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   Clavamycins A, B, C, D, E and F represent new members of the clavam antibiotics group. 

Their purification was achieved by a variety of preparative chromatographic methods, essential-

ly on reversed phase carrier. The structures were deduced from spectroscopic properties, es-

pecially from extensive NMR studies.

   In the preceding reportl1), taxonomy of the producing strains, fermentation and biological activities 

of new clavam antibiotics from two Streptomyces strains NRRL 15846 and NRRL 15879 are presented. 

In this paper we describe details of isolation, physico-chemical characterization and the structures of 

six new clavams, clavamycins A- F. 

   The non-extractable clavamycins A - F were highly unstable during isolation procedures. There-

fore all purification steps, except for preparative HPLC, were run at 4°C, and chromatographic fractions 

were stored at -90°C. Concentration steps in vacuo were not completed to dryness, otherwise an 

unusual loss of bioactivity resulted. 

   In addition to the non-extractable clavarnycins A- C from strain Streptomyces hyg roscopicus NRRL 

15846, an antifungal activity could be isolated by dichloromethane extraction, which was identified as 

the known antibiotic hydroxymethylclavam2).

Isolation of Clavamycins A, B and C from S. hygroscopicus NRRL 15846

   Clavamycin A 

   Ten-liter culture broth of S. hygroscopicus NRRL 158461) was adjusted with 4 N H2SO4 to pH 7, 

cooled to 4`C and filtered through Celite 545 (see Fig. 1). The filtrate was applied to a 1-liter column 

of activated carbon (Wako). After washing with I liter of water, the column was eluted with 2 x500 ml 

portions of water - acetone (9: 1), then with 6 x 500 ml portions of water - acetone (1 : 1). Active 

fractions (2 liters) were concentrated in vacuo at 10°C and further chromatographed on a 5 x40 cm 

medium pressure column of LiChroprep RP 18 (40- 64 tun), with water elution. The resulting active 

fractions were concentrated in vacuo at 10°C. The concentrate was divided into 4 equal portions and 

each purified twice on a preparative 16 x 250 mm HPLC Column of LiChrosorb RP 18 (10 pm), with 

10 mm phosphate buffer (pH 5) elution. Active fractions were again chromatographed twice on the sane
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HPLC column as above, eluting with deionized water. Fractions giving a single peak of clavamycin 

A by analytical HPLC were concentrated and freeze-dried, yielding a total of 117 mg clavamycin A 

from all 4 portions as a white amorphous powder, mp > 190°C (dec), [a]25D-86.8° (c 0.66, H2O). 

   Clavamycins B and C 

   A 300-liter fermentation broth of S. hygroscopicus NRRL 158461) was adjusted to pH 7 with 4 N 

H2SO4„ cooled to 4°C and clarified by centrifugation and then by filtration through Celite 545 (see 

Fig. 1). The filtrate was applied to a 20 x 36 cm column (11 liters) of Dowex 50WX2 (Nat type, 50-

100 mesh). Clavamycins B and C were retained, whereas clavamycin A was found in the effluent. 

The latter could be further adsorbed on activated carbon and purified as described in the preceding 

section. After washing with 17 liters of water, the Dowex column was eluted with 6 x 5-liter portions 

of 3 M NaCl. Four active fractions were collected and applied to a l-liter column of activated carbon 

(Wako) to remove the NaC1. The column was washed with 1 liter of water and then developed with 

water - methanol (7: 3). The eluate (4 liters) was concentrated in vacuo at 10°C. Final purification 

of clavamycins B and C was attained by medium pressure chromatography and preparative HPLC in 

several subsequent runs on reversed phase material according to Fig. 1, whereas fractions exhibiting

                   Fig. 1. Purification scheme of clavamycins A, B and C. 

   Column A: 5x40 cm medium pressure column of LiChroprep RP 18 (40-64 l?m). Column B: 16x 
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the major activity were collected. Excellent selectivity was achieved only by varying the pH of the 

eluting buffers. Separation monitoring was performed on analytical HPLC with a HP 1040 diode 

array detector.

          Isolation of Clavamycins D, E and F from S. hygroscopicus NRRL 15879 

   A 200-liter culture broth of S. hygroscopicus NRRL 15879° was adjusted to pH 7 with 4 N H2SO4, 

cooled to 4°C and clarified by centrifugation and then by filtration through Celite 545 (see Fig. 2). 

