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ABSTRACT
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The scope and limitations of the conjugate addition of 2- and the first 4-pyridyl Gilman homocuprates to various o B-unsaturated Michael
acceptors are delineated. The conjugate addition of the cuprate of 2-bromo-3-methylpyridine to ( E)-methyl crotonate then diastereoselective

enolate alkylation and lipase-mediated enantioselective ester hydrolysis have enabled an efficient four-step first asymmetric synthesis of the
Celastraceae sesquiterpenoid esterifying ligand ( —)-(1'S,2'S)-evoninic acid.

Crude extracts of the Celastraceae have been used in tradithe pyridyl diacid residue,~<)-(1'S2 S-evoninic acid 6s,
tional Chinese medicine for hundreds of years, notably Figure 1).5

for the treatment of cancetsAmong the secondary metabo-

lites isolated from these plant extracts, a large family _
polyesterified sesquiterpenoids based on the octahydroxy-
pB-dihydroagarofuran euonyminol) have attracted recent
interest due to their anti-HIV, antitumor, and immunosup-
pressive activities [e.g., hyponine B)? emarginatine F3),3

and ebenifoline E-114)].4® These natural products, and other Ho
evoninate-type Celastraceae sesquiterpenoids, contain a L _ i
macrodilactone bridge between C3 and C13 comprising ?0:50;,0

TImperial College. 1 euonyminol 5sR=Me
*(NIBR). 6s R = H (evoninic acid)
(1) Gonzalez, A. G.; Bazzocchi, I. L.; Mouijir, L.; Jimenez, |. 8tud. 2 RI=RP=RA=RS=Ac. RE=3-Fu hvoonin B. anti-HIV
Nat. Prod. Chem200Q 23, 649. ) ) _ SROERERTEAC, R=3-Fu YP"O’“"G » anti-
(2) Duan, H.; Takaishi, Y.; Imakura, Y.; Jia, Y.; Li, D.; Cosentino, L. NN
M.; Lee, K.-H.J. Nat. Prod.200Q 63, 357. 3R'=H, R?=R%=Ac, R®=Bz, R*= )‘\(l emarginatine F, anti-tumor
(3) Kuo, Y. H.; Chen, C. H.; Chen, C. F.; King, M. L.; Chen, H. Y; ,\Nneo
Chen, K.; Lee, K. HJ. Nat. Prod.1994 57, 263. 4 R'=R?=R*=Ac, R®=R%= Bz ebenifoline E-Il, immunosuppressive
(4) Duan, H.; Takaishi, Y.; Momota, H.; Ohmoto, Y.; Taki, T.; Jia, Y.; . . . . .
Li, D. J. Nat. Prod.2001 64, 582. Figure 1. Structures of euonyminol, some derived bioactive
(5) Spivey, A. C.; Weston, M.; Woodhead, Shem. Soc. Re 2002 Celastraceae sesquiterpenoids, and evoninic acid.
1, 43.
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As part of a program aimed at the total synthesis of to enones/enoates. In particular, tolerance of substitution at
bioactive sesquiterpenoids of the Celastraceme required C3 of the pyridine ring and at all positions on the alkene
an efficient synthesis of naturat-j-(1'S,2'S)-evoninic acid moiety of the Michael acceptor was of interest. Addition
(6s). Since the only literature synthesis provideg-evoninic reactions of 2-pyridyl cuprates, as pioneered by Nilsson, were
acid (s) in ~1.8% overall yield (six steps) from noncom- investigated first (Table 1).
mercially available 3-amino-pent-2-enoic acid ethyl ester and
requires preparative GC separation of dimethylevoninate_
from its anti diastereoisomer (dr 39:61,55/5a),2 we decided 3 - ) )
to explore a de novo route via conjugate addition of a |2Ple 1. Conjugate Addition of 2-Pyridyl Gilman

