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BIPHENOMYCINS A AND B, NOVEL PEPTIDE ANTIBIOTICS 

H. STRUCTURAL ELUCIDATION OF 

B1PHENOMYCJNS A AND B 

ITSUO UCInDA, NO]3UUARU SEIOEMATSU. MAs4Mi EZAKI, 

MAa*.sm HASmMOT0*, Huo Aoici 

and Hnwsm IMANAKA 

Exploratory Research Laboratories, 
Fujisawa Pharmaceutical Co., Ltd., 

2-1-6 Kashima, Yodogawa-ku, Osaka 532. Japan 

(Received for publication June 21, 1985) 

The structures of biphenornycins A and .11, novel peptide antibiotics produced by a strain 

of Strepiomyces, have been established as I and 2, respectively, on the basis of spectroscopic 

and chemical evidence. They are unique in that they are cyclic peptides containing a biphenyl 
moiety included in a 1$-membered ring and show potent antibacterial activities especially 
against Gram-positive bacteria. 

Biphenomycin A (1), which was tentatively designated as WS43708 A. is a novel peptide antibi-

otic with potent antibacterial activity especially against Gram-positive bacteria. Its discoverY, isolation, 

and characterization were described in the preceding paper of this series.’ In a previous c0flmUfl1 

tion, we reported the structural elucidation of this antibiotic. This paper is devoted to a fuill account 

of that work. The strain producing biphenomycin A was found to co-produce a second antibiotics 

biphenomycin B(2),° the structural elucidation of which is also the subject of this paper. 
Biphenomycin A (1), C31-15N408, nip 205.’.. 209°C (dec) (HCl salt), [cr] �22.50  (C 0.1, 1 N Ed), 

was isolated as a major component from the fermentation broth of Sireptomyces griseorublgin0us 

No. 43708. From the same culture broth, biphenomycin B (2), C2H8N4O, mp 206-209’C, [c’]l 
- 100 (c 0.1, 1 N HCl), was isolated as a minor product. 

Acetylatfon of I with Ac20 in MeOR at 0°C and subsequent methylation with CH2N2 in MCOH 

at the same temperature gave the diacetyl monomethyl derivative 3. After acetylation of 1 in the 
same manner, the product was treated with CH5N2 

in MeOl! 
at 50c overnight to give the diacetYl 

trimethyl derivative 4. These results indicated 
that I contains two amino, one carboxyl, and 
two weakly acidic hydroxyl groups. W 19 3 4 

The 1H NMR analysis (Table I) of 1 and Ho 2 H 
3, together with the C NMR study (Table 2) R 20 21 

11 of 1, revealed all partial units of the structure 
of 1 (Fig. 1). The IR NMR spectrum of 1 in 25 1 H 
D.O-DC1 showed 17 protons, of which 3 protons ’32 OH 
at a 5.02 (dcl, 1=7, 9Hz), 4.91 (br s), and 4.47 23< 
(dd, 1=3, 5 Hz), corresponding to 8 5.09 (cli, 

NH2 
1=7.5, 8.8 Hz), 4.63 (bi d, 

1=9.5 Hz), and 4.56 1 R OH 

(dt, b=73, 3.3 14z) in the spectrm of 3 in 2 R = H 
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3 Ri = CO0CH3C, R2 = H 

t R1 = COOCH3X, R2 = CM3 

9 R1=CH2OII, R2H 

t DMSO..d, respectively, were assignable to the inethine protons of amino acids (e.g. partial struc-

tures A, B, and Q. These assignments were corroborated by the signals at 50.9 (d), 55.0 (d), and 

57.4 (d) ppm in the 33C NMR spectrum of 1. Two protons at 3 5.84 (br s) and 4.09 (dddd, J=3, 

4, 9, 10 Hz) in the IH NMR spectrum of 1 were attributable to the methine protons of secondary 

alcohols (e.g. partial structures A and C), which were supported by the signals at 64.4 (d) and 

65.2 (d) ppm in the ’C NMR spectrum of 1. Taken together with the signals at 30.4 (t) 37.9 (t), 

and 44.9 (t) ppm in the 13C NMR spectrum of 1, three pairs of signals in the LH NMR spectrum 

of 1 at ö 3.55 (dd, 1=5, 16 Hz) and 3.03 (dd, 1=3, 16 Hz), 3.17 (dd, .1=3, 13 Hz) and 2.97 (dd, 

1i0, 13 Hz), and 2.11 (ddd, .1=4, 9, 14 Hz) and 1.95 (ddd, J7, 9, 17 Hz) were assigned to the 

iriethylenc protons (e.g. partial structures B and A). Two sets of signals at ô 7.39 (d, 1=2.5 Hz), 

7.17 (dd. 12.5, 8.5 Hz), and 6.83 (d, .T.=8..5 Hz) and at 8 7.11 (ud, .1=2.5, 8.5 Hz), 6.78 (d, .1= 

8.5 Hz), and 6.88 (d, 1=2.5 Hz) in the 214 NMR spectrum of 3, along with 12 signals in the IOC 

NMR spectrum of 1 at 116.4 (d), 116.9 (d), 120.3 (s), 126.2 (d), 127.2(d), 127.6 (d), 127.9 (a), 130.6 
(d), 132.9 (s), 133.0 (s), 152.8 (a), and 154.6 (s) ppm, indicated that two tn-substituted phenyl rings 
(e.g. partial structures B and C) are present in 1. The "C NMR spectrum showed three additional 

Signals at 168.6 (a), 173.2 (s), and 174.0 (s) which were attributable to the carbonyls of amide and 

carbwcy groups. 

Confirmation of the partial unit A and extension of B and C to the partial structure B+C (Fig. 2) 
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Table I. ’H NMR. (400 MHz) chemical shifts, multiplicities, and coupling constants (.1-Hz) for bipheno-

mycin A (1), 3, and 6.  

- I-’JIL
. 3b  

a 7.9, d (2.5) t.io, or a iq 

b 7.40,niOH) 7.17, dd (2 5,85) 7.61, dd (2,8-5) 

C and 6.83,d(8.5) 7.62, brd(8.5) 

d J 6.93, m(2H) 7.11, dd (2.5,8.5) 7.48, dd (2.5, 8.5)  

e 6.78 d(8M 6.96, d(8.5) 

f 6.87.brs 6.88,d(2.5) 7.33,d(2.5) 

g 5.84, hr s 5.70, br s 7.57,s 

ii 5.02, dd (7, 9) 5.09, dt (7.5, 8.8) 
4.91,brs 4.63,brd(9.5) 

3 4.47,dd3,5) 4.56.dt7.5, 3.3) 4. 90, dt7.5,7.5) 

k 4.09,dddd(3.4,9.10) 3.64,m 
I 3.55, dd (5,16) 3.164 3.22.d(7.5) 

}  In 3.03, dd (3,16) 2.77, dd (3.3, 15) 
a 3.17, dd (3,13) 3.1611 

2.97, dd (10, 13) 3.07.m 
P 2.11,cldd(4,9,14) 1.79,m 
q 1.95,ddd(7..9,17) 1.50.,m 
r 7.62,d(7.5) 6.23,d(7.5) 
S 8.50,d(8.8) 
t 8.53.d(9.5) 
u 7.88,t(5.5) 
V 1.95, s (3H) 
W 1.84,s(6H) 

z 3.71,s(3H) 4. 10, s(3H) 
3.73, a (3M) 

z 3.91. s (3M) 

’D,ODcl, bDMs04. CCI)CI, dovIapping signals of H1 and H. prevented the eiono1 
their multiplicities. 

Table 2. "C NMR. chemical shifts (ppm) and multiplicities in D,O-DCL for biphcnoniycins A (1) and B (2). 

C 1 2 C 1 2 
1 133.0tg 132.2’s 7 64.4 d 283 t 
2 127.9’s 125.2’ a 8 57.4 d 52.8 d 
3 127.2bd 126.5bd 10 173.20s 172.709 
4 116.4"d 116.3°d 11 50.9 d 50.6 d 
5 
6 

152.8 s 153.0 S 13 174.005 175.20s 

16 
120.3 S 120.1 a 14 55.0 d 549 d 
132.9 

17 
s 132.0 s 

is 30.4 t 30.1 t 
154.6 s 154.2 

18 
s 22 168.6 S 168.4 S 

116.9’d 116.4 d 23 37.9 t 37,9 t 19 
20 

126.2bd 123.2bd 24 65.2 d 65.2 d 130.6d 24 

21 
130.64d 25 44.9 t 45.0 t 

1276d 126.54.d 
Assignments may be interchanged in land 2, respectively. 

were obtained from the following acid-ftmdation experiment. Hydrolysis of I with 6 N TiCI (110°C,  24 hews) gave, after chromatography on
 To.opearl HW-40S, erythro’.T.hydroxylLorrilthiI (14C’ salt, mp 176.’. 178°C (dec)1 t +10.9° (c 1.0, H20)) which was Identified by comparison With an 

authentic authentic sanlple,"°  confirming the presence of the I. The acid partial unit A in i,c structure of 
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Fig. 1. The partial structures A-.. C and the 1H-1H 
relationships (a) ’-(c). 
The 1H-’H relationships (a), (b) and (c) were 

obtained by decoupling experiments on 1. while 
(d) and (e) were derived by those on 3. 

The vanishing value of the He-H’ vicinal coupl-
ing constant is presumably owing to a restricted 
conformation of biphenomycin A which leads 

and H’ to a dihedral angle close to 900. The 
phenyl groups of A and. B may be interchanged. 
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hydrolysis also gave the fragment 5 (FD-MS: m/z 

341 (M)), which was converted, by acetylation 

with Ac20 in MeOH at room temperature follow-

ed by methylation with C112N2 in MeOH at room 

temperature, to the monoacetyl trimthyI deriva-

tive 6. The ’H NMR analysis of 6 with the aid 

of spin-decoupling (Table 1) and nuclear Over-

hnuscr effect (WOE) (Fig. 2) experiments sug-

gested the structure of 6 and accordingly the 

structure of 5, which was supported by the IR 

and ’C NMR spectra of S (see Experimental). 

The acid hydrolysis described above also gave 

two minor products 7 and 8, whose structures 

were assigned by analysis of their lB. and ’H 

NMR spectra (see Experimental). The geneses 

of these products 5, 7, and 8 are rationalized by 

the following, plausible reaction mechanisms 

from the partial units B and C. Dehydration 

of the 6-hydroxyl amino acid residue in C, 

followed by hydrolysis of the resulting dehydro 

amino acid, leads to the keto acid 7. Dehydra-

tive condensation of the phenolic hydroxyl group 

with the keto acid function in I gives the benzo-

furan structure 5. Decarboxylation of 5 or 

dehydratiVe condensation after decarboxylation 

of 7 give the product 8. This chemical evidence, together with the spectral data described above, 

thus leads to the partial structure B+C. 

The problem remaining is to link the partial structures A and B+C for the full structure of bi-

phenomycin A. In the ’H NMR spectrum of 3 in DMgO-d,, in addition to the acetamido Nils 

(probably & 8.53 (d, 1=9.5 Hz) and 7.88 (t, .T5.5 Hz)), two original amido protons coupled to H’ 

(ô 5.09, dt, .T.=7.5, 8.8 Hz) and H’ (6 4.63, br 4, J=9.5 Hz) were observed at ö 7.62 (d, 1=7.5 Hz) and 

Fig. 2. The structure of 6 and the partial structure B+C. 