The filtrate was percolated through a 20x48 cm column (15 liters) of activated carbon (Wako). After 

washing with 15 liters of water, the column was eluted with 3 x 5-liter portions of water - methanol 

(9: 1), then with 6 x 5-liter portions of water - methanol (1: 1). Fractions 3 - 6, containing the major 

antibiotic activity, were concentrated in vacuo at 10°C to 2 liters, then adjusted with phosphate buffer 

to pH 8.0 and to a final buffer concentration of 0.1 M. This concentrate was applied to a 12 x 35 cm 

medium pressure column (4 liters) of LiChroprep RP 18 (40-S 64 ,um), then eluted in 500-m1 fractions 

with a linear decreasing gradient between 0.1 M phosphate buffer (pH 8.0) and water. This chroma-

tography gave a separation of clavamycin D from E and F: The first 4 active fractions contained 

the major quantity of clavamycin D, whereas the subsequent 3 fractions contained clavamycins E and 

F (monitored by analytical HPLC). 

   Fractions of clavamycin D (2 liters) were collected and concentrated in vacuo at 10°C, adjusted to 

pH 7.2 and chromatographed twice on a 5 x 40 cm medium pressure column of LiChroprep RP 18 (40 -

64 i;m), eluting with 10 mm phosphate buffer, pH 7.2. Active fractions were rechromatographed on

                   Fig. 2. Purification scheme of clavamycins D, E and F. 
   Column A: 12 x 35 cm medium pressure column of LiChroprep RP 18 (40-64 pm). Column B: 5 x 
40 cm medium pressure column of LiChroprep RP 18 (40 -64 1 m). Column C: 16 x 250 mm HPLC 
column of LiChrosorb RP 18 (101(m).
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the same column, eluting with 10 mm phosphate buffer, pH 5.0. HPLC-pure fractions of clavamycin 

D were pooled and desalted on the 5 x 40 cm RP 18 column as above with deionized water. Concen-

tration and freeze-drying gave 940 mg clavamycin D as a white powder, mp > 210°C (dec), [a]25D-41.3•‹

(c 0.76, H2O). 

   Fractions of clavamycins E and F were pooled, concentrated in vacuo at 10°C and again chromato-

graphed on the 12 x 35 cm column of RP 18 carrier, with water eluting. The first active fractions con-

tained clavamycin E and the subsequent clavamycin F. Final purification of both antibiotics was at-

tained in several runs on reversed phase carrier by varying the pH and the ionic strength of the eluting 

buffer, according to Fig. 2. 

   Physico-chemical Properties 

   Clavamycins A - F were isolated as white amorphous powders by freeze-drying, whereas clava-

mycin D could be crystallized from cold methanol. They were soluble in water and DMSO, dissolved 

moderately in methanol and were insoluble in chloroform, ethyl acetate and hexane. The stability of 

the purified clavams in aqueous buffer solutions was surprisingly better than was expected due to our 

previous isolation experience. In 10 mm phosphate buffer at a pH of 5 -j 8 they could be stored at 4°C 

for some days without significant loss of activity. The lyophilized powders were stable at -90°C for 

6 months. The UV spectra of the clavams (10 mm phosphate buffer, pH 7) exhibited only end absorp-

tion, whereas the IR spectra (KBr disc) indicated the dominant absorption at 1780 - 1765 cm-1 of the 

/3-lactam carbonyl group. Chromatographic data on TLC and HPLC are listed in Tables 1 and 2.

Table 1. HPLC and TLC data of clavamycins A, B and C.

 Compound 

Clavamycin A 

B 

C

HPLC system A retention times (minutes)

pH 5 

6.3 

3.0 

3.7

pH 7.2 

 9.1 

 3.5 

 3.1

pH 8 

9.2 

4.0 

3.0

TLC Rf values 

     0.52 

     0.14 

       0.1

HPLC system A: LiChrosorb RP 18 (4.6 x 250 mm), 10 mm phosphate buffer, flow rate: 2 ml/minute. UV 
              detection at 220 nm. 
TLC: Cellulose Polygram Cell 300, propanol - M2O (7: 3). Detection by bioassay against 

               Candida albicans.

Table 2. HPLC and TLC data of clavamycins D, E and F.

 Compound 

Clavamycin D 

E 

F

HPLC system B retention times (minutes)

pH 5 

2.9 

2.7 

5.8

pH 7.2 

 5.8 

 2.1 

 4.7

TLC Rf values 

     0.68 

     0.43 

     0.51

H PLC system B: Chrompack Spher C 18 (3 x 200 mm), 50 mm phosphate buffer, flow rate: 1 ml/minute. 
              UV detection at 220 nm. 

