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A new, concise, and flexible approach to novel quinuclidines

Note

treatment of Alzheimer's dementtagating disorders, sexual
behavior and streSgjepression? and cholesterol blood levels.
Recently, 2,5-disubstituted quinuclidifé$iave been used as
chiral ligands in asymmetric reactioksThe development of a
new, general, and convergent method for the synthesis of
substituted quinuclidines is therefore important to further exploit
the important properties of this class of molecules.

Building on our earlier research into the phosphorus hydride
mediated radical cyclization of dien€swe embarked on a
diastereoselective synthesis of 2,5-disubstituted quinuclidines,
of type 2, that would be amenable to a synthesis-ef-uinine
1 (Scheme 1} It is envisaged that the HWE-type reaction of
unstabilized phosphonothioa@avith ketones would give access
to a diverse library of quinuclidines. Construction of phos-
phonothioated is to be achieved by amd-type cyclization of
phosphonothioatd, which is to be synthesized by a diastereo-
selective phosphorus hydride mediated radical cyclization of
diene5. Known iodide6'® will be used to construct dieng

has been developed, which employs a phosphorus hydridea”d the oxazolidinone ring will act as a N- and O-protecting

mediated radical addition/cyclization reaction in the key step.
1,7-Dieneb reacts with diethyl thiophosphite in an efficient
and diastereoselective radical addition/cyclization reaction
to give trisubstituted piperidine4ab. Piperidines4ab are

subsequently converted into 2,5-disubstituted quinuclidines

using S2-type cyclizations. Finally, the resulting quinucli-
dines are shown to undergo novel Horngvadsworth-
Emmons-type (HWE-type) reactions to give unsaturated
quinuclidines21aand21b, which have structures similar to
that of (—)-quinine 1.

Quinuclidines are an important class of molecules found in
many natural product2including (—)-quininel, which is one
of the most important naturally occurring alkaloids because of
its role in treating malarid.(—)-Quinine1 is a member of the

group.
Elaboration of substrates such as iod&lean be difficult
due to the presence offheteroatomt® However, it has been
shown that iodidé readily forms an organozinc reagent, which
reacts with a range of electrophil€sThe synthesis of dieng
began with an organozinc/copper coupling reaction of io@ide
(Scheme 2). Insertion of activated zinc (Z#)nto the C-I
bond in 6, followed by transmetalation to copper, gave an

(7) Swain, C. J.; Fong, T. M.; Haworth, K.; Owen, S. N.; Seward, E.
M.; Strader, C. DBioorg. Med. Chem. Letfl995 5, 1261-1264.

(8) Brown, G. R.; Foubister, A. J.; Freeman, S.; McTaggart, F.; Mirrlees,
D. J.; Reid, A. C.; Smith, G. J.; Taylor, M. J.; Thomason, D. A.; Whittamore,
P. R. O.Bioorg. Med. Chem. Lettl997, 7, 197—-600.

(9) Rosen, T.; Nagel, A. A.; Rizzi, J. Bynlett1991, 213-221.

(10) Mantyh, P. WJ. Clin. Psych2002 63, 6—10.

(11) 2,5-Disubstituted quinuclidines (quincorine and quincoridine) are
available from the degradation of {-quininel and quinidine: Hoffmann,

cinchona family of alkaloids, and these compounds and their H. M. R.; Plessner, T.; von Riesen, Synlett1996 690-692.

derivatives have been used in a wide range of synthetic

applications! Various quinuclidines have also been shown to
be inhibitors of the muscarinic (W° serotonin-3 (5-H3),® and

(12) (a) Hartikka, A.; Modin, S. A.; Andersson, P. G.; Arvidsson, P. I.
Org. Biomol. Chem2003 1, 2522-2526. (b) Pellet-Rostaing, S.; Saluzzo,
C.; Halle, R. T.; Breuzard, J.; Vial, L.; Guyader, F. Le; Lemaire, M.
Tetrahedron: Asymmeti3001, 12, 1983-1985. (c) Saluzzo, C.; Breuzard,

neurokinin (NKy)? receptors and also as squalene synthase J.; Pellet-Rostaing, S.; Vallet, M.; Guyader, F. Le; Lemaire, M.

