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RECEIVED DATE

ABSTRACT: Fingolimod (1) is the first approved oral therapy for the treatment of relapsing remitting
multiple sclerosis. While the phosphorylated metabolite of fingolimod was found to be a non-selective
S1P receptor agonist, agonism specifically of S1P; is responsible for the peripheral blood lymphopenia
believed to be key to its efficacy. Identification of modulators that maintain activity on S1P; while
sparing activity on other S1P receptors could offer equivalent efficacy with reduced liabilities. We

disclose in this paper a ligand based drug design approach that led to the discovery of a series of potent
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tricyclic agonists of S1P; with selectivity over S1P; and were efficacious in a pharmacodynamic model
of suppression of circulating lymphocytes. Compound 10 had the desired pharmacokinetic (PK) and
pharmacodynamic (PD) profile and demonstrated maximal efficacy when administered orally in a rat

adjuvant arthritis model.
INTRODUCTION

The G-protein coupled receptor (GPCR) S1P; (sphingosine-1-phosphate-subtype 1) has emerged
as an attractive drug target in recent years. Activation of S1P; by synthetic agonists, but not by
activation with the endogenous ligand S1P, leads to sustained internalization and degradation of cell
surface receptors.' This functional antagonism of the receptor results in immunosuppression through
disruption of normal lymphocyte trafficking, with lymphocytes sequestered in lymph nodes and
secondary lymphoid organs.2 Extensive validation of this mechanism has been demonstrated across a
range of pre-clinical models of chronic autoimmune disease.” The success of the non-selective S1P
receptor agonist fingolimod (FTY720, 2, Figure 1), approved by the FDA in 2010 for the treatment of
relapsing remitting multiple sclerosis (RRMS), has spurred interest in the clinical evaluation of it and
additional S1P; agonists for a growing list of disorders (Crohn’s disease, ulcerative colitis, psoriasis,
polymyositis, progressive MS, lupus).* Fingolimod is a pro-drug, requiring in vivo phosphorylation to
form FTY720-P (2-P, Figure 1) which is a potent agonist of 4 of the 5 S1P receptors (SIP1,3,4,5).2 In
addition to the pro-drug class of S1P; agonists, exemplified by fingolimod, direct-acting agonists that
replace the amino-phosphonate group with moieties that mimic its interactions and thus do not require
bioactivation have been reported by a number of research teams and are in clinical development.”"® The
focus of research programs following fingolimod has primarily been aimed at identifying agonists with
improved S1P family selectivity, specifically to avoid interaction with S1Ps, which was believed to be
associated with clinical side effects such as the transient reduction in heart rate (bradycardia). In rodent

studies, fingolimod was unable to elicit heart rate reductions in S1P; knock-out mice, whereas it did
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induce bradycardia in wild type controls.'* Furthermore, synthetic S1P,-selective agonists that lacked
activity on S1Ps did not induce bradycardia in rodents. Surprisingly, in human trials multiple S1P5-
sparing S1P; agonists have now been shown to offer no substantial advantage over fingolimod in
regards to bradycardia.'> In humans, as opposed to non-clinical species, regulation of heart rate appears
to have a significant S1P; related component.'® Nevertheless, as S1P5 does not contribute to the desired
efficacy, a drive for more selective S1P; agonists has remained a viable approach for research programs,

including our own.

Figure 1. Structure of S1P, fingolimod (FTY720), and its phosphate

NH,

OH -, OH
/\/\/\/\/\/\/\/‘\/\
Y~ "OP(O)(OH), o—-R
1 sphingosine-1-phosphate (S1P) NHz 2 R =H (fingolimod; FTY720)

2-P R =PO3H,

We recently disclosed the identification of compound 3 as a potent functional antagonist of S1P;
with selectivity over S1P; (Figure 2).'® The single crystal X-ray structure of 3 indicated that the phenyl
ring and the 1,2,4-oxadiazole ring are coplanar in orientation (Figure 2). This suggested that ring fusion
of the oxadiazole ring with the 3-position of the phenyl ring would maintain planarity of the scaffold
thus leading to a novel series of tricyclic S1P; receptor modulators. However, in the absence of X-ray
co-crystal structures of S1P; with functional antagonists, it was not clear if substituents at the 3-position
of the phenyl ring would be tolerated by the receptor. Yan et al.'” disclosed a series S1P, receptor
modulators with a methyl substituent at the 3-position of the phenyl ring (4, Figure 2). These
compounds were potent functional antagonists at S1P; with excellent selectivity over S1Ps, suggesting
that substituents at the 3-postion were tolerated by the receptor. These data gave us the impetus to
follow-up on our ligand based drug design hypothesis for the generation of novel S1P; modulators

(Figure 2). As discussed below, this novel scaffold (5) allowed us to explore the structure-activity
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relationship (SAR) of the polar head piece, phenyl ring (A), central ring (B), heterocyclic ring (C) and

the lipophilic tail piece as outlined in Fig. 2.

Figure 2. Design of tricyclic modulators of S1P,

¥ Single crystal X-ray of compound 3
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5

CHEMISTRY

Schemes 1-4 outline the synthesis of representative examples of compounds with variations to
the phenyl ring, central ring, heterocyclic ring, the lipophilic tail piece and the polar head piece.'® The
key step in the synthesis of the bis-isoxazole 10 (Scheme 1) is the condensation of dilithiated 1-
tetralone oxime with methyl 3-phenyl-4-(triﬂuoromethyl)isoxazole-S-carboxylate.19 For optimal yields,
LiTMP was the base of choice to affect this condensation - LDA or n-BuLi gave poor yields. In the case

of the tricyclic chroman (24), the tetralone oxime route led to intractable mixtures of products during the
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condensation step. An alternative approach employing oxyamination of a B—diketone with
hydroxylamine via an eneamine led to the desired product, albeit in low yield (Scheme 2, see
transformation 18 to 19).%° The key step in the synthesis of the regioisomeric isoxazole tailpiece (36)
was an intramolecular 1,3-dipolar cycloaddition of a nitrile oxide which was generated in situ from the
oxime precursor 32 (Scheme 3).2' The synthesis of the thiazole (47, Scheme 4) was accomplished in

good yield via condensation of the acylamino ketone (41) with Lawesson’s reagent.””

Scheme 1°. Synthesis of 10

OH

a
(@) — o' N\

*Reagents and conditions: (a) (1) T,O, Py, 0 °C to RT, 4 h, 94%; (2) tributyl(vinyl)stannane, LiCl, Pd(PPh;)4, dioxane, 100 °C, 14 h, 80%; (3) NH,OH.HCI,
NaOAc, MeOH, 80 °C, 1.5 h, 70%; (b) (1) TMS-CI, DIPEA, THF, 0 °C; (2) LITMP, THF, methyl 3-phenyl-4-(trifluoromethyl)isoxazole-5-carboxylate'’, -
78 °C to 0 °C; (3) SOCL,, Py, PhMe, RT to 90 °C, 25% for 3 steps; (c) OsOs, NMO, THF, overnight then NalO,, H,O, 30 min, 100%; (d) (1) tert-butyl
azetidine-3-carboxylate, NaBH(OAc)s;, Ti(OiPr)s, MeOH, DCE, 2 h, 79%; (2) TFA, 90%

Scheme 2°. Synthesis of 24
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* Reagents and conditions: (a) 3-chloropropanoic acid, CF;-SOsH, 80 °C, 75%; (b) 2M aq. NaOH, 5 °C-RT; 6M aq. H»SO4, 81%; (c) (CF3-SO,),0, pyridine,
86%; (d) tributyl(vinyl)stannane, lithium chloride, Pd(PhP),, dioxane, 100 °C, 80%; (¢) OsO4, NMO, THF, 99%; (f) dimethoxypropane, (1R)-(-)-
camphorsulfonic acid, 58%; (g) TiCl,, morpholine, toluene, 89%; (h) 3-phenyl-4-(trifluoromethyl)isoxazole-5-carbonyl fluoride'®, Et;N, CH;CN: NH,OH-
HCI, NaOAc, H,0, 45 °C, 17%; (i) SOCl,, pyridine, toluene, 62%; (j) TFA, 100%,; (k) NalO4, THF, H,O; (1) tert-Butyl azetidine-3-carboxylate, acetic acid
salt, AcOH, titantium(IV) isopropoxide, MeOH, CH,Cl,, 64%; (m) TFA; MeOH slurry crystallization, 99%.

Scheme 3”. Synthesis of 36
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* Reagents and conditions: (a) i-BuOCOCI, N-methylmorpholine, THF; NaBH4, THF-MeOH, 63%; (b) Dess-Martin reagent, CH,Cl,, 99%%; (c) CBrs, PPh;,
THE, 67%; (d) n-BuLi,THF; paraformaldehyde, 63%; (¢) PBr;, CH,Cl,, 40-60%; (f) 4-bromo-2-hydroxybenzaldehyde, K,COs;, DMF, >85%; (g) NH,OH-
HCI, E;N, MeOH, 97%; (h) NaOC]l, Et;N, CH,Cl,, 73%,; (i) tributyl(vinyl)stannane, lithium chloride, (PhP),Pd, dioxane, 100 °C, 67%; (j) OsOs, NMO,
THF; NalO,, THF, H,O, 95%; (k) tert-Butyl azetidine-3-carboxylate, acetic acid salt, AcOH, titantium(IV) isopropoxide, MeOH, CH,Cl,, 58%; (1) TFA;
neutralization; MeOH; slurry crystallization, 65%.

Scheme 4°. Synthesis of isomeric tricyclic S1P; modulator 47
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* Reagents and conditions: (a) NBS, pTsOH, 60 °C, 11 min; (b) NaNjs, acetone, water, 3h rt, 69% over two steps; (c) Pd/C, 2N HCI, MeOH, 50 psi H,, rt 4h,
74%; (d) (1) 3-Phenyl-4-trifluoromethyl)isoxazole-5-carboxylic acid'®, oxalyl chloride, DMF, DCM, 0 °C; (2) DMAP, Hunig’s base, DCM, rt overnight,
40%; (e) Lawesson’s reagent, THF, 30 min, 120 °C p-wave, 60%; (f) BBrs, DCM, 6h, rt, 100%; (g) Triflic anhydride, pyridine, 0 °C, 89%; (h)
Tributyl(vinyl)stannane, LiCl, Pd(PPhs)s, dioxane, 100 °C, overnight; (i) OsOs, NMO, THF, 3h, rt then NalO4, H,O, 90 min, 47% over two steps; (j) (1)
Azetidine-3-carboxylic acid, AcOH, MeOH, 1,2-dichloroethane, 1h, 80 °C; (2) NaCNBHj, rt, 1h, 25%

RESULTS AND DISCUSSION

All compounds were evaluated in a functional GTPyS assay for both human S1P; and S1P3
receptor agonism. Compounds with good S1P; potency, and selectivity over S1Ps, and acceptable
profiles in liability assays (metabolic stability, CYP inhibition, etc.) were initially evaluated in a rat
pharmacokinetic/ pharmacodynamic (PK/ PD) model where rats were dosed orally with the compound.
Blood was drawn at the 4 and 24 hour time points to measure both circulating lymphocytes relative to
control and plasma concentration of each compound. Compounds which showed reduction in
circulating lymphocytes at low doses were then evaluated in PK studies and then progressed to chronic
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1 . ., . . .
2 efficacy models such as the rat adjuvant arthritis model. The following tables summarize SAR related to
3
g the lipophilic tail piece (Table 1), central ring B (Table 2), heterocyclic ring C (Table 3), phenyl ring A
6 .
7 (Table 4) as well as the PK/PD properties of these compounds.
8
9 e
10 Table 1. Lipophilic tail piece SAR.
11
12
-N -N -0
13 N ST\ N
14 )l\/ﬁ gﬁ M MR MR
15 CF Ph Py-2
16 3 3
17
18 O
19
20 H3C H3C—( H3C—< H3C_(
21 CH3 CH3
22
23
24 R EtO N
25 R= o X
26 CFs F3C —
27 COOH
28
29
30 In Vitro Activity Rat Blood Lymphocyte Reduction Assay
31
32 hS1P, hS1P; GTPyS S1Ps/ Reduction Plasma Reduction Plasma Conc.
33 Cmpd GTPyS ECsonM* S1P; at4h Conc.at at24 h Conc. at 4h/24h
34 ECsonM* Sel. (1.0 mpk) 4h (nM) (1.0 mpk) 24h (nM) ratio
35 3 0.47+£0.25 1,6004320 3,400x 78% 2,100 91% 700 3
36 86% 120 85% 27 4
0 0

I+ +
g; 10 0.59+0.19 4,400+330 7,500x £3% (0.3) 5 80% (0.3) 3 4
39 48 0.48+0.27 1,900 (n=2) 4,000x 83% 160 87% 43 4
40
a1 49 0.58£0.16  4,600+2,900 7,900x 74% 190 69% 32 6
42 50 0.33 (n=2 1,400+870 4,200x 82% (0.4 150 85% (0.4 26 6

(n=2) 0.4) 0.4)
43
a4 51 1.0+0.86 1,300 1,300x 82% (0.5) 120 69% (0.5) 1 120
45 52 1.5 >3,100° >2,100x 86% 520 80% 61 9
46
47 53 1.3° 1,300° 1,000x 85% 190 34% 4 48
48 54 1.5£1.5 26,000 17,000x 57% 28 21% 5 6
49
50 55 46426  >63,000£25,000 >14,000x -5% <LLQ 12% <LLQ
g; 56 24° 11,000° 460x ND ND ND ND
53 57 1.3+1.0 2,800° 2,200x 74% 110 76% 50 2
2‘51 58 0.98+0.29 2,100 (n=2) 2,100x 35% (0.5) 68 32% (0.5) 17 4
56 59 310432 >63,000£30,000  >200x ND ND ND ND
g; 60 1.6+1.4 14,000 8,800 ND ND ND ND
59 ¢ ECs, values are shown as mean values of at least three determinations; ° ECs, values are shown as a single determination; ND = Not Determined
60
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As expected, based on our earlier effort'® lipophilic groups are well tolerated in this region of the
receptor leading to potent functional antagonists of S1P;. Within this group however, both isomeric
isoxazoles, (10 and 48) and isothiazoles (49 and 50) exhibited picomolar potencies for S1P; in the
GTPyS assay with good selectivity against S1Ps. It is also interesting to note the SAR trends in the 5-
membered heteroaryl vs. the phenyl analogs — for example, a CF3 group on the 5-membered heteroaryl
ring, which is adjacent to the carbon atom anchoring the tricyclic group (R, in Table 1), led to very
potent functional antagonism at S1P;. In the case of the phenyl analogs, however, ortho substitution of
the CF3 group to the R group led to a relative loss in potency at S1P; in the functional assay (compare
compound 52, 57, and 54 with 56). Potency is regained when the CF3 group is moved to the meta
position in relation to the R group (compare 56 and 54). It is also important to note that lipophilic
moieties at the para position of the phenyl ring are critical in imparting functional potency at S1P; — the
data for 59 is consistent with this SAR. Although subtle SAR trends described above are difficult to
explain from a functional potency perspective, it is quite possible that optimal occupancy of the
lipophilic pocket and the dihedral angle between the R group and the lipophilic tail piece may be
important factors contributing to the modest potency differences observed in this region of the molecule.
Since a number of compounds in Table 1 showed excellent functional potency for S1P; while
maintaining selectivity for S1P3 they were advanced to the rat blood lymphocyte reduction (BLR)
pharmacokinetic/ pharmacodynamic (PK/PD) model. Compounds with the isoxazole and isothiazole tail
pieces showed sustained PD effects at 24 hours at low plasma concentrations — see for example, data for
50, 48 and 10 in Table 1. Since we had a good understanding of the liability profile of the isoxazoles
compared to the isothiazoles based on our earlier work,' the isoxazoles (48 and 10) were determined to

be the optimized lipophilic tail pieces for exploring SAR of the rest of the tricyclic scaffold.
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Table 2. SAR of the central ring, B.

