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Al&act--A new family of antibiitics, the orthosomycins, which contain in their structures one or more orthoester 
IinLages associated with carbohydrate residues, is described. Examples of orthosomycin antibiotics include 
Bambamycin (1). the evetninomicitts -B(?r). Cfzb). -D(k) and -243). bygromycin Bf4a). the destomycins -A@& -B(3) 
and C(4e), the antibiotics SS-%-C(4d), A-3%I&) and. mote recetttIy. the avilarnycitts -Af49a) and -C(Mb). The 
smtctural elucidation of these orthosomycin antibiotics is discussed, with emphasis on structural similarities and 
dilferettces, together with a commentary on their biolo&al activities and structure-activity relationships. 
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ADDENDUM 

INTRODUCTION 

In this Report the name ort/rosomycins is proposed for a new family of antibiotics which are 
characterised by the presence, in their structure, of one or more orthoester linkages which are associated 
with carbohydrate residues. The natural occurrence of orthoesters is rare, but within recent years 
several examples of antibiotics possessing this common structural feature have been described. It now 
seems desirable to group them together under the generic mtme of orthosomycins. These antibiotics 
include flambamycin (I), im3 the eveminomicins-B(k),’ -C(2b)? -ryzC)6 and -2(3),’ hygromycin B(4a),8 the 
destomycins -A(4b)?” -BQm and -C(Qe),“and the antibiotics SS-56X(4@* and A-396-I(4e).‘2’3 

For the purposes of this Report, the orthosomycin group of antibiotics can, at this time, be con-, 
veniently divided into two distinct series on the basis of additional structural features, namely (a) those 
which are esters of dichlorisoeveminic acid (6) (for example flambamycin and the everninomicins), and 
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I Flambamycin 

Me ’ 
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2a: Everninomicin-B, R’ = OH: R* = CH(OMe)Me; RS = NOa 
2b: Eveminomicin-C. R’ = R* = H; RS = NOa 
k: Everninomicin-D, R’ = H; R* = CH(OMe)Me; RS = NO* 
2d: R’ = H; R’ = CH(OMe)Me; R== NO 
20: R’ = H; RP = CH(OMe)Me; R’ = NHOH 
21: R’ = OH; R* = CH(OMe)Me; RS = NO 

2~: R’ = OH; R* = CH(OMe)Me; RI= NHOH 
2h: R’=R*=H:R==NO 
21: R’ = R* = H; R’ = NHOH 
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4e: Hygromycin B, R’ = R* = H; R5= Me 
4b: Deetomycin A. R’ = Me; Ra = RI= H 
4c: Deetomycin C, R’ = R’ = Me; R* = H 
4dd: BB-55-C, R’ = R= = H; RP = OH 
4e: A-398-1 (=SS-56-D). R’ = R= = R= = H 

6: Deetomycin B 
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The degradation studies leading to the elucidation of the structure 2a of everninomicin-B by the 
Schering gro~p’~ were essentially similar to those described above for everninomicin-D, namely the 
identification of products obtained from the acidic hydrolysis and methanolysis of the antibiotic, and 
salient points from the results of these studies with everninomicinB are summarised as follows. 

(i) Aqueous acidic hydrolysis of eveminomicin-B gave a heptasaccharide (everheptose-B) whose 
constitution (1%) was established by its fission, using diaxomethane, to the S-lactone (Ma) (previously 
obtained from everninomicin-D) and a tetrasaccharide (evertetrose-B). The constitution 14d of evertetrose- 
B was determined by (a) its acidic hydrolysis which gave evertriose (12) (previously obtained from 
everninomicin-D) and a new monosaccharide, u-evalose (8b), and (b) the acidic hydrolysis of evertetrose-B 
permethyl ether which established the mode of linkage between n-evalose (8b) and evertriose (12) thus 
leading to the assignment of structure hid for evertetrose-B, and hence everheptose-B could be represented 
by 17b. 

(ii) Mild acidic hydrolysis of eveminomicin-B gave eveminomicin-B, (21b) [compare the similar 
formation of eveminomicin-D, (2111) from everninomicin-D (2c)]. Treatment of everninomicin-B, (21b) 
with diaxomethane resulted in cleavage of the molecule with the formation of the S-lactone (l&r) and 
olgoseB [compare the similar cleavage with eveminomicin-Dr (21a)l. The constitution 22c of olgose-B 
was deduced from the results of its acidic hydrolysis [which, inter aliu, gave evertetroseB (14~0 and the 
ester (23a)l using arguments similarly advanced to explain the results from the acidic hydrolysis of olgose 
(22a) which gave the corresponding hydrolysis products evertetrose (14a) and the ester (23a). 

(iii) Methylation of eveminomicin-B with diaxomethane followed by mild acidic methanolysis of the 
resulting (phenolic) monomethyl ether gave, inter da, the orthoesters 25 and 26. The isolation of these 
orthoesters (25) and (26) is noteworthy. Under diierent conditions the corresponding normal esters 198 and 
23a were obtained from the solvolytic (acid methanolysis) fission of the intermonosaccharide orthoester 
linkages which were shown, from related studies (see section a above), to be present in everninomicin-D. 
Since the presence of an orthoester linkage, associated with residues G and H had already been 
established in olgose-B (22c), the isolation of the ester 25 also suggested the presence of a second 
orthoester linkage associated with the carbohydrate residues C and D in eveminomicin-B (2a) 
[corresponding with the orthoester linkage similarly situated in eveminomicin-D (2e)]. Further evidence 
for the presence and mode of linkage of the C-D orthoester grouping in eveminomicin-B @a) was 
subsequently obtained’ from the products isolated from the reaction of the permethyl ether of 
everninomicin-Br (21b) with diaxomethane, which gave the S-lactone monomethyl ether (Mb) and the 
partially-methylated derivative (22d) of olgose B, where the C-3 and C-4 OH groups of the n-evalose (8b) 
residue D were free in 22d. Thus it was concluded’ that the two OH groups located at positions C-3 and 
C-4 of the n-evalose (8b) residue D of everninomicin-B (2s) were involved in an orthoester linkage with 
the S-lactone (Ma), or its hydroxy-acid equivalent (19b), so leading to the constitution 2a for ever- 
ninomicin-B. As in the case of the conversion of eveminomicin-D (24 to eveminomicin-D1 (21a), the 

MOO 6 C --OH 

Me ‘\ 



The orthosomycins,ir ncwfamilyofantibiotics 1211 

(i) A monosaccharide (evermicose) which was identifled*8 as 2deoxy-o-evalose @a). 
(ii) A non-reducing disaccharide component (eveminose) which on acidic hydrolysis gave Z&Ii-O- 

methyl-umannose (9) and 2-O-methyl-L-l.yxose (loll), thus leading to .the constitution 11 for ever- 
ninose.19 

(iii) A non-reducing trisaccharide (evertriose) which was assigned the constitution 12 on the basis of 
its acidic hydrolysis to eveminose (11) and 4-O-methyl-ufucose (13)(= o-curacose), coupled with mass 
spectral evidence and results from permethylation studies.M 

(iv) A non-reducing tetrasaccharide (evertetrose) which on further acidic hydrolysis yielded ever- 
triose (12) and 2deoxy-o-evalose @a). The glycosidic linkage of the 2deoxy-uevalose @a) residue D 
with the C-3 OH group of the 4-O-methyl-ufucose (13) residue E of evertrose (12) was established*’ 
from the results of the permethylation of evertetrose, with mass spectral analysis and subsequent acidic 
hydrolysis of the resulting evertetrose penta- and hexamethyl ethers, leading to the constitution 14a for 
evertetrose.” 

7: Curacin 

9: 2.6~Di-Q-methyl-wmannose 10a: PQMethyl-L-lyxose, 
lob: L-Lyxose, R = H 

Qa: 2-Deoxy-o-evalose, R = H 
8b: o-Evalose, R = OH 

,R=Me 11: Everninose 

12: Evertriose 13: 4 -Q-Methyl-o-fucose 

148: Evertetrose, R’ = R’ = R5 = H 
14b: R’=R’=Me;R’=H 
140: R’=R*=H; R==Me 
14d: Evertetrose-0, R’ =R’= H: R2= OH 
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(v) A disaccharide component (eveminonitrose), which on acidic hydrolysis gave curacin (7) and a 
nitro-sugar (ever&rose), whose structure 15 and stereochemistry was establisheda from X-ray analysis, 
since a previous23 structural assignment for evemitrose, based on NMR evidence, was incorrect. This 
result, coupled with further NMR and mass spectral studies established the constitution 16 for 
eveminonitrose. It should be noted that evemitrose (15) was the first naturally occurring nitro-sugar to 
be isolated, and its reviseda stereochemistry at C-3, indicated in 15, has been included in all appropriate 
structures in this Report, whereas the original pape# indicate the evernitrose residue to possess the 
epimeric co&uration at C-3. 

(vi) A heptasaccharide component (everheptose), the constitution 17a of which was assigned from the 
following evidence.= 

(a) Treatment of everheptose (17a) with diasomethane gave evertetrose (Ma) and a S-lactone which 
was readily converted to the corresponding ring-opened methyl ester on acidic methanolysis. On the 
basis of UV, IR, NMR and mass spectral properties, the structure 18a was assigned to the d-lactone 
and structure 1% to the corresponding ring-opened methyl ester. 

15: Evernitrose 

10: Everninonitrose 

178: Everheptose. R = H 

17b: Everheptose-B, R = OH 
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(b) Information regarding the mode of linkage of the b-lactone (Ma) (or its open chain hydroxy-acid 
equivalent 1%) to evertetrose (Ma) to form everheptose (17a) was determined” from the structural 
elucidation of the related ester (20). another product obtained% from the acidic hydrolysis of 
eveminomicin-D. This ester (20) was cleaved on treatment with diazomethane to the S-lactone (Ma) 
and 2deoxy-o-evalose (8s). This result. coupled with NhfR and mass spectral studies with the 
tetra-acetate derived from 20, established the structure of #) and hence the linkage of the 2deoxy-b 
evalose @a) residue D to the S-la&one (Ma) in the ester (20). It thus foIlowed that the mode of linkage of 
the S-lactone (Ma) [or its hydroxy-acid equivalent (l!Wl with evertetrose (Ma) to formeverheptose (17s) 
must be via esterification [by the hydroxy-acid (19bll of the C-4 OH group of the 2deoxy-Devalose @a) 
residue D of evertetrose (IIn), thus leading to the constitution 17a for everheptose. 
The cleavage of the C-D ester-groupings in everheptose (17a) and the related ester (20) (and also with 

everninomicin-Dr-see below), by diazomethane to give the S-lactone (Ma) is noteworthy in this stmctural 
investigation, and the mechanism of this cleavage is, at present, uncertain. One propo& is that the stability 
of everheptose (17a) (and of the ester 20) is due to the presence of a free phenolic OH group in the 

l&: R=H 
18b: R=Me 

180: R=Me 
lob: R=H 

Ho 

0 J3 0 9 
Me 

: OH 
9 
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dichloroisoeverninoyl residue A, which may be involved in H-bonding in the molecule and when methylated 
cleavage of the C-D ester grouping could occur by solvolysis to give, the S-lactone (Ma). An alternative 
explanation for this C-D ester cleavage may lie in the possible presence of trace quantities of base in this 
reaction, perhaps introduced during the generation of diazomethane, and be a result of the relative stability 
of the aromatic (dichloroisoeveminoyl) A-B ester group over that of the C-D ester grouping in everheptose 
(17a) (and in the ester 28) towards base hydrolysis, under the conditions of the reaction. It is of interest that 
treatment of eveminomicin-D (k) with diazomethane gave, as expected, the corresponding (phenolic) 
mono-methyl ether.‘j 

(vii) Mild acidic hydrolysis of eveminomicin-D gave eveminomicin-Dl which ditIered in its empirical 
formula from that of the parent antibiotic by the addition of one molecule of water. The structure 21a of 
eveminomicin-Di, and hence of eveminomicin-D (2c), was established6 by the following sequence of 
reactions. 

