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Abstract : Ascomycin 2, a close analogue of the immunosuppressant FK506 1, was modified to incorporate a
hydroxyl group at the C-33 position. This increased the aqueous solubility of ascomycin by a hundred-fold at pH
7.4 and by approximately 300-fold at pH 6.5. Ascomycin 3 also exhibited an excellent immunosuppressive
activity in vitro, as tested in a human mixed lymphocyte proliferation (HuMLR) assay, and in vivo using a rat
popliteal lymph node (tPLN) hyperplasia assay. © 1998 Elsevier Science Ltd. All rights reserved.

The immunosuppressants FK506 1! and ascomycin 22 are both fermentation products expressing a
powerful antiproliferative activity. FK506 has been clinically successful in transplant patients.3 It has also shown
promise as a useful drug for the treatment of various autoimmune diseases, such as rheumatoid arthritis, atopic
dermatitis as well as psoriasis.%> Because of this potential utility, intensive studies have been initiated to

overcome some of its undesired side effects.

OCHs OCH;
(1) R =allyl
(2) R =ethyl 3

FK506 1 and ascomycin 2 are hydrophobic macrolactams and are practically insoluble in aqueous
solution. We began synthesis of novel ascomycin (2) analogues to elucidate the structural features governing this
property. Increased water solubility may be a key to changing not only its physicochemical properties, but also its
pharmacological behavior such as pharmacokinetics. The NMR and X-ray crystallographic analyses of the
macrolactam-FKBP complex have shown that the C32,33 and C34 region do not interact directly with the FKBP
molecule, rather being exposed to solvent.®7 Thus, this area can be used for chemical modifications without
affecting FKBP binding affinity. This paper describes a synthetic route for the preparation of C33-[R]-hydroxyl-
ascomycin 3 and biological data of some of the derivatives.
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In order to avoid synthetic complexity, C-24-OTBDMS-ascomycin8 was employed, which was then
converted to its C-32-trifluoromethanesulfonyl-C-24-OTBDMS-ascomycin (4) by treatment with triflic anhydride
[(TfO)20] in methylene chloride at 0 °C for 20 min in the presence of pyridine. The elimination of 4 was
conducted with triethylamine (2.5 equiv) in methylene chloride under a slightly elaborated temperature for 2 days
and at room temperature for an additional day to yield mainly a mixture of three dehydro products (5-7). Two
products (the ratio of 5 and 6 is approximately 3:1) were unseparable under the HPLC condition investigated,
isolated in 30% yield, while the latter dehydro product (7) was isolated as a single isomer in 3% yield. We
investigated several bases, triethylamine(Et3N), diisopropylethylamine (DIPEA) and 1,8-
diazabicyclo[5,4,0Jundec-7-ene (DBU) for the dehydration reaction. More than 70% of ascomycin was destroyed
when DBU was used in 30 min.

Scheme 1 ; R = OTBDMS: &)
(a) EyN, CH,Cly, 45 °C 2 days, 1t 2 days.
(b) 0sO4, NMMO THF: (c) HF in MeCN.

In contrast, Et3N and DIPEA gave a mixture of three dehydro analogues in relatively satisfactory yield. The
dehydro formations § and 6 preferably occurred in the presence of Et3N rather than in the presence of DIPEA.
When the latter base was employed, the dehydro 7 was preferably formed over 5 and 6. There were also several
additional products that have been isolated and characterized.9:10

Selective dihydroxylations of the C32,33 or C30,31 double bond were accomplished by reaction of a
mixture of 6 and 7 with osmium tetroxide (0s04, 0.2 equiv) and N-methylmorpholine N-oxide (NMMQ, 2
equiv) in tetrahydrofuran at room temperature for 2 days to yield the mixture of C-24-TBDMS-C-33-[R]-
hydroxyl-ascomycin and C24-TBDMS-C30,31-dihydroxyl-C-32-melh0xy-ascomycin, which were finally
separated as a single isomer by HPLC. C24-TBDMS groups were selectively deprotected by 48%-HF in
acetonitrile for 2 h at room temperature to obtain the desired products: C-33-[R]-hydroxyl-ascomycin 3 and
€30,31-dihydroxyl-C-32-methoxy-ascomycin 8, respectively.
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The in vitro immunosuppressive activities of synthetic analogues were measured as inhibition of the
human mixed lymphocyte reaction (MLR). Because it is known that binding to FKBP appears to be necessary for
immunosuppressive activity,!! we also investigated the ability of synthetic analogues to bind FKBP. As was
expected, with the introduction of a hydroxyl functional group at C-33 position, 3 effects neither the inhibition of
ascomycin binding with FKBP nor the immunosuppressive activity as illustrated by FKBP and human MLR
assays (1.2 and 0.17 nM, respectively). On the other hand, 8 showed a 20-fold weaker FKBP binding than
ascomycin 2 or 3, but was almost equipotent in the human MLR assail,

Compd HuFKBP HuMLR RIPLNip. Solubility(ug/ml.) LogD
ICso (nM) ICso(nM) EDsgmpk  pH 6.5 pH7.4 pH6.5 pH7.4

@ 2.54 0.37 0.15 1.0 52 4.36 438
2) 2.06 0.25 0.31 1.6 42 3.98 422
3) 1.21 0.17 0.72 464 455 3.6 3.4
8) 39.2 0.72 36%@3 294 245 39 39

A previous NMR experiment has suggested that a methoxy at the C-31 position of FKS506 also participates
in a hydrophobic interaction with the FKBP molecule.® Therefore, a weak affinity of 8 is expected due to an
unfavoured interaction, despite a good in vitro immunosuppressive activity. In vivo immunosuppressive activities
were tested by measuring the ability to inhibit popliteal lymph node hyperplasia in response to injection of
histoincompatible splenocytes in the foot, as has been described previously.!2 Derivative 3 was almost
equipotent to the natural macrolides 1 and 2, whereas the analogue 8 showed no or very little in vivo
immunosuppressive potency.

To be physiologically relevant, log D values were estimated at pH 6.5 (intestinal absorption) and 7.4
(blood). Additional hydroxyl incorporations indeed lowered the log D values at both pHs, from 4-4.4 down to
3.4-3.9. The observed lower log D values at pH 6.5 and 7.4 compared to those of 1 and 2 suggest that the
analogue 3 may have an advantage for absorption.!3

The determinations of solubility were also measured at specified pHs (6.5 and 7.4). As summarized in
the Table, a hydroxylation at the C33 position (analogue 3 ) increased the aqueous solubility of 2 by a 100-fold at
pH 6.5 and 300-fold at pH 7.4, while preserving completely the in vitro and in vivo immunosuppressive
activities. On the other hand, increasing water solubility did not always lead to a compound with good
immunosuppressive activity. As pointed out earlier, 8 inhibited the HIMLR with good in vitro potency, but failed
to show in vivo activity.

Analogue 3 may be one of the first synthetic derivatives that completely preserve in vitro as well as in vivo
immunosuppressive activities while increasing water solubility more than 100-fold to 300-fold. Additional
investigation is now in progress to study further whether analogue 3 may have an advantage over 1 or 2 in terms
of a safety profile.
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