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Abstract: Methylation of the enantiopure functionalized vinyl sulfoximines 5a—e and 14a—d followed by a
F~ ion or DBU-mediated isomerization of the vinyl aminosulfoxonium salts 7a—e and 15a—d, respectively,
gave the allyl aminosulfoxonium salts 10a—e and 17a—d, respectively. A concomitant intramolecular
substitution of the aminosulfoxonium group of 10a—e and 17a—d by the amino group afforded the
unsaturated prolines 8a—e and 18a—d, respectively. The starting vinyl sulfoximines are accessible through
a highly selective and stereo-complementary aminoalkylation of the corresponding sulfonimidoyl-substituted
mono- and bis(allyl)titanium complexes with the imino ester 4. The vinyl aminosulfoxonium salts 34, 7a—d,
and E-15c experienced upon treatment with the CI~ ion a migratory substitution with formation of the d-chloro-
B,y-dehydro amino acids 36, E/Z-37a—d, and 38, respectively. A migratory substitution of the hydroxy-
substituted vinyl aminosulfoxonium salts 46a and 46b furnished the é-chloro allyl alcohols E/Z-48a and
E-48Db, respectively. A facile one-pot conversion of the vinyl sulfoximines 31b, 5¢ and 45a to the allyl chlorides
36, E/Z-37c and E/Z-48a, respectively, was achieved upon treatment with a chloroformiate. A tandem
cyclization of the vinyl aminosulfoxonium salts 7b, Al-7b and 57 with LiN(H){Bu yielded the cyclopentanoid
keto aminosulfoxonium ylides 54, Al-54, 59, 60 and 61, respectively. The structure of the tricyclic keto
aminosulfoxonium ylide Al-54 has been determined by X-ray crystal structure analysis. Ab initio calculations
and a NBO analysis of the tricyclic keto aminosulfoxonium ylide XXIII show a polar structure stabilized by
electrostatic interactions between the ylidic C atom and both the carbonyl C atom and the S atom.

Introduction Of special interest are 3,4-disubstituted prolines because of
a-Amino acids and in particular proline derivatives have the occurrence of this substitution pattern in the kainoid amino
received much attention in recent yearBeptide mimetics acids?® Because of their ability to function as conformationally
containing modified prolines are interesting probes for receptor restrictedi-glutamic acid analogues, the kanoid amino acids
studies and for the development of new drugs. In particular, SNOW neuroexcitatory properties and are, as such, interesting
3-substituted prolines are being currently considered as con- (3) (@ Laabs, S.; Mach, W. Bats, J. W.. Nubbemeyer, etrahedror2002
formationally restricted arginine, norleucine, phenylalanine, 58, 1317-1334. (b) Flamant-Robin, C.; Wang,yQ.‘; Chiaroni, A.; Sasaki,
tyrosine’ aspartic acid, and g|utamic acid ana|0©ljes the N. A. Tetrahedron2002 58, 10475-10484. (c) Karoyan, P.; Quancard,

. J.; Vaissermann, J.; Chassaing, o Org. Chem2003 68, 2256-2265.
development of small molecule drugs. Therefore, the synthesis (d) Shen, J.-W.: Qin, D.-G.; Zhang, H.-W.; Yaho, Z3JOrg. Chem2003

i i Vi =7 i i i 68, 7479-7484.
an.d bI.0|Og|C<:i| aCtIVIty,Of mond-" and blcydlé prollnes are (4) (a) Blanco, M.-J.; Sardina, J. Org. Chem.1998 63, 3411-3416. (b)
being intensively studied. Langlois, N.; Rakotondradany, Fetrahedron200Q 56, 2437-2448. (c)
Conti, P.; Roda, G.; Negra, F. F. Betrahedron: Asymmetr2001 12,

(1) (a) Duthaler, R. OTetrahedron1994 50, 1539-1650. (b) Hanessian, S.; 1363-1367. (d) DeGoey, D. A.; Chen, H.-J.; Flosi, W. J.; Grampovnik,
McNaughton-Smith, G.; Lombart, H.-G.; Lubell, W. Detrahedronl 997, D. J.; Yeung, C. M.; Klein, L. L.; Kempf, D. J. Org. Chem2002 67,

53, 12789-12854. (c) Liao, S.; Shenderovich, M.;"#er, K. E.; Zhang, 5445-5453.
Z.; Hosohata, K.; Davis, P.; Porreca, F.; Yamamura, H. I.; Hruby, V. J. (5) (a) Schumacher, K. K.; Jiang, J.; Joull. Tetrahedron: Asymmet4998
Pept. Res2001, 57, 257-276. (d) Galeazzi, R.; Mobili, G.; Orena, M. 9, 47-53. (b) Stumer, R.; Scheer, B.; Wolfart, V.; Stahr, H.; Kazmaier,
Curr. Org. Chem2004 8, 1799-1829. U.; Helmchen, G Synthesi001, 46—-48.

(2) (a) Holladay, M. W.; Lin, C. W.; May, C. S.; Garvey, D. S.; Witte, D. G.; (6) (a) Adlington, R. M.; Mantell, S. JTetrahedron1992 48, 6529-6536.
Miller, T. R.; Wolfram, C. A. W.; Nadzan, A. MJ. Med. Chem1991, 34, (b) Hatakeyama, S.; Sugawara, K.; Takano,JSChem. Soc., Chem.
455-457. (b) Damour, D.; Pulicani, J.-P.; Vuilhorgne, M.; Mignani, S. Commun. 1993 125-127. (c) MaZm, A.; Ngera, C. Tetrahedron:
Synlett1999 786-788. (c) Carpes, M. J. S.; Miranda, P. C. M. L.; Correia, Asymmetryl997 8, 1855-1859;

C. R. D.Tetrahedron Lett1997, 38, 1869-1872. (d) Pellegrini, N.; Schmitt, (7) (a) Kamenecka, T. M.; Park, Y.-J.; Lin, L. S.; Lanza, T., Jr.; Hagmann,
M.; Guery, S.; Bourguignon, J.-Jetrahedron Lett2002 43, 3243-3246. W. K. Tetrahedron Lett2001, 42, 8571-8573. (b) Flgel, O.; Amombo,