(a) Treatment of eveminomicin-Di with diaxomethane gave the S-lactone (Ma) and a new oligosac- 
charide-olgose (220). Acidic methanolysis of olgose yielded evertetrose (Ma) and an ester (Ur), which 
was oxidised by sodium metaperiodate to the keto-ester (24). The latter compound (24) on heating with 
sulphuric acid gave formaldehyde, indicative of the presence of the methylenedioxy group. 
(b) The mode of linkage of the evertetrose (Ma) and the ester (23a) residues to form olgose (228) was 
obtained from the results of acidic methanolysis of olgose permethyl ether (22b) which yielded 
evertetrose tetramethyl ether (14b) (where the C-3 and C-4 OH groups were free in the 2-O-methyl-t_- 
lyxose l&t residue Cl in 14b) and the ester (23b) which bears a direct structural relationship to the ester 
(23a) obtained from the acidic methanolysis of olgose (22a) itself. Thus, the primary OH function and 
ester group in 23a must be involved in linkage with the C-3 and C-4 OH groups present in the 
2-0-methyl-L-lyxose (101) residue G in evertetrose (Ma) to give olgose (22a), and to explain the 
properties of olgose, linkage by means of an orthoester grouping involving these functional groups was 
proposed, leading to the constitution 22a for olgose and 22b for olgose permethyl ether. Thus, the 
formation of evertetrose (Ma) and the ester @a) from the acidic methanolysis of olgose (22a) can be 
readily explained by the solvolytic fission of the orthoester group in olgose (22a). Further support for the 
presence of an or&ester function in olgose (22a) was obtained from its ‘% NMR spectrum which 
possessed a signal at 8 119.8 ppm which was assigned to the orthoester C atom. 
(c) Acidic hydrolysis of eveminomicin-D1 (21a) gave everheptose (17a), and from the foregoing results 
in sections (a) and (b) above, which showed a close correspondence of the chemical properties of 
everinomicin-Di (21a) with those already described for everheptose (173 (see section vi), especially 
those involving reaction with diazomethane, it was proposed that eveminomicin-D1 could be 
represented by the constitution 21a. 
(d) Acidic methanolysis of eveminomicin-D permethyl ether gave a mixture of products from which was 
isolated, inter&z, the S-lactone monomethyl ether (18b). The formation of this S-lactone (18b)suggested 
that the OH group located in the @position to the lactone CO function in (Ma) (or in the open-chain 
hydroxy-acid equivalent 19b) was free in eveminomicin-D. A second product isolated from the acidic 
methanolysis of eveminomicin-D permethyl ether was evertetrose dimethyl ether (14c) where the C-3 
and C-4 OH groups present in the 2-deoxy-u-evalose residue (D) and 2-0-methyl-L-lyxose residue (G) 
were free in 14c. The isolation of the evertetrose dimethyl ether (Me) was sign&ant since it had already 
been established that the C-3 and C-4 OH groups present in the 2-O-methyl-L-lyxose (l&t) residue G of 
evertetrose (Ma) were involved in orthoester formation in olgose (22a) (section b above). Thus it was 
concluded that the OH groups located at C-3 and C-4 of the 2deoxy-u-evalose (8a) residue D of 
evertetrose (14a) were also involved in an orthoester linkage with the S-lactone (Ma), or its hydroxy-acid 
equivalent (19b), in eveminomicin-D. 
Based on these observations, the constitution 2c was proposed for eveminomicin-D by the Schering 

group.6 The presence of two orthoester linkages in eveminomicin-D (2c) was confirmed by examination 
of its “C NMR spectrum which showed the presence of two orthoester C atoms at 6 119.6 and S 
120.0 ppm. Thus, the conversion of eveminomicin-D (2c) to everninomicin-Di (21a) could be explained in 
terms of a selective hydrolytic fission of the orthoester linkage associated with residues C and D in 
eveminomicin-D (2c); whereas acidic hydrolysis under more vigorous conditions resulted in hydrolysis 
of borh the C-D and G-H orthoester linkages in eveminomicin-D (2a) to yield everheptose (17a) and the 
S-lactone (18a) (or its hydroxy-acid equivalent). This increase in sensitivity of the central C-D orthoester 
linkage towards acidic hydrolysis, as illustrated by the. formation of eveminomicin-Dl t21a) from 
eveminomicin-D (Za), is also observed with other orthosomycin antibiotics of this type. 
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218: 
21b: 
21c: 

Everninomicin-I&, R’ = H; A* = CH(OMe)Me 
Everninomicin-B,, R’ = OH; R* = CH(OMe)Me 
Everninomicin-C,, R’ = R’ = H . . 

bR’ 

220: Olgose. R’ = f?‘= R3 = H; R’ = CH(OMe)Me 
22b: R’ = R’ = Me; R* = H; R4 = CH(OMe)Me 
22~: Olgose-8. R’ = R’S H; R* = OH; A’= CH(OMe)Me 
bd: R’ = H; R’ = OMe; R’ = Me; R’ = CH(_OMe)Me 
22e: Olgose-C. R’ = R* = Rs = R4 = H 

O-O 24 

230: R’ = CH(OMe)Me; R* = RI= H 
23b: A’ = CH(OMe)Me; RP = Me: R’ = H 
23~: R’=R==R==H 

23d: R’=R’=H; R*=Me 
23e: Methyl eurekanate. R’ = COMe; Ra = H; RS = Me 
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0) Euerninomicin-B (2a) 
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The degradation studies leading to the elucidation of the structure 2a of everninomicin-B by the 
Schering grounds were essentially similar to those described above for everninomicin-D, namely the 
identification of products obtained from the acidic hydrolysis and methanolysis of the antibiotic, and 
salient points from the results of these studies with everninomicin-B are summarised as follows. 

(i) Aqueous acidic hydrolysis of eveminomicin-B &ave a heptasaccharide (everheptose-B) whose 
constitution (17a) was established by its fission, using diazomethane, to the S-lactone (18a) (previously 
obtained from everninomicin-D) and a tetrasaccharide (evertetrose-B). The constitution WI of evertetrose- 
B was determined by (a) its acidic hydrolysis which gave evertriose (12) (previously obtained from 
eveminomicin-D) and a new monosaccharide, Devalose (8b), and (b) the acidic hydrolysis of evertetrose-B 
permethyl ether which established the mode of linkage between n-evalose (Sb) and evertriose (12) thus 
leading to the assignment of structure 14d for evertetrose-B, and hence everheptose-B could be represented 
by 17b. 

(ii) Mild acidic hydrolysis of eveminomicin-B gave everninomicin-Br (21b) [compare the similar 
formation of everninomicin-Dr (214 from everninomicin-D (2c)l. Treatment of eveminomicinB, (21b) 
with diazomethane resulted in cleavage of the molecule with the formation of the S-lactone (Ha) and 
olgose-B [compare the similar cleavage with eveminomicin-Dr (21a)l. The constitution 22c of olgose-B 
was deduced from the results of its acidic hydrolysis [which, inter afia, gave evertetrose-B (Ml) and the 
ester (23a)l using arguments similarly advanced to explain the results from the acidic hydrolysis of olgose 
(22a) which gave the correspondii hydrolysis products evertetrose (Isa) and the ester (Da). 

(iii) Methylation of everninomicin-B with diazomethane followed by mild acidic methanolysis of the 
resulting (phenolic) monomethyl ether gave, inter ah, the orthoesters 25 and 26. The isolation of these 
orthoesters (25) and (26) is noteworthy. Under different conditions the corresponding normal esters 18a and 
23a were obtained from the solvolytic (acid methanolysis) fission of the intermonosaccharide orthoester 
linkages which were shown, from related studies (see section a above), to be present in eveminomicin-D. 
Since the presence of an orthoester linkage, associated with residues G and H had already been 
established in olgose-B (224, the isolation of the ester 28 also suggested the presence of a second 
orthoester linkage associated with the carbohydrate residues C and D in everninomicin-B (2a) 
[corresponding with the orthoester linkage similarly situated in eveminomicin-D (2c)l. Further evidence 
for the presence and mode of linkage of the C-D orthoester grouping in eveminomicin-B (2a) was 
subsequently obtained4 from the products isolated from the reaction of the permethyl ether of 
everninomicin-B, (21b) with diaxomethane, which gave the S-lactone monomethyl ether (Mb) and the 
partially-methylated derivative (226) of olgose B, where the C-3 and C-4 OH groups of the n-evalose (8b) 
residue D were free in 22d. Thus it was concluded4 that the two OH groups located at positions C-3 and 
C-4 of the uevalose (8b) residue D of eveminomicin-B (2a) were involved in an orthoester linkage with 
the S-lactone (Ua), or its hydroxy-acid equivalent (19b), so leading to the constitution 2a for ever- 
ninomicin-B. As in the case of the conversion of everninomicin-D (2~) to eveminomicin-D, (21a), the 
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formation of eveminomicin-B, (2lb) by mild acidic hydrolysis of eveminomicin-B (2a) can also be 
explained in terms of the selective hydrolytic fission of the central orthoester linkage associated with 
residues C and D in eveminomicin-B (2a). Acidic hydrolysis of eveminomicin-B (2a) under more vigorous 
conditions resulted in hydrolysis of both the or&ester linkages associated with residues C, D and G, H of 
eveminomicin-B (2a) with the formation of everheptoseB (17b) and the S-lactone (I&) (or its hydroxy-acid 
equivalent). 

The constitution 2a of everninomicin-B thus difIers from that (2e) of everninomicin-D in only one 
respect in that the 2-deoxy-n-evalose (8a) residue D in eveminomicin-D (2e) is replaced by a uevalose, 
(8b) residue D in everninomicin-B (2a); in ah other respects the two structures, 2a and 2e, are identical. 

(c) Eueminomicin-C (2b) 
The constitution 2b of everninomicin-C was also determined by the Schering group’ using methods 

similar to those described above for the elucidation of the structures of eveminomicinB (2a) and 
everninomicin-D (2c), and which resulted in the formation and isolation of corresponding degradation 
products from eveminomicinC. Relevant points from this structural investigation’ are as follows. 

(i) Mild aqueous acidic hydrolysis of eveminomicin-C gave eveminomicin-C, (21~) which on 
treatment with diaxomethane gave the S-lactone (Ma) and olgoseC [compare similar cleavage of 
eveminomicin-B1 (21b) and eveminomicin-D, (21a) with diazomethane to give the S-lactone (18a) and 
olgose-B (22~) or olgose (22a) respectively]. Acidic methanolysis of olgoseC resulted in the formation of 
evertetrose (14a) and the ester (23c), thus leading to the constitution 22e for olgoseC. 

(ii) The union of the S-lactone (18a) with o1gose-C (229) by the formation of an orthoester linkage 
between these two residues (18a and 22e) to form eveminomicin-C was deduced’ in the same manner as 
already described for eveminomicin-D. Acidic hydrolysis of the permethyl ether of eveminomicin-C gave a 
mixture of products from which was isolated the S-lactone monomethyl ether (18b), evertetrose dimethyl 
ether (Me) and the ester (23d). Since the orthoester mode of linkage between the 2-0-methyl+lyxose (lOa) 
residue G of evertetrose (14a) and the ester (23e) residue H had been established in olgose-C (22e) it followed 
that the C-3 and C-4 OH groups present in the 2deoxy+evalose @a) residue D of evertetrose (14a) were 
also involved in orthoester linkage with the S-lactone (I&) (or its hydroxy-acid equivalent), thus leading to 
the constitution 2b for everninomicinC. 

The structure 2b of everninomicin-C differs from that (2e) of everninomicin-D only in the nature of the 
terminal residue H of the two antibiotics where the grouping -CH(OMe)Me present in eveminomicin-D 
(2e) has been replaced by hydrogen in eveminomicin-C (2b); in all other respects the structures of the 
two antibiotics are identical. 

(d) Eueminomicin-2 (3) 
The degradative methods employed by the Schering group’ in their determination of the structure of 

eveminomicin-2 were again similar to those which had been employed with eveminomicin-B (2a), -C (2b) 
and -D (2c), and corresponding degradation products were obtained from eveminomicin-2 (3). The salient 
features of this work are outlined below. 

(i) Treatment of eveminomicin-2 with diaxomethane gave a (phenolic) monomethyl ether, which on 
acidic methanolysis yielded, interaliu, evertetrose (Ma), the ester (23a) and a S-lactone, (27a) derived from 
flambalactone (27b), a product obtained from the acidic methanolysis of flambamycin (1) (see below). 

(ii) The “C NMR spectrum of eveminomicin-2 contained signals at 8 120.5 and 8 119.7 ppm which 
indicated the presence of two orthoester C atoms [the 13C NMR spectrum of eveminomicin-D (2) 
possessed corresponding signals at 8 120.0 and 119.6 ppm] in the molecule. On the basis of these results, 
the constitution 3 was proposed’ for eveminomicin-2. 

