
STRUCTURAL STUDIES OF GLYCOPEPTIDE 
ANTIBIOTIC A35512B 

IDENTIFICATION OF THE DIPHENYL ETHER-TYPE 

BIS(AMIN0 ACID) 

CONSTANCE M. HARRIS and THOMAS M. HARRIS 

Department of Chemistry. Vanderbilt University. Nashvitk. TN 3723% U.S.A. 

(Receiord in USA 24 August 1982) 

ALur(-A35512B is one of the components of the A35Sl2 complex of glycopcp~ide antibiotics nccn~ly isolated 
from Srnpromycrr condidur. HydrolyG of the aglyconc wrth 6 N HCI gave actinoidinrc acid IO. and the 
prc\iou+ reported CI.conraining drphcnyl cthcr~lypc brs(phenylglycinc)Z. Hydrolysis of the aglyconc in 5% HI 
gave 6. trilamino acid) Sb arising from reduction of the B-OH groups of amino acid k. and amino acid 7. formed 
by dchalogcna~ion of 2. Amino acids 2 and 7 were oxidatively degraded to bis@nz~~cs) M and IO. IIIC structures 
of 3( armi 10 were confirmed by ic&pcr&nl syntkscs. Amino acid 2 is ass&d structure 24 rather than the 
previously proposed structures 2a or a. The absolute cC&ura~ion of U was determined as R for the 
pore-hydroxylated ring and S for rk mtio-hydroxylalcd ring. 

The isolation and characterization of a complex of gly- 
copcptidc antibiotics designated A35512 from tk fer- 
mentation broth of Sfrtpfomycts cardidus NRRL 8156 
was recently reported by workers at Eli Lilly.’ These 
antibiotics belong to tk vancomycin group, which in- 
cludes ristocetin (ristomycin). avoparcin and others.* 
Ok member of tk new complex, A35512B. has been 
studied extensively and structure la has been proposed 
for tk aglycok.’ A specific complcxation of A35512B 
with acetyl-o-ala-o-ala has been demonstrated which is 
similar to that of other antibiotics in this class.ld 

The aglycone of A355ltB” contains a biphenyl-type 
bis(amino acid), actinoidinic acid, at positions 5 and 7. 
which has previously been found in all other members of 
the vancomycin group and an ether-linked tristamino 
acid) at positions 2.4 and 6. which has also been found in 
all of the other members. although in some cases pos- 
sessing a chlorine substituent on one or both /?-hydroxy- 
tyrosines. A novel dipknyl ether-type bisfamino acid). 2. 
comprises residues I and 3. Uncertainty has surrounded 
the structure of this fragment. On the basis of ‘H NMR 
studies of bis(knzoate ester) 3. derived from oxidative 
&gradation of tk antibiotic (Sckmc I), the bisfamino 

acid) was first assigned structure 2a“ but this StNCtUfC 
was modified to 2h on biosyntktic grounds and by 
analogy with tk corresponding residue, ristomycinic 
acid (4): in ristocetin. “. ’ We were led to investigate this 
question further by the reported chemical shift (6 6.73) 
of tk protons assigned to positions o&o to tk car- 
bomethoxy group on the chlorinated ring of bisfbcnzoate 
ester) 3 which appeared to k too high field for either 
structure 3a or 3b On tk basis of synthetic studies 
involving the preparation of bis(knzoate esters) 3c and 
3d, we now assign the structure of the bisfamino acid) as 
2d. 

An initial study was carried out to ascertain that tk 
relative locations of tk OAr. OH. and glycyl sub 
stitucnts on tk right-hand ring of 2 was indeed I. 3. 5 
rather than the previously postulated I. 3. 2 or yet some 
other arrangement. before taking up the more difficult 
question of the location of the chloro substitucnt. 
Hydrolysis of tk aglycone of A35SIZB was carried out 
with 57% HI in tk presence of red phosphorus (Scheme 
2). These conditions commonly dehalogenate activated 
aromatic rings. Previous investigations of these con- 
ditions with ristocetin had shown that the para sub 
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stitutcd @-hydroxytyrosines in tris@mino acid) Sa 
undergo hydrogenolysis of the &OH groups.‘.’ The 
reductive degradation was of value in studies of the 
structure of ristocetin because the resulting pore sub 
stitutcd phcnylalaninc residues of 5b provide the only 
direct evidence for the presence of phenylscrine moieties 
in Sr since the latter undergo degradation under both the 
acidic and basic conditions normally employed for 
hydrolysis of the pcptidc. Separation of the A35512B 
hydrolysatc by ion-exchange chromatography yielded 
tris(amino acid) Sb. actinoidinic acid (6). and an ad- 
ditional bis(amino acid). the dechloro derivative of 2. to 
which structure 7 was assigned on spectroscopic 

grounds. 
The ‘H NMR spccfrum of 7 was very similar to that of 

2 except for the presence of an additional aromatic signal 

(6 6.54) indicating that dechlorination had taken place. 
The “C NMR spectrum confirmed that one of the sub 
stitutcd aromatic carbons had been transformed into a 
proton-hearing carbon. Bis(amino acid) 7 was converted IO 
0-methylated bis(henzoatc ester) g by a sequence in- 
volving protection of the amino group (Ac:O). mcthyl- 
ation of the phenolic OH groups (CHrN,). hydrolysis 
back IO the 0-mcthylated amino acid (HCI). oxidative 
dccarboxylation to the bis(bcnzonitrile) (NaOCI). 
hydrolysis IO tk his(bcnzoic acid) (NaOH), and 
esterihcation (CH,N*). The chemical shifts and coupling 
constants of the protons on the right hand ring of 6 
established the I. 3. 5 arrangement of substituents con- 
sistent with structures zkl for the native bis(amino 
acid). Finally the structure of g was confirmed by an 
independent synthesis involving Ullmann condensation 
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between methyl Ehydroxy3-mcthoxyberuoatc 
methyl 3-bromoanisate (Scheme 3). 