(e) Lu, I.-L.; Lee, S.-J.; Tsu, H.; Wu, S.-Y.; Kao, K.-H.; Chien, Y.-Y.; M. G. O.; Reissig, H.-U.; Zahn, G.; Bdgam, |.; Hartl, H.Chem. Eur. J.
Chen, Y.-S,; Cheng, J.-H.; Cheng, C.-N.; Chen, T.-W.; Chang, S.-P.; Chen, 2003 9, 1405-1415. (c) Pellegrini, N.; Schmitt, M.; Bourguignon, J.-J.
X.; Jiaang, W.-T Bioorg. Med. Chem. LetR005 15, 3271-3275. Tetrahedron Lett2003 44, 6779-6780.
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Figure 1. Unsaturated prolines)-chloro#3,y-dehydro amino acids, cy-
clopentanoid keto aminosulfoxonium ylides and chiral functionalized vinyl
aminosulfoxonium salts.

probes for a study of neurological disorder including Alzhe-
imer’s diseasé? Despite the considerable synthetic activity in
the field of proline derivatives, there is a lack of methods for
the enantioselective synthesis of mono- and bicyclic 3,4-
unsaturated prolines of typk and Il, respectively and of
4-methylene prolines of typd (Figure 1)7 Proline derivatives

of this type should be interesting starting materials for the
synthesis of monocyclic 3-mono- and 3,4-disubstituted profines,
bicyclic prolines? and kanoid amino acidsWe had recently
observed that the amino-substituted cyclic vinyl aminosulfoxo-
nium saltsXll undergo upon treatment with diazabicyclo[5,4,0]-

(8) (a) Hashimoto, K.; Ohfune, Y.; Shirahama, Fetrahedron Lett1995 34,
6235-6238. (b) Hamper, B. C.; Dukesherer, D. R.; South, M. S.
Tetrahedron Lett1996 37, 3671-3674. (c) Wagaw, S.; Rennels, R. A;;
Buchwald, S. LJ. Am. Chem. Sod997 119 8451-8458. (d) Bergmeier,
S. C.; Fundy, S. L.; Seth, P. Hetrahedron1999 55, 8025-8038. (e)
Donohoe, T. J.; Raoof, A,; Linney, I. D.; Helliwell, MDrg. Lett.2001, 3,
861—-864. (f) Conti, P.; Roda, G.; Negra, F. F. Betrahedron: Asymmetry
2001, 12, 1363-1367. (g) Zhang, J.; Xiong, C.; Wang, W.; Ying, J.; Hruby,
V. J. Org. Lett 2002 4, 4029-4032. (h) Cheng, W.-C.; Liu, Y.; Wong,
M.; Olmstead, M. M.; Lam, K. S.; Kurth, M. JI. Org. Chem2002 67,
5673-5677. (i) Valls, N.; Vallribera, M.; Carmeli, S.; Bonjoch, Qrg.
Lett 2003 5, 447-450. (j) Harris, P. W.; Brimble, M. A.; Gluckman, P.
D. Org. Lett 2003 5, 1847~1850. (k) Jeanotte, G.; Lubell, W. D. Org.
Chem 2004 69, 4656-4662.

(9) (a) McGeer, E. G.; Olny, J. W.; McGeer, P. Kainic Acid as a Tool in
Neurobiology Raven: New York, 1978. (b) Parsons, A. Fetrahedron
1996 52, 4149-4174. (c) Moloney, M. GNat. Prod. Rep1998§ 15, 205~
219. (d) Moloney, M. GNat. Prod. Rep1999 16, 485-498. (e) Clayden,
J.; Knowles, F. E.; Menet, C. Jetrahedron Lett2003 44, 3397-3400.
(f) Scott, M. E.; Lautens, MOrg. Lett.2005 7, 3045-3047.

(10) (a) Wheal, H. V., Thomson, A. M., Ed&xcitatory Amino Acids and
Synaptic Transmissioricademic Press: London, 1995. (b) Krogsgaard-
Larsen, P., Hansen, J. J., E@kcitatory Amino Acids Receptors; Design
of Agonists and Antagonist&llis Horwood: Chichester, 1992. (c) Bnaer-

Osborne, H.; Egebjerg, J.; Nielsen, E. @.; Madsen, U.; Krogsgaard-Larsen,

P.J. Med. Chem200Q 43, 2609-2645.
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Figure 2. Migratory cyclization of cyclic amino-substituted vinyl amino-
sulfoxonium salts.

undec-7-ene (DBU) a migratory cyclization with formation of
the unsaturated bicyclic prolinedV (Figure 2)11

Key to the facile conversion of the vinyl aminosulfoxonium
saltsXIl via the allyl aminosulfoxonium saKlll to prolines
XIV is the ability of the aminosulfoxonium group to act as both
a powerful carbanion-stabilizer and an excellent nucleofdgé.
These features make the aminosulfoxonium group a synthetically
very interesting one, the potential of which has, however, not
been fully explored? In particular vinyl aminosulfoxonium salts
have received only little attentiod® For example, it was only
recently that the facilea-elimination of chiral hydroxy-
substituted vinyl aminosulfoxonium salts with formation of
substituted alkylidene carbenes has been recognized, a feature
which led to the development of enantioselective syntheses of
2,3-dihydrofuran® and homopropargy! alcoholé.

We now describe an asymmetric synthesis of monocyclic 3,4-
unsaturated prolines of typeand 4-methylene prolines of type
[11 15 through a F ion mediated migratory cyclization of the
functionalized vinyl aminosulfoxonium salts of tyg. In
addition, a complementary migratory substitution of aminosul-
foxonium salts of typdX and X by the CI ion is described,
which enables an asymmetric synthesig-ahloro{3,y-dehydro
o-amino acids of typdV —VI. The dehydro amino acid¥ —
VI are expected to be useful starting materials for the enanti-
oselective synthesis of substitutggr-dehydroa-amino acid&®
which are of considerable interest because of their natural
occurrence and their ability to act as irreversible inhibitors of
pyridoxal phosphate-dependent enzymes. The intramolecular
substitution of chlorides of typ¥ allows an enantioselective
synthesis of bicyclic 3,4-unsaturated proline of tyibe the
regioisomers of prolineXIV .

(11) Koep, S.; Gais, H.-J.; Raabe, &.Am. Chem. SoQ003 125 13243
13251.

