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Resormycin, a Novel Herbicidal and Antifungal Antibiotic Produced
by a Strain of Streptomyces platensis

II. Structure Elucidation of Resormycin
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A novel herbicidal antibiotic, resormycin, was isolated from the culture broth of Streptomyces
platensis MJ953-SF5.

The structure of resormycin is determined to be (2Z)-2-A^-[2A^-[(3S)-3,6-diaminoheptanoyl]-
(2S)-3-hydroxyvalyl]amino-3-(4-chloro-3,5-dihydroxy)phenylpropenoic acid by spectroscopic ana-

lyses, degradation studies and X-ray crystallography.

Resormycin (1) is a novel tripeptide antibiotic, pro-
duced by Streptomyces platensis MJ953-SF5, which
showed strong herbicidal activity against weeds and

antifungal activity against some phytopathogenic fungi.
The taxonomic study of the producing strain, fermenta-
tion, isolation and biological activity of 1 are reported
in the preceding paperX).
In this paper, we describe the physico-chemical prop-

erties, degradation studies and structural elucidation of
1.

Results and Discussion

Structure Determination
The molecular formula of resormycin was established

as C21H32C1N4O9 on the basis of HRFAB-MSand
NMRspectral analysis. The IR (1649cm"1 and 1585

cm"1) and 13C NMRspectral data (169.8 and 170.0
ppm) of 1 HC1 salt suggested that 1 was a peptide
antibiotic. In the UV spectrum, 1 HC1 salt showed

Fig. 1. Structure of resormycin (1).
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absorption maxima at 220 (16,500) and 286nm (12,500)
in MeOH and at 243 (16,300) and 310nm (9,800) in
MeOH-0.1m NaOH. The UVspectra and positive color
reaction with FeCl3 suggested the presence of a phenolic
group in the molecule. The physico-chemical properties
of 1 HC1salt are summarized in Table 1.

The 13C NMRspectral data of 1 HC1 salt showed 19
signals including two overlapping signals at 108.7 and

154.1 ppm. All bond connections between XHand 13C
signals were interpreted by DEPT and heteronuclear

multiple quantum coherence (HMQC)experiments. The
DEPTand HMQCexperiments revealed the presence of
two methyl carbons, five methylene carbons, two methine

Table 1. Physico-chemical properties of resormycin (1)
HC1 salt.

Molecular formula
FAB-MS (m/z)
HRFAB Calcd:

Found:

uv ^2>h nm (fi):
MeOH-O.l N HaOH:
IR v^ CKB^ cm-1

TLCa
HVPE (Rm)b
Color reaction

positive

C21H31N4O7C1

487 (M+H)+, 485 (M-H)~

487.1960

487.1954 (M+H)+

+146.8° (c 1,-MeOH)

286 (12,500), 220 (16,500, sh)

310 (9,800), 243 (16,300)

3400-3100, 1695, 1649, 1585,

1059, 1429, 1390, 1259, 1203,

1005

0.63
0.86

Ninhydrin, FeCl3

Rydon-Smith reagent
The Rfvalues of 1 on silica gel TLC (Kieselgel 60 F254,
art 5715, Merck) developed with CHC13 : MeOH: cone.

NH3OH:H2O=1:4:2: 1).

High Voltage Paper Electrophoresis (HVPE), buffer
(HCOOH:AcOH:H2O=1 :3:36) Ref. alanine (Rm=
1.0).
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Table 2. 13C and ^ NMRdata ofresormycin (1) HC1 salt and 1 free base in DMSO-d6.

1 HC1 salt
Position

<V

1 free base
V

1

2

2-NH

3

4

5,9

6,8

7
V

2!

2'-NH

y

4'
5'

1"

2"

3"

3"-NH3

4"

5"

6"

1"
7"-NH3

9.42 (1H, brs)
å 6.95 (lH, s)

6.80 (2H, s)

4.52 (1H, d, 9.0)
8.54 (1H, brd, 9.0)

1.21 (3H, s)
1.20 (3H, s)

2.63 (1H, dd, 15.0, 3.0)
2.72 (1H, m)

3.38 (1H, m)
8.16 (3H, brd, 2.5)

1.53 (lH, m)
1.58 (1H, m)

1.41 (2H, m)
1.53 (2H, m)

2.72 (1H, m)
8.04 (3H, brt, 3.0)

6.83 (1H, s)

6.55 (2H, s)

4.26 (1H, s)

1.19 (3H, s)

1.20 (3H, s)

2.71 (2H, brt, 7.0)

48.0d 3.ll (1H,brdd,5.0,7.0)

34.8t 1.48(2H,m)

21.8t 1.37(2H,m)

27.6t 1.37(2H,m)

41.1t 2.39(2H,brd,5.0)

a 125 MHz, chemical shifts in ppm (multipulicity).
b 500 MHz, chemical shifts in ppm (integration, multipulicity, coupling constant in Hz).