The observed NOEs in 6 are shown by dotted line arrows. 
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8.50 (ci, 1=8.8 Hz), suggesting the presence of two peptide bonds in 1. The most reasonable com-

bination of the structural units A and B+C for these peptide bonds is an insertion of A between the 

two amino acid moieties of B+C, because a molecular model study indicated that an intramolecular 

cyclization of B+C itself is practically impossible 

When a ’H NMR spectrum of 1 was measured in %O-MOD, H’ and HJ were shifted upfield by 

0.36 and 0.67 ppm, respectively, as compared to their signals in D20-DC] (Table 1), while no shift 

was observed on JP’ (6 5.02 in both D20-DC1 and D3O-NaOD), indicating that the a-amino acid 

group of A is incorporated into the cyclic peptide structure in 1. Therefore, two structures 1 and 1’ 

can be proposed for biphenomycin A. 

Reduction of 3 with Na13114 in MeOR gave alcohol 9 (FAB-MS mIx 559 (M +1)), in the ’B 

NMR spectrum (CD,OD) of which the singlet-like signal (ö 4.89, CD,OD) corresponding to H’ in 1 

was changed to a triplet (ö 4.20, J=’7.5 Hz) coupled to the newly formed methylene group (i 3.65 (dci, 

1=7.5, 11 Hz) and 3.78 (dcl, .17.5, 11 Hz)). This result indicated that the carboxylic acid function 

in I is bonded to C-8 bearing H’. Consequently, the structure of biphenomycin A was thus established 

as being 1. 
By comparing the molecular formula of biphenomycin B (2) with that of biphenomYCifl A (1), 2 

was surmised to be the deoxy derivative of 1. The "C NMR spectrum of 2 in l)20-DCI (Table 2) is 

superimposable on that of 1 except for the signals at 28.3 (t) and 52.8 (d) ppm in 2, which correspond 

to those at 64.4 (d) and 57.4 (d) ppm in 1, respectively. This fact shows that C-7 (28.2 ppm) in 2 con-

sists of a methylene group and hence the signal at 57.4 ppm in 1 shifted upfield to 52.8 ppm in 2. Upon 

treatment of 1 with Pt02 in AcOli (4 atmospheric pressure of H2), the benzylic hydroxyl group at C-i 

in 1 underwent hydrogenolysis to give rise to a compound which was identical with 2 (IL ’H NMR 

and HPLC), thus confirming that the structure of biphenomycin B is 2. 
The structures of biphenomycins A and B were established as being I and 2, respectivelY. B’ 

phenomycin A showed high antibacterial activity especially against Gram-positive bacteria, while bi-
phenomycin B was somewhat weaker (see the preceding paper’). 

Experhnentai 

Infrared spectra were recorded on a )asco A-102 infrared spectrophotometer. UV spectra W&C 
measured on a Hitachi 220A double beam spectrophotometer. ’H and "C NMR spectra are M 
corded by using Jeol MM-0X400 and Jeol 3NM-M70 spectrophotometers. NOB experiments were carried out by the technique of ’H-I’ll] NOB difference spectra. LOW 
resolution and high-resolution El mass spectra and PD mass spectra were measured on a Jeol JMS 
D-300 mass Spectrometer. FAD-MS spectra were determined with Jeol JMS-DX300 mass spectrometer’ 

Di-N-acctyl Mononiethyl Ester (3) 
To a stirred Suspension of 1 (50 mg) in MeOH (5 ml) was added Ac,O (1 ml) at 0°C. The result-ing solution was stirred at the same temp for 30 minutes, and then diluted with H.O. The solvent was 

removed in vacuo to give a residue, which Was dissolved in MeOH (5 ml). To this solution Was aLICJCd a solution of CH,N, in ether at 0°C. After standing for 10 minutes at the same temp, the solution was coned to dryness to give a residue, which was purified by preparative TLC on silica gel withCIICI, - MeOH (5:1) to afford 3 (25 lug): IR (Nujol) 3300, 1735, 1660
 
cm-3L; "C NMR (DMSOd) 22.46 (q), 22.55 (a), 30.4 (t), 39.0 (t), 44,3 (t), 49.0 (d), 52.2 (a), 52.7 (d), 56.1 (d), 62.9 (d). 66.0 (d), 114.7(d), 

115.0 (cl), 123.9 (s), 1242 (d), 125.9 (d), 126.0 (d), 128.7 (d), 128.9 (s), 131.6 (s), 131.9 (a), 152.6 (s), 154.1 (a), 168.6 (s), 169.4 (a), 169.6 (a), 171.0 (s), 171.6 (a) ppm; ’B NMR (CD,OD) 8 1.79 (ill, ddd, 
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1=7.5, 8,5 and 14 Hz), 1.95 (611, s), 2.00 (1H. m), 2.91 (111, dci, .1=3.5, 15 Hz), 3.26(11-1, dd, 1=4.5, 
15 Hz), 3.35 (111, dd, 1=6.0, 15 Hz), 3.45 (111, dd, 1=6.3, 15 Hz), 3.82 (311, s), 3.88 (111, m), 4.65 
(IH, dd, J=3.3, 6.0 Hz), 4.89 (111, br s), 5.10 (111, dd, 1=7.5, 8.5 Hz), 5.83 (IH, br s), 6.78 (IH, d, 
J=8.5 Hz), 6.81 (IH, d, J=8.5 Hz), 7.02 (111, 

ci, 

.1=2.5 Hz), 7.19 (IH, dd, J=2.5, 8.5 Hz), 7.25 (111, 
dd, .1=2.5, 8.5 Hz), 7.57 (111, d, .1=2.5 Hz); FAD mass, in/z 587 (M +1), 609 (M +23). 

Di-iV-acetyl Trimethyl Derivative (4) 
Acetylatiori of 1 (50 mg) was carried out with Ac,O (1 ml) in MeOH (5 ml) in the same manner 

as the preparation of 3. To a solution of the crude di-N.acetylbiphenomycin A (50 xng) in MeOH 
was added a solution of CH,N, in ether at 0°C, and the solution was kept In the refrigerator overnight. 
After evaporation of the solvent, the residue was purified by preparative TLC on silica gel with CHCI, - 
MeOH (7: 1) to afford 4 (20 tug): ’11 NMR (CD,OD) J 1.60 (311, s), 1.96 (IH, m), 2.10 (311, s), 2.20 
(111, ddd, 1=3.5, 3.8 and 14 Hz), 2.96 (111, dd, .1=5, 14 Hz), 3.25." 3.50 (3H, m), 3.84 (3H, s), 3.86 

’ (3H, a), 3.90 (3H, a), 4.10 (111, in), 4.38 (111, m), 4.61 (111, d, .1=2 Hz), 4.90 (IH, m), 5.92 (1H, ci, 
J=2 Hz), 6.92 (IH, ci, 1=8.5 Hz), 6.94 (11-1, d, 1=8.5 Hz), 7.41 (111, dd, J’=2.5, 8.5 Hz), 7.43 (11-1, 
dd, 1=2.5, 8.5 Hz), 7.72 (111, d, 1=2.5 Hz), 7.85 (IH, d, 1=2.5 Hz); FAD mass, zn/z 615 (M+I). 

Acid Hydrolysis of Biphenomycin A (1) 
A solution of 1 (50 rug) in 6 i4 FIC1 (5 ml) was heated for 24 hours at 110°C. After evaporation of 

the solvent in vacuo, the residue was dissolved in 1120 and the solution was adjusted to PH 7.0 with 
1 N NaOH, The resulting solution was applied to a column of Diaion HP-20 (20 ml). The column 
was eluted with H2O (50 ml) and then with MeOH (50 in!). The fractions eluted with 11,0 were 
concd in vacua to give a residue, which was chromatographed on CM-cellulose (15 ml) eluting with 
0.05 M pyridine - AcOH buffer (pH 5.0). The fractions showing a positive ninhydrin reaction were 

collected and concd in vacua to give a residue (13 mg), which was dissolved in 11,0 (0.5 ml), adjusted 

to pH 5.0 with 6 N HCI and cncd to give a syrup. This syrup was crystallized from H20 - EtOH to 
afford -hydroxy-L-ornjthjne hydrochloride (7mg): mnp 176-178C; [a] –10.9° (c 1.0, 1-1,0); 1H 
NMR (D,0) 5 2.05 (211, m), 3.03 (11T, dd, J-8, 14 Hz), 3,26 (111, dd, 1-5, 14 Hz), 3.94 (111, t, .r-
7 11z), =711z), 4.23(111, m); FD mass, m/z 149 (M+1). 

The fractions eluted with MeOH in the Diaion HP-20 chromatography were evaporated in vacua 
to give a residue, which was chromatographed on Toyopearl HW-40S (100 ml) eluting with 50% aq 
MeOfl to afford (5) (9.9 mg), 3-[4,4’-dlhy-

droxy3(2..hydroxy..arboxyyiny1).3..bjpheny1]alanine (7) (2.8 rug) and 3-[5-(5-benzofurany1)-2-hy-
droxyphenyllalanlne (8) (3.1 mg). Compound 5: IR (Nujol) 2800 ’ 2300, 1600, 1580 =7 1; ’11 NMR 

(CD,OD.D,o) 5 3.19 (III, dd, 1=7.5, 14 Hz), 3.47 (IH, dd, .1-5, 14 Hz), 4.29 (11-1, dd, 1=5, 7,5 
Hz), 7.01 (111, d, 1=3.7 Hz), 7.49 (211, m), 7.64 (IM, s), 7.66 (111, ci, 1=8.7 Hz), 7.70 (114, dd, 1= 
2,8.714z), 7.90 (1H, ci, .1=2 Hz); FAD mass, m/z 342 (M4’ +1); CD t8121+11,4000, EO]łoum+2,4000.  
Compound 7: IR (KBr) 1690, 1600 cm- ’; ’H NMR (CD3OD+D,O) 5 3.07 (111, dd, 1=8.8, 14 Hz), 
3.44 (lii, dd, 1=4, 14 Hz;), 3.97 (rn, dd, 1=4, 8.8 Hz), 6.93 (111, ci., J=8.7 Hz), 7.12 (111, a), 7.32 
(111, ci, /=3.7 Hz), 7.42 (111, dd, J=2.5, 8.7 Hz), 7.49 (111, d, J.2.5 Hz), 7.59 (111, dd, .1=2,5, 8.7 
Hz), 7.67 (111, ci, J=2.5 Hz); FAD mass, m/z 324 (M4 +1). Compound 8: IR (KBr) 3400, 3200.... 
2200, 1600 cm-’� ’Ii (CD,OD-D,O) 5 3.13 (11-I, dd, 14Hz), 3.48 (1H, dd, J=5, 14 Hz), 
4.26 (1H, dd, 1-5. 7.5 Hz), 6.88 (114, ci, 1=2.5 Hz), 6.97 (111, ci, 1=8.2 Hz), 7.44 (1H, ci, 1=2.3 Hz), 
7.45 (111, dd, 1=2.3, 8.2 Hz), 7.49 (111, dci, 1=2.3, 8.2 Hz), 7.53 (111, ci, J8.2 Hz), 7.77 (IH, ci, 
12.5 Hz), 7.77 (114, m); FD mass, m/z 297 (Mi. 