12) (a) Bordwell F. G.; Branca, J. C.; Johnson, C. R.; Vanier, NJ.FOrg.
Chem 198Q 45, 3884f3889. (b) Johnson, C, R.; Lockard, J. P.; Kennedy,
E. R.J. Org. Chem198Q 45, 264—271. (c) Barbachyn, M. R.; Johnson,
C. R. InAsymmetric Synthesislorrison, J. D., Scott, J. W., Eds.; Academic
Press: New York, 1984; Vol. 4, pp 22261. (d) Okamura, K.; Ikari, K.;
Ono, M.; Sato, Y.; Kuge, S.; Ohta, H.; Machiguchi, Bull. Chem. Soc.
Jpn 1995 68, 2313-2317. (e) Mikotajczk, M.; Drabowicz, J.; Kietbdsiki,

P. Chiral Sulfur ReagentsCRC Press: Boca Raton, 1997. (f) Zhou, X.-
Z.; Shea, K. JJ. Am. Chem. So@00Q 122, 11515-11516. (g) Reggelin,
M.; Zur, C. Synthesi200Q 1—64.

(13) Gais, H.-J.; Reddy, L. R.; Babu, G. S.; RaabeJ@&m. Chem. So2004
126, 4859-4864.

(14) Reddy, L. R.; Gais, H.-J.; Woo, C.-W.; Raabe JGAm. Chem. So2002
124, 1042710434,

(15) For a preliminary communication, see: Tiwari, S. K.; Schneider, A.; Koep,
S.; Gais, H.-JTetrahedron Lett2004 45, 8343-8346.

(16) (a) Baldwin, J. E.; Moloney, M. G.; North, Metrahedrorl989 45, 6319~
6330. (b) Kirihata, M.; Kawahara, S.; Ichimoto, I.; Ueda, Agric. Biol.
Chem199Q 54, 753-756. (c) Havlicek, L.; Hanus, Lollect. Czech. Chem.
Commun 1991, 56, 1365-1399. (d) Kirihata, M.; Fukuari, M.; Izukawa,
T.; Ichimoto, I. Amino Acids1995 9, 317—325. (e) Woiwode, T. F.;
Wandless, T. JJ. Org. Chem 1999 64, 7670-7674. (f) Berkowitz, D.
B.; Chisowa, E.; McFadden, J. Metrahedror?2001, 57, 6329-6343. (g)
Rose, N. G. W.; Blaskovich, M. A.; Wong, A.; Lajoie, G. Aetrahedron
2001, 57, 1497-1507. (h) Cardillo, G.; Fabbroni, S.; Gentilucci, L.;
Perciaccante, R.; Tolomelli, Aletrahedron: Asymmetr3004 15, 593—
601.
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Figure 3. Chiral sulfonimidoyl-substituted allyl titanium complexes and
chiral amino-substituted vinyl sulfoximines.

As a last example of the diverse reactivity of vinyl amino-
sulfoxonium salts of typé&X and Xl we describe their tandem
cyclization with lithium tert-butylamide, which leads to the
formation of the novel enantio- and diastereopure tricyclic
cyclopentanoid aminosulfoxonium ylid&4l andVIIl , respec-
tively, the structure of which has been studied by X-ray crystal

Scheme 1. Synthesis of Functionalized Vinyl Sulfoximines
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ing (§-configured lithiated allyl sulfoximines simply by using
CITi(OiPr) and CITi(NEb)z as titanation reagent&22

Results and Discussion

I. Unsaturated Prolines. l.a. 34-Dehydro Prolines.Treat-
ment of the sulfonimidoyl-substituted bis(allyl)titanium(IV)
complexesSa—e, 2t which were prepared from the corresponding
enantiomerically pure allyl sulfoximineg-2a—e through ti-
tanation following lithiation, with theN-Bus imino ester!®
afforded the corresponding functionalized vinyl sulfoximines
5a—e, respectively, with high regio- and diastereoselectivities
in good vyields as described previously (Scheme®1jhe
o-imino ester4 was prepared from sulfonamidg using a
modified version of our previously reported procedifrahich
allowed an increase of the yield by 30% to 93%.

Gratifyingly, the newtert-butyl-substituted titanium complex
3d, which was obtained in a similar way from the allyl
sulfoximine E-2d, also reacted withd with high regio- and
diastereoselectivities>(98% de) and furnished thert-butyl-
substituted vinyl sulfoximinéd in 84% vyield. Thetert-butyl-
substituted allyl sulfoximin@d in turn has been obtained as a
single E-isomer in 86% yield starting fron-sulfoximine 123

structure analysis and ab initio calculations. Cyclopentanoid and 3,3-dimethylbutanal following the one-pot addition
ylides of this type could perhaps serve as starting material for elimination—isomerization (AEI) routé! The allyl sulfoximines
the asymmetric synthesis of highly substituted amino- and 2a—c and2ewere synthesized, as described previously, by the

hydroxy cyclopentanonésthrough a ring-opening epoxidation
reaction with aldehydes at the-S bond??c.9

The enantio- and diastereopure functionalized vinyl sulfox-
imines XVI and XX, required as starting material for the
synthesis of the aminosulfoxonium sakél andIX, respec-
tively, are prepared, as previously reporteéd-20 through a
highly regio— and diastereoselective aminoalkylation of chiral
bis(allyl)titanium complexes of typgV andXIX , respectively,
with N-tert-butylsulfonyl imino ester (Figure 3). We now
describe a stereo-complementanaminoalkylation of chiral
mono(allyl)titanium complexes of typgVII and XXI giving
the functionalized vinyl sulfoximineXVIIl andXXIl , respec-
tively, the C atoms of which have the opposite configuration.
Both the bis(allyl)titanium complexes and the mono(allyl)-

AEI route starting froml and the corresponding aldehydés.
While 2ewas formed as a singEe-isomer,2a, 2b, and2c had
been obtained aB/Z-mixtures in ratios of 70:30, 88:12, and
92:8, respectively. The respectiie- and Z-isomers were
separated by chromatography, and Zhsomers were recycled
through treatment with DBU in MeCN to again afford a mixture
of the corresponding/Z-isomers which were separated.

The synthesis of the 3,4-dehydro prolirgss—e started with
the activation of the corresponding vinyl sulfoximinga—e
through methylation at the N atom upon treatment withzMe
OBF; (1.1 equiv) in CHCI, at room temperature for 2 h
(Scheme 2). The thus obtained vinyl aminosulfoxonium salts
7a—e (=95% vyield) were then subjected to a treatment with
KF (5—10 equiv) and a small amount of water in &, at

titanium complexes are readily accessible from the correspond-room temperature under heterogeneous conditions, which af-

(17) (a) Barluenga, J.; ToresaM.; Ballesteros, A.; SantamariJ.; Brillet, C.;
Garca-Granada, S.; Para-Nicola, A.; Vazquez, J. TJ. Am. Chem. Soc.
1999 121, 4516-4517. (b) Greck, C.; Drouillat, B.; Thomassigny, Eur.
J. Org. Chem2004 1377-1385.

