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Abstract: We describe in this letter the first enantioselective syr

thesis of (-)-2S,65-(6-ethyltetrahydropyran-2-yl)formic aci®)(

in five steps (30% overall yield, 87% ee), from the commercie o
chiral template R)-2,3-isopropylideneglyceraldehydé) ( The two
stereogenic centers i@ were controlled by diastereoselective
Barbier allylation of4 in aqueous media and an efficient Prins
cyclization reaction betweenwith propanal. 1 2 3
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tetrahydropyran, Prins cyclization, Barbier reacti®t);Z,3-O-iso- g ( Y ydropy v

propylideneglyceraldehyde

(¢}
(%)-cis

(-)-(2S,6S) (+)-(2R,6R)

hol 5 and propanal, through intermedi&gfurnishing the

cis-configuration between £C4.3° To the best of our
Six-membered ring saturated oxygen heterocycles are |atbwledge the homoallylic alcohblhas never been used
integral part of many biologically active compouid$ie as substrate on the Prins cyclization, probably due the
Prins cyclization of homoallylic alcohols with aldehydegresence of a ketal moiety, which could lead to side reac-
under strongly protic acidic conditions is an old reactiontions in such an acidic media. However, the use the
that is now emerging as an efficient methodology for thgomoallylic alcohob in this synthesis leads to a few steps
preparation of substituted tetrahydropyfam general, procedure, avoiding deprotection—protection steps.
2,4,6<is all equatorial substituted are obtained in higiFinally theanti-5 could be prepared through a diastereo-
diastereoselectity” In a recent paper, Rychnovskyselective Barbier reaction between the syntdoand
developed the first axial-selective Prins cyclizatiomllylbromide®
methodology to the heteroatom at the 4-position, expand-

ing the synthetic scope of this reactfon. . Br

In our search for bioactive substanoes have detected a 3 5 /(RN
very active one, thetf-cis-(6-ethyltetrahydropyran-2- © S = ® : o
ylformic acid (), as a novel class of non-steroidal anal \”“ 27076 e R
gesic compoundIn our previous papet,was efficiently 0 A\—é

prepared in the racemic form and showed important an. 2 A

gesic properties in the tail flick mod&ln order to provide Prins cyclization ﬂ

this compound as a pure enantiomer for further pharmac

logical assays, we decided to create a fast enantioselec PR PN
synthesis o2 which could be also appropriate to prepar ® ®

3. In this letter we described the first total enantioselectiv o7 Y (9OH + -~ 2° - SN N
synthesis o (Figure 1), based on the strategy of con)vo e 5

structing the tetrahydropyran ring through an efficier 5 )T
diastereoselective Prins cyclization.

In our retro-synthetic analysis of 2 (Scheme 1) the Ketal l

®
B
can be easily transformed to the carboxylic acid moiety | OH  Barbier reaction (I)
i i i (R) (R)
2, trough a oxidative cleavadelhe stereogenic carbon /\)@)\/\ = NN O/\E)
0
4

on G(S) present inA could be controlled through a dia- © O
stereoselective Prins reaction, between homoallylic alc )V

5
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Scheme 1 Retro-synthetic analysis @f
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The [®)-2,3-isopropylideneglyceraldehyded)(and its Then, compoun® was treated with propanal and SpBr
enantiomer are commercially available and can be effind ethyl-keta8 was obtained subsequently in 66% yield
ciently prepared frorm-mannitol and.-ascorbic acid, re- as a mixture of 4 diastereoisomers (Schemé 4).
spectively. Both have been extensively used as starting
materials in enantioselective synthéesis.

The present synthesis ®&tarts with the allylation of the

non-distilled aldehyde with allyl bromide under zinc- o~ o
mediated Barbier protocol in agueous media, leading \—W HLEN A g
the formation of homoallylic alcohd® in 74% vyield!? as : :

an epimeric mixture (77:2anti:syn, Scheme 2). It is im-
portant to note that the stereoselectivity using our protoc 5 \ 8
was similar to that obtained in the literature, in which th

very expensive metallic indium in non-catalytic amount l b
is used as promotér.

We believe that the maj@nti-epimer could be obtained /j
.

Br

through a chelated six-membered ring transition stat :
where the allylzinc attacks the less hindeSefiice of the :
chiral aldehyde! (Scheme 2}! OH

Scheme 4 Reagents and conditions: a) SnBj, propanal; CHCl,,

. _

/O Zr?z"?os i
Zn 0 VANIR 0°C, 66%; b) NaBH, DMSO, 80 °C; c) HCI, MeOH, 24 h, r.t., 88%

h slow step ! )
— | i (two steps).
X ) 5870
H
HY 5 H

Compound was converted in the di8l(Scheme 5) in a
sequence concerning of debromination with sodium boro-
hydride followed by acidic ketal opening in 88% yield for
o% O\TL the two steps and 96% de measured by GCFhally,
P “Zn the oxidative cleavage 8fwith NalQ, led to aldehydé?2
\/\O/H\/ % t’% which was immediately converted to de desiig8)(cis-
TERONOAP acid 2 through oxidation using NaCloH,0, in 90%

