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A concise and efficient approach to the stereodivergent

synthesis of {)-lasubines | and Il is described. The key
common intermediate is a chirllksulfonyl 2,3-dihydropy-
ridone obtained by a novel Cu-catalyzed asymmetric formal
aza-Diels-Alder reaction betweemN-tosyl aldimines and
Danishefsky’s diene.

Indolizidine, quinolizidine, and piperidine alkaloids encom-

Note

pool approaches. To the best of our knowledge, the only
exception to this trend is the recent work of Rovis et al. on the
synthesis of {)-lasubine I, in which the key step for the
enantioselective construction of the quinolizidine skeleton is a
catalytic asymmetric Rh-mediated{2+2] cycloaddition be-
tween an alkenyl isocyanate and a terminal alk§ihe.

Herein, we describe a concise enantioselective and stereodi-
vergent synthesis ofi)-lasubines | and Il from a common chiral
N-tosyl 2,3-dihydro-4-pyridone. This key intermediate was
obtained by application of a catalytic asymmetric Cu-mediated
aza-Diels-Alder reaction ofN-sulfonyl imines and Danishef-
sky’s diene recently developed in our grolp.

Retrosynthetically, as shown in Scheme 1, we envisioned that
lasubines | and Il could be synthesized from the séirtesyl
2,3-dihydro-4-pyridone intermediafeby applying stereochemi-
cally complementary approaches for the construction of the
second ring of the quinolizidine skeleton. Thus, the cis stere-
ochemistry at C-4/C-10 in lasubine Il could be achieved by cis-
stereoselective conjugate addifiafi an appropriate bifunctional
organometallic reagent th and subsequentn\@ cyclization
(Scheme 1, pathway B). Alternatively, a change in the order of
steps, that is, first intermolecular nitrogen alkylation, followed
by trans-stereoselective radical-mediated cyclizatiomuld
lead to lasubine | (pathway A).

In an earlier study we had developed a very efficient method
for the enantioselective preparationNfsulfonyl 2,3-dihydro-
pyridones based on the Cu(l)/Fesulphos catalyzed enantiose-
lective formal aza-DielsAlder reaction betweeN-sulfonyla-
Idimines and Danishefsky’s diene. By using this methodology
the reaction of thé&-tosyl imine of 3,4-dimethoxybenzaldehyde
(2) with Danishefsky’s diene, at room temperature in,CH,
in the presence of catalytic amounts of the Cu-Fesulphos bromo

pass a large group of natural products that display a broad range (4) For selected examples of racemic synthesis of lasubines, see: (a)

of biological activitiest Therefore, intense research efforts have

Ent, H.; De Koning, H.; Speckamp, W. Meterocyclesl988 27, 237—
243. (b) Beckwith, A. L. J.; Joseph, S. P.; Mayadunne, R. TJAOrg.

been devoted to the development of new approaches for theirchem.1993 58, 4198-4199. (c) Pilli, R. A.; Dias, L. C.; Maldaner, A. O.

preparatiort. Lasubines | and Il are two quinolizidine alkaloids
isolated from plants of theythraceagiamily, which differ only

in the configuration at C-10. Since their isolation by Fuji et al.
in 1978 many racemic syntheses of lasubines | and Il have
been reportedand more recently a great effort has been devoted

Tetrahedron Lett.1993 34, 2729-2732. (d) Pilli, R. A.; Dias, L. C,;
Maldaner, A. OJ. Org. Chem1995 60, 717-722. (e) Bardot, V.; Gardette,
D.; Gelas-Mialhe, Y.; Gramain, J.-C.; RemusonHeterocyclesd998 48,
507-518.

