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Abstract—A series of compounds combining the naphthylpiperazine and thienopyran scaffolds has been prepared and evaluated for
5-HT reuptake inhibition with 5-HT,p antagonist activity. The design of these compounds has been based on the ‘overlapping type’
strategy where two pharmacophores are linked in a single molecule. The resultant dual pharmacological profile has the potential to

deliver a more efficient treatment for depression.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Serotonin (5-HT), a biogenic amine neurotransmitter
with diverse physiological actions in both the central
and peripheral nervous systems, operates through vari-
ous distinct membrane receptors. Disturbances in the
central serotonin system have been associated with the
pathogenesis of depression, and the antidepressant effect
of the selective 5-HT reuptake inhibitors (SSRIs) is due
to an enhancement of postsynaptic 5-HT levels by
blockade of the reuptake of synaptic 5-HT.! Although
the SSRIs offer a significant advance in the treatment
of major depression, there are limitations to their effec-
tiveness. Some reports suggest that up to 30-50% of pa-
tients fail to show an adequate response,? and in those
that do respond, therapeutic improvement is not imme-
diate, but requires treatment for 2-4 weeks.? This de-
layed onset of therapeutic action is thought to be due
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to the time required to desensitize terminal 5-HTp/ip
and somatodendritic 5-HT; 5 autoreceptors.* Therefore,
one approach to more efficient and fast acting anti-
depressant drugs would be to mimic pharmacologically
5-HT autoreceptor desensitization by the concomitant
blockade of terminal autoreceptors with selective antag-
onists.’ This combination would prevent feedback inhi-
bition of terminal 5-HT release leading to an increased
effectiveness of the selective serotonin reuptake inhibitor
on sypnatic levels of 5-HT, and potentially shorten the
onset of the antidepressant effect in depressed patients.®

Receptor mapping studies have shown that the 5-HTp
receptor is widely distributed in the central nervous sys-
tem (CNS) in neural and vascular tissues, whereas the
5-HTp receptor is believed to be restricted to neural
tissues. In addition, recent studies on the localization
of 5-HTp and 5-HT;g receptors have indicated that
only 5-HTp receptors are located on human trigeminal
sensory neurons whereas only 5-HT;g receptors were
detected on dural arteries.” There is a potential for
coronary artery constriction, possibly through activa-
tion of 5-HTp receptors, which may preclude use in pa-
tients with known heart disease.® In the belief that the
efficacy of antidepressants can be attributed to either
one or other of the 5-HT;p/p receptors, we sought to
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identify compounds that discriminate between these two
receptors, searching for a 5-HT;p ligand with a poten-
tially lower side-effect profile.’

In summary, we believe that a single compound combin-
ing 5-HT reuptake inhibition (SRI) with 5-HT,p recep-
tor antagonism would elevate synaptic levels of 5-HT
above those evoked by reuptake inhibition alone, and
to levels that are only obtained following chronic SSRI
treatment. In consequence, such a drug would be ex-
pected to produce a more rapid onset in clinical antide-
pressant activity, and be a more effective antidepressant.

Instead of combining the administration of a SSRI with
a 5-HT,p antagonist to potentiate postsynaptic 5-HT
levels,®® we report here the synthesis of compounds with
a dual pharmacological profile exhibiting both 5-HT
reuptake inhibition and 5-HT,p antagonism within a
single molecule.

2. SAR strategy

Our chemical strategy for constructing hybrid molecules
from 5-HT;p antagonists and SSRIs has utilized the ap-
proach previously described as the ‘overlapping type’
(Fig. 1).10

Hybrid molecules have been designed by taking advan-
tage of the simultaneous presence in both types of com-
pounds (5-HT;p antagonists and SSRIs) of a basic
nitrogen, creating a shared central structural unit in
the form of a piperazine or its piperidine bioisostere.
These novel heterodimers have been evaluated for
potency at 5-HT;p and selectivity versus 5-HT;p recep-
tors and as SRIs (our initial lead requirements were set
as: binding affinity on 5-HT|p K;<50nM, 5-HTp
K; > 150nM; functional antagonist potency on 5-HT;p
Kg <10nM, 5-HT;g Kg>50nM; and 5-HTansporter
binding K; < 10nM). As serotonergic receptor ligands
are frequently observed to show undesirable cross-reac-
tivities at adrenergic and dopaminergic receptors, the
pharmacological testing cascade included radioligand
binding assays to assess a; adrenergic and dopamine
D, affinities. From previous experience on related sero-
toninergic projects at Lilly, we have established that
binding affinity requirements of o; >100nM and
D, >200nM (10-fold and 20-fold with respect to SRI
binding) were sufficient to give satisfactory margins of
safety when comparing no adverse effect levels in models
of adrenergic (spontancously hypertensive rat) and dop-
aminergic (inhibition of apomorphine-induced climbing
in rats) activity with minimum effective doses in in vivo
measures of serotonin elevation (microdialysis in the
hypothalamus of freely-moving guinea pigs).

5-HT

antagonists w

Figure 1.

I
N
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Figure 2.

Examining the reported platforms that have shown
good selectivity for the 5-HT,p receptor, the benzopy-
ran 1'' was recognized as having the potential for
replacement of the phenyl piperazine by 5-HT reuptake
inhibitor pharmacophores of the 4-(indol-3-yl)piper-
idine type, such as 2'? (Fig. 2). Initial studies with the
benzopyran platform'3®® demonstrated that the 5-
HT,p binding site could not only tolerate the presence
of the more bulky biaryl tetrahydropyridine, but also,
importantly, that this additional steric interaction influ-
enced the functional activity of the resultant hybrid,
imparting a shift from the receptor agonism seen with
the benzopyran 1 to our desired 5-HT,p antagonist pro-
file.!3® These early studies also demonstrated that this
dual pharmacology leads to an elevation of extracellular
5-HT levels in the guinea pig hypothalamus significantly
above that obtained after a maximally effective acute
dose of the SSRI fluoxetine. Continuing the develop-
ment of the SAR around this ‘overlapping’ approach,
we now report the evaluation of the isosteric thienopy-
ran platform 3 as a modified scaffold for this series of
5-HT;p antagonist/5-HT reuptake inhibitor hybrids.

Synthesis of the parent 4-(6-fluoroindol-3-yl)piperidine
in this series (4a, Fig. 3) showed that in comparison with
the corresponding benzopyran (4b, Fig. 3) it exhibited
improved potency and selectivity for the human 5-
HTp receptor (with respect to the 5-HT,;p receptor)
while maintaining excellent SRI activity against the rat
5-HT reuptake transporter. In addition, it demonstrated
potent antagonism in a 5-HT;p GTP-yS binding assay.
Although significant cross-reactivity was observed at o
adrenergic and dopamine D, receptors, this compound
demonstrated that the thienopyran platform could offer
a different pharmacological profile and was considered
as a lead meriting further SAR optimization.

Our initial SAR strategy, aimed at ameliorating the
unwanted cross-reactivity versus o; and D, receptors,
was focused on replacement of the indolylpiperidine
by the naphthylpiperazine scaffold, a modification,
which had proved successful with the benzopyran plat-
form'3* and also found in recent related literature.!°
In particular, the 1-naphthylpiperazines, shown in Fig-
ure 4, were evaluated. Following the previous SAR
developed at Lilly'3®!* around the known SRI indol-
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ylpiperidine featured in 4, we wished to translate prom-
ising substitutions and substituents from the indolyl to
the naphthyl ring (F and MeO at positions 6 and 7).
At the same time and with the same purpose, we wished
to evaluate the influence of substitution o to the critical
basic nitrogen of the piperazine, as we had also pre-
viously observed that a-methylation of the piperidine
nucleus could increase SRI activity and ameliorate D,
cross-reactivity.!3®!5 Finally, the SAR was expanded
to investigate the effect of modifications to the thieno-
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pyran core, including replacement by the isomeric [3,2-¢]
nucleus, substitution adjacent to the carboxamide and
one amide isostere.

3. Results and discussion

The synthesis of compound 4 (Scheme 1) was conducted
by initial preparation of the thienopyran core, followed
by alkylation of the reuptake pharmacophore, as shown
in Scheme 1. The [2,3-c]-thienopyran 7 was synthesized
from 2-(3-thienyl)ethanol (5) by treatment with ethyl
3,3-diethoxypropionate (6) in the presence of a Lewis
acid. Optimal yields were obtained by the use of boron
trifluoride etherate.'® The ester functionality was re-
duced with DIBAL-H, followed by protection of the
resulting alcohol with TBDMS chloride. The carboxylic
acid functionality was then selectively introduced at the
C-2 position of the thienopyranyl ring via metallation
with n-BuLi and subsequent carboxylation with carbon
dioxide. The acid 9 was then transformed into the car-
boxamide 10 in two steps: initial treatment with CDI
to obtain the activated ester, followed by the addition

OEt i ]
m + & / | \ II i 5 | v
OH g EtO CO,Et
CO,Et
OTBDMS
5 6 7
v, | \ CONH,
?{\yco AR ?\ycm
OTBDMS
9 10 4 F

Scheme 1. Reagents and conditions: (i) Et,O-BF3, —78°C to rt, CH,Cl,, 82%; (ii) DIBAL-H, THF, 98%; (iii) TBDMSCI, imidazole, THF, 90% over
two steps; (iv) (1) n-BuLi, (2) CO, (g), 90%; (v) (1) CDI, THF, (2) NHj; in dioxane, 78%; (vi) n-BuyNF, THF, 75%; (vii) (1) MsCl, Et;N, DMF,

(2) K»COs, 2, CHZCN, 75%.
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Scheme 2. Reagents and conditions: (i) (1) LHMDS, THF, —78°C, 1h, (2) PhNTf,, —78°C to rt, 69%; (ii) DDQ, dioxane, 100°C, 64%; (iii) -BuOK,
PhNTf,, THF, 99%; (iv) Pd(OAc),, (R)-BINAP, Cs,COs, toluene, 110°C, 15-94%.

of ammonia in dioxane, and deprotection of the silyl
ether with tetrabutylammonium fluoride. The desired
compound 4 was obtained by displacement of the corre-
sponding mesylate derived from 10 with the SRI phar-
macophore 2.

The required substituted 1-naphthylpiperazines 14a—o
were synthesized as shown in Scheme 2. Thus the com-
mercially available 6-methoxy and 7-methoxy tetralones
11a-b, and 6-fluorotetralone (11¢) (obtained from com-
mercially available 3-fluoro-1-bromobenzene according
to the synthetic route described by Plumet and co-work-
ers'”) were treated with lithium hexamethyldisilazide,
followed by N-phenyl bis-(trifluoromethanesulfon-
imide), to afford the desired enol triflates, which were
then aromatized with DDQ in hot dioxane to give
12a—c. The 7-fluoro derivative 12d was obtained from
7-fluoronaphthol (11d) (prepared by condensation of
furan with the benzyne derived from commercially avail-
able 2,4-difluoro-1-bromobenzene;'% or by catalytic
dehydrogenation of the 7-fluorotetralone!8®). The inter-
mediates 12 were then coupled under Buchwald condi-
tions'® with the appropriate piperazines 13a-d (13a—¢
are commercially available; 13d was prepared according
to the method of Bogesg et al.?%) to yield the desired SRI
pharmacophores 14a—o (Table 1).

Finally, the piperazines 14a—0 were coupled with the
thienopyran 10, under the conditions shown in Scheme
1, to yield the final analogous 15a—o. The biological data
are shown in Table 2. Note that initial compounds in
this dataset were tested for SRI activity against the rat
5-HT reuptake transporter, but as the human recombi-
nant cell-line became available, later members of the ser-
ies were tested on the corresponding human transporter;
where affinities were measured on both preparations,
comparable potencies were observed.

Introduction of the naphthylpiperazines, as featured in
15a-b, maintained the required 5-HTp receptor affinity
and selectivity over 5-HTp, but reduced the 5-HT reup-
take inhibition activity. Significantly, however, the
undesired o; and D, cross-reactivities were appreciably

Table 1. Compounds 14a—o synthesized

Compd R R1 R2
14a H Me H
14b H H Me
14c 6-F H H
14d 7-F H H
14e 6-OMe H H
14f 7-OMe H H
l4g 6-F Me H
14h 6-F H Me
14i 6-OMe Me H
14j 6-OMe H Me
14k 7-F Me H
141 7-F H Me
14m 7-OMe Me H
14n 7-OMe H Me
140 6-F Me Me

reduced, although they still did not meet our desired
profile. Thus, we considered the new naphthylpiperazine
moiety as a promising replacement for the known indol-
ylpiperidine pharmacophore.

Next, we investigated the influence of substitution in the
naphthyl ring and of a-substitution in the piperazine on
improving the 5-HT reuptake activity, whilst maintain-
ing the good 5-HTp binding affinity and selectivity ob-
served with 15a-b. In particular we focused on 6- and
7-fluoro and methoxy substitutions, as being isomeric
with the 5- and 6-substituted indoles previously recog-
nized as potent SRI pharmacophores.'

