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Abstract: Stereoselective synthesis of the tetrahydropyran deriva-
tive 1 is reported. Diastereoselective acyl-Claisen rearrangement
was employed for formation of C3 and C4 chira centres on the
tetrahydropyran ring.
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Neurokinin-1 (NK,) receptor antagonists are of continu-
ing interest since the natural ligand for the NK ; receptor —
Substance P — has been implicated in the pathophysiology
of awide range of disease conditionsincluding neurogen-
ic inflammation, transmission of pain, emesis and depres-
sion.? Recently, the Merck NK; antagonist, aprepitant
(Emend®), has been approved for the prevention of acute
and delayed chemotherapy-induced nausea and vomiting
(Figure 1). Since 1991, when the first non-peptidic antag-
onist was reported,® numerous selective and structurally
diverse NK, ligands have been identified and subsequent-
ly developed.>* Recently, syntheses of trans,trans-substi-
tuted tetrahydropyran derivatives have been described.*s"
In the search for selective hNK; receptor antagonists, we
were interested in examining 3,4,5-trans,trans-trisub-
stituted tetrahydropyran derivatives. Compound 1 was
identified for synthesis and biological evaluation.
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In this communication, we report our approaches to the
stereoselective synthesis of a 3,4,5-trisubstituted tetra-
hydropyran 1, a potent NK; receptor antagonist.

Conceptually, 1 can be disconnected into two fragments,
a trans lactone 2 and the chiral spiropiperidine 3
(Scheme 1).

We envisaged that the optically pure trans lactone 2
would be accessible from the chiral alyl ester 4 through
the diastereoselective Ireland—Clasien rearrangement®
and subsequent lactonisation of the resulting hydroxy
acid. In turn, 4 could be assembled from commercially
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Scheme 2 Reagents and conditions: a) tert-butyl bromoacetate,

NaH, THF, 90%; b) TFA, CH.CI,, 56%; c) (COCI),, CH.Cl,, cat.
DMF, quant.

available compounds: bromoacetate 5, (R)-1-[3,5-bis(tri-
fluoromethyl)phenyl]ethanol (6), methyl acrylate (7) and
4-fluorobenzaldehyde (8).

Chiral alcohol 6 was chosen as a starting nonracemic
building block. We assumed that the chiral benzylic cen-
tre might be a stereocontrolling element in the [3+3] sig-
matropic rearrangement and would facilitate definition of
stereochemistry of new chiral centres on the tetrahydro-
pyran ring.

The synthesis started with alkylation of the commercially
available R alcohol 6 with tert-butyl bromoacetate fol-
lowed by remova of the tert-butyl group providing the
acid 9in 50% overall yield (Scheme 2).
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Scheme 3 Reagents and conditions. @) methyl acrylate, DABCO,
60 °C, 66-70%; b) PBr,, Et,0, 0 °Ctor.t.; ¢) Et;N, HCO,H, MeCN,
reflux; d) concd HCl, MeOH, 62-70% (3 steps); €) TBSCI, DMF,
imidazole, quant.; f) DIBAL-H, CH,Cl,, 86%; g) 13a, 9, EDC, Et;N,
DMAP, CH,CI,, 86%. Ar = 3,5-bis(trifluoromethyl)phenyl.

Having prepared the acid 9, our next problem was
selective preparation of Z-allyl acohols 13 and 13a
(Scheme 3). This was accomplished by a six-step se-
guence beginning with the Baylis—Hillman reaction of
methyl acrylate and corresponding benzal dehyde (8, 8a)
followed by treatment with PBr5 in diethyl ether to afford
allyl bromides 11 and 11a.® Displacement of bromine in
11 and 11a with formate and hydrolysis of the resulting
formic acid ester gave alylic alcohols 12 and 12a in 40—

