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ABSTRACT

The activation of a-hydroxy enones by the Zn(OTf) ,/'BuBOX catalyst enables the enantioselective conjugate addition of 1-methyleneamino-
pyrrolidine as a neutral d ! synthon. Experimental evidence supports a stereochemical model where a triflate ligand controls the geometry of
the catalyst —substrate complex by means of a OH —OTf hydrogen bond. The synthesis of ~ f-cyano acids illustrates the potential of the methodology.

The conjugate addition of carbon nucleophiles dgs- and cyanide equivalenfdUsing reagents derived frons)-
unsaturated carbonyl compounds is one of the most funda-1-amino-2-(methoxymethyl) pyrrolidine (SAMP) or related
mental C—C bond forming processes in organic synthesis. auxiliaries, spontaneous or Lewis acid mediated diastereo-
In particular, the addition of a formyl anion equivalent has selective additions to a variety of Michael acceptand

a singular synthetic value due to the versatility of the carbonyl compoundswvere developed (Scheme 1).
expected products (1,4-dicarbonyl compounds). Some years As a major predictable difficulty, formaldehyde hydrazones
ago, we reported on the enhanced aza-enamine character of exhibit a high tendency to form strong complexes with
formaldehydéhydrazoned and their utility as formyl anion
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I rcagent was required, and the yields were lower. Several

Scheme 1. Aza-enamine Reactivity of Formaldehyde metal triflates with PhBOX as the ligafidrere initially used
N,N-Dialkylhydrazones as the catalysts in the addition reactionl@f to 2—4. Fast,
R R R R - Io) clean, and high-yielding reactions to adduéts7 were
OMe C%OMG OMe H)LEH observed by using Mg(OT{) but racemic products were
C{L BN N;N7 . CNXL ~ observed in all cases. With Cu(OZfee’s up to 30% were
J'}I\ A JNL . N N o obtained from alkylidene malonat@sbut an equimolecular
H™ H H 5 H™ EH S~EH amount of the catalysts was necessary for consumption of
the starting material. On the other hand, excellent reactivity
R2 R o Q was observed using Zn(OTfpased catalysts for all sub-
E= g0z A A sirx L R%H strates. However, addition products from alkylidene mal-
: © R™ O X onates2 were racemic, and those derived from alkylidene
X = OR, NHBoc ,
' glyoxylates3 showed low ee’s and were rather unstable.
MLn MeQ o (FAN=0, oS Finally, the addition oflA to a-hydroxy enoneda (R =
j{ /:C Mgl Li Mgl O\b PhCHCH,) at rt in EO afforded adducta in 90% yield
R™H RMeO o y o 5 and a noticeable 21% ee as a first encouraging result. Further
ML, = ZnCl, or AIEt,Cl X=R,CHy Y=R,OR n=12 improvement (95% yield, 64% ee at rt) was achieved by
n=12 usingtBuBOX as the ligand and toluene as the solvent. The

Zn counteranion proved to be essential for the rate and
) ) ) . enantioselectivity of the reaction: the results collected with
most Lewis damds, often leading to decomposition or X = Cl, Br, |, BF,, and SbE (slow reactions and low ee’s)

. . . Y4(: . . . . 1 1 1 il i X
dlr'nerlzatlon? It was en\{lsaged that the introduction of a were in sharp contrast with those observed with Zn(@Tf)
suitable achiral template in the substrate would be helpful Under the optimized conditiongA was added to a variety

to avoid deactivation of the Lewis acid, providing also a more of aliphatica-hydroxy enoneda—g (Table 1). The reactions
rigid substrate-catalyst complex. Thus, alkylidene malonates showed in all cases an abnormal dependence of the enantio-

i 5 _ 6 L. ) L.
2, alkylidene glyo_xylates, ando-hydroxy enoned® were selectivity with the temperature: the selectivities observed
tested as potential enoate surrogates (Scheme 2). Severaé{t rt were improved by cooling to-5L0 °C, but the ee’s

dropped at lower temperaturgé¥he results summarized in
_ Table 1 indicate a uniform behavior for the synthesis of
Scheme 2. Optimization of the Addition ofl to Enoate adductsra—g, obtained in good yields and ee’s. On the other

Surrogate—4* hand, aromatic substrates (R = Ar) showed very low
reactivities under these conditions.

