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MODIFICATION OF THE MACROLIDE ANTIBIOTIC MIDECAMYCIN
III. FORMATION OF NEOISOMIDECAMYCIN
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Treatment of 9-trichloroacetylmidecamycin with aqueous alkali gave an isomer of mideca-
mycin (neoisomidecamycin), in which one double bond underwent allylic rearrangement. The
formation of neoisomacrolides was dependent on the nature of protective groups and conditions
of deprotective reaction. Treatment of 9-trichloroethoxycarbonylmidecamycin with Zn/
acetic acid resulted in no allylic rearrangement.

In an attempt to replace the C-4” propionyl group of midecamycin (I) with other acyl groups, the
C-9 hydroxyl group of 4”’-depropionylmidecamycin® was protected with a trichloroacetyl group followed
by acylation of the C-2° and C-4” hydroxyl groups. After deprotection of C-9, the products
isolated turned out to be composed of an almost equal mixture of two components. One was the
product expected and the other was found to be a

product unexpectedly formed via allylic rear- Fig. 1. HPLC of the product obtained by alkali
treatment of Ia.

rangement involving one double bond. This Column: Develosil ODS-7 (4.6 mm x 250 mm).

type of allylic rearrangement has not been ob- Mobile phase: CH;CN - CHzOH - 0.2 M CH,COO-
served in the macrolide series so far, therefore we NH;-H;0, 45:15:5:35. Flow rate: 1.0 ml/minute.
proposed the name ‘“‘neoisomidecamycin”. This

paper deals with the preparation, physico-chemi- UV 254 nm h J\[__

cal properties and biological properties of neo- m
isomidecamycin (II). The effects of various pro-

tective groups and/or deprotecting agents on the
formation of neoisomidecamycin are also dis-
cussed.

Preparation, Isolation and Properties of A
g s s Neoisomidecamycin
Neoisomidecamycin LN | [ micecanyein
First, the C-9 hydroxyl group of I was acyl-
ated with trichloroacetyl chloride which was

chosen because of its easy introduction and

smooth removal without affecting other sensitive Injection

parts of the molecule. After treatment with mild

alkali, products were isolated by the use of silica N\‘M
gel column chromatography. They were seem- RI

ingly homogeneous on TLC (SiO,, benzene - ace-

tone, 2: 1), but the PMR spectrum of the product 0o T30 20 30
showed two methoxy signals closely spaced at Retention time (minutes)
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3.55 and 3.57 ppm, with almost equal intensity. HPLC analysis of the product (Fig. 1) showed practi-
cally a single peak A (I) when detected with a UV detector at 254 nm, but an RI detector clearly revealed
the presence of a second component B as well as midecamycin. Separation of the two components
from each other was rather difficult, but was accomplished by silica gel LC coupled with semi-prepara-
tive HPLC on Nucleosil 5C,;.

time and physico-chemical properties.

The component A was identified as midecamycin from its retention

Structure of Neoisomidecamycin

Compound B showed a molecular weight and molecular formula identical with those of mideca-
mycin. Further, properties of B (Table 1) were very similar to those of midecamycin with the exception
that component B showed end absorption in the UV spectrum. The only major difference in the PMR
spectrum between midecamycin and B appeared in the region of olefinic protons, as shown in Fig. 2.
These results suggested that compound B was an isomer of midecamycin involving a change in its diene
system. Physico-chemical properties of 4”"-acetyl derivatives, Ig and IIb are also shown in Table 1.