(5) (@) Comins, D. L.; LaMunyon, D. Hl. Org. Chem1992 57, 5807
5809. (b) Chalard, P.; Remuson, R.; Mialhe, Y. G.; Remuson, J. C.
Tetrahedron Asymmetry1 998 9, 4361-4368. (c) Ratni, H.; Kadig, E. P.

to the enantioselective synthesis of these compounds, mainlyo,, - et 1999 1, 1997-1999. (d) Davis, F. A.; Rao, A.; Carrol, P. J.

the natural {-)-enantiomer. Among the enantioselective syn-
theses of lasubine$ hnd IF6 reported to date, almost all of
them are based on the use of either chiral auxiliary or chiral

(1) (a) Strunz, G. M.; Findlay, J. A. IThe Alkaloids Brossi, A., Ed.;
Academic Press: New York, 1985; Vol. 26, pp-8874. (b) Scheneider,
M. J. Alkaloids Chemical and Biological Prespeets Pelletier, S. W.,
Ed.; Pergamon: Oxford, UK, 1996; Vol. 10, pp 15819. (c) El Nemr, A.
Tetrahedror200Q 56, 8579-8629. (d) Michael, J. Mat. Prod. Rep2007,
24, 191-222 and previous reports from this author.

(2) For general reviews on asymmetric synthesis of piperidine alkaloids,
see: (a) Bailey, P. D.; Millwood, P. A.; Smith, P. Bhem. Commuri998
633-640. (b) Laschat, S.; Dickner, TSynthesi200Q 1781-1813. (c)
Weintraub, P. M.; Sabol, J. S.; Kane, J. M.; Borcherding, DT &rahedron
2003 59, 2953-2989. (d) Felpin. F.-X.; Lebreton, Eur. J. Org. Chem
2003 3693-3712. (e) Buffat, M. G. PTetrahedror2004 60, 1701-1729.
(f) Pearson, M. S. M.; Mathdllainmat, M.; Fargeas, V.; Lebreton Bur.

J. Org. Chem?2005 2159-2191. (g) Escolano, C.; Amat, M.; Bosch, J.
Chem. Eur. J2006 12, 8198-8207.

(3) Fuji, K.; Yamada, K.; Fujita, E.; Murata, HChem. Pharm. Bull

1978 26, 2515-2521.
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Org. Lett 2003 5, 3855-3857. (e) Liu, S.; Fan, Y.; Peng, X.; Wang, W.;
Hua, W.; Akber, H.; Liao, L.Tetrahedron Lett2006 47, 7681-7684.

(6) (a) Ukaji, Y.; Ima, M.; Yamada, T.; Inomata, iKleterocycle00Q
52, 563-566. (b) Davis, F. A.; Chao, BOrg. Lett 200Q 2, 2623-2625.
(c) Ma, D.; Zhu, W.Org. Lett 2001, 3, 3927-3929. (d) Back, T. G.;
Hamilton, M. D. Org. Lett.2002 4, 1779-1781. (e) Gracias, V.; Zeng,
Y.; Desai, P.; Aube’, JOrg. Lett. 2003 5, 4999-5001. (f) Zaja, M.;
Blechert, STetrahedror2004 60, 9629-9634. (g) Back, T. G.; Hamilton,
M. D.; Lim, V. J. J.; Parvez, MJ. Org. Chem2005 70, 967-972. (h)
Rovis, T.; Yu, R. T.J. Am. Chem. So2006 128 12370-12371.

(7) Garéa-Manchén, O.; Ganez-Arraya, R.; Carretero, J. Cl. Am.
Chem. Soc2004 126, 456-457.

(8) For cis-stereoselective Cu-catalyzed 1,4-addition of organometallic
reagents tiN-acyl 2,3-dihydro-4-pyridones, see: (a) Comins, D. L.; Brown,
J. D. Tetrahedron Lett.1986 27, 4549-4552. (b) Comins, D. L.;
LaMunyon, D. H.Tetrahedron Lett1989 30, 5053-5056. (c) Comins, D.
L.; Zeller, E. Tetrahedron Lett1991 32, 5889-5892. (d) Comins, D. L.;
Joseph, S. P.; Goehring, R. R.Am. Chem. S0d.994 116, 4719-4728.

