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Abstract: The synthesis of C32-O-arylethyl ether derivatives of ascomycin that possess equivalent

immunosuppressant activity but reduced toxicity, compared to FK-506, is described . © 1999 Elsevier Science Ltd.
All rights reserved.

FK-506 (tacrolimus) (1) is a potent agent for the suppression of T-cell proliferation in vitro and in vivo,?

and has found broad application for the prevention of organ transplant rejection.’ The toxicity of FK-506,
however, appears to be largely related to its mechanism of action.** Our program has been focused upon
finding chemical modifications of the FK-506 structure that will impart unique pharmacological properties such

that toxicity and immunosuppressant activity can be separated.
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Recent reports® ~'* have detailed our efforts to develop an immunosuppressant in the FK-506 class by the
preparation of C32-O-ether analogs of the related natural product, ascomycin (2).!' Certain members of this
class of compounds have been of particular interest since they have demonstrated reduced toxicity in rodent
models.'®? The study reported in the accompanying paper'> shows that immunosuppressant activity in this
class exhibits a marked dependence upon the tether length, a two atom tether being optimum (3, n = 2). It was

0960-894X/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0960-894X(99)00336-4



2090 H. M. Armstrong et al. / Bioorg. Med. Chem. Lett. 9 (1999) 2089-2094

also noted that addition of a carbonyl or hydroxyl group at the B-carbon of such a tether further enhances
immunosuppressant activity. This report details the investigation of a series of C32-O-acetophenone (4) and

C32-O-arylhydroxyethyl (5) derivatives of ascomycin.

Chemistry

Acetophenone derivatives (4) were prepared by one of two routes. The initial route involved the direct
attachment of the acetophenone moiety onto the protected ascomycin nucleus (6) by rhodium catalyzed
insertion of an o-diazoketone into the C32 hydroxyl group to give protected acetophenone (9) (Scheme 1).
While this provided an efficient way to generate simple mono- and disubstituted aromatic derivatives it was not
successful in generating heteroaromatic and bicyclic aromatic derivatives due to low yields and complicated
product separations. To generate these derivatives the more circuitous, but higher yielding, route through

intermediates (7) and (8) was taken and has been previously described. '
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Arylhydroxyethy! ether products (8) were obtained by reduction of protected acetophenones (9), derived

from the rhodium insertion procedure, using L-Selectride® to give a ~9:1 diastereomeric mixture of benzylic
alcohols (as determined by HPLC analysis). This procedure was eventually supplanted by a chiral reduction
using the oxazaborolidine-borane reagent,'* which gave a much more desirable ~40:1 ratio of diastereomers. For
derivatives prepared by the alternative procedure, the arylhydroxyethyl products (8) were obtained directly by
HPLC separation of the diastereomers formed in the Grignard addition. In all cases the -butyldimethylsilyl
(TBDMS) protecting group was removed by treatment with hydrogen fluoride in pyridine. The absolute
configuration at the benzylic center was assigned by X-ray crystallographic analysis of the C32-0-3,5-
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dimethylphenylhydroxyethyl ether derivative (compound (15), Table 1) bound to FK-506 binding protein
(FKBP-12),' and for other derivatives by detailed comparison of NMR spectra with (15).

Results and Discussion

While the acetophenone derivatives (4) showed efficacy in our models of immunosuppression (data not
shown) it was found that they were rapidly converted to the arylhydroxyethyl ether products (5) when
incubated in rat blood at 37°C, consequently attention was focused on the latter series.

An extensive series of substituted arylhydroxyethyl ethers (5) was prepared of which a representative
selection is shown in Table 1. Compounds 10-19 were initially evaluated for their in vitro'®
immunosuppressive potential. The data show that the compounds are potent inhibitors of in vitro T-cell
proliferation and are of comparable activity to FK-506. Further, there does not appear to be a particular trend
in activity with either electronic or steric factors since electron withdrawing groups (as in 10 and 11) and
electron donating groups (as in 14 and 15) do not result in a profound difference in in vitro immunosuppressant
potency. The larger bicyclic aromatic groups, as in 16-19, also do not appear to have a profound effect upon
immunosuppressant potential. However, all the compounds shown exhibit significantly weaker binding to
FKBP-12 than does FK-506.!7 Although binding to FKBP-12, a major cytosolic protein, is a prerequisite for
immunosuppressant activity it is not solely sufficient. After entering the cell and binding to FKBP-12 the
resulting complex binds to and inhibits the activity of the serine/threonine phosphatase calcineurin (CaN).1#20
Since the phosphatase activity of CaN is an integral part of the T-cell signal transduction cascade, the ability of
the [drugeFKBP-12] complex to inhibit the phosphatase activity of CaN, as well as the stability of the complex
itself, contribute to the level of immunosuppression.® These compounds are all significantly more potent
inhibitors of CaN phosphatase activity than is FK-506, even though they do not bind as well to FKBP-12;
these two factors combine to yield compounds of comparable immunosuppressant activity to FK-506.

