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The asymmetric construction of two nonadjacent stereocenters

a, R=PHN
in an acyclic molecule is typically accomplished via a multistep b,R =Bn
process during which the two stereocenters are generated in separate 3’ E - 20

stepst A fundamentally more efficient strategy is to create both
stereocenters from readily available achiral starting materials in one )
step via an asymmetric tandem reaction mediated by an external QD-1 Q-1
chiral reagent. Although notable progress has been made in theFigure 1. C6-OH cinchona alkaloid derivatives.
development of such asymmetric tandem reactions employing a - )
stoichiometric amount of chiral reagents, the implementation of this ilckh;gzg 1Cat;;gzgsggn'}/luog;da?(lefzrdzjr:teiol\r:lso dified Cinchona
powerful strategy with efficient catalytic control remains a formi-

-
2
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dable challengéln particular, we are interested in the development . catayst 1)1‘/\(%3
of catalytic asymmetric tandem conjugate additi@notonation R1J\( 2 e R el
employing trisubstituted carbon donors amdubstituted Michael R X RH
acceptors, in view of the presence of 1,3-tertiaguaternary QD-1 pmtona“on QD-1
stereocenters in numerous natural products and the lack of direct

and versatile methods for the enantioselective constructions of such

structural motifs® To attain synthetically useful enantioselectivity @

and diastereoselectivity for such an asymmetric tandem reaction, nucleophilic U M H

the chiral catalyst is required to exercise efficient stereocontrol of addition

both the C-C bond-forming nucleophilic addition and the following )
protonation. To our knowledge, this challenge has not yet been /B A/)
met with success$.In this Communication, we report the first

realization of an efficient catalytic asymmetric tandem conjugate
addition—protonation for the generation of 1,3-stereocenters and
its application in the development of a conceptually new and concise
asymmetric synthesis of the bromopyrrole alkaleig-fnanzacidin quaternary stereocenters. Catalyst screening studies owity+
A. anoketone3aand2 were performed in toluene at room temperature
We recently developed the readily accessible and tungble 6 (Table 1). The reaction catalyzed by Q-afforded the best
OH cinchona alkaloidd. (Figure 1) as highly efficient catalysts  enantioselectivity as well as diastereoselectivity and, at 10 mol %
for enantioselective conjugate additions of various carbon donors catalyst loading, afforded the desired proddatin 75% ee and
to nitroalkenesg,S-unsaturated sulfones, and enohé&mn the basis 3.1:1 dr (Table 1, entry 8). When the reaction was carried out with
of the transition-state model'{) derived from our mechanistic 20 mol % of QD4a and the reaction concentration was decreased
studies’®® we envisaged thaf, in addition to facilitating the from 1.0 to 0.1 M, the ee and dr were improved to 91% and 7:1,
enantioselective €C bond-forming nucleophilic addition of a  respectively (entry 10). In addition to its synthetic significance, the
trisubstituted carbon donor to ansubstituted Michael acceptor,  dramatically higher diastereoselectivity afforded by Q&¢han that
might also be able to effect the subsequent protonation of the afforded by DABCO and other cinchona alkaloids also has
transient enol intermediate in a stereoselective manner, as showrimportant mechanistic implications, as it excludes the possibility
in Scheme 1. Consequently-©H cinchona alkaloid4 could, in that the stereoselective protonation is due to substrate control by
principle, serve as a dual-function chiral catalyst for the asymmetric the quaternary stereocenter formed in the nuclephilic addition
tandem conjugate additierprotonation reaction to create the instead of due to catalyst control by Q2
tertiary and quaternary stereocenters in an enantioselective and Following these promising results, we examined the scope of
diastereoselective manner. the la-catalyzed tandem conjugate additigorotonation. As sum-
Following these considerations, we began to investigateHb marized in Table 2, the catalyst tolerates alterations of the cyclic
cinchona alkaloidsl as catalysts for the asymmetric tandem donor in terms of ring size as well as the electronic and steric
conjugate additiorrprotonation with trisubstituted carbon donors properties of the substituents attached to the nucleophilic carbon.
and 2-chloroacrylonitrile2). This asymmetric tandem reaction is  Thus, reactions of various cyclie-cyanoketones3a—d and
particularly attractive to us as the synthetic versatility of the chloride, (-ketoesters3e—h with 2 proceeded in 7295% yield to afford
in combination with a substantial scope of the trisubstituted carbon the corresponding adducta—h containing the 1,3-tertiary
donors, could allow this reaction to provide a highly versatile quaternary stereocenters inn25:1 dr, and the major diastereomers
catalytic approach for the asymmetric creation of 1,3-tertiary  were produced in 9199% ee.

