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Abstract: Two new antiinflammatory macrolides, lobophorins A and B (1 and 2), have been isolated from
fermentation broths of a marine bacterium isolated from the surface the Caribbean brown alga Lobophora
variegata (Dictyotales). The new compounds, distantly related to antibiotics of the kijanimicin class, are potent
inhibitors of topical PMA-induced edema in the mouse ear assay when administered either topically or IP. © 1999
Published by Elsevier Science Ltd. All rights reserved.

As part of a continuing program to develop the biomedical potential of marine microorganisms, we have
focused considerable attention on the actinomycetes, or filamentious bacteria, which are a rich source of novel
compounds in terrestrial environments.! In tropical, nutrient-limited oceans, our studies have emphasized
surface actinomycetes isolated from the relatively nutrient-rich surfaces of invertebrates and seaweeds.? During

an expedition to Belize aboard the research vessel Columbus [selin, we encountered an unusual actinomycete,’

our strain # CNC-837, isolated from a surface inoculum of the Caribbean brown alga Lobophora variegata
(Dictyotales).* While this organism clearly belonged within the bacterial order Actinomycetales, by FAME
analysis, the organism failed to show affinity to any known genus. In saline fermentation this strain produces
two new ma;:rolides, lobophorins A and B (1 and 2), the aglycones of which are related to the kijanimicin class
of microbial antibiotics. Lobophorins A and B are potent antiinflammatory agents when applied topically or
administered IP in a whole animal model.

Actinomycete strain # CNB-837 was cultured in 50 L scale using a 65 L fermenter.’ The filtered broth
was extracted by percolation over 2 L coarse C3 chromatography resin. After rinsing with distilled water, the
resin was eluted with MeOH and the solvent was removed to give a dark-brownish oil. The crude extract was
initially fractionated by a silica gel flash chromatography using a gradient of EtOAc/isooctane and
MeOH/EtOAc systems. The material eluted with 10% MeOH/EtOAc was purified by RP-C13 HPLC using 75%
MeOH/H,O with 0.5% NH,Ac to give pure lobophorin A (1, 40 mg).® The material eluted with 100% EtOAc
was further purified by silica gel HPLC using 100% EtOAc to give pure lobophorin B (2, 800 mg).6

Lobophorins A and B were isolated as polar, amorphous solids. High-resolution FABMS analysis
showed that lobophorin A possessed the molecular formula CgHg,N2O;9 while lobophorin B analyzed for
Cs1HggN,0,;. Interpretation of their respective H and '*C NMR spectra (Table) showed almost identical
structural features were present, including several sugars and a complex, highly oxygenated aglycone. Since

both compounds presented broadened NMR spectra, the sugars were cleaved by acid hydrolysis (1 N HCI) to

0960-894X/99/$ - see front matter © 1999 Published by Elsevier Science Ltd. All rights reserved.
PII: S0960-894X(99)00337-6



2004 Z.-D. Jiang et al. / Bioorg. Med. Chem. Lett. 9 (1999) 2003-2006

Hé OH I 2
&) \o o
CHy0 e HO__o.\
'3
c ? 6

HsCOCOHN  cH,
6
HsCOCOHN oy,

HiC
o) 3
HaC R
3! 2 ;
/ R p /

. 'CH3

1, Lobophorin A, R = NH; 3,R=NH;
CH;0COCH,

2, Lobophorin B, R = NO, 4,R =NO,

32 CHOH

produce the corresponding aglycones, which were then converted to aglycones C and D (3 and 4) by CH,N,
methylation and Ac,O/pyr acetylation. Comparison of their '*C NMR spectra showed that aglycone C (3)
exhibited a carbon signal at 57.4 ppm, while in aglycone D (4) this signal was observed at 90.8 ppm. Other than
these differences, the *C signals of the aglycones were almost identical.? Comprehensive NMR analyses
performed on aglycones 3 and 4 led to significant insight into the structures of these molecules. Comparison of
the NMR data from aglycone 4 with that reported for several known molecules showed that 4 was identical to
the aglycone derived by selective acid hydrolysis of the terrestrial antibiotic kijanimicin.” However, because the
complete NMR assignments for 4 were not available, we used a combination of 2-D NMR techniques, including
COSY, HMQC and HMBC methods, to fully assign the NMR data for the aglycones. Using the same
comprehensive NMR methods, we were also able to completely assign the NMR data for lobophorins A and B
(see NMR Table below). During the spectral analyses, it became apparent that lobophorin B differed only in the
sugar-D moiety. On the basis of all data obtained, lobophorin A was assigned an axial amino group at the sugar
D-3 position while lobophorin B possessed a nitro group at the same site. Lobophorin B contains one less sugar
moiety than kijanimicin and was, coincidentally, reported as a metaperiodate reaction product of kijanimicin.
Despite their structural relationship to kijanimicin and to several related antibiotic macrolide glycosides
such as tetrocarcins and chlorothricin,®®® lobophorins A and B (1 and 2) do not exhibit significant antibiotic
properties. However, lobophorins A and B showed potent antiinflammatory activities in the PMA (Phorbol-
Myristate-Acetate)-induced mouse ear edema model. At the normal testing dose of 50 pg/ear topical
application, lobophorin A reduced edema by 86%. In the same experiment, lobophorin B reduced edema by
84%. By comparison, the common anti-inflammatory drug, indomethacin (Indocin), showed 72% reduction.’
More importantly, when administered by intraperitonyl injection (IP), lobophorin B demonstrated in vivo
activity reducing edema by 34% at a dose of 30 mpK. Based upon the whole animal in vivo activities of the

lobophorins, studies of their mechanism of action appear warranted.
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Table. NMR Assignments for Lobophorins A and B (1 and 2)
Lobophorin A (1) Lobophorin B (2)
Compd 'H NMR in 3 (mult, J in Hz)" BCNMR® “CNMR' 'HNMRind(mult,JinHz)) “CNMR®