(9) As a related precedent, a trans-stereoselective radical cyclization of
a chiral ¢%-arene)Cr(CQ) complex of aN-functionalized 2,3-dihydropy-
ridone has been applied by Kdig et al. in their synthesis of«)-lasubine
I, see ref 5c.
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SCHEME 1. Retrosynthetic Analysis

MeO

OMe

SCHEME 2. Enantioselective Synthesis of the Key
Dihydropyridone 1

‘Bu
d 8
.
”““CLI/
KA
Fe  (1-Naph);
(5.1 mol%)
OMe
SO,p-Tol
2 N2 AGCIO, (10 mol%) ,SO,p-Tol
+ )J\ N OMe
™SO™ X A H CHaCly; rt or -20 °C; oMe

2 then TFA (5 equiv) o

Ar = 3,4-(Me0),CgH3
rt, 5h, 71%, 86% ee
-20°C, 12 h, 71%, 94% ee

dimer complex3 (5.1 mol %) and AgCIQ(10 mol %), followed

by addition of TFAL afforded the dihydropyridon& in 71%
yield and 86% ee. Interestingly, a higher enantioselectivity (94%
ee), preserving a similar chemical yield, was obtained by
performing the reaction at20 °C (Scheme 2).
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Conjugate Addition to the Dihydropyridone 5
(0] (0]

SCHEME 3.

CuBr-Me;S (5 equiv)
l C|/\/\/Mg|

N .
iy THF, -40°C
89%

MeO MeO

OMe 6

R=Ts, 1 cis/trans = 90:10

OMe
a) ( 77% yield in cis-6
R=H, 4
b) a) act. Zn, THE/NH,CI, 1t, 97%
b) (Boc),0, Et;N/DMAP,

R=Boc,5  ChChyrt, 99%

After some experimentation, we found that this deprotection
can be cleanly achieved by reductive cleavage with activated
powdered zin¥ in a THF/saturated aqueous solution of NH

Cl at room temperature, leading to the unprotedied pyridone

4in 97% yield!* Compound4 is highly crystalline and a single
recystallization (acetone/pentane) of a 94% ee sample enhanced
the optical purity to>99% ee (77% yield of the recrystalliza-
tion). Its further protection as a Boc derivative under standard
conditions provided the requir@d¢tBoc pyridoneb in 99% vyield
(Scheme 3).

Pleasingly, the cuprate addition reaction of 4-chlorobutyl
magnesium iodide (5 equiv) under Comins’ conditigr{€uBr-
Me,S as copper source and BEt,O as Lewis acid) provided
the 1,4-addition product with high yield and stereoselectivity
(cis/trans= 90/10). After standard chromatographic separation
the requirectis-2,6-disubstituted-piperidor@was obtained in
77% yield (Scheme 3).

Disappointingly, the further construction of the quinolizidine
skeleton by Boc-deprotection under the usual conditions (TFA
or HCI/AcOEt) and in situ intramolecul@t-alkylation occurred
with low vyield (<34% isolated yield), likely due to the
competitive opening of the 4-piperidone unit under acid
conditions!® To overcome this problem milder Boc-deprotection
methods were tested. In particular, the cleavage of the Boc group
of 6 was achieved in quantitative yield by using Sn@i
EtOAc16 The resulting\-H piperidone was then converted into
the quinolizidine keton€ 7 by treatment of the resulting crude
mixture with K;COs (70% overall yield). Finally, as previously

Having accomplished the key asymmetric process, the next eported in the synthesis of-J-lasubine Il by reduction of the
step for the synthesis of lasubine Il would be the stereoselectivegnantiomer of7,5064the fully stereoselective reduction of the

Cu-catalyzed conjugate addition of 4-chlorobutyl magnesium
iodide to the pyridond. However, theN-tosyl enonel proved

to be a very poor substrate for this conjugate addition. In the
best case, the addition product was obtained with very low yield
(25%) and stereoselectivity (cis/trans70/30). Therefore, we

decided to replace the tosyl group at nitrogen by a less bulky

protecting group, such as a carbami@td&o this end it was
essential to find an efficient method for the deprotection of the
sulfonamide group in the presence of the enaminone méiety.

(20) In this formal aza-DielsAlder protocol, the addition of TFA to
the crude reaction mixture is required for the acid promoted cyclization of

carbonyl group withL-selectride provided-)-lasubine 118
(Scheme 4).

With regard to the enantioselective synthesisfoffasubine
I, as shown in the retrosynthetic analysis (Scheme 1), the trans
configuration at C-4/C10 of the quinolizidine unit was expected
to be achieved by stereoselective radical cyclization. Initial
N-alkylation of theN-H dihydropyridone4 with 4-chloro-1-

(13) Holton, R. A.; Crouse, D. J.; Williams, A. D.; Kenedy, R. Nl
Org. Chem 1987, 52, 2317-2318.