inhibitors8 The inhibition of these targets is important in the

T University of York.
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SCHEME 1. Retrosynthetic Analysis of Substituted Quinuclidine 2
HWE-type phosphorus hydride-mediated N-allylation
S radical cyclization ;
RX (EO),P R Lo JCL ’
' Rl
R 2 pare P (OEt), 0 N\\¢
N —) N ——» O
ODPS
ArY S OF HO™ 3 ™ s 2
h S.2 organozinc/copper
J2 I'N r coupling ODPS
Grignard cyclization
addition
[
MeO,C NHBoc
()-quinine 1 6
SCHEME 2. Synthesis of Diene 5
i Zn*, THF, rt
[ i CUCN-2LiCl, -10 °C 7 OPPS pymaso, H,
I = iii Alkyne 7, -78 °C to rt 90%
MeO,C” "NHBoc 68% MeO,C~ "NHBoc
6 7 8
0 0
DPSO A DPSO X
| iNaHTHE . QNN 0" N \=
ii Allyl bromide
R NHBoc 58% A\ R” “NHBoc
9; R = CO,Me (70% purity) ODPS 11; R=CO,Me 13
2 . NaBH, 5 (75% purtty) 12; R = CH,OH ODPS
10; R = CH,OH (70% purity) 92% (75% purity
organozinc/copper reagefiThis reagent reacted with alkynyl g?e":gg"ci;hist'?ag'ﬁﬁhgg‘fgé?t'on of Diene 5 (Relative
iodide 7 (formed in 96% yield in one step from the previously y
reportede;rt—butyl(diphenyI)(2-propynyloxy)silané‘)v21to gjve i (EtO),P(S)H O»\ el
alkyne 8 in good yield on a multigram scale. Reduction of 0 N \= _ABN__ 7N T PORY,
alkyne8 with Pd/BaSQ (Rosenmund’s catalygfgave the most °V°'r‘;23’;a”e 8a oDPS
reliable partial hydrogenation of the=(C bond in8, but the N\ 4;?‘:&
purity of Z-alkene9 was judged to be only 70% (tHel NMR 12
spectrum indicated ca. 30% of alkah& which is formed by ODPS o + s
further reduction of the €C bond in9).?* Unfortunately, alkene 5 (purity = 75%) S~ Fooe,
9 and alkanell were inseparable by column chromatography. o)
Alternative conditions and catalysts (e.g., use of quinoline and ODPS

sulfur as catalyst poisons or Lindlar reduction) gave lower yields
of alkene9.

Reduction of the ester group i® required only mild
conditions and gave alcohdb in excellent yield (containing
ca. 30% of alkand 2 derived from estefl1).23 Conversion of
alcohol 10 into diene5 was accomplished in 23% vyield over

two steps; however, a telescoped, one-pot cyclization and

N-allylation of alcohol10 gave dienés in an improved 58%
yield (the purity was judged to be 75% as dieneontained
ca. 25% of alkend 3 carried through from over-reduction of
alkyne 8).24

Radical cyclization of dien® with diethyl thiophosphit&
proceeded with complete regioselectivity for theeX®-trig

(19) Duddu, R.; Eckhardt, M.; Furlong, M.; Knoess, H. P.; Berger, S.;
Knochel, P.Tetrahedron1994 50, 2415-2432.

(20) See Supporting Information for further details.

(21) Marshall, J. A;; Liao, JJ. Org. Chem1998 68, 5962-5970.

(22) (a) Cram, D. J.; Allinger, N. LJ. Am. Chem. S0d956 78, 2518—
2524. (b) Nicolau, K. C.; Li, J.; Zenke, Gdelv. Chim. Acta200Q 83,
1977-2006.

(23) As judged from théH NMR spectrum; see Supporting Information
for further details.