(18) Ginther, M.; Gais, H.-JJ. Org. Chem?2003 68, 8037-8041.

(19) Schleusner, M.; Koep, S.; @ter, M.; Tiwari, S. K.; Gais, H.-JSynthesis
2004 967-969.

(20) Schleusner, M.; Gais, H.-J.; Koep, S.; Raabe].@\m. Chem. So2002
124, 7789-7800.
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forded the corresponding proline derivativ&s-e with >98%
ee in good yields (Table 1).

(21) Gais, H.-J.; Hainz, R.; Mler, H.; Bruns, P. R.; Giesen, N.; Raabe, G.;
Runsink, J.; Nienstedt, J.; Decker, J.; Schleusner, M.; Hachtel, J.; Loo, R.;
Woo, C.-W.; Das, PEur. J. Org. Chem200Q 3973-4009.

(22) Gais, H.-J.; Bruns, P. R.; Raabe, G.; Hainz, R.; Schleusner, M.; Runsink,
J.; Babu, G. SJ. Am. Chem. So®005 127, 6617-6631.

(23) Brandt, J.; Gais, H.-Jetrahedron: Asymmetry997 8, 909-912.
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Scheme 2. Synthesis of 3,4-Dehydro Prolines

R
Me;OBF, H\N,Bus O NMe, KF,HO — (@)
CHCl, Y CHyCly s
S CO,Et >
5a-e EtO,C X" Ph — N + Ph” 'NMe,
R o Bus 9
7ae N4 8a—e
a: R=Me, b: R=/Pr, ¢: R = cC¢Hqq, d: R = tBu, e: R = Ph, Bus = SO,Bu
Table 1. Synthesis of 3,4-Dehydro Prolines
entry derivative R t(h) 8, yield (%) 9, yield (%)
1 a Me 3 51 83
2 b iPr 1 89 96
3 C CCsHll 2 86 90
4 d tBu 1 92 96
5 e Ph 0.75 66 84

The conversion oba—e to 8a—e, respectively, has also been
carried out with similar results without isolation @&—e. It is
noteworthy that the yields were particularly good in the case
of the proline derivatives8b—d which carry a sterically
demanding substituent at tifeposition (entries 2, 3, and 4).
The moderate yield of the methyl-substituted proline derivative
8a (entry 1) seems to be due to a competing fluoride ion-
mediated deprotonation of the aminosulfoxonium galat the
N atom, leading to a generation4find the corresponding allyl
aminosulfoxonium salt (vide infra), which both in turn react
with formation of the corresponding vinyl aziridine ester
derivative?* In addition to the proline derivative8a—e the
sulfinamide9 with >98% ee was isolated in each case in high
yield. Conversion of sulfinamid® to (S)-sulfoximine 123 of
>98% ee, the starting material for the synthesisEe?a—e,
had already been describ&d.

Because of the high solubility of the vinyl aminosulfoxonium
salts 7a—e in CH,Cl,, it is assumed that in the three-phase
system composed of solid KF, water, and £C an anion
exchange betweena—e and KF occurs with formation of the
ion pairs7a—e containing the F ion as counterion (Scheme
3)2>The F ion which ought to be a reasonably strong base in
CH,CI; then could cause a deprotonation of the aminosulfoxo-
nium salts 7a—e at the y-position with formation of the
corresponding allyl aminosulfoxonium ylidés10a—e.1-13 A
protonation of the ylides at thei-position would give the
thermodynamically more stable allyl aminosulfoxonium salts
Z-1la—e. Because of the high nucleofugacity of the allylic
aminosulfoxonium group!-12 saltsZ-11a—e could undergo a
cyclization following a deprotonation of the sulfonamide group
by the F ion with formation of the corresponding prolinga—e
and sulfinamide9. There is evidence (vide infra) suggesting
that the reaction ofa—e with the F~ ion could also give to a
minor extent the isomeric allyl aminosulfoxonium ylides
E-10a—e and subsequently the allyl aminosulfoxonium salts
E-lla—e Salts E-11a—e, which cannot cyclize, may be,
however, in equilibrium withz-11a—e.

I.b. 4-Methylene Prolines.Having accomplished a synthesis
of unsaturated prolines of tyde a perhaps facile synthesis of
4-methylene prolines of typkl (cf. Figure 1) was envisioned
starting from the functionalize@-methyl vinyl sulfoximines

Scheme 3. Rationalization of the Formation of the 3,4-Dehydro
Prolines

N O\ ,NM62 o
N S. X
EtO,C” 7 ® Ph
R H
Ta-e
KF, H,0, CH,Cl, [ X =BF4
—KBF, X=F
+HF“—HF
(o} ,NMez
Bus_ H o H. .Bus
\N/ S g\Ph N 0\\ ,NMe2
'S
Et0,C” * EO,CT Y Y8 ph
R R
Z-10a-e E-10a-¢
—HF || +HF —HF| +HF
X ,NMe2
Bus H % H Bi
\, <~ DBUS
N/ ®\Ph N O\:\ ,NM92 .
S
E0,c” Y F° Et0,C” 7 & pn ©
R R
Z-11a-e E-11a-e
8a-e

a: R=Me, b: R=/iPr; ¢: R =cCgH44, d: R = tBu; e: R = Ph, Bus = SO,tBu

would experience a regioselective-Eatalyzed isomerization
to the allyl aminosulfoxonium salts7a—c, leaving the stereo-
genic center at they-position intact, via the intermediate
formation of the allyl aminosulfoxonium ylidessa—c. Depro-
tonation at the methyl group should be preferred over a
deprotonation at the-position because of statistical reasons
and the higher kinetic acidity of methyl hydrogen atoms.
Cyclization of17a—c should afford the proline derivativd8a—
c. Prerequisite to the successful realization of such a synthesis
of 18a—c would be a highly stereoselective reaction of the
methyl-substituted titanium complex&8a—c with 4. Aside of
this objective it was of interest to see whether the methyl group
of complexesl3a—c would have any influence on the stereo-
selectivity of the reaction witi4.