In Vitro Activity

Rat Blood Lymphocyte Reduction Assay

N-O
O ~N
pi CFs
63

R= HQC—Ni}COOH

hS1P, hS1P; GTPyS S1Psy/ Reduction Plasma Reduction Plasma 4h/24h
Cmpd GTPyS ECsonM* S1P, at4h Conc. at at24 h Conc. at .
ECsonM* Sel. (1.0mpk)  4h(@M) § (1.0mpk)  24h (aM) ratio
10 0.59+0.19 4,400+330 7,500x 83% (0.3) 55 80% (0.3) 13 4
61 6.8+1.4 32,000 4,700x 14% 21 3% <LLQ
0 0

62 1.3+0.37 4,400 3,400x 66;1(/(()).3) 23(:0 79;5(/(;3) 486 :
63 31£23 12,000 (n=2) 390x ND ND ND ND

24 0.25 (n=2) >31,000+15,000 >120,000x i 82% (0.5) 330 89% (0.5) 56 6
36 0.27+0.18 1,200+1,300 4400x 87% (0.5) 230 93% (0.5) 46 5
64 1.6£0.32  >63,000£31,000 >39,000x ND ND ND ND

65 33° 1,600 48x ND ND ND ND

¢ ECs, values are shown as mean values of at least three determinations; ° ECs, values are shown as a single determination; ND = Not Determined

Table 2 summarizes SAR of the central ring B. Of the carbocyclic analogs examined, the six

membered ring (10, 48) was optimal — the five membered analog (61) was approximately an order of

magnitude less potent in the S1P; GTPyS assay. Comparing the six and seven membered analogs (62

vs. 63), the six membered analog was significantly more potent. This data was also consistent with the

data for the seven membered oxepane analog 65. The significant loss in potency for the seven

membered analogs compared to the five and six membered compounds supports our initial hypothesis

about the importance of maintaining planarity between the phenyl group (which anchors the polar
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headpiece) and the central heterocyclic ring for optimal potency and selectivity for the S1P; receptor.

Of the heterocyclic rings examined, the pyran analogs (24 and 36) were equipotent to the carbocyclic

analogs (10 and 48) in the S1P; GTPyS assay. Since both 24 and 36 were about equipotent in the S1P;

GTPyS assay, we tested them in the rat BLR assay for further progression. As outlined in Table 2, both

analogs were efficacious in reducing lymphocyte count at very low doses and these reductions were

similar to what was observed with the carbocyclic analog 10. We decided to use the carbocyclic analog

10 for further analoging, since the synthetic feasibility of exploring SAR appeared to be easier with this

compound compared to pyrans 24 and 36.

Table 3. SAR of the heterocyclic ring, C.

N~0 N~0
/ /
Ph _— 0 Ph _— S
\ R \ R= H,C- NyCOOH
F.C N/ F.C N/
69 47
In Vitro Activity Rat Blood Lymphocyte Reduction Assay
hS1P, hS1P; GTPyS S1Py/ Reduction Plasma Reduction Plasma ah24h
Cmpd GTPyS ECsonM* S1P, at4h Conc. at at24h Conc. at 24h "
ECsonM* Sel. (1.0mpk)  4h@M) i (1.0 mpk) (nM) ratio
10 0.59+0.19 4,400+330 7,500x 83% (0.3) 55 80% (0.3) 13 4
66 190+23 >63,000+30,000 >330x ND ND ND ND
67 380+150  >63,000+30,000 >170x ND ND ND ND
68 21£16 >63,000+35,000  >3,000x ND ND ND ND
69 5.543.6 920° 170x 62% 110 2% 11 10
47 2.4 (n=2) 12,000° 5,000x 80% 230 85% 84 3

¢ ECs values are shown as mean values of at least three determinations; ° ECs, values are shown as a single determination; ND = Not Determined
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Table 3 summarizes the SAR of the heterocyclic ring C, (Fig. 1). It is clear from Table 3 that of
the various heterocyclic rings examined, the [1,2-c]isoxazole (10) is the most potent in the S1P; GTPyS
assay. It is of interest to note that the isomeric [2,1-d]oxazole (69) is an order of magnitude less potent
vs. S1P; in the GTPyS assay compared to compound 10. Additionally, in the rat BLR PK/PD assay
compound 69 was significantly less efficacious in reducing lymphocyte counts through 24 hours
compared to the isoxazole (10). On the contrary, the thiazole analog 47, which is similar in potency to
69 in the S1P, GTPyS assay, was highly efficacious in reducing lymphocyte counts in the rat BLR assay.

This is likely due to the higher plasma concentration of 47 compared to 69 at the 24 hour time point.

Although we did not do exhaustive SAR studies on the aryl ring (A, in Fig. 2), the limited SAR
work suggested that the phenyl analog (10) provided the best balance of S1P; potency vs. selectivity for

S1Ps in the GTPyS assay (Table 4).

Table 4. SAR of Ring A.

R= HZC—Ni}COOH

In Vitro Activity Rat Blood Lymphocyte Reduction Assay
hS1P, hS1P; S1P;y/ Reduction Plasma Reduction Plasma Ah/24h
Cmpd GTPyS GTPyS S1P; at4h Conc. at at24h Conc. at "
ECsonM®  ECsonM® Sel. (1.0mpk)  4h@M) | (1.0mpk)  24h M) ratio

10 0.59+0.19 4,400+330 7,500x 83% (0.3) 55 80% (0.3) 13 4

70 0.87° 1,200° 1,400x 85% 190 34% 4 48

71 1.6+0.32 15,000° 9,400x 74% (0.5) 320 79% (0.5) 46 7

>63,000
72 17° (n;Z) >3,700x 76% 460 32% 47 10

¢ ECs, values are shown as mean values of at least three determinations; ° ECs, values are shown as a single determination; ND = Not Determined
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Since we have shown that the azetidine carboxylic acid head piece can be replaced by an
ethanolamine group,” we decided to explore this SAR along with other polar moieties in the tricylic

chemotype (Table 5).

Table 5. SAR of polar head piece.

H
¢ ( )mWCOOH HO O CHy N
HO N COOH HO N }—-{ SN ,—N R=
— — R HN—/_('-') O R :>S//NH
R R (6]
73 and 74 75 and 76 77 and 78 79
In Vitro Activity Rat Blood Lymphocyte Reduction Assay
hS1P; hS1Ps S1Psy/ Reduction Plasma Reduction Plasma Ah/24h
Cmpd | GTPyS GTPyS S1p; i at4 h Conc.at i at24h Conc. at "
i i i ratio
i ECsonM* ECsonM* Sel. i (1.0 mpk) 4h (nM) § (1.0 mpk) 24h (nM)
10 0.59+0.19 4,400+£330 7,500x 83% (0.3) 55 80% (0.3) 13 4
73 4.0£1.9 7,400 1,900x 70% 190 72% 160 1
81% 280 87% 77 4
.33=+0. =
74 0.33+0.20 1,700 (n=2) 5,200x 70% (0.3) 93 78% (0.3) 1 3
75 0.21+0.045 1(31’33)0 62,000x 76% 140 76% 49 3
76 i26+7.8 16,000 620x H 28% 140 P20% 21 P7
77 200+89 18,000° 90x ND ND ND ND
78 1.6+0.58 6,200 3,900x 50(0.5) 190 43 (0.5) 26
79 51£9.0 23,000 450x ND ND ND ND

“ ECs values are shown as mean values of at least three determinations; ® ECso values are shown as a single determination; ND = Not Determined

As is evident from Table 5, ethanolamines such as 74 and 75 and a-hydroxy amides such as 78
showed potencies comparable to compound 10 in the S1P; GTPyS assay while showing good selectivity
for S1P;. It is interesting to note that chirality at the carbon anchoring the hydroxy group is important in
determining potency and selectivity for SIP; in both the ethanolamine and the a-hydroxy amide series

(the absolute configuration of the isomers 73-78 was not established in this series).

It is clear from the discussion above, that a number of compounds show excellent lymphopenia

at low doses in the rat BLR assay. However, compound 10 remained one of the lead compounds in
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terms of showing a sustained PD response at very low doses (Figure 3) with an EDsj of 0.05 mg/kg
(ECsp=2.5 £ 0.8 nM) in addition to displaying an excellent liability profile (Table 6). Moreover, the
PK profile of the compound across species (Table 7) was very promising (low clearance, moderate to
high bioavailability and volumes of distribution) and the compound was advanced to the rat adjuvant
arthritis (AA) model, a preclinical model of rheumatoid arthritis. The rationale for testing compound 10
in a rat AA model is as follows. While the current market approval for Gilenya, an S1P; agonist, is for
RRMS, S1P; agonists have been or are currently being clinically evaluated for a wide range of
autoimmune disorders (psoriasis, ulcerative colitis, Crohn’s disease, organ transplant, lupus). At the

time of these investigations, arthritis was of primary interest for this program.

Figure 3. Rat lymphocyte reduction of compound 10

Compound 10
Rat Lymphocyte Reduction
. 60% -
5
g £ 50% -
)
Z O 40% -
o =
e 2 30% -
g%
S5 20% - W4h
=g
E S10% - m24h
o
0% -
0.05 0.3 1.0
mpk mpk mpk
Dose
Table 6. Partial in vitro profiling data for compound 10
Parameter Result
Human S1P, binding (ICs) 0.38 nM
Human S1P; GTPyS ECs (Ymax) 0.59 nM (95%)
Human S1P; cAMP ECs, (Ymax) 0.032 nM (93%)
Human S1P3/S1P, selectivity 7,500
Human S1P,/S1P; selectivity 2.4x
Human S1Ps/S1P, selectivity 2.4x
Rat SIP; GTPyS (ECs) 0.31 nM
Rat SI1P3/S1P; selectivity 6100x
Protein Binding (bound) 99.6% human
99.3% mouse
99.6% rat
99.5% dog
99.5% monkey
hERG (Patch Clamp) ICso =2 uM
Na' (Patch Clamp) 12% @ 10 uM (1 and 4
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Ca’ (Patch Clamp)
PXR TransAct, ECs,

CYP* inhibition (ICsp)

PAMPA permeability

Met Stab, T1/2

Hz)
11% @ 10 uM
>50 uM

>40 uM 1A2, 2B6, 2C9,

2C19, 2D6, 3A4-BZR

= 14 uM 2C8

280 nm/s @ pH 7.7
260 nm/s @ pH 5.5

>120 min (h, m, r, d, mk)

¢ CYP = cytochrome P450

Figure 4. Rat adjuvant arthritis study of compound 10

Compound 10 in Rat Adjuvant Arthritis

2.59

2.0

1.51

1.04

Change in Paw Volume (mL)

0.0

4 Vehicle

Mean +/- SEM Study Day
n=8/group

Table 7. Pharmacokinetic parameters for compound 10

*
p<.05 vs. Vehicle
ANOVA w/ Dunnett's

< Cmpd. 10: 0.03 mg/kg

¥ Cmpd. 10: 0.1 mg/kg
Cmpd. 10: 1.0 mg/kg

'@ Dex-0.1 mg/kg

Parameter Mouse” Rat" Cyno™ Dog"
po dose (mg/kg) 5 1 0.5 0.1
iv dose (mg/kg) 2 1 0.5 0.1
Conax (UM) 3.6 0.14 0.41 0.09
Tinax (h) 3 4 4 8
AUC (uM*h) PO 30.3 1.5 34 23
Tia (h) 15 7.9 18 23.1
CL (mL/min/kg) 1.7 8.5 24 1.4
Vi (L/kg) 2.2 4.8 3.6 2.5
Fo (%) 80 43 80 95

“ Average of three animals; * cynomologus monkey.

Arthritis was induced in male Lewis rats by a subcutaneous injection of complete Freund’s
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adjuvant at the base of the tail. Compound 10 was dosed orally (PO), once a day (QD), for 21 days at

0.03, 0.1 and 1.0 mg/kg. Dexamethasone served as the positive control in the study and was dosed at

0.1 mg/kg PO/QD. Paw volumes (day 7 to day 21) were measured using water displacement
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plethysmometry. As is evident from Figure 4, a dose of 0.03 mg/kg had little impact on disease
development. However, a dose of 0.1 mg/kg provided >50% suppression of paw swelling, and the
higher dose of Img/kg resulted in robust inhibition equivalent to the positive control dexamethasone.

On the basis of the suppression of paw swelling observed in this study, the EDs, for compound 10 was
determined to be 0.09 mg/kg (ECso = 24 nM) which is comparable to other S1P; modulators disclosed in

the literature.'®**

CONCLUSION

In summary, a series of tricyclic S1P; receptor agonists with selectivity over S1P; have been
identified employing a ligand-based drug design approach. SAR in this series suggested that (a) a
number of lipophilic tail pieces are tolerated (b) the azetidine carboxylic acid (10) and the hydroxy
nipecotic acid (74 and 75) are optimal head pieces (c) six membered carbocylic and pyran rings are
optimal central rings and (d) [1,2-c]isoxazole is the preferred heteroaromatic ring. Based on the
extensive SAR carried out, compound 10 was identified as having the optimal properties in terms of
potency for S1P;, selectivity vs. S1P; with an excellent liability profile. This compound showed
sustained pharmacodynamic effects in a rat blood lymphocyte reduction assay and efficacy in a rat
adjuvant arthritis model, with an EDsy comparable to reported S1P; modulators. Based upon this

favorable profile, compound 10 was further evaluated for suitability as a clinical development candidate.

Experimental

All commercially available chemicals and solvents were used without further purification. Reactions
were performed under an atmosphere of nitrogen. All new compounds gave satisfactory 'H NMR,
LC/MS and/or HRMS, and mass spectrometry results. "H NMR spectra were obtained on a Bruker 400
MHz or a JEOL 500 MHz NMR spectrometer using the residual TMS signal of deuterated NMR solvent

as internal reference. Electrospray ionization (ESI) mass spectra were obtained on a Waters ZQ single
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quadrupole mass spectrometer. All MS measurements were made on open access systems. The purity of

tested compounds determined by analytical HPLC was >95%. HPLC Methods are listed below:

Method A: A linear gradient using 5% acetonitrile, 95% water, and 0.05% TFA (Solvent A) and 95%
acetonitrile, 5% water, and 0.05% TFA (Solvent B); = 0 min., 10% B, # = 15 min., 100% B (20 min.)
was employed on a SunFire C18 3.5u 3.0 x 150 mm column. Flow rate was 1.0 ml/min and UV
detection was set to 220/254 nm. The LC column was maintained at ambient temperature.
Method B: A linear gradient using 5% acetonitrile, 95% water, and 0.05% TFA (Solvent A) and 95%
acetonitrile, 5% water, and 0.05% TFA (Solvent B); = 0 min., 10% B, # = 15 min., 100% B (20 min.)
was employed on a XBridge Ph 3.5u 3.0 x 150 mm column. Flow rate was 1.0 ml/min and UV
detection was set to 220/254 nm. The LC column was maintained at ambient temperature.
Method C. A linear gradient using 10% methanol, 90% water, and 0.2% H3;PO,4 (Solvent A) and 90%
methanol, 10% water, and 0.2% H3;PO4 (Solvent B); = 0 min., 0% B, t =4 min., 100% B (5 min.) was
employed on a YMC S5 CombiScreen 4.6 x 50 mm column. Flow rate was 4.0 ml/min and UV
detection was set to 220 or 254 nm. The LC column was maintained at ambient temperature.
Method D. A linear gradient using 10% methanol, 90% water, and 0.2% H3;PO,4 (Solvent A) and 90%
methanol, 10% water, and 0.2% H3;PO4 (Solvent B); = 0 min., 0% B, t =4 min., 100% B (5 min.) was
employed on a Chromolith SpeedROD 4.6 x 50 mm column. Flow rate was 4.0 ml/min and UV
detection was set to 220 nm. The LC column was maintained at ambient temperature.
6-Vinyl-3,4-dihydronaphthalen-1(2H)-one oxime (7). To a solution of 6-hydroxy-3,4-
dihydronaphthalen-1(2H)-one (2 g, 12.33 mmol) in anhydrous pyridine (10 mL) was added
trifluoromethanesulfonic anhydride (2.5 mL, 14.80 mmol) at 0 °C over a period of 5 min. The reaction
mixture was allowed to come to room temperature and stirred at room temperature for 4 h. The reaction
mixture was concentrated under reduced pressure. The resulting brownish red residue was partitioned

between ether (60 mL) and water (30 mL). The ether layer was sequentially washed with IN
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hydrochloric acid (20 mL), sat. ag. NaHCOs3 (20 mL), brine (20 mL), dried over sodium sulfate,
concentrated, and purified by silica gel column chromatography using hexane/ethyl acetate to yield 5-
0x0-5,6,7,8-tetrahydronaphthalen-2-yl trifluoromethanesulfonate (3.4 g, 11.55 mmol, 94 % yield). 'H
NMR (400 MHz, CDCls) 6 ppm 8.14 (1 H, d, J/=8.4 Hz), 7.17-7.24 (2 H, m), 3.02 (2 H, t, J=6.1 Hz),

2.69 (2 H, t, J=6.5 Hz), 2.15-2.22 (2 H, m).