(14) For other Zn-mediated reductive desulfonylations, see for instance:
(a) Holton, R. A.; Kenedy, R. M.; Kim, H.-B.; Krafft, M. EJ. Am. Chem.

the open Mannich-type intermediate, which was obtained as the main Soc 1987 109, 1597-1600. (b) Adrio, J.; Rodriguez-Rivero, M.; Carretero,

product in the Cu-catalyzed condensatiorNetosylimine2 with Danishef-
sky’s diene.

(11) Brown, J. D.; Foley, M. A.; Comins, D. lJ. Am. Chem. Sod988
110, 7445-7447.

(12) To the best of our knowledge no examples of deprotection of
N-sulfonyl-2,3-dihydro-4-pyridones have been reported. For classical

methods for deprotection of sulfonamides, see: Greene, T. W.; Wuts, P.

G. M. Protective Groups in Organic Synthesi8rd ed.; John Wiley &
Sons: New York, 1999; pp 6063615.

J. C.Angew. Chem.nt. Ed.200Q 39, 2906-2909.

(15) Several side products, such as open enones and azetine derivatives,
were detected after acid treatment6of

(16) (a) Frank, R.; Schutkowski, MChem. Commuri.996 2509-2510.
(b) Miel, H.; Rault, S.Tetrahedron Lett1997 38, 7865-7866.

(17) The enantiomer of ketorehas been previously described; see refs
5b and 6d.

(18) [0]?% +50 (c 0.3, MeOH); lit. (-)-lasubine 1l p]?% —50 (€ 0.37,
MeOH), see ref 6a;d]%% —53 (¢ 0.13, MeOH), see ref 6d.
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SCHEME 4. Stereoselective Synthesis ofH)-Lasubine I (R)-2,3-Dihydro-2-(3,4-dimethoxyphenyl)-1-(4-tolylsulfonyl)-

OH pyridin-4(1H)-one (1): A solution of 3 (70.9 mg, 0.056 mmol)

a) SnCl, _ and AgCIQ (23 mg, 0.11 mmol) in CkCl, (6 mL) was stirred in
EtOAC L-selectride the dark at room temperature under argonXd then treated with
b) K,CO5 sat Ar THF,-78°C  Ar a solution of imine2 (350 mg, 1.10 mmol) in CECl, (10 mL).
CHCl,, rt 65% The reaction mixture was stirred at room temperature for 5 min
70% (+)-Lasubine Il and cooled to—20 °C before it was treated with Danishefsky’s
Ar=3.4-(MeO),CeHs Ref. 5b and 6d diene (30QuL, 1.50 mmol) and stirred at20°C for 12 h. TFA (1

mL) was added and the mixture was stirred at room temperature
for an additional 36-60 min. The reaction mixture was neutralized
with saturated aqueous NaHg@xtracted with CHCl,, dried over
MgSQ,, and filtered. After evaporation of the solvent, the residue
was purified by flash chromatography (EtOAc/hexane 4:1) to afford
1(302 mg, 71%, 94% ee, pale yellow solid). Mp: -524 °C (Et0).
[0]%% +29 (c 0.24, CHC}), >99% ee. HPLC: Daicel Chiralcel
99% OD, n-hexanei-PrOH 70:30, flow 0.8 mL/min, 290 nmSf-1 tg =