As for the isomerization of the diene alcohol system in 16-membered macrolides, isomacrolides such
as isoleucomycin are already known to exist®, in which two conjugated double bonds have undergone

allylic rearrangement. Neoisomidecamycin could readily be differentiated from isomidecamycin, be-

Table 1. Physico-chemical properties of I, Ila, Ig and IIb.
i | IIa Ig IIb
Appearance Crystal Powder Crystal Powder
mp 153~ 158°C 114~116°C 142~ 146°C 125~131°C
UV (EtOH) Zmax 232 nm End absorption  Zmax 232 nm End absorption
(¢ 26,400) (¢ 27,000)
IR  (KBr) Very similar Very similar
MS Identical (M*: 813) Identical (M*: 799)
[ali (¢ 1.0, EtOH) —67° —53° —63° —54°
Rf: Silica gel TLC 0.45 0.47 0.65 0.67
(CHClg - MeOH, 15: 1)
PMR (100 MHz, ppm in CDCly) | -NMe: 2.54 -NMe: 2.54 -NMe: 2.54 -NMe: 2.54
-OMe: 3.55 -OMe: 3.57 -OMe: 3.55 -OMe: 3.57
-CHO: 9.64 —-CHO: 9.62 -OAc: 2.17 -OAc: 2.16
-CHO: 9.64 -CHO: 9.64
Fig. 2. PMR spectra of I and IIa (100 MHz, CDCly).
1 Midecamycin (in part) TM™MS

' 7H 10
H-H {]
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Chart 1. Structures of midecamycin (I), neoisomidecamycin (IT) and isomacrolide (III).

~CH3

0 OH
OR
Hyt\ 3
I : Ry=R,=H, Ry=COC,H 0 B ¢
1= Ra > R oHg L Ila : R=COCyHg CH
Ta: Ry=COCCl3, Ry=H, Ry=COC,Hg 3 b : R=COCH; d
Ib : Ry=COOCH,CCl3, Ry =H, Ry =COCoHg
g i
Tc: Ry=Si—CCHy, Ry =H, Ry= COCHg
CH3 CH3
Id: Ry=Ry=R3=H
le : Ry=COCCl3, Ry=R3=H
If : Ry =C0CCl3, Ry =Ry = COCHg
Ig: Ry=Rp=H, R3=COCH3 OH
t\JC0Czs
CH3

cause isomidecamycin should show a UV absorption similar to that of I.  Since compound B showed end
absorption in UV spectrum with retention of two double bonds, the most probable structure of compo-
nent B satisfying the above properties was structure Ila possessing 9,12-diene-11-ol instead of 10,12-
diene-9-ol system which could be formed via allylic rearrangement involving only one double bond as
shown in Chart 1.

Neoisomidecamycin (II) was the first sixteen membered macrolide possessing a non-conjugated
diene system, although allylic rearrangement itself has been known to occur often in allylic esters®.

Effect of Protective Groups on Formation of Neoisomidecamycin

Protection and deprotection of allylic hydroxyl group of macrolide antibiotics was thought to be
one of the fundamental processes in their chemical modification. In order to get high yields, it was
necessary to find the effect of various protective groups and/or deprotecting agents. Several protective
groups were selected and tested to determine if allylic rearrangement occurred during deprotection of
midecamycin derivatives. The ratio of a normal product, midecamycin, and a rearranged neoisomideca-
mycin was determined by densitometry on TLC (SiO,, chloroform - methanol, 15: 1, without UV indi-
cator) and the results are listed in Table 3. It was surprising that neoisomidecamycin was rather readily
formed either by aqueous alkali, acid or even silica gel. However formation of neoisomidecamycin
alone has not been recognized so far. Easy formation of neoisomidecamycin during silica gel column
chromatography made the purification of the C-9 acylated or silylated derivatives rather difficult. On
the other hand, deprotection by methanolic ammonia or 10 % aqueous pyridine did not give any neoiso-
isomer. Trichloroethoxycarbonyl derivative gave also the normal product when treated with Zn/acetic
acid, but it did give neoiso-isomer when treated with aqueous alkali or even after silica gel column chro-
matography. Of particular interest was the fact that neoiso-isomer was formed also by the treatment of

9-(¢-butyldimethylsilyl) derivative with acetic acid.
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Table 2. Antibacterial spectra of I, Ila, Ig and IIb.

