml
of EtO2 a precipitate formed which was collected, washed with EtO2 and dried at 40°C under vacuum
(yield 0.8 g of pure compound III).
Fractions 100- 180 (from 1st column) and 30- 75 (from 2nd column) were combined, adjusted

to pH 2 (1 n HC1) and evaporated to dryness. The residue was dissolved with 50 ml of H2O and the
solution was applied to column A. Water was passed through until a neutral eluate was collected,
then the column was developed with a mixture of 0.02 m aq NaH2PO4- CH3CN(85 : 15), collecting
25 ml fractions at a rate of 16 ml/minute. Fractions 35- 60 contained pure IV and were combined and
worked up as described above obtaining 0.2 g of the product.

Isomerization of III and IV
To a solution of 1 mg ofIII in a mixture of0.5 ml of CH3CNand 0.5 ml of0.02m aq NaH2PO4

0.2 ml of a saturated aq solution of NaHCO3was added. The reaction mixture was stirred for 5
minutes at roomtemp.
By HPLCthe presence of 54% of IV was detected. When a solution of pure compound IV was

treated as described above, 42% and 44% of III was revealed by HPLC after 5 and 15 minutes, re-
spectively.

Evaluation of the Affinity Binding Ability by the SPERA Method
The preparation of the reagents and the assay procedures have been previously described16). A

solution of teicoplanin aglyeone (II, 6.2 mg) in 2.5 ml of DMFwas diluted to a concentration of 4

* The reaction may be done also starting from T-A3-1, T-A3-2 or T-aglycone (II). In these cases heating
was continued for 70, 60 and 40 minutes, respectively.
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^g/ml with the analysis buffer; compounds III (3.5 mg) and IV (2.8 mg) were separately dissolved each
in 0.25 ml of DMFand diluted to 40 /*g/ml as above. These solutions were tested according to the
SPERAmethod by using teicoplanin (I) as reference. The concentrations of the antibiotics obtained,
expressed as teicoplanin equivalents, were 2.02, 0.85 and 1.36 for T-aglycone, compound III and com-
pound IV, respectively. The ratios between the amount of the antibiotic "measured" and the amount
"added" (%), taken as a measure of the relative affinity of each compound for the immobilized d-
Ala-D-Ala, resulted 50 for T-aglycone, 2.1 for compound III and 3.4 for compound IV.
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