99%
14

product4 (Scheme 3). ThéH and 13C NMR spectra of the
product indicated that the cyclization was diastereoselective,
producing an inseparable mixture of only two of the four
possible diastereomers. The efficiency and diastereoselectivity
of the cyclization was not significantly affected by the reaction
conditions. For example, using AIBN as initiator (in cyclohex-
ane, 80°C) afforded4a and4b in a combined 56 75% yield

(dr 1:1.7-2.2)2 whereas the use of §8/0O; as initiator (in
cyclohexane, rt) affordeda and 4b in a combined 47#68%
yield (dr 1:1.5-2.0)22 NOESY experiments in vide showed that
the major diastereomdb had the same relative stereochemistry
as (—)-quininel with the minor diastereomdia being epimeric

at C-6. In addition, a byproduct was also isolated in 99% yield
(based on alken&3), which was consistent with phosphono-
thioate 14, derived from addition of diethyl thiophosphite to
the C=C bond in alkenel3.

(24) For a related example see: Huwe, C. M.; BlecherT,edrahedron
Lett. 1994 35, 9533-9536.
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SCHEME 4. Transition States Leading to proceeded to giv@lain (unoptimized) 42% yield an@dl1bin
Phosphonothioates 4a and 4b (Relative Stereochemistry is 93% yield3c NOESY NMR experiments indicated that the
Indicated) major diastereome21b had the same relative stereochemistry
r s : as (-)-quininel and the minor diastereomer was the C-5 epimer
'F',(OEt)z S o S (Figure 1)2° Removal of the DPS group fro@ilb with TBAF
o @m (Et0), PH )\N &~ B0k gave alcohoR2b (Scheme 7).
%’N Om : In conclusion, a short and reasonably efficient synthesis of
= ‘ 8as T 7R OR diene5 has been developed starting from iodigi€four steps
15a 4a and 24% yield). Phosphorus hydride mediated radical cyclization
~ N of diene5 was shown to proceed efficiently and diastereose-
RO R 8 3\\ 65t lectivity to give trisubstituted piperidine4éa and4b that were
OVWP(OE% (Et0),PH Omo'ﬂ)z efficiently converted into quinuclidines. Novel HWE-type
° BaS™ 7R OR reactions of unstabilized quinuclidinyl methylphosphonothioates
- 15b 4b 20a and 20b were demonstrated to give excellent yields of
R = DPS alkenyl-substituted quinuclidinéslaand21b. Quinuclidine21b
was shown to have the same relative stereochemistry-gs (
The selective formation of phosphonothioadesand4b can ~ quinine 1, and current research is exploring adapting this

be explained by the transition states adopted in the radical @PProach to a stereoselective synthesis-gfquinine 1.
cyclization of dienéb. 6-Exo-trig radical cyclizations are known

to proceed via “chairlike” transitions stat&sand the thermo- . . .

: - . 0O,0-Diethyl [rel-(6S,7R,8aS)-7-(2 [tert-Butyl(diphenyl)silyl]-
dynamically most favored transition stafsb, has all substit- oxy} ethyl)-3¥ o[x ohfex ahydr 0_)[1,3(] o{x[az ol 0[3%1;]&/“ dil')]l-)ﬁ-)%]]-
uents inpseudeequatorial positions, vyhlch Igads to the M&JOr  methylphosphonothioate 4a andd,O-Diethyl [rel-(6R, 7R,8aS)-
diastereome#b (Scheme 4). The minor diastereoméa is 7-(24 [tert-Butyl(diphenyl)silylJoxy } ethyl)-3-oxohexahydro[1,3]-
formed from transition staté5athat places the methylphospho-  oxazolo[3,4a]pyridin-6-ylJmethyi-phosphonothioate 4b. To a
nothioate group axially, so incurring one unfavorable 1,3-diaxial solution of diene5 (0.20 g containing 25% alken&3 as judged
interaction. The relative stereochemistry at C-7 is fixed due to from the'H NMR spectrum, 0.35 mmol) in degassed cyclohexane
the presence of the oxazolidinone #hgnd theZ-geometry of (15 mL) was added diethyl thiophosphite (0.14 g, 0.92 mmol) and
the acceptor alken®. AIBN (8 mg, 0.046 mmol). The reaction was heated to reflux for