Methyl (6) 

To a solution of 5(7mg) in MeOH was added Ac,O (0.5 in]), and the mixture was stirred at room 
temp for 4 hours. Alter evaporation of the solvent in vacuo, the residue was dissolved in MeOH and treated

 with a solution of CH,N2 in ether at 0°C. After the reaction was completed, the solvent was 

evaporated in vacua to give a residue, which was purified by preparative TLC on silica gel With dId, - 
MeOR (95:5) to afford methyl alaninate (6) (5.9 ) lit (CHCIa) 1720, 1660 cm-1; UV jg&u nm (e) 265 (28000), 271 (29,000), 283 
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(22,500), 320 (3,600); ac NMR. (CDCJ3) 22.3 (q), 33.7 (t), 52.5 (ci), 52.8 (q), 53.8 (d), 56.1 (q), 111.9 

(d), 113.1 (d), 115.2(d), 121.5 (d), 126.7 (s),128.2 (d), 128.2 (d), 128.9 (s), 131.0 (d), 134.3 (s), 138,6 (a), 

147.2 (s), 157.0 (s), 158.5 (a), 161.5 (s), 173.0 (s), 173.9 (s) ppm; high resolution El mass, m/z 425.1457; 
Calcd for C,,H,,NO, 425.1472. 

NaBH Reduction of 3 

To a solution of 3 (30 mg) in MeCH (3 ml) was added NaBH4 (100 mg) and the mixture was stirred 

at room temp for 4 hours. After evaporation of the solvent, the residue was dissolved in HO and 

neutralized with 1 N MCI. The resulting solution was desalted on Diaion HP-20 (20 ml) washing 

with H2O and Outing with M--OH and then purified by preparative mc on silica gel developing with 

CHCI3 - MeOH - cone NH3 (5: 3: 1) to afford 9 (10 mg): IR (Nujol) 3300, 1650 cm-1; 1H NMR 

(CD30D) ö 1.80 (1H, m), 1.92 (1H, m), 1.95 (311, a), 1.96 (3M, s), 2.94 (1H, dd, .1=3, 13.5 Hz), 3.24 

(211, rn) 3.43 (1H, dd, J-6,13.5 Hz), 3.65 (IH, dd, /=7, 11 Hz), 3.76 (IH dd, 1=7, 11 Hz), 3.78 

(111, m), 4.20 (111, t, 1=7 Hz), 4.64 (1H, dd, /=3, 6Hz), 4.94 (111, t, /=8 Hz), 5.40 (Iii, a), 6.77 (IH, 

d, /z8.2 Hz), 6.78 (III, d, J=8.2 Hz), 7.07 (IH, d, .1=2 Hz), 7.17 (IH, dd, 1=2, 8.2 Hz), 7.21 (111, 

dd, J=2, 8.2 Hz), 7.55 (1H, d, 1=2 Hz); FATS mass, m/z 559 (M + 1). 

Catalytic Hydrogenation of Biphenoznycin A (1) 
A solution of 1 (20 mg) in AcOH (2 ml) containing 70% HCI04 (20 u1) was hydrogenated on 

PtO, (30 mg) under medium pressure (3.5-4 atm) of H, for 3 hours. After removal of the catalyst by 
filtration, the filtrate was adjusted to p117 with IN NaOH. The resulting solution was coacd to dryness 
In vactw to give a residue, which was dissolved in 11,0 and then subjected to preparative BPLC US1fl 
the some conditions as in the preceding paper, to afford biphenoniycin 13 (2) (5 mg) together with 
biphenomyclu A (1) (5 mg). The IR and NMR spectra arid HPLC of these two compounds were 
identical with those of the natural biphenomycin B (2) and biphenomycin A (1), respectively. 
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to ł  NMR analysis consisted of 11 and 12 in a ratio of 4:1. The 
all also contained a small amount (less than 6%) of di-
uzylideneaCet0fl0 as an impurity. 

I.  IK NMR (200 MHz) (assigned peaks in mixture with 12) 
9-5.6 (in, 4 H, oleflnic), 8.75 (a, 3 H, one of CO2Me), 3.74 (a, 
, one of CO2Me), 3.51 (d, J 8.8 Hz, I H, CH(CO2Me)2), 3.18 
1 H, CHCH(CO2Me)2), 2.45-2.3 (m, 2 H, allylic CH2), 1.954.76 

(0,2F1,C142). 
12, H NMR (200 MHz) (assigned peaks in mixture with 11) 

55.95.6 (m, 3 H, olefinic), 4,12 (a, 1 H, CH(CO2Me)i), 3.75 (a, 
if, CO2Me), 2.45-2.3 (in, 4 H, aUylic Cu2), 1.95-1.75 (in, 211, 
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CH,). 
Registry No. 1, 96039-90-6; 2,96039-91-7; 3, 82736-52-5; 4, 

110416-98-9; 8, 39495-94-8; 7, 110455-97-5; 8, 110455-98--6; 9, 
1583344-0; 10, 110418-99-0; 11, 9155040-2; 12, 110419.00-6; 
Pd(dppe)2, 31277-98-2; Pd(dba)2, 81141-80-2; dimethylmalonate, 
108-59-8; (E).(RS,R*).2_aeetozy5cbloroShexona, 98177494; 
(E)(R*,S$).2.acetoxy.5-chloro3.hexene, 95177-50-7; sodium 
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hexene, 82736-39-8; css-1-acetoxy-4-chloro-2-cyeloheptene, 
82736-40-1; diniethyl diazomalonate, 6773-29-1; (E,E)-2,4-bexa-
diane, 5194-51-4. 
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By the use of proton NMR spectroscopy, in particular of coupling constant and NOE data, It Is shown that 
the cyclic tripeptide antibiotic WS-43708A has S stereochemistry at the a -carbon atom of all three amino acids 
and that the carbon atom at the benzylic position of residue 3 has B stereochemistry. The conformational preference 
of the biphenyl system has also been determined. Although WS-48708A appears to be the only reported antibiotic 
outside the vancomycin group to possess a biphenyl group, no evidence for binding of WS-43708A to the cell 
wall analogue N-Ac-n-Ala--A1a has been found. It Is concluded therefore that WS-45708A exerts its antibacterial 
activity other than by binding to mucopaptide precursors terminating In D-Ala-D-Ala. 

A covalent structure (1) for the cyclic tripeptide anti-
biotic WS.-43708A has been reported by Hashimoto and 
co-workerS.’ The only stereochemical information which 
was available from their study was that residue 2 corre-
sponds to e,ythro-y-hydroxy-L-ornithine? In view of a 
possible structural analogy between this structure and 
parts of the structures found for vancomycin group anti-
biotics,’ we have fully determined and now report the 
stereochemistry of WS-43708A. Our interest in this 
atereochemistiy was also initially aroused by the possibility 
that WS-43708A acts by inhibiting cell wall biosynthesis, 
as do also members of the vancomycin group.2 We 
therefore wished to establish whether WS-43708A has a 
geometry suitable to bind mucopeptide precursors ter-
minating in D-Ala-D-A1a2 

The earlier structural work on WS-43708A had been 
carried out in D20/DO1 and CD3OD/D20. Since we 
wished to utilize NOE and coupling data for the amide 
Protons, it was desirable to work in DMO-4 solution. As 
the dihydrochioride of the antibiotic (kindly provided by 
Dr. Hashimoto) was not soluble in DMSO-d8, it was con-
verted to the free base by dissolving in an aqueous solution 
of ammonium carbonate. The solution was then 1yophi-
16d several times to remove excess ammonium carbonate. 

Proton NMR spectra of the above free bass were ob-
tained in DMSO-d8 solution on a Bruker AM-400 spec-
trometer. Two and three bond proton�proton couplings 
Were determined from a double quantum filtered phase-

nsitive COSY spectrum. This spectrum also exposed the 
Sour bond couplings between bensylic protons and protons 
Who to the benayllo position. Chemical shifts and cou-

(1) Uchida. L; Ezald, M.; Shigcmatau, N.; Hashimoto, M. J. Org. 
mi. 1988, 50, 1341-1842. 
(2) Uerna, J. C. L; Williams. D. H. Anna. Bee. Microbial. 1984, 88, 

Table I. LE NMR Chemical Shifts and Coupling Constants 
for WS-487083A° 

proton chain shift, I J, Hz 

Wa 8.04 9.2 
Wi 8.40 9.7 
Sb 7.44 2.6 
Id, 3d 7.18 in 

lb 4.94 2.2 -
lo, 3c 6.9 7,5 
a5 5.72 

5.04 in 
a3 4.52 9.7 
a, 4.14 in 

3.92 in 
3.24 15,6 

Pi 
1 3.02 15,3 

2.98 13,3 
2.78 13,8 
1.84 in 

"Spectrum of the free base In DMSO-d6 at 330 K in = multi-
pleti a = singlet. The amino acid residues are coded 1, 2, and 3 

from the N. to the C-tanninus. 

pling constants are summarized in Table I, by using the 
proton code given in 1, and are in accord with the reported 
structure. Phase-sensitive NOESY and CAMELSPIN3 

0022-3263f87/1952-5435$01.50/0 0 1987 American Chemical Society 
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Table II. NOEs Observed from Phase Sensitive NOFSY’ 
and CAMELSFINb Spectra of WS437083A’ 

1b’-’fl’ 72’02,P2) 

�  021 P21 a2 -’- a3 12 2 
W 02 a2 - (82, fl’) A � 
gj � 3b at - 2 a2 

3ba3 a1-’1’ 

3b-’lh 

Obtained in DMSO-d6 at normal probe temperature (290-293 
K). bj4;0 in DMSO-d4 containing 2% TPA (v/v) at 820 K, 
with a spin-locking duration of 200 ma; the experiment was re-
peated with a different transmitter offset to check for any false 
enhancement.4 ’All NOES were negative in the NOES? spectrum; 
their magnitudes lay in the range 2-13%. The CAMELSPIN 
NOES are positive. 

spectra were obtained in the same solvent (but the latter 
after addition of 2% 

v/v PFA). The latter spectrum is 
useful In obtaining specific NOES even in cases where spin 
diffusion is nomal]y a problem, and in cases where the 
NOE would be near zero because w0r, L The NOE data 
obtained from these spectra are summarized in Table H. 
Since the pattern of NOEs was essentially the same from 
both types of experiment, It is clear that significant spin 
diffusion had been avoided at the mixing time (0.3 a) used 
in the NOLSY experiment. It is also clear from these data 
that the conformation of the antibiotic, in the regions in 
which NOEs are observed, is essentially the same for the 
protonated form (after addition of TFA) and for the free 
base. 

The vicinal coupling constants between the amide NH 
protons of amino acid residues 2 and 3 (w2 and 

w) 

and 
their respective e -CHs both lie in the range 9-10 Hz. 

HO,C’N c- c’’ c’’NH. 
H H5 0 /\PH 3b 

H0,C ’N4 
H 

2 

These facts, coupled with the observation that neither of 
the a-CH protons shows an NOE to the amide NH of its 
own residue, indicate that the a-CFINH protons are ap-
proximately trans-orientated (see 2). Additionally, the 
strong NOES a w2 and 02 w3 Indicate that these two 
pairs of protons are on the same side of the molecule, as 
also indicated in 2. 

Since the side chains of the oxidized phenylalanine units 
(R1 and R3 In 2) are connected (presumably via phenol 
oxidative coupling), than they must be orientated in the 
same direction from the peptide backbone unit 2. CPK 
models show that this direction must be downwards from 
the plane of the paper (see 2); if they orientated upwards 
from the plane of the paper, then the side chain of the 
7.hydroxyornithine residue (R2 In 2) cannot be accom-
modated within the 15-membered ring. Thus, both resi-
dues 1 and 3 have the S absolute configuration of their 
a-carbon atoms (see 2). 