TLC: See Table 1.

Structures of Clavamycins A, B and C from S. hygroscopicus NRRL 15846

   Clavamycin A (1) 

   The molecular weight of 1 is 414, determined by FAB-MS (m/z 415, M+H). Microtitration gives 

evidence for COO- (IR 1610 cm-1, 13C NMR 173.21 ppm) and for NH3+ (IR 2950 cm-1). The 13C



520 THE JOURNAL OF ANTIBIOTICS APR. 1986

and 1H NMR spectra (Fig. 4) show a duplication of several resonance signals with chemical shift data 

and coupling constants indicating the presence of two similar clavam substructures, linked by an amide 

bond. The corresponding amide signal is observed in the 1H NMR at 8.09 ppm and in the 13C NMR 

at 172.59 ppm (DMSO-de). From data of NOE spectroscopy, double resonance experiments and pro-

ton-carbon correlated spectroscopy (optimized on 135 Hz and 5 Hz coupling constants), structure 1 

results. All assignments, based on NMR experiments, are presented in Table 3. 

   Clavamycins B (2) and C (3) 

   Metabolites 2 and 3 both have the same molecular weight of 362, determined by FAB-MS (m/z 

363, M+H), and the characteristic IR and NMR data of a clavam. The NMR data, however, show 

no duplication of resonance signals as is seen for structure 1, but coupling constants and chemical shift 

data indicate a very close relationship of 2 and 3 with 1 (Table 3). Extensive NMR experiments, in-

Fig. 3. Structures of clavamycins A, B and C. 

   For numbering of the positions see text.

Clavamycin A (1) Clavamycin B (2)

Clavamycin C (3)

Fig. 4. 'H NMR spectrum of clavamycin A (1) in DMSO-d6.
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cluding NOE-, double resonance- and H-C correlated spectroscopy (optimized on 135 Hz and 5 Hz 

coupling constants) reveal for clavamycin B structure 2 and for clavamycin C structure 3. The latter is 

tentative, because the quality of the H-C correlated spectra was unsatisfactory due to a decomposition 

of the clavam during the spectroscopic run. 

   The numbering of the positions of 1, 2 and 3 (Fig. 3 and Table 3) is chosen to illustrate the close 

structural relationship. Clavam 2 represents clavam 1 lacking the j3-lactam ring A and 3 represents 1 

lacking ring B. There is no evidence whether 2 or 3 are precursors or artifacts of 1.

Table 3. Assignments of the 'H NMR and ' ~C NMR spectra of 1, 2 and 3 in ppm (o).

Position 

2 

3 

5 

6 

7 

 1' 

 2' 

2'-COO-

 3' 

 4' 

 5' 

 6' 

 2" 

 3" 

 5" 

 6" 

 7"

1 in DMSO-d6

     1 H 

2.96, 3.65 

   4.18 

   5.25 

2.69, 3.26 

   4.06 

   4.10 

   8.09 

   3.28 

   3.97 

2.95, 3.80 

   4.29 

   5.31 

2.79, 3.31

  1 3C 

46.53 

82.59 

83.42 

44.35 

178.05 

71.05 

55.41 

173.21 

172.59 

56.52 

71.63 

47.53 

81.36 

83.74 

44.61 

178.05

2 in DMSO-d6

      1 H 

2.80, 2.95 

   3.80 

   3.80 

   4.08 

   8.32 

   3.28 

   3.98 

2.95, 3.80 

   4.28 

   5.31 

2.79, 3.31

  13 C 

 41.83 

68.40 

72.57 

 55.52 

173.97 

172.52 

 56.46 

71.58 

47.67 

81.27 

83.75 

44.65 

178.04

2 in D.,O

     'H 

3.06, 3.39 

   3.68 

   4.08 

   4.61 

   3.86 

   4.13 

3.08, 4.09 

  4.46 

   5.49 

2.95, 3.39

  '~C 

 43.32 

 68.81 

 74.42 

 57.10 

177.00 

175.15 

 57.60 

73.24 

49.37 

82.23 

86.10 

45.71 

182.83

3 in D.,O

     'H 

3.08, 3.97 

   4.29 

   5.46 

2.91, 3.38 

   4.29 

   4.53 

   3.73 

   3.92 

3.04, 3.38 

   3.92

 13C 

50.32 

84.60 

87.37 

47.20 
* 

74.71 

58.76 
* 

* 

59.14 

76.24 

45.16 

70.39

* Signals are not detected due to too low concentration of metabolite .