50% overall yields.® The hydroxy groupin 12 and 12awas
protected as a tert-butyldimethylsilyl ether and the ester
reduced using DIBAL-H to give Z-adlylic alcohols 13 and
13a in 86% yield. Finally, the standard coupling of the
alcohol 13awith theacid 9 provided the dlylic ester 14 in
86% vyield. The Ireland—Claisen rearrangement of the
lithium enolate of 14 in the presence of trimethylsilyl
chloride yielded a mixture of isomeric acids that were
converted to methyl esters on treatment with trimethyl-
silyldiazomethane (Scheme 4). *H NMR analysis of the
crude mixture of esters indicated the diastereoisomeric
ratio of mixture 15a:15b:15c:15d = 2:10:1:2. To establish
relative stereochemistry of products of the rearrangement,
the mixture of esters 15a—d was converted into a mixture
of tetrahydropyrans 17a—d as outlined in Scheme 4. Iso-
mers were separated and the relative stereochemistry of
diastereoisomers was assigned by *H NMR/NOE experi-
ments. Disappointingly, we found that the undesired trans
isomer, 17b, was a magjor product of this sequence.
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Scheme 4 Reagents and conditions: @) LIHMDS, TMSCI, THF,
then TM S—diazomethane, Et,O, MeOH, 65%; b) DIBAL-H, CH,CI,,

77%; ¢) TsCl, Et;N, DMAP, CH,Cl,, 90%; d) TBAF, THF; €) BuLi,
THF, 64% (two steps). Ar = 3,5-bis(trifluoromethyl)phenyl.

To overcome this obstacle, we turned our attention
towards the acyl-Claisen rearrangement.’” Recently, Mac-
Millan and co-workers reported an enantiosel ective Lewis
acid catalysed acyl-Claisen rearrangement of allylic
amines and ketenes (Scheme 5).2 K etenes were generated
in situ from corresponding acyl chlorides.
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Scheme5

We have hypothesised that having a chira centre on the
alylic amine might invert stereoselectivity in the sigma-
tropic rearrangement. With the allylic alcohol 13a in
hand, we were in a position to test this hypothesis and
briefly investigate this substrate control in the acyl-
Claisen reaction.
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We began with the synthesis of alyl amines 18a and 18b
(Scheme 6). For our studies, we selected (R)-O-methyl-
prolinol as a chira amine and morpholine as an achiral
analogue. Thus, treatment of the alcohol 13a with meth-
anesulphonyl chloride followed by the corresponding
amine afforded 18a° and 18b in 61-67% yield. Reaction
of the allyl amine 18a and benzyloxyacetyl chloridein the
presence of i-Pr,EtN and catalytic TiCl ,—THF, yielded a
mixture of two major syn diastereocisomers in the ratio
19a:19b = 1:1. Pleasingly, reaction of the chiral acid
chloride 10 and 18a proceeded smoothly to give amixture
of four diasterecisomers 20a—d in the ratio
20a:20b:20c:20d = 18:3:5:2 with the mgjor syn diastereo-
isomer 20a'? having the correct stereochemistry at C2 and
C3 centres.™* Reaction of the morpholine 18b with 10 fur-
nished with amixture of four morpholine amides21a—d in
the ratio 21a:21b:21c:21d = 4.2:3:1:1 showing that both
chiral centres are required for selectivity.
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20b (2S,3R)
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Scheme 6 Reagents and conditions: a) MsCl, Et;N, CH,Cl,, 0 °C,
then R'R2NH, 61-67%; b) BnOCH,COCI or 10, cat. TiCl,~THF,, i-
Pr,EtN, CH,Cl,, =10 °C to 10 °C (58% for 20a). Ar = 3,5-bis(trifluo-
romethyl)phenyl.

The morpholine amide 22 was prepared from the a cohol
13 in a similar way as described for 21a (Scheme7).
Acid-catalysed TBS-group deprotection— actonisation on
the amide 22 followed by reduction to the corresponding
lactol using DIBAL-H gave a mixture of lactols which
were reduced to the tetrahydropyran 23 using triethyl-
silane in the presence of boron trifluoride—diethyl ether
complex. Hydroboration—oxidation of the double bond in
23 furnished a 2:1 mixture of hydroxymethyl epimersin
favour of the undesired 5R epimer. This mixture was
oxidised to the aldehyde under Swern conditions and the
mixture of aldehydes was allowed to equlibrate in the
presence of catalytic 1,8-diazabicyclo[5.4.0Jundec-1-ene
(DBU) in dichloromethane providing the required 5S
aldehyde 24 (de 94% by *H NMR) in 81% yield.