MIC (pg/ml)
Test organisms

| IIa Ig IIb
Staphylococcus aureus 209P JC-1 0.39 0.39 3.13 3.13
Staphylococcus aureus Smith (1) 0.78 0.78 6.25 6.25
Staphylococcus aureus No. 26 1.56 1.56 6.25 313
Staphylococcus epidermidis ATCC 14990 0.78 0.78 3.13 3.13
Staphylococcus epidermidis N-0026 1.56 1.56 1.56 0.78
Streptococcus faecalis ATCC 8043 0.78 0.78 3.13 1.56
Bacillus anthracis No. 119 0.78 0.39 0.39 1.56
Bacillus subtilis ATCC 6633 0.78 0.39 1.56 313
Salmonella typhi O-901-W =100 >100 >100 =100
Salmonella enteritidis No. 11 ‘ 25 25 25 25

Inoculum size: 10° CFU/ml
Medium: Nutrient agar (Difco)

Biological Properties of Neoisomidecamycin (IIa)
The antibacterial spectrum of Ila is listed in Table 2 with that of 4”-acetyl analog (IIb). The activity
of IIa was essentially identical to that of midecamycin. This indicates that the position of a double
bond in the lactone ring did not effect bioactivity.

Discussion

Stereochemistry of the 11-hydroxyl group in IT was not known, but it was likely to be on the same
side of the lactone ring as original compound because allylic rearrangement was considered to take place
via carbonium ion pair system followed by hydrolysis*. Neoisomacrolide (IT) was structurally an inter-
mediate between normal macrolide I and isomacrolide III. But upon treatment with dilute hydrochloric
acid, IT was smoothly converted to I, but not to III. Therefore, neoisomacrolide and isomacrolide
seemed to be thermodynamically unstable. Isomerization of the allylic system is summarized in Fig. 3.
Since I, with free C-9 hydroxyl group, did not give II under the same basic condition, removal of the
protective group was considered to play an important role in the formation of neoisomacrolide. In
view of our results, one must carefully analyze the deprotective reaction of allylic alcohol, because HPLC
and TLC analyses based on the UV absorption could possibly miss the formation of neoiso-isomer.

Fig. 3. Isomerization of allylic system.

+
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Experimental

Selective Protection of the C-9 Hydroxyl Group of Midecamycin (I) or 4”-Depropionylmidecamy-
cin (Id)

Midecamycin (I, 1 mmole) was dissolved in 20 ml of benzene containing 2 ml of pyridine. To this
was added dropwise acyl chloride or alkylsilyl chloride (1.1~ 1.5 mmole) dissolved in benzene (2 ml)
and the mixture was stirred for 15~ 30 minutes at room temperature. The reaction was monitored by
TLC. After usual work-up, 9-acylated or 9-silylated product (Ia~Ic) was obtained in a practically
homogeneous state (~909%;). Following compounds were prepared :

9-Trichloroacetylmidecamycin (Ia): Glass, mp 123~ 125°C (dec.), [a]}* —80° (¢ 0.5, EtOH), Anal.
Found: C 53.58, H 7.20, N 1.249%, Calcd. for C,;HgNO,Cl;: C 53.82, H 6.93, N 1.46 %.

9-Trichloroethoxycarbonylmidecamycin (Ib): Glass, mp 125~ 129°C, [a]¥} —80° (¢ 0.5, EtOH),
Anal. Found: C 53.05, H 6.81, N 1.18 9, Calcd. for C,;Hs&NO,,Cl;:  C 53.41, H 6.93, N 1.41%.

9-t-Butyldimethylsilylmidecamycin (I¢): Glass, mp 125~ 129°C, [a]}} —75° (¢ 0.5, EtOH), EI-MS
(m/z) 927, Anal. Found: C 69.50, H 9.12, N 1.39%, Calcd. for C,;HsNO,;Si: C 60.81, H 8.80, N
1.519%.

