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Abstract  B.epr-cerythronolde B (4) has been 1solated as a product formed from the acsd treatment of
erythronobide B (3) When this compound was fed to a blocked mutant of the erythromycin producing
organism, Sireplomicetes enthreus (Abbott INU15Y), nearty quanttative yields of 3.O0dat-
mycarosyl)-B-epe-crythronobde B (10) were obtaned The much desired 8-epe-erythromycins (2) were

not reahzed

Recent years have scen an expansion of studies on
the macrolide youpo(mtibio(icsnpanofm
increasing interest in altenng the biological activity
of this family of natural products. The modifica:
tion of the erythromycin group of macrolide ant-
biotics (1) has been under study in our labomatory
for several years. We are fortunate 1n having a
ready supply of several biogenetic precursors and a
number of point blocked mutants of the erythro-
mycin producing oOfganism Stireplomyces erw
threus, which do not synthesize lactone precursors
but are capable of converting diogenetic inter-
mediates into erythromycins. One approach we
have used o attempt to produce new novel macro-
lide antibiotics has involved the feeding of modified
eogenetic precursors to these blocked mutants.
The report of Celmer' that 8.8a-decoxy-8-e¢pi-
olcandomycin, a l4-membered nng macrolide
antibouic similar to erythromycin, had consider-
able more activity against erythromycin resistant
strains of Staphviococcus aureus than the opposite
(-8 configurational 1somer increased our interest in
synthesizing the 8-epi-erythromycins (2).* Early
work by Perun' suggested that under suitable
conditions the acid catalyzed transformation of the
aglycone of erythromycin B, erythronolide B (3).t
might lead to formation of 8-epi-erythronolide B
(4). a poasible substrate for transformation by
blocked mutants. This paper 13 concerned with the
fomulxm 1solation, and xknuﬁcauoo o( 8-ep1-

'Aﬂctcotnpktmo(lhnm uwbqunnlpn.blm
ton by Celmer’* reversed carty configurational mssign-
ments and thereby attnbuted the increased activily againt
resistant strans to an nsomer with natural (-8 con.
figuratron

*The configurational notatron of macrobdes used in
thus paper s different from that used previously at poes.
bons 3.6, 10 and 13, Thes change at the inward directed
boads has been made to conform to the aotatioa used
by Celmer **

erythronolide B (4) and its metabohc fate in
fermentations of blocked mutants of . ervihreus.

Perun’ observed that the treatment of erythrono-
lide B (3) with methanolic hydrochlonc acid results
in a compiex mixture of products. Modification of
the carly conditions gave a crystalline matenal
which when examined by T1.C showed the presence
of three mayor components and a fast moving trace
substance. Companson with authentic samples
enabled the identification of starting matenal (3) and
8.9-anhydroerythronolide B 6.9-hemiacetal (5).*
The trace component, although not isolated, was
thought to be the dienol ether 6. The substance that
migrated slightly ahead of erythronolide B (3)
remained unidentified.

The unidentified matenal, C,,H,,0;. 1solated by
chromatography. showed UV absorption at 283
nm (e47). The compound, later found 1o be 8-¢pi-
erythronolide B (4), gave an IR spectrum which
showed OH (3480 and 357S cm ') and CO (1705
cm ‘) absorption. The work of Perun' and the
identification of 8.9-anhydroerythronohde B 6.9-
hemiacetal (S) in the acid catalyzed reaction mix-
ture suggested that the new substance might be
epimenic to 3 at C-8. Epimenzation of C-8 would be
casily accommodated cvia the enol ether §. Treat-
ment of 4 with glacial acetic acid gave 8.9-anhydro-
erythronotide B 6.9-hemiacetal (5) and starting
matenal in addition to smaller quantities of ery-
thronobkde B (3). These results venify the early
supposition that the new compound probably
differs from 3 at C-8.

The NMR spectrum of 4 1n pynidine-d, (Fig 1)
was typical of those obtaned for erythromycin
aglycone denvatives and very similar to that of
erythronohide B (3). The ('-Me resonances consist
of five doublets. one tnplet, and one singlet, and
the resonances of four nng protons (H-3, H.S.
H-1]1 and H-13) are observed downfield of 40
ppm. These observations clearly indicate that the
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Fig 1

aglycone carbon skeleton has been unchanged and
the acid catalyzed degradations previously en-
countered with erythronolide B? have not occurred.