Adducts? are versatile 1,4-dicarbonyl intermediates that
can be transformed into several bifunctional compounds by

racemization-free cleavage of the hydraZ8med/or release

(4) (a) Trifluoromethyl ketones: Fernandez, R.; Martin-Zamora, E.;
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aldehydes: Fernandez, R.; Martin-Zamora, E.; Pareja, C.; Alcarazo, M.;
Martin, J.; Lassaletta, J. Meynlett2001, 1158—1160. (d) Imines: Dixon,
D. J.; Tillman, A. L.Synlett2005, 2635—2638. Rueping, M.; Sugiono, E.;
Theissmann, T.; Kuenkel, A.; Kockritz, A.; Pews-Davtyan, A.; Nemati, N.;
Beller, M. Org. Lett.2007,9, 1065—1068.
(5) (a) Evans, D. A.; Olhava, E. J.; Johnson, J. S.; Janey, Arlgew.
Chem., Int. EA1998,37, 3372—3375. (b) Jensen, K. B.; Thorhauge, J.;
Hazell, R. G.; Jorgensen, K. AAngew. Chem., Int. EQ®2001,40, 160—
163.
(6) (a) Palomo, C.; Oiarbide, M.; Garcia, J. M.; Gonzélez, A.; Arceo, E.
J. Am. Chem. So003, 125, 13942—13943. (b) Palomo, C.; Oiarbide,
aThe best choices are marked in red. M.; Halder, R.; Kelso, M.; Gbmez-Bengoa, E.; Garcl. M. J. Am. Chem.
Soc.2004,126, 9188-9189. (c) Palomo, C.; Oiarbide, M.; Kardak, B. G.;
Garcia, J. M.; Linden, AJ. Am. Chem. So@005,127, 4154—4155. (d)
Palomo, C.; Oiarbide, M.; Arceo, E.; Garcia, J. M.; Lépez, R.; Gonzélez,
screenings were performed to identify the best structure of A.; Linden, A. Angew. Chem., Int. EQ005,44, 6187—-6190. (e) Lee, S.;
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provides the best results considering combined reactivity andnucleophilicity to the aza-enamine system. See refs 3 and 4. .
(8) For a recent review on bisoxazoline ligands, see: Desimoni, G.; Faita,

selectivity. ReagentslB, 1C, or 1D based in acyclic G jorgensen, K. AChem. Rev2006,106, 3561—3651.

dialkylamino groups afforded lower ee’s, and longer reaction " (?) tFOL adsimng%ro ;agg agngdénag)ései;, seée: ?ibi, M. P.t;hGor_ikunti, U.; Liu,
. . . . T . . letrahedro y y - ana rererences tnerein.
times were required for completion. Only piperidine-contain- (10) Enders, D.. Wortmann, L.. Peters, Rcc. Chem. Re2000, 33,

ing reagentlE gave similar ee’s; however, 2 equiv of the 157-169.
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s observed in the nucleophilic additions to substrates

Table 1. Nucleophilic Addition of1A to a-Hydroxy Enones activated bY Cu(ll)-based cataly_%tis .the same .as that
observed with Zn(OTHt-BuBOX, in spite of the different