Eveminomicin-2 (3), in contrast to eveminomicin-B (2a), -C (2b) and -D (h), does not contain the 
evemitrose (15) residue linked glycosidically to the curacin residue A-B present in 2a, 2b and 2c. In this 
respect eveminomicin-2 (3) bears a closer structural resemblance to flambamycin (1) (see below) than the 
other related eveminomicin antibiotics (2a, 2b and 2e). 

The conversion of eveminomicin-D (2e) to eveminomicin-2 (3) has been reported.’ This transformition 
required the selective hydrolysis of the ever&rose (15) gIycosidic bond in eveminomicin-D (2e), whilst 
preserving other glycosidic bonds and labile orthoester linkages which are present in the antibiotic 
molecule 2c. It was considered’ that a likely route for this structural modification of eveminomicin-D 
(2a) was via the corresponding nitroso analogue @I). The latter compound (2d) could be converted to the 

corresponding nitrene’ (using triethyl phosphite or triphenylphosphine) followed by bond migration to an 
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27a: R=Me 
27b: Flambalactone, R = H 

enamine,’ which should enable the specific hydrolysis of the required glycosidic bond to yield ever- 
ninomicin-2. That this premise proved to be correct was shown by the results from the following 
sequence of reactions.’ Reduction of eveminomicin-D (2c), using aluminium amalgam in aqueous 
ethanol, yielded the corresponding hydroxylamino compound (2e), which w?s oxidised (sodium hypo- 
bromite) to the nitrosoderivative (&I). Treatment of a benzene solution of the nitroso compound (26) with 
triphenylphosphine and subsequent purification of the reaction product by chromatography on silica gel 
gave eveminomicin-2 (3) (in an overall yield of 30% from eveminomicin-D) which was identical with a 
naturally-occurring sample. The effect of these structural modifications (zd, 2e), of eveminomicin-D (2c) on 
antibacterial activity ~$1 be discussed in a later section of this Report. 

(e) FIambamycin (1) 
As in the case of the eveminomicins, the constitution 1 of llambamycin was obtained from the 

isolation, identification and sequential analysis of the products obtained from classical chemical 
degradation procedures (acidic hydrolyses, acidic methanolyses coupled with permethylation studies) 
with the antibiotic, in association with extensive physico-chemical measurements employing IR, UV, ‘H 
and “C NMR spectroscopy and low and high resolution mass spectrometry? It should be noted carefully 
at this stage that the structure previously assigned* to flambamycin is incorrect and that subsequent 
investigations’ have led to the revised structure 1 of the antibiotic, and it is this structure 1 that is 
included in this Report. For detailed arguments concerning the structural and stereochemical assign- 
ments to the antibiotic and its degradation products, the original papers should be consulted, as indicated 
in the following sequence of reactions. 

(i) Acidic hydrolysi? of llambamycin gave curacin (7), 3,5-dihydroxy-y-caprolactone (28), o-evalose 
(MB), CO-methyl-t.+fucose (13). 2,6-d&O-methyl-smarmose (9), L-lyxose (lob), and a disaccharide, 
flambabiose (29) which was derived from the monosaccharide units 2,f%di-0-methyl-n-mannose (9) and 
L-lyxose (lob). 

(ii) The identification of the intermonosaccharide linkages associated with the above units was 
obtained from the acidic methanolysis of flambamycin permethyl ether which yielded, inter ah, the 
following signilicant products; 

(a) 2-O-methyl-n-evalose methyl glycoside which suggested that the C-2 OH group of the oevalose 
(8b) residue D was free in flambamycin, and that the C-3 and C-4 OH groups were involved in linkage 
in tlambamycin; 
(b) 2,4&O-methyl-u-fucose methyl glycosidet which indicated that the C-3 OH group of the 
4-0-methyl-ufucose (13) residue E was involved in linkage in flambamycin whereas the C-2 OH 
group was free; 

tWmgly ideatihd as 3,4di-O-methyl-mfuco methyl glycoside in Ref. 2, thus leading to an incorrect shuctun for fbmb8mycin. 
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(c) 2,3,6-tri-O-methyl-~mannose methyl glycoside which indicated that the C-4 OH group of the 
2,6-di-O-methyl -umannose (9) residue F was involved in linkage in flambamycin, whereas the C-3 
OH group was free; 
(d) 2-0-methyl+lyxose methyl glycoside, which suggested that the C-3 and C-4 OH groups of the 
L-lyxose (lob) residue G were involved in linkage in flambamycin. The isolation and identification of 
flambabiose (29) bad previously established the location of the glycosidic linkage between the 
mannose (9) and lyxose (Mb) residues F and G in tlambabiose (29). 
(iii) Mild acidic hydrolysis of flambamycin gave’” a mixture of tri- and tetrasaccharides, separation. 

of which yielded, inter ah, the following products: 
(a) flambatriose (39a) (compare evertriose 12), whose identity was established3* by aqueous acidic 
hydrolysis to give the constituent monosaccharide residues E (13), F (9) and G (lob); 
(b) flambatetrose (31a). a non-reducing tetrasaccharide which was similarly shown to be derived from 
the monosaccharide units D (8b), E (13), F (9) and G (lob); 
(c) flambatetrose isobutyrate (31b). The 13C NMR spectrum of this degradation product (31b) 
indicated the presence of an isobutyrate grouping, and its location on C-2 of the lyxose residue G of 
the molecule 31b was established3” by comparison of its mass spectrum with that of its hexa-acetate 
and with that of flambatetrose hepta-acetate. 
Thus the isolation of 2-O-methyl-r_-lyxose methyl glycoside from the acidic methanolysis of flam- 

bamycin permethyl ether (section ii above) was due to cleavage of the 2-isobutyroyl group present in the 
L-lyxose residue G of flambamycin (1) with subsequent O-methylation under the conditions of per- 
methylation of flambamycin (1). 

(iv) Mild acidic methanolysis of flambamycin yielded337 a complex mixture of products from which 
was isolated curacin methyl glycoside, methyl n-evalopyranoside, llambatriose (39a). tlambatriose 
isobutyrate Wh), flambatetrose (31a), flambatetrose isobutyrate (31b), tkunbalactone (27b) and the esters 
methyl dambate (324 and methyl eurekanate We). The isolation of curacin methyl gfycoside established 
the presence of a terminal curacin (7) residue A-B in tlambamycin which was linked to the rest of the 
antibiotic molecule through the glycosidic oxygen of the 2deoxyrhamnose residue B present in the 

33:: 35Dihydroxy-y-caprolactone 23: Rambabiose 

300: Flambatriose, R = H 
30b: Flambatriose isobutyrate. R = COCHMe2 

“I?Jz:;Q-.&-& 

0 OH 
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D _.-M 
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31a: Flambatetrose. R = H 
31b: Flambatetrose isobutyrate, R = COCHMez 
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curacin modectde (7). The structure 27b of flambalactone was obtained’” from spectroscopic evidence in 
association with its empirical relationship to curacin (7) and 3,Miiydroxy-y-caproiactone (28) and its 
facile conversion, using methanolic hydrogen chloride, to methyl llambate (324. 

The isolation and identific&ion 348 of methyl eurekanate (UC) from the acidic methanolysis of 
flambamycin deserves special mention in view of its close structural relationship with the ester (23a) 
obtained from eveminomicin-B (24, -D (2c) and -2 (3). and with the ester (23c) obtained from 
eveminomicin-C (2b). The presence of an ester grouping in methyl eurekanate was indicated from 
spectroscopic studies and supported by its acidic hydrolysis to the corresponding acid (eurekanic acid) 
and its acidic ethanolysis to the corresponding ethyl ester (ethyl eurekanate). Vigorous acidic hydrolysis 
of methyl eurekanate gave formaldehyde (which was also similarly obtained in initial studies with 
flambamycin) indicating the presence of a methylenedioxy group in the molecule 23e. Periodate 
oxidation gave acetaldehyde due to the cleavage of the cu-glycol system [CH3CH(OH)-C-OH] present in 
the molecule. The structure 23e assigned to methyl eurekanate was fully supported by ‘H, “C NMR 
and mass spectral studies.‘” 

(v) The mode of incorporation of methyl eurekanate (23e) in the tlambamycin molecule was deduced 
from the results3* of the alkaline hydrolysis of the antibiotic. It is important to point out that in this 
aspect of the structural investigation of flambamycin, the normal work&up procedures after alkaline 
hydrolysis involved “neutralisation” with acid, and the presence of a very slight excess of acid resulted 
in the acidic hydrolysis of acid-labile groups during isolation procedures.t 

Prolonged alkaline hydrolysis of llambamycin with subsequent acidification yielded dichloroisoever- 
ninic acid (a), whereas one of the products obtained 359 from the alkahne hydrolysis of the antibiotic 
under milder conditions, with subsequent “neutralisation” with hydrochloric acid, was tlambeurekanose 
(330). The structure 33a of fIambeurekanose was deduced from the identity of the products obtained from 
its acidic methanolysis, which yieIded tIambatetrose (31a) and methyl eurekanate (UC). The combination 
of tiambatetrose (31a) with methyl eurekanate (UC) [or its free acid equivalent] to form tlambeurekanose 
(33a) by means of an or&ester linkage between the C-3 and C4 OH groups of the L-lyxose residue G of 
thunbatetrose (314 and the primary OH and ester groups of methyl eurekanate (UC) was indicated339 by: 

(a) the demonstration that the C-3 and C-4 OH groups of the L-lyxose residue G are involved in 
linkage in flambamycin [section ii (d) above]; 
(b) flambatetrose (31a) forms a hepta-acetate whereas, under similar conditions, flambeurekanose 
(33a) forms a penta-acetate; 
(c) a comparison of the “C NMR spectrum of fiambeurekanose (334 and methyl eurekanate We) 
demonstrated that the acetyl grouping present in methyl eurekanate (23e) residue H was retained in 
fiambeurekanose, whereas the methyl ester grouping (S 171.7 ppm) in methyl eurekanate (234 was 
absent in flambeurekanose (335) and was replaced by a corresponding signal at S 119.8 ppm, 
indicative of the presence of an orthoester C atom. 

--OH 

=a: Methyl flambate, R = Me 
92b: Flambic acid, R = H 

When suitable precautions were taken to avoid the use of acid in neutmlisation prows=. Merent but related products were obtained 
(see sec*oI! (vii) &low). 
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33a: Flambeurekanose, R = H 
33b: R = COCHMe2 
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On the basis of these results, the constitution 33a was assigned to tlambeurekanose, and the presence of 
an orthoester grouping in the molecule 33a would thus account for its stability towards alkaline hydrolysis 
but its facile cleavage by acidic methanolysis to give llambatetrose (318) and methyl eurekanate (23e). It 
is important to point out the close structural simihuities between flambeurekanose (33a) and olgose (22a), 
olgose-B (224 and olgose-C (224 which were obtained from eveminomicin-D (Zp), -B (2b), and -C (24 
respectively. It is also important to note that at this stage of the structural investigation of llambamycin 
that the presence of an isobutyroyloxy group on position C-2 of the lyxose residue G of tlambatetrose 
isobutyrate (31b) and lkunbatriose isobutyrate (3Ob) had been firmly established. This isobutyroyloxy 
grouping was thus similarly located in the llambamycin molecule, and had been removed during the 
alkaline hydrolysis of llambamycin, giving flambeurekanose (33a) and nor the corresponding ‘Yam- 
beurekanose isobutyrate” (33b). 

(vi) Consideration of the following empirical relation between “llambic acid’? (32b) and “IIam- 
beurekanose isobutyrate’? (33h) provided information regardii the mode of linkage between these two 
residues (32b and 33b) in the flambamycin molecule (l), thus: 

“flambic acid” (32b) + “tlambeurekanose isobutyrate” (33b) 

C21bCl2Q1 Gd&4%4 

-w,o 

__* flambamycin (1) 

~61&&~2~33 

The removal of two molecules of water from “flambic acid” (32b) and “flambeurekanose isobutyrate” 
(33b) to form flambamycin (1) must involve the formation of an orthoester linkage between the carboxyl 
and OH groups of “llambic acid” (32b) and two appropriately-placed OH groups present in “flam- 
beurekanose isobutyrate” (33h). Of the six available OH groups present in “tIambeurekanose isobu- 
tyrate” (33h), only those located on C-2, C-3 and C-4 of the terminal n-evalose residue D of (33b) are 
sterically suitable for involvement in orthoester formation. The isolation of methyl 2-O-methyl-n- 
evalopyranoside from the acidic methanolysis of flambamycin permethyl ether suggested that the C-3 
and C-4 OH groups of the u-evalose (Sb) residue D of 33b were involved in linkage in lhtmbamycin 
[section ii (a) above]. Further support for the presence of or&ester groupings in flambamycin (1) was 
obtained from the j3C NMR spectrum of the antibiotic which showed the presence of two or&ester 
groupings with signals at 6 120.9 and S 119.8 ppm. The signal at S 119.8 ppm had already been assigned 
to the orthoester C atom between the G and H residues of flambeurekanose (33a) (section v above) and 
thus the signal at S 120.9 ppm was assigned to the second orthoester C atom derived from the ‘Vlambic 
acid” (32b) residue A-B-C, thus leading to the constitution 1 for tlambamycin. The signals at 6 120.9 and 
S 119.8 ppm assigned to the or&ester C atoms present in flambamycin (1) correspond well with those 
obtained (S 129.0, 119.6 ppm) with everninomicin-D (2e) and those obtained (8 120.5, 119.7 ppm) with 
everninomicin-2 (3). 