18.4 min, R)-1 tg = 30.0 min.*H NMR (300 MHz): ¢ 7.75 (dd,

1H,J = 8.3, 1.4 Hz, H-6), 7.58 (d, 2H] = 8.5 Hz, Ar), 7.22 (d,

2H,J = 8.5 Hz, Ar), 6.75-6.60 (m, 3H, Ar), 5.46 (d, 1H)=6.9

Hz, H-2), 5.40 (d, 2HJ = 8.3 Hz, H-5), 3.80 (s, 3H, C¥D), 3.76

SCHEME 5. Stereoselective Synthesis ofH)-Lasubine |

0
0

]
Jo ==t P
Ar Nl NaH, THF, it~ Ar U acetone, A

4 b 75% 8

Ar= 3,4-(MeO)zCeH3

rlj | BuzSnH/AIBN
——————
Ar U benzene, A AT
1

[
cl
0
H
N
1
9 69% 1

Experimental Section

+ Arb (s, 3H, CHO), 2.79 (dd, 1H,) = 16.6, 6.9 Hz, CH), 2.64 (d, 1H,
6% 110.8, 109.6, 108.1, 57.4, 55.8, 55.6, 41.6, 21.5. IRQH: v
L-selectride 2937, 1672, 1597, 1519, 1268, 1169, 1053. MSHEI 387 (M,
Ref. 5aand 5b | THF, -78 °C 57), 232 (M- — Ts, 36), 164 (100), 91 (45). HRMS (E) calcd
(4): To a suspension df (350 mg, 0.90 mmol) of 94% ee and
activated zinc dust (1.30 g, 20 mmol) in THF (5 mL) was added a
saturated aqueous solution of NH (5 mL). The mixture was
iodobutanc_e (N_aH, THF) provi_ded the requitiefunctionalized separated and concentrated under reduced pressure to4{R8
chloro-derivative8 in 75% yield (Scheme 5). However, all 4 9704 pale yellow solid). Recrystallization from acetone/pentane
attempts to carry out the radical cyclization of this substrate gayes with >99% ee (156 mg, 77%). Mp: 164.65°C (acetone/
leading to only traces of the quinolizidine derivative. To improve (9-4 tr = 13.6 min, R)-4 tr = 22.9 min.*H NMR (CD,Cl,, 300
the reactivity of the radical precursor, the iodo derivaiweas MHz): ¢ 7.25 (t, 1H,J = 7.0 Hz, Ar), 6.95-6.82 (m, 3H, Ar+
prepared in almost quantitative yield by reactiorBafith Nal H-6), 5.08 (s ancho, 1H, NH), 5.00 (d, 18i= 7.5 Hz, H-5), 4.66
yielded the quinolizidine keton&0,2° exclusively as the trans 12.02534.1%91.52 ;'429 551;23% Nl'\ﬁg écﬁ?é 71513/'(;"239‘2 159;48’55 9
isomer (69%), along with a minor amount of the noncyclized 250 IR (Kérj' V3994, 3046. 1611 1572 1538, 1514 1253 1134,
reduction producl 1 (16%). Finally, as previously report&P L ; ’ 4 ’ f ’ ' : ’
. . . R)-1-(tert-Butoxycarbonyl)-2,3-dihydro-2-(3,4-dimethoxyphe-
In conclusion, we have developed a concise, stereod|vergent,ny|()p)yrid(in_4( 1H)-gne (5):.?./3 a soluti)(;n oft ((100 mg, 0.43 )rlr?mol
and highly stereoselective synthesis af){asubines | and Il >~99% ee), BN (148 L, 1.07 mmol), and DMAP’ (5.0 mg) ir’]
from a common enantiopuié-tosyl 2,3-dihydropyridone. This ' ; '
asymmetric aza-DietsAlder protocol betwee-tosyl imines aqueous solution of NEI (5 mL) was added. The organic layer
and Danishefsky’s diene. was separated and the aqueous phase was extracted wi@i,CH
(10 mL). The combined organic phase was washed with brine, dried
The quinolizidine ketoneg and10 and lasubines | and Il have g afford 5 (141.7 mg, 99%, pale yellow solid). Mp: 993 °C.
been previously described in the literature. See the Supporting[¢]29, —143 € 0.30, CHC4). 'H NMR (200 MHz): ¢ 7.85 (d,
Information for experimental procedures and characterization data. 14, j = 8.3 Hz, H-6), 6.86-6.64 (m, 3H, Ar), 5.58 (d, 1H) =
W. Tetrahedron200%, 57, 7237-7262. 1H, J = 16.4 Hz, CH), 1.41 (s, 9H-Bu). 23C NMR (50 MHz):
(20) The enantiomer of ketonED has been previously described; see ’ - ’ _— ’ ' - )
refs 5a and 5b. 0 192.2, 151.3, 149.0, 148.5, 142.5, 131.3, 118.1, 110.9, 109.3,