Fig. 2. Partial structures in resormycin.

carbons, three olefinic methine carbons, one quaternary
carbon, five olefinic quaternary carbons and three

carbonyl carbons. The XH and 13C NMRspectral data
of 1 HC1salt and free base are shown in Table 2.
The WHCOSYand HMBCspectra of 1 HC1 salt

suggested 1 consisted of three partial structures (2, 3 and
4) as shown in Fig. 2. The partial structure for 3,6-
diaminoheptanoyl residue (2) was depicted as follows:

1027

NH2CH2CH2CH2CH2CH(NH2)CH2- by analysis of

the ^^H COSYspectrum. In the HMBCspectrum, a
methylene signal at <5H 2.63 and 2.72 (H-2") was coupled
to a carbonyl carbon at 5C 170.0 (C-1").
The long-range 13C-1H couplings in 3-hydroxyvalyl

residue (3) showed that a methine proton at dH 4.52 (2'-H)
was coupled to a carbonyl carbon at (Sc 169.8 (C-T), an
oxygen bearing sp3 quaternary carbon at 5C 71.6 (C-3r)
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Fig. 3. HMBCexperiments of resormycin.

Fig. 4. NOEexperiments of diacetyl-trimethyl-resormycin (7). Fig. 5. Acid hydrolysis of resormycin.

and two methyl carbons at 3C 26.1 (C-4') and 3C 27.2(C-5').

The long-range cross peaks in 4-chloro-3,5-dihydroxy
phenylpropenoic acid residue (4) showed that an olefinic
proton at 3H 6.95 (3-H) was coupled to a carbonyl carbonsat 3C 166.2 (C-l), an olefinic carbon at 3C 126.8 (C-2),
an aromatic quaternary carbon at 3C 132.0 (C-4) and

two aromatic carbons at 3C 108.7 (C-5 and C-9). The
two overlapping singlet aromatic protons at 3H 6.80 (5and 9-H) were coupled to three quaternary aromatic
carbons at 3C 132.0 (C-4) and <5C 154.1 (C-6 and 8).
An aromatic quarternary carbon (C-7) at 3C 108.6 ppmwas very close to the signals of C-5 and C-9 (<5C 108.7)
in the HC1 salt form of1. Therefore, the HMBCspectrumwas observed using the free base form. The HMBC
spectrum of the free base form showedthat the singletsignal at 3H 6.55 (5 and 9-H) were coupled to the aromatic
carbon at 3C 106.7ppm (C-7) bearing a chlorine atom.The connectivities among the three partial structures
in 1 were done by HMBCexperiment. An amide protonat <5H 9.42 (2-NH) was coupled to two carbonyl carbonsat dc 166.2 (C-l) and 3C 169.8 (C-l') and two olefinic
carbons at 5C 126.8 (C-2) and 3C 130.9 (C-3). An amideproton at 3n 8.54 (2'-NH) was coupled to two carbonyl

carbons at 3C 170.0 (C-l") and 3C 169.8 (C-l'). The result
ofHMBCexperiment of 1 is summarized in Fig. 3. Thus,

the planar structure of resormycin was elucidated to be2-7V- [2A^-(3 ,6-diaminoheptanoyl)-3-hydroxyvalyl] amino-
3-(4-chloro-3,5-dihydroxy) phenylpropenoic acid.

Stereochemistry of ResormycinGeometry of phenylpropenoic acid residue of 1 waselucidated by the NOEexperiment for resormycin de-
rivative (7). As shown in Fig. 4, the NOEbetween thesinglet amide proton at 3H 9.79 (2-NH) and the singlet

aromatic protons at 3H 7.08 (5 and 9-H) indicated thatthe geometry of the phenylpropenoic acid residue was Z.
Acid hydrolysis of1 with 6m HC1at 100°C for 3 hours

gave two amino acid components, 5 and 6 (Fig. 5). Thestructures of 5 and 6 were elucidated by the MS and
NMRspectra to be 3-hydroxyvaline and 3,7-diamino-heptanoic acid, respectively. The optical rotations of 5

and 6 were dextro-rotatory: [a]£3 +7.2° (c 0.98, 5mHC1) and +26.2° (c 1.22, pH 2.0 H2O). Therefore, both
configurations of 5 and 6 were determined to be S bythe comparisons with the optical rotation values ofreference compounds in the literatures [a]2)2 + 10.0° (c2.0, 5m HC1)2) and [a]2)2 +29° (c 1, H2O)3).
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Finally the absolute structure of 1 was confirmed by
X-ray crystallographic analysis of the free base form.
The ORTEP drawing of 1 is shown in Fig. 6.
From all the results described above, the structure of

1 was determined to be (2Z)-2-7V-[2iV-[(3S>3,6-di-
aminoheptanoyl]-(2iS)-3-hydroxyvalyl]amino-3-(4-

chloro-3,5-dihydroxy)phenylpropenoic acid.