Structures of Clavamycins D, E and F from S. hygroscopicus NRRL 15879

   Clavamycin D (4) 

   The molecular formula C13H21N3O6 of 4 is set up by elemental analysis, 13C NMR data and FAB-

MS, showing a peak at m77/z 316 (M +H). The presence of a clavam is obvious by IR and 'H NMR 

data (Fig. 6). Acidic hydrolysis of 4 (6 N HCl, 16 hours, 115°C) gives L-valine, identified by GC on 

a chiral carrier. Microtitration gives evidence for a COO- and a NH,+ group. These findings to-

gether with the assignments based on extensive 'H and 13C NMR experiments (Table 4) reveal structure 4.
   Structure 4 is confirmed by preparation of 

the corresponding N-acetyl methyl ester 8 (Fig. 7) 

and by the enzymatic cleavage of 4 with amino-

peptidase, furnishing L-valine and the clavam 7 

(Fig. 5). Biological activity of the latter is de-

scribed in the preceding paper". 

   Clavamycins E (5) and F (6) 

   5 and 6 differ from 4 only in the amino acid 

side chain. The molecular weight of 5 is 287

Fig. 5. Structures of clavamycins D, E and F.

Clavamycin D (4) R = L-Valyl 
Clavamycin E (5) R=L-Alanyl 
Clavamycin F (6) R=NB-Acetyl-ornithyl 

   7 R=H
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(FAB-MS m/z 288, M + H) and acid hydrolysis (6 N HC1, 16 hours, 115°C) gives L-alanine, identified 

by GC on a chiral carrier. From this finding and from 1H NMR data (Table 4) structure 5 is eluci-

dated for clavamycin E. 

   For clavamycin F, having a molecular weight of 372 (FAB-MS m/z 373, M+H), we propose 

structure 6. The amino acid side chain, NO-acetyl-ornithine, is inferred only by 111 NMR and 13C NMR

Fig. 6. 1H NMR spectrum of clavamycin D (4) in DMSO-d6

Table 4. Assignments of the 'H NMR and 13C NMR spectra of 4, 5 and 6 in ppm (3).

Position 

2 

3 

5 

6 

7 

  1' 

  2' 

2'-COO-

  3' 

Val-CO 

Val-a 

Val-,S 

Val-7',     T' 

Ala-a 

Ala-,3 

Orn-CO 

Orn-a 

Orn-,9 

Orn-T 

Orn-6 

Orn-B-NH 

Orn-b-NHCOCH3 

Orn-5-NHCO

4 in DMSO-d,

    'H 

2.94, 3.61 

   4.15 

   5.24 

2.65, 3.27 

   4.00 

   4.04 

   7.98 

   3.16 

   2.04 

0.78,0.90

   i"C 

  46.19 

  82.04 

  83.34 

  44.50 

 178.10 

  70.90 

  54.42 

 171.84 

 172.59 

  59.24 

  30.68 

16.54,19.25

5 in DMSO-d, 

      'H 

 2.96, 3.63 

    4.19 

    5.25 

 2.69, 3.28 

    4.04 

    4.11 

    8.05 

    3.63      

1 .25

5 in D,O 

    'H 

3.10, 3.98 

   4.32 

   5.48 

2.92, 3.41 

   4.27 

   4.50 

   3.87 

   1.45

6 in DMSO-d,.

   'H 

2.96, 3.66 

   4.18 

   5.26 

2.70, 3.29 

  4.04 

   4.18 

   8.08 

   3.55 

1.55, 1.67 

   1.48 

   3.02 

   7.94 

   1.80

   13 C 

45.95 

82.48 

83.35 

44.40 

178.14 

70.72 

54.45` 

172.31 

174.21 

54.58* 

32.40 

25.46 

38.42 

 22.48 

168.82

* Signals could be interchanged .
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data (Table 4) and not by acidic hydrolysis due 

to lack of sufficient substance.

Stereochemistry

   The relative configuration of the protons in 

position 3 and 5 in a 3-substituted 7-oxo-l-aza-
4-oxabicyclo[3.2.0]heptane derivative (Fig. 8) is 

established according to the chemical shift dif-

ference of the methylene protons in position 2 in 

the 'H NMR spectra" . In a syn relationship 

the difference in chemical shift is 0.4'. 0.5 ppm, 

and in an anti relationship 1 - 1.4 ppm. Clava-

mycins A - F show differences of 0.65 - 0.86 ppm. 

