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Catalytic Asymmetric Synthesis of Table 1. Optimization of Catalytic Asymmetric Oxidation of
tert-Butanesulfinamide.  Application to the tert-Buty| Disulfide (Eq 1}
Asymmetric Synthesis of Amines ligand
entry R Rz Rs conversion (%)  ee (%}
Guangcheng Liu, Derek A. Cogan, and Jonathan A. Ellman* 1 t-Bu t-Bu t-Bu 94 82
2 t-Bu NO; t-Bu 18 45
Department of Chemistry, Usersity of California 431 E['EU SMe :'EU gg ;g
Forni -Bu -Bu
Berkeley, California 94720 5 H H Bu 50 46
. 6 OMe H t-Bu 17 >10
Receied June 18, 1997 7 NO,  Br -Bu 15 ~10
Greater than 75% of drugs and drug candidates incorporate g Eéu Eéu TE:J i:é Zg
amine functionality: Nonetheless, the asymmetric synthesis of 1 t-Bu  t-Bu Bn 69 53
amines? excludingo-amino acids, is much less developed than 11 t-Bu t-Bu Ph 47 25
the asymmetric synthesis of other common functional groups. 12 t-Bu t-Bu t-Bu 98 oF

p-Toluenesulfinamide and thelcorresponding sulfinimines ha\{e aAll reactions were performed at room temperature and unless
become. the foc.u.s .Of Increasing att'entlon' for the a§ymmetrlc otherwise noted in CpCl, with 2% VO(acac) and 3% ligand.
synthesis of aziridinesq- and f-amino acids, and, in very b conversions determined by GC analysis with tridecane as an internal
limited studies,a-branched amine®* Davis, who pioneered  standard® Enantioselectivity determined by chiral HPLC analysis.
efforts on the study gb-toluenesulfinimines, demonstrated that © Reaction performed in CHgWith 1% VO(acac) and 1.1% ligand.

the sulfinyl group serves as an ideal auxiliary because it activates
the imine for nucleophilic addition, provides diastereofacial
selectivity, and is easy to remove simply by treatment with mild
acid. In our own efforts to developl-acylsulfinamides for
diastereoselective enolate alkylation chemi8twe foundtert- H
butanesulfinamide to be superior petoluenesulfinamide due

to the lower molecular weight, enhanced diastereofacial selec-
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tivity,® and enhanced nucleophilicity of the amine functionality. s /k R, OH < /k 0
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and sulfoxide products, respectively. The most expedient

Unfortunately, expedient methods have not been reported for
the preparation of optically putert-butanesulfinamidé. Herein
we report a highly practical two-step procedure to prepare large
quantities of optically puréert-butanesulfinamide with the key
step being the catalytic asymmetric oxidation teft-butyl
disulfide, which serves as an extremely inexpensive starting
material (<2 cents/g). We further describe the utility tfrt-
butanesulfinamide for the general and expedient asymmetric
synthesis ofx-branched amines.

We envisaged thaert-butanesulfinamide could be derived
from atert-butyl tert-butanethiosulfinate intermediatg €q 1).
The chemistry of scalemic thiosulfinates has not been explored
extensively, but limited precedent did indicate that addition of
metal amide5and carbanidhnucleophiles to enantioenriched
thiosulfinates occurs stereospecifically to provide sulfinamide

1

VO(acac),, H,O,, 1t

method for the preparation of the thiosulfinate would be catalytic
asymmetric oxidation dafert-butyl disulfide, although previous
oxidative approaches toward optically pure thiosulfinates have
resulted in disappointing selectiviti#ésWe considered a number
of different oxidation catalysts but were most attracted to a
recent report by Bolm on the asymmetric oxidation of thio-
ethers'® The vanadium catalysts employed are highly catalytic
(as little as 0.01% catalyst) and are compatible with the
inexpensive stoichiometric oxidant hydrogen peroxide. The
only detraction was the generally modest reported enantiose-
lectivities (53-70% for thioethers and 85% ee for 2-phenyl-

1,3-dithiane).
(1) MDL Drug Data Report, MDL Information Systems, Inc., San We first explored a number of different ligands at 2% catalyst
Leandro, CA. . loading using the general reaction conditions reported by Bolm,
(2) For reviews, see: (a) Johansson,Gontemp. Org. Syntri99s 2, room temperature with C}€l, as the solvent. Data for selected