To a solution of 5-0x0-5,6,7,8-tetrahydronaphthalen-2-yl-trifluoromethanesulfonate (3.4 g, 11.55
mmol) in anhydrous dioxane was sequentially added tributyl(vinyl)stannane (3.73 mL, 12.71 mmol),
lithium chloride (1.470 g, 34.7 mmol), and tetrakis(triphenylphosphine)palladium(0) (1.335 g, 1.155
mmol). The reaction mixture was purged with nitrogen gas for 5 min. and heated at 100 °C for 14 h.
The reaction mixture was cooled to room temperature and filtered. The yellow residue was washed with
ethyl acetate (3 x 20 ml). The filtrate was concentrated under reduced pressure. To the red oil was
added ether (50 mL) and the contents were stirred at room temperature for 15 min. The contents were
filtered and the resulting brick red residue was washed with ether (3 x 20 mL). The filtrate was
concentrated under reduced pressure and the resulting red oil was purified by silica gel column
chromatography using hexane/ethyl acetate to yield 6-vinyl-3,4-dihydronaphthalen-1(2H)-one (1.6 g,
9.29 mmol, 80 % yield). '"H NMR (400 MHz, CDCls) & ppm 8.00 (d, J/=8.14 Hz, 1 H), 7.36 (dd, J=8.14,
1.10 Hz, 1 H), 7.26 (s, 1 H), 6.72 (dd, J/=17.61, 11.00 Hz, 1 H), 5.87 (dd, J=17.61, 0.66 Hz, 1 H), 5.37-

5.41 (m, 1 H), 2.96 (t, J=6.05 Hz, 2 H), 2.63-2.67 (m, 2 H), 2.10-2.17 (m, 2 H).

To 6-vinyl-3,4-dihydronaphthalen-1(2H)-one (1.6 g, 9.29 mmol) in methanol (10 mL) was
sequentially added hydroxylamine hydrochloride (0.775 g, 11.15 mmol) and sodium acetate (0.915 g,
11.15 mmol). The reaction mixture was heated at 80 °C (oil bath temp.) for 1.5 h. The reaction mixture
was concentrated under reduced pressure and to the residue was added water (30 mL). The contents

were triturated and filtered. The solid material was washed with water (2 x 20 mL) and dried overnight

to yield 6-vinyl-3,4-dihydronaphthalen-1(2H)-one oxime (1.2 g, 6.41 mmol, 69.0 % yield). '"H NMR
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(400 MHz, CDCl3) 5 ppm 8.23 (br. s., 1 H), 7.85 (d, J=8.14 Hz, 1 H), 7.28 (s, 1 H), 7.18 (s, 1 H), 6.69
(dd, J=17.61, 10.78 Hz, 1 H), 5.78 (dd, J=17.61, 0.88 Hz, 1 H), 5.23-5.32 (m, 1 H), 2.71-2.87 (m, 4 H),

1.81-1.94 (m, 2 H).

3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-7-vinyl-4,5-dihydronaphtho|[1,2-c]isoxazole
(8). Preparation of LiTMP: To a stirred solution of 2,2,6,6-tetramethylpiperidine (10.88 mL, 64.5 mmol)
in anhydrous THF (25 mL) was added n-BuLi (25.8 mL, 64.5 mmol) (2.5M in hexanes) dropwise at 0

°C under nitrogen. The pale yellow solution was then stirred at the same temperature for 20 min.

To a stirred solution of 6-vinyl-3,4-dihydronaphthalen-1(2H)-one oxime (7, 4.03 g, 21.50 mmol)
and diisopropylethylamine (6.83 mL, 39.1 mmol) in anhydrous THF (50 mL) was added TMS-CI (2.75
mL, 21.50 mmol) dropwise at 0 °C under nitrogen. The mixture was stirred at 0 °C for 30 min. The
previously prepared LiTMP solution was added dropwise at -78 °C under nitrogen. After the mixture
was stirred at the same temperature for 30 min, a solution of methyl 3-phenyl-4-
(trifluoromethyl)isoxazole-5-carboxylate'® (5.3 g, 19.54 mmol) in anhydrous THF (10 mL) was added
dropwise at -78 °C. The solution was stirred at -78 °C for 30 min and then warmed to 0 °C over 30 min.
The reaction was quenched with saturated aqueous ammonium chloride solution (25 mL) and water (20
mL). EtOAc (50 mL) was added, contents stirred at room temperature for 30 min and filtered through a
pad of celite. The filtrate was separated. The aqueous layer was extracted with EtOAc (2 x 25 mL). The
combined organic solutions were washed with brine (50 mL), dried over sodium sulfate and
concentrated to give a liquid. Flash chromatography purification (330g silica gel column, 15-30% ethyl
acetate in hexanes) afforded 3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-7-vinyl-3,3a,4,5-
tetrahydronaphtho[1,2-c]isoxazol-3-ol (5 g, 11.73 mmol, 60.0 % yield). The compound had an HPLC
retention time = 3.74 min (condition C); LCMS (ESI) m/z Calcd for C23H18F3N203 [M + H]" 427.13.

Found: 426.9.
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The 3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-7-vinyl-3,3a,4,5-tetrahydronaphtho[ 1,2-
c]isoxazol-3-ol (5 g, 11.73 mmol) was mixed with thionyl chloride (1.712 mL, 23.45 mmol) and
anhydrous toluene (80 mL). Pyridine (0.190 mL, 2.345 mmol) was then added dropwise. The mixture
was stirred under nitrogen at room temperature for 30 min and 90 °C for 15 min. The mixture was
concentrated under reduced pressure. The residue was mixed with saturated aqueous sodium bicarbonate
solution (50 mL) and extracted with dichloromethane (100 mL, 2 x 50 mL). The combined
dichloromethane extracts were dried over sodium sulfate, filtered through a pad of silica gel and
concentrated under reduced pressure. Flash chromatography purification (220g silica gel column, 25-
>60% dichloromethane in hexanes) and trituration with methanol gave 3-(3-phenyl-4-
(trifluoromethyl)isoxazol-5-yl)-7-vinyl-4,5-dihydronaphtho[ 1,2-c]isoxazole (1.96 g, 4.80 mmol, 40.9 %
yield). The compound had an HPLC retention time = 4.28 min (condition C); LCMS (ESI) m/z Calcd for

C13H 6F3N,0, [M + H]" 409.12. Found: 408.9.

3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho [1,2-c]isoxazole-7-
carbaldehyde (9). To a stirred mixture of 3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-7-vinyl-4,5-
dihydronaphthol[ 1,2-c]isoxazole (1.96 g, 4.80 mmol) and THF (20 mL) were added NMO (50% in
water, 1.493 mL, 7.20 mmol) and osmium tetroxide (4% in water, 1.173 mL, 0.192 mmol) at room
temperature. The mixture was vigorously stirred at room temperature overnight. A solution of sodium
periodate (1.540 g, 7.20 mmol) in water (10 mL) was added. The mixture was stirred at room
temperature under nitrogen for 30 min. Water (20 mL) was then added. The solid was filtered, washed
with water (2 x 5 mL) and ethanol (2 mL) and dried to give 3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-
yl)-4,5-dihydronaphtho[ 1,2-c]isoxazole-7-carbaldehyde (1.92 g, 4.68 mmol, 98%). The compound had
an HPLC retention time = 3.95 min (condition C); LCMS (ESI) m/z Calcd for Cy,H 4F3N,05 [M + H]+

411.10. Found: 410.9.
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1-((3-(3-Phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho|1,2-c]isoxazol-7-
yl)methyl)azetidine-3-carboxylic acid (10). To a stirred solution of 3-(3-phenyl-4-
(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[ 1,2-c]isoxazole-7-carbaldehyde (2.1 g, 5.12 mmol),
tert-butyl azetidine-3-carboxylate, AcOH (1.668 g, 7.68 mmol), and acetic acid (0.586 mL, 10.24 mmol)
in anhydrous MeOH (10 mL) and anhydrous 1,2-dichloroethane (30 mL) was added titanium(IV)
isopropoxide (3.05 mL, 10.24 mmol) dropwise at room temperature under nitrogen. The solution was
stirred at room temperature for 1 hr before sodium triacetoxyborohydride (4.34 g, 20.47 mmol) was
added in 10 portions over 3.5 hr. The mixture was stirred at room temperature for 2 hr. Saturated
sodium bicarbonate (70 mL) was added slowly to make the reaction mixture basic. Celite was added,
and the contents were stirred at room temperature for 30 min and then filtered through a pad of celite.
The aqueous filtrate was separated and extracted with dichloromethane (3 x 20 mL). The combined
organic solutions were dried (sodium sulfate) and concentrated. Flash chromatography purification
(120g silica gel column, 25->70% ethyl acetate in hexanes) afforded tert-butyl 1-((3-(3-phenyl-4-
(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[ 1,2-c]isoxazol-7-yl)methyl) azetidine-3-carboxylate
(2.24 g, 4.06 mmol, 79 % yield). The compound had an HPLC retention time = 3.40 min (condition C);

LCMS (ESI) m/z Calcd for C30H9F3N3;04 [M + H]" 552.21. Found: 552.1.

To a stirred solution of tert-butyl 1-((3-(3-phenyl-4-(trifluoromethyl) isoxazol-5-yl)-4,5-
dihydronaphtho[1,2-c]isoxazol-7-yl)methyl)azetidine-3-carboxylate (2.24 g, 4.06 mmol) in
dichloromethane (4 mL) was added TFA (4 mL) slowly at room temperature. The reaction mixture was
stirred at room temperature for 2 hr. The mixture was concentrated to remove dichloromethane and
TFA (6 mL) was added. The mixture was stirred at room temperature till the starting material
disappeared. Dichloroethane (6 mL) was added and the reaction mixture was concentrated under
reduced pressure. The residue was mixed with water (10 mL), made basic (pH ~8) with 1 N aqueous

NaOH and acidified with 1N aqueous HCI to pH ~5. The mixture was sonicated for 30 min. The solid
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was filtered and washed with water (4 x 10 mL). The residue was mixed with methanol (40 mL),
sonicated for 30 min, filtered, washed with methanol (3 x 10 mL), and dried to give 1-((3-(3-phenyl-4-
(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[1,2-c]isoxazol-7-yl)methyl) azetidine-3-carboxylic
acid. HPLC t, = 7.62 min. (Method A); LCMS (ESI) m/z Calcd for C,¢H,1F3N304 [M + H]Jr 496.15.
Found: 496.0; '"H NMR (500 MHz, DMSO) & ppm 7.85 (1 H, d, J=7.90 Hz), 7.64 - 7.68 (2 H, m), 7.57 -
7.65 (3 H,m), 7.37 (1 H, s), 7.33 (1 H, d), 3.60 (2 H, s), 3.42 (2 H, br. 5.), 3.23 (3 H, br.s.), 3.10 (2 H, d,

J=6.41 Hz), 3.05 (2 H, d, J=6.41 Hz).

3-chloro-1-(2,4-dihydroxyphenyl)propan-1-one (12). To a stirred mixture of resorcinol (10 g,
91 mmol) and 3-chloropropanoic acid (9.95 g, 92 mmol) was added trifluoromethanesulfonic acid (50 g,
333 mmol) in one portion. The solution was heated at 80 °C for 30 min, cooled to room temperature
over 15 min, and poured into dichloromethane (200 mL). The resulting solution was slowly poured into
water (200 mL), and the layers were separated. The aqueous layer was extracted with dichloromethane
(2 x 100 mL). The combined organic solutions were dried over anhydrous sodium sulfate, and filtered.
Concentration under reduced pressure afforded 3-chloro-1-(2,4-dihydroxyphenyl)propan-1-one (13.62 g,
67.9 mmol, 74.8 % yield) as an orange semi-solid. The compound was used without any further
purification. 'H-NMR (400 MHz, CDCls) & ppm 12.39 (1H, s), 7.56 (1H, d, J/=8.58 Hz), 7.19 (1H, s),

6.17 - 6.49 (1H, m), 5.23 (1H, s), 3.78 - 4.01 (2H, m), and 3.34 (2H, t, J=6.71 Hz).

7-hydroxychroman-4-one (13). To a stirred 2M solution of sodium hydroxide (500 mL, 1000
mmol) at 5 °C was added 3-chloro-1-(2,4-dihydroxyphenyl)propan-1-one (13.6 g, 67.9 mmol) in one
portion. The solution was warmed to room temperature over 2h, re-cooled to 5 °C, and the pH was
adjusted to ~2 with 6M aqueous sulfuric acid (~50 mL). The orange precipitate formed was collected by
vacuum filtration and dried under reduced pressure. The filtrate was extracted with ethyl acetate (3 x
100 mL), washed with brine, and dried over anhydrous sodium sulfate. Concentration under reduced

pressure gave an orange solid. The two recovered solids were combined to give 7-hydroxychroman-4-
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one (9.0 g, 54.8 mmol, 81% yield). LCMS (ESI) m/z Calcd for CoHgO3 [M + H]" 165.1. Found: 165.0.
'H-NMR (400 MHz, CDCls) & ppm 7.77 (1H, d, J=8.58 Hz), 6.45 (1H, dd, J=8.69, 2.31 Hz), 6.33 (1H,

d, J=2.42 Hz), 5.62 (1H, br. s.), 4.33 - 4.66 (2H, m), and 2.58 - 2.90 (2H, m).

4-oxochroman-7-yl trifluoromethanesulfonate (14). To a solution of 7-hydroxychroman-4-one
(2.024 g, 12.3 mmol) in pyridine (10 mL) at 0 °C was added trifluoromethanesulfonic anhydride (2.500
mL, 14.8 mmol) over 5 min. The ice-bath was removed, and the reaction mixture was stirred at room
temperature for 2.5 h. Pyridine was removed under reduced pressure, and the residue was diluted with
ether (70 mL) and washed with water (30 mL). The organic layer was collected, and the aqueous layer
was back-extracted with ether (25 mL). The combined organic layers were washed with 1N aqueous
hydrochloric acid, IN aqueous sodium hydroxide, brine, and dried over anhydrous sodium sulfate.
Ether was removed under reduced pressure, and the crude product was purified by silica gel flash
chromatography using a mixture of ethyl acetate in hexane (5% - 15% - 20%) to afford 4-oxochroman-
7-yl trifluoromethanesulfonate (3.13 g, 10.6 mmol, 86% yield) as a yellow oil. HPLC t; =2.40 min.