1 173.5 167.0 167.0

2 100.0 101.6 101.6

3 201.3 206.2 206.3

4 51.7 50.8 50.8

5 2.32 (m) 44.6 429 2.00 (m) 43.0

6 1.65 (m) 31.6 311 1.6 (m) 312

7 1.58 (m), 1.50 (m) 426 416 1.6 (m), 1.5 (m) 41.6

8 2.40 (m) 35.1 34.3 2.20 (m) 34.3

9 3.68 (m) 84.6 83.5 3.44 (m) 84.0

10 2.32 (m) 39.3 383 2.06 (m) 383

11 6.07 (4,10.0) 126.3 125.9 5.72 (4, 10.0) 125.7
12 5.68 (dd, 4.5, 10.0) 128.3 126.1 5.36 (m) 126.5
13 4.51 (m) 51.7 53.0 3.46 (m) 53.1
14 137.2 136.9 138.1
15 5.9 (m) 123.0 123.3 5.17 (m) 123.9

16 2.52 (m) 31.9 29.9 1.70 (m), 2.33 (m) 299
17 4.44 (m) 79.8 77.6 420 (m) 78.1

18 136.0 135.7 135.1
19 5.85(d, 10.5) 121.6 119.0 5.13 (m) 118.6
20 3.86 (br d, 10.0) 41.2 40.0 3.60 (d, 10.0) 40.0
21 6.16 (br s) 1239 1214 5.40 (brs) 121.3
22 142.5 1412 141.3
23 2.98 (brp 28.3 27.7 2.63 (brp, 7.0) 28.0
24 2.70 (dd 7.5,14.5), 2.03 (d, 14.5) 36.0 35.5 2.36 (m), 1.80(d, 14.0) 354
25 83.7 83.2 83.2
26 200.9 201.6 201.7
27 1.95 (s) 15.5 15.0 1.60 (s) 15.0
28 0.72 (d, 6.5) 22.9 22.1 0.64 (d, 4.5) 222
29 1.34(d, 7.0) 14.6 14.1 1.09 (d, 6.5) 14.1
30 1.60 (s 14.6 15.0 1.40 (s) 15.2
31 143 (s) 149 13.7 1.30 (s) 13.7
32 4.73 (d, 12.5), 4.66 (d, 12.5) 65.0 64.8 4.15 (m) 64.7
33 1.52 (d, 20.2 20.1 1.29 (d, 7.0) 20.2
D-1 4,78 (dd, 1 .5, 10.0) 98.4 96.5 4.67 (dd, 2.0, 10.0) 97.7
D-2 1.80 (dd, 10. 0 15.0), 2.50 (m) 360 352 1.40 (m), 1 58 (m) 39.9
D-3 91.6 90.8 53.0
D-4 4.85 (d, 10.0) 54.7 53.6 3.15(d, 10.0) 577
D-5 3.58(q, 7.5) 69.1 69.0 3.76 (m) 68.0
D-6 1.20(d, 6.5) 173 16.8 1.10(d, 6.5) 17.9
D-3 CH; 1.46 (s) 25.3 25.1 1.17 (s) 30.0

D-4 NH 8.90 (d, 10.0) 5.20(d, 10.0)

D-4 C=0 158.8 157.6 157.5
D-40CH; 3.81(s) 52.3 52.6 3.67 (s) 52.2
A-1 5.08 (d, 4.5) 98.4 97.9 4,78 (d,4.5) 98.0
A-2 1.90 (m), 2 62 (br d,13.0) 30.3 30.6 1.70 (m), 2.33 (m) 30.2
A-3 4.42 (m 67.2 66.2 4.0 (m 66.3
A-4 3.68 (m) 72.3 71.1 3.23 (dd, 2.0, 10.0) 71.7
A-5 4,52 (m) 65.4 64.8 4.20 (m) 64.9
A-6 1.52 (d, 6.0) 186 182 1.30(d, 6.5) 183
B-1 5.56 (d,3.5) 92.0 91.0 5.13(d,3.0) 90.9
B-2 2.10 (m), 2.50 (m) 36.0 34.0 1.88 (dt, 15.0, 3.5), 2.12 (m) 34.0
B-3 4.64 (m 67.2 65.3 3.98 (m) 653
B-4 3.55 (dd, 2.5, 10.0) 82.6 82.1 3.23 (dd, 10.0, 2.0) 82.1
B-5 4.60 (dq, 100 6.5) 63.0 619 4.0 (m) 61.9
B-6 1.35 (d, 6.0) 17.9 17.8 1.20(d, 6.5) 17.7
C-1 5.40(dd, 1.5, 10.0) 100.0 98.2 4.91 (dd, 10.0, 2.0) 98.1
c2 1.88 (m), 2.40 (m) 38.7 36.6 1.68 (m), 2.15 (m) 36.6
C-3 4.46 (m) 63.2 63.7 4.24 (m) 63.7
C-4 2.93 (dd, 3.0, 9.5) 83.5 82.1 2.85 (dd, 10.0,3.0) 82.1
C-5 4.25 (dq, 9.5, 6.5) 68.6 68.2 4.20 (m) 68.3
C-6 1.38 (d, 6.5) 18.6 17.8 1.24 (d,'6.5) 17.3
C-4 OCH; 3.31(s) 56.3 572 3.41 (s) 573

*All assignments were made on the basis of 'H-'H COSY, DEPT, HMQC and HMBC experiments.
I’Spectra were measured in pyridine-ds.
“Spectra were measured in CDCl.
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