Conversion of phosphonothioatésand4b into quinuclidines 12N Idurlng which t'”Le further portions of AIBN (& 8 mg, 0.28
required opening of the oxazolidinone ring, but the hydrolysis ;nnrgotr)]gvfergigﬁgeﬁél peu;ief?ecé'%r;,rﬁggﬁri&'ﬁiﬁocnhiiﬁgtggrgp\éicgﬁ’
conditions were incompatible with the DPS. ether 4ab. silica using petroleum ether/EtOAc (9:1 to 1:1) as eluent to afford
Therefore, the DPS ether was removed and primary alch®iol  yhosphonothioateda and 4b (0.16 g, 75%) as a 1:2 mixture of
was reprotected to give trityl ethéi7 in good yield (Scheme  giastereomers as indicated from tAel NMR spectrum (by
5). The oxazolidinone ring irl7 was then hydrolyzed using  comparison of the integral values of the signals at 4.39 and 4.32
aqueous sodium hydroxide and the primary alcohol was ppm).R: 0.3 (petroleum ether/ED 1:2); IR (CHCI,) vmax 2959,
protected as its DPS ether to give piperidiri&a and 18b 2932, 2859, 1753, 1473, 1427, 1390, 1111, 1049, 1025, 95%;cm
(separable by column chromatography,=dr:1.3). The trityl 'H NMR (400 MHz, CDC}) 6y 7.66-7.63 (m, 4H), 7.467.36
ether in 18a and 18b was selectively cleaved under acidic (M. 6H), 4.39 and 4.32 (X t, J = 8.5, 1H), 4.24-3.99 (m, 5H),
conditions in the presence of thiophenol (in the absence of 3:83-3.45 (m, 3H), 2.87 and 2.50 (d, = 12.5 Hz and dd) =

- : : 13.0, 10.5 Hz, 1H), 2.362.19 (m, 1H), 2.06-1.36 (m, 8H), 1.32,
thiophenol the separation of amino alcohb®a and19b from 128 and 1.26 (3« 1, J = 7.0 Hz, 6H), 1.05 (9H, s)°C NMR

trityl alcohol was problematicy? , (100 MHz, CDC}) 6c 157.3 (C), 156.3 (C), 135.5 (CH), 135.43
Using the conditions developed by StdfR the amino  (CH), 135.41 (CH), 133.6 (C), 133.5 (C), 133.4 (C), 129.64 (CH),
alcohols19aand19bwere selectively O-mesylated without the  129.61 (CH), 127.62 (CH), 127.59 (CH), 68.0 (§H67.6 (CH),
need for temporary N-protection (Scheme 6). The crude 62.61 (d,Jcp = 7.0 Hz, CH), 62.63 (d,Jcp = 7.0 Hz, CH), 62.5
mesylates then underwent cyclization on heating in acetonitrile (d, Jcp = 7.0 Hz, CH), 62.4 (d,Jcp = 7.0 Hz, CH), 60.7 (CH),
to give quinuclidine20aand20b in good yield. It was found  60.6 (CH), 54.4 (CH), 53.6 (CH), 46.4 (dlcr = 2.5 Hz, CH),
that reducing the amount of MsCl (1.05 to 0.6 equiv) gave 45-5(d.Jep=1.5Hz, CH), 36.2 (d.Jcp = 15.0 Hz, CH), 35.8 (d,
improved yields of the quinucliding0a (from 31% to 92%).  Jep = 1.5 Hz, CH), 35.6 (d,Jep = 112.0 Hz, CH), 35.5 (CH),
. . . - 35.3 (d,Jcp = 3.0 Hz, CH), 34.9 (Ch), 34.6 (d,Jcp = 13.5 Hz,
Novel HWE-type reactions of unstabilized quinuclidinyl _ _

. . CH), 31.5 (d Jep= 2.5 Hz, CH), 31.2 (Ch), 29.9 (d,Jcp= 112.0
methylphosphonothioate0a and 20b with benzophenone |, CH,), 26.79 (CH), 26.76 (CH), 19.1 (C), 19.0 (C), 16.12 (d
Jop = 7.0 Hz, CH), 16.10 (d Jep = 7.0 Hz, CH), 16.06 (dJcp =

(25) (a) Curran, D. P.; Porter, N. Stereochemistry of Radical Reactipns 7.0 Hz, CH), 16.04 (d,Jcp = 7.0 Hz, CH); LRMS (CI, NHz) m/z
Giese, B., Ed.; Wiley-VCH: New York, 1996. (b) Parsons, A. A1 590 ([M + H]*, 14%), 512 (100); HRMS (CI, Ngy m/z [M +
Introduction to Radical ChemistrBlackwell Science: Oxford, 2000. H]* found 590.2525, calcd 590.2525 fopdH4NOsPSS.

