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Abstract—Mass spectral evidence for the coastitution (54) of the aatibiotic, flambemycin, is summarised ia
Schemes 1-10. An amalysis of all the evideace given in Parts 1, Il and [II for the location of the two ortho-ester
prescated.

groups fambamycia and its derivatives is

'l‘hedetermimﬁonofdneomtimﬁon(SOoﬂhemﬁbio-
tic flambamycin has been described in Part L' Brief
reference has already been made in Part I (Sections 5, 7
and 9; Schunesl 2 and 3) and in five preliminary
communications,” toouruseoflowmdlnabmohhon

mass spectrometry, not oaly for the determination of
molewhrfamnhe butahofortbeehcidaﬁonolmss

deauhﬁonm .
A,B,C, D, E F, G and H, and the same numbering of
thelenomolﬂmbmydn(wmedeI'md

babiose, F-G), trisaccharide (ﬂlmbatriooe. E-F-G), and

tives which have been exteasively investigated i
w‘ permethyl ethers,” and pertrimethylsilyl

:
g
i
it
?

Our results (Schemes 1-10) on the mass spectra of
flambamycin (44) and its derivatives show a satisfying
ot with the mass spectra of

é

other orthosomycins.® These include the mass
Destomycm-A,“ -B" and -C,”* Antibiotic A-396-1,
Hym‘y B,'* Antibiotic SS-56-C," the Bvernmom-

-D" and -2 and the Avilamycins-A and -C.”
In the stmcmnl mvesbymon of flambamycin and its

i

transitions which were obtained by defocussed mode
metastable scanming of the first field-free region. = In
order to avoid coafusing complexity in the presentation
of all this information, we have chosen,
with the exceptions of Scheme 4 and Scheme 7, not to
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indicate either (i) the formulae of fragment ions, (ii) the
detection of metastable transitions, (iii) fragmentation
pathways, or (iv) the structures of fragment cations or
cation radicals. This more detailed information is deriv-
able from Schemes 1-10. The observation of hydrogen
transfer processes is indicated in Schemes 1-10 by
asterisks

These. investigations have provided definite
|denuﬂcanonofcommonﬁ'agmentmsbyhlshmolu-

These results are summarised in Schemes 1-10 and are
most profitably considered in terms of common
cleavages (a-1).

Spectrum of flambabiose penta-acetate (1). This spec-
trum shows two modes of cleavage h and j characteristic
of a non-reducing disaccharide derived from the 2,6-di-
O-methyl-D-mannose residue F and the L-lyxose residue
G. The two cleavages h and j generate the corresponding
stabilised tetrahydropyrylium cations.

Spectra of flambatriose (2) and its derivatives (3-6).
Cleavage g involving the glycosidic C atom of the 4-0-
methyl-D-fucose residue E is observed. This leads to the
corresponding tetrahydropyrylium cations (m/e 161, 189
or 245) whose composition clearly locates and identifies
the substituents associated with C-30 and C-31 of the
4-0O-methyl-D-fucose residue E.

The same cleavages h and j identified in Scheme 1 are
observable for flambatriose hexa-acetate (3) and the
mixture of isomeric flambatriose isobutyrate penta-
acetates (6). Only cleavage h is observable in the mass
spectmmofﬂambamoua)mdonlycleavaaejmme
mass spectra of flambatriose hexamethyl ether (4) and
the isomeric flambatriose isobutyrates (5).

As expected, cleavage m of the L-lyxose residue G
with the loss of one H atom is also shown by flam-
batriose hexa-acetate (3) and flambatriose isobutyrate
penta-acetate (6). In addition, flambatriose hexa-acetate
(3) and flambatriose isobutyrate penta-acetate (6) both
show an M-86 peak due to loss of a [CH:CHOAc]
residue associated with C-47 and C48.

Spectra of flambatetrose (7) and its derivatives (8-14).
In Scheme 3, in addition to the cleavages g, h and j
ducussedechemeslandz,cluvweandkmalso
observed. Cleavage ¢ gives fragment ions (m/e 161, 189,
203, 245 or 287) which permit the identification of the
mbsumts(H.MeorAc)assmdmthR'nndR’o(
the terminal p-evalose residue D. Cleavage k (m/e 43 or
71) establishes the association of the terminal L-lyxose

(1) Flambabiose penta-acetate

Scheme 1. Mass spectral fragmentation of flambabiocse peata-
acetate (1).