There is no discernible coupling between as and fig, and 
therefore the dihedral angle between these vicinal protons 
must be near to 90° (see also ref 1). CPK models show 
that this geometry can only be accommodated if the ban-
zylic position of residue 3 has the R configuration, i.e., with 
the benzy[ic hydroxyl group approximately trans-orien-

(3) Bothner.By, A. A.; Stephens, Ii. I.; Lee, J.; Warren, C. D.; Jeanloy, 
R. W. if, Am. Chem. Soc. 1984, 106,811-813. 

(4) Neuhaus, D.; Kesler, J. J. Magn. Resets. 1980, 68, 5118-574. 

Figure 1. CPK model of W8-43708A. 

tated with respect to the C-H,, bond. Additionally, the 
fact that 09 shows an NOE to 03 but to no other proton 
(Table II) demands, when taken in conjunction with the 
other constraints, the R configuration at the benaylic 
center. This geometry is reproduced in 8 and is in accord 
with the observation that 3b shown NOES to both u and 
as but not to 

The vicinal coupling constants of a1 to fi and a1’ (Sand 
3Hz, respectively) establish that neither of these beazylic 
protons is held in a specific trans conformation relative 
to o1. This conclusion, in conjunction with the observation 
of NOES from a to both 61 and ptl, shows that these 
henzylic protons are on the same side of the structure as 
a. In the NOESY spectrum the cross peak between a 
and fill is larger than that between a and fir; moreover, 
In the CALSP1N spectrum, only the a1’-p11NOEh 
observed. Hence a1is closer to 16  than to #I, which re-
quires a smaller dihedral angle on average between °t and 
P11 than between a and .81. Additionally, lb shows an 
NOE to $1’ but not to 01. These data demand a geometry 
of this part of the molecule which is close to that shown 
in 4. The original form of the Karplus equation would 

wi H0H I, lb HH NH2 0 HN 

of course require Ja1’ ) Jp1, but account must also be 
taken of the fact that vicinal coupling is reduced when one 
of the protons involved is approximately trans-coplanar 
to an electronegative substituents.6 To take account of 
this type of effect (which operates here, since I’ is almost 
trans-coplanar to the NH2 substituent�see 4), we have 
used the equation of Gandour and co-workers.6 The ob-
served values of 3 Hz and J.,., 6 Hz (Table I) 
in this equation give dihedral angles of 42°  and 60°,  re-

spectively.

espectively. Although the sum of these is somewhat less 
than the required 120°, their relative magnitudes 8 

(5) Williams, D. H.; Biocca, N. S. J. Am. Chain. Soc. 1964, 86, 2742-2743. (5) Colucci, W. J.; .lungk, S. J.; (landour, IL D. Magn. Ream. CliPlfl. 1955, 23, 325-343. 
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with the conclusions summarized in 4. 
other NOES (Table II) give information about possible 

conformational states of the peptide. Proton 3b gives 

NOES to both cis and Cd3 with the former being more in-
Protons cr, and ta3 are on opposite sides of the 

molectibsee 2); thus there is probably some conforma-

tional flexibility of the aromatic ring 3, with 3b on average 
being somewhat nearer to a,, than to w Also noteworthy 

is the NOE a & (Table II). This NOE establishes that 
the side chain of residue 2 spends some of its time coiled 

up such that the terminal carbon atom of the aldechain 

is proximate to its a-CH proton. The structure of WS-
7  is reproduced with atereochemica) detail in 5; and, 

as a CPK model, in a conformation which is in accord with 
jie 

above findings, in Figure 1. In this latter represent. 
alien, we have rotated the covalent structure I through 
jQO about a vertical axis bisecting the C-C bond con-
ecting the aromatic residues 1 and 3. This has been done 

because what transpires to be a concave face of the mol-
ecule is now presented upwards. 

The site to which WS-43708A binds in exerting its an-
tibacterial activity Is unknown. However, addition of the 

cell wall 

analogue N-Ac-D-Ala-D-A1a7 to a DMSOd5 solu-
tion of the antibiotic free base affected neither the chem-
ical shifts nor the line shapes of the proton resonances. 
This situation still pertained as trilluoroacetic acid was 
then added stepwise to the solution to reduce the "pH". 
Additionally, the addition of N-Ac-D-Ala-D-Ala, or di-N-

(7) Nistoi M. Perkins, H. R. Biochens. J. 1971, 123,789-803. 

5437 

Ac-Lys-n-Ala.n-A1a7 to a solution containing WS-43708A 
(0.1-0.2 mg/mL in 0.02 M sodium citrate buffer, pH 5.1) 
did not affect its original UV spectrum. We conclude that 
WS-43708A exerts its physiological action on cell wall 
biosynthesis other than by binding to niucopeptide pre-
cursors terminating in D-Ala-D-Ala. 

Experimental Section 
’H NMR spectra were obtained on a Brucker AM-400 spec-

trometer using approximately 20 eng/rnL solutions in DMS048. 
One-dimensional spectra were usually recorded with a spectral 
width of 3500-4500 Hz and 18K data points, Two-dimensional 
double quantum filtered COSY (DQFCOSY), NOESY, and 
CAMEL-SPIN experiments were all run in the phase-sensitive 
mode. NOJISY spectra were measured With various mixing times 
(0.34.5 a) to obtain the optimum NOES without spin diffusion. 
Two CAMELSPIN experiments were recorded with different 
transmitter offsets to check for false enhancements;’ the same 
spin-locking durations of 200 ma was used in both cases. All the 
2D data matrices consisted of 512 21< spectra, which yielded, after 
zero-filling in Fl and Fourier transformation, a 1-MW square 
matrix. A maximum of 32 scans were accumulated in each t1 Lid 
with proper phase cycling. The data were subjected to Loren-
tizian-Gaussian multiplications in t2 and sine bell multiplication 
(SSB1 valve of 3) in 11 prior to transformation. UV studies were 
carried out with a Pye Unicam PU 8800 UV/Vis spectrometer 
and followed a previously published procedure,1 
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Formal Transfers of Hydride from Carbon-Hydrogen Bonds. Attempted 
Generation of Molecular Hydrogen by Intramolecular Reduction of Protons 
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2,3-Diliydro.1,3-dimethyl-2-(2-pytldinyl).lff-benzlmidazole (5) is designed to bind clectrophilic substrates and 
reduce them by an internal transfer of hydride. The intended binding site is the nitrogen atom of the pyridine 
ring, and the source of hydride Is the carbon-hydrogen bond at C2 of the d rob mdazolering. In the preferred 
conformation of compound 5, the carbon-hydrogen bond Is activated as a donor of hydride by two antiperiplanar 
lone pairs, and the intended binding site is nearby. Protons bind primarily to the nitrogen atom of the pyridine 
ring as expected, but they are not reduced to molecular hydrogen. Instead, two other reactions are triggered 
by protonatlon. One is heterolysia of the carbon-carbon bond between the dihydrobenzlmidazole and pyrldinium 
rings, and the other Is a 1,2-shift of hydride from the activated carbon-hydrogen bond to the pyridinium ring. 
The failure of compound 5 to reduce protons to molecular hydrogen can be attributed primarily to unfavorable 
thermodynamics; the hydridic carbon-hydrogen and acidic nitrogen-hydrogen bonds of salt 5’1I are inadequately 
activated, so alternative reactions are more rapid. Formation or hydrogen may also be disfavored because sail 
5-Hf adopts an thuuitable conformation or because an appropriate trajectory for int.rainolaculax protonation 
of the activated carbon-hydrogen bond is unattainable. 

We are interested in the design and synthesis of reducing 
agents that have some of the features of redox enzymes, 
Including a receptor site that recognizes and binds redu-
cible substrates, and an adjacent site that acts as a donor 
of hydride. In enzymatic reductions involving the co-
enzyme NADH, Cannizzaro reactions, Meerwein-Ponn-
dort-Verley reductions, and other Important redox roseL_ 

-

tions, carbon-hydrogen bonds serve as the donors of hy-
dride. The subdued reactivity of these bonds makes them 
particularly suitable when the substrate must be recog-
nized, oriented, and activated by a receptor before the 
transfer of hydride takes place. We have therefore begun 
to study compounds In which a reducible substrate is held 
close to a suitably activated carbon-hydrogen bond) 

0022-3283/87/1952-543701.50/0 ' 1987 American Chemical Society 
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Total Synthesis of the Biphenomyclns; ilL’ Synthesis of Biphenomycin 132 
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The total, synthesis of the cyclopeptide bIphenonycin B (lii), a 
compound exhibiting a potent antibacterial activity against 
Gram-positive bacteria, is described. The uou-proleinogonic amino 
acid (S..S-diisotyrosine (2) was prepared by enantloselective hydro.. 
gonation of the corresponding didohydroamino acids. The IS-mem-
bored ansa ring was obtained in 85% yield within 5 minutes by ring 
closure of the appropriate linear pcntaftuorophenyl ester in the two 
phase system chloroform-aqueous sodium hydrogen carbonate 
without dilution. 

Biphenomycins A (1 a) and B (1 b) (W-S 43708 A and B) 
have been isolated’ from Streptomyces grlseorub1g(zosus 
No. 43708 and shown to exert a potent antibacterial 
activity against Gram-positive, fl-lactam.resistant bacte-
ria. The cyclic structure and the configuration of the 
erythro-y-hyd.roxy-L-ornithinc unit were elucidated by a 
Japanese group.’ With the exception of members of the 
vancomycin group, these compounds seem to represent 
the only known antibiotics possessing a biphenyl unit. 
However, unlike the former compounds, they do not have 
any effect on the binding of mucopeptide precursors to 
the D-Ala-n..Ala units. The configurations at the biphenyl 
unit were assigned by Williams’ and further substantiated 
by Brown’ who determined the three-dimensional struc-
ture, including the axial churaiity, of the biphonyl system 
in solution. A few years Later, it was shown’ that the 
antibiotics LL-AP 283 Ct and 11, previously isolated from 
the fermetitation of Streptomyeerfihipinensis,7 are identi-
cal with biphenomycin A and arginylbiphenomycin A. 

We reported the synthesis of dilsotyrosine dimethyl ether 
and the construction’ ors, simple model of biphenoniycin 
B and the first synthesis of biphenomycin B.9 A few 
months later, the preparation of a oyclopeptide having 
diisotyrosine dimethyl ether and lysine as ring members 
was published.t° An analogous cyclopeptide containing 
dityrosine and alanine has also been prepared. 1t In the 
present communication, we report the experimental de-

H110 OH 
1421 

HO,d’ H2N""CO2H 

IaR OH 
b R ’H 

CO2H 
HO OH 

(NH 

çi0cM2  

02H

 
1402 

�H2N’CO2H OH 

tails of the total synthesis. We have described the 
stereoselective construction of the bydroxyornithine in 
detail in a previous paper. 1,9 
DItyrosine (3) and isodityrosine (4), which hav6 been 
detected as metabolites of microorganisms, are plausbie 
products of the dimerisation of tyrosine. However, there 
is as yet no convincing evidence that diisotyrosine (2) is a 
product of the oxidative dimerisation because o-hydroxy.. 
phenylalanine has only once been isolated12’ from a 
natural source to date. Hence, a subsequent hydroxyla-
tion of a d.imetic phenylalarsine cannot be discounted. 
In the course of the total synthesis of biphenomycin B. it is 
necessary to mask two phenolic bydroxy groups, two 
amino groups, one hydroxy group, and one carboxy 
group with functions that are compatible with the 
protecting groups of the cc-amino group of hydroxyorai-

_1. 
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1. PdIPPI,,)t/THF, reflijx, lh 

MeO-_--B10H)2 4 BrOMe 
2. 2M Wa,CO, reltux, 20h 

OH C 
BocHN CO26n 

85% 

- BocHNCO2Bn 

5 6 7 

Re 1. 8 

1. (MeOl HCO,CHC5lMe8/ TH/MOCN. �700C�’-r.t., Id 

NHZ 

-_ 

90% 
2. H8 ,IR,R}IRh(1.5 COOI(CIPAMPII’ arj/ MOH� 3b;r, r.t. 3d 

TMSE02C NHZ B OcHN:?  CO25n 

Scheme 1 

thine and a carboxy group of diisotyrosine which have to 
be cleaved during the peptide construction and ring 
closure steps. After numerous preliminary experiments, 
we decided to protect the cs-amino and y-hydroxy groups 
of the hydroxyornithine as a beuzyloxycarbonyloxazoli-
dine function and the other groups as benzyl ether, benzyl 
ester, and benzyloxycarbonyl functions, respectively. We 
were fully aware of the difficulties inherent In the 
simultaneous cleavage of the five 0-benzyl bonds in the 
last step. 
For the construction of the biphenyl unit, we selected the 
palladium(0)-catalyzed coupling of two benzene derivati-
ves with protected hydroxy groups and free or masked 
aldehyde groups as attachment points for the later 
construction of the two alanine units. 