Initially we examined the compounds without piper-
azine o-methyl substitution (15¢—f) and observed a signif-
icant decrease in SRI activity, with a concurrent increase
in D, cross-reactivity, excepting when the naphthyl was
substituted with a 6-methoxy group (15e). We therefore
looked at further examples possessing either the (R)- or
(S)-methyl piperazine moieties, as similar o-substitution
on the corresponding 4-aryl piperidines!*®!> had previ-
ously proved beneficial for SRI activity. Looking at
the subfamily of 6-fluoronaphthyl derivatives 15g-h
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Table 2. Receptor binding affinities of 15a-0 at 5-HTp, 5-HT g, 5-HT ansporters o1 and D5 receptors

wNoc— |
s

Compd R K; (nM)*
5-HTp° 5-HT,° o d D>° Rat 5-HTans Hum 5-HT 408

15a 0 — 2+7 >1000 54 136 1443
N N
‘ U
5 O
5
/

F
15¢ O 126 £ 55 119+ 14 46 17 152
O
N N
/

F
15d 68 £ 30 92 £ 15 57 12.3 37+ 15
a%e!
_/

MeO
15e O 38+ 19 264 + 44 116 324 46+ 0.3
O~
N\_/N

e

OM
15f 170 £ 52 12577 72 32 202
a%e
_/
F
15¢ & 213 673 £ 108 93 101 3.0+£0.2
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F
15h O / 94424 M3£15 89 133 38402
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15i N 104 £ 24 >1000 164 >1000 41 8
O
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MeQ

15j O ( 297 >1000 172 >1000 25%8 211

S
__/

F
15k 0 153126 428 +20 68 81 24+3 28+4
X e
N N
/
F
151 0 ( 23+6 >1000 61 101 9104 241
N N
/

(continued on next page)

37£20 137+ 53 64 150 6.8+0.7
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Table 2 (continued)

Compd R K; (nM)?
5-HTp° 5-HT,5° ¢ D>° Rat 5-HTuns Hum 5-HTans8
OMe
15m 124 +2.7 61%9 211 122 >100
\
s
_/
OMe
15n 0 , 13.8+238 41+6 113 112 39+ 12
N N
_/
164 £ 41 >1000 182 604 0.20 + 0.05 1.5£0.2

F
150 (Y

L

\__/

#Mean K; values and SEM determined from at least three experiments, only otherwise stated.

® Affinities for 5-HT;p receptors were measured on human 5-HT;p expressed in LM(tk-) cells using [PH]-GR 125743 as radioligand.

© Affinities for 5-HT, receptors were measured on human 5-HT, expressed in LM(tk-) cells using [PH]-GR 125743 as radioligand.

4 Affinities for o receptors were measured on rat cortex membranes using [°H]-prazosin as radioligand (mean of two experiments).

¢ Affinities for D, receptors were measured on rat caudate membranes cells using [*H]-raclopride as radioligand (mean of two experiments).
[ Affinities for 5-HT ransporter Were measured on rat cortex membranes using [*H]-citalopram as radioligand.

€ Affinities for 5-HT yansporter Were measured on human 5-HT ansporter €xpressed in HEK293 cells using [3H]—citalopram as radioligand.

and 150, we observed the expected improvement in SRI
activity on introduction of methyl groups to the piper-
azine, in particular with dimethyl substitution; we also
saw an improvement in the cross-reactivity with respect
to oy and D,, again significantly in the disubstituted
analogue 150. However the 5-HTp receptor binding,
while tolerating a single 2-methyl substituent, decreased
sharply when the gem-dimethyl group was introduced
(150), demonstrating that steric space is limited in this
region of the serotonin receptor. With respect to substi-
tution of the naphthyl nucleus, it was observed that, in
general, the methoxy group afforded compounds with
worse 5-HT reuptake activity than did fluorine substitu-
tion; and that 6-fluoro substitution afforded better 5-HT
reuptake activity than the 7-fluoro isomer.

The regiosisomeric [3,2-c]-thienopyran bicyclic system,
which its modified steric relationship between the key
2-carboxamido functionality and the ethylamine side
chain, was also investigated. These analogous were pre-
pared from 2-(2-thienyl)ethanol, following an analogous
synthetic route to that shown in Scheme 1. Compound
15p (Fig. 5) emerged as the most attractive member of
this series and will be the only example described here
as. Although the cross-reactivity against oy and D,
was slightly better, the SRI and 5-HTp results with this
isostere were found to be worse than observed with the
regioisomer 15h. We therefore chose to continue the
SAR study with the [2,3-c]-thienopyran system.

Compounds 15g and 15h demonstrated the best profile
of the compounds evaluated up to this point. We chose
to progress the SAR by further utilizing the reuptake
pharmacophore featured in 15h as it tended to impart
better 5-HTp binding activity.

S
HNOC—4 | i O
"y

15p
Ki (nM)
5-HT, 5.6£0.1
5-HT 5 499186
h-5- HTlransponer 3411
o 102 (n=2)
D, 234 (n=2)

Figure 5.

The next phase of the SAR study was to introduce var-
iation into the thienopyran moiety including substitu-
tion at C-3; transposing the carboxamide from C-2 to
C-3; or replacing the carboxamide by bioisosteres. Fur-
thermore, it was decided to assay the chirally separated
diastereomers and not the mixtures as initially per-
formed. Although the final compounds were diastereo-
meric mixtures, due to the presence of the chirally
resolved 2-methylpiperazine, the chromatographic sepa-
rations were always performed under chiral HPLC
conditions.

The preparation of 16 (Fig. 6) was conducted by appli-
cation of the method used for the preparation of 15 but
using ethyl acetoacetate instead of the acetal 6 (see
Scheme 1).

For the preparation of analogous 19a—c, the carboxylic acid
9 was used as a common starting material (Scheme 3).
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0o anesulfonyl chloride to give increased activation of the

m + )]\/COZEt carboxylic acid, as a more reactive acylating species
S OH was required to form the amide, presumably due to
the increased steric hindrance imparted by the C-3 sub-

li stituent. Subsequent steps followed the conditions
¢ shown in Scheme 1.

Y The synthesis of the derivative 23 started with the inter-
H,NOC | o O mediate 8 (Scheme 4). The key step involved iodine rear-
s (\ N O rangement from C-2 (20) to C-3 (21), known to occur on

. lithiation of the thiophene heterocycle.?? Introduction

of the cyano functionality under palladium catalysis,??
subsequent hydrolysis of this group and desilylation
Figure 6. afforded the 3-carboxamido intermediate 22. This
compound was finally transformed into 23 using the
conditions described in Scheme 1.

The key step was the synthesis of 17, via ortho-met- Finally, the preparation of analogous 26 also started
allation at C-3 assisted by the carboxylic acid.?! The from the intermediate 8 (Scheme 5). The introduction
transformation of 17 into 18 required the use of meth- of the sulfonamide group in 24b was conducted following

R
| D—conH,
R R S
fo) | COH | A COH i, iif | N\ CONH, v
S —> 0 s — > 0 —

<

S )
N
OTEDMS OTBDMS OH
17a: R=Me F
9 17b: R=Cl 18a-c 19a-c
17¢c: R=F

Scheme 3. Reagents and conditions: (i) For R = Cl and Me: (1) sec-BuLi/TMEDA, THF, —78°C, 1.5h, (2) Mel or NCS, —78°C to rt, 65% and 50%.
For R = F: (1) +-BuLi, THF, —78°C, 1h, (2) NFSI, —78°C to rt, 40%; (ii) (1) MsCl, Et;N, THF, (2) NHj; in dioxane, 25-55%; (iii) and (iv) see steps
(vi) to (vii) in Scheme 1, but using 14h in the final step, 45-65% both steps.

o | N i o | N | ii | AN ii, iv, v
OTBDMS OTBDMS OTBDMS
8 20 21
CONH,
CONH, | N\
| N\ vi (0] s

y 2
22 23

Scheme 4. Reagents and conditions: (i) (1) n-BuLi, THF, —78°C, 1h, (2) 1,2-diiodoethane, —78°C to rt, 80%; (ii)) LDA, THF, —45-35°C, 20min,
50%; (iii) KCN, Cul, Pd(PPh;),, THF, reflux, 65%; (iv) HO, (33%), 2N NaOH, BuyNHSO,, CH,Cl,, ultrasound, 1h, quant. (v) and (vi) see steps
(vi) to (vii) in Scheme 1, but using 14h in the final step, 67% two steps.



5284 A. Torrado et al. | Bioorg. Med. Chem. 12 (2004) 5277-5295

D e A

OTBDMS OTBDMS

24a; R=F F
24b: R=SO,NH, 25ab 26ab

R

8

Scheme 5. Reagents and conditions: (i) For R = F (1) n-BuLi, THF, —78°C, 1h, (2) NFSI, —78°C to rt, 30%. For R = SO,NH, (1) n-BuLi, THF,
—78°C, 1h, (2) SO,, 20min at —78°C, 2h at rt, (3) NCS, CH,Cl,, rt, 1 h, (4) NHj3, dioxane, rt, 16 h. Overall yield 65% (ii) and (iii) see steps (vi) to (vii)
in Scheme 1, but using 14h in the final step, 30-35% two steps.

a literature procedure.?* The final transformations of 24
into 26 were conducted as described in Scheme 1.

The biological data for compounds 15, 16, 19, 23 and 26
are described in Table 3.

Table 3. Receptor binding affinities of the pure isomers of 15, 16, 19, 23 and 26 at 5-HTp, 5-HT g, 5-HT qansporter» %1 and D5 receptors; and GTP-
v[>*S] binding at 5-HT;p and 5-HT 3

Compd R Isomer® K; (nM)
S-HTlDb 5-HT1]3C ol D2 S'HTlransponcrd
wnoc—/ ) lsomer A 69482 (0.02£0.02) 102+ 24 (20 % 14) 65 72 1245
15h s Isomer B 78+ 12 (11 6) 344 % 61 (>1000) 65 187 1+2
16 Hnoe— ) Isomer A 68 +3 (nt) >1000 169 537 >100
s lsomer B 23 +7 (nt) >1000 124 21 1748
19a Hnoc— Isomer A 22 +8 (0.66 £ 0.16) 113 % 15 (232 £ 126) 134 196 23%04
s o Tsomer B 49 +6 (2.4 +0.3) 410 + 65 (>300) 108 421 >100
Cl
19 wnoc— T Isomer A 45+7 (0.12 %0.02) >1000 (>300) 140 291 21406
2 S 0 Isomer B 42+5(3.5+ 1.0) 264 (>300) 100 489 24408
F
19¢ wnoe - Isomer A 32+ 1 (137%@30nM) 338 (>300) 129 160 4102
2 S 0 Tsomer B 79+ 1 (73%@30nM)  >1000 (>300) 89 271 15402
H,NOC
23 a Isomer A 2544 (1.2+0.1) 421 + 142 (215 £ 25) 98 27 66%02
s somer B 114206 @2+ 1.1) 259+ 57 (58%@300nM) 9% 73 23t2
26a = ) Isomer A 70£3 (1.0 £0.1) >1000 >1000 644 3747
s Isomer B 80+ 1(29+09) >1000 >1000 313 3042
26b Hnos—¢ Tsomer A 34+ 1 (115%@300M)  >1000 (53%@300nM) 11 337 119+15
s Isomer B >1000 (>30nM) >1000 (91%@300nM) 93 205 17.5%03

nt = Not tested.
? Diastereomers separated by chiral hple—Tsomer A’ signifies the isomer with the shorter hplc retention time.

® Figures in brackets are 5-HT,p GTP-yS binding affinities expressed as Ky (nM) or % displacements at 30nM.
¢ Figures in brackets are 5-HT ;g GTP-yS binding affinities expressed as Kz (nM) or % displacements at 300nM.
4 Affinities for 5-HTansporter Were measured on human 5-HTansporier €Xpressed in HEK293 cells using [3H]-citalopram as radioligand.
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The results obtained from this part of the SAR, where
the diastereomers of each compound were separated,
showed that the stereochemistry at C-1 of the thienopy-
ran had little effect on 5-HTp binding; but the isomers
with shorter HPLC retention times (Isomer A) displayed
better 5-HT|p antagonist potency on the functional
GTP-yS binding assay. With respect to 5-HT reuptake
inhibition, there was mostly no difference seen in po-
tency between the two diastereomers, with the exception
of 16 and 19a.

Importantly the cross-reactivity was improved with
many of the compounds compared to the parent 15h,
satisfying our preset binding requirements of
o > 100nM and D, > 200nM (vs SRI < 10nM). Only
analogue 23, where the carboxamide has been shifted
to C-3, gave worse cross-reactivity than the parent
15h. Replacement of the carboxamide by fluorine (26a)
was detrimental to the reuptake activity; while the incor-
poration of a sulfonamide (26b) maintained both 5-
HT;p and SRI activities. Finally, the introduction of
substituents at C-3 (19a—c) provided the best overall
profile, improving 5-HT reuptake inhibition whilst
maintaining good 5-HT;p affinity, functional antago-
nism and selectivity with respect to 5-HTp.

4. Conclusion

The SAR study conducted under the ‘overlapping type’
strategy described in this manuscript has led to the dis-
covery of a new series of compounds with dual pharma-
cological activity as inhibitors of 5-HT reuptake and as
antagonists of the 5-HTp receptor. This novel series,
combining the thienopyran and naphthylpiperazine
scaffolds, in addition to displaying the desired potency
with respect to 5-HTp and 5-HT reuptake inhibition,
also demonstrates selectivity versus 5-HT . Positive ap-
proaches to influencing cross-reactivity against o; and
D, receptors have also been identified. The results indi-
cate that the 5-HT;p activity is not only due to the
thienopyran portion of the molecule but also is modu-
lated by the naphthylpiperazine moiety. At the same
time, the 5-HT reuptake activity, though residing mainly
in the naphthylpiperazine structure, is similarly influ-
enced by the appended thienopyran scaffold.

Among the new compounds prepared to date within the
SAR, the analogue 19b, featuring a chloro substituent at
C-3 position of the thienopyran, has shown the most
promising profile fulfiling all of our preset lead require-
ments, including those related to cross-reactivity. These
results encourage us to further evaluate these com-
pounds in vivo in order to test the augmentation
hypothesis.