When names are given in inverted commas, they refer only to constitutional formulae and not to isolated products. 

TETR4 Vol. 35. No. IO-B 
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(iii) Further evidence for the structure 1 proposed for flambamycin was obtained from the results of 
the following transformations:3 

(a) hydrolysis of flambamycin (1) with a methanolic solution of potassium carbonate followed by 
treatment of the potassium salt with carbon dioxide gave des-isobutyroyl-ffambamycin (34), whereas 
hydrolysis using aqueous sodium hydroxide, with similar work-up procedures, resulted in hydrolysis 
of both ester groupings giving des-dichloroisoeveminoyl-des-isobutyroylflycin (35), where 
both or&ester groupings have remained intact; 
(b) mild acidic hydrolysis of flambamycin (1) using acidic resin resulted in the selective cleavage of 
the C-D orthoester grouping in the antibiotic (1) with the formation of fhunbeurekanose flambate 
isobutyrate (36a). A similar selective cleavage of the C-D orthoester grouping occurred with 
des-isobutyroylflambamycin (34), using identical hydrolytic conditions, and yielded flambeurekanose 
flambate (36b). This relative ease of cleavage of the C-D orthoester grouping over that of the G-H 
or&ester grouping present in flambamycin (1) and its derivative (34) is also reflected in the mass 
spectrum of Uambamycin (1) by its more facile cleavage on electron impact.’ It also has its parallel in the 
eveminomicin series where, as it has already been pointed out, mild acidic hydrolysis of everninomicin- 
B (‘k), -C (2b) and -D (Zc) also resulted in the selective cleavage of the C-D orthoester grouping present in 
these antibiotics @a, 2b and 2~). yielding eveminomicin-Br (21b), -C1 (21~) and -Dr (21a) respectively; in 
each of these products (21b, 21c and 214, the G-H o&rester grouping has remained intact. 
In the sekctive hydrolytic cleavages (1 + %a,34 + 36b, 2a + Zlb, 2b - AC and 2e -+ 21a) mentioned in 

the preceding paragraph, the hydrolysis of the C-D orthoester linkage in these compounds is regio- 
specific, since in the derived esters WI, 36b, 21b, 21c and 21a) the ester grou@ngs are located at 
the secondary C-4 position of the Devalose (Sb) or 2deoxy-wvalose @a) residues D present in the 
derivatives 36a, 36b, 21b, 21c and 219. The relative stabilities of the C-D and G-H or&ester groupings 
in tlambamycin (1) and in the eveminomicins-B (2a), -C (2b) and -D (24 towards acidic hydrolysis is not, 
at present, understood, but the stereochemistry of the hydrolytic reactions of these orthoester groups 
present in the orthosomycins may well be infhrenced by certain aspects of stereoekctronic control, 
characteristic of the hydrolysis of orthoesters.MS’ 

34: Des-isobutyroyl flambamycin 
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SS: Des-dichloroisoeverninoyl-des-isobutyroyl flambamycin 

9(k: Flambeurekanose flambate isobutyrate. R = COCHMe2 
Mb: Flambeurekanose flambate. R = H 

(f) Auilamycin 
The structure of avilamycin has not yet been described, but results from initial degradation studies” 

with the antibiotic has 6rmly established that it possesses a number of structural features which are also 
present in this class of orthosomycin antibiotics, exemplilkd by Ilambamycin (1) and the everninomicins 
(&2c and 3). 

Acidic hydrolysis of avilamycin yielded” curacin (7). 2&Ji-0-methyl-Bmannose (9). W-methyl-D’ 
fucose (13), L-lyxose (1Ob) and 3,5diiydroxy-y-caprolactone (2%). Thus, the residues A-B (71, C (281, E 
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(13), F (9) and G (lob) have been shown” to be present in the antibiotic molecule, and these residues are 
also present in, and characteristic of this class of orthosomycin antibiotics. It will be of considerable 
interest to see whether avilamycin can be correctly described as an orthosomycin antibiotic when its 
constitution has been fully e1ucidated.t 

(g) Curamycin 
The constitution of curamycin has not been reported, but as in the case of aviiamycin, results from initial 

degradation studies’* has also established that this antibiotic possesses structural features which are 
present in this class of orthosomycin antibiotics. 

Acidic hydrolysis of curamycin yielded” curacin (7) and further acidic hydrolysis of the aqueous 
hydrolysate gave a mixture of sugars from which was isolated” 2,6di-0-methyl-mmannose (9) ( = D 
curamicose), 4-O-methyl-r+fucose (13) ( = Bcuracose) and L-lyxose (Mb). Thus in the case of curamycin, 
the residues A-B (7), E (13), F (9) and G (lob) have been shown to occur in the antibiotic molecule and 
which are also present in flambamycin (1) and the everninomicins (2a-2c and 3). Further studies should 
confirm whether curamycin belongs to this class of orthosomycin antibiotics. \ 

(h) Sporocuracin A and Sporocuracin B 
A recent Japanese patent3’ has described the isolation of Sporocuracin-A and Sporocuracin-B from 

cultures of Streptosporangium uulgare var. eborea A-11166 (FERM-P 2494). These two antibiotics, 
which are active against Gram-positive bacteria, possess the same empirical formula (c63H~Cl~O~~) but 
differ in m.p. and optical rotatory properties.32 Sporacuracin-A and -B are stated3* to possess a curacin 
(7) residue in their structure, but no further information regarding their constitution has, so far, been 
reported, and thus it is not known, at present, whether sporacuracin-A and -B can be correctly described 
as orthosomycin antibiotics. However, their reported empirical formula32 (Ca~H&l~03~) bears an 
obvious relation to those of flambamycin*’ (1) (Ca,H6$lz033) and avilamycin” (&H9&O33), which 
suggests that these compounds may also be related in structure. 

(iii) Structural similatities and diferences 
An examination of the structures of flambamycin (I), everninomicin-B (2a), everninomicin-C (2b), 

eveminomicin-D (h) and everninomicin-2 (3) reveals a number of sequential structural features which 
are common to these antibiotics, and which can be summarised as follows: 

(a) a terminal curacin (7) residue A-B which is derived from 3,Sdichloroisoeveminic acid (a), residue 
A, and a Zdeoxy-brhamnose residue B; 
(b) a residue C derived from 3,4,Mihydroxyhexanoic acid and which is associated by means of an 
orthoester linkage with a Pevalose (Sb) or 2-deoxy-n-evalose @a) residue D; 
(c) a trisaccharide sequence EF-G which is comprised of monosaccharide units derived from 
CO-methyl-o-fucose (13) (residue E), 2.6di-0-methyl-o-mannose (9) (residue F) and t.-lyxose (lob) 
(residue G); 
(d) a terminal residue H derived from 2,3di-0-methylene-4,5dihydroxyhexanoic acid or 2,3di-O- 
methylene+dihydroxypentanoic acid. The terminal residue H is joined by means of an orthoester 
linkage with the L-lyxose (lob) residue G. 
Despite these close similarities in the structures of flambamycin (1) and the everninomicins (2a, 2b, 2c 

and 3), there are, nevertheless, important structural features which are different in these antibiotics. The 
most striking of these is that eveminomicin-B (2a), everninomicin-C (2b) and eveminomicin-D (2~) each 
contain a nitro sugar residue, evemitrose (15), which is linked glycosidicaBy to the Zdeoxy-prhamnose 
residue B of these orthosomycins (2a, 2b and 2e) whereas in flambamycin (1) and eveminomicin-2 (3) this 
nitro sugar (15) is absent. Whether the presence of evemitrose (15) is necessary for biological activity 
will be discussed in a later section of this Report, but its presence and isolation from the eveminomicins- 
B @a), -C (2b) and -D (2e) was the fhst example of a naturally-occurring nitro sugar to be repor&LW It 
has already been pointed out in this Report that the correct stereochemistry at C-3 of evemitrose (15) 
has recently been established* by X-ray crystallography. 

Other structural differences between Rambamycin (1) and the eveminomicins (2&e and 3) reside in 
the t.-lyxose residue G present ‘in these antibiotics. In flambamycin (1) thii residue is derived from 

t&c Addendum to this Report. 



The orthosomycins, a new family of antibiotics 1225 

2-isobutyroyloxy+lyxose, whereas in the eveminomicins @a, 2b 2c and 3) the L-lyxose residue G occurs 
as its 2-O-methyl ether (lOa). In addition, the dilIerent substitution patterns which occur at C-4 of 
residue H in flambamycin (1) and the eveminomicins (ta-2c ‘and 3) may well be related to a common 
biogenetic pathway for these antibiotics. 

Finally, a common feature of the chemical properties of flambamycin (1) and the everninomicins 
(2&c and 3) which has emerged from the degradation studies leading to their structural elucidation was 
the ease of selective fission of their central C-D orthoester linkages, which readily occurred under the 
conditions of mild acidic hydrolysis whilst leaving their terminal G-H orthoester linkages intact. This 
unique chemical property has already been discussed in section [vii (b)] under flambamycin, but the 
presence of the central C-D orthoester linkage and its facile selective conversion to a normal ester 
grouping by mild acidic hydrolysis, as indicated by the established transformations (1 + 36a, 2a+ 21b, 
2b+21c and 2c-~21a), may well be related to the antimicrobial properties of these orthomycin 
antibiotics (1, 2a-2c and 3). 

The effect of the structural modifications (1 + 36a, 2a 4 21b, 2b + 21~ and 2e + 21a) of flambamycin 
(1) and the eveminomicins (&2c and 3) on antibacterial activity will be discussed in a later section of 
this Report, but it is important to note at this point that the stability of various preparations of these 
orthosomycins may also be related to this ease of selective fission of their central C-D orthoester 
Ii& -=s. For example, stability studies with eveminomicin-D (2e) using bio-assay methods (in vita, 
activity against S.aureus) have show@ that a rapid deterioration in antibacterial activity occurred when 
methanolic solutions of the antibiotic were heated at loo” in the presence of various buffers ranging from 
pH 6.0 to pH 2.2, whereas similar preparations of the antibiotic between pH 7.0 and pH 10.0 were stable 
at 100“ for 25 min. In addition, suspensions of purified micronised eveminomicin-D (2~) in water slowly 
lost activity on heating over a period of 6 weeks, the rate depending on the temperature employed.” 
Solutions of everninomicin-D (2c) in acetic acid also lost antibacterial activity within 2 L- - ’ ” 
and solutions of everninomicin-D in chloroform or methanol slowly lost activity on swuuurg . 
temperature.” 

2. ORTHOSOMYCINS WHICH CONTAIN AN AMINOCYLITOL RRSLDIJE 

This group of orthosomycin antibiotics which contain an orthoester linkage associated with carbo- 
hydrate residues are also character&d by the presence of an aminocyclitol residue, derived from 
rt-streptamine, in their structures. Examples of orthosomycin antibiotics of this type are hygromycin- 
B(4a): the destomycins-A(4b)P.l’ -B(g)” and -C(4c)” and the antibiotics SS-56-C(4d)‘2 and A-3%- 
1(4e).‘2J’ 

(i) Occurrence and isolation 
Hygromycin-B(4a) occurs with hygromycin in extracts of cultures of Streptomyces hygnxcopicus, 

and was separated from the antibiotic mixture by repeated chromatography on cation exchange resin, 
followed by crystallisation of the benxenesulphonate salt. “~4 The destomycins A(4b), -B(S) and -C(4c) 
were obtained as a mixture from the culture broth of Streptomyces rimofaciens ATCC 21066 and were 
separated by chromatography of the mixture on Dowex resin giving destomycin A as the major 
component, and destomycinB and -C as the minor components.‘iss The antibiotic A-3%I(4e) was 
isolated from cultures of Streptoverticillium eurocidicusx together with a second antibiotic (A-3%-E) 
which was identified as hygromycin B(4a) on the basis of analytical data, chromatographic and optical 
rotatory properties. 36 The antibiotic SS-56-C(U) was obtained from cultures of Streptomyces eurocidicus 
SS-56 together with A-3%I(4c) (=!!lS-56-D).‘2 In addition, two biologically-inactive related compounds 
(SS-56-A and SS-56-B), which may be regarded as biogenetic intermediates, were also isolated. The 
antibiotic AB-74 which may be related to, or identical with, destomycin-C(4c) was isolated” from 
cultures of Streptomyces aquucanus A 14317 together with hygromycin-B(4a) and the structurally- 
unrelated~ neomycins-A, -B and -C. 