A comparison of the chemical shifts and couphing
constants of the ring protons of 4 with those of ery-
thronolide B (3) (Table 1) shows that both agly-
cones have the same number of ring protons and
the same substitution. For example. the doublet
H-$ resonances indicate that C-6 must be tertiary
in both compounds. The chemical shift of reson-
ances attnbutable to H-8 and H-10 indicate that a
C-9 ketone is present, and the chemical shifts of
H-2 and H-13 offer evidence that the lactone CO is
unchanged and lactonization is maintaned at (C-13.

The above results rule out any major structural
modification of the aglycone ring and lead logically
to the conclusion that 4 and 3 differ only in the
coafiguration of one or more asymmetnc centers.
Fxamination of Table | reveals a number of

Table | NMR parameters of crythronohde B (3)

and 8.¢p1-crythronobde B (4)
Chemucal shufts® Coupling constants
ppm He
3 4 3 4
M2 3 08 103 Jos 10 4 10 ¢
H3 418 417 I, 13 1
H4 2 66 189 J,, 29 1
M a4 4 00 Joare 142 142
H7a 238 24 Jean T4 102
H.7¢ 1 8l 209 ) JOON 64 21
H-8 31 1% J.,. 20 ]
H.10 1200 29 Juas 100 100
H-11 448 447 o 12 22
H12 17 17
H- 13 <92 )

*Determuned from C,D,N solution at ambecnt
probe temperature after addition of sufiaent DO
to remove OH revonances

J R Mantis et al

20 ) 5

NMR spectrum of 8-¢pi-erythronobde B (4) 1in pyndine-d, solutwn.

significant changes in chemical shifts and coupling
constants which could conceivably anse from
epimenzation. However, since these differences
can anse from both configurational and conforma-
tional changes, both factors must be considered
before any conclusions can be reached.

The magnitude of J,, and J,,,, remain large
indicating that the ansu-peniplanar relationships
between the interacting protons knpown to be
present 1n ¥ have not been altered in 4. This
suggests that the configurations of -2, C-3,C-11,
and C-12 are also unchanged. The consistency of
the chemical shifts of these protons confirms that
the configurations of these centers have been un-
altered and no significant change 1n conformation
has occurred in the corresponding nng segment.
Numerous differences are seen in the C-4 10 C-10
rnng segment localizing the epimenzation(s) in
this portion of the aglycone.

The asymmetnc centers a to the (-9 CO group
are the most likely sites of epimenzation under the
cxpenmental conditions employed and of these C-8
is indicated through the possible intermediacy of
8 9-anhydroerythronolide B 6,9-hemiacetal (8).5-¢
The chemical shift and couphing constant data for
4 compared to 3 confirm this suppouition and also
reveal a conformational change following epi-
menzation.

The conformation of erythronohde B (3) which
has been determined by NMR and CD) studies®
(F1g 2a) places the C-B Me group in an oncntation
which does not suffer any conformationally un:
favorable 1interactions However, epimenzation
of C.8 without concomitant conformational re-
orgamzation (Fig 2b) places this Mec into a sya-
penplanar relationship with the 6-Me group. This
unfavorable relationship can be removed by con-
formational rcorganizations which involve rotations
of the C-6 subsutuents cither “inward™ or “out-
ward” from the center of the aglycone nng with
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Fig Photographs of Framework Molecular Model
comtructions of aglycone coaformationas  Sobd hnes
represent (-C and C-H bonds while outhned hines
represent (-0 bonds. The poution of nag protons
pven by the appropnate numbers Protons associated
with methyl and hydroxyl groups are not shown for
clanty (a) The sotution conformation of erythronolde
B (3 (b) The equivalent conformation of 8.-¢pi-crythro.
nobde B (4) (¢) The swoluton conformation of 4 incor
pocating a conformational reorganization

corresponding opposite rotation of the 7-methykenc
group These rotations twist the (-6 to -9 segment
of the nng and remove the 1ya-periplaner relation-
ship between the €-6 and C- 8B Mc groups.

A c¢onformatonal reorganization involving the
C:6 10 C9 nng segment has previously been en-
countered 1n the case of 11l-acetylerythronolide
B (7)* In this compound the reorganization has
been shown to involve the “inward™ rotatson of the
C-6 OH group with a corresponding “outward”
rotatron of the 7-methylene group resutting 1in a
flattening of the -6 to C-9 nng segment.