At first, we decided in favour of the palladiurn(0)-cataly-
sed coupling of an arylboronic acid with an aryl bronii-
dc13 for the formation of the biphenyl element. This 
concept was indeed realised with the methyl ethers S and 
6.8 The second alanine unit was derived from the un-
protected aldehyde group in 7 by way of the correspon-
ding dehydroamino acid and its subsequent stereoselecti-
ye hydrogenation (to 8). We did not consider an analo-
gous route for the preparation of the corresponding 
dibeuzyl ether because the 4-benzyloxy-3-formylphenyl-
boronle acid is only accessible In rather poor yields. 

The construction of an (SS)-diisotyros1ne dibenzyl ether 
was achieved in good yield by the palladium(0)-catalysed 
coupling of the zinc compound (derived from 10 by way 
of the Grignard reagent) with the aryl iodide it. The two 
organometallic compounds are stable when the aldehyde 
group is protected as a I ,3-dioxane. The aldehyde groups 
can be demasked selectively for the subsequent formation 
of the two alanine elements. 

Key reactions for the formation of the amino acid moieties 
are the condensations of the aldehydes 13 and 16 with an 
appropriate (dialkoxyphosphoryl)glyoine ester" to fur-
nish the didehydroamino acid derivatives. In contrast to 
our previous results,9 the (2)-didehydroarnino acid deri-
vatives were formed in high dlastereoselectivlties when 
1,8-diazabieyolo[5.4.0]uncjec-7-ene (DBIJ) or tetrame-

thylguanidine was used as the base 16 (without lithium 
chloride). Both hydrogenations with the optically active 
casi’ (RA)-[Rh(1 .5-cod) (dipainp)14 [BF4] procee-
ded with high enantioselectivity or diastereoselectivity, 
respectively. The enantiomers or diastereomers could not 
be detected by spectroscopy (’H NMR, 13C NMR) and 
chromatography (HPLC on optically active columns). 
The diastereomer of 17 was available for comparison 
purposes from the synthesis of epibiphenomycin B. After 
cleavage of the Boo group, the diisoLyrosine derivative 17 
was coupled with the protected hydroxyornithine; we 
have described the stcreoselective synthesis of the latter 
previously.’-9 
Earlier experiments with a simple model had already 
shown8 that ring closure at the two ring-amide groups is 
possible and that the ring closure of the w-aminopenta-
fluorophenyl ester takes place within afew minutes in the 
two phase system chloroform�aqueous sodium hydrogen 
carbonate’s without dilution to furnish the ring product 
In yields in excess of 85%. 
Corresponding attempts with the peritafluorophenyl ester 
of compound 18 (CGF5 in place of TMSE)S however, were 
at first disappointing and indicative of an elimination of 
hydroxyornithine. Thus, we first opened the oxazolidinc 
ring and, after cleavage of the Boo group of 20, were then 
able to close the ring in 85% yield, even in the presence of 
the free hydroxy group of the hydroxyornithine. Prelimi-
nary attempts to cleave the five benzyl groups in the 
cyolopeptide 21 by hydrogenolysis with palladium black 
and hydrogen donors (cyclohexadiene, ammonium for-
mate, formic acid) were disappointing; complex product 
mixtures were obtained which were suggestive of a 
competing hydrogenation of the biphenyl unit. Success 
was finally achieved by Yajima’s method using trhne-
thylsilyl trifiuoromethnnesulphonate-.thiosmisole in tri 
fluoroacetic acid. The trifluoroacetate of biphenomycin 
was precipitated from the reaction mixture by addition of 
absolute diethyl ether and purified by RP-HPLC with 
ammonium formate buffer�acetoni trite. 
For further confirmation of the SS-configuration of 
diisotyrosine in biphenomycin B, we have also prepared 
the cyclopeptide possessing the 8S,14R.-conflguratiou.2° 
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’I. 6M HC/dloxen,, 200C, 2k 

2.ZN 1  
COIN 

NHBac 

cuC/HOBI1CH,Ct,, -1GC�r.I., 11.h 
71% 

1. GM HCt/dloxene/CH,Ct, 
0C. ovaperet ton 

Z CHcta/NaHCO,IH,O 
r.I., 5mm 

85’A 

The ring closure step occurred with a somewhat lower 
yield (55 %)-in comparison to that of the SS-compound 
(85%). HPLC analysis showed two signals of equal 
intensity and without base-line separation which changed 
into a single peak upon short warming. We thus assume 
that two rotamors are initially formed in approximately 
equal concentrations. 
After cleavage of the protecting groups, the C NMR 
spectrum of the purified epibiphenomycin B exhibited 
significant differences to the spectra of the naturally 

Id 

Bn 

ZHN1r’CO2Bn 
CH 

NHZ 
21 

1027 

t AcOH/HOtBz1) 
500C 7k 

2. Bn4NIr,DMF 
,..L., 1k 

853 

trlmolhytaltyl 
trlfluaramothaneeulphonete 
thloanlsote/CP,CO,H 
r.t.. 30m1 

70% 

occurring and the synthesized biphenomycin B.2° Hence, 
the SS-configuration of dilsotyrosine in the natural 
product has been confirmed by synthesis. 

The LH NMR. spectra were recorded on a IIruker WI’ 90 (910 MHz) 
and it Bruker CXP (300 MHz) respectively. Optical rotation values 
were determined with a Perkln-Elmer 241 polarimeter. Melting 
points (Relabert microscope) are uncorrected. TLC was done on 
silica get (Merck Silica 60 F284 sheets) and medium pressure column 
chromatography used Merck Lichroprcp SI 60(15-25 j). }IPLC 
was done with a LKB Instrument and a silica 0 column (Merck 



From: TIB HANNOVER +495117 Page: 5/7 

1028 Papers 

U(-’hroCAR.T (250-4mm), LAChroSorh Si 60 7 j). Compounds 
9-18 and 21 gave sat Ihetury mieruanulyses (C – 0.26, H – 0.23, 
Br– 0.08, N –0.15. S – 0.12). 

2-llonzy1oxy-5-hrnnrnhenzaldohyde (9) 
To a solution of 5.bromoaalicylaldehydc (1008,491 mmol) in BtOH 
(300 mL), KOM (27.9g. 497 mmol) in 1-130 (60 mL.) was added. 
After stirring for 10 mm, beozyl chloride (75.68. 597 mmol) was 
added and the mixture was stirred under rcflux for 10 h. The 
precipitated solid was separated and recrystallized from EIOH; 
yield: 1388 (95 ’.11,); rep 74CC. 

’H NMR (80 MHz. CDCI3/TMS): ö  = 5.16 (s, 2 1-1), 6.98 (ci, I H, 
1 = 10 Hz), 7.43 (a, S il). 7.60 (dd, 1 H, J = 2 Hz, 10 Hz), 8.00 (d, 
IH, 1=2Hz), 10.40 (s, 1H). 

2-(2-Beezylaxy5-bromoplsanyl)-1,3-41loxane (10); 
A solution of 9 (50.0g. 172 inmol), propane-1,3-diol (13.6 mL, 
189 mmol) and Et50’ BF3 (0.5 mL) in toluene (200 niL) was boiled 
in a Dean and Stark apparatus for 3 h to produce the theoretical 
amount of water. The mixture was washed with I M aq NnI{CO3 
(100 m 1.) and the organic layer was dried (MgSO4) and evaporated. 
The residue was recrystallized From EtOH; yield: 48.0 g (81 %); mp 
88-90°C. 
’H NMO. (80 MHz, CDCI3/TMS): S = 1.22-1.52 (in, 1 H), 
1.90-2.50 (in. I H). 3.75-4.40 (in, 4H), 5.08 (s, 2 H), 5.88 (a, 11-1), 
6.78 (d, 1 H, .1 = 10 Hz), 7.25-7.60 (in, 61-1),7.77 (d, 1 H,.! = 2 Hz). 

2-(2-Benzytoxy.54odophenyl)-1,3-dllhlane (11)-
To

ii):To
 a solution of 5-Ioclosalicyclaldehydc (30.0g. 121 mmol) in DMF 

(500 mL) was added K2CO3(20.1 g, 145 mmol) and benzytcblcvldc 
(15.3 mL, 133 mmol) and the suspension was stirred at 120°C for 
iS Ii. The mixture was diluted with H20 (500 mL). The precipitated 
2.benzyloxy-5-iodobenzaldehyde was separated and recrystallized 
from EtOJ4; yield: 33.9g (83 %); nip 9t T. 
114 NMR (80 MHz, CDCIJFMS): S = 5.17(s, 2H). 6.82(d. 1H, 
/=9 Hz), 7.41 (a, 5H), 7.78 (dd, 1H, 1=2,9Hz), 8.11 (d, 1H, 
/=2Hz). 10.42(s, 1K). 