° yield and 87% ee (measured through chiral capillary gas

Scheme 2 chromatography?}®
The separation of thanti-diastereoisomer dé from the /j O
diastereoisomeric mixture was difficult to accomplish b = .
. . ho” N N a
chromatographic methods. Thus, a selective transketali:"® T © - i o -
tion of thesyn-isomer led tdrans-ketal6, which was eas- OH
ily separated by column chromatography, yielding th 9 12
desiredanti-isomer in 92% de (Scheme ).
lb
O><O HOW[“\\Q/““/
= o
i 2
>< OH
o><o o~ Yo 5 anti/syn (96:4) Scheme 5 Reagents and conditions: a) NalQ, MeOH-HO (1:3),
a \—W b . 93%; b) NaClQ, H,0,, 90%.
CHO ><
4 g oM Q" o In conclusion, we present in this letter the following
antifeyn (77:23) HO e A results: (1) the first example using tH®-@,3-isopropyl-

idene glyceraldehydd) as an efficient chiron template in
an enantioselective strategy of construction of the tetrahy-
Scheme 3 Reagents and conditions: a) Zn, allyl bromide; THF  dropyran ring through the Prins cyclization; (2) a fast and
NH,CI (1:5), 74%; b) aceton@;TSA, 71%. efficient first total enantioselective synthesis to the tet-
rahydropyran derivative(S)-2, a novel class of analgesic

trans-6
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compound; (3) an efficient methodology to purify an
epimeric mixture ob through a selective transketalization
of thesyn-isomer vs. thérans-isomer. Once the enantio-

mer ©)-2,3-isopropylidene glyceraldehyde is commercial
or easily prepared fromascorbic acid, our approach also (12

allows a fast and efficient synthesis of the enantiomer
(R,R)-3. Detailed pharmacological assays, comparing the
racemic £)-1 with the enantiopureSS)-2 and RR)-3 is
now under investigation.
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) (a) The diastereoisomeric puritym#vas determined

through**C NMR spectroscopy (réj, and its enantiomeric
purity through comparison of its optical rotation with
literature reference datai]f, 15.0 (92% de and 87% ee).
See: Roush, W. H.; Walts, A. E.; Hoong, L.XAm. Chem.

Soc. 1985 107, 8186. (b) Spectroscopical dateaofi-5: *H
NMR (200 MHz, CDC)): § = 5.92-5.75 (m, 1 H), 5.20 (m,
1H),5.10 (m, 1 H), 4.05-3.87 (m, 3 H), 3.77 (8¢, 8.8,

4.4 Hz, 1 H), 2.43-2.10 (m, 2 H), 2.00 {d; 3.4 Hz, 1 H),
1.43 (s, 3 H), 1.37 (s, 3 HFC NMR (50 MHz, CDC)): 6 =
133.8, 118.1, 108.9, 77.9, 70.2, 65.0, 37.4, 26.3, 25.0. MS
(70 eV):m/z(%) = 59 (100), 73 (35), 101 (72), 114 (2.5), 131
(7), 157 (45). IR (KBr, neat): 3444, 3078, 2987, 2936, 2899,
1642, 1456, 1435, 1381, 1254, 1215, 1066, 917, 854 cm
Experimental Procedure for Diastereoisomeric

Enrichment of anti-5.

To a stirred solution of the diastereoisomeric mixturg of
(3.0 g, 17.4 mmol) in 45 mL of dry acetone, under Ar
atmosphere, is added in one portion 0.2 g-®5A (1.04
mmol). The reaction is left stirring at —15 °C for 48 h, then
the solvent is evaporated under reduced pressure and the
residue submitted to flash column chromatography yielding
1.6 g (71%) of diastereoisomeric enricle(d®2% de).

To a stirred solution & (0.5 g, 2.9 mmol) in dry C}€l, (5
mL), under an Ar atmosphere, is added propanal (0.5 mL, 6
mmol). The reaction mixture is cooled in an ice bath and
then a solution of SnB(1.25 g in 3 mL of dry CkCl,) is
slowly added. The reaction is monitored through TLC and
then quenched with 4 mL of a sat. solution of NaHCO
followed by 5 mL of EtOAc. The mixture is left stirring for
more 40 min. The aqueous phase is then extracted with
EtOAc (3x 5 mL). The combined organic phases are dried
with anhyd NaSQand then concentrated. The crude product
is filtered through silica (eluted with 20% EtOAc—hexanes)
furnishing 0.55 g 08 as a mixture of four diastereomers.
Spectroscopical data@f[a], —5.5 € 2.9, CHC}). *H NMR
(200 MHz, CDC)): 6 = 3.8 (m, 2 H), 3.6 (m, 1 H), 3.4 (dq,
1H,J=11.09, 5.12, 1.83 Hz), 3.20 (m, 2 H), 2.40 (brs, 1
H), 1.90 (m, 1 H), 1.20-1.70 (m, 7 H), 0.90 (t, 30 7.33
Hz).1C NMR (50 MHz, CDCJ): § = 79.9, 79.5, 73.5, 63.7,
30.9, 29.1, 27.2, 23.0, 9.7. MS (70 exyz (%) = 143 (9),

131 (4), 113 (57), 95 (98), 69 (61), 55 (100). IR (KBr, neat):
3390, 2934, 2856, 1460, 1441, 1085, 1045'cm
Spectroscopical data Bfa]p —45.2 € 0.53, CHCJ, 87%
ee).'H NMR (200 MHz, CDCJ): $ =4.0 (dd, 1 HJ)=9.1,

2.7 Hz), 3.4 (m, 1 H), 2.40 (m, 1 H), 2.00 (m, 2 H), 1.00-1.80
(m, 6 H), 0.99 (t, 3 H) = 7.2 Hz).23C NMR (50 MHz,

CDCl,): 6 =147.3,79.5 75.8, 29.9, 28.7, 28.3, 23.0, 9.6. MS
(70 eV):m/z (%) = 129 (10), 113 (77), 101 (33), 95 (100). IR
(KBr, neat): 3412, 2961, 2938, 2877, 2861, 1732, 1651,
1441, 1383, 1203, 1105, 918 Tm

Synlett 2005, No. 5, 869-871 © Thieme Stuttgart - New York

Downloaded by: Rutgers University. Copyrighted material.



