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Table I. Inhibition of HIV-1 Proteinase by Penicillin-Derived

Dimers and Related Compounds
no. ICg,% nM
2 >70000
3a 60
3b 3.0
3c 4.8
3d 0.9
4 500
5a >12000
1] 6800
6a >63000
6b >55000
8 >12000
¢ Assay procedure as in ref 7.
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(a) 1 (K salt), DMF, 100 °C for 4 h; (b) EtNH,, CH,Cl; for 24
h.

important for inhibitory activity, but that the amide groups
in the linker of 3a are possibly involved in important
H-bonding interactions with the enzyme.

Diester 3a failed to block the cytopathic effect of HIV-1
in MT-4 cells.® However, diamides 3¢ and 3d, both po-
tent inhibitors of the proteinase enzyme, had ECy; activ-
ities of 5.4 and 0.29 uM, respectively, in HIV-1 infected
MT-4 cells. The more hydrophilic diamide 3b failed to
show an antiviral effect possibly because of lack of pene-
tration into the cells. Compounds 3¢ and 3d inhibit syn-
cytia formation of HIV-1 infected C8166 cells at concen-
trations of 1.11 and 0.06 uM, respectively, and also the
expression of p24 core antigen in H9 cells at concentrations
of 0.42 and 0.025 uM, respectively.!! Neither compound
exhibited cytotoxicity in any of the cellular assays, nor did
they show activity against other aspartyl proteinases (re-
nin, pepsin, or cathepsin D) at concentrations up to 100
wg/mL.

Crystal structures of HIV-1 proteinase both in its native
form and complexed with various inhibitors have been

(10) The assay procedure employed was essentially as described by
Pauwels, R.; Balzarini, J.; Baba, M.; Snoeck, R.; Schols, D.;
Herdewijn, P.; Desmyter, J.; DeClercq, E. Rapid and Auto-
mated Tetrazolium-Based Colorimetric Assay for the Detec-
tion of Anti-HIV Compounds. J. Virol. Methods 1988, 20,
309-321.

(11) Assays for inhibition of syncytium formation and expression
of p24 core antigen were as previously detailed: Coates, J. A.
V.; Inggall, H. J.; Pearson, B. A.; Penn, C. R.; Storer, R,;
Williamson, C.; Cameron, J. M. Carbovir: The (-} Enantiomer
is a Potent and Selective Antiviral Agent Against Human Im-
munodeficiency Virus In Vitro. Antiviral Res. 1991, 15,
161-168.

described.® In view of the activity of the symmetric dimers
3 and the contrasting inactivity of the amides 6, it was
reasonable to speculate that they bind symmetrically at
the active site. An X-ray structure!? of the diamide 3¢
complexed to recombinant enzyme!® has shown that the
interaction is indeed symmetrical.

Workers at Abbott Laboratories have designed an ele-
gant series of C,-symmetric inhibitors of HIV-1 proteinase
which also inhibit HIV-1 replication.'*}® Qur compounds
also exhibit C, symmetry but have the advantage of being
less peptidic in character. Studies are in progress to assess
the potential of this novel series of compounds as che-
motherapeutic agents for the treatment of AIDS.
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Disodium
(R,R)-5-[2-[[2-(3-Chlorophenyl)-2-hydroxyethyl]-
amino]propyl}-1,3-benzodioxole-2,2-dicarboxylate
(CL 316,243). A Potent 8-Adrenergic Agonist
Virtually Specific for 8; Receptors. A Promising
Antidiabetic and Antiobesity Agent

B-Adrenoceptors have been subclassified as 8, and 8,
since 1967.! Increased heart rate is the primary conse-
quence of 8;-receptor stimulation, while bronchodilation
and smooth muscle relaxation typically result from B8,
stimulation. Rat adipocyte lipolysis was initially thought
to be a 8,-mediated process.! However, more recent results
indicate that the receptor-mediating lipolysis is neither 3,
nor B,, but “atypical” in nature.? These “atypical” re-

(1) Lands, A. M.; Arnold, A.; McAuliff, J. P.; Luduena, F. P;
Brown, T. G., Jr. Differentiation of receptor systems activated
by sympathomimetic amines. Nature 1967, 214, 597-598.
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ceptors, later called 8;-adrenoceptors,® are found on the
cell surface of both white and brown adipocytes where their
stimulation promotes both lipolysis (breakdown of fat) and
energy expenditure.?

Major support for this third subtype of S-receptor came
from a series of phenethanolamines reported by Beecham
Laboratories,*® which were found to be more potent
agonists for stimulation of lipolysis than for stimulation
of atrial rate (8,) or tracheal relaxation (8;). The two
compounds showing the greatest 3, selectivity, BRL 35,135
(1) and its active metabolite, BRL 37,344 (2), are shown
in Figure 1.