AT=B and X=COR, COOR, CN, N02
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Table 1. Optimization of Reaction Conditions Using Model Table 3. Asymmetric Conjugate Addition—Protonation with Acyclic
Substrates? Michael Donors?
7 Gl catalyst (10 mol%) 7 N J;( x . ;l catalyst (20 mo%) CN ¢l
§CN * /\CN toluene, 1t Ma NC I CN  foluene, rt TA/\R\/'\CN
3a 2 _ 4a 3i-k 2 4ik
toluene time  conv. p €e®of major . b d .
entry catalyst (mL) (hr) (%) ar: isomer (%) entry Michael donor catalyst t(lhmr? zl:zl)d xr.e :;zn(z:a:q(?z;r
1 DABCO 0.05 20 85 1.2:1 0 on
2  (DHQD),PHAL  0.05 20 82 0.9:1 13 1 Ph)H(OE‘ 3  QDA1a 9 99 21 79
3 (DHQD),AQN  0.05 20 36 0.8:1 23 e
4 (DHQD),PYR  0.05 20 95 0.8:1 33 CN
5 DHQD-PHN 0.05 20 74 1.2:1 13 2 Ph)\IfOEt 3i QD-1d 96¢ 85 4:1 88
6 QD-1¢c 0.05 20 90 1.6:1 16 o)
7 QD-1b 0.05 20 95 2.3:1 57 CN
8 QD-1a 0.05 20 93 3.1:1 75 3 /\?0 3 QD1d 9 71 101 939
9 QD-1a 0.50 60 71 5.0:1 90 SMe
10 QD-1a“ 0.50 60 99 7.0:1 91 CN
4 o~ A0 3k ap1d 9% goh  7:1 89
SMe
aUnless noted, reactions were carried out with 0.05 mmad3af0.2
mmol of 2 in toluene with 10 mol % of catalysts at room temperature, see
Supporting Information for the structure of cataly$t®etermined byH aUnless noted, reactions were carried out with 0.1 mm@, 68 mmol
NMR analysis.c Determined by GC analysi§ Reaction was run with 20 of 2 in 1.0 mL of toluene with 20 mol % catalyst at room temperature.
mol % of catalyst. b |solated yield c Determined byH NMR analysis of crude reaction mixture.
d Determined by HPLC or GC analysis; see Supporting Information for
Table 2. Conjugate Addition-Protonation with Cyclic Michael details.e0.5 mL of toluene was usedConversion instead of yield was
Donors Catalyzed by QD-1a and Q-1a (in parentheses)? listed. 9 Absolute configuration was confirmed through the stereoselective
(0] (0] CN formal total synthesis of«{)-manzacidin A as described belotPure
~ EWG Cl  QD-1a(Q-1a) ~ -, diastereomer was obtained.
IS + /J\ 0, . Cl
P 'n CN toluene,rt ;. ! ) EWG . . .
X~ Sy Ny X~ Sy >yAn model studies wittfBa and 2 revealed that the readily tunable C9
3a-h 2 4a-h substituent of catalystd had a significant impact on both the
enantioselectivity and diastereoselectivity for the asymmetric
. catalyst o yieigd ee%f major : : :
entry  Michael donor loading ) yo arl I tandem reaction (Table 1, entries-8). This prompted us to
(mol%) (%) isomer (%)

improve the efficiency of catalysts for the tandem asymmetric
conjugate additiofrprotonation with acyclic donors by modifica-
20 60(%6) 93(89) T:A(5:1) 91(85) tions of the C9 substituent. Subsequently, we found that@H6
cinchona alkaloid bearing a C9-carboxylate substitu6QD-1d)
afforded significantly improved enantioselectivity and diastereo-
selectivity over those afforded by QDa (Table 3, entry 2 vs 1).
Significantly, reactions of a range of acyclic donors watin the