A similar recrgamization in the case of 4 (Fig 2¢)
1s consistent with the NMR data (although these
data do not ngorously ruke out an altermate re-
organization)  This  reorganization  offers  good
evidence that C-8 epimenzation has occurred and
supplicd the necessary dnving force The couphings
of H-8 1n 4 with the lowfield and highfield 7-
methylene protons are 10 2and 21 Hz respectively
and are those which would be predicted from Fig
2¢. These couplings are, however. the opposite of
those observed with the |1-acetate 7(3 2and 11-6
Hz respectively) which also assumes a conforma-
ton analogous to big 2¢. The reversal of the
magnitudes of the two couplings 1s totally consis-

m fermentations of Streptomyces ervihreus 917

tent with C-8 epimenzation. This interpretation
requires the assumption that the downfield 7-
methylenc proton resonance in the spectra of
both compounds (Table 1) anses from the same
proton (H-7a).

The significant change 1n the chemical shift of
H-4 1n 4 compared to I can be attnbuted to a
decrease in the stenc deshielding ansing from the
7-methylene group when this group is rotated away
from the center of the nng. An analogous upfickd
shift of H-4 was observed in the spectra of 7 but
was of a smaller magmtude suggesting that .8
cpimenzation also has a sigmificant effect. A de-
crease in the stenc deshiekding of H-10 by the 8-Me
group of 41s responsible for the upfield shuft of this
nng proton Changes in the remaining nng proton
coupling constants are munor and a result of addi-
tional shght reorganizations required to accom-
maodate the flattening of the C.610 C 9nng segment.

Finally chemical evidence has been obtained to
ngorously ehiminate the possibihty of epimenza-
tion at centers other than -8 It has been sugges-
ted’ that there 1s a definite posuibility of an inter-
conversion of $ 1o 8 v a prototropic shift thus
accommodating a posublke (10 epimenzation.
Since acetic acid treatment of 3 and 4 results 1n
the 1solation of the same enol cther $ as evidenced
by wdentical TLC mobility, IR and NMR spectra.
C-10 epimenzation in 4 can be ruked out.

The addition of B-epi-erythronolide B (4) to
fermentations of carly blocked mutants of §.
enthreus, capable of converung known erythro.
mycin macroldde progemitors o the complete
anubiotic, drd not result in significant anttmicrobial
activity in whole fermentation broths The examina-
ton of the broths indicated that the added 4 was
missing and that a new, mapor faster moving com-
pound was present along with several very minor
components usually found 1n normal broths.

The new compound was casily 1solated by column
chromatography of the crude yellow il obtained
by cthyl acetate extraction of the clanficd broth.
The solated white crystalhine substance gave an
clemental analysis that indicated C; H,0,, as the
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molecular formula. This was substantated by the
mass spectra which showed a small molecular ion
peak at m/e 546 that was venfied by metastable
defocussing. In the IR spectrum the lactone band
at 1708 cm ' was consistent with the presence of
the intact macrolide nng.

Examination by T1.C of the products formed by
mild acsdic methanolysis of the compound showed
the presence of B-epi-erythronobde B (4), ery-
thronobde B (3), 8.9-anhydroerythronolide B 6.9-
hemiacetal (5). and the a and 8 anomers of (-
methylmycaroside. Treatment of 3-O(a-1 -mycaro-
syDerythronolide B (9), which was available from
a previous study.® under the same conditions gave
an dentical spectrum of products although n
different ratios. At this point it was obvious that the
8-epierythronolide B (4) added to the 5. e
threus fermentations had been glycosylated with
mycarose. From biogenetic considerations this
was not uncxpected and further suggests that the
-3 OH group of 4 was the probable point of sugar
attachment.

Companson of the NMR spectrum of the metab-
olite (10) with that of 3-(Xa-1-mycarosyllerythro-
nolide B (9) clearly indicated the addition of the
mycarose moiety. Most conclusive was the obser-
vation of a resonance at $:03 ppm attributable to
the anomenc H-17 proton of mycarose (5 08 ppman
9) In addiion, resonances of sugar nng protons
H-4" and H-%" were present at 297 and 395 ppm.
respectively  Unfortunately scvere resonance
overlap of the aglycone nng protons prevented
clear observation of the resonances of H-8 and the
T-methylene protons which would be required to

determune the (-8 stereochemistry. Although the
spectrum 1s very similar to that of 9. there are
subtle changes in the chemical shifts of observable
protons consistent with the expectation that the
metabolite is 3-(Xa-1-mycarosyl)-8-epi-crythrono-
hide B (10).