. o Homocuprates ta,3-Unsaturated Substrates
2-pyridyl metal derivative to an enoate (Scheme 1).
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Scheme 1. Envisaged Approach to the Synthesis of Evoninic — Cul, SBu,, — ELO, rt
Acid 6s. Retrosynthetic Analysis o EL,0, 0°C
COR COR # R RZ R R yield/%
. conjugate +\ 1 H (7a) Ph H CO:Et(8a) 80 (9a)
= = FG M 2 H (7a) Me H CO:Me(8b) 79 (9b)
\ N \_ N 3 H (7a) Me Me CO:;Me (8c) 69 (9c)’
5s evoninic acid / 4 Me (7b) Me H CO:Me(8b) 70 (9d)
5 Me (7b) Me Me CO;Me (8¢c) 10 (%e)°
We report herein the results of these studies in which the . AL Me: & COmB(An)
scope of not only 2- but also the first 4-pyridyl cuprate ~ © CH(OCHCH0)(7d) Me — H  COMe (8b)
conjugate additions to enones/enoates has been delineate( 8 CH,OMe(7e) ~ Me H  CO.Me (8b)
An expedient asymmetric synthesis ef)¢(1'S 2’ S)-evoninic 9 H (7a) Me H COMe(8d) 80 (f)
acid using this methodology is then described. 10 Me (7b) Me H COMe (8d) 85 (9g)
Conjugate addition of aryls to unsaturated carbonyl-con- 44 Me (7b) Me H CN(8e)  81(9h)
taining compounds is generally achieved using Rh-catalyzed
aryl boronates/stannanes (and related speties)catalyzed ® Cf. Nilsson, 829% (ref 13)°dr = 20:80, syrfanti (9cs'9ca). dr = 23:

. . o . 2 77, synanti (9es/9ea). The @)-isomer, methyl angelate, gave €r63:37
aryl zinc/Grignard reagent§,or stoichiometric aryl lithium (9es/9en) in 14% vyield.

cuprates?! Given the prevalence of pyridyl rings in phar-
macologically interesting structures, we were surprised to

find no reports of either Rh- or Cu-catalyzed pyridine addi-  ysing the 3-unsubstituted 2-pyridyl cuprate derived from
tions and very few reports of the use of pylrzldyl cuprates »_promopyridine 7a), conjugate addition proceeded smoothly
(none of which involved 4-pyridyl cuprate§)!? Of note, with (E)-ethyl cinnamate§a— 9a, 80% yield, Table 1, entry

hov_ve_ver, were t_hree report_s by Nilgson in the 1980s de- 1), (E)-methyl crotonate§b — 9b, 79% yield, Table 1, entry
scribing the conjugate addition of Gilman homo- and het- 2), methyl tiglate 8c — 9¢, 69% yield, Table 1, entry 3),

erocuprates of 2-bromppyridine t&)1-phenyl-1-buten-3- and E)-3-penten-2-onedd — 9f, 80% yield, Table 1, entry
one, €)-5-phenyl-2,2-dimethyl-4-penten-3-one, agl-¢thyl 9). By contrast, of the four 2-pyridyl cuprates containing

. . s .
cinnamate in good yields.** We therefore decided to it ents at C3 that were investigated (i.e., derived from
explore the scope of 2- and also 4-pyridyl cuprate additions 2-bromopyridinegb—e), only the one with a 3-methyl group

(i.e., derived from 2-bromo-3-methylpyridin&p) partici-

(6) (a) Pailer, M.; Libiseller, RMonatsh. Cheml962 93, 403. (b) Pailer,

M.; Libiseller, R. Monatsh. Chem1962 93, 511. pated in conjugate addition reactions successfully (Table 1,
Chggf‘i'nvfyé(féo%i‘zvg";’e";ad' S.J.; Weston, M.; Andrews, Brigew. entries 4, 5, 10, and 11). Thus, reactions of this cuprate with
(8) Pailer, M.; Pfleger, KMonatsh. Chem1976 107, 965. (E)-methyl crotonate§b, Table 1, entry 4), methyl tiglate
(9) Hayashi, T.; Yamasaki, KChem. Re. 2003 103 2829. (8c, Table 1, entry 5), methyl angelate (Table 1, entry 5,

(10) (a) ArZn: Péma, D.; Lopez, F.; Harutyunyan, S. R.; Minnaard, A.

J.; Feringa, B. LChem. Commur2004 1836 and references therein. (b) footnote C)' E)-3-penten-2-on68(e Table 1, entry 10)' and
ArMgX: Ldpez, F.; Harutyunyan, S. R.; Minnaard, A. J.; Feringa, B1.L.  (E)-crotononitrile Be Table 1, entry 10) gave yields of 70%,
Am. Chem. So004 126, 12784 and references therein. 0 0 0 ) ; ;

(11) (a) Woodward, SChem. Soc. Re 2000 29,393. (b) Taylor, R. J. 10 /o., 14%, 85%, .and 819%, r.espectlvely. The low vyields
K.; Casy, G.Organocopper Reagents: A Practical Approadbxford obtained when using methyl tiglate and angelate probably
University Press: Oxford, U.K., 1994. (c) Kozlowski, J. A. Gompre- reflect the high steric demand of these substrates. The failure
hensve Organic SynthesisTrost, B. M., Fleming, I., Eds.; Pergamon . . .
Press: Oxford, 1991; Vol. 4, p 169. of the reactions using 3-vinyl7¢), 3-CH(OCHCHO)- (7d),