(Method D). LCMS (ESI) m/z Caled for CoH7F505S [M + H]" 297.0. Found: 297.2.

7-vinylchroman-4-one (15). To a solution of 4-oxochroman-7-yl trifluoromethanesulfonate
(2.00 g, 6.75 mmol) in dioxane (10 mL) in a sealed tube was added sequentially tributyl(vinyl)stannane
(2.18 mL, 7.43 mmol) and lithium chloride (0.859 g, 20.3 mmol). The mixture was degassed under
reduced pressure and charged with nitrogen (2x). To the mixture was added
tetrakis(triphenylphosphine)palladium(0) (0.780 g, 0.675 mmol), and the contents stirred under a strong
stream of nitrogen for 5 min. The reaction mixture was sealed, immersed in an oil bath at 100 °C, and
stirred overnight. The reaction mixture was cooled to room temperature and filtered under reduced
pressure. The solid was washed with ethyl acetate (4 x 50 mL), and the filtrate was concentrated. The
crude product mixture was diluted with ether (~100 mL), sonicated for several minutes, and filtered (the

cake was rinsed with ether). The filtrate was concentrated under reduced pressure, and the residue was
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purified by silica gel flash chromatography using a mixture of ethyl acetate in hexane (5% - 12% - 15%)
to give 7-vinylchroman-4-one (0.938 g, 5.38 mmol, 80 % yield) as a yellow oil. HPLC t, = 1.93 min.
(Method D). LCMS (ESI) m/z Caled for Cy1H;00, [M + H]' 175.1. Found: 174.9. "H-NMR (400 MHz,
CDCls) 6 ppm 7.87 (d, J=8.14 Hz, 1H), 7.09 (dd, J/=8.25, 1.43 Hz, 1H), 6.98 (d, J/=1.54 Hz, 1H), 6.69
(dd, J=17.61, 11.00 Hz, 1H), 5.88 (d, /=17.61 Hz, 1H), 5.42 (d, /=10.78 Hz, 1H), 4.52 - 4.58 (m, 2H),

and 2.78 - 2.85 (m, 2H).

7-(1,2-dihydroxyethyl)chroman-4-one (16). To a mixture of 7-vinylchroman-4-one (0.801 g,
4.60 mmol) and a 50% solution of NMO in water (0.953 mL, 4.60 mmol) in tetrahydrofuran (11 mL) at
room temperature was added a 4% aqueous solution of osmium tetroxide in water (1.44 mL, 0.184
mmol). The reaction mixture was stirred at room temperature overnight. The reaction mixture was
diluted with dichloromethane (200 mL) and washed with water (40 mL). The organic layer was
collected and was washed with brine (40 mL). The combined aqueous layers were extracted with
dichloromethane (200 mL), and the combined organic layers were dried over anhydrous sodium sulfate.
Concentration under reduced pressure afforded 7-(1,2-dihydroxyethyl)chroman-4-one (0.950 g, 4.56
mmol, 99% yield) as a dark yellow oil. HPLC t, = 0.587 min. (Method D); LCMS (ESI) m/z Calcd for

C11H1,04 [M + H]" 209.1. Found: 209.0.

7-(2,2-dimethyl-1,3-dioxolan-4-yl)chroman-4-one (17). To a mixture of 7-(1,2-
dihydroxyethyl)chroman-4-one (0.950 g, 4.56 mmol) and 2,2-dimethoxypropane (1.68 mL, 13.7 mmol)
in acetone (20 mL) at room temperature was added (1R)-(-)-camphorsulfonic acid (0.212 g, 0.913
mmol). The reaction mixture was stirred at room temperature overnight. The reaction mixture was
quenched with a saturated aqueous solution of sodium bicarbonate and concentrated under reduced
pressure. The aqueous residue was diluted with ethyl acetate, washed with a saturated aqueous solution
of sodium bicarbonate, and brine. The organic layer was collected, and the aqueous layer was extracted

with ethyl acetate. The combined organic layers were dried over anhydrous sodium sulfate and
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concentrated to give the crude product as a dark oil, which was purified by flash silica gel
chromatography using a 20% mixture of ethyl acetate and hexane to afford 7-(2,2-dimethyl-1,3-
dioxolan-4-yl)chroman-4-one (0.657 g, 2.65 mmol, 58% yield) as a clear, colorless oil. HPLC t. =2.14

min. (Method D); LCMS (ESI) m/z Calcd for C14H604 [M + H]+ 249.1. Found: 248.9.

4-(7-(2,2-dimethyl-1,3-dioxolan-4-yl)-2H-chromen-4-yl)morpholine (18). To a mixture of 7-
(2,2-dimethyl-1,3-dioxolan-4-yl)chroman-4-one (0.657 g, 2.65 mmol) and morpholine (1.15 mL, 13.2
mmol) in toluene (12 mL) at 0 °C was added a 1.0 M solution of titanium(IV) chloride in toluene (1.46
mL, 1.46 mmol) dropwise. The ice-bath was removed, and the orange, heterogeneous reaction mixture
was stirred at room temperature overnight. The heterogeneous, orange reaction mixture was filtered
through a pad of Celite and rinsed with toluene (3 x 20 mL). The pale yellow filtrate was concentrated
under reduced pressure to give 4-(7-(2,2-dimethyl-1,3-dioxolan-4-yl)-2H-chromen-4-yl)morpholine

(0.751 g, 2.37 mmol, 89% yield) as a yellow oil.

7-(2,2-dimethyl-1,3-dioxolan-4-yl)-3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-3a,4-
dihydro-3H-chromeno[4,3-c]isoxazol-3-o0l (19). To a homogeneous solution of 4-(7-(2,2-dimethyl-1,3-
dioxolan-4-yl)-2H-chromen-4-yl)morpholine (0.266 g, 0.838 mmol) and triethylamine (0.232 mL, 1.68
mmol) in anhydrous acetonitrile (3.0 mL) at 0°C was added a solution of 3-phenyl-4-
(trifluoromethyl)isoxazole-5-carbonyl fluoride'® (0.217 g, 0.838 mmol) in acetonitrile (1.0 mL). The
reaction mixture was stirred at 0 °C for 30 min. and then at room temperature for 60 min. A
homogeneous solution of hydroxylamine hydrochloride (0.233 g, 3.35 mmol) and sodium acetate (0.275
g, 3.35 mmol) in water (0.544 mL, 30.2 mmol) was added, and the reaction mixture was heated at 45 °C
for 60 min. The reaction mixture was diluted with dichloromethane, washed with water, and dried over
anhydrous sodium sulfate. Concentration under reduced pressure followed by purification by flash silica
gel chromatography using a mixture of ethyl acetate in hexane (5% - 12% - 20%) afforded 240 mg of

the product mixture. The product was further purified by reverse phase preparative HPLC (2 x 120 mg)
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to give, after neutralization, 7-(2,2-dimethyl-1,3-dioxolan-4-yl)-3-(3-phenyl-4-(trifluoromethyl)isoxazol-
5-yl)-3a,4-dihydro-3H-chromeno[4,3-c]isoxazol-3-ol (0.070 g, 0.139 mmol, 17% yield). HPLC t, =3.08

min. (Method D); LCMS (ESI) m/z Calcd for CysH,1F3N,O6 [M + H]+ 503.1. Found: 502.9.

7-(2,2-dimethyl-1,3-dioxolan-4-yl)-3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4H-
chromeno|4,3-c]isoxazole (20). (This reaction was run twice.) To a stirred suspension of 7-(2,2-
dimethyl-1,3-dioxolan-4-yl)-3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-3a,4-dihydro-3H-
chromeno[4,3-c]isoxazol-3-ol (0.035 g, 0.070 mmol) in anhydrous toluene (1.0 mL) at room
temperature was added pyridine (0.012 mL, 0.153 mmol) followed by thionyl chloride (8.64 ul, 0.118
mmol). The reaction mixture was stirred at room temperature for 15 min. and then at 80 °C for 15 min.
The reaction mixture was cooled to room temperature and concentrated. The solid residue was diluted
with dichloromethane, washed with a saturated aqueous solution of sodium bicarbonate, and dried over
anhydrous sodium sulfate. Concentration under reduced pressure afforded a yellow film. The combined
crude products were triturated with methanol with sonication. The solid was collected to provide 7-(2,2-
dimethyl-1,3-dioxolan-4-yl)-3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4H-chromeno[4,3-
c]isoxazole (0.042 g, 0.087 mmol, 62% yield). HPLC t, = 3.63 min. (Method D); LCMS (ESI) m/z

Calcd for C25H19F3N205 [M + H]+ 485.1. Found: 484.9.

1-(3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4H-chromeno[4,3-c]isoxazol-7-yl)ethane-
1,2-diol (21). A solution of 7-(2,2-dimethyl-1,3-dioxolan-4-yl)-3-(3-phenyl-4-(trifluoromethyl)-
isoxazol-5-yl)-4H-chromeno[4,3-c]isoxazole (0.042 g, 0.087 mmol) in trifluoroacetic acid (1.00 ml, 13.0
mmol) was left standing at room temperature for 45 min. The trifluoroacetic acid was removed under
reduced pressure, and the residue was diluted with dichloromethane, washed with a saturated aqueous
solution of sodium bicarbonate, and dried over anhydrous sodium sulfate. Concentration under reduced

pressure afforded 1-(3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4H-chromeno[4,3-c]isoxazol-7-
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yl)ethane-1,2-diol (0.039 g, 0.088 mmol, 100% yield). HPLC t, = 3.00 min. (Method D); LCMS (ESI)

m/z Calcd for Co,H sF3N,Os [M + H]" 445.1. Found: 444.9.

3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4 H-chromeno|[4,3-c]isoxazole-7-carbaldehyde
(22). To a homogeneous solution of 1-(3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4H-chromeno[4,3-
c]isoxazol-7-yl)ethane-1,2-diol (0.039 g, 0.088 mmol) in a mixture of tetrahydrofuran (1.0 mL) and
water (0.065 mL) at room temperature was added sodium periodate (0.028 g, 0.132 mmol). The
reaction mixture was stirred for 30 min. The solvent was removed under reduced pressure, and the
residue was diluted with dichloromethane, washed with water, and dried over anhydrous sodium sulfate.
Concentration under reduced pressure afforded 36 mg of a ~1:1 mixture of 3-(3-phenyl-4-
(trifluoromethyl)isoxazol-5-yl)-4H-chromeno[4,3-c]isoxazole-7-carbaldehyde and 7-(2,2-dimethyl-1,3-
dioxolan-4-yl)-3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4H-chromeno[4,3-c]isoxazole as a yellow
oil. The product was used in the next step without any further purification. HPLC t; = 3.35 min.

(Method D); LCMS (ESI) m/z Calcd for C,1H;1F3N;O4 [M + H]+ 413.1. Found: 412.9.

tert-butyl 1-((3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4H-chromeno|4,3-c]isoxazol-7-
yDmethyl)azetidine-3-carboxylate (23). To the mixture of 3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-
yl)-4H-chromeno[4,3-c]isoxazole-7-carbaldehyde (0.036 g, 0.087 mmol) and 7-(2,2-dimethyl-1,3-
dioxolan-4-yl)-3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4H-chromeno[4,3-c]isoxazole from the
previous reaction in methanol (0.333 mL) and dichloromethane (1.0 mL) at room temperature was added
the tert-butyl azetidine-3-carboxylate, acetic acid salt (0.028 g, 0.131 mmol), acetic acid (10.00 pl,
0.175 mmol), and titanium(IV) isopropoxide (0.051 mL, 0.175 mmol) dropwise. The resulting
homogeneous reaction mixture was stirred for 60 min. To the reaction mixture was added sodium
triacetoxyborohydride (0.056 g, 0.262 mmol) in one portion, and the reaction mixture was stirred at
room temperature for 30 min. The reaction was quenched with a saturated aqueous solution of sodium

bicarbonate until the pH was slightly basic (~5 mL). The resulting emulsion was extracted with
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dichloromethane (3x). and the organic layers were combined, dried over anhydrous sodium sulfate, and
concentrated to give a pale yellow solid. The crude product was purified by flash silica gel
chromatography using a mixture of ethyl acetate in hexane (20% - 35% - 50%) to afford tert-butyl 1-((3-
(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4H-chromeno[4,3-c]isoxazol-7-yl)methyl)azetidine-3-
carboxylate (0.031g, 0.056 mmol, 64% yield). HPLC t. = 3.01 min. (Method D); LCMS (ESI) m/z

Calcd for CaoHagF3N305 [M + H]' 554.1. Found: 553.9.

1-((3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4H-chromeno[4,3-c]isoxazol-7-
yl)methyl)azetidine-3-carboxylic acid (24). A mixture of tert-butyl 1-((3-(3-phenyl-4-
(trifluoromethyl)isoxazol-5-yl)-4H-chromeno[4,3-c]isoxazol-7-yl)methyl)azetidine-3-carboxylate (0.031
g, 0.056 mmol) and trifluoroacetic acid (2.58 ml, 33.5 mmol) was left standing at room temperature for
45 min. The trifluoroacetic acid was removed under reduced pressure, and the residue was suspended in
water, the pH was adjusted to 5 with sonication, and the resulting suspension was stirred for 1 h. The
pH remained at 5, so the solid was collected by vacuum filtration, washed with water, and dried under
reduced pressure to give a quantitative yield of the product. The compound was suspended in methanol
and sonicated for 15 min. The product was collected by vacuum filtration, washed with methanol, and
dried under reduced pressure to provide 1-((3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4H-
chromeno[4,3-c]isoxazol-7-yl)methyl)azetidine-3-carboxylic acid (0.029 g, 0.058 mmol, 100% yield).
HPLC t, = 7.51 min. (Method A); LCMS (ESI) m/z Calcd for CosHsF3N305 [M + H]" 498.1. Found:
498.0. "H-NMR (500 MHz, DMSO-d) & ppm 7.79 (d, J=7.77 Hz, 1H), 7.59 - 7.69 (m, 5H), 7.09 (d,

J=7.77 Hz, 1H), 7.04 (s, 1H), 5.61 (s, 2H), 3.58 (s, 2H), and 3.20 - 3.46 (m, SH).