The enantiomerically pure allyl sulfoximind®a 12b312¢
12d, and12€% were obtained fromS)-sulfoximine 122 and the
corresponding methyl ketones by the one-pot AEI-route in 68%,
75%, 72%, 61%, and 73% yield, respectively, including a
separation and recycling of th&-isomer?’ The reaction
sequence includes a deprotonation of sulfoxindingth n-BulLi
followed by the addition of the lithiated sulfoximine to the
ketone with formation of the corresponding lithium alcoholate
(not shown in Scheme 4). Silylation of the lithium alcoholates
with CISiMes and elimination of the corresponding silyl ethers
with n-BuLi in THF at room temperature gave the corresponding
vinyl sulfoximines (not shown in Scheme 4) as mixtures of
isomers?! The crude vinyl sulfoximines were subjected to a
NaOMe-catalyzed isomerization in THF to afford mixtures of
the allyl sulfoximinesE-12a—e and Z-12a—e, which were

14 (Scheme 4). It was speculated that the methyl-substituted separated by preparative HPRCThe configuration of the

vinyl aminosulfoxonium salt&-15a—c (Scheme 5, vide infra)

(24) Iska, V. B. R.; Tiwar, S. K.; Gais, H.-J.; Babu, G. S.; Adrien, A.
Unpublished results.
(25) Clark, J. H.Chem. Re. 198Q 80, 429-452.

(26) Scommoda, M.; Gais, H.-J.; Bosshammer, S.; Raabd, Grg. Chem
1996 61, 4379-4390.

(27) Gais, H.-J.; Mller, H.; Bund, J.; Scommoda, M.; Brandt, J.; Raabe)G.
Am. Chem. Sod995 117, 2453-2466.
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Scheme 4. Synthesis of Functionalized S-Methyl Vinyl Sulfoximines
1. n-BuLi, THF
"y Me Q_,NMe Me Q, ,NMe
2. RCH,COMe . S/
3. CISIM R\/\/S Ph = Ph
. IMe3
4. n-BuLi E-12a—e R Z-12a-e
5. NaOMe, THF H Bus
NMe Bus
\\l/ Hn (o} NMe
1. n-Buli, THF (R~ 4 o CJ\H\ Y
E12a-¢ ——— Ph — 2 +
2. CITi(OPr); 2 2 EtOzc)\‘)\/
Ti(OiPr), NMe
13a-e z.14afe E- 14a—e
a: R=Me, b: R=iPr, c: R=cCgHy4, d: R=(CH;),0SitBuMe,, e: R = Ph, Bus = SO,{Bu
Scheme 5. Synthesis of 4-Methylene Prolines with KF
Bus_ H
Bus_ o NMe N Me
E4a—c Me,0BF, N Me X, )72 N
“hcr N Sp, BFy o+ EOL BF4
Z14a  CHyCl, EtO,C ®>ph 4 Me s7°
R PH ® “NMe,
E-15a—c Z-15a
o ,NMe;
Bus Bus, H R
E-15, N QM W e
-15a—¢  KF, H,0 ‘s +HF o COMEt
z15a ¢, EtOZCW & Ph EtO,C Fl _g N 2
R R Bus
16a-c 17a—c 18a-c
a: R =Me, b: R=iPr, ¢: R = cCgH;4, Bus = SO,1Bu

Table 2. Synthesis of Functionalized -Methyl Vinyl Sulfoximines

Table 3. Synthesis of 4-Methylene Prolines with KF

entry derivative R E-14, yield (%) Z-14, yield (%) entry derivative R 18, yield (%) 9, yield (%)
1 a Me 33 38 1 a Me? 63 98

2 b iPr 64 10 2 a Meb 54 97

3 c cCeH11 45 16 3 b iPr 77 94
4 d (CHz)zoSitBUMeZ 142 36 4 C CC5H11 72 84

5 e Ph 58 -

aThe allyl sulfoximinel2d was recovered in 12% vyield.

double bonds of-12a—e and Z-12a—e was assigned byH
NOE experiments. Isomerization of the minor isomérk2a—e
with NaOMe in THF again delivered a mixture &12a—e
andZ-12a—e which were separated. Lithiation of the enantio-
merically pureE-configured allyl sulfoximines€-12a—e with
n-BuLi (1.1 equiv) at—78 °C in THF followed by a titanation
with CITi(iOPr) (2.1 equiv) gave the corresponding bis(allyl)-
titanium(lV) complexesl3a—e which were, however, not
isolated. Gratifyingly, the reaction of complex&8a—e with

419 (1.1 equiv) also proceeded with high regio- and diastereo-

selectivities and afforded the corresponding functionalized
B-methyl-vinyl sulfoximinesE-14a—e and Z-14a—e in good
yields (Table 2).

The E- and Z-isomers of14a—e were each formed with
>98% de. Because of the further synthetic studiesBhand
Z-isomers ofl4a—e were separated by preparative HPLC. Thus,
both the methyl-substituted titanium compleX&a—e and the
unsubstituted titanium complex8s—e exhibit in the reaction
with 4 similar high syn diastereoselectivities. However, the
methyl group ofl3a—e causes the reaction to be of Id#/Z-
selectivity in regard to the double bond. Such a difference in
the E/Z-selectivity betweerd3a—e and3a—e was not observed
in their reactions with aldehydé8.Interestingly, the reaction
of the phenyl-substituted titanium complé8e with 4 was

(28) Gais, H.-J.; Loo, R.; Roder, D.; Das, P.; RaabeE@Gr. J. Org. Chem
2003 1500-1526.
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a Starting fromE-142°. ° Starting fromz-14a

highly E-selective. The configurations of the double bonds of
E-l14a—e andZ-14a—e were assigned biH NOE experiments.

A final proof for the configuration of all stereogenic elements
of E-14b was provided by an X-ray crystal structure analysis
(Figure 4). The configuration af-14awas secured by conver-
sion of bothE-14aandZ-14ato proline 18a (vide infra).

Methylation of the vinyl sulfoximines€/Z-14a—c through
treatment with MgOBF, (1.1 equiv) in CHCI, afforded the
corresponding aminosulfoxonium sai&Z-15a—c, respectively,
in high yields &95%) (Scheme 5). Isomerization BfZ-15a—c
and cyclization ofL 7a—c both proceeded readily upon treatment
of the former salts with KF (510 equiv) and a small amount
of water in CHCl, under heterogeneous conditions and
furnished the correspondirgs-configured 3-substituted 4-me-
thylene prolined8a—c, respectively, witr=98% ee and:98%
de in medium to good yields (Table 3).

Both isomersZ-15aandE-15aafforded the proline derivative
18a Thus, a separation of tHe andZ-isomers is not required
for the synthesis ofl8a and presumably also not for that of
18b and18c The conversion oE/Z-14a—c to 18a—c, respec-
tively, has been carried out with the same results without
isolation of E/Z-15a—c. In addition to the proline derivatives
18a—c sulfinamide9 with >98% ee was isolated in each case
in high yield.