26) For examples of oxazolidinones affecting the diastereoselectivit - -
of Sadi)cal cyclizatri)ons, see: (a) Baldwin, J. E.; Mgoloney, M. G.; Parsons),/ rel-(2S,4R,5R)-2-({[tert-Butyl(diphenyl)silylJoxy } methyl)-5-

Experimental Sectior?®

A. F. Tetrahedron199q 46, 7263-7282. (b) Baldwin, J. E.; Li, C.-S. (2,2-diphenylvinyl)-1-azabicyclo[2.2.2]octane 218 solution of
Chem. Soc., Chem. Commui988 261-263. (c) Lee, E.; Kang, T. S.; phosphonothioate20a (72 mg, 0.13 mmol) was dissolved in
Joo, B. J,; Tae, J. S,; Li, K. S.; Chung, C. Retrahedron Lett1995 36, anhydrous THF (6 mL) and cooled t678 °C. sBuLi (0.33 mL of
417-420. a 0.80 M solution in cyclohexane, 0.26 mmol) was added and after

(27) For an example of alkene geometry affecting the diastereoselectivity

of 6-exo-trig radical cyclizations, see: Hannessian, S.; Dhanoa, D. S.; 0.1 h of stirring at—78 °C, benzophenone (48 mg, 0.26 mmol)

Beaulieu. P. LCan. J. Chem1987 65. 1859-1866. was added. The reaction was allowed to warm slowly to room
(28) Masui, Y.; Chino, N.; Sakakibara, 8ull. Chem. Soc. Jpri.98Q temperature and was stirred at this temperature for 16 h before being
53, 464-468. quenched with NECI (saturated aqueous solution) and then

3658 J. Org. Chem.Vol. 71, No. 9, 2006
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SCHEME 5. Synthesis of Amino Alcohols 19a and 19b (Relative Stereochemistry is Indicated)
HCI, PhSH
RSO (OEt)Z _THFMeOH_ o \)\)/v\lom)2
: ~70°c
o i NaOH 58%
Y 8 H,O/EtOH 18a = 31%
o N P(OEY), reflux
i DPSCI
OR
4a and 4b; R = DPS BAF HCI, PhSH \u .
16aand 16b; R = H 80%
TrCl 18b = 40%
17aand 17b; R = OTr =—/71%
SCHEME 6. Synthesis of Quinuclidines 2la and 21b (Relative Stereochemistry is Indicated)
i MsClI p OEt)
(OEt)Z _iiMeCN_ (0, SBuLi, THF, -78°C_
“refux then PhZCO
92% 42%
RO™ 20a
E i MsCI (EtO) Ph H
Q\/)\/\ - _ii MeCN_ sBuLi, THF, -78°C Z
" reflux then Ph,CO
19b 66% 93%
R =DPS RO™ 201
SCHEME 7. Formation of Amino Alcohol 22b rel-(2S,4R,5S)-2-({ [tert-Butyl(diphenyl)silylJoxy } methyl)-5-
Ph H Ph H (2,2-diphenylvinyl)-1-azabicyclo[2.2.2]octane 21bA solution of
~ Z phosphonothioat€0b (20 mg, 0.037 mmol) was dissolved in
Ph TBAF Ph q anhydrous THF (2 mL) and cooled t678 °C. sBuLi (0.092 mL
71% of a 0.80 M solution in cyclohexane, 0.073 mmol) was added and
DPSO” 21b HO” 22b after 0.1 h of stirring at-78 °C, benzophenone (13 mg, 0.078

extracted with BEO. The combined organic phases were dried
(MgSQy), filtered, and evaporated to give a yellow oil. Purification
by flash column chromatography on silica, eluting with a solvent
gradient of petroleum ether/f8 (1:1) to petroleum ether/Ed/
EtN (33:67:1), afforded quinuclidin®la (31 mg, 42%) as a
colorless 0il.R; 0.2 (petroleum ether/ED 1:2); IR (CHCL) vmax

mmol) was added. The reaction was allowed to warm slowly to
room temperature and was stirred at this temperatur2 fobefore
being quenched with N}CI (saturated aqueous solution) and then
extracted with BEXO. The combined organic phases were dried
(MgSQy), filtered, and evaporated to give a yellow oil that was
purified by flash column chromatography on silica (using petroleum
ether/E3O/EtN (67:33:1) to (33:67:1) as eluent) to afford quinu-