(5-Phenyl-4-(trifluoromethyl)isoxazol-3-yl)methanol (26). To a solution of 5-phenyl-4-
(trifluoromethyl)isoxazole-3-carboxylic acid (6.0 g, 23.33 mmol) in tetrahydrofuran (40 mL) at 0°C was
added N-methylmorpholine (3.85 mL, 35.0 mmol) followed by isobutyl chloroformate (4.60 mL, 35.0

mmol) via syringe over 5 min. The resulting suspension was stirred at 0°C for 15 min. The suspension
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was then added to a suspension of sodium borohydride (1.589 g, 42.0 mmol) in tetrahydrofuran (80 mL)
and methanol (24 mL) at -78°C via a 10 mL pipette. During the addition, frothing was observed. The
reaction mixture was stirred for 3 h. The reaction mixture was slowly warmed to ~-20°C and quenched
with a 1:9 mixture of acetic acid in water (40 mL). The reaction mixture was then stirred at room
temperature for 60 min. The solvent was removed under reduced pressure, and the residue was diluted
with ethyl acetate (240 mL), washed with water (40 mL), washed with a saturated aqueous solution of
sodium bicarbonate (2 x 40 mL), and washed with brine (40 mL). The organic layer was collected, the
aqueous layers were back-extracted with ethyl acetate (200 mL), and the combined organic layers were
dried over anhydrous sodium sulfate and concentrated under reduced pressure. Purification by flash
silica gel chromatography using a mixture of ethyl acetate in hexane (5% - 12% - 20%) afforded (5-
phenyl-4-(trifluoromethyl)isoxazol-3-yl)methanol (3.22 g, 13.24 mmol, 56.8 % yield) as a clear,
colorless oil. HPLC t, = 1.93 min. (Method D); LCMS (ESI) m/z Calcd for C;;HsF3NO, [M + H]"

244.2. Found: 244.0.

5-Phenyl-4-(trifluoromethyl)isoxazole-3-carbaldehyde (27). To a mixture of (5-phenyl-4-
(trifluoromethyl)isoxazol-3-yl)methanol (3.19 g, 13.12 mmol) in Dichloromethane (40 mL) at 0°C was
added Dess-Martin Periodinane (6.12 g, 14.43 mmol). The reaction mixture was stirred at 0°C for 10
min. and then at room temperature for 1.5 h. By HPLC, the reaction was complete. A 1:1 mixture of
saturated aqueous sodium thiosulfate and saturated aqueous bicarbonate (75 mL) was added slowly.
The organic layer was collected, and the aqueous layer was extracted with dichloromethane (2 x 100
mL). The combined organic layers were dried over anhydrous sodium sulfate, filtered through a pad of
Celite, and concentrated under reduce pressure to give a quantitative yield of 5-phenyl-4-
(trifluoromethyl)isoxazole-3-carbaldehyde as a clear, colorless oil. HPLC t, = 2.05 min. (Method D);

LCMS (ESI) m/z Caled for C11HgF3NO, [M + H]' 242.0. Found: 242.0.
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3-(2,2-dibromovinyl)-5-phenyl-4-(trifluoromethyl)isoxazole (28). To a solution of
carbontetrabromide (12.24 g, 36.9 mmol) in dichloromethane (10 mL) at 0°C was added a solution of
triphenylphosphine (4.84 g, 18.5 mmol) in dichloromethane (10 mL), and the resulting mixture was
stirred at 0°C for 5 min. A solution of 5-phenyl-4-(trifluoromethyl)isoxazole-3-carbaldehyde (27, 1.59
g, 4.62 mmol) in dichloromethane (10 mL) was added via syringe, and the reaction mixture was stirred
at 0 °C for 20 min. The reaction mixture was diluted with dichloromethane and washed with water. A
white precipitate formed was removed by vacuum filtrating. The filtrate was washed with a saturated
aqueous solution of sodium bicarbonate, washed with a saturated aqueous solution of ammonium
chloride, dried over anhydrous sodium sulfate, and concentrated. The residue was purified by flash
silica gel chromatography using a mixture of ethyl acetate in hexane (1% - 3%) to give 3-(2,2-
dibromovinyl)-5-phenyl-4-(trifluoromethyl)isoxazole (1.21 g, 3.05 mmol, 66.0 % yield). HPLC t, =
3.10 min. (Method D); LCMS (ESI) m/z Calcd for C,HgBr,F3NO [M + H]" 395.9. Found: 395.9 and
397.9. 'H-NMR (500 MHz, CDCls) & ppm 7.43 (s, 1H), 7.52 - 7.56 (m, 2H), 7.56 - 7.61 (m, 1H), and

7.74 (d, J=7.49 Hz, 2H).

3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)prop-2-yn-1-ol (29). To a solution of 3-(2,2-
dibromovinyl)-5-phenyl-4-(trifluoromethyl)isoxazole (0.496 g, 1.19 mmol) in tetrahydrofuran (6.0 mL)
at -78°C was slowly added a 2.5 M solution of butyl lithium in hexane (1.05 mL, 2.61 mmol). The
reaction mixture was stirred at -78°C for 25 min. and then warmed to room temperature. Once at room
temperature, paraformaldehyde (0.713 g, 23.74 mmol) was added, and the reaction mixture was stirred
for 5 min. The mixture was diluted with ether, washed with water (2x), and washed with brine. The
combined aqueous layers were extracted with ether, and the combined organics layers were dried over
anhydrous sodium sulfate and concentrated. The residue was purified by flash silica gel

chromatography using a mixture of ethyl acetate in hexane (1% - 5% - 20%) to give 3-(5-phenyl-4-
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(trifluoromethyl)isoxazol-3-yl)prop-2-yn-1-o0l (0.199 g, 0.745 mmol, 63% yield). HPLC t, = 2.39 min.

(Method D); LCMS (ESI) m/z Caled for Ci3HgFsNO, [M + H]" 268.1. Found: 268.2.

3-(3-bromoprop-1-ynyl)-5-phenyl-4-(trifluoromethyl)isoxazole (30). To a solution of 3-(5-
phenyl-4-(trifluoromethyl)isoxazol-3-yl)prop-2-yn-1-ol (0.465 g, 1.740 mmol) in dichloromethane (9.0
mL) at 0°C was added a 1.0 M solution of tribromophosphine in dichloromethane (2.09 mL, 2.09
mmol). After 5 min., the ice-bath was removed, and the reaction mixture was stirred at room
temperature overnight. Additional tribromophosphine (1.0 M in dichloromethane) (2.09 mL, 2.09
mmol) was added, and the reaction mixture was stirred at room temperature for 4.5 h. Additional
tribromophosphine (1.0 M in dichloromethane) (2.09 mL, 2.09 mmol) was added, and the reaction
mixture was stirred at room temperature over the weekend. The reaction mixture was diluted with
dichloromethane, washed with a saturated aqueous solution of sodium bicarbonate, and dried over
anhydrous sodium sulfate. Concentration under reduced pressure provided the crude product, which
was loaded with a minimum amount of dichloromethane on a fritted funnel containing a layer of Celite
topped with a layer of silica gel. The plug column was eluted with a mixture of ethyl acetate and hexane
(1% - 3%) to give 3-(3-bromoprop-1-ynyl)-5-phenyl-4-(trifluoromethyl)isoxazole (0.219 g, 0.663 mmol,
38% yield) as a clear, colorless oil. HPLC t, = 2.95 min. (Method D); LCMS (ESI) m/z Calcd for

C3H7BrFsNO [M + H]" 329.9. Found: 329.9 and 331.9.

4-bromo-2-(3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)prop-2-ynyloxy)benzaldehyde
(31). To a mixture of 3-(3-bromoprop-1-ynyl)-5-phenyl-4-(trifluoromethyl)isoxazole (0.219 g, 0.663
mmol) and 4-bromo-2-hydroxybenzaldehyde (0.133 g, 0.663 mmol) in dimethylformamide (2.0 mL) at
room temperature was added potassium carbonate (0.115 g, 0.829 mmol). The reaction mixture was
stirred at room temperature for 3 h, diluted with ethyl acetate (75 mL), washed with a 10% aqueous
solution of lithium chloride (2 x 25 mL), and washed with brine (25 mL). The organic layer was

collected, and the combined aqueous phases were extracted with ethyl acetate (2 x 25 mL). The
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combined organic layers were dried over anhydrous sodium sulfate. Concentration under reduced
pressure afforded a tan solid which was triturated with methanol with sonication to give 4-bromo-2-(3-

(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)prop-2-ynyloxy)benzaldehyde (0.223 g, 0.495 mmol, 75%
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yield). HPLC t; = 3.28 min. (Method D); LCMS (ESI) m/z Calcd for Cy0H;;BrF;NOs [M + H]+ 450.0.
11 Found: 449.9 and 451.92. 'H-NMR (500 MHz, CDCls) 6 ppm 5.12 (s, 2H), 7.28 (d, J=8.32 Hz, 1H),
14 7.34 (d, J=1.66 Hz, 1H), 7.51 - 7.55 (m, 2H), 7.56 - 7.61 (m, 1H), 7.72 (d, J=7.21 Hz, 2H), 7.75 (d,

16 J=8.32 Hz, 1H), and 10.44 (s, 1H).

(E)-4-bromo-2-(3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)prop-2-ynyloxy)benzaldehyde
29 oxime (32). A mixture of 4-bromo-2-(3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)prop-2-

24 ynyloxy)benzaldehyde (0.050 g, 0.111 mmol), hydroxylamine hydrochloride (9.26 mg, 0.133 mmol),
and sodium acetate (0.018 g, 0.222 mmol) in methanol (2.0 mL) was heated at reflux for 30 min. The
29 solvent was removed under reduce pressure, and the residue was diluted with dichloromethane, washed
31 with water, and dried over anhydrous sodium sulfate. Concentration under reduced pressure afforded
(E)-4-bromo-2-(3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)prop-2-ynyloxy)benzaldehyde oxime

36 (0.050 g, 0.107 mmol, 97 % yield). HPLC t, = 3.26 min. (Method D); LCMS (ESI) m/z Calcd for

38 C20H12BI'F3N203 [M + H]+ 465.0. Found: 464.8 and 466.8.

7-bromo-3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4H-chromeno[4,3-c]isoxazole (33).
44 To a mixture of sodium hypochlorite (23 mL), triethylamine (0.021 mL, 0.155 mmol), and

46 dichloromethane (1.0 mL) at 0°C was added dropwise a solution of (E)-4-bromo-2-(3-(5-phenyl-4-

49 (trifluoromethyl)isoxazol-3-yl)prop-2-ynyloxy)benzaldehyde oxime (0.036 g, 0.077 mmol) in

51 dichloromethane (3 mL). The reaction mixture was stirred at 0°C for 30 min. and then at room

53 temperature for 1.5 h. The reaction mixture was diluted with dichloromethane, and the organic layer
56 was collected. The aqueous layer was extracted with dichloromethane (2x), and the combined organic

58 layers were washed with brine and dried over anhydrous sodium sulfate. Concentration under reduced
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pressure followed by trituration with methanol with sonication afforded 7-bromo-3-(5-phenyl-4-
(trifluoromethyl)isoxazol-3-yl)-4H-chromeno[4,3-c]isoxazole (0.026 g, 0.056 mmol, 73% yield). HPLC
t. = 3.91 min. (Method C); LCMS (ESI) m/z Calcd for Cy0H;oBrF;N,O; [M + H]+ 463.0. Found: 462.9
and 464.9. "H-NMR (500 MHz, CDCls) & ppm 7.78 (d, J=8.05 Hz, 1H), 7.73 (d, J=7.49 Hz, 2H), 7.60 -

7.65 (m, 1H), 7.55 - 7.59 (m, 2H), 7.23 - 7.27 (m, 2H), and 5.49 (s, 2H).

3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4 H-chromeno|[4,3-c]isoxazole-7-carbaldehyde
(34). To a heterogeneous solution of 7-bromo-3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4H-
chromeno[4,3-c]isoxazole (0.105 g, 0.227 mmol) in dioxane (2.0 mL) in a sealed tube was added
sequentially tributyl(vinyl)stannane (0.073 mL, 0.249 mmol) and lithium chloride (0.029 g, 0.680
mmol). The mixture was degassed under reduced pressure and charged with nitrogen (3x). To the
mixture was added tetrakis(triphenylphosphine)palladium(0) (0.026 g, 0.023 mmol), and the mixture
was stirred under a strong stream of nitrogen for 5 min. The reaction mixture was sealed, immersed in
an oil bath at 100 °C, and stirred overnight. The reaction mixture was concentrated under reduced
pressure, and the residue was diluted with dichloromethane (10 mL), filtered through a pad of Celite,
and rinsed with dichloromethane (10 mL). The filtrate was concentrated, and the residue was purified
by flash silica gel chromatography using a 5% mixture of ethyl acetate in hexane to give 3-(5-phenyl-4-
(trifluoromethyl)isoxazol-3-yl)-7-vinyl-4H-chromeno[4,3-c]isoxazole (0.062 g, 0.151 mmol, 67%
yield). HPLC t, = 3.84 min. (Method D); LCMS (ESI) m/z Calcd for C2,H;3F3N,03 [M + H]" 411.1.

Found: 411.0.

To a mixture of 3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-7-vinyl-4H-chromeno[4,3-
clisoxazole (0.060 g, 0.146 mmol) and a 50% aqueous solution of NMO (0.030 mL, 0.146 mmol) at
room temperature was added a 4% aqueous solution of osmium tetroxide (0.046 mL, 5.85 pmol). The
reaction mixture was stirred at room temperature for 5 h. The intermediate diol had an HPLC ret. time =

3.09 min and an [M + H]" = 445. Sodium periodate (0.047 g, 0.219 mmol) was added to the
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homogeneous mixture followed by water (0.10 mL), and the reaction was stirred for 60 min. at room
temperature. Concentration under reduced pressure afforded a tan solid residue that was then diluted

with ethyl acetate (40 mL), washed with the water (10 mL), and washed with brine (10 mL). The
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organic layer was collected, and the aqueous layer was washed with ethyl acetate (40 mL). The
combined organic layers were dried over anhydrous sodium sulfate. Concentration under reduced
14 pressure afforded 3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4H-chromeno[4,3-c]isoxazole-7-

16 carbaldehyde (0.057 g, 0.138 mmol, 95% yield). HPLC t; = 3.49 min. (Method D).

tert-butyl 1-((3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4H-chromeno[4,3-c]isoxazol-7-
29 yl)methyl)azetidine-3-carboxylate (35). To a mixture of 3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-
24 4H-chromeno[4,3-c]isoxazole-7-carbaldehyde (0.057 g, 0.138 mmol), fert-butyl azetidine-3-carboxylate,
26 acetic acid salt (0.045 g, 0.207 mmol), and acetic acid (0.016 mL, 0.276 mmol) in methanol (3.0 mL)

29 and dichloroethane (0.900 mL) at room temperature was added titanium(I'V) isopropoxide (0.081 mL,

31 0.276 mmol) dropwise. The resulting homogeneous reaction mixture was stirred for 90 min. To the
reaction mixture was added sodium triacetoxyborohydride (0.088 g, 0.415 mmol) in one portion, and the
36 reaction mixture was stirred at room temperature for 2 h. The reaction mixture was quenched with a

38 saturated aqueous solution of sodium bicarbonate until the pH was slightly basic (~5 mL). The resulting
a1 emulsion was extracted with dichloromethane (3x). The organic layers were combined, dried over

43 anhydrous sodium sulfate, and concentrated to give a pale yellow solid. The crude product was purified
by flash silica gel chromatography using a mixture of ethyl acetate in hexane (20% - 35% - 50%) to

48 afford tert-butyl 1-((3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4H-chromeno[4,3-c]isoxazol-7-

50 yl)methyl)azetidine-3-carboxylate (0.044 g, 0.079 mmol, 58% yield). HPLC t; = 3.06 min. (Method D);

52 LCMS (ESI) m/z Caled for CaoHa6F3N30s [M + H]™ 554.2. Found: 554.2.

56 1-((3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4 H-chromeno[4,3-c]isoxazol-7-

58 yDmethyl)azetidine-3-carboxylic acid (36). A mixture of tert-butyl 1-((3-(5-phenyl-4-
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(trifluoromethyl)isoxazol-3-yl)-4H-chromeno[4,3-c]isoxazol-7-yl)methyl)azetidine-3-carboxylate (0.044
g, 0.079 mmol) and trifluoroacetic acid (3.00 mL, 39.0 mmol) was left standing at room temperature for
60 min. The trifluoroacetic acid was removed under reduced pressure, and the residue was suspended in
water, the pH was adjusted to ~5 using 1N NaOH with sonication, and the resulting suspension was
stirred overnight. The pH remained at 5, so the solid was collected by vacuum filtration, washed with
water, and dried under reduced pressure to give a quantitative yield of the product. The compound was
suspended in methanol and sonicated for 15 min. and then stirred overnight. The product was collected
by vacuum filtration, washed with methanol, and dried under reduced pressure to provide 1-((3-(5-
phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4H-chromeno[4,3-c]isoxazol-7-yl)methyl)azetidine-3-
carboxylic acid (0.026 g, 0.052 mmol, 65% yield). HPLC t. = 8.92 min. (Method B); LCMS (ESI) m/z
Calcd for C,sH sF3N305 [M + H]" 498.1. Found: 498.1. "H-NMR (500 MHz, DMSO-d¢) & ppm 7.78
(dd, J=7.21, 5.83 Hz, 3H), 7.70 - 7.75 (m, 1H), 7.64 - 7.70 (m, 2H), 7.08 (d, J/=7.77 Hz, 1H), 7.03 (s,

1H), 5.51 (s, 2H), 3.58 (s, 2 H), 3.42 (br. s., 2H), and 3.22 (br. s., 3H).

