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The important immunosuppressive agents FK
5061>2) and ascomycin3~5) (1) have been the target
of intensive structure-activity relationship (SAR)
studies6). FK 506 recently received FDAapproval
for liver organ transplantation in the United States.
Because of the complexity of their structures, we
initiated a microbial transformation program aimed
at modification of chemically inaccessible sites.
Previously, we disclosed the microbial desmethyla-
tion of FK, 506/ascomycin to obtain 31-0-des-
methyl, 13,31-0-bisdesmethyl, 15,31-0-bisdesme-
thyl, 13,15,31-0-tridesmethyl and 13-0-desmethyl
derivatives7'8). We also carried out the specific
methylation of C-31 hydroxyl group of 15,31-0-
bisdesmethyl and 13,15,31-0-tridesmethyl ascomy-
cins to prepare 15-0-desmethyl and 13,15-0-

bisdesmethyl derivatives using 3 1 -0-desmethylasco-
mycin 0: methyltransferase (DIMT) as catalyst and

S-adenosylmethionine as the methyl donor9). In

addition, we recently reported microbial glucosyla-
tion of FK 506/ascomycin to yield specific 24-
glucosyl derivatives10). All these derivatives are
difficult or tedious to obtain through synthetic
chemical approach. The present communication
describes the specific hydroxylation of 19-methyl
group of ascomycin by Streptomyces sp. MA6870
(ATCC No. 55281) leading to a novel hemiketal
structure (2) that is formed by the addition of

19-hydroxy group to 22-carbonyl group.

Fermentation Conditions for Conversion
Streptomyces sp. MA 6870 (ATCC No. 55281)

was stored and maintained on skim milk in the
culture collection of Merck Research Laboratories.
The microorganism was inoculated into a seed
medium that contained (in g/liter) glucose 1.0,
dextrin 10.0, beef extract 3.0, Ardamine PH (Yeast
Products, Inc.) 5.0, N-Z Amine type E 5.0,

MgSO4à"7H2O 0.05, KH2PO4 0.37, and CaCO3 0.5.
The medium was adjusted to pH 7.1 with 1 n NaOH
and autoclaved for 20 minutes. The inoculated 50 ml
volumes of seed medium were shaken in 250-ml
baffled flasks at 220rpm for 24 hours at 27°C. The
mature seed cultures were used as the source of
inoculum (5% inoculum) for the fermentation
medium. The fermentation medium consisted of (in
g/liter) glucose 20.0, soya meal 5.0, yeast autolysate
5.0, and NaCl 5.0. After formulation the medium
was adjusted to pH 7.0 with 1 n NaOHand sterilized
by autoclaving. Ascomycin (1) was dissolved in
dimethyl sulfoxide and added to the fermentation
at 0hour to achieve a final concentration of
50fig/ml The shake flask contents were sub-
sequently incubated at 27°C on a rotary shaker for

Fig. 1. The structure of immunomycin (1) and its hemiketal derivative (2).
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Fig. 2. *H NMRspectrum (400MHz) of hemiketal derivative (2) in CDC13.

Fig. 3. 13C NMRspectrum (125MHz) ofhemiketal derivative (2) in C6D6.

48 hours using the conditions described. These
fermentations were the source of 19~22 hemiketal
derivative of ascomycin.

Isolation and Characterization of Conversion
Product

The whole broth (1 liter) was extracted three times
with methylene chloride (3 x 500ml). Methylene
chloride extracts were combined, dried over sodium
sulfate, and concentrated under vacuumto an oily
residue. The residue was dissolved in methanol and

subjected to high performance liquid chromato-

graphy (HPLC). HPLC was carried out on a

WhatmanMagnum9 Partisil 10 ODS-3 column
(9.6mmx25cm) at room temperature and mon-
itored at 205nm. The column was developed at
4ml/minute with a 25 minutes linear gradient of
40% to 80% acetonitrile in 0.1% phosphoric acid.
The fraction at 22.4 minutes was collected. Con-
centration and desalting were accomplished by

dilution with 3 volumes of distilled water, followed
by absorption onto a C18 solid phase extraction
column. After washing with excess water, the
compoundwas eluted with methanol and eva-
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porated to dryness of yield 6.8mg of 2.

Characterization of Conversion Product 3)
The FABmass spectrum of2 gave a M+Liof

814 that corresponds to an increase of 16 mass units
from ascomycin, indicating that it is a hydroxylated
derivative. The compound was identified as a

cyclized hemiketal structure based on its distinctive
XH and 13C NMRfeatures. The XH NMRof2 (Fig.
2) revealed the absence of H-19 methyl signal at
1.59 ppm, suggesting that 19-methyl group was hy-
droxylated. Further comparing the *H NMRdata
of 1 with that of 2 showed the following features:
(1) the appearance of two novel proton signals at
3.75 and 4.65ppm with a large coupling constant
of 16.4Hz, consistent with a -CH2O-; (2) the

absence of typical 23-methylene signals at 2.78 ppm;
(3) the H-20 signal was shifted down field by about
0.6ppm and reduction of its vicinal coupling cons-
tant from 10.1 Hz to 6.0Hz. The structure of2 was
further confirmed by the 13C NMRdata (Fig. 3)
which, compared with that of the parent compound
1, indicated (1) the loss of C-19 methyl signal at
15.8ppm; (2) the loss of C-22 carbonyl signal at
212ppm; (3) the appearance ofa new signal at 98.7
ppm consistent with a hemiketal carbon C-22; (4) a
new signal at 74.8ppm that is assigned to C-19.

Biological Activity
The immunosuppressive activity of 2 was deter-

mined in an in vitro T cell proliferation assay de-
scribed previously12). Compound 2 gave an IC50

of 3 nM, compared to 0.8 nMof its parent compound
1. In spite of structural and conformational changes
caused by an oxygenated 19-methyl functionality
which is attached to C-22 to form a hemiketal cyclic
structure, compound 2 still retained 35% of

biological activity of the parent 1.
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