5. Biology

5.1. Receptor binding studies

Standard receptor binding assay methods were used
to evaluate the ability of compounds to interact with

human 5-HT;s, 5-HTp, o; and D, receptors, as
well as with the rat and human 5-HT transporters.
The 5-HT, binding assays were performed on LM(tk-)
cells stably transfected with human 5-HT;g or 5-HTp
receptors, using [PH]-GR125743 as radioligand, under
the assay conditions described previously.>> The o
binding affinity was measured on rat cerebral cortex
membranes, using [*H]-prazosin as radioligand.2® The
D, binding affinity was measured on rat caudate mem-
branes, using [°’H]-raclopride as radioligand (see method
below). Initially inhibition of the serotonin transporter
was measured on rat cerebral cortex membranes, as pre-
viously described,? using [*H]-citalopram as radiolig-
and; latterly the assay was performed in HEK293 cells
stably transfected with the human 5-HTansporter (s€€
method below). The K; values were calculated from
the corresponding ICsy values using the method of
Cheng and Prusoff.?’

5.2. Binding to rat D, receptors

Caudate tissue from male Listar Hooded rats was
homogenized in ice-cold assay buffer (50mM Tris-HCI
containing 120mM NaCl, SmM KCI, 2mM CaCl,,
1mM MgCl,, pH7.4) (30vol) and, after centrifugation
at 40,000g for 10min at 4°C, the pellet was resuspended
as before, incubated for 10min at 37°C and again spun
at 40,000g. The resulting pellet was resuspended in assay
buffer (100 vol wet weight) and used in the assay.

Competition studies were performed in 600pul assay
buffer (50mM TrissHCI containing 120mM NaCl,
5mM KCI, 2mM CaCl,, 1 mM MgCl,, pH7.4) contain-
ing 200 uL membrane protein, 100pL [*H]-raclopride
(0.8nM, specific activity 79.3 Ci/mmol) and 100puL of
appropriate concentrations of the competing ligand
(prepared in 20% aqueous DMSO). Nonspecific binding
was defined using 100pL spiperone (1puM). Samples
were incubated at room temperature in the dark for
1h, followed by filtration through GF/B filters pre-
soaked with 0.9% saline containing 0.1% (w/v) polyethyl-
enimine, using a 96-well Brandel cell harvester. Filters
were washed three times with ice-cold 0.9% saline, dried
for 2min in a microwave, prior to Meltilex® treatment
(solid scintillation fluid) and counting using a Wallac
plate counter.

5.3. Binding to rat 5-HT ¢ ansporter

Competition studies were performed on rat cerebral cor-
tex membranes with [PH]-citalopram as radioligand,
using the method previously described.?> The results
were analyzed using an automatic spline fitting program
(Multicalc, Packard, Milton Keynes, UK) to provide K;
values for each of the test compounds.

5.4. Binding to human 5-HTansporter

Competition studies were performed on 96-well microti-
tre plates in 75 puLL assay buffer (50 mM Tris-HCI contain-
ing 300mM NaCl, SmM KCl, pH7.4) containing 50 uL.
membrane protein (0.2mg/mL), 50uL WGA PVT SPA
beads (10mg/mL), 50 uL [PH]-citalopram (2nM, specific
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activity 70-87 Ci/mmol) and 25uL of appropriate con-
centrations of the competing ligand (prepared in 20%
aqueous DMSO). Nonspecific binding was defined using
25ul desipramine (10puM). Plates were incubated at
room temperature for 10h, prior to reading in a Trilux
scintillation counter. The results were analyzed using
an automatic spline fitting program (Multicalc, Packard,
Milton Keynes, UK) to provide K; values for each of the
test compounds.

5.5. GTP-y[**S] binding studies

The method used was as described previously.”® The
dextral shift of the 5-HT dose-response curves for the
binding of GTP-y[35S] to human 5-HT;g or 5-HTp
receptors stably expressed into LM(tk-) cells was meas-
ured and the results expressed as Kp values.

6. Experimental section
6.1. General information

All solvents and reagents were purchased from commer-
cial sources, unless otherwise indicated. Solvents were
used dry, either distilled before use (THF from Na/ben-
zophenone ketyl) or purchased dry (DMF). All reac-
tions were performed under positive pressure of
nitrogen or argon. '"H NMR and '*C NMR data were
recorded on a Bruker AC-200P or Bruker AC-300.
Chemical shifts are reported in ¢ units (ppm) relative
to tetramethylsilane or the solvent. Analytical thin-layer
chromatography (TLC) was performed on 60 F,s4 silica
gel (Merck). Chromatographic separations were per-
formed using 230-400 mesh silica gel (Merck). Mass
spectra were obtained on an Agilent 1100 series instru-
ment. High resolution mass spectra (HRMS) were ac-
quired on a Thermo Electron LTQ-FT Fourier
Transform Ion Cyclotron Resonance mass spectrometer
with an instrument resolution of 200,000, using external
calibration. Sample ionization was achieved using Elec-
trospray and measurement of pseudo-molecular
[M+H]" ions was carried out. Infrared spectra (IR) were
recorded on a Perkin—Elmer 1310 spectrophotometer.
Melting points were measured with a capillary melting
point apparatus and are uncorrected.

6.1.1. Ethyl (4,5-dihydro-7 H-thieno|2,3-c]pyran-7-yl)ace-
tate (7). Boron trifluoride etherate (0.148mlL,
1.17mmol) was added dropwise at —78°C to a solution
of 2-(3-thienyl)ethanol (5) (0.150g, 1.17mmol) and ethyl
3,3-diethoxypropionate (6) (0.266g, 1.40mmol) in
dichloromethane (6mL). The resulting solution was al-
lowed to warm to room temperature overnight. A
brine/HCI mixture (1:1) was added and the aqueous
phase was extracted with dichloromethane (3x). The
combined organic layers were dried (MgSQO,), filtered
and evaporated. The crude product was purified by flash
column chromatography on silica gel (hexane/EtOAc,
9:1) to afford pure 7 as a pale yellow oil (0.216g,
82%). 'H NMR (CDCl;, 300MHz): & 7.15 (d,
J=5.0Hz, 1H), 6.81 (d, J=5.0Hz, 1H), 527 (t,
J=7.0Hz, 1H), 4.22 (q, J=7.0Hz, 2H), 4.2-4.0 (m,

1H), 3.8 (dt, J=10.7, 4.0Hz, 1H), 3.0-2.7 (m, 1H), 2.8
(d, J=6.6Hz, 2H), 2.7-2.5 (m, 1H), 129 (4,
J=17.0Hz, 3H) ppm.

6.1.2. tert-Butyl-[2-(4,5-dihydro-7 H-thieno|2,3-c]pyran-7-
yl)ethoxy]dimethylsilane (8). To a solution of 7 (1.09g,
4.86mmol) in THF was slowly added DIBAL-H
(11.67mL, 1.0M solution in THF, 11.67mmol) at 0°C
and the mixture stirred for 1 h at room temperature be-
fore being quenched by careful addition of 3N HCI at
0°C. The resulting mixture was filtered through Celite,
the phases separated and the aqueous phase extracted
with dichloromethane (3x). The combined organic
phases were dried (MgSQOy), filtered and evaporated to
give crude 2-(4,5-dihydro-7H-thieno[2,3-c]pyran-7-yl)-
ethanol as a yellowish oil, which was used without
further purification. Imidazole (0.364g, 5.30mmol)
and fert-butyldimethylsilyl chloride (0.800g, 5.30 mmol)
were added sequentially to a solution of 2-(4,5-dihydro-
7H-thieno[2,3-c]pyran-7-yl)-ethanol (0.89g, 4.86mmol)
dissolved in dry DMF (6mL). After stirring at room
temperature for 2h, water was added and the aqueous
phase extracted with diethyl ether (3x). The combined
organic phases were dried (MgSQO,), filtered and concen-
trated in vacuo. The crude product was purified by flash
column chromatography on silica gel (CH,Cl,/MeOH,
98:2) to afford 8 as a yellow oil (1.30g, 90% over two
steps). 'H NMR (CDCl;, 200MHz): ¢ 7.12 (d,
J=5.0Hz, 1H), 6.79 (d, J=50Hz, 1H), 5048
(m, 1H), 4.16 (ddd, J=11.3, 5.6, 2.2Hz, 1H), 4.0-3.6
(m, 3H), 3.0-2.7 (m, 1H), 2.7-2.4 (m, 1H), 2.2-1.8 (m,
2H), 0.89 (s, 9H), 0.06 (s, 6H) ppm.

6.1.3.  7-(2-tert-Butyldimethylsilanyloxyethyl)-4,5-dihy-
dro-7 H-thieno|2,3-c]pyran-2-carboxylic acid (9). n-Butyl-
lithium (3.0mL, 1.6 M solution in THF, 4.80 mmol) was
added dropwise to a suspension of 8 (1.30g, 4.36 mmol)
in THF at —78°C and the resulting solution stirred for
1h. Gaseous carbon dioxide was bubbled through the
solution at —78°C for 10min before allowing the reac-
tion to warm to room temperature. Quenching with satd
ammonium chloride (caution: exothermic reaction!),
addition of a mixture of H,O/brine/Et,O (1:1:1) and
extraction with diethyl ether (3x) afforded a yellowish
solid, which was triturated with hexane and filtered to
give pure 9 as a white solid (1.34g, 90%). '"H NMR
(CDCl;, 300MHz): 6 7.58 (s, 1H), 5.0-4.8 (m, 1H), 4.2
(ddd, J=11.3, 5.6, 2.2Hz, 1H), 4.0-3.6 (m, 3H), 3.0-
2.7 (m, 1H), 2.7-2.5 (m, 1H), 2.2-1.8 (m, 2H), 0.89 (s,
9H), 0.06 (s, 6H) ppm.

6.14. 7-(2-Hydroxyethyl)-4,5-dihydro-7 H-thieno[2,3-
clpyran-2-carboxamide (10). Carbonyl diimidazole
(1.30g, 8.05mmol) was added to a suspension of 9
(1.10g, 3.22mmol) in THF (50mL) and the resulting
solution stirred at room temperature for 24h. The solu-
tion was concentrated and the residue treated with a
dioxane solution of ammonia (16.0mmol). The resulting
solution was stirred at room temperature for 24h. The
solvent was removed in vacuo and the residue parti-
tioned between dichloromethane and water. The aque-
ous phase was extracted with dichloromethane (3x)
and the combined organic layers were dried (MgSQy,),
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filtered and concentrated. The crude product was puri-
fied by flash column chromatography on silica gel (ethyl
acetate 100%) to afford pure 7-[2-(tert-butyldimethyl-
silanyloxy)ethyl]-4,5-dihydro-7 H-thieno[2,3-c]pyran-2-
carboxamide as a pale yellow oil (0.86g, 78%). To a
solution of the tert-butyldimethylsilyloxy intermediate
(0.80g, 2.35mmol) in THF (16 mL) was added TBAF
(2.58mL, 1.0M solution in THF, 2.58 mmol) at 0°C.
The mixture was allowed to warm to room temperature
and stirred for 2h. The solvent was concentrated and the
crude yellow oil purified by flash column chromatogra-
phy on silica gel (methanol/dichloromethane, 5:95) to
yield pure 10 as a white solid (0.40g, 75%). The crude
product could also be purified by trituration with a mix-
ture of diethyl ether in hexanes (1:1). '"H NMR (CDCls,
200 MHz): 6 7.26 (s, 1H), 4.89 (dq, / = 7.9, 1.9Hz, 1H),
4.14 (ddd, J=11.5, 5.7, 2.2Hz, 1H), 3.8-3.6 (m, 3H),
2.9-2.7 (m, 1H), 2.51 (dq, J =16.0, 2.0Hz, 1H), 2.1-
1.8 (m, 2H) ppm.

6.1.5. 7-{2-|4-(6-Fluoro-1H-indol-3-yl)-3,6-dihydro-2 H-
pyridin-1-yl]ethyl}-4,5-dihydro-7 H-thieno|2,3-c|pyran-2-
carboxamide (4). To a solution of alcohol 10 (0.150¢g,
0.66 mmol) in dry DMF (1 mL) were added sequentially,
at 0°C, triethylamine (0.18 mL, 1.32mmol) and meth-
anesulfonyl chloride (0.055mL, 0.69 mmol). The result-
ing solution was stirred at room temperature for 1h.
The solvent was removed in vacuo and the crude mesy-
late intermediate was redissolved in dry acetonitrile
(1.5mL). Potassium carbonate (0.228 g, 1.65mmol) and
indole 2 (0.143g, 0.66 mmol) were added to the above
solution under inert atmosphere and the resulting mix-
ture was heated at 80°C for 20h. Water was added
and the aqueous phase was extracted with dichloro-
methane (3%). The combined organic extracts were dried
(MgS0,), filtered and concentrated. The residue was
purified by column chromatography on silica gel
(CH,Cl,/MeOH, 95:5) to obtain pure 4 as a pale yellow
solid (0.210g, 75%). Mp: 184-185°C. IR (cm !, KBr):
3478 and 3416 (NH), 1618 (CO). '"H NMR (DMSO-
dg, 200MHz): 6 11.15 (broad s, 1H), 7.87 (broad s,
1H), 7.77 (dd, J=28.8, 5.4Hz, 1H), 7.48 (s, 1H), 7.36
(d, J=23Hz, 1H), 7.33 (broad s, 1H), 7.12 (dd,
J=10.0, 2.3Hz, 1H), 6.86 (td, J=9.3, 2.2Hz, 1H),
6.10 (broad s, 1H), 4.9-4.7 (m, 1H), 4.2-4.1 (m, 1H),
3.8-3.6 (m, 1H), 3.12 (broad s, 2H), 2.8-2.5 (m, 8H),
2.1-1.8 (m, 2H) ppm.

