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Asymmetric Synthesis ofa,a-Dibranched Amines by Table 1. Condensations of Ketones with Sulfinamitle
the Trimethylaluminum-Mediated 1,2-Addition of
Organolithiums to tert-Butanesulfinyl Ketimines !

Q A
ﬁ/S‘NH;o)\R2 - Ars‘N)‘R2 "
2

Derek A. Cogan and Jonathan A. Ellman*

Department of Chemistry ketimine2 R RE yield (%) €:2)°
University of California 2a Me i-Pr 84 one isomer
Berkeley, California 94720 2b Me Ph 87 one isomer
2c Bu i-Pr 66 one isomer
; 2d Bu Ph 77 one isomer
Receied September 9, 1998 % Ve i BU a8 o1
2f Me Bu 77 5:1

Asymmetric induction in the synthesis of chiral quaternary
centers has been a formidable challenge in synthetic chemistry. 2Reactions were run with 2.0 equiv of Ti(OEth THF at 60-75
In fact, only recently have practical and elegant routes to certain °C. ” Ratios were determined By NMR recorded in CDGl
classes of quaternary centers been develéptalvever, despite
the prevalence of the amine functionality in natural products, 1; Rt = H).® To preparen,a-dibranched amines, the analogous
synthetic pharmaceuticals, catalysts, and materials, no directcondensation ol with ketones to providé-sulfinyl ketimines
method has yet been reported for the asymmetric synthesis ofwould clearly be desirable. Unfortunately, attempted condensation
the large class of nitrogen-substituted quaternary centere,dhe of acetophenone and methyl isopropyl ketone vitamploying
dibranched amines. To this end, the 1,2-addition of nucleophiles Mg(SQ,) was not successful. By exploring a number of different
to ketimines has great potential as a general and direct appg¥dach. dehydrating agents and catalysts, Cu(S&as found to be a more
Unfortunately, competitivax-deprotonation has prohibited the effective agent for the direct condensation of aldehydes With
general use of aryl or alkyl carbaniof$Thus, the asymmetric ~ but still did not effect the ketone condensations. Titanium(lV)
synthesis ofx,a-dibranched amines has been limited to allylation salts have been successfully employed in the condensations of
of ketimine€ and additions tax-pyridyl-substituted ketimines. ~ ketones with aminés and uread? Therefore, a number of
Herein, we report the first direct method for the asymmetric inexpensive Ti(IV) reagents, including Ti(GPr), Ti(OEt),, and
synthesis of a broad range ofo-dibranched amines by the  various TiCh(O-i-Pr), derivatives were investigated, with Ti-
unprecedented 1,2-addition of organolithium reagents to ketimines. (OEt)s most efficiently providing\-sulfinyl ketimines2aand2b
Specifically, we report the highly diastereoselective 1,2-addition (84% and 87% yield) upon heating in THF (eq 1). Significantly,
of organolithium reagents tdN-tert-butanesulfinyl ketimines,  only the E isomer was detected 4 and**C NMR in CDC.
which are prepared in high yield in one step from the corre- A number of ketones with varying steric and electronic demand

sponding ketones. about the carbonyl were submitted to these same conditions to
Although a variety of amines have been prepared by the nvestigate generality (Table 1). Although ketones with more
diastereoselective addition of nucleophiles Nesulfinyl aldi- substantial steric demand required longer reaction times and

slightly higher temperatures, all ketones submitted to these
conditions condensed in good yields. The ratideof isomers,
as determined byH NMR in CDCl,;, were excellent when R
and R were dissimilarly branched2é—d). Considering the
modest steric difference between methyl and butyl substituents,
theE:Z ratio of 5 observed for sulfinyl ketimin2f is remarkable.
Sulfinyl ketimine2e, with g-substitution as the remote source of
steric demand, favored tHe isomer to an even greater degree.
The 1,2-addition of organometallic reagents Nosulfinyl
ketimines 2 was next explored for the preparation afa-
dibranched amines. Firsi-sulfinyl ketimine 2a was added to
phenylmagnesium bromide under the conditions that we had
previously developed for 1,2-additions Msulfinyl aldimines

mines® far fewer transformations dfl-sulfinyl ketimines have
been reported.This is likely due to the unavailability of most
N-sulfinyl ketimine derivatives, which have traditionally been
synthesized by the reaction of chiral sulfinate esters with imine
anions prepared in situ by the 1,2-addition of organometallics to
nitriles 38 This approach is limited by the small number of readily
available, nonenolizable nitriles.

We recently reported the practical two-step preparation of
enantiomerically puretert-butanesulfinamide 1) in 71—75%
overall yield fromtert-butyl disulfide. We also described the Mg-
(SOy)-mediated condensation tfwith aldehydes (eq 1 in Table
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Table 2. 1,2-Additions of Organolithiums td-Sulfinyl Ketimines '|' Rg O Rsg
2 L Sy = §. <R
S R Ar N R
§ j\‘ RLi, MegAl § /EHS © //{l_,R
ﬁ/S‘N RZ2 T toluere ﬁ/S\H R2 @ L
Figure 1. Model consistent with observed stereoselection for the-Me
2af 3a-c Al-mediated 1,2-addition of RLi t@.
product
MeAl (confige  yield state with the bulkytert-butyl group preferring the equatorial
entry 2 R3 (equiv) - (%) dr position (Figure 1). This model is supported by two pieces of
1 2a __ Ph 0 R-3a 65 946 experimental data. First, the treatment of sulfinyl ketin2agvith
2 2a  Ph 11 R-3a 93 97:3 a mixture of MgAl and PhLi in toluene did not afford any 1,2-
3 2b  Bu 0 (9-3b 26 99:F addition product, even at room temperature after 12 h. This
4 2b  Bu 1.1 ©-3b 86 98:2 indicates that the imine addition does not proceed via an alkyl
5 2f  Ph 0 R-3b 67 63:37 transfer from an aluminate intermediate, but likely occurs from
? %L ,\PAZ 1111 g;gg gﬁant nggli the organolithium species toza—MesAl complex. Second, the
8 22 Bu 11 6-3¢ gl 997 use o_f co_ordinating etherea_l solven_ts resulted i_n dra_\matic_; re(_juc-
9 2c  Me 0 R)-3c¢ 54 82:18 tions in yields and drs, consistent with both Lewis acid activation
10 2c Me 1.1 R)-3c 82 91:g of the imine as well as organolithium coordination.
aRefers to the configuration at the new stereoceritBiastereose- The surprising selectivity for the 1,2-addition of PhLi to sulfinyl