Spirocyclic piperidine 27 was prepared starting from ethyl
isonipecotate 25 (Scheme 8). Aldol condensation of

the lithium enolate of 25 with (tert-butyldimethylsilyl-
oxy)acetaldehyde followed by reduction of the diester

Synlett 2006, No. 4, 600—-604 © Thieme Stuttgart - New York

Scheme 7 Reagents and conditions: @) MsCl, Et;N, CH,Cl,, 0 °C,
then morpholine, 64%; b) 10, cat. TiCl ,—THF,, i-Pr,EtN, CH,Cl,,—70 °C
tor.t., 27%,; c) p-TSA, MeOH, PhMe, 71%; d) DIBAL-H, CH,Cl,,
—78 °C, quant.; €) Et;SiH, BF;-OEt,, CH,Cl,, 93%; f) BH; THF,
—78 °C to r.t.; then H,0,, NaOH, 81%,; g) (COCI),, DMSO, Et;N,
CH,Cl,, —60 °C to 0 °C; h) DBU (cat.), CH,Cl,, 99% (two steps).
Ar = 3,5-bis(trifluoromethyl)phenyl.

using lithium borohydride, removal of the TBS group
with tetrabutylammonium fluoride and subsequent cyclo-
etherification of the resulting triol under Mitsunobu
conditions afforded the racemic alcohol 26 in 44% overall
yield.

NCbz NCbz

EtO,C
25 26 OH

OR
27 R'=Cbz

C

Scheme 8 Reagents and conditions; @) TBSOCH,CHO, LiHMDS,
THF, 76%; b) LiBH,, THF; then TBAF, THF, 76%; c) DEAD, PhsP,
THF, 76%; d) RCI, Et;N, DMAP, CH,Cl,, 38%, de 98%; €) Pd/C, H,,
TFA, EtOH, quant.

28 R'=H

Acylation of 26 with (-)-camphanic acid chloride and
subsequent crystallisation of the mixture of diasteroiso-
meric esters from methanol-water gave the ester 27 as a
white solid (38% yield, de 98%).1> Removal of the benzyl
carbamate provided the spirocyclic piperidine 28 in quan-
titative yield.

Finally, reductive amination of the aldehyde 24 with

piperidine 28 and sodium triacetoxyborohydride followed
by saponification of the camphanate ester furnished 1'3in
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Scheme9 Reagentsand conditions: a8) NaHB(OAc),, DCE;
b) NaOH, MeOH-H,0, 50%. Ar = 3,5-bis(trifluoromethyl)phenyl.

50% yield (Scheme 9). The tetrahydropyran 1 was tested
in the NK, receptor binding affinity assay in vitro and it
was found to antagonise the human NK; receptor with
ICs, = 0.15 nM.

In conclusion, the stereoselective synthesis of novel NK;
antagonist based upon the tetrahydropyran framework
was developed. Diastereoselectivity in the acyl-Claisen
sigmatropic rearrangement of 18a,b and 10 was investi-
gated allowing inversion of the distereosel ective outcome
of Ireland—Claisen rearrangement of 14. The synthesis of
tetrahydropyran 1 was accomplished and the binding af-
finity of 1 at the human NK, receptor was determined. The
tetrahydropyran derivative 1 exhibited excellent binding
affinity at the human NK; (IC5, 0.15 nM).
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Experimental Procedurefor the Preparation of 18a.
Methanesul phonyl chloride (0.12 mL, 1.5 mmol) was added
dropwiseto an ice-bath-cooled, stirring mixture of 13a (280
mg, 1 mmol), Et;N (0.4 mL, 2.8 mmol) and CH,CI, (2 mL).
The mixture was stirred for 90 min and (R)-2-(methoxy-
methyl)pyrrolidine (0.2 mL, 1.6 mmol) was added. The
mixturewas stirred for 2 h and poured onto a sat. ag solution
of NaHCO;. The mixture was extracted into CH,Cl,. The
organic extract was dried (Na,SO,) and concentrated. The
residue was purified on silicagel (CH,Cl,—2 M NH;in
MeOH, 0-10%) to give the amine 18a (230 mg, 61%). *H
NMR (360 MHz, CDCl,): 6 =0.04 (6 H, s), 0.90 (9 H, 9),
1.61-1.77(3H, m), 1.86-2.01 (1H, m),2.21(1H,q,J=85
Hz),2.67 (1H, m),2.95(1H,d,J=13.2Hz), 3.04 (1 H, m),
325(1H,dd,J=7.4,9.1Hz),3.35(3H,s),3.46 (1 H, dd,
J=45,93Hz2),3.74(1H,d,J=13.1Hz),4.26 (2H, s), 6.58
(1H,s),7.29-7.3L (5H, m).

