Accepted Manuscript

A straightforward enantioselective synthesis of F17807

Julien Alliot, Edmond Gravel, David-Alexandre Buisson, Laurent Larquetoux, Marc
Nicolas, Eric Doris

Pll: S0040-4020(15)30165-4
DOI: 10.1016/j.tet.2015.10.065
Reference: TET 27237

To appearin:  Tetrahedron

Received Date: 5 October 2015
Revised Date: 22 October 2015
Accepted Date: 23 October 2015

Please cite this article as: Alliot J, Gravel E, Buisson D-A, Larquetoux L, Nicolas M, Doris E,
A straightforward enantioselective synthesis of F17807, Tetrahedron (2015), doi: 10.1016/
j-tet.2015.10.065.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tet.2015.10.065

Graphical Abstract

To create your abstract, type over the instructinriee template box below.
Fonts or abstract dimensions should not be chaogallered.

Leave this area blank for abstract ii

A straightforward enantioselective synthesis of F1807

Julien Alliof, Edmond Gravé] David-Alexandre BuissdnLaurent Larquetolx Marc Nicola, and Eric
Doris™*

% CEA, iBiTecS, Service de Chimie Bioorganique e¥deguage, 91191 Gif-sur-Yvette, France.
eric.doris@cea.fr

b |_es Laboratoires Pierre Fabre, Centre de Développest de Chimie Industrielle, 16 rue Jean Rostat808

Gaillac, France
NC OH NC o]
Tl = T
E—
F o} N@
o

)




Tetrahedron

journal homepage: www.elsevier.com

A straightforward enantioselective synthesis of F1807

Julien Alliof, Edmond Gravé] David-Alexandre BuissénLaurent Larquetot Marc Nicola& and Eric
Dorig?*

& CEA, iBiTecS, Service de Chimie Bioorganique éldeguage, 91191 Gif-sur-Yvette, France. eric.dors@fr
P Les Laboratoires Pierre Fabre, Centre de Dévelopgrinde Chimie Industrielle, 16 rue Jean Rostané081Gaillac, France

ARTICLE INFO ABSTRACT

Avrticle history: An efficient approach for the enantioselective bgsts of the 1,4enzodioxane F17807 drug
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1. Introduction

The 1,4-benzodioxane motif is routinely found natyoin The first synthesis (in its racemic form) of a bghzodioxane
naturally occurring compounds such as silybin 1 Which is ~ derivative was reported by Moureu in 1899 when stgiythe
extracted fronSilybum marianugibut also in synthetic drugs as thermal degradation of 2-(2,2-diethoxypropoxy)pHendore
WB4101 @)* and doxazosin3]® (treatment of hypertension), or generally, substituted racemic benzodioxanes capréyeared by
fluparoxan 4)* (antidepressant) (Figure 1). Also, Pierre Fabrecondensation of catechol derivatives with varioesbphiles,
laboratories have recently developed a series of- 1, “‘or by organometallic tandem ring opening/couplifigmoxides
benzodioxane derivatives that are currently evalligor the Using a-halogenophenof:** In addition, access to optically
treatment of neuropsychiatric disorders such aszephreni®  active 1,4-benzodioxanes can be achieved by chéthiad

One of the lead compounds among the series is F1(BR07 enzymatic kinetic resolutidhof the racemate or by condensing
o optically active glycidyl tosylaté with catechols. Other
©[ ~"SOH approaches involve, for example, chiral palladiusmplexes to
HO ONG: o OMe catalyze C-O bond formatioh, and Sharpless asymmetric
epoxidation™® Although efficient, the above routes are not fully
OH OH satisfactory as kinetic resolution leads to thes lobat least half
OH O Silybin A (1)

or OMe of the material, and erosion of enantiomeric puistgometimes
0 NNy observed in the other cases. With these featuresind and as
@[ ﬁ H part of our ongoing interest in the synthesis obabtive
Y MeO compounds? we sought to investigate an efficient and original

0
@[O l\() WB4101 (2) route for the enantioselective synthesis of F17&).7
N
0

N\ OMe ] )
i 2. Results and discussion
N~
Doxazosin (3) OMe
NH,

The structure of F17807 is composed of two blodks, a
“west” 1,4-benzodioxane fragment bearing the chimldtre, and

F
o NC o] N an “east” piperidine fragment. Our strategy for tmmstruction
\CNH \@ jﬁo\ﬂ of the key 1,4-benzodioxane core in its opticalbtive form
o 0 N