Experimental

General

Optical rotation was measured with a Perkin-Elmer
model 241 polarimeter. UVspectra were recorded with
a Hitachi 557 spectrophotometer. IR spectra were

recorded with a Horiba FT-210 fourier transform in-
frared spectrometer. The XHand 13C NMRspectra were
measured with a JEOLJNM-A500spectrometer at 24°C,
using TMS (dH=0ppm) in BMSO-d6 solution, HOD
(<5H=4.8ppm) as an internal reference and dioxane

(<5C=67.4) was used as an external reference in the case
of D2Osolutions. The mass spectrum was recorded with
a JEOL JMS-SX102mass spectrometer.

Acid Hydrolysis of Resormycin
Acid hydrolysis ofresormycin (140 mg, 0.29 mmol) was

carried out with 6m HC1 at 100°C for 3 hours. The
products in the reaction mixture showed the presence of
an UV (254nm)-quenched spot and two ninhydrin-

positive spots attributed to 5 and 6 on a silica gel TLC
(Kieselgel 60 F254, art 5715, Merck) developing with
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CHCI3-MeOH-conc.NH4OH-H2O (1:4:2:1) as a

solvent system. The Rf values of the three components,
5, 6 and the UV-quenched spot were 0.81, 0.35 and 0.75,
respectively. The reaction mixture of the acid hydrolysate
was concentrated in vacuo to give a brownish oil. The
residue was separated to a fraction of the quenched spot
and a mixture of5 and 6 by a Sephadex LH-20 column
chromatography developing with 50% aqueous MeOH.
The mixture of 5 and 6 were further purified by an
Amberlite CG-50 (H+, 5ml) column, developing with
distilled water and 1 m NH4OH.Compound5 was eluted
with distilled water (20ml). The fractions containing 5
were collected and concentrated in vacuo yielding 5

(23.3mg, 61%) as an HC1 salt. Compound 6 was eluted
with 1 m NH4OH.The fractions containing of 6 were
collected, neutralized and concentrated in vacuo. The
residue was neutralized with 1 m HC1and concentrated
in vacuo yielding pure 6 (38.2mg, 67%) as a HC1 salt.

QS>3-Hydroxyvaline (5)
FABMS m/z 134 (M+H)+; C5H10NO3; [a]^3 +7.2

(c 0.98, 5m HC1); XH NMR (500MHz, D2O): d 1.25
(3H, s), 1.47 (3H, s), 3.62 (1H, s); 13CNMR (125MHz,
D2O): 8 24.0 d, 28.0 d, 64.1 d, 70.6 s, 172.9 s.

(*S)-3,7-Diaminoheptanoic Acid (6)
FABMS m/z 161 (M+H)+; C7H16N2O2; [a]js3

+26.2° (c 1.22, pH 2.0 H2O); XH NMR (500MHz,
D2O): 3.48 (1H, m), 3.00 (2H, t), 2.70 (2H, m), 2.67 (2H,
m), 2.54(1H, dd, 16.0, 5.0), 2.43 (1H, dd, 16.0, 8.0), 1.47

Fig. 6. ORTEPdrawing of resormycin.
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(2H, m); 13C NMR (125MHz, D2O): 22.5 t, 27.3 t, 32.7
t, 49.8d, 39.8 s, 39.9t, 179.1 s.

Preparation of Resormycin JV-Diacetyl-dimethoxy-

monomethyl Ester (7)

To a solution of 43.1mg of 1 free base (0.089mmol)
in 50% aq dioxane (3 ml), 46 mg ofdi-/-butyl dicarbonate
(0.2mmol) and 25 mg triethylamine was added at room
temperature, and the reaction mixture was stirred for 3
hours. The product in the reaction mixture was extracted
with 50ml of ethyl acetate. The ethyl acetate layer was
separated and washed with 10ml of0.2m citric acid. The
organic layer was separated and concentrated to give
58.7mg of 7V-diBoc-resormycin (yield 96 %). A solu-

tion of 51.7mg of 7V-diBoc-resormycin (0.074mmol) in
methanol was treated with a large excess of diazomethane
in diethyl ether at room temperature. The solution was
concentrated and purified by silica gel column chro-
matography (CHC13:MeOH=9: 1) to give 46mg of