3. DEGRADATION STUDXRS LRADMG TO ELUCIDATION OF STRUCTURE 

The constitutions of hygromycin-B(4a). the destomycins-A(4b). -B(S) and -C(4c), and the antibiotics 
A-396-W) and SS-56-C(4d) were established from degradation studies which, as in the case of 
flambamycin and everninomicins, employed the classical techniques of acidic hydrolysis and acidic 
methanolysis coupled with comparative optical rotatory dispersion, IR, UV, NMR, mass spectra, and 
chromatographic data. For detailed arguments concerning the structural and stereochemical assignments to 
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these ortbosomycin antibiotics, the original papers should be consulted but where necessary, relevant points 
have been included in the following summary of structural studies with this series of orthosomycin 
antibiotics, in order to emphasize structural similarities and conclusions. 

(a) Hygromycin-B (da) 
Initial structural studies33$4 with hygromycin-B by the Lilly group of .workcrs were concerned with 

the purification of the antibiotic together with the identification of functional groups in the molecule. 
Subsequent investigationsuu of the products from the acidic hydrolysis, under varying conditions, of 
hygromycin-B established: 

(i) the presence of an N-methyl-2deoxystreptamine (37a) (hyosamine) and a o&dose (3&) residuefN 
(ii) the formation of a pseudo-disaccharide (hygromyciuB3 (39a) which was shown to be derived 

from N-methyl-2deoxystreptamine (37a) and utalose (3&);814 
(iii) the presence of destomic acid (4W, a degradation product similarly obtained* and identified from 

destomycin-A (see section b below). 
The,presence of an or&ester grouping in hygromycin-B (4a), associated with the destomic acid (Sop) 

and Malose (3&) residues A and B was lirst suggested* by the formation of a crystalline undeca-acetate 
of hygromycin-B. Of these eleven acetyl groups, three were identified as N-acetyl groups, leaving eight 
O-acetyl groups present in the undeca-acetate. A consideration of the empirical formula, C!&InNO13, of 
hygromycin-B(4a) showed that of the thirteen 0 atoms present in the antibiotic, five 0 atoms are 
therefore not associated with acetyl groups in the undeca-acetate [that is, are not acylable as OH groups 
under the acetylation conditions employed (pyridine-acetic anhydride)]. 

Of these five 0 atoms, one is associated with the pyranose ring of the n-talose (38p) residue B, and 
one with its glycosidic linkage to the N-methyl-2deoxystreptamine (37a) (hyosamine) residue C in 
hygromycin B2(*a), thus leaving three 0 atoms unaccounted for in the empirical formula of hygromy- 
tin-B. This led to the conclusion’ that these three 0 atoms were involved in orthoester linkage of the 
destomic acid (4Oa) residue A to the D-talose (3&) residue B in hygromycin-B (4a). The presence of an 
or&ester C atom in the antibiotic 4a was also indicated’ from its “C NMR spectrum which possessed a 
signal at S120.6 ppm (corrected from carbon disulphide to tetramethylsilane as chemical shift reference), 
and a comparison8 of the ‘)C Nh4R spectrum of hygromycin-B (4a) with that of hygromycin-Bz (39a) and 
hyosamine (37a) led to the assignment of the constitution 4a for hygromycin-B. 

A further comparison’ of the 13C NMR spectrum of hygromycin-B(4a) with that of destomycin-A (4b) 
[see section (b) below] showed that although the two antibiotics possessed a close structural relationship, 
there were some difIerences in their spectra which were also reflected in their CD and ORD properties. 
These difIerences may be interpreted in terms of the diierent locations of an N-Me group on the 
aminocyclitol residue C, present in hygromycin-B(4a) and destomycin-A(4h) [see action (b) below1 and 
indicated in their structures 40 and 4b. 

Although hygromycin-B(4a) occurs with hygromycin in cultures of Streptomyces hygroscopicus, the 
results from initial degradation studies- with hygromycin have already established that the two 
antibiotics bear no structural resemblance to each other. 

3ta: liyosamine, R’= R3= H; RP= Me 
87b: R’=R==lute;R’=~ 
97~: R’=R’=R==H 
37d: R’=R==H; R==OH 

OR2 

CH,OR2 

36~ Malose, R’ = R’ = H 
3Ob: R’=R==Me 
3flc: R’=Me: R’=H 
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CH,OH 

4% 
a-l 

Ho 

t 

4 A C02R 

HO “& 

40~ Destomic acid, R = H 
40b: R=Me 

390: Hygromycin I%, R’ = H; Ra= Me 
39b: R’=Me;R’=H 

(b) Lkstomycin-A (4b) , 

This antibiotic was obtained3’ as the major component of the mixture of destomycins-A, -B and -C 
from the culture broth of Stnptomyces timofaciens. Aqueous acidic hydrolysis of destomycin-A(4b) 
gave the following products: 

(i) a non-reducing basic glycoside (39b), which on further acidic hydrolysis yielded an aminocyclitol, 
identitled as an N-methyl-2deoxystreptamine, and ~talose (3t?a).9*103sAo 

(ii) a polyhydroxyamino acid named destomic acid (40n).‘“+“’ 
The basic giycoside (39b) was thus derived from an N-methyl-2deoxystreptamine and t&lose (3ga) 

and in view of its non-reducing character, the glycosidic attachment between these two hydrolysis 
products must involve the anomeric C atom of ntaIose (3&) with either C-4, C-5 or C-6 of the 
N-methyl-2deoxystreptamine residue.” The latter aminocyclitol differed from the isomeric hyosamine 
(37a), which had been previously similarly obtained from hygromycin-B(4a) [see section (a) above] in 
that hyosamine (37a) was laevorotatory whereas the aminocyclitol obtained from destomycin-A(4b) was 
dextrorotatory.” 

To.distinguish between the linkage of t~~Iose (389) with either C-4, C-5 or C-6 of the N-methyl-2- 
deoxystreptamine residue, the N,N’diacetyl derivative of the basic glycoside (39b) was subjected to 
periodate oxidation which yielded formic acid (but no formaldehyde) together with unchanged N- 
methyl-2deoxystreptamine. This result established that the position of linkage of the Dtalose (38~) 
residue was at C-5 of the N-methyl-2deoxystreptamine residue, and thus the constitutions 3911 was 

. assigned”’ to the basic glycoside. The identity of destomic acid (4Oa) was establishe$’ as 2,3,4,5,7- 
pentahydroxydaminoheptanoic acid by its conversion to the corresponding lactam (41). coupled with 
degradation studies. The position of the amino group in destomic acid (4Oa) was determined” by 
oxidation of 41 to n,L-serine. 

The mode of linkage of the destomic acid (4Oa) residue A to the basic glycoside (39b) residue B-C to 
give destomyciuA(4b) was elucidated by the isolation and identification9 of methyl 4,6di-O-methyl-n- 
talopyranoside (38b) which was obtained9 from the acidic methanolysis of tri-N-acetyldestomycin A 
permethyl ether. The isolation of this important degradation product (38b) indicated that the OH groups 
located at C-2 and C-3 of the Dtalose @a) residue B were involved in orthoester linkage with the 
destomic acid (4Oa) residue A, thus leading to the constitution 4b for destomycin-A? The presence of 
this orthoester linkage in destomycin-A (4b) was subsequently confirmed from its 13C NMR spectrum’* 
which possessed a signal at 6 121.2ppm and which was assigned” to the orthoester carbon atom of the 
destomic acid residue A of the antibiotic (4b). 
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It should be noted that hygromycin-B(4a) and destomycin-A(4b) are diastereoisomers and differ only 
in the relative configuration of their respective N-methyl-2-deoxystreptamine residues C, as represented 
in structures 4a and 4b respectively. This property is reflected in differences in the optical rotations of 
hygromycin-B (4a) and destomycin-A (4b), [hygromycin-B (4a) has [a]~~+ 39.8 (HzO),” whereas 
destomycin-A (4b) has [a]~~+ 7” (HzOp] and of their degradation products, namely hygromy- 
tin-Bz (39a), [a]D26 + 39.8” (H20),’ obtained from hygromycin-B (Sa), and the basic glycoside (39b), 

[aID zz - 17.5” (H20),” obtained from destomycin-A (4b). 

(c) Destomycin-B (5) 
This antibiotic is present as a minor component of the mixture of destomycins,“*‘5 and results from 

initial physico-chemical studies3’ together with its antibacterial properties” suggested that destomycin-B 
(5) was structurally-related to destomycin A(4b). This relationship was further emphasised by the 
identification of the products obtained from the acidic hydrolysis, under varying conditions, of des- 
tomycin-B(S), namely N,N’-dimethyl-2deoxy-streptamine (37b), a basic non-reducing glycoside (4%~) 
derived from N,N’-dimethyl-2deoxy-streptamine (37b) and D-mannose (43a), and a polyhydroxyamino- 
acid which was shown” to be epidestomic acid (44), where the configuration at C-4 of destomic acid 
(40a) is reversed. The mode of linkage of epidestomic acid (44) to the Dmannose (43a) residue A of the 
basic glycoside (42a) to give destomycin-B(5) was indicated from the results of the acidic hydrolysis of 
the permethyl ether of tri-N-acetyldestomycin B which, inter dia. gave a neutral compound, presumably 
(42b), which on acidic methanolysis yielded methyl 4,6-di-O-methyl-a-r+mannopyranoside (45). As in the 
case of the corresponding degradation product (3Sb) from destomycin-A (4b) (section b above), the 
isolation of this compound 45 indicated that the OH groups located at C-2 and C-3 of the n-mannose 
(43a) residue B were involved in orthoester linkage with the epi-destomic acid (44) residue A in 
destomycin-B(5). It is of interest to note the change of anomeric cont@ration which occurred on acidic 
methanolysis of the /3-anomer (42b), giving the a-mannopyranoside (45). 

The presence of an orthoester linkage in the antibiotic 5 was subsequently confirmed” from its 13C 
NMR spectrum, which possessed a signai at 6 121.7 ppm, which was assigned to the orthoester C atom 
of the epi-destomic acid residue A of destomyciuB(5). 

I 

Ho v clip3 
0 

HO 0 

42a: R’=Me: R’=R’=H 
42b: R’ = R’ = Me; R2 = COMe 

HO 
c342w 

I? 

B 

HO 0 

OR 

43a: o-mannose. R = H 
43b: R=Me 

44: epi-Destomic acid 45 



(d) Lkstomycin-C (4~) 
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This antibiotic is also a minor constituent” of the mixture of destomycins, obtained from culture 
filtrates of Streptomyces rimofaciens. The structure 4c of destomycin-C was elucidated” from com- 
parison of its ‘% NMR spectrum with that of destomycin-A (4b) and destomycin-B (9, together with 
‘H NMR and mass spectral studies. The presence of a utaiose (38a) residue B in destomycin-C (4c) was 
conkned by the isolation of methyl a-taiopyranoside from the acidic methanolysis of destomycin-C 
(4c). In addition, permethylation of the tri-N-acetyl derivative of destomycin-C (4c) gave” tri-N-acetyl- 
mono-N-methyl-octa-0-methyldestomycin-C which was identical with that similarly obtained” from 
tri-N-acetyl-destomycin-A, thus confirming the constitution 4c of destomycin-C. 

Destomycin-C(C) is thus a contigurational isomer of destomycin-B(5) where the u-mannose (43a) 
residue B in destomycinB(5) is replaced by a utalose (38a) residue B in destomycin-C(4c). 