The facile cyclization of the allyl aminosulfoxonium salts
17a—c with formation of18a—c, respectively, prompted us to
study the cyclization of a derivative a7, the double bond of
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Figure 4. Structure of the functionalize@-methyl vinyl sulfoximineE-14b in the crystal.
Scheme 6. Synthesis of 4-Ethylidene Prolines
H. .Bus H. 7 BUS Me
1. n-Bui, THF y N o Me N
e -19
g, gté%oM Mey g, e Q NMe 1LE19 EtO,C X Me.0BF, Et02C N
. H,Me N \ 2. n-BuLi, THF _ Mesubrs -0
1SR e AUSL, ¢+ oSy, Me s3°  ChyCl SN
4.DBU, THF Ph 3. CITi(0iPr)3 Pr \NMe 2vi2 BF.®  Ph ® e,
5. DBU, MeCN £-19 Me 1o 4.4 20 a1
Me Me
KF, H0 |, — N } - - + +
— COEt R CO,Et
o0l MeNRT 2 MeoN R 2Bt) g N7 TCOaEt N7 TCOEL ey~ COE
PH H N\ H-N, ) ) é
F@ Bus Ph F@ Bus Bus Bus us
Bus = SO,fBu 7-22 E-22 z-23 946  E-23 24

which carries an additional substituent. It was hoped to obtain kainoid amino acids, from the aminosulfoxonium saii5d

information whether the cyclization involves ay $r S
reaction. The corresponding allyl sulfoximia® was prepared
as anE/Z-mixture starting from sulfoximiné and diethyl ketone

could not be accomplished by using Kk®ifor the migratory
cyclization of because of a concomitant desilylation. However,
treatment of the vinyl aminosulfoxonium sa@i15d with DBU

by the AEl-route (Scheme 6). Chromatographic separation of in CH,Cl, caused a facile migratory cyclization and gave the

the isomers and recycling of th&isomerZ-19 afforded the
enantiomerically puré&-isomer in 53% vyield.

The aminoalkylation oE-19 with 4 following lithiation and
titanation of the sulfoximine gave with high regio- and diaste-
reoselectivity the Z-configured functionalizeetethyl vinyl
sulfoximine 20 in 60% yield. Activation of sulfoximine20
through methylation with MgOBF, furnished the vinyl ami-
nosulfoxonium sal21 which upon treatment with KF and a
small amount of water in C¥Cl, afforded a mixture of prolines
Z-23 andE-23in a ratio of 94:6 in 46% yield based @b and
the a-methylated proline24, the configuration of which was
not determined, in 5% yield based @0.

The configuration 0Z-23 was revealed by X-ray structure
analysis (Figure 5). Besides proline4=-23 sulfinamide9 was

isolated in 84% vyield. This result shows that the intermediate

allyl aminosulfoxonium saltsZ-22 and E-22 preferentially
cyclize through a & reaction. Noteworthy is the higz-
selectivity of the cyclization. This may be ascribed to (1) an
unselective formation of the allyl aminosulfoxonium sait&2
andE-22, (2) a fast F-catalyzed equilibration af-22 andE-22,
and (3) a cyclization ofZ-22 being faster than that dE-22

because of less 1,3-allylic strain in the transition state, leading

to Z-23. Alternatively, the preferential formation @23 could

be rationalized by proposing a highly selective isomerization

of 21 to Z-22 being configurationally stable.
The synthesis of the substituted proline derivati\/8d

proline derivativel8d in 78% yield besides sulfonamide
(81%). Similarly, reaction of the vinyl aminosulfoxonium salt
E-15b with DBU afforded prolinel8b in 83% yield and9 in
94% yield (cf. Scheme 5). The vinyl sais15b andZ-15d are
most likely converted by DBU via the allyl ylidekb and16d,
respectively, to the allyl aminosulfoxonium salfgb and17d,
respectively, which suffer a DBU-assisted cyclication with
formation of the corresponding prolines.
I.c. Deprotection of the Unsaturated Prolines.The final
step of the synthesis of the unsaturated prolines of tyaed
0
0

TN R
v’y

N

O (Doammmnns

S

@/{‘* g@

(Scheme 7), a potential starting material for the synthesis of Figure 5. Structure of the 4-ethylidene prolir&23 in the crystal.
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Scheme 7. Synthesis of a Functionalized 4-Methylene Proline with DBU

Bus
N o \Me,
'S
EtO,C 5 @ Ph
Bus_ H !
Me OSitBuMe;, OSitBuMe,
16d
714d MesOBFy & DBU_ | +mHDBUBF, . N\ A~cogkt
CH,Cl, Ph"® "NMe,  CH,Cl, _9 )
Me,(BuSiO o M Bus
z15d BF4 Q Ve 18d
Bus_ , \
@ Ph
- )
Bus = SO,Bu Et0,C BF, ]
OSitBuMe,

Scheme 8. Deprotection of Unsaturated N-Bus Prolines

iPr iPr
A:S‘ CF3SO3H d

N CO,Et —’CHZCIZ N CO,Et
Bus H

8b 25

Pr Bus = SO,fBu Pr

N CO,Et Ch,Cly N CO,Et
Bus H
18b 26

Il is the deprotection of the N atom 8fand 18. Because of
the deliberate selection of the Bus group, this transformation
should be possible by applying a water-free &idindeed,
treatment of the proline derivativé® and18b with CFSO;H

in CH,CI; (0.05-0.1 M) afforded the proline este2s in 80%
yield and26 in 76% yield, respectively (Scheme 8).

Care had to be taken in the case of the isolatioR5dnd26
from the acidic reaction mixture. Workup was carried out by
the addition of water and extraction with @&l following the
adjustment of the pH of the mixture to a value of 6.8 by the
addition of 0.1 M NaOH. The adjustment of the pH to a value
of 9 prior to the extraction 026 surprisingly caused a partial
epimerization at C2 and the formation of a mixture2&and
its trans diastereomer. A partial epimerization2@& was also
observed upon treatment of the ester with NaOMe,sN&td
DBU. Interestingly, an epimerization of the protected proline
esterl8b was not observed with the later bases.