6.2. General procedure for the synthesis of naphthalen-1-
yl-trifluoromethanesulfonates 12a—c

To a solution of tetralone (lequiv) in THF (1.2mL/
mmol tetralone 11) cooled to —78°C was added
LiHMDS (1.2equiv) in THF (6 mL/mmol tetralone)
and the resulting solution was stirred for 1h. N-Ph-trifli-
mide (1.2equiv) was added in one portion to the
above solution and the reaction allowed to warm to
room temperature. Stirring was continued for 2h
and after solvent removal, the residue was dissolved in
ethyl acetate and washed with 2N NaOH. The organic
phase was dried (MgSQ,), filtered and evaporated. The
crude product was purified on a silica gel column
(hexanes 100%) to afford pure product. DDQ

(1.5equiv) was then added to a solution of the
3,4-dihydronaphthalen-1-yl trifluoromethanesulfonate
(lequiv) in dioxane (7mL/mmol triflate), and the
resulting suspension heated at reflux for 2days. Most
of the dioxane was removed by evaporation in vacuo
and the residue was passed through a silica gel chroma-
tography column (hexanes 100%) to afford the desired
product.

6.2.1. 6-Methoxynaphthalen-1-yl trifluoromethanesulfo-
nate (12a). Colourless oil, 82%. 'H NMR (CDCls,
200MHz): ¢ 790 (d, J=9.0Hz, 1H), 7.34 (4,
J=8.0Hz, 1H), 7.3-7.1 (m, 2H), 7.09 (d, J=2.8Hz,
1H), 3.82 (s, 3H) ppm.

6.2.2. 7-Methoxynaphthalen-1-yl trifluoromethanesulfo-
nate (12b). Colourless oil, 84%. 'H NMR (CDCls,
200MHz): 6 7.8-7.7 (m, 2H), 7.5-7.2 (m, 4H), 3.96 (s,
3H) ppm.

6.2.3. 6-Fluoronaphthalen-1-yl trifluoromethanesulfonate
(12¢). Yellow oil, 43%. "H NMR (CDCls, 200 MHz): §
8.10 (dd, J=9.2, 5.3Hz, 1H), 7.82 (d, J=8.0Hz, 1H),
7.6-7.3 (m, 4H) ppm.

6.2.4. 7-Fluoronaphthalen-1-yl trifluoromethanesulfonate
(12d). +BuOK (1.31g, 11.75mmol) was added in
one portion to a solution of 7-fluoronaphthol (11d)
(1.73 g, 10.68 mmol) in THF (60mL) at 0°C. The cooling
bath was removed and the yellow solution stirred for
15min at room temperature. N-Ph-triflimide (4.20¢g,
11.75mmol) was added in one portion to the above
solution and the resulting orange mixture was stirred
for 1h at room temperature. The reaction was quenched
by addition of satd aqueous potassium carbonate and
the resulting suspension was stirred for 30min before
adding hexane. The organic phase was washed with satd
potassium carbonate (5x), dried (MgSO,), filtered
and concentrated. The crude product was purified by
flash column chromatography on silica gel (hexanes
100%) to give 12d as a yellow oil (3.11g, 99%). 'H
NMR (CDCl;, 200MHz): 6 7.93 (dd, J=9.0, 5.4Hz,
1H), 7.89 (dd, J=6.0, 1.7Hz, 1H), 7.68 (dd, J=9.8,
2.5Hz, 1H), 7.39 (td, J = 8.6, 2.5Hz, 1H), 7.6-7.4 (m,
2H) ppm.

6.3. General procedure for the synthesis of naphthylpip-
erazines 14a—o

Piperazine 13 (1.2equiv), (R)-BINAP (7.5%), Pd(OAc),
(5%) and Cs,COj3 (1.4equiv) were added to a solution
of triflate (or bromide) 12 (1equiv) in toluene (0.5M).
The resulting suspension was heated at 110°C for 16h.
Upon cooling, the mixture was filtered through a short
Celite pad (EtOAc), the filtrate concentrated and the
crude product purified by flash column chromatography
on silica gel. Cbz-protected naphthylpiperazines were
deprotected by catalytic hydrogenation in the presence
of 10% Pd/C (0.05equiv) under a hydrogen atmosphere
(latm) to give the desired unprotected naphthylpiper-
azines. The final products were purified by flash column
chromatography on silica gel (CH,Cl,/MeOH, 7:3) to
afford the pure desired products.
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6.3.1. 1-(Naphthalen-1-yl)-3-(S)-methylpiperazine (14a).
Yellow solid, 74%. '"H NMR (CDCls, 200 MHz): 6 8.3—
8.1 (m, 1H), 7.9-7.7 (m, 1H), 7.6-7.3 (m, 4H), 7.07 (d,
J =7.3Hz, 1H), 3.3-3.2 (m, 5H), 3.0-2.7 (m, 1H), 2.6~
2.4 (m, 1H), 1.18 (d, J = 6.1 Hz, 3H) ppm.

6.3.2. 1-(Naphthalen-1-yl)-3-(R)-methylpiperazine (14b).
Yellow solid, 70%. 'H NMR consistent with data for
14a.

6.3.3. 1-(6-Fluoronaphthalen-1-yl)piperazine (14c). Pale
yellow solid, 79%. '"H NMR (CDCl;, 200 MHz): 6 8.22
(dd, J=9.3, 58Hz, 1H), 7.5-74 (m, 3H), 7.3-7.2
(m, 1H), 7.04 (dd, J=6.9, 1.6Hz, 1H), 3.2-3.0 (m,
8H) ppm.

6.3.4. 1-(7-Fluoronaphthalen-1-yl)piperazine (14d). Yel-
low solid, 56%. "H NMR (CDCls, 200 MHz): § 7.9-7.7
(m, 2H), 7.55 (d, J=8.2Hz, 1H), 7.37 (t, J=7.6Hz,
1H), 7.3-7.2 (m, 1H), 7.13 (d, J=7.4Hz, 1H), 3.2-3.0
(m, 8H) ppm.

6.3.5. 1-(6-Methoxynaphthalen-1-yl)piperazine (14e).
Pale yellow solid, 72%. "H NMR (CDCl;, 200 MHz):
0 8.13 (d, /=10.3Hz, 1H), 7.5-7.3 (m, 2H), 7.2-7.1
(m, 2H), 6.96 (dd, J=7.1, 1.4Hz, 1H), 3.91 (s, 3H),
3.2-3.0 (m, 8H) ppm.

6.3.6. 1-(7-Methoxynaphthalen-1-yl)piperazine (14f).
Pale yellow solid, 80%. "H NMR (CDCl;, 200 MHz):
0 773 (d, J=8.9Hz, 1H), 7.56 (d, J=2.6Hz, 1H),
7.50 (d, J=8.1Hz, 1H), 7.3-7.2 (m, 1H), 7.2-7.1 (m,
2H), 3.94 (s, 3H), 3.2-3.1 (m, 8H) ppm.

6.3.7. 1-(6-Fluoronaphthalen-1-yl)-3-(S)-methylpiperazine
(14g). Dark red oil, 68%. "H NMR (CDCl,, 200 MHz): §
8.20 (dd, J=9.3, 5.8Hz, 1H), 7.5-7.3 (m, 3H), 7.22
(ddd, J=9.2, 84, 2.6Hz, 1H), 6.99 (dd, J=6.8,
1.6Hz, 1H), 3.2-3.0 (m, 5H), 2.77 (td, J=11.6, 2.8 Hz,
1H), 2.44 (t, J = 10.8Hz, 1H), 1.96 (broad s, 1H), 1.10
(d, /= 6.3Hz, 3H) ppm.

6.3.8. 1-(6-Fluoronaphthalen-1-yl)-3-(R)-methylpiper-
azine (14h). Dark red oil, 30%. '"H NMR consistent with
data for 14g.

6.3.9. 1-(6-Methoxynaphthalen-1-yl)-3-(S)-methylpiper-
azine (14i). Yellow solid, 62%. 'H NMR (CDCls,
200MHz): ¢ 8.2-8.1 (m, 1H), 7.5-7.3 (m, 2H), 7.3-7.1
(m, 2H), 6.94 (dd, J=7.1, 1.4Hz, 1H), 3.91 (s, 3H),
3.3-3.1 (m, 5H), 2.9-2.7 (m, 1H), 2.5-2.4 (m, 1H), 1.92
(broad s, 1H), 1.12 (d, J = 6.3Hz, 3H) ppm.

6.3.10. 1-(6-Methoxynaphthalen-1-yl)-3-(R)-methylpiper-
azine (14j). Yellow solid, 73%. "H NMR consistent with
data for 14i.

6.3.11.  1-(7-Fluoronaphthalen-1-yl)-3-(S)-methylpiper-
azine (14k). Orange oil, 48%. 'H NMR (CDCls,
200MHz): 6 7.9-7.7 (m, 2H), 7.56 (d, J=8.2Hz, 1H),
7.37 (t, J=17.8Hz, 1H), 7.24 (td, J=8.6, 2.7Hz, 1H),
7.14 (d, J=17.4Hz, 1H), 3.5-3.2 (m, 7H), 3.0-2.8 (m,
1H), 2.6-2.5 (m, 1H), 1.21 (d, J = 6.3Hz, 3H) ppm.

6.3.12.  1-(7-Fluoronaphthalen-1-yl)-3-(R)-methylpiper-
azine (141). Dark red oil, 47%. '"H NMR consistent with
data for 14k.

6.3.13. 1-(7-Methoxynaphthalen—1-yl])-3-(S)-methylpiper-
azine (14m). Yellow solid, 72%. H NMR (CDCls,
200MHz): 6 7.73 (d, J=8.9Hz, 1H), 7.6-7.4 (m, 2H),
7.3-7.2 (m, 2H), 7.2-7.0 (m, 2H), 3.94 (s, 3H), 3.3-3.1
(m, 5H), 3.0-2.8 (m, 1H), 2.6-2.4 (m, 1H), 1.96 (broad
s, 1H), 1.18 (d, J = 6.2Hz, 3H) ppm.

6.3.14. 1-(7-Methoxynaphthalen-1-yl)-3-(R)-methylpiper-
azine (14n). Yellow solid, 70%. "H NMR consistent with
data for 14m.

6.3.15.  1-(6-Fluoronaphthalen-1-yl)-3,3-dimethylpiper-
azine (140). Dark red oil, 14%. 'H NMR (CDCl;,
200MHz): 6 8.15 (dd, J=9.3, 5.7Hz, 1H), 7.56 (d,
J=82Hz, 1H), 7.5-7.4 (m, 2H), 7.27 (ddd, J=9.2,
8.3, 2.6Hz, 1H), 7.08 (d, J = 6.7Hz, 1H), 3.47 (broad
s, 2H), 3.25 (broad s, 2H), 3.05 (s, 2H), 1.61 (broad s,
6H) ppm.

6.4. General procedure for the synthesis of final analogous
15a-0

To a solution of the amide-alcohol 10 (1equiv) in DMF
(0.3M) was added methanesulfonyl chloride (1.05equiv)
at 0°C and the resulting yellowish solution was stirred at
room temperature for 1h. The DMF was removed in
vacuo and the residue redissolved in CH;CN (0.2 M).
Potassium carbonate (2equiv) and the appropriately
substituted naphthylpiperazine (1.1equiv) were added
to the above solution and the resulting suspension
heated at 80°C for 24h. Water was added and the aque-
ous phase was extracted with CH,Cl, (3x). The com-
bined organic phases were dried (MgSQ,), filtered and
concentrated. The crude was purified by flash column
chromatography on silica gel (CH,Cl,/MeOH 95:5) to
afford the pure coupled product.

6.4.1. 7-{2-]2-(S)-Methyl-4-(naphthalen-1-yl)-piperazin-
1-yl]ethyl}4,5-dihydro-7 H-thieno|2,3-c]pyran-2-carbox-
amide (15a). White solid, 62%. 'H NMR (CDCl;,
200MHz): 6 8.3-8.1 (m, 1H), 7.9-7.7 (m, 1H), 7.6-7.3
(m, 4H), 7.25 (s, 1H), 7.07 (dd, J=17.3, 0.9Hz, 1H),
5.74 (broad s, 2H), 4.9-4.8 (m, 1H), 4.21 (dd, J=9.3,
5.5Hz, 1H), 3.76 (td, J =10.8, 3.9Hz, 1H), 3.2-2.5 (m,
11H), 2.1-2.0 (m, 2H), 1.18 (dd, J=6.0, 1.8Hz, 3H)
ppm. HRMS (M+1): caled for C,5Hy9N350,S
436.20532. Found 436.20530.