However the derivatives 7 and 8, obtained from 

clavamycin D (4), have differences of 1.05 and 

1.43 ppm, respectively. Therefore 7, 8 and also

4 have an anti configuration. Due to the very close relationship in 'H NMR data of clavamycins 

A - F, we propose the anti configuration for all of them. 

   The absolute stereochemistry in position 5 can be determined by CD spectroscopy4, 5). Derivative 

7 shows a negative Cotton effect at 229 nm (0=52,500), indicating the S configuration at position 5. 

This finding is supported by the antifungal activity of 7. Antifungal clavams have the S configuration 

at the ring junction position 5, whereas clavams with the R configuration inhibit (9-lactamases4). Be-

cause our clavamycins are not (3-lactamase inhibitors, but only show antifungal activity, we postulate 

the S configuration at the ring juncture. Thus the stereostructure of clavamycins A - F is 3R,5S ac-

cording Fig. 8.

Fig. 7.

Fig. 8. 3 - Substituted 7 - oxo - I - aza- 4- oxabicyclo-

 [3.2.0]heptane.

Experimental

   NMR spectra were run on a Bruker WH-360 or AN-360 using TMS or 3-(trimethylsilyl)propionic 
acid sodium salt=0 ppm as an internal standard. 

    3-(7-Oxo-l-aza-4-oxabicyclo[3.2.0]hept-3-yl)serine (7) 

   To a solution of 10 mg (0.03 mm) 4 in 300 pl 10 mm phosphate buffer (pH 7) was added 100 141 
aminopeptidase M (Boehringer, 5 mg/ml). After standing the solution at 37°C for 17 hours, there 
was no more educt 4 visible by HPLC. The reaction mixture was purified by preparative HPLC on 
a 16 x 250 mm column of LiChrosorb RP 18, eluting with 10 mm phosphate buffer, pH 5. Fractions 
containing 7 were pooled, desalted on LiChrosorb RP 18 with deionized water elution, then freeze-
dried, affording 2.2 mg (32%) of 7 as a white powder: FAB-MS fn/z 217 (M-l-H);'H NMR (360 MHz, 
D20) 8 5.50 (1H, d, J=3 Hz, 5-H), 4.43 (1H, q, J=7 Hz, 3-H), 4.26 (1H, dd, J=7 and 3.5 Hz, 2'-H), 
4.12 (1H, dd, J=12 and 6.5 Hz, 2-Ha), 3.88 (1H, d, J=3.5 Hz, 2'-H), 3.41 (1H, dd, J=17 and 3 Hz, 
6-Ha), 3.07 (1H, dd, J=12 and 6.5 Hz, 2-Hb), 2.95 (1H, d, J=17 Hz, 6-Hb,): 13C NMR (90.5 MHz, 
D20) 6 182.46 (C-7), 173.22 (2'-COO), 86.15 (C-5), 82.37 (C-3), 70.87 (C-1'), 57.12 (C-2'), 48.89 (C-2), 
45.58 (C-6). 

   N-Acetyl-valyl-3-(7-oxo-I-aza-4-oxabicyclo[3.2.0]hept-3-yl)dehydroalanine Methyl Ester (8) 
   A mixture of 20 mg (0.06 mm) 4 in 4 ml of acetic anhydride - pyridine (1: 1) was stirred at 4°C for 

60 hours. The residue obtained after evaporation in vacuo was taken up in 4 ml anhydrous methanol 
and stirred at 20°C for 20 minutes. After dilution with 30 ml water, the solution was extracted with
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chloroform and the extract evaporated to dryness in vacuo. The residue was chromatographed on silica 

gel, eluting with dichloromethane - methanol (95: 5), then on a 16 x 250 mm HPLC column of LiChro-
sorb RP 18, eluting with water - acetonitrile (4: 1). Fractions containing pure 8 were pooled and 

freeze-dried, affording 1.2 mg (5 %) of a white powder: FAB-MS nil 354 (M -H): UV 2.11-.01 nm end, 
235 (sh): IR (CH,C12) cm-1 3430, 1785 (s, 13-lactam C=0), 1725 (s, ester C=O), 1705 (s, amide C=0), 
1675 (s, amide C=O): 'H NMR (360 MHz, CDCl3) 6 7.82 (1H, s), 6.40 (1H, d), 6.00 (1H, d), 5.41 (1H, 

d), 4.89 (1H, q), 4.38 (1H, t), 4.28 (1H, dd), 3.82 (3H, s), 3.31 (1H, dd), 2.88 (1H, d), 2.84 (1H, dd), 2.17 

(1H, m), 2.06 (3H, s), 1.00 (3H, d), 0.96 (3H, d).
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