Experimental Procedurefor the Preparation of 20a.
TiCl,~THF, (33 mg, 0.1 mmol) was added to a stirred
mixture of 18a (375 mg, 1 mmoal), i-Pr,EtN (0.3 mL, 1.7
mmol) at —10 °C followed by 10 (510 mg, 1.5 mmol). The
mixture was stirred at —10 °C for 30 min and warmed to 10
°Cover 1 h. Themixture wastreated with 1 M aq NaOH and
the mixture was extracted into CH,Cl,. The organic extract
was dried (Na,SO,) and concentrated. The residue (a
mixture of 20a:20b:20c:20d in the ratio 18:3:5:2) was
purified on silicagel (i-hexane—EtOAc, 5-35%) to give the
amide 20a (390 mg, 58%, 5:1 mixture of rotamers). *H NMR
(400 MHz, CDCl,, amagjor rotamer): § =—-0.07 (3 H, 9),
-0.06 (3H,5),0.83(9H,s),1.31(3H,d,J=6.4Hz), 1.64—
2.00(4H, m),3.26 (1 H, m),3.29 (3 H, s),3.33 (1 H, dd,
J=6.5,9.3Hz), 3.52 (1 H, m), 3.83-3.97 (3H, m), 420 (1
H, m),4.36 (1H,d, J=9.3Hz),4.55(1H, g, J=6.6 Hz),
4.97(1H,s),5.15(1H,s),7.20-7.26 (5H, m), 7.44 (2H, s),
7.74 (1H, s).

Diastereomeric products of the acyl-Claisen reaction were
separable by flash chromatography and converted into the
corresponding lactones 17a—d as outlined in Scheme 4.
Diasteromeric excess was determined by HPLC analysis.
The absol ute stereochemistry of C3 centre of tetrahydro-
furan ring was determined by X-ray analysis of close
analogue of 1.
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(13) Experimental Procedurefor the Preparation of 1.

Sodium triacetoxyborohydride (91 mg, 0.43 mmol) was
added to a stirred mixture of 24 (100 mg, 0.215 mmol) and
28 (73 mg, 0.216 mmol) and DCE (0.5 mL). The mixture
was stirred for 60 min and treated with a sat. ag solution of
NaHCO; and extracted with CH,Cl,. The organic extract
was dried (Na,SO,) and concentrated. The mixture was
treated with MeOH (2 mL) and 4 M ag NaOH (0.3 mL) was
added dropwise. The mixture was stirred for 15 min, diluted
with H,O and extracted into CH,Cl,. The organic extract was
dried (N&,SO,) and concentrated. The residue was purified
onsilicagel (CH,Cl,-MeOH, 0-10%) to give 1 (66 mg,
50%). 'H NMR (500 MHz, CDCl,): § =1.30(3H, d, J=6.4
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(14)

Hz), 1.38-1.50 (3H, m), 1.77 (1 H, dd, J = 3.0, 12.5 H2),
1.81(1H, m),1.97(1H,t,J=10.7Hz), 2.01-2.11 (2H, m),
2.12-2.20(1H, m),2.30(1H,t,J=10.6 Hz), 2.40 (1 H, m),
3.12(1H,t,J=115Hz),3.25(1 H,t,J=10.8Hz),3.42 (1
H,dt,J=4.7,9.8Hz),3.52 (1H, AB,J=8.6 Hz),3.57 (1 H,
AB,J=8.6Hz),3.64(1H,dd,J=22,10.1Hz), 3.88 (1 H,
m), 4.01 (1 H, dd, J=4.6, 10.1 Hz), 4.21 (1 H, dd, J = 4.5,
11.8Hz),4.25(1H,dd, J=4.6,11.0Hz),4.27 (1H,q,J=
6.5Hz),6.83(2H,t,J=89Hz),6.93(2H, m), 7.20 (2 H,
), 7.66 (1 H, s).
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