Such selectivity for 83-adrenoceptors could make com-
pounds of this type potentially useful as antiobesity
agents.* In addition, these compounds have been reported
to show antihyperglycemic effects in animal models of
non-insulin-dependent diabetes mellitus.5’

A major drawback in treatment of chronic diseases with
B85 agonists is the potential for stimulation of other S-re-
ceptors and subsequent side effects. The most likely of
these include muscle tremor (8,) and increased heart rate
(8;). Although the Beecham compounds do possess 8,
selectivity, mild side effects of this type have been observed
in human volunteers.®® It is reasonable to expect that

(2) Arch, J. R. S. The brown adipocyte S-adrenoceptor. Proc.
Nutrition Soc. 1989, 48, 215-223.

(3) Tan, S.; Curtis-Prior, P. B. Characterization of the beta-adre-
noceptor of the adipose cell of the rat. Int. J. Obesity 1983,
7, 409-414.

(4) Arch, J. R. S.; Ainsworth, A. T.; Cawthorne, M. A.; Piercy, V.;
Sennitt, M. V.; Thody, V. E.; Wilson, C.; Wilson, S. Atypical
B-adrenoceptor on brown adipocytes as target for anti-obesity
drugs. Nature 1984, 309, 163-165.

(5) Wilson, C.; Wilson, S.; Piercy, V.; Sennitt, M. V.; Arch, J. R.
S. The rat lipolytic S-adrenoceptor: Studies using novel 8-
adrenoceptor agonists. Eur, J. Pharmacol. 1984, 100, 309-319.

(6) Carroll, M. J.; Lister, C. A.; Sennitt, M. V.; Stewart-Long, N.;
Cawthorne, M. A. Improved glycemic control in C57Bl/KsJ
(db/db) mice after treatment with the thermogenic S-adreno-
ceptor agonist, BRL 26830. Diabetes 1985, 34, 1198-1204.

(7) Smith, S. A,; Sennitt, M. V.; Cawthorne, M. A. BRL 35135: An
orally active antihyperglycaemic agent with weight reducing
effects. In New Anti-Diabetic Drugs; Bailey, C. J., Flatt, P.
R., Eds.; Smith-Gordon: London, 1990; pp 177-189.

(8) Connacher, A. A.; Jung, R. T.; Mitchell, P. E. G. Weight loss
in obese subjects on a restricted diet given BRL 26830A, a new
atypical B-adrenoceptor agonist. Br. Med. J. 1988, 296,
1217-1220.

(9) Mitchell, T. H.; Ellis, R. D. M.; Smith, S. A.; Robb, G.;
Cawthorne, M. A. Effects of BRL 35135, a S-adrenoceptor
agonist with novel selectivity, on glucose tolerance and insulin
sensitivity in obese subjects. Int. J. Obesity 1989, 13, 757-766.
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these side effects resulted from partial 8, and/or B,
agonism.

We wish to report the chiral synthesis and biological
evaluation of 3 (CL 316,243), a benzodioxole-containing
phenethanolamine (Figure 2), which is a highly potent
stimulant of adipocyte lipolysis, but is an extremely poor
B, and §, agonist. The B; selectivity of this compound is
greater than that of any agent previously reported. We
believe that 3 offers an exciting possibility for the treat-
ment of non-insulin-dependent diabetes as well as obesity
without undesired §-mediated side effects.

Chemistry

Our desire to evaluate 3 as the single active'® enantiomer
(R,R) required that two chiral fragments, epoxide 7 and
amine 14, be prepared in high optical purity. Thus, mo-
nochlorination of m-chloroacetophenone (4) (Scheme I)
yielded the crystalline phenacyl chloride 5.!! Asymmetric
reduction of 5 using Corey’s CBS reagent!? (8) derived from

(10) Initially, racemic 3 was prepared by a different route. This
material was resolved via the Mosher amide (see ref 13) and
both diastereomeric amides were reconverted to the free amine
by basic hydrolysis. Virtually all lipolytic activity resided in
the (-)-R,R enantiomer. This is consistent with data published
by Beecham. See: Cantello, B. C. C.; Smith, S. A. BRL 35135.
Drugs Future 1991, 16, 797-800. Also see ref 7.

(11) Wornhoff, E. W.; Martin, D. G.; Johnson, W. 8. Organic Syn-
thesis; Wiley: New York, 1963; Collect. Vol. IV, pp 162-166.
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imidazole, then crystallize, 57% for two steps; (c) BBr;, 90%; (d)
Et0,CC(Br);CO,Et, K,CO3, 64%; (e) NaOH, heat; (f) C,s column,
856%.