Molecular rotatson differences between glyco-
sides and their aglycones have been useful in
determining glycossdic bond configurations 1n the
macrolide senes.®' The [M], difference between
3.0-(a1 -mycarosy)8-epr-erythronolide B and
8-eprerythronolide B is 289 This 1s very close
to the [M], difference ( 284°)* between 3-Oo
1 -mycarosyl)-erythronolide B and erythronobde B
and provides evidence that the anomenc con-
figuration of 1015 a The NMR coupling constants
for the anomenc proton (J,o3. - 3'S Joge-— 1)
confirm the a configuration.

The conversion of 4 1o 10 involves the addition,
tig a glycossdic hnkage, of mycarose te the (-3
OH of the macrobde nng. The participation of
mycarose instead of cladinose 1s reasonable since
this mimics the reaction sequence occumng dunng
normal erythromycin biosynthesis.*’ The blocked
mutant 8. ervthreus (Abbott 2N Ui 143 wall normally
convert 25 mg of erythronolide B (3) in 100 ml of
fermentation medium to erythromycin A (1a) in
120 hr. TL.C examination of fermentation broths
of this same stran fed 8-epi-erythronolide B (4)
indicates  approximately the same mycarosyl
glycosrdation rate. It would appear from the high
yickds achicved in the conversion of 4 to 10 that
the enzyme(s) responsible for attachment of mycar-
ose do not recognize B-epr-erythronolide B (4) as
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an unnatural substrate. By analogy we assume that
the attachment of 1

2

.......... g
amino sugar mosely desosamine have much more
restncted substrate specificity requirements.

It should also be pointed out, however, that one
must also be cogruzant of the possibility that small
quantiies f B-epr-erythromycin B (2) may have
been produced but that the matenal 1s inactive of
has very low activity aganst the test micro-
orgamsm cemployed. In any case. the apparent
stnct substrate requirement for compkete glyco
sidation may preciude the generai use of biocked
mutants to prepare modified erythromycins tia
a  chemical-biological  route  using  chenucally
modificd crythronolides. However. these results
do not rule out the possibility of prepanng interest-
ng mycarosyl glycosndes from chemical or bio-
logical denved modified macrolide aglyconcs.

EXPERIMENTAL

General M ps, determuned with a Thomas: Hoover
Un-Meclt, are commected UV spectra were recorded for
9¢% FIOH solns with a Cary Model 11 spectrophoto-
meter Optical rotations were measured in McOH with a
Hilger and Watts polanmeter [R spectra were recorded
on CIXL, solns with a Perkun-Elmer Model $21 instru-
ment NMR spectra were oblaned at 100 MHz uung a
Vanan Associates HA 100 spectrometer  Chemical
shifts are reported 1n ppm (8) downfickd from internal
IMS  Coupling constants were oblaned by direct
measurement and arc reported 1n Hz NMR parameterns
were determined from first order analysn and chemecal
shuft and coupling constants asugnments were confirmed
by appropnatc spin decouphng cxpenments whenever
possible TL.C was performed on Merck Sila Gel G
after Stahl using 93% EtOH CHCL | 10 as the develop
ing swolvent unless noted otherwine Compounds were
visualized by spraying with the arenomaolybdate reagent
of Nebson * Silica gel foe column chromatography was
that of Merck, 70-230 mesh

R.cpy-brvihronolide B (4) A soln of 3(20g) m $Sml
FIOH and 27 Sml 0 IN HCI was allowed to stand at
ambicnt ar temp for B 10 dayy Evaporabon under
reduced pressure gave a coloriess, crystaline resudue
1 “g) which by TIC showed starting matenal (Rf
027-0133) and two other major substances (Rf 0 3¢
030,047 0 ¢%) of nearly equal quantiies as adjudged by
their intemuty with Nebson reagent Abho observed in
ome preparabions was a fast moving trace component
(R 0 63 0 69) thought 1o be the dienol ether 6 The com
ponent with Rf 047 0 9% was found 1o be § by com.
panson with an authentic sampie ¢ The only unidentified
matenal mn the nuxture (Kf 0 3¢ 0 &) was 1solated by
chromatography on a ubca gel column (3 $ = ¢ cm) pre
pared 1n ( H, and cluted with increasing concentratsons
of McOH 1n C(H, Although most of 3 and 4 were eluted
together a number of fractions contaned only 4 Con-
centration and recrystallization of these fractrom from
McOH-H,O gave 279 mg of pnims of broad mp 170 -
177 (alpr 817 (¢ 1 OMcOH), NMR sce Table | The
UV absworption spectrum had a sunghe peak. A max 283
mu. ¢« 47 The IR spectrum showed bonded and free
absorption at 3480 and 3979 ¢m © and () absorptron at

