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Ahtact-A general method is described, which altows the overall enantioselective Ix-aikyiation of acyclic 
ketones in good overaft yields (44-86~, 4 steps) and enaatioselectjvities ranging routinely from > 94% 
ee up to virtually complete asymmetric induction (99.5% ee). The acyclic ketones are transformed to their 
corresponding “SAMP-hydrazones” (S)-2 by reaction with the enantiomerically pure hydrazine 
(S~~-~n~2-methox~ethyl-py~o~dine fSAMP, &Q-l], readily available from (Sj-proline. Mediation 
to form chiral azaenolates (S)-3 of &&&&unfiguratioa and then alkylation to product hydrazones 4, 
followed by hydrazone cleavage via acidic hydrolysis of methiodides 9 in a two phase system or ozonoiysis, 
Icads to a-substituted, enantiomerically enriched, acyclic ketones 5. In special cases, where a phenyl group 
is directly attached to the newly generated center of chirality (3s,o,p), only low enantiomeric excesses are 
observed. 17 Examples, including first applications in naturd product s~thesis (cf !5a,b,e, and h) are 
summarized. 

Carbon-carbon bond formations 2 to the CO group 
of aldehydes and ketones are among the most im- 
portant synthetic operations in organic chemistry. 
Most of the problems of this classical carbonyl 
chemistry, such as aldol type self condensation, di- 
and polyalkylation, control of regiochemistry, side 
reactions of products, and lack of reactivity, have 
been solved in the past two decades with lithio 
enotate type reagents. Especially metalated imines, 
oximes, and hydrazones (““azaenolates”) have been 
used extensively as reactive enolate equivalents in 
recent years.2 

Although it is evident from the general Scheme f 
demonstrating the “hydrazone method”3 that this 
strategy requires two additional steps to carry out the 

tTaken in part from the diploma work (1977) and the 
Ph.D. thesis of H.E., University of Giessen 1980; present 
address: Bayer AG, KA Forschung, 4Q47 Dortnagen, 
F.R.G. 

$Alexander von Humboldt fellow 1982-84. 

desired eiectro hific su~titutio~intr~u~tion @ 
and removal 4 of the control group-this more 6 
circuitous route has many advantages. Among the 
most important of these is the ability to introduce a 
“‘chiral information” via an enantiomericalfy pure 
hydrazine, thus enabling an enantioselective control 
of the C-C bond forming process. 

In view of the often different biological activity of 
enantiomers, the synthesis of pharmaceuticafs, pes- 
ticides, food additives, pheromones, etc of high en- 
antiomeric purity is of considerable significance and 
a challenge in synthetic chemistry. With this in mind 
and based on the above mentioned hydrazone meth- 
odology, our group has been able in the past seven 
years to develop an efficient, overaH enantioselective 
version of the ch3ssicai electrophilic substitution tc to 
the CO group of aldehydes and ketones? Utilizing 
(S)- or (~~l-a~n~2-methox~e~yl-p~oIi~ne 
fSAMP5 or RAMP) as the chiral auxiliary, this 
approach has turned out to be very successful and 
experimental details of a-afkylation of cyclic ketones 
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and aldthydest have already been publishedn5 In this 
communication we wish to report in full our results 
concerning a large number of a-alkylations of acyclic 
ketones. 

According to the general Scheme 1, acyclic ketones 
are transformed to their corresponding SAMP- 
hydrazones (9-2 by reaction with the en- 
antiomerically pure hydrazinc SAMP [(S)-11, easily 
prepared in four steps and cu 5oC/, overall yield from 
(Qproline. Metalation with lithium diisopropyl- 
amide in ether at 0” to form the chiral azaenolates 
(S)-3, followed by alkylation with various iodides 
and bromides at - I lo*, furuishes the product hy- 
drazones 4. Finally, hydrazone cleavage, either by 
acidic hydrolysis of the methiodides in a two phase 
system of 3N HClju-pentane or by ozonolysis in 
n-pentane at - 78”, leads to the a-substituted acyclic 
ketones 5 in good overall yields of 44-86x and 
enantiomeric excesses ranging routinely from > 94% 
up to 99.5% 6e. 

n n 

in a refrigerator. Characteristic spectroscopic features 
are the methoxy singlet at 3.2-3.4ppm (‘H-NMR), 
the IR-absorption band of the CNdouble bond at 
16OO-1645cm-‘, and a base peak at M+-CH$XZH, 
in the mass spectra (Experimental). In the case of 
unsymmetrical ketones, E/Z-mixtures of geometrical 
isomers are obtained. Some data are summarized in 
Table 1. 

In asymmetric electrophilic substitutions a to the 
CO group, the overall enantioselectivity and thus the 
enantiomeric excess of the final products 5 depends 
on three of the four steps of the procedure-the 
stereoselectivity of the deprotonation 0, the stereo- 
selectivity of the alkylation 0, and the mildness of 
the hydrazone cleavage @. In the deprotonation step 
@ four different anionic species, the J&J&, &Zm, 
Z&!&+ and Z$?& geometrical isomers can the- 
oretically be generated. Whereas in small to normal 
ring ketones the C,-C, geometry of the intermediate 
azaenolates of type (S)-3 must be E, in metalations of 

, 

i 

OCH, 

0 

i 

(I: J.,iN(i-Pr), Et,O, 0”; 6: R3X (X = Br, I), - 110”; 
c: I. WC. MCI, 60°, 2. 3N HCl, n-pentane; d: 4, 

n-pentane, - 78”. 