6.4.2. 7-{2-[2-(R)-Methyl-4-(naphthalen-1-yl)piperazin-1-
yllethyl}4,5-dihydro-7 H-thieno|2,3-c|pyran-2-carboxamide
(15b). White solid, 59%. IR (cm ', KBr): 3341 and 3186
(NH), 1608 (CO). '"H NMR (CDCls, 200 MHz): § 8.3—
8.1 (m, 1H), 7.9-7.7 (m, 1H), 7.6-7.3 (m, 4H), 7.26 (s,
1H), 7.07 (dd, J=7.3, 0.8 Hz, 1H), 5.96 (broad s, 2H),
49-4.8 (m, 1H), 4.3-4.1 (m, 1H), 3.76 (td, J=10.5,
39Hz, 1H), 3.2-2.5 (m, 11H), 2.1-2.0 (m, 2H), 1.19
(dd, J=6.0, 1.9Hz, 3H) ppm. *C NMR (CDCls,
50MHz): § 163.9, 149.5, 144.0 (isomer 1), 143.8 (isomer
2), 134.9, 134.7, 134.5, 129.4, 128.9, 128.4, 125.9, 125.8,
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125.3, 123.5, 123.4, 114.7, 73.6, 64.2, 60.3 (isomer 1),
60.2 (isomer 2), 55.3, 53.2, 51.7, 49.4 (isomer 1), 49.2
(isomer 2), 33.6, 26.1, 16.4ppm. HRMS (M+1): calcd
for C25H29N30zs 436.20533. Found 436.20526.

6.4.3. 7-{2-][4-(6-Fluoronaphthalen-1-yl)piperazin-1-yl]-
ethyl}-4,5-dihydro-7 H-thieno|2,3-c]pyran-2-carboxamide
(15¢). Pale yellow solid, 50%. Mp: 192-193°C. IR
(ecm~', KBr): 3342 and 3169 (NH), 1611 (CO). 'H
NMR (CDCl;, 300MHz): 6 8.18 (dd, J=9.1, 5.8Hz,
1H), 7.5-7.3 (m, 3H), 7.3-7.2 (m, 2H), 7.04 (d,
J=6._8Hz, 1H), 5.84 (broad s, 2H), 4.88 (broad s,
1H), 4.21 (dd, J=10.9, 3.6Hz, 1H), 3.76 (td, J = 10.9,
3.6Hz, 1H), 3.2-2.9 (m, 3H), 2.9-2.5 (m, 11H), 2.2-2.0
(m, 2H) ppm. HRMS (M+1): calcd for C,4H,6FN30,S
440.18025. Found 440.18020.

6.44. 7-{2-][4-(7-Fluoronaphthalen-1-yl)piperazin-1-ylJ-
ethyl}-4,5-dihydro-7 H-thieno|2,3-c]pyran-2-carboxamide
(15d). White solid, 46%. 'H NMR (CDCls, 200 MHz): §
7.8-7.7 (m, 2H), 7.55 (d, J=8.0Hz, 1H), 7.36 (t,
J=1.5Hz, 1H), 7.27 (s, 1H), 7.23 (td, J = 8.6, 2.9Hz,
1H), 7.14 (d, J=7.4Hz, 1H), 5.62 (broad s, 2H), 5.0-
4.8 (m, 1H), 4.22 (ddd, J=11.5, 8.1, 2.5Hz, 1H), 3.78
(td, J=10.8, 4.0Hz, 1H), 3.2-3.0 gm, 4H), 2.9-2.5 (m,
8H), 2.2-2.0 (m, 2H) ppm. ')C NMR (CDCls,
50MHz):  164.2, 160.6 (d, J=240Hz), 149.2 (isomer
1), 149.1 (isomer 2), 143.6, 135.1, 134.5, 130.7 (d,
J=10Hz), 129.9, 129.4, 125.0, 123.4, 116.2, 116.0 (d,
J=25Hz), 115.8, 107.1 (d, J=25Hz), 73.4, 64.1, 54.2,
53.7, 52.7 (2C), 50.4, 34.2, 26.0ppm. HRMS (M+1):
calcd for C,4H,osFN30,S 440.18025. Found 440.18029.

6.4.5. 7-{2-|[4-(6-Methoxynaphthalen-1-yl)-piperazin-1-
yllethyl}-4,5-dihydro-7 H-thieno|2,3-c]pyran-2-carboxamide
(15e). Pale yellow solid, 55%. '"H NMR (CDCl;, 200
MHz): 6 8.09 (d, J=99Hz, 1H), 7.4-7.3 (m, 2H),
7.24 (s, 1H), 7.2-7.1 (m, 2H), 6.94 (d, J = 6.4Hz, 1H),
6.12 (broad s, 2H), 4.9-4.8 (m, 1H), 4.2-4.1 (m, 1H),
3.89 (s, 3H), 3.74 (td, J=10.7, 3.7Hz, 1H), 3.1-3.0
(m, 4H), 2.9-2.6 (m, 8H), 2.1-2.0 (m, 2H) ppm. HRMS
(M+1): caled for C,5H>9N303S 452.20024. Found
452.20018.

6.4.6. 7-{2-|4-(7-Methoxynaphthalen-1-yl)piperazin-1-yl|-
ethyl}-4,5-dihydro-7 H-thieno|2,3-c]pyran-2-carboxamide
(15f). Pale yellow solid, 60%. IR (cm~', KBr): 3327 and
3191 (NH), 1652 (CO). '"H NMR (CDCl;, 200 MHz): §
7.73 (d, J=8.8Hz, 1H), 7.51 (s, 1H), 7.3-7.2 (m, 3H),
7.1-7.0 (m, 2H), 5.7 (broad s, 2H), 5.0-4.8 (m, 1H),
4.22 (dd, J=10.6, 5.4Hz, 1H), 3.94 (s, 3H), 3.77 (td,
J=10.8, 3.4Hz, 1H), 3.3-3.0 (m, 4H), 2.9-2.6 (m,
6H), 2.2-2.0 (m, 2H) ppm.

6.4.7. 7-{2-[4-(6-Fluoronaphthalen-1-yl)-2-(.S)-methyl-
piperazin-1-yl]ethyl}-4,5-dihydro-7 H-thieno|2,3-c|pyran-
2-carboxamide (15g). Pale brown solid, 40%. "H NMR
(CDCl;, 200MHz): 6 8.21 (dd, J=9.2, 5.8Hz, 1H),
7.5-7.3 (m, 3H), 7.26 (s, 1H), 7.22 (td, J =9.0, 2.5Hz,
1H), 7.01 (dd, J =6.9, 1.4Hz, 1H), 6.19 (broad s, 2H),
4.9-4.8 (m, 1H), 4.3-4.2 (m, 1H), 3.75 (td, J = 10.6,
3.8Hz, 1H), 3.2-2.5 (m, 11H), 2.1-2.0 (m, 2H), 1.17
(dd, J=5.9, 1.7Hz, 3H) ppm. '*C NMR (CDCls,

50MHz): 6 164.1, 160.6 (d, J=245Hz), 149.8, 144.0
(isomer 1), 143.8 (isomer 2), 135.6 (d, J=10Hz),
135.0, 134.4, 129.3, 127.1, 126.3 (d, J=10Hz), 125.9,
122.6 (d, J=5Hz), 1152 (d, J=25Hz), 114.0, 111.2
(d, J=20Hz), 73.5, 64.1, 60.4 (isomer 1), 60.3 (isomer
2), 55.2, 53.2, 51.6, 49.3 (isomer 1), 49.1 (isomer 2),
33.6, 26.0, 16.4ppm. HRMS (M+1): caled for
C,sH»sFN30,S 454.19590. Found 454.19590.

6.4.8.  7-{2-[4-(6-Fluoronaphthalen-1-yl)-2-(R)-methyl-
piperazin-1-yl]ethyl}-4,5-dihydro-7 H-thieno|2,3-c|pyran-
2-carboxamide (15h). Pale brown solid, 23%. "H NMR
(CDCl;, 200MHz): 6 821 (dd, J=9.2, 5.8Hz, 1H),
7.5-7.3 (m, 3H), 7.26 (s, 1H), 7.22 (td, J = 8.9, 2.5Hz,
1H), 7.02 (dd, J= 6.8, 1.3Hz, 1H), 6.14 (broad s, 2H),
4.9-4.8 (m, 1H), 4.3-4.1 (m, 1H), 3.75 (td, J=10.6,
39Hz, 1H), 3.2-2.5 (m, 11H), 2.1-1.9 (m, 2H), 1.17
(dd, J=59, 1.6Hz, 3H) ppm. *C NMR (CDCls,
50MHz): § 164.0, 160.6 (d, J=245Hz), 149.8, 144.0
(isomer 1), 143.8 (isomer 2), 135.6 (d, J=10Hz),
135.0, 134.4, 129.3, 127.1, 126.3 (d, J=10Hz), 125.9,
122.6 (d, J=5Hz), 1152 (d, J=25Hz), 114.0, 111.2
(d, J=20Hz), 73.5, 64.2, 60.4 (isomer 1), 60.3 (isomer
2), 55.2, 53.3, 51.6, 49.3 (isomer 1), 49.1 (isomer 2),
33.6, 26.0, 162ppm. HRMS (M+1): caled for
C,5HygFN305S 454.19590. Found 454.19582.

6.4.9. 7-{2-[4-(6-Methoxynaphthalen-1-yl)-2-(S)-methyl-
piperazin-1-yljethyl}-4,5-dihydro-7 H-thieno|2,3-c]pyran-
2-carboxamide (15i). Pale brown solid, 52%. 'H NMR
(CDCl;, 200MHz): ¢ 8.12 (d, J=9.4Hz, 1H), 7.5-7.3
(m, 2H), 7.25 (s, 1H), 7.2-7.1 (m, 1H), 7.11 (s, 1H),
6.93 (dd, J=17.2, 1.1Hz, 1H), 6.25 (s, 2H), 4.9-4.8 (m,
1H), 4.19 (dd, J=11.3, 4.1Hz, 1H), 3.90 (s, 3H), 3.73
(td, J=10.8, 3.8Hz, 1H), 3.2-2.5 (m, 11H), 2.1-1.9
(m, 2H), 1.16 (dd, J = 5.9, 1.7Hz, 3H) ppm. °C NMR
(CDCl;, 50MHz): 6 164.1, 157.5, 149.7, 143.9 (isomer
1), 143.7 (isomer 2), 136.0, 135.0, 134.4, 129.4, 126.5,
125.2, 124.1, 122.3, 117.7, 112.6, 106.4, 73.5, 64.1, 60.4
(isomer 1), 60.2 (isomer 2), 55.2, 53.2, 51.5, 49.4 (isomer
1), 49.1 (isomer 2), 33.5, 26.0, 16.2ppm. HRMS (M+1):
calcd for CrsH3;N3O3S 466.21589. Found 466.21586.

6.4.10. 7-{2-[4-(6-Methoxynaphthalen-1-yl)-2-(R)-meth-
ylpiperazin-1-yllethyl}-4,5-dihydro-7 H-thieno[2,3-c|pyran-
2-carboxamide (15j). Pale brown solid, 53%. 'H NMR
(CDCl3, 200MHz): ¢ 8.12 (d, J=8.9Hz, 1H), 7.5-7.3
(m, 2H), 7.25 (s, 1H), 7.2-7.1 (m, 1H), 7.11 (s, 1H),
6.93 (dd, J=17.1, 1.2Hz, 1H), 6.28 (broad s, 2H), 4.9
4.8 (m, 1H), 4.19 (dd, J=114, 4.0Hz, 1H), 3.89 (s,
3H), 3.73 (td, J=10.8, 3.8Hz, 1H), 3.2-2.5 (m, 11H),
2.1-1.9 (m, 2H), 1.16 (d, J=5.1Hz, 3H) ppm. '*C
NMR (CDCl;, 50MHz): 6 164.2, 157.5, 149.7, 143.9
(isomer 1), 143.7 (isomer 2), 136.0, 135.1, 134.4, 129.3,
126.5, 125.2, 124.1, 122.3, 117.7, 112.6, 106.4, 73.5,
64.1, 60.4 (isomer 1), 60.2 (isomer 2), 55.2, 53.2, 51.6,
49.4 (isomer 1), 49.1 (isomer 2), 33.5, 26.0, 16.2ppm.
HRMS (M+1) caled for C26H31N303S 466.21589.
Found 466.21584.

6.4.11. 7-{2-[4-(7-Fluoronaphthalen-1-yl)-2-(.S)-methyl-
piperazin-1-yljethyl}-4,5-dihydro-7 H-thieno|2,3-c|pyran-
2-carboxamide (15k). Pale yellow solid, 42%. '"H NMR
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(CDCl;, 200MHz): 6 7.9-7.7 (m, 2H), 7.53 (d,
J=8.2Hz, 1H), 7.35 (t, J=7.8Hz, 1H), 7.27 (s, 1H),
7.21 (td, J = 8.8, 2.6Hz, 1H), 7.11 (d, J=7.4Hz, 1H),
596 (broad s, 2H), 4948 (m, 1H), 4.22 (dd,
J=11.5, 43Hz, 1H), 3.76 (td, J=10.5, 4.0Hz, 1H),
3.2-2.5 (m, 11H), 2.1-2.0 (m, 2H), 1.18 (d, J=4.5Hz,
3H) ppm. *C NMR (CDCls, 50 MHz): § 163.9, 160.6
(d, J=245Hz), 149.2, 144.0 (isomer 1), 143.8 (isomer
2), 1349, 1344 (d, J=5Hz), 131.6, 130.7 (d,
J=10Hz), 130.1 (d, J=10Hz), 129.5, 125.1, 1234,
115.8 (d, J=30Hz), 115.8, 107.2 (d, J=20Hz), 73.5,
64.2, 60.2 (isomer 1), 60.1 (isomer 2), 55.2, 53.0, 51.6,
49.4 (isomer 1), 49.1 (isomer 2), 33.6, 26.1, 16.2 ppm.
HRMS (M+1) caled for C25H28FN3OQS 454.19590.
Found 454.19584.