0
|
b J = 16.6 Hz, CH), 2.38 (s, 3H, CH). 3C NMR (75 MHz): ¢
190.8, 149.0, 148.9, 144.9, 142.3, 135.7, 129.9, 129.4, 127.0, 118.9,
79% for CyoH21NOsS 387.1140, found 387.1131.
9H (R)-2,3-Dihydro-2-(3,4-dimethoxyphenyl)pyridin-4(LH)-one
%* (+)-Lasubine |
Ar N
stirred at room temperature for 24 h, diluted with a 1:1 AcOEY/
hexane mixture, and filtered through Celite. The organic layer was
under thermal (BsSnH, AIBN, benzene, reflux) or photochemi-  pentane). ]2, —110 (¢ 0.05, acetone); 99% ee. HPLC: Daicel
cal (BuSnH, Hg, 120 V, 400 nm, 35C) conditiond® failed, Chiralcel OD,n-hexane+PrOH 70:30, flow 0.8 mL/min, 310 nm,
in acetone. The treatment of the iodo derivagvender standard ~ (dd, 1H,J = 14.8, 4.8 Hz, H-2), 3.82 (s, 3H, GB), 3.80 (s, 3H,
radical cyclization conditions (BSnH, AIBN, benzene, reflux) ~ €HsO), 2.68 (dd, 1HJ = 16.2, 14.8 Hz, Ch), 2.43 (ddt, 1HJ =
. . . . MS (El+): 2 M, 94), 164 (100). HRMS (Et) calcd f
the stereoselective carbonyl reductionldf with L-selectride S (EM): 233 (M, 94), 164 (100) S (B) caled for
. . . Ci3H15NO3 233.1052, found 233.1054.
afforded @)-lasubine | in good yiel®t (Scheme 5).
! ! ' ! CH.Cl, (8 mL) was added (BogD (234.0 mg, 1.07 mmol). The
key intermediate was obtained by applying a novel Cu-catalyzed mixture was stirred at room temperature h and a saturated
over MgSQ, and filtered. After evaporation of the solvent, the
residue was purified by flash chromatography (AcOEt/hexane 1:4)
7.5 Hz, H-2), 5.26 (d, 1H) = 8.3 Hz, H-5), 3.70 (s, 3H, C}D),
(19) For a review on intramolecular 1,4-radical cyclizations, see: Zhang, 3.68 (s, 3H, CHO), 3.06 (dd, 1H,) = 16.4, 7.5 Hz, CH), 2.71 (d,
(21) [0]%% +6.2 (€ 0.34, MeOH); lit. -)-lasubine I f]?% —6.5 (¢ 2.60,
MeOH), see ref 5b;d]%% —7.0 (¢ 0.37, MeOH), see ref 5c.
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106.6, 83.5, 55.6, 55.0, 41.5, 27.8. IR (&H,): v 3057, 2983,
1724, 1668, 1605, 1518, 1266, 1151. MSf§l 333 (M', 31),



277 (28), 233 (35), 164 (45), 57 (100). HRMS {B)l calcd for
C1gH23NO5 333.1576, found 333.1576.
(2R,6R)-1-(tert-Butoxycarbonyl)-6-(4-chlorobutyl)-2-(3,4-
dimethoxyphenyl)piperidin-4-one (is-6): To a suspension of
CuBr-Me,S (296 mg, 1.44 mmol) in THF (5 mL), cooled to
—78°C, was adde a 1 Msolution of CI-(CH)s-Mgl in Et,O (2.9
mL, 2.88 mmol). The resulting mixture was stirred for 5 min at
—78 °C and BR-Et,0 (684 uL, 5.40 mmol) and a solution d&
(120 mg, 0.36 mmol) in THF (5 mL) were successively added.
The reaction was stirred at78 °C for 20 h and a saturated aqueous
solution of NH,CI (5 mL) and a 30% aqueous solution of bH

JOCNote

6H, 2CH0), 3.50-3.39 (m, 2H, CH)), 3.14-2.95 (m, 2H, CH),
2.78 (dd, 1HJ = 16.4, 6.9 Hz, Ch), 2.62 (dd, 1HJ = 16.4, 8.9
Hz, CH,), 1.78-1.53 (m, 4H, 2CH). 3C NMR (50 MHz): 6 190.3,
153.8, 149.3, 149.0, 131.0, 119.4, 111.2, 109.8, 98.3, 60.8, 55.8,
52.4,44.1,43.9,29.3, 25.8. IR (GEl,): v 2926, 1634, 1580, 1516,
1262. MS (FABt): 324 (M™ + H, 100), 154 (71). HRMS (FAB)
calcd for G7H23CINO; 324.1366, found 324.1364.
(R)-2,3-Dihydro-1-(4-iodobutyl)-2-(3,4-dimethoxyphenyl)py-
ridin-4(1H)-one (9): To a solution of8 (45.0 mg, 0.14 mmol) in
acetone (1.5 mL) was added Nal (209.3 mg, 1.40 mmol) and the
resulting solution was refluxed for 15 h. The reaction was cooled