2958, 2931, 2860, 1603, 1493, 1471, 1444, 1427, 1315, 1279, 1113¢lidine 21b (20 mg, 93%) as a colorless di 0.4 (petroleum ether/

cm L IH NMR (400 MHz, CDC}) oy 7.60-7.63 (m, 4H), 7.4%+
7.32 (m, 9H), 7.2#7.20 (m, 5H), 7.157.13 (m, 2H), 6.20 (dJ

= 10.0 Hz, 1H), 3.71 (dJ = 6.0 Hz, 2H), 3.1%+3.00 (m, 2H),
2.85-2.74 (m, 2H), 2.62 (ddJ = 13.5, 7.0 Hz, 1H), 2.562.43
(m, 1H), 1.93-1.81 (m, 1H), 1.86-1.75 (m, 1H), 1.651.57 (m,
1H), 1.45-1.33 (m, 2H), 1.04 (s, 9H}SC NMR (100 MHz, CDC})

Oc 142.6 (C), 142.4 (C), 140.1 (C), 135.6 (CH), 133.5 (C), 133.4
(C), 131.7 (CH), 129.7 (CH), 129.6 (CH), 128.2 (CH), 128.1 (CH),
127.62 (CH), 127.59 (CH), 127.3 (CH), 127.1 (CH), 127.0 (CH),
66.2 (CH), 56.7 (CHy), 56.4 (CH), 43.1 (Ch), 35.4 (CH), 30.2
(CHy), 28.4 (CH), 26.8 (CH), 21.5 (CH), 19.2 (C); LRMS (Cl,
NH3) m/z 558 ([M + H]*, 100%); HRMS (CI, NH) m/z [M +
H]* found 558.3196, calcd 558.3192 foggH43NOSI.

FIGURE 1. Key NOESY correlations for quinuclidin@la and
quinuclidine21b.

Et,O 1:2); IR (neatymax 3057, 2929, 2860, 1599, 1493, 1471, 1427,
1265, 1228, 1198, 1113, 1076 cln'H NMR (400 MHz, CDC})

Oy 7.71-7.66 (m, 4H), 7.43-7.21 (m, 14H), 7.157.13 (m, 2H),
6.18 (d,J = 10.0 Hz, 1H), 3.79 (ddJ = 10.0, 5.5 Hz, 1H), 3.73
(dd,J=10.0, 7.0 Hz, 1H) 3.08 (ddl = 13.5, 10.0 Hz, 1H) 3.07
2.91 (m, 2H), 2.69 (dd) = 13.5, 4.5 Hz, 1H), 2.582.49 (m, 1H),
2.43-2.36 (m, 1H), 2.08-2.01 (m, 1H), 1.781.74 (m, 1H), 1.46-
1.36 (m, 2H), 1.321.22 (m, 1H), 1.07 (s, 9H)}3C NMR (100
MHz, CDCh) 6c 142.7 (C), 141.9 (C), 140.1 (C), 135.6 (CH), 133.6
(C), 133.5 (C), 132.9 (CH), 129.8 (CH), 129.6 (CH), 128.2 (CH),
128.1 (CH), 127.6 (CH), 127.3 (CH), 127.0 (CH), 66.7 ({L+57.9
(CHy), 57.6 (CH), 42.0 (CH), 35.9 (CH), 27.9 (CH), 27.4 (Chi
26.9 (CH), 25.3 (CHy), 19.3 (C); LRMS (CI, NH) m/z 558 ([M

+ H]*, 100%); HRMS (CI, NH) mVz [M + H]* found 558.3197,
calcd 558.3192 for ¢H43NOSI.
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