6.4.12. 7-{2-|4-(7-Fluoronaphthalen-1-yl)-2-(R)-methyl-
piperazin-1-yljethyl}-4,5-dihydro-7 H-thieno[2,3-c]pyran-
2-carboxamide (15l). Pale yellow solid, 40%. '"H NMR
(CDCl;, 200MHz): 6 7.9-7.7 (m, 2H), 7.53 (d,
J=82Hz, 1H), 7.35 (t, J=7.5Hz, 1H), 7.27 (s, 1H),
7.22 (td, J=8.7, 2.5Hz, 1H), 7.11 (d, J=7.3Hz, 1H),
5.98 (broad s, 2H), 4.9-4.8 (m, 1H), 4.21 (dd, J=11.1,
3.6Hz, 1H), 3.76 (td, J = 10.8, 3.9Hz, 1H), 3.2-2.5 (m,
11H), 2.2-2.0 (m, 2H), 1.18 (d, J=5.3Hz, 3H) ppm.
3C NMR (CDCl;, 50MHz): & 163.9, 160.6 (d,
J=245Hz), 149.2, 144.0 (isomer 1), 143.8 (isomer 2),
1349, 134.5, 131.6, 130.7 (d, J=10Hz), 130.1 (d,
J=10Hz), 129.5, 125.1, 123.4, 116.0 (d, J=25Hz),
115.8, 107.2 (d, J =20Hz), 73.5, 64.2, 60.2 (isomer 1),
60.1 (isomer 2), 55.2, 53.1, 51.6, 49.4 (isomer 1), 49.1
(isomer 2), 33.6, 26.1, 16.2ppm. HRMS (M+1): calcd
for C,sH,o3FN30,S 454.19590. Found 454.19591.

6.4.13. 7-{2-[4-(7-Methoxynaphthalen-1-yl)-2-(:S)-methyl-
piperazin-1-yl]ethyl}-4,5-dihydro-7 H-thieno[2,3-c]pyran-
2-carboxamide (15m). Pale brown solid, 55%. 'H NMR
(CDCl;, 200MHz): 6 7.76 (d, J =9.0Hz, 1H), 7.6-7.51
(m, 2H), 7.35-7.26 (m, 2H), 7.21-7.11 (m, 2H), 5.82
(broad s, 2H), 4.94-491 (m, 1H), 4.29-4.22 (m, 1H),
3.98 (s, 3H), 3.81 (td, J =10.5, 3.8Hz, 1H), 3.27-2.60
(m, 11H), 2.2-2.0 (m, 2H), 1.27 (broad s, 3H).

6.4.14. 7-{2-[4-(7-Methoxynaphthalen-1-yl)-2-(R)-meth-
ylpiperazin-1-yllethyl}-4,5-dihydro-7 H-thieno[2,3-c|pyran-
2-carboxamide (15n). Pale brown solid, 53%. '"H NMR
(CDCls, 200MHz): 6 7.76 (d, J =9.0Hz, 1H), 7.6-7.51
(m, 2H), 7.35-7.26 (m, 2H), 7.21-7.11 (m, 2H), 5.75
(broad s, 2H), 4.94-491 (m, 1H), 4.25-4.20 (m, 1H),
3.93 (s, 3H), 3.77 (td, J =10.5, 3.8Hz, 1H), 3.27-2.60
(m, 11H), 2.2-2.0 (m, 2H), 1.27 (broad s, 3H).

6.4.15.  7-{2-[4-(6-Fluoronaphthalen-1-yl)-2,2-dimethyl-
piperazin-1-yljethyl}-4,5-dihydro-7 H-thieno[2,3-c]pyran-
2-carboxamide (150). '"H NMR (CDCls, 200 MHz): Pale
brown solid, 14%. Mp: 89-90°C. IR (cm ', NaCl): 3337
and 3188 (NH), 1653 (CO), 1605, 1579, 1466, 1431,
1373, 787, 761. 'H NMR (CDCl;, 200MHz): o
7.8.29 (dd, J=9.3, 59Hz, 1H), 7.49-7.36 (m, 3H),
7.28-7.18 (m, 2H), 7.03 (dd, J=6.9, 1.5Hz, 1H),
5.70 (broad s, 2H), 4.93-4.88 (m, 1H), 4.22 (ddd,
J=11.6, 59, 22Hz, 1H), 3.77 (ddd, J=11.4, 10.5,
4.0Hz, 1H), 3.13-2.76 (m, 8H), 2.70-2.50 (m, 2H),

2.04-1.91 (m, 2H), 1.25 (s, 3H), 1.21 (s, 3H). IR (NaCl,
em™): 3337, 3188, 1653, 1605, 1579, 1466, 1431, 1373,
787, 761.

6.4.16.  4-{2-[4-(6-Fluoronaphthalen-1-yl)-2-(R)-methyl-
piperazin-1-yljethyl}-6,7-dihydro-4 H-thieno[3,2-c|pyran-
2-carboxamide (15p). Compound 15p was prepared from
[3,2-c]-thienopyran as a pale pink solid in 34% yield by
the same procedure as described for 4. 'H NMR
(CDCl;, 200MHz): 6 8.21 (dd, J=9.2, 5.8Hz, 1H),
7.5-7.1 (m, 5H), 7.03 (d, J=6.9Hz, 1H), 4.8-4.6 (m,
1H), 4.24 (ddd, J=11.0, 5.5, 2.6Hz, 1H), 3.77 (ddd,
J=114, 9.6, 3.9Hz, 1H), 3.2-2.5 (m, 11H), 2.2-1.9
(m, 2H), 1.16 (d, J=5.0Hz, 3H). MS: 454 (M*+1).
HRMS (M+1): caled for C,sH,3FN3O,S 454.19590.
Found 454.19580.

6.4.17. 7-{2-[4-(6-Fluoronaphthalen-1-yl)-2-(R)-methyl-
piperazin-1-yl]ethyl}-7-methyl-4,5-dihydro-7 H-thieno[2,3-
cIpyran-2-carboxylic acid amide (16). Compound 16 was
prepared, starting from 2-(3-thienyl)ethanol and ethyl
acetoacetate, in an overall yield of 41% yield (white
solid, mixture of both isomers) by the same procedure
as described for 4. 'H NMR (CDCl;, 200MHz): ¢
8.2-8.1 (m, 1H), 7.5-7.3 (m, 3H), 7.3-7.1 (m, 2H), 7.01
(dd, J=7.0 and 1.4Hz, 1H), 5.87 (broad s, 2H), 4.0-
3.8 (m, 2H), 3.2-2.6 (m, 11H), 2.1-2.0 (m, 2H), 1.58
(s, 3H), 1.10 (d, J = 5.8 Hz, 3H).

The diastereomers were separated using a Chiralcel OJ
column (10 um, 20 x 250 mm) under isocratic conditions
(solvent system: hexane/0.2% DMEA in ethanol, 80:20;
flow rate of 0.5mL/min). Isomer A: de > 99%, pur-
ity > 98%, retention time 16.7min; '"H NMR (DMSO-
dg, 300MHz): 6 8.16 (dd, J=9.4, 6.0Hz, 1H), 7.86 (br
s, 1H), 7.65 (dd, J=10.5, 2.6Hz, 1H), 7.57 (d,
J=8.3Hz, 1H), 7.5-74 (m, 2H), 7.37 (dd, J=9.0,
2.6Hz, 1H), 7.30 (br s, 1H), 7.05 (d, J=7.5Hz, 1H),
4.0-3.75 (m, 2H), 3.15-3.05 (m, 2H), 2.95-2.77 (m,
2H), 2.76-2.45 (m, 6H), 2.1-1.85 (m, 2H), 1.49 (s, 3H),
1.01 (d, J=6.0Hz, 3H). MS: 468 (M"+1). HRMS
(M+1): caled for C,sH30FN30,S 468.21155. Found
468.21144.

Isomer B: retention time 18.3min (contaminated with
15% of Isomer A); "H NMR (DMSO-ds, 300 MHz): &
8.16 (dd, J=9.4, 6.0Hz, 1H), 7.86 (br s, 1H), 7.67
(dd, J=10.2, 2.6Hz, 1H), 7.57 (d, J=8.3Hz, 1H),
7.5-7.4 (m, 2H), 7.36 (dd, J=9.0, 2.6Hz, 1H), 7.31
(br s, 1H), 7.06 (d, J = 7.5Hz, 1H), 4.0-3.75 (m, 2H),
3.15-3.0 (m, 2H), 2.95-2.7 (m, 2H), 2.75-2.5 (m, 5H),
2.3-2.1 (m, 1H), 2.1-1.85 (m, 2H), 1.48 (s, 3H), 1.01
(d, J=6.0Hz, 3H). MS: 468 (M"+1). HRMS (M+1):
calcd for CysH30FN3O5S 468.21155. Found 468.21149.

6.4.18. 7-|2-(tert-Butyldimethylsilanyloxy)ethyl]-3-meth-
yl-4,5-dihydro-7 H-thieno|2,3-c]pyran-2-carboxylic  acid
(17a). To a solution of TMEDA (0.6mL, 3.99 mmol)
in dry THF (2mL), under an inert atmosphere, was
added sec-BuLi (2.8mL, 1.3M in cyclohexane/hexane,
3.65mmol) at —78°C. After 10min, a solution of 9
(0.390g, 1.14mmol) in THF (10mL) was added to the
above solution and the resulting mixture stirred at
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—78°C for 90min. Neat iodomethane (0.21mL,
3.42mmol) was then added and the reaction mixture al-
lowed to warm gradually to room temperature (approx.
4h). The reaction was quenched by addition of satd
NH4Cl and the aqueous phase was extracted with
CH,Cl, (3%). The combined organic phases were dried
(MgS0,), filtered and concentrated. The crude product
was purified by column chromatography on silica gel
(CH,Cl,/MeOH 9:1) to obtain 0.250g (62% yield) of
pure 17a as a white solid. 'H NMR (CDCls,
200MHz): ¢ 5.1-5.0 (m, 1H), 4.32 (ddd, J=9.5, 6.5
and 2.7Hz, 1H), 4.0-3.7 (m, 3H), 2.7-2.3 (m, 2H),
2.26 (s, 3H), 2.0-1.6 (m, 2H), 0.92 (s, 9H), 0.10 (s, 6H).

6.4.19. 7-[2-(tert-Butyldimethylsilanyloxy)ethyl]-3-chloro-
4,5-dihydro-7 H-thieno[2,3-c]pyran-2-carboxylic acid
(17b). Compound 17b was prepared following the same
procedure as described for the synthesis of 17a, starting
with 9 (1.00g, 2.92mmol) and using N-chlorosuccini-
mide (1.36g, 10.23mmol) as the electrophile. The initial
product was contaminated with succinimide so this mix-
ture was diluted in hexanes and filtered. The filtrate was
evaporated to dryness to yield 0.530g (48% yield) of
pure 17b as a white solid. 'H NMR (CDCls,
200MHz): ¢ 5.0-4.7 (m, 1H), 4.3-4.1 (m, 1H), 4.0-3.6
(m, 3H), 2.9-2.4 (m, 2H), 2.1-1.7 (m, 2H), 0.89 (s,
9H), 0.07 (s, 6H).

6.4.20. 7-[2-(tert-Butyldimethylsilanyloxy)ethyl]-3-fluoro-
4,5-dihydro-7 H-thieno[2,3-c]pyran-2-carboxylic acid
(17¢). A solution of 9 (1.00g, 2.92mmol) in THF
(30mL), under an inert atmosphere, was treated with
t-Buli (6.23mL, 1.5M in hexanes, 9.34mmol) at
—78°C for 1h. Solid N-fluorobenzenesulfonimide
(NFSI, 2.95¢g, 9.3d4mmol) was added to the above solu-
tion and the resulting reaction mixture was allowed to
warm to room temperature over 2h. The reaction was
quenched by addition of aq 1M HCI until approx.
pH3. The aqueous layer was extracted with CH,Cl,
(2x) and the organic extracts dried (Na,SQ,), filtered
and evaporated. The residue was purified by column
chromatography on silica gel (CH,Cl,/MeOH 9:1)
affording 0.585 g of 17¢ contaminated with some starting
material 9 (ratio 4/1 by "H NMR), which was used in the
next step without purification. The yield was estimated
at 35%.

6.4.21. 7-(2-Hydroxyethyl)-3-methyl-4,5-dihydro-7 H-
thieno|2,3-c]pyran-2-carboxamide (18a). Compound 18a
was prepared from 17a (0.50g, 1.41 mmol) in 86% yield
(0.29g, white solid) following the same procedure as
described for the synthesis of 10. '"H NMR (CD;0D,
200MHz): ¢ 4.8-4.7 (m, 1H), 4.3-4.1 (m, 1H), 3.9-3.6
(m, 3H), 2.8-2.6 (m, 1H), 2.5-2.4 (m, 1H), 2.33 (s,
3H), 2.1-1.8 (m, 2H).

6.4.22. 7-(2-Hydroxyethyl)-3-chloro-4,5-dihydro-7 H-thi-
eno|2,3-c]pyran-2-carboxamide (18b). A solution of 17b
(0.685g, 1.82mmol) and triethylamine (0.5mL,
3.63mmol) in THF (6mL), under an inert atmosphere,
was treated with methanesulfonyl chloride (0.17mL,
2.18 mmol) at 0°C. The resulting solution was stirred
for 30min before 0.5M solution of ammonia in dioxane

(18.2mL, 9.1 mmol) was added. The reaction mixture
was warmed to room temperature and stirred for 24 h.
Aq 1M HCI was then added until approx. pH2 and
the aqueous phase was extracted with CH,Cl, (3x%).
The combined organic extracts were dried (Na,SOy), fil-
tered and evaporated. The crude mixture was purified by
column chromatography on silica gel (CH,Cl,/MecOH
9.5:0.5) to afford the silyloxycarboxamide intermediate
as a white solid. This intermediate, following the same
procedure as described for the synthesis of 10, was trans-
formed into 18b (0.251g, 53% yield, white solid). 'H
NMR (CD;OD, 200MHz): ¢ 5.0-4.8 (m, 1H), 4.3-4.1
(m, 1H), 3.9-3.6 (m, 3H), 2.8-2.4 (m, 2H), 2.2-1.8 (m,
2H).