W. D. OIS e ol

residue G with either an acetoxy group or an isobutyroy-
loxy group. The location of these acyloxy groups at C45
was ultimately established on the basis of (i) permethyl-
ation of flambamycin and hydrolysis (Part I, Section 4),
(ii) the elucidation of the constitution of flambeurckanose
(PartI,SecuonS).('m')‘HNMRsmdm(Pml)and(w)
3C NMR studies (Part II). However, excellent in-

Scheme 4.

w vage a: curcin (m/e 233), curacin
yl glvcoside (m/e 233), curacin O-methyl ether (m/e
247), curacin tristrimethylsilyl ether (m/e 305) and
curacin triacetate (m/e 275). These peaks are easily
identified by their iplicity and relative inteasities
which are determined by the relative natural abundances
of the **Cl and *"Cl isotopes. Cleavage a is characteristic
ohrommcestas’andmtobeasaibedtodnstabﬂny

of the acylium cation. Exactly analogous behaviour is
shown by the mass spectra summarised in Schemes 5
and 6 and in addition the anticipated cleavages b and ¢

are assignable.
: Mofmdhﬂmate(wmmmm

(25-29). The isolation and the structural ehicidation of
methy] curckanate® provided a major step forward in
thestmcumlmvemganonofﬂambmyun(PmI.
Section 7).'! This mass spectral information is sum-
marised in Scheme 7. All the fragment ions (39-41) have
been characterised by high resolution measurements and
the metastable transitions associated with the indicated
fragmentation pathways have been identified. > The
mass spectra of methyl eurekanate (24) and trideu-
teriomethyl curckanate (25) have already been compared
in Part I (Scheme 2).!

Spectra of flambeurekanose (42) and its penta-acetate
(43). The relation of flambatetrose (7, D-E-F-G) and
methyl eurekanate (24, H) to the coastitution of flam-
beurekanose (42) was fully supported by the mass spec-
tral behaviour summarised in Scheme 8. The observation
of a parent peak (m/e 1068) in 43 was particularly
rewarding and clearly demanded the presence of one
ortho-ester ing. The sequenve of residues D-E-F-

grouping.
‘G-H was revealed by the observation of the cleavages ¢,

f, g h and j. The resulting fragment ions located the
ortho-ester group between residues G and H. The evi-
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R’
Plambatetrose H
Flambstetrose hepta-acetate Ac
. Flambatetrose octa-scetate Ac
Flambatstrose heptamethyl ether Me
Flambatetrose octamethyl ether Me
“1» H
Flambatetrose isobutyral "
b Ac
Flambatetrose isobutyrate hexa-acetate Ac
+ Ac
Flambatetrose isobutyrate hepta-acetats Ac

Scheme 3. Mass spectral fragmentation of flambatetrose (7) aad its derivatives (8-14).
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(19) FPlambslactone H
{(20) Flambalactone methyl ether H
(21) Flambalactone triscetate Ac

The orthosomycin family of antibiotics—III

s

R's=
Fhmhhloie penta-gcetate Ac
Flambetriose hexa-scetate Ac

Flambstriose isobutyrate mwuf { :

Flambstetrose bepta-acetate Ac
Flambatetrose octa-acetate Ac
Flambstetrose heptamethyl ether Me
Flambetetrose octamethyl ether Me

Ac
Flambatetrose isobutyrate bm-neonu' { Ac

Flambatetrose isobutyrate bm-.mn’ { A;

(16)

The orfein of thone isomers s discuascd in Pnrt T (Section 5)! and tn Pare 1.4

Scheme 4. Complementary mass spectral fragmestation of flambabiocse peata-acetate (1), fiambatriose acetates (3
snd 6) and flambetetrose derivatives (8-14)-

TE=

b
m/e
238 33 362
47 s 376
2718 447 46

Cleavags b®* = Clesvage b with loss of one hydrogen atom

+

o +
..m‘ — Q..OR‘ — G "‘OR‘
o’ r%o or® r20

(15)
m/e
259
259
287
259
259
259
178
175
287
259
287
259

m/e
129
129
17

—

r%0

(16)
m/e
199
199

199
199
199
143
143

199

199

Scheme S. Mass spectra fragmentation of flambalactone (19) and its derivatives (20 and 21).
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(22) Methyl flambate H
(23) Methyl flambate tetra-acetate Ac

Cleavage b* = Cleavage b with loss of one hydrogen

+o

a b b* e M M - sz
m/e m/e m/e m/e
233 363 362 540 522
278 4“7 446 uSs

Scheme 6. Mass spectral fragmentation of methyl flambete (22) and its tetra-acetate (23).