/§ relies on both the use of intramoleculafA8 and Mitsunobu
Fluparoxan (4) F17807 (5) o] reactions. Two approaches were investigated, ongnstdrom
Figure 1. Example of 1,4-benzodioxane derivatives. glycidol as chiral source (Scheme 1, Path A) andother from

isopropylidene glycerol (Scheme 1, Path B). In PAththe
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benzodioxane ring is planned to be constructetérfinal stage
of the synthesis by an intramoleculg¢A$ reaction on6. The
latter intermediate could originate from Mitsunoboupling of
(R)-glycidol with phenol derivativg, followed by ring opening
of the epoxide with the piperidine unit.

NC\©:OJ/\ ©\|i7\807 (5)
0

N AN
Y

"west" benzodioxane

ﬂ Path A

F HO

Rett R oy
l

"east" piperidine

PathBﬂ
o
" g
NC F o NC OH
OH F HO

7 9
Scheme 1Possible synthetic pathways to F17807.

ok
\/\/O

In path B on the other hand, the piperidine un@éaanected to
an already formed benzodioxane riighat could originate from
sequential §Ar coupling between9 and g)-isopropylidene

glycerol, removal of the isopropylidene protectirgroup,
selective activation of the primary alcohol, and tsdnobu
coupling.

We first explored the route described in Path A éBeb 1).
Our synthesis commenced with the three-step syntluésike
piperidine “eastern” fragment from commercially #afle N-
Boc-4-piperidine ethanolO (Scheme 2). The primary alcohol
was activated as the corresponding mesylate before
nucleophilic substitution by 2-oxazolidinone undatkaline
conditions. The Boc-protecting group was finally med using
HCI in iPrOH to afford, after neutralization with NaOH, the
expected piperiding&3in 71% overall yield.

OH OMs
MsCI 2-Oxazolidinone
NEts, Tol. K,CO3, Tol.
BocN 10 Tgwy BN 00%C (03%)
. [ o]
N 1) HCI, iPrOH NW(
O 2)NaOH (82%) o]
BocN 12 HN 13

Scheme 2Synthesis of the piperidine “east” fragmést

In parallel to the synthesis of the piperidine fremt, the
condensation of 3-fluoro-4-hydroxybenzonitrilé with (R)-
glycidol under Mitsunobu conditions (P#BIAD) led to epoxy-
ether14 in which the stereogenic centre is set (SchemeTBe
epoxide unit was subsequently ring-opened with thevab
prepared piperidine fragment3. The substitution reaction
proceeded regioselectively at the less hinderedtiposof the
epoxide to afford as a single regioisomer. With compouhiah

Tetrahedron

hands, we next looked at the keyA$ reaction for the
benzodioxane ring-closing step. Compouhavas thus reacted
with tBuOK in DMF at room temperature, but surprisingly:a 1
mixture of isomers was obtained and the productsdcoat be
separated by chromatography (Scheme 3). Changagdivent
(e.g. DMSO, THF, CHCN), base €.g. DBU, NaH, KHMDS)
and temperature (room temperature to reflux) comubtdid not
improve the selectivity of the reaction. Althougte texpected
compound F178075f was produced in the course of the
transformation,ca. 50% of the cyclized benzodioxane product
corresponded to a rearranged derivative to whichemetively
assigned the structure of compourid

The formation of the latter compound can be rafiaed by
initial deprotonation of the secondary alcohol ®fto afford
alcoholate 6’ (Scheme 4). While the \8r reaction of the
alcoholate on the fluorine-bearing C3’' leads to fbemation
F17807, its addition to the more activated C4’-posi(para to
the CN group) induces the formation of a rearrangmdpound
6” with the concomitant release of a primary alcoteldthe
ensuing addition of the newly released alcoholate @B,
followed by fluorine elimination finally leads toatformation of
isomer15. Although absolute configurations of the two product
(namely5 and15) could not be unambiguously established after
the key cyclization step (products could not beasai@d by
chromatography), the proposed mechanism suggesits tlie
stereogenic center borne by compoudidemains unaffected
throughout the GAr process.