(e) Antibiotic A-396-1 (4e). 
The antibiotics A-3%-1 and A-3%-11 were isolated’* from cultures of Streptoverticillium eurocidus 

A-3%. Both antibiotics possessed similar physicochemicai and biological properties to those of 
hygromycinB (40) and the destomycins-A (4b), -B(S) and -C(4e). In addition, A-3%-11 possessed tic and 
optical properties identical with those of hygromycin-B #a), and on the basis of this preliminary 
investigation,‘* it was proposed”” that A-3%-1 was structurally related to hygromycin-B(4a) and the 
destomycins (4b, 5 and 4c), whereas A-3%-11 was identical with hygromycin-B @a). 

Subsequent acidic hydrolysis’3 of A-3%-1 (4e) conthmed the presence of 2-deoxystreptamine (37c), 
utalose (3fIa) and destomic acid (4Oa) residues in the antibiotic 4e, a result which further emphasised its 
structural relationship with hygromycin-B (4a). A comparison of the ‘H NMR and mass spectra of the 
two antibiotics (4e and 4a), and of their per-acetylated derivatives, established the constitution 4e for 
A-3%-1, which differs from that of hygromycin-B (4a) in that the latter antibiotic 4a contains an 
N-methyldeoxystreptamine (37a) residue C, whereas a deoxystreptamine (37~) residue C is present in 
A-3%-1 (4e). 

(f) Antibiotic SS-56-C (4d) 
The antibiotic SS-56-C (4d) was isolated’* from cultures of Streptomyces eurocidicus SS-56, together 

with a second antibiotic (SS-56-D), the main component, and two bio-inactive compounds, SS-56-A and 
SS-SCB. the antibiotic SS-56-D was shown’* to be identical with antibiotic A-396-1 (4e) on the basis of 
comparative physico-chemical and mass spectral studies. The structure 4d of SS-56-C (and that of 
SS-56-A and SS-56-B) was elucidated’* from degradative evidence, coupled with IR, UV, ‘H NMR and 
mass spectral studies and ORD, tk and glc data, in comparison with those similarly obtained from 
hygromycin-B (4a) and destomycin-A (4b). 

The presence of a streptamine (37d) residue C in SS-5CC (4d) was indicated’* from the results of 
‘H NMR and mass spectral studies with the antibiotic @I), and this was confirmed from degradation 
studies, when acidic hydrolysis of SS-56-C yielded streptamine (37d), destomic acid (4Oa) and utalose 
(38a). Acidic methanolysis of SS-56-C (4d) gave, correspondingly, streptamine (37d), destomic 
acid methyl ester (40b) and methyl-ptalopyranoside (Xlc). No definite evidence was obtained regard-. 
ing the stereochemistry of the linkages of the three structural residues destomic acid (4Oa) (residue A), 
D-talose (3&t) (residue B) and streptamine (37d) (residue C) in SS-5CC (4d), but in view of its close 
resemblance to the antibiotic A-3%-1 (4e) in ‘H NMR and mass spectral properties, and optical and 
biological properties in addition to its simultaneous production with A-3%1 (4e) in cultures of Streptomyces 
eumcidus, the structure 4d was assigned’* to SS-56-C. 

The structures of the antibacterially-inactive SS-56-A (4&r) and SS-56-B (47) are of particular interest 
in view of their relationship to the antibiotic A-3%1 (4e) and the other members of this group of 
orthosomycin antibiotics. ‘H NMR and mass spectral studies ” showed that the structures of SS-56-A 
and SS-56-B were closely related and contained 2deoxy-streptamine (37~) and hexoglycosyl residues. 
Chemical degradation studies allowed a structural distinction to be made between SS-56A(46a) and 
SS-56-B (47) since acidic methanolysis of the former compound (46a) gave 2deoxystreptamine (37~) and 
methyl u-mannopyranoside (43b), whereas acidic methanolysis of SS-56-B (47) yielded 2-deoxystrep- 
tamine (37~) and methyl n-talopyranoside (Xk). In addition, mild acidic hydrolysis of the antibiotic 
A-3%-1 (4e) gave SS-56-B (47), and on the basis of these results, the structure 46a was assigned to 
SS-56-A and structure 47 to SS-56-B. 



1230 htt3K E. WRIGHT 

It has already been pointed out that the compounds SS-56-A (4&r) and SS-56-B (47) and the 
antibiotics SS-56-C (4d) and A-3%-1 (4e) are present in the culture fluid of Streptomyces eurocidicus 
SS-56. These compounds (4&r, 47,4d and 4e) were isolated using conditions which excluded the presence 
of acid, that is conditions which would not cause the cleavage of the orthoester groups present in the 
antibiotics SS-56-C (4d) and A-3%1 (4e). It is thus very likely that SS-56-A (46a) and SS-56-B (47) are 
not merely artifacts which have been produced during the isolation procedures, but that SS-56-B (47) is a 
true biogenetic precursor of the antibiotic A-3%1 (4e).‘* If this is indeed the case, then it poses the 
interesting question whether the compound SS-56-A (46a) might also be a precursor to this group of 
orthosomycin antibiotics, since the Dmannose (43a) residue B which is present in SS-56-A (46a) could, 
theoretically, be subjected to similar orthoesteriiication by a destomic acid (46e) residue A to give a new 
compound which would be structurally-related to this group of orthosomycin antibiotics. Such a 
compound would possess a Dmannose (43~) residue B instead of a Malose (38a) residue B, and it would 
thus be of considerable interest if such an antibiotic could be found in Nature. 

This expectation’2 was subsequently shown to be correct by the isolation”35 of destomycin-B (5) 
from cultures of Streptomyces rimofuciens, and which contains an epidestomic acid (44) residue A 
which is attached by means of an orthoester linkage to a /3-bmannosyl-N-N’dimethyL2deoxystrep- 
tamine (46b) residue B-C derived from SS-56-A (4&r). 

46a: SS-56-A. R = H 

46b: R=Me 

(g) Antibiotic AB-74 
This antibiotic has been recently isolated- from cultures of Streptomyces aquacanrs A-14317, 

together with the neomycins-A, -B and -C, and hygromycinl Ma). Acidic hydrolysis of AB-74 gave 
destomic acid (a), t~talose (38a) and N,N’-dimethyl-2deoxystreptamine (37b). These residues (40a,38a 
and 37h) also occur in destomycin-C (4c) and a close structural relationship of AB-74 with destomycin-C 
(Se) was also indicated by the simihuit~ of their ‘H and 13C NMR spectra. The only measured 
differences between AB-74 and destomycin C (4c) were found in their optical properties, where AB-74 
possessed [a], + 18.4” (H20) and destomycin-C (4e) had [a ID + 9” (HsO). The identity (or non-identity) of 
AB-74 with destomycin-C (4c) requires further clariftcation. 

(iii) Structuml similarities and differences 
This group of orthosomycin antibiotics, exemplified by hygromycin-B @a), the destomycins-A (4b) -B 

(5) and -C (4c) and the antibiotics W-56-C (4d) and A-396-1 (4e), possess a number of common structural 
features which can be summarised as follows: 

(a) a terminal residue A derived from destomic acid (4tb) or its depimer (44) (epidestomic acid) which is 
associated, by means of an orthoester linkage, with 

(b) a residue B derived from r&lose (38a) or Dmannose (43a), which is linked glycosidicahy to 
(c) a terminal residue C derived from n-streptamine (37, R3 = OH) or a 2-deoxy-D-streptamine, for 

example 37 (R3 = H). 
This group of orthosomycins (4&a and 5) thus bear a close structural relationship with each other, 

and accordingly, their chemical and antibacterial (uide infm) properties are correspondiiy very similar. 
Minor structural differences between these antibiotics reside in con6gurational ditTerences of their 
residues A, B and C, and also in the extent of N-methyIation and C-hydroxylation of the terminal 
streptamine or 2deoxystreptamine residue C. Thus, hygromycin-B (4s) contains an N-methyl-2- 
deoxystreptamine (37a) residue C, associated with a Malose (3&) residue and a destomic acid (4&) 
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Table 1. Zn oittu a&acted activities of evaaiaocnicin_D (tr) and ttambamycia (1) 

Mimmum inhibitory coace~tration (MIC) (p&d) 

Eveminomicin-D’W Flambamycin’ 

Staphykwwons auras 0.03 1.2 
Sanka lnten 0.24 0.2 
!ihPtOCOCCUS PyogCnU 0.01 0.25 
stmptoCocclis faecllk 0.06 2 
Baciuvs subtilis 0.12 15 
nplococcus pnellmoniat 0.15 0.1 
Mycobactetfum smcgmatis 1.5 > 150 
Eschcticbia coli > I50 
Neisse~G~ menb&tidis 0.6 
Neisseria gonotrboca I.25 

residue A whereas the isomeric destomycin-A (4b) differs from hygromycin-B (48) only in the relative 
con@uration of its N-methyl-2deoxystreptamine residue C, as illustrated in a comparison of the 
structures 4a and 4b of the two antibiotics. Destomycin-C (4e) possesses an N,N’dimethyl-2-deoxystrep- 
tamine (37b) residue C associated with n-talose (38r) and destomic acid (4or) residues B and A, and 
destomycinB (g) difTers from destomycin-C (4e) only in respect of the residues B and A which are 
associated with u-mannose (43a) (residue B) and epidestomic acid (44) (residue A) in destomycin-B (5). 
The antibiotics SS-5&C (4d) and A-3%-1 (4e) differ only in the constitution of the residue C present in each 
antibiotic (4d and 4e), where a 2deoxystreptamine (37~) residue is present in A-396-I (4e) but is replaced by a 
streptamine (37d) residue in SS-56-C (4d). 

4. BIOLOGICAL ACTIVITY OF THE ORTROSOMYCMS 

(I) Orthosomycins which are esters of dichlomisoeveminic acid 
Repo~s’“‘7.43.44 concerning the antibacterial properties of the eveminomicins have, as yet, been 

mainly confined to the activity of eveminomicin-D (2.c) since this antibiotic is the major component 
present in the mixture of eveminomicins produced by cultures of Micmmonospom curbonacea. 
Everninomicin-D (2~) is highly active in uitm against a variety of Gram-positive bacteria (Table l), 
including penicillin-resistant strains, but inactive against Gram-negative organisms, e.g. Escherichiu coli, 
Kiebsiella pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa and Salmonella schotlmullen’.‘6i’3 

. Serum-binding studiesI (by bioassay, using Staphylococcus aureus or Streptococcus pyogenes) in- 
dicated that in the presence of 50% human serum, eveminomicin-D (2e) was 94% bound. Acute toxicity 
studies’6*43 in mice showed that the antiiiotic (2e) possessed a low order of toxicity (LDs > 3000 mg/kg) 
by the oral, subcutaneous and intraperitoneal routes of administration, but showed a higher degree of 
toxicity (LDTo 125 mg/kg) by the intravenous route. In uivo studies’W3 in mice infected with Stuphylo- 
coccus, Streptococcus and lXplococcus showed that subcutaneous doses of I-4 mg/kg of eveminomicin- 
D (2e) protected mice against these infections. The results from the toxicity studies in mice where LDW 
levels were only obtained from the intravenous route indicated that eveminomicin-D (2e) was poorly 
absorbed in this species, despite its in viuo activity by the subcutaneous route. 

The results of pharmacokinetic and clinical tolerance studies with eveminomicin-D (2e) have also 
been reported.@ Examination of blood-levels in dogs showed a dose/response relationship with little 
evidence of accumulation, and decay curves after intravenous administration of 2Omg/kg indicated a 
half-life of 90 min. The high serum levels obtained after intravenous administration (as compared with 
those obtained after intramuscular dosing) indicated that, as in mice, absorption was poor in dogs, but 
the levels obtained were sufficient to exert an antibacterial effect against Gram-positive bacteria.” The 
urinary and biliary routes of excretion were found0 to be significant in dogs, dosed i.v:and i.m. with 
everninomicin-D (4e), and tissue distribution studies” revealed the presence of the antibiotic 2~ in 17 
tissues. The absence of eveminomicin-D (2e) in cerebrospinal fluid mdicated that the antibiotic did not 
pass the blood-brain barrier.” 