2-bromo-6-methoxy-3,4-dihydronaphthalen-1(2H)-one (38). 6-methoxy-3,4-
dihydronaphthalen-1(2H)-one (1 g, 5.67 mmol), NBS (1.010 g, 5.67 mmol) and pTsOH (0.108 g, 0.567
mmol) were ground in a porcelain mortar and the mixture was heated at 60 °C for 11 mins in a
scintillation vial with stirring. The reaction was carried out in 4 separate vials with same scale (total 4x1
g of 6-methoxy-3,4-dihydronaphthalen-1(2H)-one). After cooling the contents of the 4 vials were
combined and dissolved in 80 mL of dichloromethane. The solution was washed in sequence with
saturated sodium bicarbonate (2x), water and then dried over magnesium sulfate. The reaction mixture
was concentrated under reduced pressure to yield 2-bromo-6-methoxy-3,4-dihydronaphthalen-1(2H)-one
as an oily residue. The crude product was used for next reaction without purification. '"H NMR

(400MHz, CDCls) 5 ppm 8.07 (d, J=8.8 Hz, 1H), 6.88 (dd, J=8.8, 2.6 Hz, 1H), 6.73 (d, J=2.4 Hz, 1H),
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4.70 (t, J=4.2 Hz, 1H), 3.88 (s, 3H), 3.35 - 3.25 (m, 1H), 2.87 (dt, J=16.9, 4.4 Hz, 1H), 2.53 - 2.41 (m,

2H)

2-azido-6-methoxy-3,4-dihydronaphthalen-1(2H)-one (39). To a solution of 2-bromo-6-
methoxy-3,4-dihydronaphthalen-1(2H)-one (5.71 g, 22.4 mmol) in acetone (40 mL) was added a
solution of sodium azide (2.184 g, 33.6 mmol) in water (10 mL) dropwise, and the mixture was stirred at
room temp for 3 hrs. The reaction mixture was diluted with ethyl acetate and washed with water twice
and then brine. The combined aqueous layers were back extracted with ethyl acetate. The organic
layers were combined and dried over sodium sulfate and evaporated to yield an oily residue. The crude
product was purified by flash chromatography (120 g silica gel cartridge, eluting with 5:95 followed by
1:9 and 2:8 EtOAc-hexane). Crystallization from ethyl acetate — hexanes afforded a total of 3.37 g of 2-
azido-6-methoxy-3,4-dihydronaphthalen-1(2H)-one (69.3% yield over two steps). 'H NMR (400MHz,
CDCls) 6 ppm 8.04 (d, J/=8.8 Hz, 1H), 6.86 (dd, J=8.7, 2.5 Hz, 1H), 6.70 (d, J/=2.4 Hz, 1H), 4.19 (dd,
J=11.8,4.7 Hz, 1H), 3.87 (s, 3H), 3.03 (dd, J=7.8, 4.5 Hz, 2H), 2.34 (dq, J=13.2, 4.6 Hz, 1H), 2.16 -

2.05 (m, 1H)

2-Amino-6-methoxy-3,4-dihydronaphthalen-1(2H)-one, HCI (40). A mixture of 2-azido-6-
methoxy-3,4-dihydronaphthalen-1(2H)-one (4.88 g, 22.47 mmol), 2.0 M HCI in water (33.7 mL, 67.4
mmol) and MeOH (125 mL) under nitrogen was charged with 10% Pd/C (50% wet) and stirred under a
50 psi hydrogen atmosphere for 4h. The reaction mixture was then filtered through a plug of celite using
methanol. The reaction mixture was concentrated. The residue was suspended in MeOH and treated with
EtOACc and the resulting solids were collected by filtration and dried in vacuo. 2-Amino-6-methoxy-3,4-
dihydronaphthalen-1(2H)-one, HCI (3.8 g, 74.3% yield) was isolated. '"H NMR (400 MHz, CD;0D) &
ppm 7.99 (1 H, d, J=8.80 Hz), 6.95 (1 H, dd, /=8.80, 2.64 Hz), 6.89 (1 H, d, /=2.42 Hz), 4.22 (1 H, dd,
J=13.98, 4.95 Hz), 3.89 (3 H, s), 3.20 - 3.29 (1 H, m), 3.12 (1 H, ddd, J=17.17, 4.62, 2.64 Hz), 2.46 -

2.53 (1 H, m, J=12.30, 4.75, 4.75, 2.64 Hz), 2.17 (1 H, dddd, J=13.64, 12.87, 12.65, 4.62 Hz)
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N-(6-methoxy-1-o0x0-1,2,3,4-tetrahydronaphthalen-2-yl)-3-phenyl-4-
(trifluoromethyl)isoxazole-5-carboxamide (41). To a solution of 3-phenyl-4-
(trifluoromethyl)isoxazole-5-carboxylic acid'® (1407 mg, 5.47 mmol) in dichloromethane (12 mL) at 0
°C was added oxalyl chloride (0.878 mL, 10.03 mmol) followed by DMF (0.018 mL, 0.228 mmol), and
the cooling bath was removed and the mixture was stirred for 25 min. The reaction mixture was
evaporated and the residue was azeotroped with anhydrous ethylene chloride (3x). The residue was
dissolved in 10 mL of dichloromethane and was added to a stirred solution of 2-amino-6-methoxy-3,4-
dihydronaphthalen-1(2H)-one hydrochloride (1038 mg, 4.56 mmol) and dimethyl aminopyridine (55.7
mg, 0.456 mmol) in 5 mL of dichloromethane by a syringe. Then Hunig's Base (2.389 mL, 13.68 mmol)
was added, and the mixture was stirred overnight. The reaction mixture was diluted with ethyl acetate
and then washed with saturated sodium bicarbonate followed by brine. It was dried over anhydrous
magnesium sulfate, concentrated under reduced pressure and purified by flash chromatography (80g
redisep cartridge was presaturated with 10%EtOAc-Hexanes. The crude was loaded as a solution in
dichloromethane. The column was eluted with 10% EtOAc-Hex.). N-(6-methoxy-1-0x0-1,2,3,4-
tetrahydronaphthalen-2-yl)-3-phenyl-4-(trifluoromethyl)isoxazole-5-carboxamide (0.78 g, 1.812 mmol,
39.8 % yield) was obtained. LCMS (ESI) m/z Calcd for C,,H7F3N,O04 [M + H]+ 431.11. Found: 431.1.
'H NMR (400 MHz, CDCl3) & ppm 8.06 (1 H, d, J=8.80 Hz), 7.82 (1 H, d, J=4.40 Hz), 7.59 - 7.64 (2 H,
m), 7.49 - 7.57 (2 H, m), 6.90 (1 H, dd, J=8.80, 2.42 Hz), 6.75 (1 H, d, /=2.20 Hz), 4.77 (1 H, dt,
J=13.42,4.84 Hz), 3.90 (3 H, s), 3.30 (1 H, ddd, J=17.28, 13.09, 4.62 Hz), 3.05 (1 H, ddd, J=17.22,

4.24,2.31 Hz), 2.95-3.02 (2 H, m)

5-(7-methoxy-4,5-dihydronaphtho|2,1-d]thiazol-2-yl)-3-phenyl-4-(trifluoromethyl)isoxazole
(42). A mixture of the N-(6-methoxy-1-ox0-1,2,3,4-tetrahydronaphthalen-2-yl)-3-phenyl-4-
(trifluoromethyl)isoxazole-5-carboxamide (133 mg, 0.309 mmol) and Lawesson's Reagent (187 mg,

0.464 mmol) in THF (3.0 ml) was heated for 30 min at 120 °C in a microwave. The resulting bright
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yellow mixture was combined with 14 mg of crude from an earlier run, concentrated in vacuo and
purified by flash chromatography (with 10% followed by 20% ethyl acetate-hexanes). 5-(7-methoxy-
4,5-dihydronaphtho[2,1-d]thiazol-2-yl)-3-phenyl-4-(trifluoromethyl)isoxazole (0.088 g, 0.205 mmol,
60.3 % yield) was obtained. LCMS (ESI) m/z Calcd for C;,H;5F3N,0,S [M + H]Jr 429.08. Found: 429.2.
'H NMR (400 MHz, CDCl3) & ppm 7.66 (1 H, s), 7.65 (1 H, d, J=1.54 Hz), 7.49 - 7.56 (3 H, m), 7.35 (1
H, d, J=8.36 Hz), 6.86 (1 H, d, J/=2.42 Hz), 6.83 (1 H, dd, J=8.36, 2.64 Hz), 3.87 (3 H, s), 3.16 - 3.21 (2

H, m), 3.09 - 3.15 (2 H, m)

2-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[2,1-d] thiazol-7-ol (43).
To a solution of 5-(7-methoxy-4,5-dihydronaphtho[2,1-d]thiazol-2-yl)-3-phenyl-4-
(trifluoromethyl)isoxazole (0.088 g, 0.205 mmol) in dichloromethane (4 mL) was added 1M boron
tribromide (1.027 mL, 1.027 mmol) in dichloromethane dropwise, and the mixture was stirred at room
temperature for 6h. The reaction was quenched by the slow addition of saturated ammonium chloride
and the product was extracted with ethyl acetate and washed with brine. The combined aq. layers were
back extracted with ethyl acetate once and the combined organic layer was dried over sodium sulfate.
Evaporation of the solvent gave an oily residue. It was purified by flash chromatography (40 g redisep
cartridge eluting with 2:8 followed by 3:7 ethyl acetate-hexanes). 2-(3-phenyl-4-
(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[2,1-d]thiazol-7-o0l (0.085 g, 0.205 mmol, 100 %
yield) was obtained. LCMS (ESI) m/z Calcd for C;1H;3F3N,0,S [M + H]Jr 415.06. Found: 415.16. 'H
NMR (400 MHz, CDCls) 6 ppm 7.65 (1 H, s), 7.63 (1 H, d, J/=1.54 Hz), 7.47 - 7.57 (3 H, m), 7.29 (1 H,
d, J/=8.14 Hz), 6.78 (1 H, d, /=2.42 Hz), 6.75 (1 H, dd, J=8.14, 2.64 Hz), 3.14 - 3.21 (2 H, m), 3.05 -

3.12 (2 H, m)

2-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[2,1-d] thiazol-7-yl
trifluoromethanesulfonate (44). To a solution of 2-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-

dihydronaphtho[2,1-d]thiazol-7-0l ( 0.085g, 0.205 mmol) in pyridine (5.0 mL) at 0 °C was added
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trifluoromethanesulfonic anhydride (0.042 mL, 0.246 mmol). After 30 min, the cooling bath was
removed. After 2h the reaction mixture was concentrated under reduced pressure. The residue was
partitioned between ether and 1N HCI. The organic layer was washed with saturated sodium
bicarbonate, brine, dried over anhyd. sodium sulfate and concentrated to yield a tan solid which were
washed with hexanes. The mother liquor was purified by silica gel flash chromatography (with 10%
ethyl acetate-hexanes). The desired product was combined with the solid obtained earlier. 2-(3-phenyl-4-
(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[2,1-d]thiazol-7-yl trifluoromethanesulfonate (0.1 g,
0.183 mmol, 89 % yield) was obtained. LCMS (ESI) m/z Calcd for Cy;H2FsN,O4S, [M + H]+ 547.01.
Found: 546.84. "H NMR (400 MHz, CDCls) & ppm 7.64 - 7.68 (2 H, m, 7.50 - 7.59 (3 H, m), 7.47 (1 H,
d, J/=8.36 Hz), 7.24 (1 H, d, /=2.42 Hz), 7.21 (1 H, dd, J=8.14, 2.42 Hz), 3.23 - 3.28 (2 H, m), 3.17 -

3.23 (2 H, m)

3-phenyl-4-(trifluoromethyl)-5-(7-vinyl-4,5-dihydronaphtho|[2,1-d] thiazol-2-yl)isoxazole
(45). A mixture of 2-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[2,1-d]thiazol-7-yl
trifluoromethanesulfonate (0.1 g, 0.183 mmol), tributyl(vinyl)tin (0.059 mL, 0.201 mmol) and lithium
chloride (0.023 g, 0.549 mmol) in dioxane (2.5 mL) were added to a microwave reaction vessel. To this
was then added the tetrakis(triphenylphosphine)palladium(0) (0.021 g, 0.018 mmol) and argon was
bubbled through the reaction mixture for 3 min. The vessel was capped and the reddish brown mixture
was immersed in a 100 °C oil bath. After overnight stirring, the reaction mixture was cooled and diluted
with ethyl acetate. It was filtered through celite. The filter cake was washed with ethyl acetate (3 times).
The ethyl acetate layers were combined, concentrated under reduced pressure and the residue stirred in
diethyl ether for 30 min. It was then filtered through celite and washed with diethyl ether. The ether
layer was evaporated and the residue was purified by flash silica gel chromatography. The crude product
was used as such for the subsequent step without further purification. LCMS (ESI) m/z Calcd for

C13H;5F3N,08S [M + H] 425.09. Found: 424.96.
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2-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[2,1-d]thiazole-7-
carbaldehyde (46). To a solution of 3-phenyl-4-(trifluoromethyl)-5-(7-vinyl-4,5-dihydronaphtho[2,1-
d]thiazol-2-yl)isoxazole (0.066 g, 0.155 mmol) in THF (1.0 ml) at rt. was added a solution of NMO
(0.040 g, 0.342 mmol) in water (1 ml) followed by addition of osmium tetroxide (2.5% in butanol (0.32
ml, 3.11 umol). The reaction was stirred at room temperature for 3h when the diol formation was found
to be over as per LC/MS (M+H) = 458.96). To the reaction was then added the sodium periodate (0.050
g, 0.233 mmol) in Iml of water. Stirring was continued for 90 min. and the reaction mixture was
partitioned between ethyl acetate and water. The organic layer was washed with brine, dried over
magnesium sulfate, concentrated and purified by flash silica gel chromatography. 2-(3-phenyl-4-
(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[2,1-d]thiazole-7-carbaldehyde (31 mg, 0.073 mmol,
46.8 % yield over two steps) was obtained. LCMS (ESI) m/z Calcd for C,,H;3F3N,0,S [M + H]+ 427.06.
Found: 426.95. "H NMR (400 MHz, CDCls) & ppm 10.02 (1 H, s), 7.83 (1 H, s), 7.81 (1 H, dd, J=7.92,

1.54 Hz), 7.64 - 7.68 (2 H, m), 7.50 - 7.59 (4 H, m), 3.23 - 3.29 (4 H, m)

1-((2-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[2,1-d] thiazol-7-
y)methyl)azetidine-3-carboxylic acid, TFA (47). To a stirring solution of the 2-(3-phenyl-4-
(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[2,1-d]thiazole-7-carbaldehyde (0.031 g, 0.073
mmol) and azetidine-3-carboxylic acid (8.82 mg, 0.087 mmol) in methanol (1.5 mL) and 1,2-
dichloroethane (1.5 mL) was added at room temperature about 3-4 drops of acetic acid. The reaction
mixture was immersed in an oil bath heated at 80 °C for 1h. It was then cooled to room temperature and
treated with sodium cyanoborohydride (5.48 mg, 0.087 mmol). The reaction mixture was stirred at room
temperature for 1h, concentrated and purified by reverse phase prep. HPLC (HPLC conditions:
Phenomenex Luna C18 5 micron column (250 x 30mm); 25-100% CH;CN/water (0.1% TFA); 25
minute gradient; 30 mL/min.). 1-((2-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-

dihydronaphtho[2,1-d]thiazol-7-yl)methyl)azetidine-3-carboxylic acid, TFA (12 mg, 0.018 mmol, 25.3
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% yield) was obtained. HPLC t; = 9.084 min. (Method A); LCMS (ESI) m/z Calcd for CycH,0F3N303S
[M +H]" 512.12. Found: 511.97. '"H NMR (400 MHz, CD5;0D) 6 ppm 7.53 - 7.66 (6 H, m), 7.46 (1 H,
s), 7.42 (1 H, dd, J=7.81, 1.65 Hz), 4.43 (2 H, s), 4.29 - 441 (4 H, m), 3.65 - 3.75 (1 H, m), 3.16 - 3.25

(4 H, m)

1-((3-(5-Phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4,5-dihydronaphtho|[1,2-c]isoxazol-7-
yDmethyl)azetidine-3-carboxylic acid (48). This compound was prepared starting from methyl 5-
phenyl-4-(trifluoromethyl)isoxazole-3-carboxylate'® using the sequence outlined in Scheme 1. HPLC t,
=7.70 min. (Method A); LCMS (ESI) m/z Calecd for CyH;1F3N304 [M + H]+ 496.15. Found: 496.2. 'H
NMR (400 MHz, CD;0D+CDCl3) & ppm 8.06 (1 H, d, /7.9 Hz), 7.77 (2 H, d, J=7.3 Hz), 7.59-7.71 (3
H, m), 7.51 (1 H, s), 7.48 (1 H, d, J=7.7 Hz), 4.42 (2 H, s), 4.25-4.34 (4 H, m), 3.55-3.65 (1 H, m), 3.14

(4 H, s).