dence already discussed in relation to Scheme 3 located
this ortho-ester grouping between C-46, C-47 and C-53.
Anaddlnonalargumtfwthelocmdtlmutho
grong‘was also given in a preliminary com-
munication* and in Part I (Section 8 and Scheme 1).!
&m:tmofﬂmbamych (44), fambeurckanose flam-
bate (48) and their derivatives (45-47, 45-51). The mass

§

encouraging.
peakswetenotobmed for flambamycin (M = 1418).
ﬁmentwnsofmghmmmobmved

wepemvapdmdevmm_ally

(m/e 921 and mje 679) in the mass spectrum of flam-
beurekanose flambate isobutyrate octa-acetate (51). The
satisfying correlations summarised in Schemes 9 and 10
finally emerged. Comparison of Schemes 9 and 10 with
the fragmentation patterns of Schemes 1,2, 3, 5,6 and 8
clearly demonstrated that flambamycin and its deriva-
tives (Scheme 9) produced mass spectra associated with
cleavages a, b, ¢, d, f, j and k. Fragment ions associated
wnt!n the dual cleavages [c+d] and [d+e] were also
assignable.

Corresponding cleavages a, b, d, ¢, {, j and k as well as
If+1] were also discernible in the mass spectra of flam-
beurekanose flambate and its derivatives (Scheme 10).
Themostmpomntmultwaspmvndedbythem
spectrum of flambeurekanocse flambate isobutyrate octa-
acetate (51; M= 1774). Cleavage e gives the cation (52;
mje 921) associated with the A-B-C-D.
Cleavage I gives the cation (53; m/e 679) associated with
the sequence F-G-H.

These two fragment ions (52 and 53) account for all the

(52)
m/e 921
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component C, O and C1 atoms of flambamycin
(CaHu05Cla) and flambeurekanose flambate isobuty-
rate (Co1HaoOCh) with the exception of the residue,
Ce0s, associated with C-30, C-31, C-32, C-33, C-34 and
C-35 of the 4-O-methyl-D-fucose residue E. Fortunately
residuc E is adequately included in the mass spectrs
summarised in Schemes 2, 3 and 8.

In conclusion, it may be noted that there is an overlap
of information in the Schemes 1-10 which defines the
sequence A-B-C-D-E-F-G-H in flambamycin (84) as
well as the location of all its component C atoms with
their substituents.

Epilogue. Flambamycin (34) contains the following
oxygen-containing functions which are potentially reac-
memdsmmmmmmmm
aromatic ester, one aliphatic ester, two ortho-esters, one
methyleneacetalandacemlsauocintedwiththehexoae
residues, a-bydroxy methyl ketone, one phenolic OH
group and five secondary OH groups.

It was therefore appreciated during the base catalysed
and acid catalysed transformations described in Part I
that opportunities for various transformations existed.
These possible transformations included, for example,
(a) hydrolytic cleavage of an ortho-ester and reformation
of a different ortho-ester, (b)O-O-acylmanou,(c)
interconversion between acetals. These circumstances
provided the possibilities that there were not direct struc-
tural correlations between precursors and products in
some of the following transformations:

(i} Flambamycin - Flambeurekanose

(ii) Flambamycin-» Methyl flambate

(iii) Flambamycin— Flambeurckanose flambate isobu-
tyrate

()

(9Me (u)MeOCH

1009

(iv) Flambamycin - Des-isobutyroyl lambamycin

(v) Basc catalysed O-methylation of the above trans-
formation products

(vi) Base catalysed or acid catalysed acetylation of the
above transformation products.

Firm structural evidence has been provided in Parts I,
1I and HI for the constitutions of flambic acid (A-B-C),
flambatetrose isobutyrate (D-E-F-G), eurckanic acid
(H). Their empirical relation to flambamycin is sum-
marised by Scheme 11.