Hydrolysis of aglycoA3SSlZB with constant boilii 
HCI gave amino acid 2, as reported previously,” and 
actinoidinic acid. Amino acid 2 was degaded to 
bis(beruoate) 3 as described above for amino acid 7. 
NMR studies of 3 failed to lead to an unequivocal 

ancl 

structure assignment, necessitating preparation of 
authentic samples of bis(benzoates) 3c and 36 

The synthesis of compouads 3e and 31 involved Ufl- 
mann coupling between methyl 3-bromoanisatc and 
methyl mefo-hydroxyberuoates 9 and 10, respectively 
(Scheme 4). The latter compounds had not been reported 
previously. ?-Chloro-3,Mihydroxybenzoic acid, pre- 
pared by chlorination of the dihydroxy acid with SO+&. 

mllowthoxy ester 10 ad dimethoxy ester llr along 
with a trace of the isomeric monomethoxy ester 9 
(Scheme 5). Ester 9 was prepared in fair yield by 
demcthylation of dimethoxy ester llr by treatment with 
sodium e&an&date. ‘fhe StNctures of 9 lad 10 were 
established by ‘H NMR. The spectrum of dimetboxy 

was treated with hited quantities of diaxomcthane to 
give a mixture of methylation products containing mainly 

ester llr in CDCI,(OMe signals at 6 3.79, 3.66, ad 3.91 
and aromatic s&n.als at 6.61 am16.82) was assigned with 
the aid of shift reagent and decoupling studies. The 
s&al, at 3.91 ami 6.82 were assigned to the ester Me 
group aml to the proton at Cd, respectively. from the 
fact that only tbcy were shifted down-held signikantly 
by the addition of Eu(fod),. Irradiation of the OMe at 6 
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3.79 narrowed and enhanced the signal at 6.82 whereas 
irradiation of the OMe at 63.86 had a similar effect on 
the signal at 6.61. Therefore the signals at d 3.79, 3.86 
and 6.61 can be assigned to the 5-OMe. the 3-OMe and 
4-H. respectively. The spectrum of dcuterated analog 
Ilb, prepared by alkylation of 10 with CDJ, was idcn- 
tical to that of 11s except that the signal at S 3.79ppm 
was missing. The selectivity observed in the demethyl- 
ation of llr is consistent with that observed previously 
in the preparation of 2-bromo-3-hydroxy-5-methoxy- 
toluene from 2-bromo-3. Sdimethoxytoluene. 

(H-4) on the right ring and H-2 on the kft one, but signal 
enhancement may be too small to be detected since the 
adjacent OMe group also participates in the relaxation 
process for H-4. The upfield shifts of the protons on the 
right hand ring of 36, which originally attracted our 
attention, are very similar to those of the corresponding 
protons in benzoates )_ll. 

Ullmann reactions of h and 10 with methyl 3-bromo- 
anisate proved to be very difficult to accomplish. Under 
all conditions investigated dechlorination and selfcon- 
densation competed severely with the cross coupling 
reactions. A variety of methods were investigated. most 
of which gave rm trace of the desired products. Most 
satisfactory was the method of Williams cr 01.’ employ- 
ing CulCII in pyridine which gave esters 3e and 3d in 
very low yields along with dechlorinated diester 1. 
Bistester) 3 obtained from the antibiotic proved to be 
identical with 3d. Therefore 2d is the revised structure 
for the bis(amino acid) and lb the revised structure for 
the aglycone of A35512B. 

The mechanism of action of antthiotics in this class 
depends not only upon the gross structure of the agly- 
cone but also upon the configurations of the amino acids. 
The structure of A35512B is very similar to that of 
ristocetin A. the key difference being that ristocetin 
contains ristomycinic acid (4) as residues I and 3. instead 
of bis(amino acid) 26. The two antibiotics also differ in 
carbohydrate content but this difference is of kss rele- 
vance to the peptide binding process. The absolute 
configurations of the two chiral centers of ristomycinic 
acid have been the subject of dispute. Lomakina tl 01.” 
originally assigned the terminal one as R but Williams tf 
al. proposed on the basis of NMR studies that both 
residues I and 3 were S.“” We have obtained chemical 
evidence showing residues I and 3 are R and S, respec- 
tively. Williams. employing another experimental ap- 
proach. has recently confirmed our results.“” 

The previous assignment of structure for the diester as The absolute configurations of the two chiral centers in 
3b by Debono and coworkers rested upon NMR stu- 2d were shown to TV opposing by reduction of the amino 
dies.‘” NOB determinations showed one of the aromatic acid with Adams catalyst and hydrogen to give racemic 
protons of the right ring to be close to H-2 in the kft one cyclohexylglycine (12). A second experiment (Scheme 6) 
and the other proton on the right ring to be adjacent to confirmed this result. The N-terminus was reductively 
an OMe group. These measurements were made in alkylated” with acetone and NaCNBH, to give the N- 
CDCI, in the presence of Eutfod),. the presence of isopropyl derivative of A35512B. Hydrolysis of the pep- 
which was required to remove spectral degeneracy (in tide with 2 N HCI gave the mono-N-isopropyl derivative 
&-acetone the aromatic protons arc well resolved; see of 2d (13) which on reduction gave (Skyclohexylglycine 
experimental). It should be noted that these results are and (R)-N-isopropylcyclohexylglycine (14.” This result 
not inconsistent with structure 36. The latter structure in conjunction with NMR data obtained by Hunt” 
should also show a NOE between the second proton showing clove similarity in the pattern of peptidc NOE’s 
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