1-((3-(3-phenyl-4-(trifluoromethyl)isothiazol-5-yl)-4,5-dihydronaphtho|[1,2-c]isoxazol-7-
yl)methyl)azetidine-3-carboxylic acid (49).This compound was prepared starting from methyl 3-

1% ysing the sequence outlined in Scheme 1. HPLC

phenyl-4-(trifluoromethyl)isothiazole-5-carboxylate
t.=9.16 min. (Method B); LCMS (ESI) m/z Calcd for CosH, F3N303S [M + H]" 512.13. Found: 512.0.
"H NMR (500 MHz, DMSO-ds) & ppm 7.84 (1 H, d, J=7.8 Hz), 7.60 - 7.65 (2 H, m), 7.53 - 7.58 (3 H,

m), 7.35 (1 H,s), 7.32 (1 H, d, /=7.8 Hz), 3.59 (2 H, s), 3.42 (2 H, s), 3.16 - 3.25 (3 H, m), 3.02 (2 H, t,

J=6.9 Hz), 2.93 (2 H, t, J=6.9 Hz).

1-((3-(5-phenyl-4-(trifluoromethyl)isothiazol-3-yl)-4,5-dihydronaphtho[1,2-c]isoxazol-7-
y)methyl)azetidine-3-carboxylic acid (TFA salt) (50). This compound was prepared starting from
methyl 5-phenyl-4-(trifluoromethyl)isothiazole-3-carboxylate'® using the sequence outlined in Scheme
1. HPLC 93.6%; t; = 9.05 min. (Method B); LCMS (ESI) m/z Calcd for CysH,1F3N303S [M + H]+

512.13. Found: 512.1. 'H NMR (400 MHz, CD;0D) & ppm 8.05 (1 H, d, J=7.9 Hz), 7.55 - 7.63 (5 H,
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m), 7.53 (1 H, s), 7.49 (1 H, dd, J=7.9, 1.8 Hz), 4.47 (2 H, s), 4.32 - 4.43 (4 H, m), 3.67 - 3.78 (1 H, m),

3.11 (4 H, s).

1-((3-(3-(Pyridin-2-yl)-4-(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[1,2-c]isoxazol-
7-yDmethyl)azetidine-3-carboxylic acid (51). HPLC t, = 6.89 min. (Method A); LCMS (ESI) m/z
Caled for CasH 9F3N404 [M + H] 497.1. Found: 497.0. 'H-NMR (400 MHz, DMSO-d¢) 8 ppm 3.07
(dd, J=12.54, 5.50 Hz, 3H), 3.42 (br. s., 2H) 3.60 (s, 2H), 7.33 (d, J/=7.92 Hz, 1H), 7.37 (s, 1H), 7.65
(dd, J=6.71, 4.95 Hz, 1H), 7.85 (d, J=7.92 Hz, 1H), 7.95 (d, J/=7.70 Hz, 1H), 8.07 (td, J/=7.65, 1.43 Hz,

1H), and 8.81 (d, /=4.40 Hz, 1H).

1-((3-(5-Isobutyl-4-(trifluoromethyl)isoxazol-3-yl)-4,5-dihydronaphtho|[1,2-c]isoxazol-7-
yl)methyl)azetidine-3-carboxylic acid (52). HPLC t. = 3.36 min. (Method C); LCMS (ESI) m/z Calcd
for Co4H24F3N304 [M + H]" 476.2. Found: 476.3. '"H-NMR (400 MHz, CD;0D) & ppm 7.95 (d, J=7.96
Hz, 1H), 7.43 (dd, 2H), 7.39 (d, J/=7.92 Hz, 1H), 4.37 (s, 2H), 4.14-4.30 (m, 4H), 3.56-3.77 (m, 1H),

2.92-3.11 (m, 4H), 2.87 (d, J=7.37 Hz, 2H), 2.07 (m, 1H), 0.94 (s, 6H).

1-((3-(5-(1-Methylcyclopropyl)-4-(trifluoromethyl)isoxazol-3-yl)-4,5-dihydronaphtho|[1,2-
c]isoxazol-7-yl)methyl)azetidine-3-carboxylic acid (53). HPLC t, = 3.25 min. (Method C); LCMS
(ESI) m/z Caled for Co4H,,F3N304 [M + H]" 474.2. Found: 474.2. 1H-NMR (500mhz, CD;0D) & ppm
7.94 (d, J=7.63 Hz, 1H), 7.40 (s, 1H), 7.10-7.44 (m, 1H), 4.36 (s, 2H), 4.10-4.32 (m, 4H), 3.50-3.80

(m, 1H), 2.68-3.13 (m, 4H), 1.39 (s, 3H), 1.00-1.23 (m, 2H), 0.63-1.02 (m, 2H).

1-((3-(4-Isopropoxy-3-(trifluoromethyl)phenyl)-4,5-dihydronaphtho[1,2-c]isoxazol-7-
yl)methyl)azetidine-3-carboxylic acid (hydrochloric acid salt) (54). HPLC t, = 8.05 min. (Method
A); LCMS (ESI) m/z Caled for Ca6Ha6F3N,04 [M + H]™ 487.18. Found: 487.1; "H NMR (400MHz,
CDs;OD) 6 8.04 - 7.93 (m, 3H), 7.58 - 7.45 (m, 2H), 7.39 (d, J/=8.8 Hz, 1H), 4.51 - 4.31 (m, 7H), 3.78 -

3.68 (m, 1H), 3.15 - 3.04 (m, 4H), 1.40 (d, J=6.2 Hz, 6H)
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1-((3-(3-Cyano-4-isopropoxyphenyl)-4,5-dihydronaphtho[1,2-c]isoxazol-7-
yl)methyl)azetidine-3-carboxylic acid (55). HPLC t; =2.69 min (Method C); LCMS (ESI) m/z Calcd
for Co6Ha6N304 [M + H]" 444.19. Found: 444.2; "H NMR (400 MHz, CD;0D) & ppm 8.02-8.07 (2 H,
m), 7.97 (1 H, d, /7.9 Hz), 7.51 (1 H, s), 7.46 (1 H, dd, J=7.8, 1.2 Hz), 7.38 (1 H, d), 4.38 (2 H, s),

4.13-4.23 (5 H, m), 3.40-3.50 (1 H, m), 3.04-3.13 (4 H, m), 1.44 (6 H, d, /=5.9 Hz).

1-((3-(4-Isopropoxy-2-(trifluoromethyl)phenyl)-4,5-dihydronaphtho[1,2-c]isoxazol-7-
y)methyl)azetidine-3-carboxylic acid (TFA) (56). HPLC t, = 3.01 min (Method C); LCMS (ESI) m/z
Caled for CagHasF3N204 [M + H]" 487.18. Found: 487.2; "H NMR (500 MHz, CD;0D) & ppm 8.01 (1
H, d, J/=7.8 Hz), 7.55 (1 H, d, J/=8.6 Hz), 7.50 (1 H, s), 7.48 (1 H, dd, J=8.0, 1.7 Hz), 7.36 (1 H, d, J=2.5
Hz), 7.31 (1 H, dd, J=8.6, 2.5 Hz), 4.79 (1 H, spt, J/=6.1 Hz), 4.46 (2 H, s), 4.32-4.41 (4 H, m), 3.71 (1

H, quin, J=8.3 Hz), 3.04 2 H, t, J=7.1 Hz), 2.77 (2 H, t, J=7.2 Hz), 1.39 (6 H, d, J=6.1 Hz).

1-((3-(4-Isobutyl-3-(trifluoromethyl)phenyl)-4,5-dihydronaphtho[1,2-c]isoxazol-7-
yl)methyl)azetidine-3-carboxylic acid (TFA) (57). HPLC t, = 3.55 min. (Method C); LCMS (ESI) m/z
Caled for Co7H,gF3N,O3 [M + H] 485.21. Found: 485.4. 'H NMR (500 MHz, CD;0D) & ppm 7.83-
7.94 (m, 3 H) 7.50 (d, /=8.32 Hz, 1 H) 7.38 (s, 1 H) 7.34 (dd, J=8.05, 1.66 Hz, 1 H) 4.33 (s, 2 H) 4.18-
4.28 (m, 3 H) 3.58 (qd, J=8.37, 8.18 Hz, 1 H) 3.15 (1H, hidden under CD3;0D peak) 2.96-3.01 (m, 4 H)

2.62 (d, J=6.94 Hz, 2 H) 1.85-1.94 (m, 1 H) 0.84 (d, J/=6.66 Hz, 6 H).

1-((3-(4-cyclohexyl-3-(trifluoromethyl)phenyl)-4,5-dihydronaphtho[1,2-c]isoxazol-7-
yl)methyl)azetidine-3-carboxylic acid (TFA) (58). HPLC t, = 9.63 min. (Method A); LCMS (ESI) m/z
Caled for CooH30F3N,05 [M + H]" 511.22. Found: 511.2; '"H NMR (400 MHz, CD;0D) & ppm 7.99 -
8.05(3H,m), 7.78 (1 H, d, J/=8.6 Hz), 7.51 (1 H, d, J=1.1 Hz), 7.47 (1 H, dd, J=7.9, 1.8 Hz), 4.46 (2 H,
s),4.33-4.38 (4 H, m), 3.63 -3.74 (1 H, m), 3.09 - 3.15 (4 H, m), 3.00 (1 H, t, J/=11.7 Hz), 1.77 - 1.96

(5H, m), 1.54-1.67 2 H, m, J=12.0, 12.0, 11.9, 2.1 Hz), 1.35 - 1.53 (3 H, m).
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1-((3-(3-(Trifluoromethyl)phenyl)-4,5-dihydronaphtho[1,2-c]isoxazol-7-yl)methyl)azetidine-
3-carboxylic acid (TFA) (59). HPLC t; = 3.45 min (Method C); LCMS (ESI) m/z Calcd for
Ca3HaoF3N,05 [M + H]' 429.14. Found: 429.1; "H NMR (400MHz, CD;0OD) & 8.30 - 8.24 (m, 2H),
8.20 (d, J/=7.9 Hz, 1H), 8.03 - 7.94 (m, 2H), 7.71 (d, J/=1.3 Hz, 1H), 7.67 (dd, J=7.8, 1.7 Hz, 1H), 4.65
(s, 2H), 4.61 - 4.50 (m, 4H), 3.95 - 3.85 (m, 1H), 3.50 (dt, J=3.3, 1.7 Hz, 2H), two protons under MeOH

peak.

1-((3-(3,4-diethoxyphenyl)-4,5-dihydronaphtho[1,2-c]isoxazol-7-yl)methyl)azetidine-3-
carboxylic acid (60). HPLC t, = 7.93 min. (Method B); LCMS (ESI) m/z Calcd for C,6H29N,O5 [M +
H]" 449.21. Found: 449; 'H NMR (500 MHz, CD;0D) & ppm 7.96 (1 H, d, J=7.8 Hz), 7.48 (1 H, s),
7.44 (1 H, dd, J=7.9, 1.5 Hz), 7.32 - 7.38 (2 H, m), 7.10 (1 H, d, J/=8.0 Hz), 4.36 (2 H, 5), 4.12 - 4.21 (8

H, m), 3.37 - 3.46 (1 H, m), 3.01 - 3.12 (4 H, m), 1.42 - 1.49 (6 H, m).

1-((3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4H-indeno[1,2-c]isoxazol-6-
y)methyl)azetidine-3-carboxylic acid (TFA) (61). HPLC t, = 7.72 min. (Method A); LCMS (ESI) m/z
Caled for CasH;9F3N304 [M + H]*482.13. Found: 482.4. 'H - NMR (400 MHz, CD;0D) & ppm 8.04 (1
H, d, J=7.9 Hz), 7.75 - 7.81 (3 H, m), 7.59 - 7.73 (4 H, m), 4.54 (2 H, s), 4.33 - 4.44 (4 H, m), 4.10 (2 H,

s), 3.72 (1 H, quin, J=8.3 Hz).

1-((3-(3-Phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho|2,1-d]isoxazol-7-
yl)methyl)azetidine-3-carboxylic acid (62). HPLC t, = 7.92 min. (Method A); LCMS (ESI) m/z Calcd
for CogHa1F3N304 [M + H]" 496.15. Found: 496.0. "H NMR (500MHz, DMSO-dg) 8 7.72 - 7.66 (m,
3H), 7.65 - 7.58 (m, 3H), 7.35 (s, 1H), 7.31 (d, J=7.5 Hz, 1H), 3.59 (br. s., 2H), 3.42 (br. s., 2H), 3.23
(br.s., 2H), 3.17 (s, 1H), 3.14 - 3.08 (m, 3H), 3.01 - 2.95 (m, 2H)

1-((3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-5,6-dihydro-4H-benzo|[3,4]cyclohepta[1,2-

d]isoxazol-8-yl)methyl)azetidine-3-carboxylic acid (63). HPLC t. = 8.04 min. (Method A); LCMS
(ESI) m/z Calcd for Co7H,3F3N304 [M + H]™ 510.16. Found: 510.2.
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1-((5-Methyl-3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-dihydroisoxazolo[4,3-
c]quinolin-7-yl)methyl)azetidine-3-carboxylic acid (64). HPLC t, = 3.47 min. (Method C); LCMS
(ESI) m/z Calcd for CogHy1F3N4O4 [M + H]+ 511.2. Found: 511.3. 1H-NMR (400 MHz, CD;0D) 6 ppm
8.09 (d, J=7.92 Hz, 1H), 7.78 (d, J=7.26, 2H), 7.32-7.77 (m, 5H), 4.44 (s, 2H), 3.47 (s, 2H), 3.09-3.21

(m, 4H), 2.78-3.01 (m, 4H).