3c 20  72(96°) 87(92) 11:1(8:1) 91(87) presence of QOd occurred in 4-10:1 dr and generated the major
diastereomer in 8893% ee (Table 3, entries—2).

In light of the unique capacity of this asymmetric tandem reaction
in generating stereocomplexity, we began to develop new and
concise asymmetric total synthesis of biologically interesting natural
20  48(48) 71(74) 9:1(8:1) 94(93) products containing 1,3-tertiaryquaternary centers. Due to the
limited supply of manzacidin A1(3) from natural sources, this
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3d 10 24(72) 88(92) 25:1(25:1) 95(94)
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0 g,';su bromopyrrole alkaloid became an attractive target for our total
6 ©i>—§ 3 10 24(48) 94(91) 17:A(17:1) 98(98) synthesis studiesWhile two highly stereoselective syntheses of
0° the closely related manzacidin C in 10 steps were reported by Du
7 %0'3“39 10 24(24) 81(82) 20:1(13:1) 99(98) Bois®and Lanter and co-worke?f&respectively, the development
cl o © of a concise route to manzacidin A with satisfactory stereocontrol
O'Bu proved to be more difficult. Although Ohfune and co-workers
8 @%og—ﬂo 3h 20 489489 75(78) 20:1(17:1) 98(97) reported the first highly stereoselective synthesis of manzacidin A
(13), it was implemented with chiral anxiliary and substrate control
aUnless noted, reactions were carried out with 0.1 mm@, &4 mmol in 22 stepst Thus, the development of a highly stereoselective

of 21in 1.0 mL of toluene with QDta at room temperature. The results in

parentheses were obtained withl@-to give opposite enantiomer. See route that is not only short in reachirig but also suitable for the

Supporting Information for detail$.Isolated yield.c Determined by!H preparations of analogues b8 remains a desirable yet challenging
NMR analysis of the crude reaction mixtp@etermined by chi_ral HPLC goal.
or GC analysis¢ 0.8 mmol of2 was used instead Absolute configuration We envisaged that the tetrahydropyrimidine core bearing the 1,3-

were determined by X-ray analysis. See Supporting Information for details.

90.25 mL of toluene was used. tertiary—quaternary stereocenters could be constructed via ste-

reospecific transformations of intermedidte which is accessible
However, catalyst QO-awas found to be ineffective for acyclic  directly in excellent yield via the highly diastereoselective and
trisubstituted carbon donors. The reactioragbhenylo-cyanoac- enantioselective tandem conjugate additipnotonation catalyzed
etate3i to 2 catalyzed by QDta occurred in low dr (2:1) and by QD-1d (Table 3, entry 3§. Substitution of the chloride with
moderate enantioselectivity (Table 3, entry 1). Importantly, our azide, followed by selective alcoholysis of the sterically less
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Scheme 2. Asymmetric Formal Synthesis of (—)-Manzacidin A2