(12) (a) Corey, E. J.; Pyne, S. G.; Schafer, ATetrahedron Lett. and 3-methoxymethyl-7€) substituted 2-bromopyridine-
1983 24, 3291. (b) Caprio, V.; Mann, JI. Chem. Soc., Perkin Trans. 1

1998 3151. (c) Sachez-Sancho, F.; HerraooB. Heterocycle2003 60, derived CUP_r‘?‘tesv despite eXt_er‘Sive attempted optimiz_ation
18£(113é)’vI mbera. He Nil MTetrahedron1o82 38, 1509 of the conditions of the reactions, probably reflects either
almperg, H.; Nilsson, etrahedron 3 . H . A .
(14) Malmberg. H.. Nilsson. MJ. Organomet. Chemi983 243 241. coordlngtlve stgblllizatlon of these cuprates by the appendages
(15) Lindstedt, E-L.; Nilsson, MActa Chem. Scand.986 B40Q, 466. or, again, steric hindrance.
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4-Pyridyl cuprates required slightly more dilute conditions, ||| | N NG

and in the case of the unsubstituted 4-pyridyl cuprate reagent,r e 3. Methylation of Este9d

freshly prepared 4-iodopyridine7f) proved a superior COMe CO,Me
precursor to 4-bromopyridine. We were delighted to find that ~ *4 = =\
these reagents added smoothly to various Michael acceptor: it —
(Table 2). W
oad syn (9es) anti (9ea)
i conditions syn:anti  yield/%
Table 2. Conjugate Addition of 4-Pyridyl Gilman 1 LDA, Mel, THF, -40 — 25°C, 1h 40:60 98
Homocuprates tao,5-Unsaturated Substrates 2 LDA, Mel, THF, -78 °C, 24 h 33:67 98
4
o RY RIK 3 LDA, Mel, Tol, -40 — 25 °C, 1 h 57:43 97
S .
R X meeo [/ _ow] TG R e 4  KHMDS, Mel, Tol, 40 »25°C, 1h  87:13 96
I O N | ke 5  KHMDS, Mel, Tol, -78 °C, 24 h 96:4 98
N= Cul, SBuy, N= ELO, it '\ /
7f-h Et0,0°C 9i-0
1 2 3 4 . 0,

# R X R R R y'eld/_/" (Table 3, entry 1). Lowering the temperature (Table 3, entry
1 H@H | Me H  CO:Me(8b) 78 (9i) 2) and changing the solvent to toluene (Table 3, entry 3)
2 H (7f) | Me Me  COMe (8d) 86 (9j) had no appreciable effect on the selectivity. However, using
3 H@H | Me H CN (8e) 90 (9Kk) KHMDS in toluene rather than LDA strongly favored the
4 Me(Tg) Br Me H  CO.Me(8b) 65 (9l) 1|‘ormati0n of the c[igsirgdyngdiastereoisomer particuladrl)é gt

ow temperature [de= 87:13 at room temperature an 4
5 Me(7 Br Me H COMe (8d) 82 (9m .
(79) (8d) (9m) at —78 °C] (Table 3, entries 4 and 5J.
6 Me(7g) Br Me H CN(8e)  69(9m) Following screening of a panel of hydrolytic enzyniés,
7 Br'(th) H Me H  COMe(8d) 79 (90) we found that lipase frorRseudomonas fluorescenas able
a 3-Bromopyridine. to effect a highly efficient enantioselective hydrolysis of

ester ()-9es in a pH 7 phosphate buffer at 3. This
procedure afforded acid+)-10s (46% yield, dr 97:3>95%
Thus, the 4-iodopyridine-derived7f) cuprate added €€}° by simple extraction from the crude reaction mixture

smoothly to E)-methyl crotonategb— 9i, 78% yield, Table ~ after 48 h. Oxidation of acid~)-10s using KMnQ, gave
2, entry 1), E)-3-penten-2-one8d — 9j, 86% yield, Table ~ (7)-évoninic acidés in 98% yield [four steps, 31% overall
2, entry 2), andE)-crotononitrile 8e— 9k, 90% vield, Table y|elq from. 2—bromo-3-.methylpyr|d|ne?@]. The absolute
2, entry 3). The 4-bromo-3-methylpyridine-derived cuprate configuration was assigned by conversion t9{(1'S2'S-
added with only slightly diminished facility to these sub- dimethylevoninateSs, [a]*% —41.1 € 0.14 in CHCY); cf.
strates (65%, 82%, and 69% respectively, Table 2, entries!it:° [0]*% —42) using TMSCHN (85% yield, Scheme 2).
4—6). The addition of the cuprate derived from 3-bromopy-

ridine (7h) to (E)-3-penten-2-onegd) was also successful || GGG

(86% yield, Table 2, entry 7), although we did not explore scheme 2. Conversion of Este®d into (~)-Evoninic Acid 6s)

any substituted analogues or other substrates in this series. and ()-Dimethylevoninate s)