OH PPh3/DIAD \C[ J)
7 THF, 0°C
(98%)
F Hi>7/\

THF, 50 °C /\\/ Q\/\

(81%)

{BUOK F17807 (5) (50%)
—_—
DMF, 20 °C

@JON

15 (50%)
Scheme 3Realization of path A synthesis.
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Scheme 4Proposed mechanism for the formation of rearranged
compoundL5.



As our initial scheme did not work out as anticipatedause
of the preferential nucleophilic addition of thea@olate to the
C4’-position, we conceived that th@/3 reaction could be more
efficiently promoted starting from 4-fluoro-3-
hydroxybenzonitrile9 in which the leaving fluorine atom is
properly positionegoara to the cyano group. Thus, 4-fluoro-3-

3
F254).'H and *C NMR spectra were recorded on a Bruker
Avance DPX 400 spectrometer at 400 and 100 MHz,
respectively. Chemical shiftg)(are given in ppm and coupling
constants J) in hertz. IR spectra were recorded on a Perkin-
Elmer 2000 FT-IR System. Optical rotations were aeieed
using the sodium D line (589 nm) on a Perkin Elmdi 3

hydroxybenzonitrile9 was first reacted under basic conditions polarimeter.

(tBuOK) with the more robust glycidol-equivalentS){
isopropylidene glycerol (98% ee) (Scheme 5). AltHoupe
reaction proceeded at 150 °C, it cleanly gave acteshe key

4.2.N-Boc-4-(2-((methylsulfonyl)oxy)ethyl)piperidinkL).

At room temp. under ) mesyl chloride (0.52 mL, 2 equiv.)

intermediatelG, after deprotection of the 1,2'di0|. It is to be was added dropwise to a solutionNsBoc piperidine ethandlO

noted that, contrary to previous repdftt)e above SAr reaction
did not require protection of the phenol group,stlaiowing a
more direct route to the target compound. The pryraécohol of
16 was then selectively brominated by RE#Br, (compound
17). This step permitted to differentiate secondaoyrf primary
alcohols prior to the intramolecular coupling withetphenol
unit. The remaining optically active secondary hlaowas then
activated under Mitsunobu’s conditions and underwsmboth
coupling with the neighboring phenol to give accessptically

(840 mg, 3.7 mmol, 1.0 equiv.) and triethylamineO(inL, 2
equiv.) in 20 mL anhydrous toluene. The solution stsed for
4 h and was quenched with 20 mL 1 M HCI. The aquebase
was extracted with EtOAc (3 x 20 mL), the combinedaaig
layers were washed with brine (20 mL), dried overnS@,
filtered and concentrated under vacuum. The rebidiiawas
crystallized from heptane (40 mL) to affatd (1.05 g, 93%)'H-
NMR (CDCL): 6 4.30 (t,J = 6.4 Hz, 2H), 3.04 (s, 3H), 2.71 {,
= 12.5 Hz, 2H), 1.75-1.60 (m, 7H), 1.47 (s, 9H), 1.2151(m,

active 1,4-benzodioxand where the stereogenic centre is pH). ®C-NMR (CDCL): § 154.8, 79.4, 77.4, 67.4, 37.5, 35.6,

irreversibly set. Of note, the \3 reaction proceeded with
inversion of configuration of the alcohol-bearingnore. The
synthesis of F17805) was finally completed by the coupling of

8 with piperidinel3 at 110 °C in methyl isobutyl ketone. F17807

(5) was obtained in seven steps, with a satisfactoeyadlvyield
of 21% but more importantly with a retained enamigoic excess

of 98%.
ot

R HO\/:\/O

NC OH NG OH OH
\@ {BUOK, DMF, 150 °C @\ j-"‘\OH
9 F 2) HCI (72%) 07 46

PPhs/CBry OH OH

v . NN

CH,Cl, Br

PPhy/DIAD
NC L. NC 0 Br
THF
(89%) 0 (80%) 07

OO
o] N/>
F17807 (5), 98% ee 0)‘ 0
Scheme 5Realization of path B synthesis.
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3. Conclusions

We reported here an efficient enantioselective hmsis of
F17807 from  4-fluoro-3-hydroxybenzonitrile  and S
isopropylidene glycerol. Our approach is based on keg
coupling steps, namely\8r and Mitsunobu reactions. The
enantiomeric excess of the starting isopropylidglyeerol was
preserved throughout the synthetic pathway, thusniténrg
efficient access to 1,4-benzodioxane F17807 with 88%

4. Experimental
4.1.General

Reactions were carried out under nitrogen usingsdiyents,
unless otherwise stated. THF was distilled
sodium/benzophenone before use. Flash chromatogras
carried out on Kieselgel 60 (230-240 mesh, Merckd a
analytical TLC was performed on Merck precoatedaitjel (60

from

32.4, 31.7, 285. IR (neat): 2925, 1775, 1682 'crESI-MS
(ES): 308 M+H]".

