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Table II. Regio- and Stereoselective Dimerization Reaction
of Various Allylic Halides Using Barium Metal

R X Ba® R 1 R 1
1‘4\; po— MR + \f\/\%kv
6 R>R) 7, a-0' (EE") 8, ax-a' (EZ")

R R_R R_R'
+ RIMR' + RW + R'\/\)v
R9, o-a' (ZZ') RlO, a-y' (E) l:l, (I-Y" @)
ratio of
allylic yields ratio isomers 7-11¢

entry halide 8 % (adfay) 7T 8 9 10 11

1 "oty LGl 86 955 95 0 0 5 0O

2 "CoHys A~ BT 68 928 92 0 0 8 O

3 "C7H15/=\/C1 88 51:49 0 0 51 0 49

4 "C7H,5’=\-’Br 50 77:23 0 0 77 0 23

5 Wm 70 919 8 2 0 9 0

6 Msr 47 973 9% 1 0 3 0

Cl

7 W 44 92:8 0 2 9% 0 8

B e~ 68 946 94 0 0 6 O

9 e~~~ 6 937 2 1 0 7 0

¢Isolated yield. ®Determined by GC analysis.

Table II summarizes the results obtained for the reaction
of a variety of allylic halides 6 with reactive barium metal
in THF at -78 °C.2 Several characteristic features of the
reaction have been noted: (1) Reaction of (E)-y-mono- or
disubstituted allyl halide resulted in >90% «a,a’ selectiv-
ities except (Z)-2-decenyl chloride and bromide (entries
3 and 4).19 (2) Both allylic chloride and bromide can be
used for the reaction with equal efficiency. (3) The dou-

(8) A representative experimental procedure is given by the homo-
coupling of (E,E)-farnesyl chloride: To a suspension of anhydrous Bal,?
(458 mg, 1.2 mmol) in dry THF (3 mL) was added at room temperature
a solution of preformed lithium biphenylide, prepared from freshly cut
lithium (16 mg, 2.3 mmol) and biphenyl (365 mg, 2.4 mmol) in THF (5
mL) under argon atmosphere; the reaction mixture was stirred for 30 min
at room temperature. To the resulting dark brown suspension of barium
powder in THF was slowly added a solution of (E,E)-farnesyl chloride
(378 mg, 1.6 mmol) in THF (1.5 mL) at ~78 °C. The reaction mixture
was stirred for 1 h at this temperature. 2 N HCI (10 mL) was added to
the mixture at -78 °C, and the aqueous layer was extracted with ether.
The combined organic extracts were washed with dilute sodium thio-
sulfate solution, dried over anhydrous MgSO,, and concentrated in vacuo.
The crude product was purified by column chromatography on silica gel
(hexane) to afford a mixture of squalene and its regioisomer (220 mg, 68%
combined yield): the a,a”:a,y” ratio was determined to be 94:6 by GC
analysis. The large-scale reaction can be performed with equal efficiency.
A procedure of the large-scale reaction using allylbarium will be sub-
mitted to Org. Synth.

(9) Anhydrous Bal, was prepared by drying commercially available
Bal;-2H,0 at 150 °C for 2 h under reduced pressure (<10 Torr).

(10) (2)-y-Monosubstituted allylbarium showed relatively low a-se-
lectivities in the reaction with carbonyl compounds, see ref 6.

ble-bond geometry of the starting allylic halide was com-
pletely retained in each case. (4) (E,E)-Farnesyl chloride
was stereospecifically converted to squalene in 64% yield
(entry 8).

We have extended the scope of the reductive coupling
method to include the synthesis of unsymmetrical dienes.
Thus, a,«’ cross-coupling products can be prepared ster-
eospecifically and regioselectively by this method. For
example, treatment of (E)-2-decenylbarium reagent (12)
with (E)-2-decenyl bromide and (Z)-2-decenyl bromide
afforded (E,E)-diene 13 and (E,Z)-diene 14 in high yield
(eqs 1 and 2). Benzyl ether of geranylgeraniol 17 was

AN "
"C-,Hls\y\/BaCl B_r_-ﬂs»nc"l{lswcﬂ{ls" 1)
12 THE, -75*C 13, 83%
Br = CrHs”
12 —_— = "GHis AN =CHis" (2)
THF, -75 'C 14, 8%

WBaC[ + B,WOVP“

15 16
— N Z 7 O g
THF, -75 'C
17, 81%

Br

7 7+ asawov Ph
19

18
y A~OLPh
—_— N Z 10 @
THF, -75 °C
20, 60%

obtained almost exclusively in 81% yield by treatment of
the primary allylic bromide 16! with geranylbarium
reagent 15 in THF at —75 °C (eq 3). Functionalized allylic
barium reagent 19 was also readily prepared and allowed
to react with neryl bromide (18) to provide a (10Z)-isomer
of benzyl geranylgeranyl ether 20 (eq 4).
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(11) Allylic bromide 16 was synthesized from geranyl benzyl ether by
allylic oxidation with cat. SeO,/TBHP/salicylic acid!? and subsequent
bromination with PBr;.