D-proline gave the chiral chlorohydrin 6 in high yield,
which had an ee of 85% as determined by NMR analysis
of the Mosher ester.!®* The epoxide 7 was readily formed
by treating 6 with K,CO, in refluxing acetone.
Preparation of the required chiral amine 14 (Scheme II)
began with BOC protection of L-DOPA (9), followed by
permethylation to give the ester 11. Lithium borohydride
reduction yielded the primary alcohol 12, which was
treated with methanesulfonyl chloride to provide the
rather unstable mesylate 13. The mesylate converted to
urethane 15 upon standing; however, immediate removal
of the BOC group followed by hydrogenation of the re-
sulting trifluoroacetate salt gave pure 3,4-dimethoxy-
amphetamine (14). The proton NMR spectrum of the
Mosher amide!® of 14 revealed only a single isomer.
The opening of epoxide 7 with amine 14, mediated by
N-(trimethylsilyl)acetamide,'* yielded the phenethanol-
amine 16 contaminated by about 7% of the undesired
(S,R) diastereomer resulting from the less than optimal

(12) Corey, E. J.; Bakshi, R. K.; Shibata, S. Highly enantioselective
borane reduction of ketones catalyzed by chiral oxaza-
borolidines. Mechanism and synthetic implications. J. Am.
Chem. Soc. 1987, 109, 5551-5553. Corey, E. J.; Bakshi, R. K.;
Shibata, S.; Chen, C.; Singh, V. K. A stable and easily prepared
catalyst for the enantioselective reduction of ketones. Appli-
cations to multistep syntheses. J. Am. Chem. Soc. 1987, 109,
7925~7926.

(13) Dale, J. A.; Dull, D. L.; Mosher, H. S. a-Methoxy-a-trifluoro-
methylphenylacetic acid, a versatile reagent for determination
of enantiomeric composition of alcohols and amines. J. Org.
Chem. 1969, 34, 2543-2549.

(14) Atkins, R. K.; Frazier, J.; Moore, L. L.; Weigel, L. O. Alkylation
of N-trimethylsilylated primary amines with arylethylene ox-
ides. An efficient synthesis of 1-phenethanolamines. Tetra-
hedron Lett. 1986, 27, 2451-2454.
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Table I
B-adrenergic activities
agonist By By B2
isoproterenol (1.3 +0.8) X (1.5x0.2) X (5.3 £0.3) X
1078 (1) 10 (1) 107 (1)
3 (3.0+£0.3) x >10%(0.10)/ (3.0 1.0) X
10° (1) 107 (0.59)
BRL 37,344 (84+£13)x (5.6%33)%x (1.9%0.7) %
10 (1) 107 (0.94) 1077 (0.92)
BRL 35,135 (1.6 £ 2.0)x ND (5.0 £ 3.5) x
1078 (0.87) 1077 (1)

s Stimulation of glycerol release from adipocytes from rat epidi-
dymal fat pads; see ref 5 for experimental details. ®Molar ECy,
values expressed relative to the agonist’s own maximal activity;
number in parentheses is intrinsic activity relative to that of iso-
proterenol. ¢Stimulation of the rate of contraction of guinea pig
atria: see ref 5 for experimental details. 4Inhibition of insulin-
stimulated [*C]glucose incorporation into glycogen in isolated rat
soleus muscle; see ref 17 for experimental details. ¢Molar ICg,
values expressed relative to the agonist’s own maximal activity;
number in parentheses is intrinsic activity relative to that of iso-
proterenol. /10% of maximum isoproterenol activity at 1 mM.
£59% of maximum isoproterenol activity at 1 mM. ND, not de-
termined. Values represent the mean * SEM of 3-17 prepara-
tions.

Table II
binding IC5), M*
agonist heart (8,) soleus (8;)
isoproterenol (6.0 £ 0.8) X 107 (1.0 £ 0.4) X 10
3 (1.3 £ 0.1) x 10°° (2.7 £ 0.7) x 10
BRL 37,344 (3.3 % 1.3) X 10°¢ (1.3 £ 0.3) X 10°¢
BRL 35,135 (5.9 £ 1.5) X 1078 (3.0 £ 0.7) x 1078

¢Binding affinities; binding was carried out using membranes
from rat heart and rat soleus muscle by the method described in
ref 18 with the following exceptions: the incubation volume was
0.5 mL and the incubation time was 1 h; the radioligand was
[1%1]iodocyanopindolol; (-)-isoproterenol (50 uM) was used to de-
fine specific binding; the filters were washed at 4 °C. Values are
the mean = SEM of three to six experiments.

ee of 6 (Scheme III). This byproduct was easily removed
by conversion to the cyclic urethane 17 and crystallization.
Demethylation of 17 followed by bis-alkylation using di-
ethyl dibromomalonate afforded the benzodioxole 19.
Basic hydrolysis cleaved the ester and the urethane groups.
The disodium salt 3 was isolated as an amorphous powder
by reverse-phase column chromatography.