To a solution of 2-benzyloxy-5-Iodobenzaidckydo (12.0g, 
35.5 mmol) and propane.1,3’dithiol (4.28 mL, 42.6 mmol) in CHC13 
(100 rnt), Et20 BF3 (1 mL) was added at - 20°C. The mixture was 
stirred at r, t. for I ci, washed with 10% eq KOH (50 niL) and brine 
(50 mL), dried (MgSO4) and evaporated. The residue was recrystal-
lized from EtOAc/hexane: yield; 13.9 g (92%); mp 167°C. 
iH NM1 (80 MHz, CDCI3/TMS): 5 � 1.80-2.15 (m, 2H), 
2.70-3.10 (m, 4 H), 5.10 (a, 2 H), 5.63 

(a, 

1 H), 6.63 (d, I H, 
/=8Hz), 7.22-7.53 (at, 6H), 7.85(d, I H, 1=2Hz). 

4,4’-Dlhcnyioxy-3(1,3.dloxanc.2.yl).3’-(l,3-Wtlffime-2-yl)blpjuinyl 
(12): 
To magnesium turnings (1.06g. 43.8 mmol) in TEF (15 mL), one 
third of a solution of 2.(2-beu4loxy.5-bromophenyl)-1,3.dloxane 
(10) (15.3 g, 43.8 mmol) in THF (75 mL) was added. The mixture 
was heated and the reaction was initiated with a crystal of iodine. 
The remaining aryl halide solution was added dropwise under reflux. 
After a further I hoiheating, the solution was cooled tar. t. To this 
Grignard reagent, dry ZnC12 (5.97g. 43,8 niniol) was added and the 
mixture was refluxed for I h, In a second flask, a 1 M solution of 
dutsobutylaluminuni hydride (DIBAL-H) In hexane (2.92 niL) was 
added to a suspension of bis(triphenylphosphine)pailadjum(fl) 
Chloride (1,02g. 1.46 mmol) in TI-IF (75 mL). The mixture was 
stirred for 10 min, a solution of 2-(2-banzy1oxy.5.iodopben. 
yl)-i,3-dithiane (11) (12.5g, 29.2 mmol) In THP (75 mL)was added 
and subsequently the aryizinc halide suspension prepared above. 
The reaction mixture was stirred for 3 It at r. t. and the solvent was 
evaporated. The residue was dissolved in CU5CL5 (200 mL) and, sat. 
aqNI-1.0(200 mL). The aqueous layer was separated and extraØted 
with CH2Cl2 (2 x 100 mL). The combined organic layers were dried 
(Mg804) and evaporated. The crude product was purified by silica 
gel chromatography (ehien CH2C12Jhexane 1:1); yield 11.5 g 
(69 %); rep 198 ’C. 
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I-j NMR (80 MHz, CDCI3/TMS): 5 1.20-1.55 (en, 11-I), 
1.85-2.40 (in, 3 H), 2.70-3.15 (in. 414), 3.80-4.35 (in, 411), 5.12 (a, 
2K), 5.15 (s,2 H), 5.67 (s, 1 H), 5.95 (s,1 H), 6.91 (d, I H, J = 9Hz), 
6.94 (d, I H, /= 9Hz), 7.20-7.53 (in, 12 H), 7.77 7.85 (m, 21-1). 

4,4’-Dlbenzytoxy.3.(1,3dloxaiie-2-yl)blphenyl-3’-esrbaldehyde (13); 
A solution of the dithlaue 12(9.64 g, 17.0 mmol) in CH2Cl2 (8o niL) 
was added at 0°C under efficient stirring to a solution of 
N-bromosucchulnildc (18.0g. 101 mmol) and 2,6-lutidinc (23.6 ml., 
202 mmol) in aqueous 80% acetonitrile (500 niL). After stirring for 
10niin, the solvents were evaporated and the residue was dissolved in 
CHCh (300 mL). The organic phase was washed with sat. aq 
Na2S203 (100 mL) and brine (100 mL), dried (MgSO4) and evapo-
rated. The excess tutidine was removed by distillation in vacua. The 
residue was dissolved in CH2C12 (20 mL) and quickly filtered 
through a short column of silica gel (lx 10cm) eluting with 
hexane/EtOAc (1:1). In the solvent mixture of the filtrate, the 
product precipitated spontaneously. After standing for 2h the 
colorless solid was filtered oft; yield: 6.008 (74%); nip 142°C. 
LK NMR (80 MHz, CDCI3/TMS): 5 1.25-1.50 (in, lH), 
1.95-2.40 (m, I H), 3.80-4.40 (en, 4K), 5.12 (a, 2K), 5.18 (a, 2K), 
5.95 (a, I H), 6.75-7.55 (iii, 13 H), 7.73 (dd, 111, J = 2, 9Hz), 7.87 
(d, 11-1,1= 2Hz), 8.06 (d, 1K, 1=2Hz), 10.55 (s, 1K). 

3’-l(.Z).2(ter-Butoxyearbony1andno)-2-(methoxycarbonyl)vinyIJ 
4,4’-dlbenzyloxy-3-(1,3-d(oxsn-2-yl)blphenyl (14): 
To a solution of methyl 2-:ert-butyloxycarbonytamino-2-(dumeth-
oxyphospboryl)acetnte (4.46 g, 15 remol) and tetramethylguanidine 
(1.73 g, IS mmol) in absol. THF (12.5 niL), blphenyl-3’.carbaldehy-
de 13 (5.90g. 12.3 mmol) was added at -70 ’C. The reaction 
mixture was allowed to warm to r. t. overnight and was stirred for a 
further 1 d at r.t. The solution was then diluted with EtOAn 
(500 niL), washed with water (50 ml.,) and 1 M H2SO4 (20 ml..), 
dried (MgSO4) and concentrated in vacua. The residue was filtered 
through silica gel 60 (100 geluent hexane/EtOAc 1/1) to yield 14(8g, 
quani) which was used for the next reaction without further 
purification, LIZ Ratio 1.5/98.5; purity > 99% determined by 
J{PLC (Rt5 = 5.5 nun; RI5 � 7.9 mm, chianti hexane/ethyl acetate, 
7525) and by ’H NMR (250 MHz). 
1H NMR (250 MHz, CDCI31TMS): S = 1.35 (a, 9K), 1.88 (hr. 1 H), 
2.26 (m, I H), 3.84 (a, 3 H), 4.03 (dt, .1 = 2.1. .12 = 12.1 Hz, 2H), 
4.26 (dcl, J = 5, .J2 = 11 Hz, 211), 5.14 (a, 2K), 5.17 (9,2 H), 5,95(a, 
I F!), 6.54 (hr s,’  H), 6,95(d, 1=8.7Hz), 6,98(d, I = 8.7 Hz, 1 H), 

7.30- 7,65 (in, 13 H), 7.71 (d, / - 2.2 Hz, 111), 7.81 (ci,.! 2.4 Hz, 1 H). 

TheE-isomer was separated by iv[PLC from the productobtained by 
catalysis with DBU/LICI. (E/Z) ratio 33/67. 

3’-KZ-241rt-ButozycarboaylalInn-2-rboxyvjnyll4,4_dibeasyl-oxy-3-(1,3-dioxan-2-yl)blphenyl (15): 

To a solution of 14 (4.47g, 6.86 mmol) In dlozane (30 mL), a 
solution of LIOH (574 mg, 13.7 mmol) in water (20 mL) was added. 
The mixture was stirred at r.t. When saponification was complete 
(checked by TLC), the solvent was evaporated In vacua. The residue 
was suspended In sat. eq NH4CL (100 mL) and extracted with BtOAc 
(3 x 100 mL). The combined organic layers were dried (Mg504) and 
evaporated. The product was purified by silica gel chromatography 
(hexane/EtOAc, 3:7); yield: 4.37g (quaint.). 

1H NMR (300 MHz, DMSO-d6/TMS): S = 1.23 (a, 9 H), 1.34-1.40 (at, 1K), 1.99-2.08 (in, 1K), 3.92(t. 2K,.!- 12Hz),4.14(dd, 2K, 

J.= 4.5, 11 lIz), 5.18 (a, 4K), 5.85 (a, I H), 7.11 (d, I H, J = 8.9 Hz), 
7.14 (ci, 1 H, 1 9.1 -1z), 7.30-7.51 (nu, 1314), 7.64 (ci, I H. 

/=2.2Hz), 7.80 (a, 11-1), 8.12-8.14 (a br, I H). 3-!(-2-(rrL-Butoxyca*bonyleno)z.@emy1oxyeerly11iy1J-414’-dlbenzyioxyldphanyl-3’-carbaidchyde (16).-A

16):A
 solution of 15 (4.00 g, 6.27 racial) in h4eOH (100 niL), containing 

(JLR)-(Rh(1.5-cod)(dlpamp)JBF; (20mg) was hydrogenated (3 bar) at r.t. over 3 d. The mixture was evaporated and the residue chromatographeclon silica gel with EtOAc; yield: 4.02 g (quaint.): nip 135°C: []20 + 10.5° (c 0.73, CH05). 
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Jl NMR (300 MHz), DMSO-d5JTM8): ö  = 1.27 (a, 9 H), 1.32-1.42 
(in., I Fl), 1.99-2.11 (m, I 1-1), 2.76-2.84 (m, III), 3,22-3.30 (in, 
I Ii), 3.89-3.97(m 211), 4.16 (dd, 2 H, J 4,4, 11.2 Hz). 4,27-4.36 
(in, I H), 5.19 (s,4H), 5.86 (a, 1 H), 7.07 (d. I H,J = 8.5 1-1Z).7.13 (ci, 
1 H, / = 8.7 Hz), 7.29-7.62 (m, 1411), 7.69 

(ci, 

I H. .1 = 23 Hz), 
12.1-12.6 (s br, 1 H). 

&nzyl alcohol (0.53 mL, 5.10 mmol), dloyclohexyicarboduimide 
(1.058, 5.10 mmol) and 4-dimethylanopyridine (62 rag, 
0.51 mmcl) were dissolved in CH2Cl2 (2OmL) at 0°C. After stirring 
at 0°C for 10 rain, the amino acid 3-((S)-2-(tart-butyloxycarbonyl. 
amuno)-2-carbOxyethyl]-4,4’.dibenzyloxy-3’-(i,3.dloxan-2.yl)biphe-
nyl (3.10g. 4.85 mmol) was added. The mixture was stirred fort hat 
0°C, the solid was filtered off and the solvent was evaporated. At’tcr 
filtration of the residue on silica gel (petroleum ether/EtOAc, 7:3) 
the bcnzyl ester was recrystallized from i-PrOH; yield: 3.20g (90%); 
mp 137’C; [cc]20 + 11.5° Cc = 0,92, CHC13). 

’H NMR (80 MHz, CDCI3/TMS): 6 = 1.32 (a, 911), 1,30-1.50 
(m.1 H),2.00-2.40 (ifl. 1 H), 3.05-3.38 (in, 2 14), 3.85-4.35 (in, 4 H), 
4.52-4.70 (in, 111), 5.05 (a, 2 H), 5.08 (a, 211), 5.12 (s, 2 H), 5,25 (a, 
br, 114), 5.93 (a, li-I), 6.87 

(ci, I El, J = 9 Hz), 6.90 d, I 11,1 = 9Hz), 
7.25-7.45 (in, 18 H), 7.79 (d, I H. /= 2Hz). 

A solution of 3-[(S)-2-(tert-butyloxycarbonylamuno)-2-(benzyloxy. 
carbonyl)ethyl}4,4’-dibcnzyloxy-3’-(1,3.diexan-2-yl)biphenyl 
(3.20 g, 4.38 mmol) and pyridinium p-tolueneaulfonate (33D mg, 
1.32 mmol) In acetone (40 mL) and water (5 mL) was refl.uxed for 
6 It. The solvent was evaporated, the residue was dissolved in Cl-Id5 
(50 mL) and the organic phase was washed with sat. eq NaHCO3 
(30 mL) and brine (30 inL), dried (MgSO4) and evaporated. The 
residue was recrystallized From i-PrOH; yield: 2.47g, 16(84%); [al" 
+ 11.90 (c = 0.98, Cac13. 

’H NMR (80 MHz, DMS0-d5/TMS): ö = 1,21 (s, 911), 2.75-3-10 
(in, 2 H), 4.25-4.65 (in, 1 H), 5.11 (a, 21-1).5.20  (a, 211), 5.35 (a, 211), 
7.10-7.96 (m, 22 H), 10.72 (s, IH). 