(12) (a) Umbreit, M. A.; Sharpless, K. B. J. Am. Chem. Soc. 1977, 99,
5526, (b) Takahashi, T\; Nemoto, H.; Kanda, Y.; Tsuji, J.; Fukazawa, Y.;
Okajima, T.; Fujise, Y. Tetrahedron 1987, 43, 5499. (c) Chappe, B.;
Musikas, H.; Marie, D.; Ourisson, G. Bull. Chem. Soc. Jpn. 1988, 61, 141.
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Summary: Asymmetric oxidation of sulfenimines 1 affords
sulfinimines 2 (88-90% ee) which are chiral ammonia
imine synthons useful in the enantioselective synthesis of
B-amino acids and a-hydroxy-g-amino acids such as the

C-13 side chain of taxol (2R,3S)-7.

The oxidation of sulfenimines (N-alkylidenearene-
sulfenamides) 1 to racemic sulfinimines 2 with m-chloro-
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Table I. Asymmetric Oxidation of Sulfenimines 1 to Sulfinimines 2 Using Oxaziridine 3 at 20 °C in CCl,

entry sulfinimine oxaziridine (h) % yield® % ee [c] (config)® [«]®p (CHCL,) [c]
1 2a {-)-3 (5) 95 88 (R) ' -112° (¢ 1.12)
2 (-)-3 (10)° 82 90 [>97]¢ (R) -118° (¢ 1.18) [-126° (c 1.1)]
3 (+)-3 (10)¢ 72 88 [>97] (S) +112° (¢ 1.12) [+124° (c 1.18))
4 2b -)-3 4) 89 85 [>97) (R) ~300.5° (¢ 1.94) [-377.5° (¢ 1.07)]
5 i 2¢c (-)-3 (48) 90 87 [>96]¢ (R) ~85.9° (¢ 1.37) [-93.7° (¢ 1.0)]

¢Isolated yield. ®Configuration based on sulfoxide model. ©After crystallization from n-hexane. Ee established by conversion to S-amino
acid 5a. ¢At -20 to +20 °C. /Ee determined using Eu(hfc),. §Reference 5.

perbenzoic acid (m-CPBA) was first reported by us in
1974.12 OQur “silver-assisted” methodology, the reaction
of aromatic disulfides, aldehydes, and ketones, silver ni-
trate, and ammonia was used to prepare 1.> Cinquini,*

R O\ & R N _P R
] )\ (+)or(-)-3 S /)\ s /)\
A TSN Nppx —— o AN PhX * A N Ph-X

18, Ar=Ph, ReX=H (-)»-(R)-2 (+)-(5)-2
b, Ar=Ph, X=0-MeQ, R=H
¢, Ar=p-tolyl, X=H, R=Me

cl o]

cl Ci

PhSOZ,,,._N S0P
7 0 d .
(+)-3 (-)-3

and more recently Hua,’ prepared enantiopure examples
of 2 by reaction of metaloketimines, synthesized by
treatment of benzonitrile with Grignard and lithium
reagents, with (-)-1-menthyl (S)-p-toluenesulfinate.
However, this “Andersen-type” procedure is limited to the
preparation of alkyl aryl sulfinimines 2 (R = H). We
describe here a general approach for the synthesis of
nonracemic sulfinimines in both enantiomeric forms, which
avoids this limitation. This methodology involves the
asymmetric oxidation of sulfenimines 1 with (+)- or (-)-
N-(phenylsulfonyl)(3,3-dichlorocamphoryl)oxaziridine (3,
(3,3-dichloro-1,7,7-trimethyl-2’-(phenylsulfonyl)spiro] bi-
cyclo[2.2.1]heptane-2,3’-oxaziridine]]).6 The application
of 2 in the stereoselective synthesis of §-amino acid de-
rivatives, including the C-13 side chain of taxol, is also
presented.