4.3.N-Boc-4-(2-(2-oxooxazolidin-3-yl)ethyl)piperidin&2.

Under N, 2-oxazolidinone (321 mg, 1.2 equiv.) andC;
(511 mg, 1.2 equiv.) were added to a solutiod b{950 mg, 3.1
mmol, 1.0 equiv.) in 10 mL anhydrous toluene. Thepgnsion
was heated at 100 °C for 17 h,(H(20 mL) was then added and
the the aqueous layer was extracted with EtOAc (3 2D
The combined organic layers were washed with brinen2d,
dried over Na&SQ,, filtered, and concentrated under vacuum. The
crude was purified by flash chromatography,(EMeOH, 100:0
to 95:5) to affordl2 (860 mg, 93%)'H-NMR (CDCL): 6 4.35 (t,
J=7.9 Hz, 2H), 3.56 (1) = 8.1 Hz, 2H), 3.35 (t] = 6.9 Hz, 2H),
2.71 (t,J = 11.7 Hz, 2H), 1.75-1.68 (m, 2H), 1.54-1.41 (m,
14H), 1.22-1.09 (m, 2H)"C-NMR (CDCk): ¢ 158.4, 154.8,
79.3, 77.3, 61.7, 44.4, 41.8, 33.9, 33.5, 31.95.2&R (neat):
2925, 1751, 1687 cth ESI-MS (ES): 299 M+H]".

4.4.3-(2-(piperidin-4-yl)ethyl)oxazolidin-2-onéJ).

A solution of 12 (820 mg, 2.7 mmol) in 10 mL 2.2 M
HCl/isopropanol was stirred overnight at room tempheT
reaction was quenched by the addition of 20 mL 5% MaO
Brine (20 mL) was added and the aqueous phase wesctext
with EtOAc (4 x 40 mL). The combined organic layers aver
washed with brine (20 mL), dried over J$%,, filtered, and
concentrated under vacuum. The residual oil whigistalized
spontaneously was then used without further puritica(443
mg, 82%).'H-NMR (CDCL): 6 4.35 (t,J = 7.9 Hz, 2H), 3.57 (1]
=7.9 Hz, 2H), 3.35 () = 7.3 Hz, 2H), 3.11-3.06 (m, 2H), 2.71
(td, J = 12.1 Hz,J = 2.2 Hz, 2H), 1.73 (br. s., 3H), 1.52 @~
7.1 Hz, 2H), 1.45-1.37 (m, 1H), 1.22-1.09 (m, 2HC-NMR
(CDCl): 6 158.4, 77.3, 61.6, 44.4, 41.8, 34.5, 33.7, 33R2. |
(neat): 3429, 2922, 1741 EMESI-MS (ES): 199 M+H]".

4.5, 3-fluoro-4-(oxiran-2-ylmethoxy)benzonitrilel 4).

At 0 °C and under i PPh (684 mg, 1.2 equiv.)R)-glycidol
(174 pL, 1.2 equiv.) and DIAD (510 pL, 1.2 equiv.) eexdded
to a solution of 3-fluoro-4-hydroxybenzonitrile (300 mg, 2.18



4 Tetrahedron
mmol, 1.0 equiv.) in 10 mL anhydrous THF. The solutwas  4.8.(S)-4-(3-bromo-2-hydroxypropoxy)-3-hydroxybenzonitrile
warmed to room temp and stirred for 2 h. The reactas then  (17).

enched with 10 mL) and extracted with 3 x 10
au with EO ( ) X with £ ( Under N, PPh (626 mg, 2.5 equiv.) and CB(785 mg, 2.5

mL). The combined organic layers were washed witheb(20 8 ;
mL), dried over NgSO, filtered, and concentrated under ©duiv-) were added to a solution 1 (200 mg, 0.95 mmol, 1.0
vacuum. The crude mixture was purified by flash equiv.) in 5 mL CHCI,. The solution was stirred at room temp

chromatography (CKCl,) to afford compoundl4d (413 mg, for 2 h. The reaction was then quenched with 5 mL H® and
98%).1H-I81M% (yC[()CtIS:% 7.44 (dd,J = 8.6sz,J — 1_§ Hz, ng)’ the aqueous phgse was extracted With;GZL)_-I(3 x.10 mL). The
7.40 (dd,Jur = 10.4 Hz,J = 1.7 Hz, 1H), 7.09 (4 = 8.6 HZ,Jur combined organic layers were washed with brine (5 rdtigd