The SAMP-hydrazones (S)-2 are usually prepared 
in excellent yields by simply mixing the ketone and 
SAMP and stirring at 60” for a few hr. In the case of 
aromatic ketones (R’ = C,H,) with lower CO reac- 
tivity, longer reaction times are necessary and the 
reaction water has to be removed azeotropically by 
refluxing in benzene using a Dean-Stark trap. After 
purification by distillation or chromatography, the 
hydrazones (S)-2 are isolated as colorless to pale 
yellow oils, which can be safely stored under Argon 

tIn the meantime the reported asymmetric inducaions in 
the aldehydc alkylations of up to 86% a have been opti- 
mized using ether instead of THF as solvent during C-C 
bond formation and enantiomeric exasaea of > W”/o are 
now routinely reachad, see Ref.‘bJ 

conformationally much more flexible acyclic systems, 
C,-+E/Z mixtures might be formed and therefore, 
assuming a uniform mechanism, the maximum over- 
all enantioselectivity would be limited to this 
E/Z-ratio. Another problem would be the stereo- 
selective formation of one of the four possible anionic 
species which shows a low alkylation selectivity. 
Indeed, such problems exist in Meyers’ successful 
imine method (phenylalauinol methylether as chiral 
auxiliary), but could be solved very elegantly by 
thermally equilibrating the azaallyllithium inter- 
mediates in refluxing ‘IT-IF.* 

Fortunately, under the standard deprotonation 
conditions (LDA, THF or EbO, O”), lithiated 
SAMP-hydrazones (S)-3 are stereoselectively gener- 
ated as E&&-species exclusively. This has been 
confirmed by numerous trapping experiments,i*~s*7*‘o 
which reflect the C-N stereochemistry of the “au- 
ions” (the Z-product hydrazones are formed under 
mild work up conditions, cf ZSSQb, Fig. 1, aide 
iinfra), and NMR spectroscopic investigations,‘“*” 
allowing the assignment of the C,-C, geometry of the 
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Table 1. SAMP-hydrazones (59-2 prepared from ketones and (S>l 

CSI -2, R’ R2 Ia120 
f 

tc, C6H6) reaction yield (%I 

la Do (neat11 time [hl a crude b pure ' 

a7 C2H; 

b n-C3H, 

c n-C4H9 

d 
'sHS 

e - 'sHS 

f CH3 

9 C6H5C1i2 

h CsH5 

CH3 

'ZH5 

n-C3H7 

CH3 

CzH5 

'6'5 

'gH5 

'gH5 

+297O (1 .O) 

[+223Ol 

+243' (3.21 

[+203.5Ol 

+209O (2.6) 

[+175.3Ol 

+733O (1.3) 

[+710°1 

+640° (2.1) 

[+623'1 

+284.6* Il.981 

[+280.4Ol 

+146O (1.0) 

[+150°1 

+746.7* (0.61 

[+709Ol e 

20 95 

11 91 

12 90 

72 d 88 

144 d 100 

5 97 

6 95 

24 a 295 

87 

75 

76 

74 

87 

80 

88 

93 
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a. Ketone and (S)-1 are stirred at 60° . - - b. The crude products are 

usually pure by IR, NMR and TLC. c. After short path distillation over 

glasswool or column chromatography. d. In refluxing benzene and sepa- 

ration of the reaction water using a Dean-Stark trap. e. Corresponds 

to [al;'= +678O (c=l, C6H6f of a separate preparation. 

azaallyl anion moiety. For instance, in the case of 
aidehyde hydrazones the C-C, configuration can 
easily be determined by directly measuring the 
‘H NMR spectra of the metalation solution and 
inspection of the coupling constant of the formyt 
proton. lo The “C NMR spectra were measured in the 
same manner.” Since the interesting C& signals 
appear at low field and do not overlap with the strong 
solvent peaks, the use of “C-enriched starting mate- 
rials is not necessary. 12~13 For instance, the lithiated 
SAMP-hydrazone E&Z&S)-3a displays signals at 
158.3 ppm (C,), 70.0 ppm (“y), and 79.4 ppm (OCH,) 
(THF-metalation solution plus HMPA to dissolve 
the precipitate, - 30”). However, when (S)-2% is 
deprotonated in THF in the presence of 2.2 equiv- 
alents of HMPA, Z&E,-(S&3r is formed predom- 
inantly [2(-J&+ E&&(S)& = ca 3.5 : 11, showing 
signals at 163.6 ppm CC,), 72.3 ppm (C&, and 
79.4 ppm (OCH2). Thus, in principle it should also be 
possible to achieve opposite enantioselectivity in acy- 
clic ketone alkylations by simply modifying the de- 
protonation conditions, while employing a chiral 
auxiliary of the same configuration. This was demon- 
strated for the first time through a-alkylations of 
n-propanal.‘* 

Although the configuration of the lithiated SAMP- 
hydrazones (Q-3 can be determined by combinations 
and correlations of trapping experiments and NMR 
spectroscopic measurements as described, as well as 
the existence of an intramolecular chelation of Li by 
the OMe group indicated in the formula,” not very 
much is known about the N-N conformation and the 
molecular aggregation. Consequently, the specific 
position of the metal in these species is uncertain and 
thus, the drawing of (S)-3 in the specific N-N 
conformation shown and as a monomer is hypothet- 
ical. 

In addition to the virtually complete deprotonation 
selectivities, excellent diastereoselectivites are ob- 
served in the aikylation step. This is evident from the 
diastereomeric excess (de) of the product hydrazones 


