919

1708 ¢m * (Found .62 39 H, 9 ¢7 Cak for (,.HL0O.
C.6266 H.9 %)

8.9 Anhvdroervihronolide B 69 -hemuacetal 18 from
Bep ervthronolide B 14) Compound $ was prepared
from 4 by modification of the conditions employed by
Kurath and Egan* for the preparation of $ from 3 A soin
of 265 mg of 4 1n glacial AcOH (2 ml) was allowed to
stand at ambeent temp for 6 hr The muxture was slowly
added to S0 ml of cold excess NaHC (), aq and then
extracted with CHCL The CHCL, extract was washed,
dned (MgS0),). and evaporated lkeaving a pake yellow
froth (2¢8 mg) Examunation of the matenal by T1 ¢ and
companson with authentic samples showed the presence
of staruing matenal (4). $ and a trace of 3 The froth was
chromatographed on a umixa gel column (2 ¢ - 32 ¢cm)
prepared in CHCL Elution with increasing concentra-
tions of McOH 1in CHCL, gave $ an ;] (42 mg), wdentcal
with an authentic sampic prepared by Kurath® (IR and
NMR) Further clution yielded starting matenal (4) as
needles (SImgimp 167-178°

Buwlogical conversion of Reprenthronolide B (4)
to YO ‘a1t myvcarosvly Bepr-ervthronolide 8 (10) The
genceral procedures and fermeatation condibions have
been previously dewcnbed © '* In a typscal expenment
fincly divsded 4 (200 mg) was cqually distnbuted into 8
$00 ml Erfenmeyer fermentation flasks cach contaning
$0 ml of a 48 hr culture of the blocked mutant S ervthreus
(Abbott INLU143), The charactenstics of thas strun have
been previously dewnbed * Incubation wath shaking
was continued for 144 hr, then the fermentation broth
was clanfied as usual ¢ The clanfied broth of pH = ¢ was
extracted two times with 1/2 volumes of EtOAc The
combincd cxtracts were washed two imes with water and
dned (MgSQO,) Concentratxons gave 246 mg of viscous
yellow o Fxamunation of the o by Tl ¢ showed ab.
sence of starting matenal 4 and presence of a major fast
moving substance of Rf 0 33 0 40 The o1l was chromato-
graphed on a column of ubca gel (20 » 3¢ ¢cm) prepared
in CHCL  Flubon with increasing concentrations of
McOH 1n CHCL, cluted fractions contamng the com-
ponent with Rf 033 0 40 These fractions were concen
trated to dryness ywelding 181 mg of pale yellow ol
Crystalization from EtOOAc-hexane gave 142 mg of 10
as codorless needles, mp 198-200°, [a)-112° (« 10
McOH). NMR (CIXCL, €49 3 <0 (H-13, J,;,, - 1.
Jowe Ctand 99, SOV (H1" J,,.— 3 S — D,
VOt (M 8 J,.,.—99, 3% (HY and HIL. ), -
Sy =100 0y, - )y -V (HS, ), - D, 29T
(H.49, 2729 (H2. HB, H.10), 232 (H4., 1137
(S CH (6. CHO 2TV CHY

Methanoh s of 3-O-ta v mycarosvl)-B-epr ervthrono
hide B (19). The glycorsde 10 (1 mg) was treated for Y hr
with 1% HClLin MeOH (0 2 mD and the products com
pared by T1 (' with authentc samples of 3. 4, 8, and o
and g1 -methylmycarossde A similar quantsty of 9 was
treated and examined n a hke manner The TLO was
carmed out on Merck Sibca Gel G uung the following
solvent systems: CHCL-95% FtOH, 10:]1, CHCL,.
CoHe-MeOH-NH,, 80 20 8 8, (H,CL-95F aqucous
McOH-NH,. 90 10°1 Methanolyus of 9 and 10 both
gave an Wdentcal array of products as hsted ahove As
expected. the only difference noted was the ratio of the
indhvadual hydrolyt components
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