= 8.6 Hz, 1H), 4.45 (dd] = 11.4 Hz, = 2.7 Hz, 1H), 4.08 (dd) over Nq_S_O4, filtered, and concentrated under vacuum. Theerud
= 11.4 Hz,J = 5.9 Hz, 1H), 3.43-3.39 (m, 1H), 2.97 {t= 4.5 was purified by flash chromatography (IftOAc/cycIohme to

Hz, 1H), 2.81 (ddJ = 4.5 Hz J = 2.7 Hz, 1H)."*C-NMR 1:1) to afford compound? (230 mg, 89%).H-NMR (CDCk): ¢
(CDCL): 6 153.1 (d,des = 250 Hz), 150.6 (dJer = 9.2 H2), 7.53 (br. s, 1H), 7.22-7.18 (m, 2H), 6.92 (d= 8.9 Hz, ]éH)’

(d, Jor = 3.1 H2), 104.7 (dJer = 9.2 Hz), 70.2, 49.7, 44.4. IR NMR (CDCl): 6 149.5, 146.4, 125.4, 119.0, 118.9, 112.7,_}05.4,
(neat): 3059, 2233 C—rJn ESI-MS (ES) 194 I]\/l+H]+ 70.6, 69.5, 33.6. IR (neat): 3455, 3246, 2937, 22421 Crp .

[a]p +0.8 € 0.54, CHCI,). ESI-MS (ES): 272.0-274.0§1+H]".

4.6.(9)-3-fluoro-4-(2-hydroxy-3-(4-(2-(2-oxooxazolidin-3- 4 L
inaridingg - - 4.9.(R)-3-(bromomethyl)-2,3-dihydrobenzo[1,4]dioxine-6-
yhethyl)piperidin-1-yl)propoxy)benzonitril&y. carbonitrile ©).

At room temp and under,Npiperidinel3 (40 mg, 1.0 equiv.)
was added to compouridt (39 mg, 0.2 mmol, 1.0 equiv.) in 1 ; . .
mL anhydrous THF. The reaction mixture was heateagc ~ added dropwise at 0 °C to a solutionlgf(75 mg, 0.27 mmol, 1
overnight. Solvents were evaporated under vacuunttendrude ~ €dUiv-) in 2.7 mL anhydrous THF. The solution wases for 2
was purified by flash chromatography (€H/MeOH, 99:1 to h at room temp. S_(_)Ivents were evaporated under vaand the
90:10) to afford compound as a white solid (62 mg, 8194~ ~ ¢ude was  purified by flash ~chromatography é%'j)'
NMR (CDCL): 6 7.43 (dd,J = 8.6 Hz,d = 1.7 Hz, 1H), 7.40 (dd, Compound8 was isolated as a white solid (59 mg, 80%j)-
Jup= 10.4 HzJ = 1.7 Hz, 1H), 7.09 (0 = 8.6 Hz Js = 8.6 Hz, NMR (CDCL): 6 7.25-7.16 (m, 2H), 6.98 (d,= 8.4 Hz, 1H),
Hz, 2H), 3.34 () = 7.3 Hz, 2H), 3.01 (d] = 11.3 Hz, 1H), 2.85 (dd.J=10.9 HzJ=4.9 Hz, 1H), 3.51 (dd] = 10.9 HzJ = 7.1
(d,J = 11.3 Hz, 1H), 2.56-2.49 (m, 2H), 2.33 (i 9.7 Hz,J = Hz, 1H).”C-NMR (CDCk): 6 147.0, 142.7, 126.4, 12]1.13, 118.6,
1.6 Hz, 1H), 2.02 (td) = 9.7 Hz,J = 2.2 Hz, 1H), 1.78 (] = 118.2, 105.2, 71.9, 66.1, 28.1. IR (neat): 29358, 728m". [a]p
9.7 Hz, 2H), 1.52 (qJ = 7.0 Hz, 2H), 1.37-1.25 (m, 3Hyc-  *8:5€0.52, CHCl,).