Since it is our ultimate aim to produce a drug candidate that is not only a potent immunosuppressant, but
also shows reduced toxicity relative to FK-506 in vivo, compounds 10—19 were also evaluated in murine models
of immunosuppression and toxicity. Immunosuppression was measured, by intravenous and oral routes of
administration, in an in vivo assay of splenic T-cell proliferation and EDs, values derived.® Toxicity was
measured by the ability of the compounds to induce hypothermia in BALB/c mice.'? This assay is considered
to be a predictor of neurotoxicity since the regulation of body temperature is controlled by the CNS. Further,
the compounds were evaluated for acute nephrotoxicity in the rat whereby male Sprague-Dawley rats were
dosed daily intravenously for four days after which urine was collected and decreases in urinary sodium
concentration measured.'?

Ascomycin analogs 10-19 are all potent inhibitors of T-cell proliferation in vivo, whether administered
intravenously or orally. As in the in vitro assays, there does not appear to be a correlation of in vivo
immunosuppressant activity with steric or electronic features. In terms of toxicity however, this series has
significantly less propensity to induce hypothermia than does FK-506, requiring two- to sixfold higher doses
than FK-506 to produce the same effect. It has been postulated that this is due to their reduced binding affinity
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for FKBP-12 such that compounds of this type never become as concentrated in cells as does FK-506.% Thus
for a given dose the concentration of intracellular [drugeFKBP-12] complex would be less than that of [FK-
506eFKBP]. Since lymphocytes contain only low levels of CaN?! there would be sufficient [drugeFKBP-12]
available to inhibit the small amount of CaN present and produce immunosuppression, but in the brain, which
contains much higher levels of CaN, there may not be sufficient [drugeFKBP-12] complex available to inhibit a
significant amount of CaN present, perhaps resulting in the reduced neurotoxicity seen with this class of
compounds.

Comparing the compounds on the basis of their therapeutic indices (defined as the ratio of the
hypothermia assay EDs, to the murine in vivo EDsg), compounds 10, 11 and 18 would seem to be the most
promising potential drug candidates. In the acute 4-day iv model of nephrotoxicity in the rat, FK-506 produced
a 45% reduction in urinary sodium concentration at a dose of only 1.7 mgkg. Compounds 10, 11 and 18
produced similar reductions in urinary sodium concentration but not until doses of 10, 5, and 20 mgkg,
respectively. On the basis of these results compound 18 was examined in a chronic three week nephrotoxicity
model whereby 18 and FK-506 were administered by gavage to male Sprague—Dawley rats daily for three
weeks.'? Blood urea nitrogen (BUN) levels and plasma drug levels were recorded at the end of the study (Table
2). The data show that in order for FK-506 to produce a BUN level of 26 mg/dL, a plasma level of 611 ng/mL is
required, and this is achieved at the 10 mg/kg dose. For 18 to produce a comparable BUN level of 24.7 mg/dL
however, a plasma level of 1897 ng/mL is required and is not reached until the 20 mg/kg dose. This would

indicate that the threshold at which significant alterations in kidney function are seen is at least threefold higher
for compound 18 than it is for FK-506.

Table 2. Evaluation of (18) and FK-506 in a chronic model of nephrotoxicity.

Parameter ~ vehicle 2.5 mg/kg 5 mg/kg 10 mg/kg 20 mg/kg 40 mg/kg
FK-506 BUN 17.7+0.5 18.1 + 1.06 21,0+ 12 26.0+09 ND ND
(mg/d1)’
FK-506 plasma’ 0 13£5 45+ 18 611+177 ND ND
drug level (ng/ml)
(18) BUN 157+£0.5 ND 163+ 0.6 17.7+£0.7 247+10 39.3+6.6
(mg/dl)’
(18) plasma drug 0 ND 239+9 478 + 83 1897 + 308 3120 =308
level (ng/ml)°

2 Each value is a mean = SEM of 8-22 animals. ® Each value is a mean + SEM of 4-8 animals.

In conclusion, a series of C32-O-arylhydroxyethyl ether derivatives have been prepared from ascomycin
(2) and evaluated for their immunosuppressant potential as well as their neuro- and nephrotoxicity. All of the
compounds prepared were potent immunosuppressants in vitro and in vivo, showing good oral activity and
reduced toxicity compared to FK-506. Compound (18) in particular has an improved therapeutic index
compared to FK-506 and in acute and chronic nephrotoxicity models showed that it is at least three-fold safer

than FK-506 and therefore is an attractive candidate for further study.
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