Results and Discussion

The in vitro effects of 3 on 8-, 8;-, and B;-adrenoceptor
mediated processes are summarized in Table I. The
compound was a potent stimulant of rat adipocyte lipolysis
(85 effect), had no effect on the rate of contraction of
guinea pig atria (8, effect), and had only a very limited
ability to inhibit insulin-stimulated [*4C]glucose incorpo-
ration into glycogen in isolated rat soleus muscle (8, effect).
In contrast, BRL 37,344 was slightly less potent than 3 in
lipolysis, but had considerably more 3,- and 8;-adreno-
ceptor mediated activities. BRL 35,135 was less potent
in lipolysis than BRL 37,344, but had the same 3, activity.
The effects on atrial rate were not investigated. Isopro-
terenol, a pure B-agonist that is nonselective for 8,- or
B.-adrenoceptors, was used as a reference standard and was
a less potent stimulant of lipolysis than of the responses
mediated by 8,- or 8,-adrenoceptors.’

The ability of the compounds to bind to S-adrenoceptors
in membranes from rat heart (8,-subtype) and rat soleus
muscle (8;-subtype) was determined (Table II). Con-
sistent with the results on activity in Table I, 3 had much
lower affinity for both receptors than did either of the
Beecham compounds or isoproterenol. The latter com-
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pounds bound equally well to both receptors with the order
to potency being BRL 35,135 > BRL 37,344 > isoproter-
enol. The binding affinities for S;-adrenoceptors could not
be determined since this subtype represents only a small
percentage of the adipocyte S-adrenoceptors,!® and the
affinity of these receptors for the S-antagonists used as
radioligands is 10-100-fold less than for 8,- or ;-adreno-
ceptors.1

The antidiabetic and antiobesity properties of 3 also
were investigated. Obese (ob/ob) mice, which are a model
of non-insulin-dependent diabetes mellitus, were treated
for 7 weeks with the compound. The mice (44 g) were
allowed to feed ad libitum on normal rodent chow to which
the compound had been admixed at a concentration
(0.001%) that gave a daily intake of 1 mg/kg body weight.
Treatment reduced the amount of weight gained from 13.0
% 0.6 g in the untreated mice to 7.1 & 0.6 g (p < 0.01) even
though food consumption was somewhat greater (4.8 g/
mouse per day) than in the untreated mice (4.4 g/mouse
per day). Within 1 week, the hyperglycemia (303 + 28

(15) Muzzin, P.; Seydoux, J.; Giacobino, J.-P.; Venter, J.-C.; Fraser,
C. Discrepancies between the affinities of binding and action
of the novel S-adrenergic agonist BRL 37344 in rat brown
adipose tissue. Biochem. Biophys. Res. Commun. 1988, 156,
375-382.

(16) Langin, D.; Portillo, M. P.; Saulnier-Blache, J.-S.; Lafontan,
M. Coexistence of three S-adrenoceptor subtypes in white fat
cells of various mammalian species. Eur. J. Pharmacol. 1991,
199, 291-301.

(17) Challiss, R. A.; Leighton, B.; Wilson, S.; Thurlby, P. L.; Arch,
J. R. S. An investigation of the S-adrenoceptor that mediates
metabolic responses to the novel agonist BRL 28410 in rat
soleus muscle. Biochém. Pharmacol. 1988, 37, 947-950.

(18) Neve, K. A.; Barrett, D. A.; Molinoff, P. B. Selective Regula-
tion of Beta-1 and Beta-2 Adrenergic Receptors by Atypical
Agonists. J. Pharmacol. Exp. Ther. 1985, 235, 657-664.
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mg/dL) was reduced to the euglycemia (187 & 8 mg/dL;
p <0.01) found in untreated normal lean littermates (176
+ 4 mg/dL), and the euglycemia was maintained for the
duration of the experiment. A manuscript describing more
fully the in vivo effects of 3 is in preparation.

Conclusion

Functional in vitro assays, as well as binding experi-
ments, have demonstrated that 3 is a highly potent 8;-
adrenoceptor agonist, and that it has a very low affinity
for B, and B, receptors. Since the compound has potent
antiobesity and antihyperglycemic effects in animal models
of obesity and non-insulin-dependent diabetes, we believe
it offers the possibility for treatment of these diseases
without undesirable S-mediated side effects. The com-
pound is now in Phase I clinical trials.
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