With the conjugate addition method established, we COMe  Lipase
returned to the synthesis of evoninic acid. Given the "\ Pb ﬁ';’%’f,ffﬁi’:s
intolerance of the conjugate addition process to groups other \_ —_—
than methyl at C3 of 2-pyridyl cuprates and the poor yields § N [46%]
obtained with methyl tiglate and angelate, it was clear that (z)-es ()10 (-y-evoninic acid (6s)
our synthesis of evoninic acid would need to be based on %4l [dro7:3) TMSCHN | sy

e

the conjugate addition of the pyridyl cuprate derived from
2-bromo-3-methylpyridine 7b) to (E)-methyl crotonate
(Table 1, entry 4). Completion of the synthesis from pyridyl MeO,C
esterdd required diastereoselective methylation at,@2ter
hydrolysis, and selective benzylic oxidation of the pyridyl
methyl group to the corresponding carboxylic acid. (-(1'S, 2'S)-dimethylevoninate (5s)

A number of conditions were assayed for the methylation
of ester9d at C2 (Table 3).

Methylation using LDA/Mel in THF from—40°C to room The absolute configuration of this derivative has been
temperatur® afforded ester§es and9ea as an inseparable ~ €stablished by chemical correlation t6)¢2,3-dimethylsuc-

mixture of diastereoisomers [gr 40:60,synanti (9es/9ea)] cinic anhydridé and also by anomalous dispersion single-
crystal X-ray structure determination of bromoacetylneo-
(16) Frater, G.; Muller, U.; Gunther, Wletrahedron1984 40, 1269. evonine?®
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In summary, the scope of the conjugate addition of to (E)-methyl crotonate8b) as a key step in a concise first
2-pyridyl Gilman homocuprates to enones/enoates, first asymmetric synthesis of the Celastraceae sesquiterpenoid
developed by Nilsson, has been further explored with respectconstituent {)-(1'S 2 S)-evoninic acid 6s). Given the syn-
to tolerance of substitution at C3 of the pyridine ring and thetic/medicinal importance of pyridine-containing com-
with respect to substituents on the alkene moiety of the pounds and the paucity of pyridine conjugate addition
Michael acceptor. Additionally, the first conjugate addition reactions previously described, it is hoped that this meth-
reactions of 4-pyridyl Gilman homocuprates to enones/ odology will find wide use in synthesis. Work is ongoing to
enoates have been described. The utility of the methodologyapply the methodology to the synthesis of other 2- and
has been underscored by employing the conjugate addition4-substituted pyridyl diaciddound in macrodilactone Celas-
of the cuprate derived from 2-bromo-3-methylpyridiné) traceae sesquiterpenoids.

(17) The significant variation of the diastereoselectivity of this alkylation ; ;
reaction as a function of the enolate counterion and solvent is noteworthy. Acknowledgment. We are grateful for financial support

Few similarly dependent alkylations and protonations have been reported: Of this work by the EPSRC and Global Discovery Chemistry,

(a) Stork, G.; Boeckman, R. KI. Am. Chem. Sod973 95, 2016. (b) i i i i -
Fleming F. F.. Shook. B. GJ. Org. Chem2002 67, 2885, (¢) Hu, Y - Novartis Institutes for Biomedical Research (NIBR), Hor

Bishop, R. L.; Luxenburger, A.; Dong, S.; Paquette, LO¥g. Lett.2006 sham, U.K.
8, 2735.
(18) The following hydrolyses were screened: pig liver esterase (PLE), . . . . .
immobilized PLE, lipas®. cepacialipaseP. fluorescensCandida antactica Supporting Information _Avgﬂable. Experimental pro-
lipase B (Novozym-435), and-chymotrypsin. cedures and full characterization for compouBe4 0. This

(19) As determined by conversion to itR){o-methylbenzylamide ol ; :
derivative using Mukiyama’s coupling reagent and comparison ofHts material is available free of charge via the Internet at

NMR spectrum with that of a 1:1 mixture of diastereoisomers obtained http:/pubs.acs.org.
likewise from acid £)-10s(see Supporting Information).
(20) Sasaki, K.; Hirata, YJ. Chem. Soc., Perkin Trans.1®72 1268. OLO070011Y
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