1-((3-(5-Phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4,5-dihydrobenzo[6,7]oxepino[4,5-
d]isoxazol-8-yl)methyl)azetidine-3-carboxylic acid (65). HPLC t; = 8.00 min. (Method A); LCMS
(ESI) m/z Caled for Co6H0F3N305 [M + H]" 512.1. Found: 512.5. '"H-NMR (400 MHz, DMSO-dg) &
ppm 7.95 (d, J/=7.92 Hz, 1H), 7.80 (d, J/=7.26 Hz, 2H), 7.64 - 7.76 (m, 3H), 7.17 (dd, J=8.25, 1.43 Hz,
1H), 7.05 (d, J/=1.10 Hz, 1H), 4.37 (t, J=4.84 Hz, 2H), 3.58 (s, 2H), 3.16 - 3.46 (m, 5H), 3.14 (t, J/=4.95

Hz, 2H).

1-((3-(3-Phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-dihydro-2H-benzo|g]indazol-7-
yl)methyl)azetidine-3-carboxylic acid (HCI) (66). HPLC t.=2.89 min (Method C); LCMS (ESI) m/z

Caled for CaH2F3N4O5 [M + H]' 495.16. Found: 495.1.

1-((2-methyl-3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4,5-dihydro-2H-benzo|[g]indazol-
7-yDmethyl)azetidine-3-carboxylic acid, TFA (67). HPLC t,=2.96 min. (Method C); LCMS (ESI)
m/z Caled for Co7H4F3N4O3 [M + H] 509.18. Found: 509.2 "H NMR (400 MHz, CD;0D) & ppm 7.90
(1H,d,/=8.1Hz),7.82-7.87(2H,m),7.61-7.72 (3 H,m), 7.40 (2 H, dd, /=4.1, 2.3 Hz), 4.41 (2 H,
s),4.30-4.38 (4 H, m),3.91 3 H,s),3.71 (1 H, quin, /=8.4 Hz), 3.02 (2 H, t, J=7.3 Hz), 2.76 (2 H, t,

J=1.3 Hz).

1-((1-methyl-3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4,5-dihydro-1H-benzo|[g]indazol-

7-ymethyl)azetidine-3-carboxylic acid, TFA (68). LCMS (ESI) m/z Calcd for C,7H24F3N4O3 [M +
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H]" 509.18. Found: 509.2 'H NMR (400 MHz, CD;OD) & ppm 7.35-7.85 (m, 8 H) 4.3-4.6 (hidden

under broad CD;OD peak, 9H) 3.7-3.9 (m, 1 H) 2.85-3.2 (m, 4 H).

1-((2-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho|2,1-d]oxazol-7-
yl)methyl)azetidine-3-carboxylic acid, TFA (69). HPLC t, = 7.54 min. (Method B); LCMS (ESI) m/z
Caled for CaHaoF3N304 [M + H]" 496.14. Found: 496.06. '"H NMR (400MHz, CD;0D) & ppm 7.67 -
7.62 (m, 3H), 7.61 - 7.53 (m, 3H), 7.45 (d, J=4.6 Hz, 2H), 4.40 (s, 2H), 4.32 - 4.27 (m, 4H), 3.65 - 3.55

(m, 1H), 3.29 - 3.23 (m, 2H), 3.08 - 3.03 (m, 2H)

1-((8-Methyl-3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4,5-dihydronaphtho[1,2-
clisoxazol-7-yl)methyl)azetidine-3-carboxylic acid (70). HPLC t. = 3.60 min. (Method C); LCMS
(ESI) m/z Calcd for Co7HF3N304 [M + H]+ 510.2. Found: 510.2. '"H NMR (400 MHz, CD5;0OD) & ppm
8.80 (d, J=7.26 Hz, 2H), 7.58-7.75 (m, 3H), 7.44 (s, 1H), 4.43 (br. s., 2H), 4.21 (br. s, 4H), 3.40-3.63

(m, 1H), 3.10 (s, 4H), 2.51 (s, 3H).

1-((8-Fluoro-3-(3-phenyl-4-(trifluoromethyl)isoxazol-5-yl)-4,5-dihydronaphtho[1,2-
clisoxazol-7-yl)azetidine-3-carboxylic acid (71). HPLC t,= 3.54 min. (Method C). LCMS (ESI) m/z
Caled for CoHa0F4N304 [M + H]" 514.14. Found: 514.07. 'H-NMR (400 MHz, CD;0D) & ppm 7.70 -

7.93 (1H, m), 7.37 - 7.81 (6H, m), 4.51 (2H, s), 4.31 (4H, br. s.), 2.92 - 3.27 (4H, m), and 2.31 (1H, s).

1-((3-(5-Phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4,5-dihydroisoxazolo|5,4-f]quinolin-7-
y)methyl)azetidine-3-carboxylic acid (72). HPLC t. = 6.89 min. (Method A); LCMS (ESI) m/z Calcd
for CosH oF3N4O4 [M + H]" 497.1. Found: 497.2. 'H-NMR (500 MHz, DMSO-ds) & ppm 8.06 (d,
J=8.05 Hz, 1H), 7.80 (d, J/=7.21 Hz, 2H), 7.70 - 7.74 (m, 1H), 7.64 - 7.69 (m, 2H), 7.36 (d, /=8.05 Hz,

1H), 5.75 (s, 2H), 3.70 (s, 2H), 3.49 (t, J=7.63 Hz, 2H), 3.16 - 3.34 (m, 5H), 3.05 - 3.10 (m, 2H).

2-((3R)-1-(2-Hydroxy-2-(3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4,5-

dihydronaphtho[1,2-c]isoxazol-7-yl)ethyl)piperidin-3-yl)acetic acid. HCI (73 and 74).
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Chiral separation of 73 and 74 was accomplished at the ester stage (ChiralCel OJ-H 25 X 3cm,
Spum; 40 0C; 140mL/min; CO2/ MEOH+0.1%DEA = 85/15; 256 nm). Peak 1 (t, = 7.7 min, ester of 74)
and peak 2 (t; = 8.8 min, ester of 73). Peaks 1 and 2 were hydrolyzed individually to give the

corresponding acids 74 and 73.

73. HPLC t, = 7.80 min. (Method A); LCMS (ESI) m/z Calcd for C30HaoF3N30s [M + H]"
568.21. Found: 568.1; '"H NMR (400MHz, DMSO-d¢) 8 12.34 (br. s., 1H), 9.89 (br. s., 1H), 7.94 (d,
J=7.9 Hz, 1H), 7.80 (d, J=7.3 Hz, 2H), 7.76 - 7.63 (m, 3H), 7.53 (s, 1H), 7.49 (d, J=8.1 Hz, 1H), 6.35
(br. s., 1H), 5.22 (br. s., 1H), 3.65 (dd, J=19.7, 12.2 Hz, 2H), 3.39 (br. s., 3H), 3.29 - 3.20 (m, 2H), 2.97 -

2.84 (m, 1H), 2.81 - 2.67 (m, 1H), 2.45 - 2.18 (m, 3H), 1.94 - 1.75 (m, 3H), 1.43 - 1.04 (m, 2H)

74. HPLC t, = 7.84 min. (Method A); LCMS (ESI) m/z Caled for C30HzsFsN;Os [M + H]*
568.21. Found: 568.1; '"H NMR (400MHz, DMSO-d¢) § 12.35 (br. s., 1H), 9.84 (br. s., 1H), 7.94 (d,
J=7.9 Hz, 1H), 7.80 (d, J/=7.3 Hz, 2H), 7.76 - 7.64 (m, 3H), 7.53 (s, 1H), 7.50 (d, J=8.1 Hz, 1H), 6.39
(br. s., 1H), 5.22 (br. s., 1H), 3.68 (d, /=10.8 Hz, 1H), 3.58 (d, J/=11.0 Hz, 1H), 3.43 - 3.18 (m, 5H), 2.96

-2.70 (m, 2H), 2.39 - 2.19 (m, 3H), 1.99 - 1.71 (m, 3H), 1.34 - 1.09 (m, 2H)

(3S)-1-(2-Hydroxy-2-(3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4,5-

dihydronaphtho[1,2-c]isoxazol-7-yl)ethyl)piperidine-3-carboxylic acid. HCI (75 and 76).

Chiral separation of 75 and 76 was accomplished at the ester stage (ChiralCel OJ-H 25 X 3cm,
Sum; 40 °C; 150mL/min; CO2/ MEOH+0.1%DEA = 75/25; 250 nm). Peak 1 (t, = 3.4 min, ester of 75)
and Peak 2 (t. = 4.5 min, ester of 76). Peaks 1 and 2 were hydrolyzed individually to give the

corresponding acids 75 and 76.

75. HPLC t,= 3.15 min. (condition C); LCMS (ESI) m/z Caled for Ca9Ha7F3N3Os [M + H]'
554.19. Found: 554.1. "H NMR (400MHz, DMSO-d¢) & 7.95 (d, J=7.9 Hz, 1H), 7.80 (d, J=7.0 Hz, 2H),
7.76 - 7.64 (m, 3H), 7.54 (s, 1H), 7.51 (d, J=8.1 Hz, 1H), 6.38 (br. s., 1H), 5.23 (br. s., 1H), 3.83 (br. s.,
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1H), 3.56 (br. s., 1H), 3.32 (br. s., 4H), 3.06 - 2.80 (m, 3H), 2.05 (d, J/=12.3 Hz, 1H), 2.00 - 1.72 (m,

3H), 1.48 (d, J=10.6 Hz, 1H)

76. HPLC t,= 3.14 min. (condition C); LCMS (ESI) m/z Calcd for Cy9H»7F3N305 [M + H]+
554.19. Found: 554.0. "H NMR (400MHz, DMSO-d¢) 8 7.95 (d, J=7.9 Hz, 1H), 7.80 (d, J=7.3 Hz, 2H),
7.76 - 7.64 (m, 3H), 7.52 (s, 1H), 7.49 (d, J/=7.9 Hz, 1H), 6.39 (br. s., 1H), 5.26 (br. s., 1H), 3.80 (br. s.,
1H), 3.67 (d, J/=10.8 Hz, 1H), 3.56 - 3.36 (m, 1H), 3.35 - 3.14 (m, 3H), 3.04 - 2.88 (m, 3H), 2.06 (d,

J=11.7 Hz, 1H), 2.00 - 1.74 (m, 3H), 1.56 - 1.39 (m, 1H)

2-hydroxy-N-(2-(methylsulfonyl)ethyl)-2-(3-(5-phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4,5-

dihydronaphtho[1,2-c]isoxazol-7-yl)acetamide (77 and 78)

Chiral separation of 77 and 78 was accomplished at the hydroxy acid stage (Chiralcel OJ-H 5 x
25 cm, column temperature 20 °C, isocratic elution with mobile phase 35% acetonitrile + 0.1 TFA in
CO,, 280 mL/min, 250 nm). Peak 1 (t; = 7.26 min, acid of 77) and peak 2 (t; = 9.88 min, acid of 78).
Peaks 1 and 2 were coupled individually with 2-(methylsulfonyl)ethanamine using HATU to yield 77

and 78.

77. HPLC t = 9.25 min. (Method A), LCMS (ESI) m/z Calcd for C26H23F3N306S [M + H]+
562.13. Found: 562. "H NMR (400 MHz, CD;OD) & ppm 7.93 (1 H, d, J=7.92 Hz), 7.77 (2 H, d, J=7.48
Hz), 7.59 - 7.72 (3 H, m), 7.49 - 7.57 (2 H, m), 5.09 (1 H, s), 3.73 (2 H, q, /=6.38 Hz), 3.34 2 H, q,

J=6.38 Hz), 3.08 (4 H, 5), 2.97 3 H, s)

78. HPLC t = 9.23 min. (Method A), LCMS (ESI) m/z Calcd for C26H23F3N306S [M + H]+
562.13. Found: 562. "H NMR (400 MHz, CD;OD) & ppm 7.94 (1 H, d, J=7.92 Hz), 7.78 (2 H, d, J=7.48
Hz), 7.59 - 7.71 (3 H, m), 7.49 - 7.56 (2 H, m), 5.09 (1 H, s), 3.73 (2 H, q, /=6.24 Hz), 3.34 2 H, q,

J=6.24 Hz), 3.08 (4 H, 5), 2.97 3 H, s)
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2-((3-(5-Phenyl-4-(trifluoromethyl)isoxazol-3-yl)-4,5-dihydronaphtho[1,2-c]isoxazol-7-
yD)methyl)-2,5,7-triazaspiro[3.4]octane-6,8-dione (79). HPLC t, = 7.37 min. (Method A); LCMS
(ESI) m/z Calcd for Co7H,1F3NsO4 [M + H]+ 536.15. Found: 536.3; '"H NMR (400 MHz, CD;0D) & ppm
792 (1 H,d, /=79 Hz),7.77 (2 H, d, J=7.3 Hz), 7.58-7.71 (3 H, m), 7.40 (1 H, s), 7.37 (1 H, d, J=7.7

Hz),3.78 (2 H, s), 3.75 (2 H, d, J=8.6 Hz), 3.48 (2 H, d, J/=8.8 Hz), 3.08 (4 H, s).
Receptor [35S] GTPyS Binding Assays

Compounds were loaded in a 384 Falcon v-bottom plate (0.5 ul/well in a 3-fold dilution). Membranes
prepared from S1P;/CHO cells or EDG3-Gal5-bla HEK293T cells were added to the compound plate
(40 ul/well, final protein 3 pg/well) with multidrop liquid handler (Thermo Scientific, Waltham, MA).
[3SS]GTP (1250 Ci/mmol, Perkin Elmer) was diluted in assay buffer: 20 mM HEPES, pH7.5, 10 mM
MgCl,, 150 mM NaCl, | mM EGTA, 1 mM DTT, 10 uM GDP, 0.1% fatty acid free BSA, and 10 pg/ml
Saponin to 0.4 nM. 40 pl of the [*°S] GTP solution was added to the compound plate with a final
concentration of 0.2 nM. The reaction was kept at room temperature for 45 min. At the end of
incubation, all the mixtures in the compound plate were transferred to a 384 well FB filter plates via
GPCR robot system. The filter plate was washed with water 4 times by using the modified manifold
Embla plate washer and dried at 60°C for 45 min. 30 pl of MicroScint 20 scintillation fluid was added
to each well for counting at Packard TopCount. ECs is defined as the agonist concentration that

corresponds to 50% of the Ymax (maximal response) obtained for each individual compound tested.

All procedures involving animals were reviewed and approved by the Institutional Animal Care Use

Committee.
Blood Lymphocyte Reduction Assay (BLR) in Rat:

Lewis rats were dosed orally with test article (as a solution or suspension in the vehicle) or vehicle alone
(polyethylene glycol 300, “PEG300”). Blood was drawn at 4hr and 24h by retro-orbital bleeding under
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isoflurane anesthesia. Blood lymphocyte counts were determined on an ADVIA 120 Hematology
Analyzer (Siemens Healthcare Diagnostics). The results were expressed as a reduction in the number of
circulating lymphocytes as compared to the vehicle treated group at the 4 hr and 24 hr measurement.

The results represent the average results of all animals within each treatment group (n = 3-4).

Rat Adjuvant Induced Arthritis Assay (AA)

Male Lewis rats (200-225 g; Harlan, n=8 treatment group) were immunized at the base of the tail with
100 ul of 10 mg/ml freshly ground Mycobacterium butyricum (Difco Laboratories) in incomplete
Freund’s adjuvant (Sigma). Animals were dosed once daily with the test article (as a solution or
suspension in the vehicle) or vehicle alone (PEG300) starting from the day of immunization. The
volumes of their hind paws were measured in a water displacement plethysmometer (Ugo Basile, Italy).
The baseline paw measurements were taken before onset of the disease (day 7). The paw measurements

were then taken three times a week until the end of the study on day 21.
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