3-(5)-2-Benzyloxycerbonylmnhno.2,-(trimethylsl1yicthoxycarbonyl). 
ethyli-34(5)-24.bubonylantimo)2-(benzyloxycarbonyl)-
othyl-4,4’-dLbenzyloxybiphenyl (17); 
To a solution of triinnthylsilylethyl 2-(benzy1oxycarbonylamino)-
2-(dimethoxphosphoxy1)acetute (1.88,4.3 mmol) and tatramethyl-
guanidune (495 mg, 4.3 mmol) in absol. THF (35 mL), 16 (2.40 g, 
3.57 mmol) was added at -10°C. The reaction mixture  was allowed 
to warm to r. t. overnight and was stirred for a further 1 dat T. t. The 
solution was then diluted with EtOAc (120 mL), washed with water 
(20 mL) and 0.5 lvi H2SO4 (5 niL), dried (MgSO4) and concentrated 
in vaouo. The residue was ftltorcd through silica gel 60 (20 g; eluent 
hexane/EIOAO, 1:1) to yield the didehydroarnino acid derivative 
(3.4 g, quant.) which was used for the hydrogenation without further 
purification. E/Z Ratio 3/97; purity >98% determined by HPLC 
(Rt5 5.15 min; Rt5 to 6.35 min, etuenh hexane/ethyl acetate 
80/20) and by ’H NME. (300 MHz), []0 + 9.290 (c - 2.09, CHCI3). 

’Ii NMR (300 MHz CDCIJFMS): 8 0.05 a, 9H), 1.04 (1, 211, 
/ = 8.4 Hz), 1,34 (a, 911), 3.05 (cld, I H, J = 8.9,13.1 I-Iz), 3.22 (dci, 
I H, .1 4.6.13.6114 4.31 (4 2H, J = 8.3 Hz), 4.62-4.68 (as. I H), 
5.05-5.14 (m, RH), 5.39 (ci be, Ill, J= 7.2 Hz). 6.86 (d, 111, 
J 8.3 Hz), 6.91 (a hr, 1 H), 6.98 (ci, 111, J = 8.6 Hz), 7.24-7.52 (in, 
24H), 7,67 (a, IN). 
A solution of the didehydro amino acid derivative (1.80g. 
1.87 mmol) in MuOli (50 mL) containing (.R,.R)-(Rh(1.5-cod)(di-
pump)] 4 BF, (20 mg) was hydrogenated (3 bar) ate. t. over 3d. The 
mixture was evaporated and the residue was filtered through silica 
gel with petroleum ether/EtOAc (1:1) to give 17; yield: 1.80g 
(quant.), [x]0 + 11.2° (c = 1.44, CHdI3); nip 121-124°C. 
tH NMR (300 MHz, CDCI3JTMS): 8 -0.03 (a, 911), 0.88 (1, 2 H. 
/ = 8.3 Hz), 3.35 (a, 9K), 3.06-3.25 (m, 411), 4.07-4.17 (rn, 211), 
4.58-4.65 (in, 2 H). 5.00-5.12 Cm, 8 H), 5.37 (d, I H, J = 7.8 liz), 
5.60 (d, 11-1, .1 = 7.8 Hz), 6.92 (1. 2 Fl, / = 8.0 Hz), 7.23-7.47 (m, 
2411). 

SYNTHESIS 1029 

Dipeptide of 4,4’-dbenzytoxy-3-I(.S)-2.heuzyluxycarbonylnwlno-2-
(utmethyhUyiuthoxycnrbouyl)ethyII.34(,$)_2ni,ignu..2-in,izyjexy-
cnrbonyl)ethyl3blpheayl and (R)..3-beazyycnrbonyI-S-f(S)-N-i.n’-
butoxycarbony1alaidn-3-ylI_2,2tJlmctliyl.l,3..oxnzolIdlne (18): 
To a solution of 17 (500 mg, 0,518 iumol) in dioxane (3 nIL), 6 M 
HCI in dioxane (3 mL) was added at 0°C. After stirring for I Ii, the 
solvent was evaporated, the residue was dissolved uuBtOAc (20 ML) 
and washed with sat. aq. NuFTC03 (20 mL). The organic layer was 
dried (MgSO4) and evaporated. To a solution of the residue. 
(R)-3-.benzyloxyci’bonyl-54(Neri-butoxycarbonyialunin.3-ylj.. 
2,2.dlniethyI-1,3oxnzolidlna (254 rag, 0.622 mniol) and hydroxy-
benaotriazole (119 mg, 0717 una1) In CH2Cl2 (3 mL), N-ethyl-
N’-(3-dimethylamlnopropyl)carbodilnilde hydrochloride (EDC) 
(I t9 rag, 0.622 mmol) was added at .- 15°C. The stirred solution  
was warmed to r. 1. over 12 It, the solvent was evaporated and the 
residue dissolved in EtOAc (20 ml,). The organic phase was washed 
with 1 M KHSO4 (20 mL), brine (20 niL) and sat. eq. NaHCO3 
(20 niL), dried (MgSO) and evaporated. The product was purl tIed 
by MPLC (hexane/EtOAc. 7:3); yield: 468 rag (71 Ea1,°  +4.6° 

(c = LIS, CHCI3). 

’H NMR (300 MHz, CDCI3JFMS): 8 = - 0.02(5,914). 0.89 (t, 2. H, 
/= 8.41-14- 1.38 (a. 91-1),1.41 (a, 311), 1.53 (5, 3E1), 1.70-1.82 (in, 
2.H), 2.96-3.27 (m, SH), 3.53-3.67 (in, 111), 4.08-4.19 (m, 41-I), 
4.61-4.63 (in, 1 H), 4.87-4.69 (in, I H), 5.00-5,20 (in, 11 H), 5.65 (Cl, 
br, I H, /=6Hz), 6.90-7.46 (in, 3211). 

Protected Biphenuinycin B (21): 
Oxazoltdin 18(500mg. 0.39 mmol) was dissolved In 90% acetic acid 
(100 mL) and stirred for 2 Ii at 50°C. The acid was evaporated and 
the residue dissolved In EtOAc (100 mL,). The organic phase was 
washed with 1 M KHCO3 (50 mL), dried (MgSO4) and evaporated; 
yield 398 mg (83%); mp 171°C; (a),° + 29.70 (e = 0.37, DMSO). 

1H NMR. (250 MHz, CDCI3): 8 = - 0,03 (a, 91-I), 0,90 (1. 

J = 8.6 Hz, 211), 1.38 (a, 914), 1.35-1.60 (in, 211), 2.49 (s br, 1 H), 
2.90-3.39 (in, 611), 3.57-3.80 (in. 111), 4.03-4.20 (iii, 2H), 
4.64-4.78 (in, I H), 4.83-5.14 (m, 1411), 5.83 (ci, I = 7.7 Hz, 111), 
6.91-6.96 (in, 21-I), 7.25-7.49 (in, 3011). 

The residue (117 tug, 0,095 mmol) was dissolved in DMF (10 mL). 

To this solution, tetrabutylam.monium fluoride (59 rag, 0.189 mmol) 
was added. After 30 mm, the reaction mixture was cooled to 0°C and 
treated with HO (10 mL), This solution was diluted with EtOAc 
(50 mL), I M KHSO4 (21) mL) was added and the acid was extracted 
Into the organic phase. After drying (MgSO4), the organic solvents 
were evaporated; yield 107 rag (93%). 

The carboxyio acid (107 m& 0.095 mmol) was dissolved in CHZCI2 
(I rnL). To this solution, pentaftuorophenol (18 gig, 0.098 mmol) 
was added. The solution was cooled to - 10°C and EDC (18 mg,  
0.098 mznol)was added. The stirred solution was warmedto r.t. over 
12 ii, the solvent was evaporated and the residue dissolved In EtOAc 
(20 mL). The organic phase was washed with brine (10 mL), dried 
and evaporated; yield 123 mg (98%), 

To a solution of the pentafluorophenyl ester (123 rag, 0.095 mmcl) 
(see above) in dioxane (2 mL), 6 MHCI in dioxene (3 mL) was added 
at 0°C. After stirring for 30 rain, the solvent was evaporated and the 
residue was dissolved with CHCI5 (200 mL). After being shaken (5 
m(n) in a separating fUnnel containing 1 M KHCO3 (lOOraL), the 
organic phase was separated, dried (MgSO4) and evaporated. The 
solid residue was washed with EtOAc (50 mL); yield 81 zag (85%): 
ini) > 300°C; (z10 +25.80 (c = 0.15, chioxane). rHNM1.(250 MHz, DMSOd6): 8 1.54-1.65 (in, 114), 1.73-1.79 

(m, 111), 2,86-3.12 (in, 4H), 3.38-3.47 (iii, 211), 3.50-3.61 (in, 
II-!), 4.50-4.53 (in, 111), 4.68-5.24 (in. 1311), 6.31 (d, /= 7,7 lIz, 1 11), 7.00-7.52 (in, 3111), 8.80 (ci, J = 9Hz, I H), 8.89 (ci, .1=8.5Hz, IH). 15c NM.R (63 MHz): 8 171.76.171.1% 169.07, 156.29, 155.49, 154.86, 154.61, 137.13, 137.02, 136.74, 135.81, 131.59, 131.31, 

128.92, 128.35, 128.31, 128.21, 127.93, 127.64, 127.51, 127.16, 
127.04, 126.36, 125.57, 124.98, 124.28, 124.18, 112.32, 112.22, 
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112.11, 69,37, 66.18, 65.28, 65,16, 54.02, 50.68, 48,92, 45.99,42.14, 
4207, 41.94, 41.71, 41.62, 41.22, 40.97, 30.49, 27.99. 

Biphenomycin B (1b): 
To the protected cyc.lopeptide 21(53mg, 0.052 mmol), 1-hydr.. 
oxy-2.nwthytbenzene (56 pL, 0.52 mmol) was added at 0 0C. To this 
suspension, a cooled mixture (O’C) of I M trimcthylsilyltriflatel 
Lhioitnisole in Lrifluoroace tic acid (7.9 mL) was added. After stirring 
for2 hat 0°C, the reaction mixture was quenched with Bt20 (20 mL) 
and a white solid precipitated. After filtration. the solid was washed 
with EtO (50 reL), dried -under reduced pressure, dissolved in H20 
(20 mL) and NaP (10 mg) was added. After stirring for 2 h, the 
solution was freeze dried. The residue was purified by RP-HPLC 
(S.F 8; ammonium formate buffer/anetonitrila (8:2) (buffer. 
20 mmol NHHCOO ml L H20); yield 16 mg (65 %);[a]° + 4.3" 

0.66, 1 M 1-Id). 
UC NMR (63 MHz/1320/1,4-dioxane): 8 = 175.75, .1 73.17, 168.89 
154.70, 153.44, 132.54, 132.23, 130.42, 127.03, 126.87, 125.66, 
120.48,116.85, 116.69,65.64,55.31,53.20,50.96,45.44,38.36.30.56, 
28.75 
Ion-Spray-MS: 473.6 (M+H) 
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special destabilization of 7-norbornyl cations is much 
clearer in these data than It ever could be by considering 
aolvolyais results, in which the effect of flattening at carbon 
is superimposed on the orbital symmetry effect.75 
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Structure of WS-43708A, a Novel Cyclic Peptide 
Antibiotic 

Summary: On the basis of chemical and spectroscopic 
evidence, the antibiotic WS-43708A (C28HuN4O,) has been 
shown to be a cyclic peptide (1) containing a biphenyl 
moiety included in a 15-membered ring. 

Sir: WS43708A (1), recently isolated from Streptomycee 
griseorubiginosus No. 43078, Is a novel cyclic peptids with 
potent antibacterial acctivity.’ Herein, we report the 
structure eludicati on of this antibiotic on the basis of 
chemical and spectroscopic evidence. 