(0.8 mL) were added. The organic layer was separated and theiy room temperature, the solvent was evaporated at reduced

aqueous phase was extracted with,CH (10 mL). The combined
organic phase was washed with brine, dried over MgSd
filtered. After evaporation of the solvent, the residue (90:16-cis

pressure, and a 1:1 mixture of,BYH,O (4 mL) was added. The
organic layer was separated and the aqueous phase was extracted
with CH,Cl, (10 mL). The combined organic phase was washed

trans mixture) was purified by flash chromatography (AcOEt/hexane ith brine, dried over MgSg filtered, and evaporated to affofd

1:4) to affordcis-6 (118 mg, 77%, colorless oil).a?% +64 (c
0.40, CHCY). *H NMR (300 MHz): 6 6.99-6.92 (m, 1H, Ar),
6.86 (dd, 1H,J = 8.3, 2.0 Hz, Ar), 6.76 (d, 1H] = 8.3 Hz, Ar),
5.90-5.70 (m, 1H, H-2), 4.764.50 (m, 1H, H-6), 3.85 (s, 3H,
CH30), 3.83 (s, 3H, CKD), 3.32 (t, 2H,J = 6.2 Hz, CH), 2.98
(dd, 1H,J = 15.8, 3.6 Hz, CH), 2.80 (dd, 1HJ = 16.2, 7.3 Hz,
CH,), 2.71 (dd, 1H,J = 15.4, 7.3 Hz, CH)), 2.30 (dd, 1H,J =
15.4, 2.8 Hz, Ch), 1.65-1.05 (m, 6H, 3CH), 1.50 (s, 9H{-Bu).
13C NMR (75 MHz): 6 207.9, 155.4, 148.7, 148.1, 135.4, 118.3,

110.7, 110.2, 80.6, 55.8, 55.6, 52.5, 44.6, 44.4, 43.4, 35.3, 31.8

28.2, 23.9. IR (CDG): v 2937, 1719, 1683, 1518, 1254. MS
(El+): 425 (M*, 11), 369 (84), 335 (52), 191 (82), 164 (53), 57
(100). HRMS (E#) calcd for G H3.CINOs 425.1969, found
425.1961.
(R)-1-(4-Chlorobutyl)-2,3-dihydro-2-(3,4-dimethoxyphenyl)-
pyridin-4(1H)-one (8): To a solution of4 (47.0 mg, 0.20 mmol)
in THF (10 mL) was added NaH 60% in mineral oil (22.0 mg,

(57.5 mg, 99%, pale yellow oail), which was used without further
purification in the next reaction stem % —90 (c 0.30, CHC}).

IH NMR (300 MHz): ¢ 7.11 (d, 1HJ = 7.7 Hz, H-6), 6.87-6.78

(m, 3H, Ar), 5.01 (d, 1H,J = 7.7 Hz, H-5), 4.43 (dd, 1H] = 9.1,

6.7 Hz, H-2), 3.85 (s, 6H, 2CiD), 3.18-2.98 (m, 4H, 2CH), 2.79

(dd, 1H,J = 16.4, 6.7 Hz, CH), 2.67 (dd, 1HJ = 16.4, 9.1 Hz,
CH,), 1.85-1.55 (m, 4H, 2CH). 3C NMR (50 MHz): 6 190.4,
153.8, 149.4, 149.0, 131.0, 119.5, 111.3, 109.8, 98.5, 61.0, 56.0,
55.9,52.1, 44.0, 30.1, 29.4. IR (GEl,): v 2925, 1620, 1570, 1516,

11262. MS (FABF): 416 (M* + H, 12), 306 (46), 154 (68), 55

(100). HRMS (FABt) calcd for G7/H,3INO3 416.0723, found
416.0739.
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