Ozxidations were carried out by addition of 1.0 equiv of
(+)- or (-)-3 to the appropriate sulfenimine 1 in CCl,.
After the oxidation was complete, as determined by TLC,
the sulfinimines 2 were isolated by flash chromatography
(30% ethyl acetate/n-pentane) in 85-956% yield and
88-90% ee. Crystallization from n-hexane improved the
ee’s to >97% (Table I). The ee and absolute configuration
of 2a were established by conversion into the known 8-
amino acid 5a (vide infra) and for 2¢ by comparison with
literature values.*® These results are consistent with earlier

(1) (a) Davis, F. A.; Friedman, A. J.; Kluger, E. W. J. Am. Chem. Soc.
1974, 96, 5000. (b) Davis, F. A.; Friedman, A. J.; J. Org. Chem. 1976, 41,
898. (c) Davis, F. A,; Kluger, E. W. J. Am. Chem. Soc. 1976, 98, 302.
Davis, F. A.; Friedman, A. J.; Nadir, J. Am. Chem. Soc. 1978, 100, 2844.

(2) For reviews on the chemistry of sulfenimines and sulfinimines see:
Claus, P. K. In The Chemistry of Sulphenic Acids and Their Derivatives;
Patai, S., Ed.; John Wiley & Sons: New York, 1990; pp 724-741. Craine,
L.; Raban, M. Chem. Rev. 1989, 89, 689.

(3) Davis, F. A,; Slegeir, W. A. R.; Evans, S.; Schwartz, A.; Goff, D. L.;
Palmer, R. J. Org. Chem. 1978, 38, 2809. Davis, F. A.; Kaminski, J. M,;
Kluger, E. W.; Howard, S. J. Am. Chem. Soc. 1975, 97, 7085.

(4) Annunziata, R.; Cinquini, M.; Cozzi, F. J. Chem. Soc., Perkin
Trans. 1, 1982, 339.

56 (2) Hua, D. H.; Miao, S. W.; Chen, J. S.; Iguchi, S. J. Org. Chem. 1991,

(6) Davis, F. A,; Thimma Reddy, R.; Han, W.; Carroll, P. J. J. Am.
Chem. Soc. 1992, 114, 1428,

studies using 3 for the asymmetric oxidation of sulfides®
and selenides’ to sulfoxides and selenoxides (up to >95%
ee) where it was shown that the molecular recognition is
predictable using an active-site model in which the non-
bonded interactions between the Ry, and Rg groups of the
sulfide (R;-S-Rg) and the active site surface are mini-
mized. For sulfenimines 1 Ar acts as the Ry, group.

Sulfenimines 1 are useful ammonia imine (RR’'C=NH)
synthons because addition of hydride, RM,? and enolates®
affords sulfenamide derivatives (ArSNHCRR'R”) in which
the S-N bond is cleaved under mild conditions to amines.?
Reduction of nonracemic sulfinimines 2 (R = Me, n-Bu)
with DIBAL affords secondary amines (92% ee), but ad-
dition of lithium and Grignard regents fails because de-
protonation to form the sulfinimine enolate competes with
addition.> However, high de’s of tertiary sulfinamides were
reported for addition of allylmagnesium bromide to 2 (Ar
= p-tolyl, R = Me, n-Bu) which were subsequently
transformed, in multistep sequences, to 5- and y-amino
acids.’

A more general approach to 8-amino acids, essential
intermediates in organic synthesis,'®!! is addition of eno-
lates to chiral sulfinimines. Thus, addition of the 1.5 equiv
of the lithium enolate of methyl acetate (LDA, methyl
acetate) to enantiopure (Rg)-2a and (Rg)-2¢ gave sulfin-
amides 4a and 4c¢. Sulfinamide 4a was obtained as a 90:10
mixture of diastereoisomers by flash chromatography and
on crystallization from n-hexane afforded (Rg,3S)-4a
[[«])?®p -115.0° (¢ 1.29 CHCl,)] diastereometrically pure
in 74% isolated yield. Sulfinamide (Rg,3S)-4¢ [[«]®p
-37.6° (¢ 1.76 CHCl;)] was obtained diastereomerically
pure in 90% yield. Significantly, enolization of sulfin-
imine 2¢ does not compete with enolate addition to the
C-N double bond. The absolute configurations of the new
amino stereocenters in 4a and 4c were determined by
hydrolysis, without epimerization, to 8-amino acids (35)-5a
and (3S)-5¢ with 4 equiv of CF;CO,H/MeOH (0 °C, 2 h).
Isolation was accomplished by evaporation of the solvent
to dryness, extraction with 15% HCI, addition of CH,Cl,
to the aqueous layer, followed by careful neutralization