Af-diBoc-trimethyl-resormycin (yield 62.5%). A 41.5 mg
sample of 7V-diBoc-trimethyl-resormycin (0.056 mmol)
was dissolved in 2m HCl-50% aq THF at room tem-
perature and allowed to stand for 3 hours. The reaction
mixture was adjusted to pH 7.0 with 1m NaOHand
concentrated in vacuo. The residue was purified by silica
gel chromatography (CHC13: MeOH:cone.NH4OH :
H2O=10: 5 : 0.5 : 1). The fractions containing the prod-
uct were collected and concentrated to give 19.9mg of
trimethylresormycin (yield 68%). To a solution of 10

mg of trimethylresormycin (0.019mmol) in methanol
(0.5ml), 40mg of acetic anhydride and 40mg of
triethylamine was added, and stirred for 22 hours at
room temperature. The reaction mixture was extracted
with 10ml of ethyl acetate and the extract was washed
with 2ml of 0.2m citric acid. The organic layer was

collected and concentrated in vacuo, which was purified
by preparative TLC (Kieselgel 60 F254, art 5715, Merck)
developing with CHCl3-MeOH (9: 1, Rf 0.37) to give
7.0mg of Af-diacetyl-dimethoxy-monomethyl ester of
resormycin (7, yield 61%). 7; FABMS m/z: 613 (M+
H)+; C28H41C1N4O9; XH NMR (500MHz, CDC13): 5
1.1-1.41 (6H, m), 1.18 (3H, s), 1.2 (3H, s), 1.75 (3H,

s), 1.77 (3H, s), 2.24 (1H, dd, 14.0, 6.4), 2.34 (1H, dd,

14.0, 7.2), 2.97 (2H, dt, 6.0, 6.8), 3.70 (3H, s), 3.85 (6H,
s), 4.02 (1H, brm), 4.67 (s, OH), 7.08 (2H, s), 7.12 (1H,

s), 7.60 (1H, d, 9.0), 7.76 (1H, t, 6.0), 7.86 (1H, d, 9.0),

9.79(1H, s); 13CNMR(125MHz, CDC13): S22.5 q, 22.6
q, 22.8 t, 26.2q, 26.6q, 29.6t, 33.6t, 38.4t, 40.8 t, 46.0

d, 52.0 q, 57.9 q, 57.9 q, 60.2 d, 73.5 s, 106.5 (x2) d,
110.0s, 126.6s, 129.7d, 132.6s, 155.3 s, 155.3 s, 162.9

(x2)s, 165.3s, 170.0s, 170.1 s.

Free Base Form of 1
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A 105 mg sample ofresormycin HC1 salt was dissolved
in H2O (1 ml) and adjusted with 1 m NH4OHto pH 9.0.
The solution was concentrated in vacuo to give a 1 1 1.2mg
residue of the free base form of 1. An aqueous solution
(6ml) of the above sample was allowed to stand for 24
hours at 5°C to give 34.5mg of colorless prism crystals.
MP: 183-190 (dec.)

X-Ray Crystallographic Analysis of 1
A crystal of 1 with approximate dimensions of 0.03 x

0.03 x 0.25mm was chosen for X-ray crystallography.
All measurements were made on Rigaku AFC7Rdif-
fractometer with graphite monochromated Cu-Ka radia-
tion and a rotation anode generator. The crystal data
are as follows: Empirical formula C2iH31N4O7Cl-

4H2O; F.W. 559.01; Crystal system Monoclinic; Space
group P2X; Lattice parameters a=11.087(2)A, b=

7.687(4)A, c= 15.652(2)A, 0=95.09(1)°, V= 1328.7(7)

A3; Z value 2. Dcalc 1.397g/cm3; /x(Cu-Ka) 18.37cm"1.
Of the 3701 reflections which were collected, 2158 were
unique. No decay correction was applied. Anempirical
absorption correction using the program DIFABS4) was
applied which resulted in transmission factors ranging
from 0.67 to 1.00. The structure was solved by a direct
method (SIR92)5) and expanded using a Fourier tech-
nique (DIRDIF94)6). The non-hydrogen atoms were

refined anisotropically. Hydrogen atoms were included
but not refined. The final cycle of full-matrix least-
squares refinement was based on 1607 observed re-
flections (I>cr(I)) and 333 variable parameters and
converged with unweighted agreement factors of
R=0.059 and Rw=0.059. The maximum and minimum

peaks on the final difference Fourier map corresponded
to 0.40 and -0.29e~/A3, respectively. Comparing
|Fo(hkl)|/|Fo(hkT)| and |Fc(hkl)|/| Fc(hkT)| for 201
Bijvoetmates for which the difference ||Fc(hkl) -

I Fc(hkl) ||/V<S2Fo(hkl) +<S2Fo(hkl) are larger than 0.5,
162 pairs showed consistently the absolute configuration

in Fig. 6. All calculations were performed using the

teXsan crystallographic software package of Molecular
Structure Corporation.
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