6.4.23. 7-(2-Hydroxyethyl)-3-fluoro-4,5-dihydro-7 H-thi-
eno|2,3-c]pyran-2-carboxamide (18c). Compound 18c
was prepared from 17¢ (0.58 g, 1.77mmol) in 47% yield
(0.15g, white solid) following the same procedure as de-
scribed for the synthesis of 18b. 'H NMR (CD;OD,
200MHz): 6 4.9-4.8 (m, 1H), 4.3-4.1 (m, 1H), 3.9-3.6
(m, 3H), 2.8-2.4 (m, 2H), 2.1-1.7 (m, 2H).

6.5. Synthesis of analogous 19

Analogs 19 were prepared as a mixture of diastereomers
from the intermediate alcohol 18 and the piperazine 14,
following the same procedure as described for the syn-
thesis of 4 (pale brown solids; yield: 19a, 70%; 19b,
65%; 19¢, 51%). The diastereomers were separated using
a Chiralcel OD column (10 um, 4.6 x 250 mm) under iso-
cratic conditions (solvent system: hexane/0.2% DMEA
in 2-propanol, 1:4; flow rate of 1.3mL/min for 19a and
0.75mL/min for 19b and 19c¢); all de>99% and
purity > 98%.

6.5.1.  7-{2-|[4-(7-Fluoronaphthalen-1-yl)-2-(R)-methyl-
piperazin-1-yllethyl}-3-methyl-4,5-dihydro-7 H-thieno|2,3-
c|pyran-2-carboxamide (19a). Isomer A: retention time
571min. '"H NMR (CDCl;, 200MHz): ¢ 8.23 (dd,
J=9.0, 5.7Hz, 1H), 7.6-7.3 (m, 3H), 7.3-7.2 (m, 1H),
7.06 (d, J=7.2Hz, 1H), 5.57 (broad s, 2H), 4.9-4.8
(m, 1H), 44-4.2 (m, 1H), 3.80 (td, J=10.8, 3.9Hz,
1H), 3.3-2.9 (m, 5H), 2.9-2.5 (m, 6H), 2.43 (s, 3H),
2.2-1.9 (m, 2H), 1.23 (d, J=6.3Hz, 3H). MS: 468
(M++1). HRMS (M+1) caled for C26H30FN3OZS
468.21155. Found 468.21149.

Isomer B: retention time 13.34min. '"H NMR (CDCls,
200MHz): ¢ 8.21 (dd, J=9.0, 5.7Hz, 1H), 7.6-7.3 (m,
3H), 7.3-7.2 (m, 1H), 7.07 (d, J=7.2Hz, 1H), 5.63
(broad s, 2H), 4.9-4.8 (m, 1H), 4.4-4.2 (m, 1H), 3.80
(td, J=10.5, 3.9Hz, 1H), 3.4-2.6 (m, 11H), 2.43 (s,
3H), 2.3-2.0 (m, 2H), 1.23 (d, J=6.3Hz, 3H). MS:
468 (M++1) HRMS (M+1) calcd for C26H30FN302S
468.21155. Found 468.21144.

6.5.2.  7-{2-|[4-(7-Fluoronaphthalen-1-yl)-2-(R)-methyl-
piperazin-1-yljethyl}-3-chloro-4,5-dihydro-7 H-thieno|2,3-
c|pyran-2-carboxamide (19b). Isomer A: retention time
15.55min. '"H NMR (CDCl;, 200MHz): § 8.21 (dd,
J =93, 58Hz, 1H), 7.5-7.3 (m, 3H), 7.3-7.2 (m, 1H),
7.03 (dd, J=6.9, 1.5Hz, 1H), 4.9-4.8 (m, 1H), 4.3-4.2
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(m, 1H), 3.79 (td, J = 10.8, 4.1 Hz, 1H), 3.3-2.9 (m, 5H),
2.9-2.4 (m, 6H), 2.2-1.9 (m, 2H), 1.17 (d, J=5.8Hz,
3H). °C NMR (CDCl;, 50MHz): § 162.0, 160.7 (d,
J=245Hz), 149.7, 143.8, 135.6 (d, J=9.3Hz), 133.4,
129.7, 127.2, 126.3 (d, J=8.9Hz), 126.1, 123.5, 122.8
(d, J=4.8Hz), 115.3 (d, J=25.0Hz), 114.0, 111.2 (d,
J=20.3Hz), 73.3, 64.1, 60.5, 55.2, 53.3, 51.7 (broad),
49.0, 33.1, 25.0, 16.3 (broad). MS: 488 (M*+1). HRMS
(M+1): caled for C,5H,7CIFN;0,S 488.15693. Found
488.15685.

Isomer B: retention time 22.31min. '"H NMR (CDCls,
200MHz): ¢ 8.21 (dd, /=9.2, 5.8Hz, 1H), 7.0-7.3 (m,
3H), 7.3-7.2 (m, 1H), 7.03 (dd, J=7.0, 1.3Hz, 1H),
49-47 (m, 1H), 4.3-4.2 (m, 1H), 3.78 (td, J=10.8,
4.3Hz, 1H), 3.2-2.5 gm, 11H), 2.2-1.9 (m, 2H), 1.19
(d, J=6.0Hz, 3H). 3C NMR (CDCl;, 75MHz): §
162.0, 160.7 (d, J=244Hz), 149.9, 143.5, 135.7 (d,
J=9.1Hz), 133.4, 129.7, 127.2, 126.3 (d, J=8.9Hz),
126.0, 123.5, 1228 (d, J=4.6Hz), 1153 (d,
J=248Hz), 114.1, 111.2 (d, J=20.0Hz), 73.4, 64.0,
60.2, 55.3, 53.2, 51.7 (broad), 49.3, 33.0, 24.9, 16.3
(broad). MS: 488 (M*+1). HRMS (M+1): caled for
C,5H,7,CIFN;0,S 488.15693. Found 488.15688.

6.5.3.  7-{2-[4-(7-Fluoronaphthalen-1-yl)-2-(R)-methyl-
piperazin-1-yl]ethyl}-3-fluoro-4,5-dihydro-7 H-thieno[2,3-
cIpyran-2-carboxamide (19c). Isomer A: retention time
10.30min. 'H NMR (CDCl;, 200MHz): § 8.21 (dd,
J =93, 58Hz, 1H), 7.5-7.3 (m, 3H), 7.3-7.2 (m, 1H),
7.03 (dd, J=6.9, 1.5Hz, 1H), 6.3-5.6 (very broad d,
2H), 4.9-4.7 (m, 1H), 4.3-42 (m, 1H), 3.76 (td,
J=11.0, 41Hz, 1H), 3.3-2.9 (m, 5H), 2.9-24 (m,
6H), 2.1-1.9 (m, 2H), 1.17 (d, J=5.9Hz, 3H). "*C
NMR (CDCl;, 50MHz): 6 161.3 (d, J = 3.1Hz), 160.7
(d, J=244Hz), 153.7 (d, J=264Hz), 149.9, 1429
(d, J=8.3Hz), 135.7 (d, /=9.3Hz), 127.2, 126.3 (d,
J=89Hz), 126.0, 123.8 (d, J=26.1Hz), 122.8 (d,
J=48Hz), 1154 (d, J=247Hz), 1152 (d, J=
28.6Hz), 114.1 (d, J=1.4Hz), 111.3 (d, J=20.3Hz),
73.4, 63.8, 60.4, 55.2, 53.2, 51.7, 48.9, 32.7, 22.9, 16.4
(broad). MS: 472 (M™+1).

Isomer B: retention time 16.83min. '"H NMR (CDCls,
200 MHz): ¢ 8.21 (dd, J=9.3, 5.7Hz, 1H), 7.5-7.3 (m,
3H), 7.3-7.2 (m, 1H), 7.03 (d, J=7.0Hz, 1H), 6.3-5.6
(very broad d, 2H), 4.8-4.7 (m, 1H), 4.3-4.2 (m, 1H),
3.76 (td, J=10.8 and 4.1Hz, 1H), 3.3-2.9 (m, 5H),
2.9-2.4 (m, 6H), 2.2-1.9 (m, 2H), 1.18 (d, J=5.4Hz,
3H). C NMR (CDCl;, 75MHz): & 161.4 (d,
J=29Hz), 160.7 (d, J=244Hz), 153.7 (d, J=
237Hz), 1499, 1428 (d, J=8.6Hz), 1356 (d,
J=9.1Hz), 127.2, 126.3 (d, J=8.9Hz), 125.9, 123.8
(d, J=26.3Hz), 122.8 (d, J=49Hz), 1153 (d,
J=245Hz), 1152 (d, J=284Hz), 114.1 (d,
J=1.7Hz), 111.2 (d, J=20.0Hz), 73.5, 63.8, 60.3,
55.3, 53.2, 49.2, 32.7, 22.9. MS: 472 (M*+1). HRMS
(M‘l‘l)Z caled for C25H27F2N302S 472.18648. Found
472.18647.

6.5.4. tert-Butyl-[2-(2-iodo-4,5-dihydro-7 H-thieno|2,3-c]-
pyran-7-yl)ethoxy]dimethylsilane (20). To a solution of 8
(1.20g, 4.02mmol) in THF (20mL) was added n-BuLi

(29mL, 1.6M solution in hexanes, 4.63mmol) at
—78°C and the resulting solution stirred for 45min.
Solid 1,2-diiodoethane (1.50g, 5.23mmol) was added
in one portion and the resulting reaction mixture was
allowed to warm to room temperature and stirred for
5h. 10% Na»S,05; (10mL) was then added and the two
phases separated. The aqueous phase was extracted with
CH,Cl, (2x) and the combined organic extracts were
dried (Na,SO,), filtered and evaporated to afford
1.67g of 20 as a yellow oil. The 'H NMR of this oil
showed a 10:1 mixture of desired compound 20 and
starting material 8. This mixture was used without fur-
ther purification in the next step. The yield was esti-
mated at 80%. 'H NMR (CDCls5, 200MHz): 6 6.95 (s,
1H), 4948 (m, 1H), 42-4.0 (m, 1H), 3.9-3.6 (m,
3H), 2.9-2.7 (m, 1H), 2.6-2.4 (m, 1H), 2.0-1.8 (m,
2H), 0.91 (s, 9H), 0.08 (s, 6H).

6.5.5. tert-Butyl-[2-(3-iodo-4,5-dihydro-7 H-thieno|2,3-c]-
pyran-7-yl)ethoxy|]dimethylsilane (21). A solution of
8.49mmol of LDA (prepared by addition of n-BuLi
(5.30mL, 1.6M solution in hexanes, 8.49mmol) to a
solution of diisopropylamine (1.19mL, 8.49mmol) in
THF (20mL) at 0°C and stirring for 30min at this
temperature) was cooled to —40°C. tert-Butyl-[2-(2-
iodo-4,5-dihydro-7 H-thieno[2,3-c]pyran-7-yl)-ethoxy]-
dimethylsilane (20) (1.20g, 2.83 mmol) dissolved in THF
(12mL) was added to the above solution and the
resulting reaction mixture stirred for 20min. The reac-
tion was quenched with water and the mixture allowed
to warm to room temperature. The two phases were sep-
arated and the aqueous layer was extracted with CH,Cl,
(2x). The combined organic extracts were dried
(Na,SQ,), filtered and concentrated. The residue was
purified by column chromatography on silica gel
(hexane/EtOAc, 98:2) to yield 0.60g (50% yield) of
pure 21 as a pale yellow oil. '"H NMR (CDCls,
200MHz): ¢ 7.31 (d, J=0.8Hz, 1H), 4.9-4.8 (m, 1H),
4.3-42 (m, 1H), 4.0-3.6 (m, 3H), 2.8-2.6 (m, 1H),
2.5-2.4 (m, 1H), 2.3-1.8 (m, 2H), 0.91 (s, 9H), 0.08 (s,
6H).

6.5.6. 7-(2-Hydroxyethyl)-4,5-dihydro-7 H-thieno[2,3-
c|pyran-3-carboxamide (22). A mixture of 21 (0.90g,
2.12mmol), potassium cyanide (0.157g, 2.34mmol),
copper(I)iodide (0.041g, 0.21mmol) and (PPh;)4Pd
(0.123g, 0.11mmol) in THF (15mL) was stirred at
95°C, under an inert atmosphere of nitrogen, for 6h.
The solvent was removed and the residue purified by
column chromatography on silica gel (hexane/EtOAc,
9:1) to obtain 0.450¢g of the desired 3-cyano derivative
as a yellow oil. To a solution of this 3-cyano derivative
(0.390g, 1.20mmol) in CH,Cl, (4mL) was added
BuyNHSO, (0.105g, 0.30mmol), followed by 33%
H,0, (0.62mL, 6.03mmol) and 2N NaOH (1.2mL,
2.41mmol). This mixture was sonicated for 1h. The
reaction was quenched by addition of satd KHSO,4
(4mL) and diluted with CH,Cl,. The two phases were
separated and the organic layer was washed with satd
Na,S,0y4, dried (Na,SO,), filtered and concentrated to
afford 0.415g of pure 3-carboxamide intermediate as a
pale yellow solid, which was then desilylated following
the procedure described for the synthesis of 9, to obtain
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0.260g (61% combined yield) of 22 as a white solid. 'H
NMR (CD;0OD, 200MHz): 6 7.84 (d, J=0.6Hz, 1H),
5.0-4.8 (m, 1H), 4.2-4.1 (m, 1H), 3.9-3.6 (m, 3H), 3.1-
2.8 (m, 2H), 2.2-1.8 (m, 2H).