(7) Davis, F. A.; Thimma Reddy, R. J. Org. Chem. 1992, 57, 2599,

(8) {a) Davis, F. A.; Mancinelli, P. A. J. Org. Chem. 1977, 42, 398. (b)
Fronza, G.; Fuganti, C.; Grasseli, P.; Pedrocci-Fantoni, G. Tetrahedron
Lett. 1981, 22, 5073. (c) Branchaud, B. P. J. Org. Chem. 1983, 48, 3531.
Branchaud, B. P; J. Org. Chem. 1983, 48, 3538. (d) Wuts, P. G. M.; Jung,
Y. W. Tetrahedron Lett. 1986, 27, 2079.

(9) Burnett, D. A,; Hart, D. J.; Liu, J. J. Org. Chem. 1986, 51, 1929.

(10) For reviews and leading references see: (a) Drey, C. N. C. In
Chemistry and Biochemistry of the Amino Acids; Barett, G. C., Ed.;
Chapman and Hall: New York, 1985; Chapter 3. Griffith, 0. W. Ann.
Rev. Biochem. 1986, 55, 855. (b) Spatola, A. F. In Chemistry and Bio-
chemistry of the Acids, Peptides and Proteins; Weinstein, B., Ed.; Marcel
Dekker: New York, 1983; Vol. 7, pp 331 and references cited therein. (c)
For leading references to the synthesis of 8-amino acids see: Konopelski,
J. P; Chy, K. S; Negrete, G. R. J. Org. Chem. 1991, 56, 1355.

(11) For applications in the synthesis of -lactams see: Hart, D. J.; Ha,
D. C. Chem. Rev. 1989, 89, 1447, Oppolzer, W. J. Pure Appl. Chem. 1988,
60, 39. Kim, S.; Lee, P. H.; Lee, T. A. J. Chem. Soc., Chem. Commun.
1988, 1242. Davies, S. G.; Dordor-Hedgecock, I. M.; Sutton, K. H.;
Walker, J. C. Tetrahedron Lett. 1986, 28, 3787. Qjima, I; Habus, 1.
Tetrahedron Lett. 1990, 30, 4287. Brown, M. J.; Overman, L. E. J. Org.
Chem. 1991, 56, 1933. Shono, T.; Kise, N.; Sanda, F.; Ohi, S.; Yoshioka,
K. Tetrahedron Lett, 1989, 30, 1253.
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with Na,CO; to pH 7.5, affording (-)-(S)-methyl 3-
amino-3-phenylpropanoate (5a)'!® and (-)—(S)-methyl
3-amino-3-phenylbutanoate (5¢)>* in 73 and 85% vields,
respectively. A Zimmerman-Traxler-type six-membered
transition state T'S-1 favoring approach of the enolate from
the Si-face of 2 is consistent with these results.

0
1
A O NH .
CO;Me
Ph
oL
38)-4
. /\OME (Rs.38)
e /A —— +
Ar” N Ph -78° C (82-84%) o
1
(-}-{As)-2a, R=H A S“*!H A
¢, R=Me %
- A/cozm
(Rs.3A)-4
CF3COzH/MeOH N2 R
S v N
(73-85%) Ph
{-)-(35)-5 (>95% ee)
Rt
0\ /l\
IS8 =
A= ONT pn
L :
OMe
TS-1

Recent interest in the synthesis of (-)-N-benzoyl-
(2R,35)-3-phenylisoserine (7, R = H), the C-13 side chain
of the remarkable antitumor agent taxol, has been stim-
ulated not only by the fact that this moiety is essential for
its bioactivity'® but also that 10-deacetyl baccatin III,
which lacks this structural unit, is available from a re-
newable source.'®  (+)-(R)-Methyl 3-amino-3-phenyl-
propanoate (5a) is an advanced precursor of 7 requiring
only benzoylation of the amino group and stereospecific
introduction of the hydroxyl group. One-pot hydrolysis—
benzoylation of (Sg,3R)-4, prepared by addition of the
lithium enolate of methyl acetate to (+)-2a (Table I, entry
3) followed by flash chromatography, gave (R)-6 in 76%
yield. (+)-(Camphorylsulfonyl)oxaziridine!”!8-mediated
hydroxylation of the enolate dianion of (R)-6 at —100 to
—78 °C in the presence of 1.6 equiv of LiCl gave an 86:14
syn—anti mixture of (2R,35)-7:(2S,35)-7 in 58% yield.?