9-p-Nitrophenyloxycarbonylmidecamycin was also prepared by treating Ia with p-nitrophenylchloro-
formate in pyridine. The product showed M -1 peak at m/z 798 in FD-MS, but it could not be purified
further because of its instability.

4”’-Depropionylmidecamycin® (Id) (1 mmole) was dissolved in 20 ml of benzene containing 2 ml of
pyridine. To this was added dropwise trichloroacetyl chloride (1.1 ~ 1.5 mmole) in benzene (2 ml) and
the mixture was stirred for 15 minutes. After usual work-up, 9-trichloroacetyl-4’-depropionylmideca-
mycin (Ie) was obtained in practically homogeneous state. Ie was acetylated in a usual manner to give
2’,4”-diacetyl derivative of Ie almost quantitatively. Following compounds were prepared:

9-Trichloroacetyl-4"’-depropionylmidecamycin (Ie): Glass, mp 123~ 135°C (dec.), [a]i —69° (¢
0.86, EtOH), Anal. Found: C 53.18, H 6.78, N 1.26, Cl 11.429%;, Calcd. for C,,H,,NO,,Cl;: C 53.18,
H 6.92, N 1.55, C1 11.79%.

2’,.4”"-Diacetyl-9-trichloroacetyl-4"-depropionylmidecamycin (If): Glass, mp 127~136°C (dec.),
[a]2? —75° (¢ 0.6, EtOH), Anal. Found: C 53.14, H 6.85, N 1.28, Cl1 10.359%;, Calcd. for C,,H4NO;Cl;:
C 53.51, H 6.74, N 1.42, C1 10.79 %,

Deprotection of Protective Groups

Deprotection of C-9 protective groups was effected by following conventional methods using aque-
ous alkali as listed in Table 3.

Preparation of Neoisomidecamycin
Two grams of a crude mixture of I and ITa, which was obtained from 9-trichloroacetyl derivative by

Table 3. Properties of various protective groups and deprotecting reagents.

Protective group ‘ Deprotecting reagent I:1Ia
CH,CO- | Phosphate buffer pH 7.0, 50°C ca. 50 : 50
CL.CCO 59% Na,COg4(2)/acetone(8), room temperature, 18 hours 50 ¢ 50
i NH;/MeOH(10 minutes) or 90 % pyridine (18 hours) >98 :<2
Aqueous K,COj3 or imidazole 50 : 50
e NH,/MeOH >98 :<2
CH; CH;,
l
H;C-C——Si- 609, Acetic acid 70 : 30
| |
CH; CH;,
Aqueous K,CO; or SiO, 40 : 60
Cl;CCH,0CO-
¥ = Zn/aqueous acetic acid >98 :<2
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treating Ia with a mixture of acetone (8 parts) and 5%, Na,CO;, (2 parts) at room temperature overnight,
were chromatographed on a silica gel column (2.0 cm x 120 cm, Wako-gel C-300, CHCI,; - MeOH, 30: 1,
~15 kg/cm?) to give partially purified samples of I (700 mg) and IIa (780 mg). Final purification was
carried out by HPLC using Nucleosil 5C;5 (10 mm x 250 mm) (MeOH - 0.1 m acetate buffer (pH 4.7) -
CH,CN, 40: 15: 45) to give pure samples of I (300 mg) and IIa (350 mg).

Isolation of C-4"” acetyl analog was effected by the same procedure. A mixture of Ig and IIb was
obtained from 2’,4”’-diacetyl-9-trichloroacetyl-4"-depropionyl derivative by treatment with aqueous 80 %
methanol at room temperature overnight. Final purification was carried out by HPLC using Nucleosil
5C,s (10 mm % 250 mm) (MeOH - 0.2 M NH,OAc (pH 7.0) - CH,CN - H,O, 15: 5: 45: 35) to give pure
samples of Ig (200 mg) and IIb (320 mg), respectively.
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