1. Stereo-Complementary Aminoalkylation of Sulfonimi-
doyl-Substituted Mono(allyl)titanium Complexes. We had
previously shown that the bis(allyl)titanium complex2a—

d, which are derived from the corresponding cyclic allyl
sulfoximines27a—d through lithiation and titanation with CITi-
(GiPr)s, react with theo-imino ester4 with high regio- and
diastereoselectivities at theposition to giveE-syn andZ-syn
configured functionalized vinyl sulfoximineg&-29a—d and
Z-29a—d, respectively, both with very high diastereoselectivities
in ratios of 1.4:1, 5:1, 1:3, and 1:12, respectively (Schenté 9).
Similarly the titanium complexe28a—d react with aldehydes
with high regio- and diastereoselectivities at theosition to
afford the correspondin@nti-configured homoallyl alcohols
having, however, aZ-configured vinylic sulfoximiné! In

(29) Sun, P.; Weinreb, S. Ml. Org. Chem1997, 62, 8604-8608.
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17d

Table 4. Synthesis of Functionalized Cyclic Vinyl Sulfoximines

E-31 E-29
entry  derivatve n  E-3L:E-29  yield (%) de (%)  yield (%) de (%)
1 a 1 6:1 70 >98 14 >98
2 b 2 10:1 69 >98 8 >98
3 c 3 24:1 82 >98 4 >98
4 d 4 46:1 87 >98 2 >98

contrast it was found that the mono(allyl)titanium complexes
30a—d, which are also readily available frog7a—d through
lithiation and titanation with CITi(NE)s, react with aldehydes
with high regio- and diastereoselectivities at thgosition to
furnish the corresponding allyl sulfoximinés223°|t was thus

of interest to study the reactions®da—d with 4 to see whether
the mono(allyl)titanium complexes show a similar reactivity
toward the imino ester.

Surprisingly, the mono(allyl)titanium complexe30a—d
reacted withd also at the/-position and gave the corresponding
functionalized cyclic vinyl sulfoximine8la—d and29a—d in
ratios ranging from 6:1 to 46:1 (Table 4), both with very high
diastereoselctivities. The ratio of the two diastereomers is
strongly dependent on the ring size of the allyl sulfoximine,
being the highest for the eight-membered cyclic derivaiod
(entry 4). It is interesting to note that the major diastereomers,
3la—d, derived from the mono(allyl)titanium complexg8a—d
and the major diastereomers obtained from the bis(allyl)titanium
complexes28a—d, have the opposite configuration at the two
stereogenic C atoms. Thus, both enantiomers of a given target
molecule derived fron29 and 31 after substitution of the
sulfoximine group (vide infra) are accessible from one enanti-
omer of the corresponding allyl sulfoximingy7, merely by
choice of the titanation reagent CITi(Nfet and CITi(GPr)s.

The configuration of the seven-membered sulfoximiie
was determined by X-ray crystal structure analysis (Figur@ 6).

The observation of a stereo-complementary aminoalkylation
of the cyclic titanium complexe38a—d and30a—d with 4 led
us to investigate whether the acyclic titanium comple32a
and 32d (Scheme 10) also show a reactivity towakdeing

(30) Gais, H.-J.; Babu, G. S.; @ter, M.; Das, PEur. J. Org. Chem2004
1464-1473.

(31) Only crystals of minor quality could be obtained from compo®id
Although the diffraction data collected at 150 K were sufficient for a
solution of the structure, they did not allow a complete anisotropic
refinement of the structure. Thus, the molecule shown in Figure 5 is the
result of an isotropic refinement and merely a proof of the three-dimensional
connection of the atoms in space.
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Figure 6. Structure of the functionalized cyclic vinyl sulfoximir8dcin the crystal.

Scheme 9. Stereo-Complementary Aminoalkylation of Cyclic Sulfonimidoyl-Substituted Allyl Titanium Complexes

NMe
//NMe Q\ NMe i ! \\ / /
'S (iPrO),Ti us< - ‘ph
Ph 1. n-BuLi, THF Ph
2. CITiOPr),; CITi(OiPr), EtO,C +  Z-29a-d
)n n
27a-d 283—d E-29a-d
an=1,b:n=2,¢:n=3,d:n=4,Bus=S0,Bu
o /NMe o NMe \\//NMe
s< (EtoN)3Ti 8 Bus. .H ~S-py,
Ph 1. n-BuLi, THE _ £.29ad
2. CITI(NEty)s Et0,C” Y +
)n n

27a-d 30a— E-31a-d

Scheme 10. Aminoalkylation of Acyclic Sulfonimidoyl-Substituted Mono(allyl)titanium Complexes

Q, NMe H. N _Bus o) ,/NMe
R s b
Q, /NMe 1 nBuli SN e 4, EtO C/\/\/ ~p + E-ab
RS, i Ti(NEty)s 2
Ph 2 CITi(NEty), R
E-2a,b 32a,b E-33a,b
=iPr,b:R= CC5H11, Bus = SOgtBU
Table 5. Synthesis of Functionalized Acyclic Vinyl Sulfoximines Scheme 11. Reactivity Model for the Aminoalkylation of the
” s Acyclic Allyl Titanium Complexes 30a—d with the a-Imino Ester 4
Ti(NEty)s
derivative 335 yield (%) de (%) yield (%) de (%) |
O, ,NMe o N—Me 0. ,NMe
a 6:1 56 >98 10 >98 R Y/ R Y R Y
b 2:1 58 =98 32 =08 Z Sph T \/\/@\ph = AN Spy
Ti(NEtz)s Ti(NEty)s
32Aab 32Ba,b 32Cab
stereo-complementary to that of the corresponding bis(allyl)- 14 J4
titanium complexe8a and3d. Treatment o82aand32b with
4 afforded the corresponding functionalized acyclic vinyl Bus Rep L?”S
sulfoximines33ab and5ab (Table 5), both with very high ; Ifl%'\ A L STR
. Lo - N 6l 111 T
diastereoselectivities. Me— .{’T'*Nj’ Bus = SO,tBU ’Es E
A NMR spectroscopic investigation of the structure of the A Me’foo
. - ) Ph
acyclic mono(allyl)_ﬂtanu_Jm compl_e?<e32a and 32b had re TS-E33ab TS E5ab
vealed a low configurational stability of theoCatom and a ’
fast Go,N-shift of the titanium atom leading to the formation l
of an equilibrium mixture of complexe32A—C in ratios of 33a,b 5a,b