It has been firmly established that (i) the phenolic OH
group at C-1 and the a-hydroxy CO group at C-56 exist
as such in flambamycin and its transformation products
and (i) the isobutyroyloxy group is located at C45 in
flambamycin. Thus, in the derivation of all possible
structures for flambamycin as depicted in Scheme 11,
one is concerned with the creation of two ortho-ester
groupings by the elimination of 4H,0 from the two car-
b 1yl groups (C-16 and C-53) of flambic acid and eureka-
nic acid respectively and the eleven alcoholic OH groups
Jocated at C-12, C-18, C-20, C-23, C-4, C-25, C-30, C-38,
C-46, C47 and C-57. There are twenty different struc-
tures containing two ortho-esters groupings which can, in
principle, be generated by the elimination of 4H.O be-
tween two different carboxyl groups and six different
OH groups. The initial decision which therefore has to be
made is which six of the eleven positions bearing O
atoms arc involved in the fwo ortho-ester groups
containing C-16 and C-53. Evidence for the fo!lowmc
triads is as follows:

() H-C.~OH. This is established by the constitution
ofu:racm(Pml,SecuonZ),theasmd"Cchemml
shifts to C-11 in flambamycin and its derivatives (Part 11,

(3)Me0 Q==-{3» F 36 & G ) "“0 (o]
38 37,

COMe(so)
)

(on
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Rl- Rz- e
m/e
{44) ! Flambamycin H COCHMe, 233
(45) Flambamycin hexa-acetats ~ Ac  COCHMe, 275
(46) Des-sobutyroyl flambamycin H H 233
(47) ' Des-iscbutyroyl flambamycin ~ Ac Ac 275
hepta-acetate

Cleavage b* = Cleavage b with loss of ane hydrogen atom
Cleavage f* = Cleavage f with gain of one hydrogen atom

b
m/e

447
363
447

b.
m/e

362

362

[c +d]
m/e

129
171
129
17

d
m/e

508
634

{d +'e]
m/e

143
185
143
138

.
m/e
637°
679*
567°

Scheme 9. Mass spectra fragmentation of flambamycin (44) and its derivatives (45-47).
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m/e
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/4 ~OH
H
COMe
(o]
g
d 'y t° | kK [t+1)°
m/e m/e m/e m/e mfe m/e
(8) Flambeurekanose flambate H H H 233 363 362 508 567* 331 351
(49) Flambeurekanoae flambate .
" isobutyrate H H COCl-lMe2 233 363 362 508 637° 401 71 421
(50) Flambeurekanose flambate .
isobutyrate hepta-acetate Ac H COCHMe2 278 47 679° 401 71 463
(51) Flameurekanose flambate
i1sobutyrate octa-acetate Ac Ac  COCHMe, 275 447 921 679* 401 71 463

Cleavage b* = Cleavage b with logs of one hydrogen atom
Cleavage f* = Cleavage { with gain of one hydrogen atom Cleavage [f +1]* = Cleavage [f +1] with gain of one hydrogen atom
Scheme 10. mmﬂﬁmuﬁmoiwmhﬂm(mndiuduinﬁvu(&a)‘
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Flambic acid Flambatetrose isobutyrate Eurekanic acid
C1H55C1201 C31H5¢019 CoH 140y
+ +
0611488012033 4H20
Flambamycin
Scheme 11.

Table), and the mass spectral cleavage b (Schemes 9 and
10).

(ii) H-C:s—OH. This is established by the coastitution
of flambalactone (19) and methyl flambate (22), the
assigned "*C chemical shifts to C-17 in flambamycin and
its derivatives (Part II, Table), and by the mass spectral
cleavages d and [c + d] (Scheme 9).

(iii) H-C»-OH. This is established by the isolation of
medlzl 2-0-methyl-D-evalopyranoside (Part I, Section 4),
the “C chemical shift of C-22 in flambamycin and its
derivatives (Part II, Table), and by the mass spectral
cleavages d and [d +¢] (Scheme 9). :

(iv) H-Cx~OH. This is established by the isolation
methylZ,#di—O—methyl—D-fucopynnow(Pml,Secﬁqn
4) and the “C chemical shift of C» in flambamycin
hexa-acetate (Part I, Table).

(v) H-Cx~OH. This is established by the isolation of
methyl 2,3,6-tri-O-methyl-D-mannopyranoside (Part I,
Section 4) and the mass spectral cleavage f (Scheme 9).

This evidence (i-v) excludes the involvement of C-12,
C-18, C-23, C-30 and C-38 in the ortho-ester groups.
Therefore the ortho-ester C atoms (C-16 and C-53) must
be linked via O atoms to the remaining six positions
involving C-20, C-24, C-25, C46, C47 and C-57. In
flambeurekanose flambate (48) and its derivatives (49-51)
it is firmly established that C-16 is linked to C-25 by an
ester group. Furthermore, the second ortho-ester must
involve ethereal linkage of C-53 to C-46, C47 and C-57.
This is fully confirmed by the methylation studies (Part 1,
Section 4) and mass spectral behaviour (Schemes 9 and
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