393-407. (b) Enders, D.; Reinhold, Oetrahedron: AsymmetrdQ97, 8, . . . . e
1895-1946. For leading reports, see: (c) Uematsu, N.; Fujii, A.; Hashiguchi, ligands are provided in Table 1. Steric effects at the 5-position
S.; Ikariya, T.; Noyori, RJ. Am. Chem. S0d.996 118 4916-4917. (d) of the aryl ring are not important, but electronic effects play a

\(/:ﬁredrﬁgg%rélééal_?qg\eé% 4‘5-6\7"&% Reding, M. T.; Buchwald, S.JLAm. critical role in both catalyst turnover and selectivity (entriestl
(3) For a recent comprehensive compilation of research in this area, 1 able 1). Both electronic and steric factors were found to be

see: Davis, F. A.; Reddy, R. E.; Szewczyk, J. M.; Reddy, G. V.; Portonovo, important for substituents at the 3-position of the aryl ring

P. S, 2hang, H., Fanell, D Reddy, R. T.; Zhou, P Carroll, R. Drg. (entries 5-8). Finally, steric effects play an important role at
(4) Annunziata, R.; Cinquini, M. Cozzi, B. Chem. Soc, Perkin Trans. 13 with the tert-butyl group providing significantly higher

11982 339-343. ) _ _ selectivity than other substituents. On the basis of these studies,
(5) Backes, B. A.; Ellman, J. A. 213th American Chemical Society the optimal ligand is prepared by condensation of 3,fedi-

National Meeting, San Francisco, CA, April 1997; ORGN 066. : : : :
(6) tert-Butanesulfinimines have also been observed to provide enhanced butylsalicylaldehyde withtert-leucinol, both of which are

diastereoselectivity relative ftoluenesulfinimines in aziridine synthesis. ~commercially available (entries 1 and 12, Table 1).

Euano, Jf ;'ggé; 565%’?25!11 fatalina, M. P.; Cruz, A. Aletrahedron: Solvent was also found to have a dramatic effect upon catalyst
symmetr , — . L . . 1 .
(7) Mikolajczyk, M.; Drabowicz, JJ. Chem. Soc., Chem. Commu:876 selectivity. In particular, while 1,2-dichloroethane provides
220-221. comparable selectivities to GBI, (82% ee), CHJ provides

(8) Sagramora, L.; Koch, P.; Garbesi, A.; FavaJAChem. Soc., Chem.  much higher enantioselectivity (91% ee). The reaction did not
Commun.1967, 985-986. proceed in CGldue to the poor solubility of the catalyst. Other

(9) (a) Davis, F. A.; Jenkins, R. H.; Awad, S. B.; Stringer, O. D.; Watson, . . S .
W. H.; Galloy, J.J. Am. Chem. S0d982 104, 5412-5418. (b) Nemecek, solvents including acetonitrile, toluene, nitromethaag;butyl

C.; Dufach, E.; Kagan, H. BNew J. Chem1986 10, 761-764. alcohol, and THF resulted in much poorer selectivities. Em-

Hpie0) Bolm, C.; Bienewald, FAngew. Chem., Int. Ed. Englo9s 34, ploying the optimized conditions, the reaction has been per-
(11) Thetert-butanesulfinamide has been stored over 6 months at room formed reproducibly on half mole scale at 1.5 M concentrations

temperature without decomposition or loss of optical purity. with 1% catalyst to provide a 9898% yield of pure product in
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91% ee, after bulb-to-bulb distillation. We have increased the Table 2. Asymmetric Synthesis afi-Branched Amines (Eq 8)
reaction concentratiorot2 M and have decreased the catalyst

loading to 0.5% with little loss in conversion or enantioselec- - sulfinamided - ammeS_ -
tivity and suspect that further reductions in catalyst loading are &MY R Re yield (%) dr (%) yield (%) configuration
possible. 1 Et Me 96 93.07 97 S
Addition of lithium amide in ammonia to thiosulfinate 2 Et i-Pr 97 92:08 92 R
providestert-butanesulfinamid@ (eq 2). This transformation 3 Bt Ph 100 96:04 90 R
has been performed on half mole scale, and a single crystal- g’ ::E: ,I\E/Ite 1%3 387;% gg (88) g
lization provides optically purtert-butanesulfinamid@ in 75% 6 i-Pr Ph 08 8911 o1 (78) R
overall yield fromtert-butyl disulfide!! It is important that 7 Ph Me 96 97:03 88 S
8 Ph Et 98 92:08 94 S
9 , 9 9 Ph i-Pr 29 97:03 S
S\SJV __LiNH, SN @) - -
ﬁ/ NH;, THF, -78 °C Q( NH; a All reactions were performed with GBI, as solvent and the
1 2 magnesium bromide derivative 8 M in EtO. ° Yields are determined