Note Added after ASAP Publication. After this paper was

20% QDAd CN cl s CN N published ASAP on March 3, 2006, nhames were corrected in refs
(] - _a, . .
3. toluens MeSOCMCN MeSOCMR ;/ld, 4;,1in(;o](.;g The corrected version was published ASAP on
t, 8 days 4j, 99% yield (R=CN,5 arcn 14, :
93% ee, 10:1 d.r. R = C(O)OMe, 6 Supporting Information Available: Experimental procedures and
CN N o NH2R characterization of the products; X-ray analysis data (CIF)}fng.
o ROMOR —€» TBDPSO OTBDPS This material is available free of charge via the Internet at http://
H H pubs.acs.org.
q(R=H7 f(R=Ns,9
R=TBDPS, 8 ‘R =NHBoc, 10 References
Br.
4 steps - (1) For selected recent examples, see: (a) Vanderwal, C. D.; Jacobsen, E. N.
IRl > % HN™ N J. Am. Chem. S0c2004 126 14724-14725. (b) Matsubara, R.;
OR - N/YONCOOH Nakamura, Y.; Kobayashi, $3ngew. Chem., Int. EQR004 43, 3258~
H ref. 3b H H 3260. (c) Tan, Z.; Negishi, EAngew. Chem., Int. E®004 43, 2911
R = TBDPS. 11 0 2914. (d) Yamagiwa, N.; Matsunaga, S.; ShibasakiJMAm. Chem. Soc
hAR=H 12 Manzacidin A, 13 2003 125 16178-16179. (e) Minter, A. R.; Fuller, A. A.; Mapp, A. K.

aReagents and conditions: (a) NaNDMSO, rt, 56%, 10:1 dr. (b)
TMSCI, MeOH, 0°C, 95%, 10:1 dr. (c) NaBk Hg(OAc), EtOH, 0°C,

83%, 9:1 dr. (d) TBDPSCI, imidazole, DMF, rt, 91%, 10:1, dr. (e)
[PtH(PMeOH)(PMeO);H], EtOH, H,0, 80°C, 97%, 93% ee, 10:1 dr. (f)

Pd/C, BogO, EtOH, H, rt, 68%, 91% ee, nd, dr. (g) Pb(OA¢)BUOH,

reflux, 83%, 11:1 dr. (h) TBAF, THF, rt, 70%, 92% ee, single diastereomer. (2
TBDPS = tert-butylchlorodiphenylsilane.

hindered nitrile group, convertedj to 6 without compromising

the stereochemical integrity of the tertiary stereocelt8oth the
thioester and ester groups Gwere then reduced with sodium
borohydride!! Following protection of the resulting diol, the
hydration of the sterically highly hindered nitrile group 8nwas
performed by Parkins’ procedure to provide am@il excellent (€]
yield*2 A one-pot transformation of the azide i into the
corresponding Boc-protected amine furnished andi@ié® which
readily underwent Hofmann rearrangement under the conditions
reported by Burgess to directly fordil in 83% yield1* After the
removal of the TBDPS group, didl2 was isolated in 70% yield

as a pure diastereomer in 92% ee. As di@ was previously
converted to manzacidin ALg) in four steps by Ohfun@, this
nine-step synthesis df2 from 2 constitutes a formal asymmetric
total synthesis of manzacidin AL®) in 13 steps (Scheme 2).
Importantly, the ability of catalyst QD4 to tolerate the structural
change of thex-substituent of ther-cyanothioester should enable
preparations of analogues of manzacidin 18)(by this route.

In summary, we have developed an unprecedented catalytic
tandem asymmetric conjugate additigorotonation reaction with
C6'-cinchona alkaloidsl as dual-function chiral catalysts. This
reaction establishes a new and versatile catalytic approach for the
one-step construction of 1,3-tertiarguaternary stereocenters. The
synthetic value of this approach in the context of total synthesis of
natural products is illustrated in the development of a concise and
highly stereoselective route to-f-manzacidin A. Mechanistic
studies are underway to verify our hypothesis (Scheme 1) of a
network of hydrogen bonds between the reacting substrates and E?g
C6-OH cinchona alkaloidsl as the factor responsible for the
stereoselective generation of both stereocenters through this tandem )
asymmetric reaction. Notably, the absolute stereoconfigurations of
productsb, 4g, and4j, derived respectively from the corresponding
cyclic donors 8b, 3g) and acyclic donorgj), are consistent with
our mechanistic proposals. Future studies in our laboratories will ({g))
also be directed to define the scope and expand the synthetic utility
of this reaction.
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