WS-43708A was isolated as colorless needles from dilute 
HCl (pH 4): CO2HN405.2HCl (FABMS and elemental 
analysis);2 mp 205-209 °C dec; [a] -22.5° (c Di, I N 
HC]); LB. (KBr) 3200, 3000-2300, 1690, 1640 cuc’; UV 
(H2O) 264 (e 18600). 287 urn (eh); 1W (0.] N NaOH) 288 
(c 24000), 303 am (ab); positive ninhydrin test Acatylation 
of 1. with Ao,O in MOH (0 °C), followed by methylation 
with CH2N2 In MeOH (0 °C), gave the diacatyl mono-
methyl ester 2 (FARMS. m/z 587 (M + 1)). Hence, one 
carboxyl and two amino groups are present In L The 18C 
NMR spectrum (D20-DCI) of! showed in the ap2-carbon 
region eight signals Including five methine signals attrib-
utable to two secondary alcohol carbons (64.4 (d) and 65.2 
(d) ppm) and three a-amino acid carbons (50.9 (d), 55.0 
(d), and 57.4 (d) ppm), the remainder being three meth-
ylene signals (30.4 (t), 37.9 (t), and 44.9 (t) ppm). In the 
sp’-carbon region 16 signals were assignable to three car-
bonyl groups (168.6 (a), 173.2 (a), and 174.0 (a) ppm) and 
two phenyl rings substituted totally with six substituents 
(116.4 (d), 116.9 (d), 120.3 (s), 126.2 (d), 127.2 (d), 127.6 
(d), 127.9 (a), 130.6 (d), 182.0 (a), 133.0 (s), 152.8 (a), and 

(1) tjmehara, K.; Ezaki, M4 Iwaul, M. Yamasbita, M. Haabirnotł, 
3.; ilomora, T. Uchida, L HnaMmolo, 3t; Mine, Y. Koligeim, M. Aeld, 
114 1i,annbn, l ’Abstracta of Papers’, 24th InUraciezme Conference on 
AnUbhlAgimts and Chemotherapy. Washington, D.C., 1964, Abets. 
No. 1140. 

(2) 3/BMS, rn/a 489 (M + I) (free bane); elemental enalyala. Anal. 
Calcd for C112N0 .22101-11,0: C. 41.65 H, 5.62; N, 9.67; CL IM 
Fount C, 47.80; H, 5.85; N. 9.75; Cl, 12.11. 

2 CM31 

5 RtH20H 

1341 
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CMH 

184.2 (a) ppm). Extensive spin decoupling (Table I) of the 
400-MHz ’H NM spectra of 1 and 2 revealed ’H-’H 
relationships as shown in Figure 1, leading to partial 
structures A, B, and C, which are quite consistent with the 
’SC NMR data described above. 

The partial unit A was confirmed by the fact that hy-
drolysis of 1 with 8 N HCI (110 00, 24 h) gave, after 
chromatography on Toyopearl HW40S, erythro-7-
hydroxy-zrornithlne (1101 Olt; nip 17617800 dec [a]’’ 
+10.911 (a 1.0, HO)) which was identified by comparison 
with an authentic sample.3 The partial units B and C can 
be combined and extended to partial structure B + C 
(Figure 2) based on the following grounds. The acid hy-
drolysis described above also gave compound 3 (FDMS, 
rn/s 341 (M’)) which was converted, by acetylation with 
Ac20 in MeOH followed by treatment with CH2N2 in 
MoOH, to the monoacetyl trimethyl derivative 4 (high-
resolution ELMS, in/s 4251457, calcd for C22HuN01 
425.1472). The ’H NMR. analysis of 4 with the aid of 
decoupling (Table I) and NOR experiments (Figure 2) 
revealed the structure of 3. The genesis of 3 Is rationalized 
by the following, plausible reaction mechanism from the 
partial units B and C; (1) dehydration of the fl-hydroxy 
amino acid residue in C to the deliydro amino acid; (2) 
hydrolysis to the keto acid (3) dehydrative condensation 

(8) (a) Mlzuaalal, it.; Yamamoto, H.; MSIIZUIUI, H Bull. Chem. Soc. 
Jp,i. 1180,63,2605. (b) Wzuiaki, IC.; Makiz,uni, S. Bull. Chars, Soe.Jpn. 
198L, 64,47M 

(4) if NMR (CD,OD-D,O) 63.19(44, J - 7.3, 14 Iii, I H), 3.47 (dd, 
J5, 14 Hz,1 }l),4.29 (dd,J’. 6.7.&Hz.1H).7.01(d,J" 8.7Ha,1H), 
7.49 (in, 211), 7.64 (e.1 H), 7.66(4, J -8.7 Hz,i 11), 7.70 (dd, J 2&7 
Hz, 1 M. 7.90(4. J ’2 He. 1 H). 

(8) A eubeequent hmpacllon of the acid hydrolysate revealed the 
prreanea of kato acid ieee mlno product, firmly supporting the mech-
anism leading inS: ’H NMR (CD,

 
OD-D20) 63.07(44, J 8.8,14 Hz, 

7.32 (d.J - 8.7 M, 111), 7.42 (dd, .1 co 2.5, 8.7 Ri, 121), 7.49 (d, J= 2.5 
Hz, 1 M. 7.59 (dii, .1 - 2.5, 8.7 Hzj I H), 7.67 (d, .1-2.8 Di, I H). 

Nopq 

w2s race 
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7’l,/ 3, 

°L 73 CL.) (c) 

d �e 

I 

b�tic 

2.b\/ 

’tb 
i 

NH�

H’ 

HtC.OH 
�H&-.0�CO� �HN�I�CO�

Hj 
HI 

Figure 1. Partial structures A-C and the 1H-’H relationships 
a--e. The 1H_tH relationships a, b, and c were obtained by de-
coupling experiments on 1, while d and e were derived by those 
on 2. The very small vicinal coupling constant of the 1{-W is 
presumably due to a dihedral angle close to 900 caused by a 
restricted conformation of W8-43708A. 

Table I. 3H NMR (404) MHz) Chemical Shifts, 
Multiplicities. and Coupling Constants (J, Ha) for 

WS43705A (1), 2, and 4 
1’ 26 4° 

HoHb 1.40, in (3 H) 7.39, d (2.5) 7.78, br d (2) 
and 7.17, dd (2.5, 8.6) 1.61, dd (2, 8.5) 

HI 6.93, m (21!) 6.82, d (8.5) 7.62, hr d (8.5) 
7.11, dd (2.6, 8.5) 7.48, dd (2.6, 8.5) 

He 6.78, d (8.5) 6.96, d (8.5) 
f 6.87, br a 6.88, d (2.5) 7.33, d (2.5) 

H’ 5.84, br s 5.70, br s 7.57,s 
Hh 5.02, dd (7,9) 5.09, dt (8.8, 7.5) 
H’ 4.91, br a 4.03, br d (9.5) 
H3 4.47, dd (3, 8) 4.58, dt (7.5, 3.3) 4.80, dt (7.5, 7.5) 
Hb 4.09, dddd (3, 4, 3.64, In 

9,10) 
H’ 3.55, dd (6, 16) 3.16" 3.22, d (7.5) H" 3.03, dd (3, 18) 2.77, dd (3.3, 15) 
H’ 3.17, dd (3, 13) 3.16" 
H° 2.97, dd (10 13) 3.07, in 
H" 2.11, ddd (4, 9, 1.79, in 

14) 
H’ 1.98, ddd 47, 9, 1.50, in 

17) 
H’ 7.62, d (7.6) 6.23, d (7.5) 
H’ 8.50, d (8.8) 
H’ 8.53, d (9.5) 
H’ 7.88, t (5.5) 
H’ L84,s(6H) 1.95,s(8H) 
H’ 
H’ 3.71.s(3H) 4.10,s(3H) 
H’ 3.73,s(311) 
H’ 3.91, a (3 1!) 

°D20-DCI "Me,8045. °CDC12. "overlapping signals of H’ 
and 11’ prevented the examination of their multiplicities. 

with the phenolic hydroxy group to the benzofuran 
structure 3. These chemical evidence thus leads to the 
partial structure B + C. 

The problem remaining 
is to link A and B + C for the 

full structure of WS43708A. Since a molecular model 
study indicated that an intramolecular cyclization of B + 
C itself is practically impossible, insertion of fragment A 
was proposed. This was corroborated by the 11 NMR 
spectrum of 1 In 1120-NaOD, in which, In contrast to up-
field shifts of 0.38 and 0.67 ppm, respectively, for H’ and 
HI (54.90 and 4.47 in D20-DCI), no shift was observed on 
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?cc Co CH3" 

H CQOCH3’ 
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Figure 2. Structure of 4 and the partial structure B + C. The 
observed NOES in 4 are shown by dotted line arrows. 

}j)I (65.02 in both D20-DCI and D20-Na01)), indicating 
that the a-amino acid group of A is incorporated in a cyclic 
peptide strUctIIre Reduction of 2 with NaBH4 in MeOH 
gave alcohol 5 (FABMS, mIx 559 W + I)), in the 1H 
NMR spectrum (CD3OD) of which a singlet-like signal (8 
4.89, CD50D) corresponding to H’ In 2 was changed to a 
triplet (5 4.20, J = 7.5 Hz) coupled to the newly formed 
methylene group (53.65 (dd, J = 7.6, 11 Hz) and 3.78 (dd, 
J = 7.5, 11 Hz)), This Indicates that the carboxylic acid 
function in 1 is bonded to C-8 bearing H’. Consequently, 
peptide bonds between N-9/C.10 and N-12/C-13 are 
postulated to give the full structure of 1, without stereo-
chemistry, for WS-43708A.0 

The biphenyl group Incorporated in the 1S-membered 
cyclic peptide portion of WS-43708A Is unique and such 
compounds are rarely found in nature.5 The exceptional 
activity of WS-43708A against gram-positive bacteria will 
be reported separately. Registry No. I, 05485-50-0; 2, 95485-51-1; 2,05485-52-2; 4, 95485-53-3; 5,95485-54-4; erythro-.y-bydroxy-L-omltlllne hydro-chloride. 95485-55.5. (6) For the pH-dependent chemical shifts of the o-methine protons of peptides, see: Shelnblatt, M. J. Am. Chem. Soc. 1986,88,2846. (7) The 1H NNE spectrum (Me3SO.d,) of 2 showed a triplet (J 6.5 Hz) correspondIng to the antido H originated from the 4-amino group of A. at. 47.88 coupled to H’ and 

H’ 
(5 3.07 (at) and 8.16(m)), thus sup-Porting that the 8-amino group of A In 1 Is unauhetltu–ecL (8) Stcreocbsmical daduetioca saldo from tha8-of the ozuithine portion are the subject of future publications. (9) As far saws are aware, the only antibiotics that contain a biphenyl group as part of a cyclic poptlde System are those that belong to the vanoomycin group of antlbLotic, see: Barns, J. C. 3.; Williams, D. 0. Annu. Rep. MicrobioI. 1984,38,339. Iteiso Uchida, Masami Ezaki Nobuharu Skigeniatsu, Masashi Hashimoto* Exploratory Research Laboratories Fufisawa Pharmaceutical Co., Ltd. 2-1-6, Kashimcz, Yodogawa-bis Osaka 632, Japan Received December 18, 1984 Total Synthesis of (-)-Cilmnicoljn Summary: The total

 synthesis of (-)-gilmicolin is dis-

closed; assignment of absolute stereochemistry is thereby 
secured, 0022-3283/85/1950.1342$01.50/0 0 1985 American Chemical Society -S 