(12) Pais, M.; Sarfati, R.; Jarreau, F.-X. Bull. Soc. Chim. Fr., 1973, 331.
(13) Isolated as the hydrochlonde [x]®p +6.8° (¢ 2.05, MeOH), (S)-ﬁa.
[lit."? [a]*p +7.8° (c 2, MeOH)]. The ee was determined to be >95% ee
ﬂ:ech]ralshl&reagentEu{hfc]amthemtamMaofﬁa mp 121-122
°C; [«]?p +19.4° (¢ 1.0, CHCIy).
(14) Isolated as N-acetyl-(S)- 3-amm0-3-phenyibutan01c acid; [@]®p -
23.1° (¢ 1.15, MeOH) [].1t.n [«]®p +24.3° (c 1.55, MeOH) for the R isomer].

(15) Swindell, C. S.; Krauss, N. W.; Horwitz, S. B.; Ringel, L. J. Med.
Chem. 1991, 34, 1176.

(16) For leading references to the synthesis of the taxol C-13 side chain
see: Ojima, I.; Habus, I.; Shao, M. J. Org. Chem. 1991, 56, 1681, Deng,
L.; Jacobsen, E. N. J. Org. Chem. 1992, 57, 4320. Denis, J.-N.; Correa,
A.; Greene, A. E. J. Org. Chem. 1991, 56, 6939.

(17) Davis, F. A. Chen, B.-C. Chem. Rev. 1992, 92, 919. Davis, F. A.;
Shegpud. A. C;; Chen, B.-C.; Haque, M. 8. J. Am. Chem. Soc. 1990, 112,
1512,

(18) The hydroxylation of racemic methyl N-benzoyl-3-amino-
butanoate with tmm-{:l:)-[2-pl'|eny}su]fon]rl)-3-phenylomziﬁdine has been
reported to occur in low yield (26%) giving an unspecified mixture of
délﬂ;ereomm Estermann, H,; Seebach, D. Helv. Chim. Acta 1988, 71,

(19) The diastereoselectivity of the hydroxylation is under control of
the substrate because similar de's were observed using (-)-(camphor-
sulfonyl)oxaziridine.
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Higher temperatures result in diminished de’s, and yields
were markedly lower in the absence of LiCl (<15%).
Chromatographic separation of the diastereoisomers af-
forded (r)-(ZR,SS)-’I, the methyl ester of the taxol C-13 side
chain, in 49% yield and >93% enantiomeric purity: [«]®p
—-46,2° (c 0.97, MeOH) [lit* [«]®p —49.6° (c 0.97, MeOH)].2
The minor, anti isomer, (+)- (2S 38)-7, apparently not
previously reported was isolated in 9% yield: mp 158-9
°C; [a]®p +8.7° (¢ 1.03, MeOH)]. Based on the 20%
recovery of starting material the yield of (-)-(2R,3S5)-7 is
62%.

0
5
Pt 4H come 1L CFECOsHMeOH ot _
ra
Ph/“\/ 2) EtGNDMAP Ph/\/
PHC(O)CI
(+)-(Ss,3A)- 4 (5% (-(A)16
: PhC{O)NH PhC(O)NH
1) LDA/LICI -42 °C B H

- CO:Me ' COMe
Ph/\\g/ 5 Ph/‘\l/ 02
% OH OH
2)
o (-2R38)7 (+)-25.38)-7

-100 to -78°C

The facial selectivity for enolate hydroxylations using
N-sulfonyloxaziridines nearly always occurs at the least
hindered face of the enolate.!” Thus, the fact that (-)-
(2R,3S)-7 seems to involve approach of the oxaziridine
from the more hindered face of the enolate of 6 was
unexpected. However, if the enolate dianion of (R)-6 forms
an intramolecular eight-membered chelate 8, approach of
the oxaziridine can be rationalized as occurring from the
least hindered direction.? The calculated lowest energy
conformer (MMX) of the chelated dianion 8 supports this
hypothesis indicating that the Si-face is the most accessible
to electrophilic attack.?®

Nonracemic sulfinimines 2 are useful chiral synthons for
imines of ammonia as demonstrated by their utility in the
asymmetric synthesis of 8-amino acids and their deriva-
tives.
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