Clinical tolerance studies with eveminomicin-D (2e) in twelve subjects using intramuscular doses of 
0.75, 1.0, 1.5 and 2.0 &kg have also been de~cribed.~ Tissue tolerance studies indicated a possible 
affergic response to the antibiotic at the site of injection since primary irritation was unlikely.” The 
results from the determination of blood and mine levels after intramuscular dosing were erratic and also 
demonstrated poor absorption.q Tolerance to oral dosing was also investigated, and administration of 
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Table 2. In oitm antimicrobial activities of destomycin-A (Ib), de&my&B (S), SS-56-C (4d) and A-3%-1 (4e) 

Minimum inhibitory coticentration (MC) (pdml) 

Organism Destomycin-A35 Destomycin-B’5 ss-56-P A-396-I’u6 

Staphylococcus anreus 
Sarcina Mea 

Bacillus srblilis 
Myocobacleriwn smegma~is 
Mycobac~erium fuberculosis H 
Kiebsiella pneumoniae 

Eschetichia coli 

Prvteus vulgaris 

Pseudo.nonas aeruginosa 
Salmonella typhosa 

Candida albicans 

Fusatium oxysporium 

Cladosporiwn herbarum 

Triclromonas vaginalis 

80 
40 
20 
s 

:37Rl( 
iii 
40 
- 

ii 
- 
- 

1.56 
- 

- 

I.56 
- 

50 
25 

3.125 

2s 

so 

I00 
100 
xl 

- 
12.5 
3.1 

25 

12.5 

1.56 

25 

I.25 
12.5 
50 

100 
50 
25 

>50 
12.5 
- 
20 

everninomicin-D (2e) in single doses up to 2 mg/kg produced mild gas&o-intestinal disturbances and 
anorexia.” No signikant levels were found in the blood and urine after oral dosing, and the antibiotic 
(2c) was excreted in the faeces.” 

Activity studies with eveminomicin-B (2a) have recently been briefly described.“‘“- This antibiotic 
(Za) is reported to possess in uitn, activity against a variety of Gram-positive bacteria and Neisseriu, 
with MIC values ranging from 0.002 to 4.0 &ml,” and showed no cross-resistance with other 
antibiotics. The in vitro activity of everninomicin-B (2a) against Mycoplasma and the anaerobes 
Bacteroides, Clostridium and Peptostreptococcus has also been reported” and in the latter context, 
everninomicin-B possessed a similar order of potency as that of clindamycin.4s Everninomicin-B was 
inactive against Gram-negative bacteria and was weakly tuberculostatic.” Single intravenous doses of up 
to 200 mg/kg of everninomicin-B are reported to be well-tolerated in dogs.” 

The possible mode of action of everninomicin-B (20) has also been examined and preliminary studies 
with Bsubtilis have indicated a site of action at the cell membrane, leading to inhibition of metabolic 
uptake and DNA replication.” 

Flambamycin (1) also exhibits good in uitn, activity against a variety of Gram-positive bacteria and 
Neisseria (Table 1), but it is inactive against Gram-negative bacilli, yeasts, and tiamentous fungi.’ In uiuo 
studies in mice have shown that the antibiotic (1) possesses good therapeutic activity against staphylo- 
coccal, streptococcal and meningococcal infections, when administered by the subcutaneous route.’ 
Thus flambamycin (l), in common with eveminomicin-D (k), is active in uiuo only by parental 
administration since it is poorly absorbed by the dral route and not assimilated through the intestinal 
tract. Acute toxicity studies in mice have shown that tkunbamycin (1) is virtually non-toxic orally, and 
possesses low toxicity (LDW 2,500 mg/kg) by the subcutaneous route.’ 

(ii) Orthosomycins which contain an aminocyclitol residue 
Hygromycin-B (4a)?3 the destomycins-A (4b),J5 -B (!Q35 and -C (4c),” and the antibiotics SS-56-C 

#I)‘*, A-3%-1 (4e)‘-* and AB-7437 all possess a similar order of weak but significant in uitro activity 
against both Gram-positive and Gram-negative bacteria, and against a number of fungi (available details 
are summarised in Table 2). In addition, in uitn, antiprotozoal activity (against Trichomonas vaginalis) 
has been reportedu for the antibiotic A-396-1 (4e). Anthelmintic activity has also been reported for 
hygromycin-B against Ascatis in ~igs?~ and for destomycin-C against roundworms in fowls.” In- 
secticidal activity (against Muscaria domestica) has also been claimed35 for destomycin-A (4b). 

5. BFFBCT OF STBUCTUW MODIFICATION ON BIOLOGICAL ACTIVITY 

(i) Otihosomycins which are esters of dichloroisoeuewdnic acid 
The levels of antibacterial activity which have been found for flambamycin (1). and the ever- 

ninomicins -B (2a), -C (2h), -D (2c) and -2 (3), suggests that the presence of the evemitrose residue (15) 
present in the eveminomicins -B @a), -C (2b) and -D (2c) is not, per se, essential for antibacterial activity, 
and chemical modifications of this residue has produced some interesting results. 
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For example, examination of the antibacterial activity of the intermediate eveminomicin derivatives 
obtained during the conversion of eveminomicin-D (2e) to eveminomicin-2 (3). namely nitrosoever- 
ninomicin-D (2d) and hydroxylaminoeveminomicin-D (24 has shown that these compounds (2d, 24, 
possess similar levels of in oitm and in vim antibacterial activity against Gram-positive organisms as the 
parent antibiotics (2~ and 3). Also in the case of the intermediate hydroxyhuninoeveminomicin-D (te), 
this modification of the parent antibiotic (2~) led to superior serum levels in the dog after intramuscular 
administration.’ Further chemical modification of the evemitrose residue (15) present in eveminomicin-D 
(2~) produced a similar trend in antibacterial activity. For example, electrochemical reduction” of the 
tetraethylammonium salt of eveminomicin-D (24 gave a mixture of eveminomicin-Dr (Ssp) and ever- 
ninomicin-4 (48b). These compounds, (4& and 48b), possessed similar levels of in vitro and in vim 
antibacterial activity against Gram-positive organisms as the parent antibiotic (2e), and also produced 
superior serum levels in the dog.” 

Similar antibacterial properties have also been claimed’ for corresponding derivatives of ever- 
ninomicin-B (2a) and -C (2b), for example nitroso- and hydroxylaminoeverninomicin-B, (2f and Zg), 
and nitroso- and hydroxylaminoeverninomicin-C, (2h and 21). 

480: Everninomicin-Ds, R = 

4Bb: Everninomicin-t&, R = 
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A further structural modification of everninomicin-D (Zc), described” in the initial studies with the 
antibiotic, was the formation of a methyl ether by treatment of everninomicin-D (2e) with diazomethane. 
The identity of this ether was not firmly established, but it is likely that this reaction resulted in the 
methylation of the phenolic OH function of the dichloroisoeveminoyl residue A of the antibiotic (k). 
This methyl ether was found” to be inactive in U&V against Sre@~ylococcus arreus. 

An examination4 of the in uitro antibacterial activity of the various transformation and degradation 
products of flambamycin obtained during the structural studies with the antibiotic has also produced 
useful information regarding structure-activity relationships. One important result that emerged from 
these activity studies4 was that the presence of the C-D or&ester linkage in tlambamycin (1) was 
essential for antibacterial activity, since its conversion to the normal ester function in fktmbeurekanose 
tlambate isobutyrate (3611) was accompanied by a considerable loss in antibacterial activity. Whether this 
structural requirement is necessary for the antibacterial activity of other orthosomycin antibiotics of this 
type (e.g. the eveminomicins) is not known, since the activities of eveminomicin-Br (21b) -C1 (214 and 
-Dr (21a) have not been reported. 

Other factors regarding structure-activity requirements which have emerged48 as a result of the 
degradation studies with flambamycin are as follows: 

(a) Removal of the isobutyroyl group from the L-lyxose residue G of flambamycin (1) to give 
des-isobutyroylflambamycin (34) resuhed in a considerable loss of in vitro activity against, e.g. S. 
aureu~.~ Thus, suitable derivatisation of the hydroxyl group present on C-2 of the L-lyxose residue G of 
flambamycin (1) appears necessary for antibacterial activity, and it is of interest to note in this 
connection that the hydroxyl group located on C-2 of the L-lyxose residue in eveminomicin-B (2a). -C 
(2b), -D (2c) and -2 (3) is present as its methyl ether. 

(b) Other major degradation products of flambamycin, for example desdichloroisoeveminoyl-des- 
isobutyroyl flambamycin (35), flambeurekanose flambate (36b). flambeurekanose (33a) and flambalactone 
(27b), were found& to be devoid of antibacterial activity. These results suggest that the antibacterial 
activity of flambamycin (1) is concerned with the antibiotic molecule as a whole and not with any 
particular sequence of carbohydrate residues present in the antibiotic. 

A comparison of the constitutions of gambamycin (1) and the everninomicins (2&c and 3) in relation 
to their antibacterial activity does, however, allow certain conclusions to be drawn concerning possible 
areas which might be explored for structure-activity relationships. These are as follows: 

(a) since the replacement of the evemitrose residue (15) in eveminomicin-B (2a), -C (2b) and -D (2c) 
by hydrogen in flambamycin (1) and eveminomicin -2 (3) does not markedly effect antibacterial activity, 
this suggests that the hydroxyl function located at C-3 of the P-deoxyrhamnose residue B of flam- 
bamycin (1) and everninomicin-2 (3) might be replaced by other suitable groups, including amino- 
glycoside residues; 

(b) the replacement of the 2-OH group present in the ~evalose residue D in tlambamycin (l), and 
eveminomicin-B (2a) by hydrogen in eveminbmicin-C (2b), -D (2e) and -2 (3) without loss of antibacterial 
activity indicates a second area for possible structural modification, including the replacement of the 
Devalose or 2-deoxy-u-evalose residue D by alternative sugar residues, provided that the C-D orthoester 
linkage and DE glycoside linkage can be maintained using appropriately-located OH groups; 

(c) further derivatisation of the 2-OH group present in the L-lyxose residue G of flambamycin (1) and 
the eveminomicins (2a-2c and 3) is also a possible area for structural modification, as discussed 
previously; 

(d) the differing but biogenetically-related substitution patterns at C-4 of residue H in flambamycin (1) 
and the eveminomicins @a-2c and 3) suggests another area for structural modigcation, although it has 
not been established whether the presence of the G-H orthoester linkage and/or the presence of a 
2,3-methylenedioxy boup in residue H in these antibiotics (l,Z12c and 3) is necessary for antibacterial 
activity. 

It will thus be of considerable interest if further examples of naturally occurring orthosomycin 
antibiotic of this type, which are modified in the areas (a)-(d) described above are discovered. 

(ii) Orthosomycins which contain an aminocyclitol residue 
Apart from the structural studies already described in this Report, chemical modification of this class 

of orthosomycin antibiotics has not been reported, and thus it is d&cult at this stage to identify and 
comment upon the effects of their structural modification on antibacterial activity. However, as in the 
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case of flambamycin and the eveminomicins described above, an examination of the structures of 
hygromycin-B @a), the destomycins-A (4b), -B (5) and -C (Se), and the antibiotics SS-56-C (4d) and 
A-396-1 (4e) allows some observations to be made regarding structure-activity requirements, and these 
can be summarised as follows: 

(a) the deoxystreptamine residue C present in these orthosomycin antibiotics can be variously 
N-methylated, as in hygromycin-B (4a) and the destomycins (4b. 4e and S), without loss of antibacterial 
activity: 

(b) the Btalose @&)‘residue B present in 4a-4e can be replaced by a Dmannose (43a) residue B,. as in. 
5, without loss of antibacterial activity; 

(c) a common structural feature of this group of orthosomycin antibiotics is the presence of a destomic 
acid (40a) residue A, which is linked by means of an orthoester grouping to either a Malose (3ga) or a 
Dmannose (43a) residue B. The presence of this A-B orthoester linkage appears to be essential for 
antibacterial activity, since the compounds SS-SCA (46a) and SS56B (47), which do not possess this 
structural feature, are inactive. Also, in this context, it is of interest to note here that results from 
stability studies3’ (using bioassay methods) with destomycin-A (4b) have indicated that the antibacterial 
activity of the anttbiotic decreased slightly on prolonged incubation in aqueous acidic solution (pH2.0) at 
37“C, but the antibiotic was stable in aqueous solution (pH3.8-8.2) at 37°C for one month, and was also 
una&cted after heating in 5% aqueous ammonia at 100°C for 30 minutes?’ The reduction in antibacterial 
activity observed on prolonged incubation of an aqueous acidic solution (pH2.0) of destomycin-A (4b) 
may well be due to the slow acidic hydrolysis of the A-B orthoester linkage in 4b (to a normal ester 
linkage?) with the ultimate formation of the inactive hydrolysis products destomic acid (4Oa) and the 
basic glycoside (39b). Related to this proposal is the observation** that mild acidic hydrolysis of 
hygromycin-B (4a) resulted in the formation of the hydrolysis products hygromycin-B1 (39a) and 
N-methyL2deoxystreptamine (hyosamine; 37a) which lacked antibacterial activity.‘J4 

Avilamycin A, R’ = H; R* = COMe 
Avilamycin C, R’ = Ii; R’ = CH(OH)Me 
R’ = Me; IV = COMe 
R’ = Me; RP = CH(OH)Me 
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ADDENDUM 

After the manuscript of this Report was completed, Professor W. Keller-Schierlein kindly made 
available details of the structures of avilamycin-A (49a) and avilamycin-C (49b) which are to be 
reported.49Jo These orthosomycin antibiotics (49a and 49b). together with avilamycin-B, were obtained@ 
from cultures of the avilamycin-producing organism Streptomyces uiridochmmogen~s ETH 23575, and 
were separated from the crude extract by chromatography on silica, when avilamycin-A and avilamycin- 
C were isolated in crystalline form. 49 The close structural relationship of avilamycin-A (49a) with 
avilamycin-C (49b) was demonstrated by the ready conversion* of the (phenolic) methyl ether (4%) of 
avilamycin-A to the corresponding methyl ether (49d) of avilamycin-C on treatment with sodium 
borohydride, when the methyl ketone group associated with residue H in the former compound (4%) was 
reduced to a methylcarbinol group in the latter compound (49d). 