NMR (CDCL): § 158.4, 152.0 (dJc.r = 251 Hz), 151.2 (dJe.r =

10.7 Hz), 129.6 (dJcr = 4.6 Hz), 119.8 (dJcr = 21.4 Hz), s

117.8 (dJe = 3.7 Hz), 115.1,104.3, 77.3, 71.8, 65.2, 61.6260 4.10.F17807 ).

SIS (E9) 352 MsH] Chiral HPLG. (Chiralpak AD 150 x o Urder N KGO, (21 ma, 1.5 equiv) was added 0 2 soluon
4.6 mm, hexane/ethano_l 40/60, flow rgte: 1 gnL midetection equiv.) in 1 mL methyl isobutyl ketone. The reaotiixture was

at 220 NM) dajor = 11.7 Min, finor = 13.7 min, 98% ee. heated at 110 °C for 5 h. The reaction was then chezhwith 5
mL 1 M HCI and extracted with 5 mL . The aqueous layer
was basified with NaOH 20% and extracted with EtOAc (3 x 10
mL). The combined organic layers were washed witheb(i
mL), dried over NgSO,, filtered, and concentrated under
vacuum. The crude was purified by flash chromatduyap

PPh (86 mg, 1.2 equiv.) and DIAD (65 uL, 1.2 equiv.) were

4.7.(R)-4-(2,3-dihydroxypropoxy)-3-hydroxybenzonitril).

Under N, (S-isopropylidene glycerol (330 pL, 1.2 equiv.)
andtBuOK (560 mg, 2.3 equiv.) were added to a solutiod-of .
fluoro-3-hydroxybenzonitriled (300 mg, 2.15 mmol, 1.0 equiv.) (CHCL/MeOH, 99:1 to0 90:10) to afford F178G7as a solid (26
in 1 mL anhydrous DMF. The suspension was heated@re M9 58%)."H-NMR (CDCL): 4 7.18 (d,J = 1.6 Hz, 1H), 7.14
for 3 h. After cooling to 70 °C, 4 mL 5 M HCI were atland (dd, J = 8.4 Hz,J = 1.6 Hz, 1H), 6.92 (d) = 8.4 Hz, 1H),
the reaction was cooled down to room temp. The mexias 4-40~4.28 (m, 4H), 4.03 (dd,= 11.4 Hz,J = 7.3 Hz, 1H), 3.57
diluted with 5 mL HO and extracted with EtOAc (3 x 20 mL). (& J=8.2Hz, 2H), 3.32 (1] = 7.3 Hz, 2H), 2.97 (d] = 9.2 Hz,
The combined organic layers were washed with brinenfLp ~ +H): 2.89 (dJ=19.2 Hz, 1H), 2.67 (dd = 13.3 Hz,J = 5.7 Hz,
dried over NgSQ,, filtered, and concentrated under vacuum. ThelH)' 2.55 (ddJ = 13.3 Hz,J = 6.3 Hz, 1H), 2.19-2.06 (m, 2H),
crude was purified by flash chromatography ¢(CHMeOH, 1.74 (d.J = 8.3 Hz, 2H), 1.51 (q] = 7.0 Hz, 2H), 1.37-1.25 (m,

13 .
99:1 to 90:10) to afford compourid (323 mg, 72%).1H-NMR 3H). “C-NMR (CDCk):  158.4, 147.5, 143.4, 125.8, 121.3,

2.0 HZ, 1H), 7.07 (dJ =84 HZ, 1H), 4.99 (d] =54 HZ, 1H), 329, 32.2. IR (neat): 2923, 2224,+l748_JCI‘ftx]D +28.3 (:050,
3.92 (dd,J = 9.9 Hz,J = 6.2 Hz, 1H), 3.85-3.81 (m, 1HyC- AD 15_0 x 4.6 mm, hexane/ethan_ol 40:60, flow rate: 1mih ™,
NMR (DMSO-d)): 3 151.6, 147.5, 152.2, 119.7, 118.4, 113.8,d€1€Ction At 220 NMMzjor = 11.4 MiN frinor = 13.5 min, 98% ee.
1032, 70.9, 70.2, 62.8. IR (neat): 3432, 3341,129230 crit.

[a]o +28.3 £ 0.57, EtOH). ESI-MS (ES: 210 M+H]".
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