4a—
’ coordination geometries expected [square-planar for Cu(ll);
D o] 10 mol % Zn(OTH), N,D tetragonal, trigonal pyramidal, or octahedral for Zn(ll)]. On
N . HOWR 11 mol % L W the other hand, the intriguing effect by the counteranion in
HJ\H Toluene HO | H the selectivity suggests that at least one of the triflate ligands
1A 4 . 7 remains coordinated to Zn in the active catatystibstrate
oﬁ/’((o complex. To confirm this hypothesis, we unsuccessfully tried
L= 3/‘\1 l\}\) to crystallize a4/Zn(OTf)/t-BuBOX complex for X-ray
BU “Bu analysis. Nevertheless, the diaguo complex {BYBOX)-
(H,O),TfO]*TfO~ 11was crystallized instead, and its struc-
4 R 7 T t(CC) yield(%)® er® conf ture was determined by X-ray diffractometry (Figure®1).
4a CH,CH,Ph 7a 41 5 78 86:14  (S)
4b i-Bu 7 26 10 95 90:10  (S)
4c Cy 7c 72 10 73 91:9 (R
4d n-CsHpy 7d 27 10 85 92:8  (S)
4e Me 7e 17 5 93 83:17  (S) Y
4f tBu 7f 168 5 50 91:9 (R =
4g i-Pr 7 27 10 75 91:9 (B
¢ % | o o \.
Isolated yield after column chromatograptiyDetermined by HPLC 05 f3— aos

on chiral stationary phases. ' [ o7

—, ;
of the 2-hydroxy-2-propyl groupFor instance, the oxidative = . \2;1 / LI &
cleavage of the hydrazone by magnesium monoperoxy- T~
phtalate (MMPP}! readily afforded nitriles8 (Scheme 3). o ?
04w § |
L
s P
Scheme 3. Synthesis of3-Cyano Acids9
Figure 1. ORTEP drawing of the cation [Z&Bu-BOX)(H,O).-
7ad g MPP8H0 HOMCN HslOs. E,0, 0°C TfO]* of complex11. Most H atoms and the TfOcounteranion
MeOH, 0 °C 0 R 89-99% are omitted for clarity. Selected bond distances (A) and angles
75-95% 8a-dg (deg): OH—OTf 1.874; Zn—0O(5) 2.358; O(5)—S 1.450; O(6)—S
1.426; O(7)—S 1.441; O(4W)—Zn—N(2)—C(10) 41.9.
HO\ﬂ/\l/CN R=iBu HO NH,
O R ref. 12a m This structure served as a template to predict the geometry
9a-d,g of the catalyst substrate complex. Accordingly, a distorted
10: Pregabalin trigonal bipyramidal geometry is envisaged by replacing the

two water molecules o011 with the hydroxy enond, with
its orientation fixed by a stabilizing OHOTf hydrogen bond.
Further oxidation by periodic acid led to cyano acils The low dihedral O(4WY-Zn—N(2)—C(10) angle of 41.9°
good overall yields. These compounds are direct precursorsplaces thae face of4 in a zone occupied by a bulkyBu
of y-amino butyric acids (GABAs), which are relevant group, leaving the less-hinderesi face available for the
bioactive compounds. In particular, the formal synthesis of
pregabalin10,? an anticonvulsant drug used for treatment _
of neuropathic paif? is accomplished fron®b according
to a known procedur&?

The absolute§) configuration of7b was determined by
chemical correlation of nitril®b.1229The absolute configu-
rations of other adducwere assigned by analogy assuming
a uniform reaction pathway. The sense of the selectivity

(11) Fernandez, R.; Gasch, C.; Lassaletta, J. M.; Llera, J. M.; Vazquez,
J. Tetrahedron Lett1993,34, 141—-144.

(12) Previous catalytic synthesis: (a) Sammis, G. M.; Jacobsen, E. N.
J. Am. Chem. So003,125, 4442—4443. (b) Hoge, G. Am. Chem. Soc.
2003,125, 10219—10227. (c) Hoge, G.; Wu, H. P.; Kissel, W. S.; Pflum, . .
D. A.: Greene, D. J.: Bao, J. Am. Chem. So2004,126, 5966—5967. (d) Figure 2. Stereochemical model for the catalyst—substrate com-
Mita, T.; Sasaki, K.; Kanai, M.; Shibasaki, M. Am. Chem. SoQ005, plex.
127, 514-515.
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attack of the nucleophile (Figure 2). This situation resembles spectives of reageniisas neutral formyl anions and cyanide
the model proposed for Cu(ll) complefeand justifies the equivalents in the field of asymmetric catalysis.

essential role played by the triflate counteranion.
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