lection determined by HPLC analysis @a °Diastereoselection  ketimine 2f provides further insights into the mechanism. The

determined by chiral HPLC analysis of benzamide derivative formed parriers forE:Z isomerization for arenesulfinyl imines have been

after sulfinyl cleavage: Diastereoselection determined by HPLC  jotarmined to be between 13 and 17 kcal/Mofhus, due to

analysis of R)-MTPA derivatives formed after sulfinyl cleavage. id i izati |—of | f

e Absolute configuration tentatively assigned on the basis of consistent FaPId  Isomerization, M complexes may prefer one

diastereofacial selectivity for entries-8. isomeric conformation to an extent more in line with the observed
diastereoselection (9:1) than the parent sulfinyl ketimine (5:1).

meric ratio (dr) (Table 2, entry 3). Again, the balance of the mass However,'H NMR experiments performed in toluew®indicate

was isolated as unconsumbigsulfinyl ketimine 2b. that theE:Z ratio is unaffected by the presence of eat both

To enhance the product yield, the effect of Lewis acids, +23 and—78°C. The only observable change in the spectra upon
including Al(O-i-Pr), trialkylaluminums, BE—E$,O, and EiZn, addition of MeAl is a slight broadening of the-protons of2f.
was investigated. Trialkylaluminums, such asz¥leand i-Bus- The selectivity most likely arises from a difference in reaction
Al, had the most dramatic effect on the 1,2-additions. Thus, the rates between the two M&l—2 isomers that are in rapid
slow addition of a toluene solution of M&l and N-sulfinyl equilibrium under the reaction conditions.

ketimines2 to organolithiums consistently afforded 1,2-addition ) .
products in higher yields, and typically with higher drs than the I summary, the first general method for the asymmetric
same 1,2-additions performed in the absence ofAVéTable synthes!§ of chiral acyclla,a-dlbranch_ed amines is reported. The
2). One of the most striking results was the diastereocontrol 1,2-addition substrategert-butanesulfinyl ketimine2, are pre-
achieved for the Mg\l-mediated 1,2-addition of butyllithiumto ~ Pared by the first direct condensation of a sulfinamide with
ketimine 2f (R = Me, R2 = Bu). Despite the similar steric size  ketones, providing straightforward access to a wide variety of
of the methyl and butyl substituents, the product was isolated in sulfinyl ketimines. In the presence of I, tert-butanesulfinyl
a 9:1 ratio of Rs,9-3b to (Rs,R)-3b, which exceeds the substrates ketimines react with organolithiums to provitkrt-butanesulfi-
initial E:Z ratio of 5. namides3, in high yields and with drs-9:1, and as high as 99:
Brief treatment of sulfinamide3with methanolic HCI provided 1. Moreover, by the addition of MAl, the diastereoselection can
the amine hydrochlorided, which were isolated as the corre- exceed thde:Z ratio of the sulfinyl ketimine substrate. Removal
sponding benzamides in high overall yields (eq 3). Although  of the sulfinyl group is achieved with stoichiometric HCI at room
temperature in less than 5 min, to afford the desired-

Q 5‘R2 F;‘Rz 0 l?‘Rg dibranched amines. As will be reported in due coursest-
ﬁ/S‘NKRS HCI CIHSNKRSE—?%"%J\NKRS butanesulfinyl ketimines are useful synthetic intermediates not
H MeOH 8 H (3) only for the addition of organolithiums to provideo-dibranched
3a,R}=Me R2=Ph RO =iPr 4 5 a: 80% amines, but also for the synthesis of other hindered amines by
b, R =Me, RS =Bu, R’ =Ph b: quant. - >
¢ R'=Me, R2 = Bu. R? = i-Pr c: 69% the 1,2-addition of other nucleophiles.
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consistently to the same face (entries7t vide infra). This
provides for a reliable method for predicting the stereochemical
outcome of these 1,2-additions, and allows for the tentative
assignment of sulfinamidgc, for which straightforward chemical
correlation was not possible.

The source of diastereocontrol is not yet rigorously understood,
but the product stereochemistry can be predicted by a sulfinyl- JA983217Q
directed alkyl transfer model via a cyclic six-membered transition

Supporting Information Available: Experimental details for all
procedures, as well as stereochemical assignments (9 pages, print/PDF).
See any current masthead page for ordering information and Web access
instructions.

(13) As described in the Supporting Informatig is converted to the (14) (a) Davis, F. A.; Friedman, A. J.; Kluger, E. W. Am. Chem. Soc.
benzamide, an@b is converted to the methyl ester bFbenzoyla-meth- 1974 96, 5000-5001. (b) Davis, F. A.; Kluger, E. WJ. Am. Chem. Soc.
ylvaline. 1976 98, 302-303.