6.5.7.  7-{2-[4-(6-Fluoronaphthalen-1-yl)-2-(R)-methyl-
piperazin-1-yljethyl}-4,5-dihydro-7 H-thieno[2,3-c]pyran-
3-carboxamide (23). Compound 23 was prepared as a
mixture of diastereomers by coupling of 22 (0.315¢g,
1.39mmol) and 14j (0.476g, 1.46 mmol) in a 76% yield
(0.476 g) following the same procedure as described
for the synthesis of 4. The separation of isomers was
conducted in a Chiralcel OD column (10pm, 4.6 X
250mm) under isocratic conditions (solvent system
hexane/0.2% DMEA in 2-propanol, 1:4; flow rate of
1.3mL/min).

Isomer A: Purity > 98%, de > 99%. Retention time:
4.19min. '"H NMR (CDCl;, 200MHz): § 8.21 (dd,
J=93, 59Hz, 1H), 7.62 (d, J=0.6Hz, 1H), 7.6-7.3
(m, 3H), 7.3-7.2 (m, 1H), 7.03 (dd, J=6.9, 1.5Hz,
1H), 5.68 (broad s, 2H), 4.9-4.8 (m, 1H), 4.3-4.2 (m,
1H), 3.9-3.7 (m, 1H), 3.4-2.5 (m, 11H), 2.2-2.0 (m,
2H), 1.19 (d, J=5.8Hz, 3H). >C NMR (CDCl;,
S50MHz): § 165.5, 160.7 (d, J=245Hz), 149.8, 139.9,
1357 (d, J=8.6Hz), 1348, 133.5, 127.2, 126.3
(d, J=8.6Hz), 125.9 (2C), 122.8 (d, J=4.8Hz), 115.4
(d, J=247Hz), 1141 (d, J=14Hz), 1113 (d,
J=19.9Hz), 73.5, 64.4, 60.4, 55.3, 53.2, 51.7 (broad),
49.3, 33.6, 26.7, 16.3 (broad). MS: 454 (M*+1). HRMS
(M+1)Z caled for C25H28FN302S 454.19590. Found
454.19592.

Isomer B: Purity > 98%, de > 99%. Retention time:
6.51min. '"H NMR (CDCl;, 200MHz): § 8.21 (dd,
J=9.3,59Hz, 1H), 7.63 (s, 1H), 7.6-7.3 (m, 3H), 7.3~
7.2 (m, 1H), 7.04 (dd, J=7.0, 1.2Hz, 1H), 5.65 (broad
s, 2H), 4.9-4.8 (m, 1H), 4.3-4.2 (m, 1H), 3.9-3.7 (m,
1H), 3.3-2.6 (m, 11H), 2.3-1.9 (m, 2H), 1.20 (d,
J=5.4Hz, 3H). ’C NMR (CDCls, 75MHz): § 165.4,
160.7 (d, J=238Hz), 149.7, 139.6, 1358 (d,
J=8.4Hz), 134.8, 133.6, 127.2, 126.2 (d, J=9.5Hz),
125.9 (2C), 122.9 (d, J = 5.0Hz), 1154 (d, J = 23.9Hz),
114.2 (d, J=1.7Hz), 111.3 (d, J=19.1Hz), 73.4, 64.3,
60.0, 55.4, 53.1, 49.4, 33.5, 26.7. MS: 454 (M*+1).
HRMS (M+1) calcd for C25H28FN3OZS 454.19590.
Found 454.19591.

6.5.8. tert-Butyl-[2-(2-fluoro-4,5-dihydro-7 H-thieno|2,3-
c|pyran-7-yl)ethoxy|dimethyl-silane (24a). To a solution
of 8 (0.100g, 0.34mmol) in THF (1.5mL) was added
n-BuLi (0.23mL, 1.6 M solution in hexanes, 0.37 mmol)
at —78°C and the mixture stirred for 1 h. Solid N-fluoro-
benzenesulfonimide (0.300g, 0.95mmol) was added in
one portion and the resulting reaction mixture allowed
to warm to room temperature (approx. 4h). The reac-
tion was quenched with satd NH4Cl and extracted with
CH,Cl,. The organic phase was washed with brine,
dried (MgSOy), filtered and evaporated. The residue
was purified by column chromatography on silica gel
(hexane/EtOAc, 3:1) to obtain 0.062g (30% yield) of
24a as a colourless oil. '"H NMR (CDCl;, 200 MHz): §
6.09 (s, 1H), 4.8-4.7 (m, 1H), 4.1-4.0 (m, 1H), 3.9-3.7

(m, 3H), 2.8-2.7 (m, 1H); 2.5-2.4 (m, 1H), 2.0-1.9 (m,
1H), 0.83 (s, 9H), 0.08 (s, 6H). MS: 317 (M*+1).

6.5.9. 7-[2-(tert-Butyldimethylsilanyloxy)ethyl]-4,5-dihy-
dro-7 H-thieno|2,3-c]pyran-2-sulfonamide (24b). To a
solution of 8 (1.00g, 3.36 mmol) in THF (20mL) was
added n-BuLi (2.2mL, 1.6M solution in hexanes,
3.52mmol) at —78°C and the mixture stirred for 1h.
Gaseous sulfur dioxide was bubbled through for
20min at —78°C and the reaction mixture allowed to
warm to room temperature while the stirring was con-
tinued for 2h. The solvent was removed and the crude
mixture redissolved in dry CH,Cl, (20mL). To this solu-
tion was added N-chlorosuccinimide (480mg, 3.53
mmol) in one portion. After stirring for 1h, the reaction
mixture was filtered through a Celite pad and the filtrate
evaporated to dryness. The crude product was redis-
solved in dioxane (10mL) and gaseous ammonia bub-
bled through for 10min. The resulting reaction
mixture was stirred at room temperature for 16h. The
solvent was removed and the residue purified by column
chromatography on silica gel (CH,Cl,/MeOH, 95:5) to
afford pure 24b as a white solid (65%). 'H NMR
(CDCl;, 200MHz): 6 7.36 (s, 1H), 5.28 (broad s, 2H),
4.90-4.84 (m, 1H), 4.22-4.12 (m, 1H), 3.94-3.65 (m,
2H), 2.91-2.75 (m, 1H), 2.62-2.52 (m, 1H), 2.01-1.90
(m, 1H), 0.88 (s, 9H), 0.06 (s, 6H). MS: 378 (M"+1).

6.6. Synthesis of analogous 25

Analogs 25 were prepared by deprotection of silanyloxy
derivatives 24 following the same procedure as described
for the synthesis of 10 (white solids; yield: 25a, 75%; 25b,
73%).

6.6.1. 2-(2-Fluoro-4,5-dihydro-7 H-thieno|2,3-c]pyran-7-
ylethanol (25a). 'H NMR (CDCls;, 200MHz): § 6.18
(s, 1H), 4.9-4.6 (m, 1H), 4.2-4.1 (m, 1H), 3.8-3.7 (m,
3H), 2.8-2.7 (m, 1H), 2.4-2.3 (m, 1H), 2.0-1.8 (m,
2H). MS: 203 (M*+1).

6.6.2. 7-(2-Hydroxyethyl)-4,5-dihydro-7 H-thieno|2,3-c]-
pyran-2-sulfonamide (25b). 'H NMR (CD;OD,
200MHz): 6 7.36 (s, 1H), 5.0-4.9 (m, 1H); 4.3-4.2 (m,
1H), 3.9-3.7 (m, 3H), 2.9-2.7 (m, 1H); 2.7-2.5 (m,
1H), 2.1-1.9 (m, 2H). MS: 294 (M"+1).

6.7. Synthesis of analogous 26

Analogs 26 were prepared as a mixture of diastereomers
by coupling of the alcohol intermediates 25 and piper-
azine 14j following the same procedure as described
for the synthesis of 4 (pale brown solids; yield: 26a,
30%; 26b, 37%). The diastereomers were separated using
a Chiralcel OD column (5 pm, 4.6 x 250 mm) under iso-
cratic conditions (solvent system: hexane/0.2% DMEA
0.2% in 2-propanol, 7:3 for 26a and 3:7 for 26b; flow rate
of ImL/min for 26a and 0.75mL/min for 26b); all
de > 99% and purity > 98%.

6.7.1. 1-[2-(2-Fluoro-4,5-dihydro-7 H-thieno[2,3-c]pyran-
7-yl)ethyl]-4-(6-fluoronaphthalen-1-yl)-2-( R)-methylpiper-
azine (26a). Isomer A: retention time 4.25min. '"H NMR
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(CDCls, 200MHz): 6 8.1-8.0 (m, 1H), 7.4-7.3 (m, 3H),
7.2-7.1 (m, 1H), 6.95 (d, J=7.1Hz, 1H), 6.09 (s, 1H),
4.64 (broad s, 1H), 4.1-4.0 (m, 1H), 3.7-3.6 (m, 1H),
3.2-3.0 (m, 3H), 2.9-2.5 (m, 3H), 2.4-2.2 (m, 1H), 1.9—
1.8 (m, 2H), 1.2-1.1 (m, 3H). C NMR (CDCl;,
300MHz): 6 1643 (d, J=288Hz), 160.7 (d,
J=244Hz), 1494, 1356 (d, J=9.1Hz), 129.5 (d,
J=43Hz), 127.2, 126.1 (d, J=8.9Hz), 125.8, 125.1,
123.0 (d, J=4.6Hz), 115.5 (d, J=24.6Hz), 114.2,
1113 (d, J=20.3Hz), 107.1 (d, J=10.3Hz), 72.3,
64.4, 59.8, 55.4, 52.7, 49.2, 329, 259. MS: 429
(M++1). HRMS (M+1) caled for C24H26F2NzOS
429.18067. Found 429.18063.

The oil was treated with 1.0M HCI in ethyl acectate
and the precipitate formed was filtered and washed
with diethyl ether to obtain the hydrochloride salt
of 26a (isomer A) as a pale brown solid. MS: 429
(M*+1).

Isomer B: retention time 9.30min. 'H NMR (CDCls,
200MHz): 6 8.09 (dd, J=9.2, 5.8Hz, 1H), 7.5-7.3
(m, 3H), 7.2-7.1 (m, 1H), 6.99 (d, J=7.3Hz, 1H),
6.12 (d, J=1.2Hz, 1H), 4.67 (broad s, 1H), 4.2-4.1
(m, 1H), 3.69 (dt, J=10.9, 3.8Hz, 1H), 3.2-3.0 (m,
3H), 3.0-2.7 (m, 2H), 2.7-2.6 (m, 1H), 2.4-2.3 (m,
1H), 2.1-1.9 (m, 2H), 1.3-1.2 (m, 3H). *C NMR
(CDCl;, 75MHz): 6 164.4 (d, J=288Hz), 160.7 (d,
J=244Hz), 148.9, 135.6 (d, J=9.1Hz), 1299 (d,
J=43Hz), 1258, 1258 (d, J=8.3Hz), 124.2, 1234
(d, J=3.7Hz), 115.6 (d, J=24.6Hz), 114.6 (br s),
111.4 (d, J=20.0Hz), 107.2 (d, J=10.3Hz), 71.9,
64.4, 58.4, 55.9, 52.0, 49.1, 31.5, 25.9, 22.6, 14.1. MS:
429 (M++1) HRMS (M+1) calcd for C24H26F2NQOS
429.18067. Found 429.18064.

The oil was treated with 1.0 M HCI in ethyl acetate and
the precipitate formed was filtered and washed with
diethyl ether to obtain the hydrochloride salt of 26a (iso-
mer 2) as a pale brown solid. MS: 429 (M*+1).

6.7.2.  7-{2-|[4-(6-Fluoronaphthalen-1-yl)-2-(R)-methyl-
piperazin-1-yllethyl}-4,5-dihydro-7 H-thieno|2,3-c]-pyran-
2-sulfonamide (26b). Isomer A: retention time 9.39 min.
'H NMR (CDCl;, 200MHz): 6 8.19 (dd, J=9.4,
59Hz, 1H), 7.5-7.4 (m, 3H), 7.3-7.2 (m, 1H), 7.1-7.0
(m, 1H), 4.9-4.8 (m, 2H), 4.3-4.2 (m, 1H), 3.8-3.7 (m,
1H), 3.3-2.5 (m, 11H), 2.1-2.0 (m, 2H), 1.18 (d,
J=5.9Hz, 3H). MS: 490 (M"+1).

Isomer B: retention time 21.26min. '"H NMR (CDCls,
200MHz): ¢ 8.21 (dd, /=9.1, 5.9Hz, 1H), 7.5-7.3 (m,
3H), 7.3-7.2 (m, 1H), 7.03 (dd, J=7.0, 1.6Hz, 1H),
5.0-4.8 (m, 2H), 4.3-4.2 (m, 1H), 3.8-3.7 (m, 1H), 3.2-
2.5 (m, 11H), 2.1-2.0 (m, 2H), 1.18 (d, J=6.2Hz,
3H). MS: 490 (M*+1).
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