by mass balance of analytically pure materfdDiastereoselectivity (dr

. . . . . = diastereomer ratio) is determined by preparation of the Mosher
ammonia be used as solvent in the lithium amide addition step, amides from the crude amine product after treatment of the sulfinamide

since the poor solubility of lithium amide in other solvents 4 yith HCI in MeOH. 9 Yield of optically pure material after a single
results in extensive racemization. Carbanion nucleophiles alsocrystallization.

add to thiosulfinatd in high yields and stereospecifically, with
inversion, as demonstrated by the addition of methyl Grignar
(91% yield). Becaustert-butyl tert-butanethiosulfinate can be
crystallized to optical puritytert-butyl disulfide oxidation and
Grignard addition also provide an extremely practical two-step
preparation ofert-butyl sulfoxides, which have advantages over o Qo R R
the commonly useg-tolyl sulfoxides for some applicatioris. ﬁ/s‘w/)\a RzMgBr ﬁ/S‘NJ\R Hel
1 H 1
3

d proceeds from the same face with high diastereoselectivity as
determined by GC analysis of the Mosher amides, which are
prepared upon removal of thert-butanesulfinyl group (vide
infra). The addition reactions are exceptionally clean, often

X ) o —_— NTR, (4)
The straightforward preparation tdrt-butanesulfinimines8 MeoH 9 !

(eq 3) fromtert-butanesulfinamide is central to the preparation
of chiral amines. Direct condensationteft-butanesulfinamide providing analytically pure material after extractive workup, and

with aldehydes in the presence of Mg§S@rovides tert- proceed in near quantitative yields with the exception of the
butanesulfinimine8 in high yield. No racemization is observed  54dition of isopropyl Grignard to the sulfinimine of benzalde-

hyde. Only for this reaction does reduction compete with

CH,C
2Ch 5

o o
T H

$ MgSO.,, CH,Cl, L Grignard addition (entry 9, Table 2). The highest diastereose-
ﬁ/ NH, + R, CHO —M ————— ﬁ/ N" "R, ®) lectivities are observed when GEl, is used as the solvent.
2 3aR. - Ph 91% Final isolation of the amine is extremely straightforward and
3b Ry = iPr, 90% proceeds in high yield by treatment of the sulfinamide with HCI
3c,R, = Et 96%

in methanol, followed by precipitation of the amine hydrochlo-

: : ) i ._ride with ether. As demonstrated for entries 5 and 6 (Table 2),
in the condensation step as determined by chiral HPLC af‘alys's-recrystallization readily provides the optically pure amine
In contrast tatert-butanesulfinamidey-toluenesulfinamide is a hydrochlorides.

poorer nucleophile and does not cleanly condense with alde- ~ A highly practical and efficient two-step synthesis of optically
hydes? The sulfinimines are instead prepared by addition of retert-butanesulfinamide in 75% overall yield is described.
lithium bis(trimethylsily)amide to optically pure-toluene-  The key step is asymmetric catalytic oxidation teft-butyl
sulfinate esters followed by treatment with CsF and aldehyde, gjsyifide to providetert-butyl tert-butanethiosulfinate. The
or by reaction of the-toluenesuilfinate esters with imine anions - gjrect preparation ofert-butanesulfinimines is also described,
prepared by DIBAL reduction of the corresponding nitrile  5nq 5 general and expedient synthesis of scalerticanched
followed by addition of methyllithium. Both routes proceed in — amines from these intermediates is demonstrated. Further
modest yields, particularly for the preparation of sulfinimines gppiications otert-butanesulfiniminesert-butanesulfinamide,
from aliphatic aldehydes, and require the separation of the chiral gnq thetert-butyl tert-butanethiosulfinate intermediate are under
alcohol byproduct. investigation.

The utility of tert-butanesulfinimines was demonstrated by
the preparation oéi-branched amines (eq 4, Table 2}3 In Acknowledgment. This research was supported by the NSF. G.L.
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contributions by Bradley J. Backes and Kyungjin Kim are also gratefully
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