A comparison5o of the 13C NMR spectra of Rambamycin (I), avihunycin-A (49a) and avilamycin-C 
(49b) with those of their corresponding per-acetates established the close structural relationships of 
these orthosomycin antibiotics. Thus, avilamycin-A (49a) and -C (49b) contain only very minor 
differences in their constitution from that of flambamycin (1). These differences are associated with 
residue D in 1, 49a and 49b, where the Bevalose residue present in thrmbamycin (1) is replaced by a 
2-deoxy-o-evalose residue in avilamycin-A (490) and -C(49b), and with residue H, where the methyl 
ketone grouping in flambamycin (1) and avihunycin-A (49a) is replaced by a methylcarbinol grouping in 
avtiamycin-C (49b). 

Avilamycin-A (49a) and avilamycin-C (49b) can now be correctly described as members of the 
orthosomycin family of antibiotics which are esters of dichloroisoeveminic acid (6) [see previous section 
l(f) above]. 

Information regarding the results of further studies with curamycin has also become available?’ The 
presence of two orthoester carbon atoms in the antibiotic molecule has been demonstrated from its “C 
NMR spectrum and degradation experiments” with curamycin suggest that a methyl flambalactone 
(compare structure 27b) residue is present in the antibiotic together with a #-olgose residue. The structure 
of the latter degradation product has yet to be fully elucidated. These results lend further support to the 
proposal that curamycin is a member of the orthosomycin family of antibiotics. 

In addition the structure (22a) of olgose has been confirmed by single crystal X-ray analysis?’ and 
from the results of this study the stereochemistry of this degradation product (from everninomicin-D) 
especially that associated with residue H in (2fa), has now been fully established.52 

REFERENCES 

‘L. Ninet, F. Benazet. Y. Cbarpentie, hf. Dubost, J. Fiorent, J. Lunel, D. Maacy and J. Preud’bomme, Experfentia 38, I270 (1974). 
‘W. D. OIlis, C. Smith, I. 0. Sutherland and D. E. Wright, J. C/rem. Sot. Chem. Comm. 350 (1976). The structure assigned to 
flambamycin in this Communication is incorrect and has been subsequently revised-see ref 3. 

‘W. D. OUis, C. Smith and D. E. Wright, Tetmhednw 35, IO5 (1979); W. D. OBis, 1. 0. Sutherland, B. F. Taylor, C. Smith and D. 
E. Wright, Ibid. IS, 993 (1979); W. D.OBis, S. Jones, C. Smith and D. E. Wright, Ibid. 38, 1003 (1979). 

‘A. K. Ganuul~ and A. K. Saksena. 1. Antibiotics 28,787 (1975). 
‘A. K. Gsy and S. Szmulewicz; Ibid. 28,710 (1975). 
6A. K. Ganguly, 0. Z. Same, D. &eves and J. Morton, J. Am. C/rent. Sot. 97,1982 (1975). 
‘A. K. Ganguly, S. Szmulewicz, 0. Z. Sarre and, V. hf. Girijavailabhan, J. C/rem. Sot. Chem. Comm. 609 (1976); A. K. Ganguly and 0. 
Z. Sarre, U.S. Pat. 3915956 (1975); A. K. Gansuty and 0. Z. Sarre, U.S. Pat. 4886,225 (1977). 

*N. Neuss. K. F. Koch, B. B. MoUoy, W. Day, L. L. Huckstep, D. E. Dorman and J. D. Roberts, He/u. Chim. Acta 53,2314 (1970). 
9S. Kondo, E. Akita and hf. Koike, I. Antibiotics Sex. A. 19,139 (1966). 
‘OS. Kondo, K. Imuma, H. Naganawa, hf. Shiiura and Y. Sekizawa, Ibid. 28, 79 (1975); M. Shimura, Y. Sekizawa, K. Iinuma. II. 

Naganawa and S. Kondo, Agr. Biol. Chem. 40,611 (1976). 
“M. Shimura, Y. Sekirawa, K. Iinuma, II. Na8anawa and S. Kondo, J. Antibiotics 28.83 (1975). 
“S. Inouye, T. Shomura, H. Watanabe, K. Totsugawa and T. Niida, Ibid 26,374 (1973). 
13J Shoji and Y. Nakagawa, Ibid. 23,569 (1970). 
‘6. L. Galmarkd and V. Deulofeu. Tetrahedron 15,76 (l%l); E. 0. Gras, V. Deulofeu. 0. L. Galmarini and B. Frydman, Expcricnrm 

24,323 (1%8); V. Detdofeu and E. G. Gms, Anales de Quimica 68,789 (1972). 
15E. Giiumamt V Prelogand E. Vischer, Ger. Pat. I I16864(1%1); F. Buzzetti, F. Eisenberg, H. N. Grant, W. Keller-Schierlein. W. Voser 

and H. Z&er, Experientia 24,320 (1968). 
‘M. J. Weinstein, d. M. Luedemanq E. Id. Oden and G. H. Wagman, Antimicmb. Agent8 Chemotherapy 24 (19% G. H. Wagman, G. 

M. Leudemann and hi. V. Wehtstem, Ibid. 33 (P&4): G. hi. Luedemann and B. Brodsky, Ibid. 47 (1%4). 
“H. L. Herzog, E. Meseck, S. DeLorenzo, A. Murawski, W. Chantey and J. P. Rosselet, Appl. Micmbiol. 13,515 (1965). 
‘*A. K. Gangtdy and 0. Z. Sarre, 1. Glum; Sot. Chem. Comm. 1149 (1969). 
19A K. Gwly, 0. Z. Sarre and J. Morton, &id. Chem. Comm. 1488 (1969). 
mA: K. Gangtdy and 0. Z. Sarre, Ibid. Chem Comm. 911 (1970). 
*‘A. K. Ganguly, 0. Z. Sarre and S. Szmulewicz, Ibid Chem. Comm. 746 (1971). 
**A. K. Ganguly, 0. Z. Same, A. T. McPhail and K. D. Onan, Ibid. Chem. Comm. 313 (1977). 



The orthosomycins, a new family of antibiotics 1237 

=A. K. Ganguly, 0. Z. Sarre and H. Reimann. 1. Am, Chem. Sot. %, 7129 (NW. 
%A. K. Ganguly. 0. Z. Sarre, D. Greeves and J. Morton, Ibid 95,942 (1973). 
=A. K. Ganguly and A. K. Saksena. 1. Chem. Sot. Chem. Comm. 531(1973). 
“W. D. Ollis, C. Smith and D. E. Wright, Ibid Chem. Comm. 881(1974). 
“W. D. Ollis, C. Smith and D. E. Wright, Ibid Chem. Comm. 882 (1974). 
mW. D. Ollis, C. Smith and D. E. Wright, Ibid. Chem. Comm. 347 (1976). 
w. D. Ollis, C. Smith and D. E. Wright, Jbgf. Chem. Comm. 348 (1976). 
v’P. Deslongchamps, Tetmhedmn 31,2463 (1976); P. Deslongchamps, Hctcracyc/es 7, 1271 (1977); G. Wipff, Tetmhedmn ktters 3269 

(1978). 
“0. Bouab, C. Moreau and M. Zeh Ako, Ibid. 61(1978); 0. Bouab, G. Lamaty and C. Moreau, 1. Chem. Sot. Chem. Comm. 678 (1978); 
“Dainippon, Japan Kokai 75125094 (1975): Supplement to Index of Antibiotics jtorn Actinomyces, in 1. Antibiotics 30.77-l 11,77-112 

(1977). 
“R. L.~Mann and W. W. Bromer, 1. Am. Chem. Sot. 80,2714 (1958). 
r’P. F. Wilev. M. V. Sizal and 0. Weaver. 1. Orz Chem. 27.2793 (1%2). 
“S. Kondo,-M. SezakirM. Koike, M. Sh&mra,~E. Akita, K. Satoh and T. Ham, 1. Antibiotics Ser. A. l&38 (1%5); S. Kondo, M. 

Sezati, M. Koike, M. Shimttra, E. Akita, K. Satoh K. Hamamoto, T. Niida and T. Hara, U.S. Pat. 3.926948 (1975); Meiji 
Confectionery Co. Ltd., Jap. Put. 42.75% (1%7). 

%J. Shoji, S. Kozuki, M. Mayama, Y. Kawamura and K. Matsumoto, L Antibiotics 23,291 (1970) 
s’A. Tamura, R. Furuta and S. Naruto, Ibid 29,598,592 (1976). 
=K. L. Rinehart and P. W. K. Woo, I. Am. Chem. Sot. 80.6463 (1958); K. L. Rinehart, A. D. Argoudelis, T. P. CuRnxtson. W. S. 

Chilton and K. Steigler, Ibid. 82.2970 (1968); H. E. Carter, J. R. Dyer, P. D. Shaw, K. L. Rinehart and M. Hi&ens, Ibid 83.3723 
(1961): K. L. Rinehart. W. S. Chilton and M. Hichens. Ibid. 84. 3216 (1%2): K. L. Rinehart. M. Hi&ens, A. D. Argoudelis. W. S. 
Chilton, H. E. Carter, ‘M. P. Georgiadis. C. P. SchafIner and R.T. SchiBin&, Ibid 84.3218 (1%2); M. Hi&ens and K. L. Rinehart, 
Ibid. M, 1547 (1%3). 

‘9R. L. Mann and D. 0. Woolf, Ibid. 79, 120 (1957). 
“‘S. Kondo, M. Sezaki, M. Koike and E. Akita, J. Antibiotics, Ser. A, II), 192 (l%S). 
“S. Kondo, E. Akita and M. Sezaki, Ibid Ser. A, 19,137 (1%6). 
“J Shoji, S. Kozuki, hf. Mayama, Y. Kawamura and K. Matsumoto, Ibid 23,291(1970). 
43J’ Black, B. Calesnick F. G. Falco and hi. J. Weinstein Antbnicmb. Agents Chemothcmpy 38 (1964). 
“W. E. Saunders and’C. C. Crowe. XIIIth Interscien~e Confeme on Antbnicrobial Aaents and Chemothenuw. Abstract 139. 

Washington D.C. (ls21 Sept. 1973): 
. _. 

‘-‘J A Waitz E. L. Moss, F. Sabatelli, F. Menzei and C. G. Drube. XIlIth Interscience Confetvnce on Antimicmbiul Agents and 
~hekothemk Abstract 148. Wasbinnton D.C., (19-21 Sept. 1973). _ _. 

“C. A. Walker, XVIth Interscience Co;fewnce 0; Antbkvbial &ents and Chemothempy, Abstract 116. Chicago (27-29 Oct. 1976). 
“P. KabasakaBan, S. Y. Kalliney, A. K. Ganguiy and A. West&t. U.S. Pat. 4,027,016 (1977). 
‘May and Baker Ltd., personal communication. 
?V. Heilman, E. Kupfer, W. Keller-Schierlein, H. ZPner, H. Wolf and H. H. Peter, He/v. chim. Acto 62, I (1979). 
%. Keller-Schierlein. W. Heilman. W. D. Ollis and C. Smith, Ibid. 62,7 (1979). 
“A. K. Gattgtdy, personal communication. 
“A. K. Ganguly, 0. Z. Sarre, A. T. McPhaii and R. W. Miller, 1. Chem. Sot. Chem. Comm. 22 (1979). 

TETRA Vol. 35. No. IO-C 