84:13:3 and 86:12:2, respectively (Scheme2£5The forma-

tion of thesynconfigured diastereome88 and5 in the reaction complex32A with 4 through a six-membered cyclic transition
of 32 with 4 can thus be rationalized, on the assumption of the state of type TS=-33 giving 33 and of the Rey)-configured
operation of the Curtin-Hammett principté,by proposing a
stereo- and regioselective reaction of th&,j-configured (32) Seeman, J. LChem. Re. 1983 83, 83-134.
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Scheme 12. Reactivity Model for the Aminoalkylation of the Cyclic
Allyl Titanium Complexes 32a,b with the a-Imino Ester 4

Scheme 13. Synthesis of a Cyclic 9-Chloro-4,y-Dehydro Amino
Acid

I\I/Ie Q, ,NMez
O, ,NMe Q. N—Ti(NEty); O, ,NMe )
(EtN)sTi R W (Et,N)sTi 7
Nl S 1 &> ph 20 >ph Me;0BF,
_— _— CH,Cl,
n )n )n
30Aa-d 30Ba—d 30Ca—d
I |
Ph Bus
|I|. ITUS an=1 |N\ .
0-:S- =7 cn= ¥
y /;TZ_\N%D})n :;:_;’ L\"Il'i T ), NH,CI,
e” T _ 5SQ
L ||_ £ d:n=4 Me N|'_| 0 Hz_OéTHF
Ph
TS-E-31a-d TS-E-29a-d
l l Scheme 14. Synthesis of Acyclic 6-Chloro-g,y-Dehydro Amino
Acids
E-31a—d E-29ad H. _B
N7 us Q\,NMez
complex 32C with 4 through TSE-5 leading to 5. The EtO,C N8 pn

preferential formation of thés,Req,Scs-configured vinyl sul- R BF,°
foximine E-33 points to a higher reactivity of theS{,)- Ta-d
configured comple32A. NaCl or NH,ClI

The similarity in the reactivity between the acyclic complexes H Bus He0, CHZC'ZH Bus 7 ez
32ab and the cyclic complexe30a—d toward4 gives strong N NMe; N Sy
support to the notion of the existence of a similar fast [Etozc/'\/\/g\ph ’ EtO,C o ]
equilibrium between the complexés—C also in the case of R x°
30 (Scheme 12). Here thes4,)-configured complex30A is Etta-d ZA1a~d
proposed to react through a six-membered cyclic transition state X~ =CI or BF~ -9 Eag' (';LNE';‘C'
of type TS31to afford E-31 and the Re,)-configured complex e
30C with 4 through TSE-29 with formation of E-29. The H.\-Bus H. B cl
preferential formation of thés,Req,Scs-configured vinyl sul- Etozc/'\/\/c' E0,C”
foximine E-33 points to a higher reactivity of theS{,)- R R
configured complex30A. E-37a-d Z-37a-d

Ill. o-Chloro-3,y-Dehydro Amino Acids, 6-Chloro Allyl a:R=Me, b: R=/Pr, ¢: R = cCgHyq, d: R = tBu, Bus = SO,tBu

Alcohols and Bicyclic Prolines. lll.a. o-Chloro-g,y-Dehydro . .
Amino Acids. The synthesis of the 3,4-unsaturated proline Of the allyl chloridesE-37a-d and Z-37a—d, respectively,
derivativesBa—e from the acyclic vinyl aminosulfoxonium salts ~ Which were separated by chromatography, in good yields (Table
7a—e, respectively, led us to investigate the possibility of a ©)- Surprisingly, theert-butyl-substituted saltd afforded only
similar synthesis of the bicyclic prO'ineS of type from the the Z-conflgu_red CthfldeZ-B?d S|m||ar|¥, treatment Of.the
cyclic vinyl aminosulfoxonium saltXVIll (cf. Figures 1 and ~ Methyl-substituted vinyl aminosulfoxonium sa15c¢ with
3) by using KF as base. We had already observed that theNaq orNI—h(?I in water and ethyl acetate gave the allyl chloride
migratory cyclization of the diastereomeric vinyl aminosulfoxo- 38 in 63% yield. .
nium salt Xl with DBU gives the regioisomeric bicyclic The vinyl aminosulfoxonium salt84, 7a—d, and E-15c
prolines of typeXIV (cf. Figure 2). Thus, it would synthetically per_haps suffer_ a Clion-mediated isomerization to th_e allyl
be attractive to open an access to both regioisomers from the@Minosulfoxonium salt85, E/Z-11a-d, and17¢ respectively,
same starting material. whlch then.experlence an aIIyllc. substitution _by the @n _
Activation of the cyclic vinyl sulfoximine31b through with .formatlon qf the cprrespondmg allyl chlonde; and sulfi-
methylation with MgOBF; delivered the aminosulfoxonium salt ~ "amide. The vinyl aminosulfoxonium salts most likely form
34 (Scheme 13). Surprisingly, an inadvertent treatment of salt 100 Pairs in CHCl, and EtOAc containing the Clion as the
34 with NH,Cl instead of KF in THF/water resulted in both a  counterion. The Clion acts as a base in a way similar to that
facile isomerization to the allyl aminosulfoxonium saf and of the F"ion to form the corresponding allyl aminosulfoxonium
its concomitant substitution by the Clon and gave the allyl ~ Ylides, the protonation of which gives the thermodynamically
chloride 36 in 64% yield and sulfinamidé® in 92% yield. more stable allyl aminosulfoxonium salts (cf. 'Sc.heme 3). In
The unexpected facile migratory substitution of the vinyl he case of unsaturated sulfones and sulfoximines the allyl
aminosulfoxonium sal84 by the CI ion prompted a study of ~ ISOmer is strongly favored over the vinyl isomer in the
the acyclic vinyl aminosulfoxonium salBa—d (Scheme 14) equmbnum.13:21~.26’33Because of the S|m|I§1r|t|es in thg structure
andE-15¢(Scheme 15) to see whether this is a reactivity typical ©f the sulfonimidoyl group and the aminosulfoxonium group
for vinyl and allyl aminosulfoxonium salts. which is, however, much more carbanion-stabilizing, it is to
Treatment of the vinyl aminosulfoxonium salta—d either
with NaCl or NH,Cl and water in CHCI, furnished a mixture

(33) Lee, P. S.; Du, W.; Boger, D. L.; Jorgensen, WJLOrg. Chem2004
69, 5448-5453.
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Scheme 15. Synthesis of an Acyclic 6-Chloro y-Methylene Amino Acid

Bus, H o Bus, H Bus_ H
N Me “(‘3 NMez2  NaClor N Q, ,NMez N
S ~ NH4C| ‘S o |
Etozc)\H\/SFPei1 e EtO,C e>ph X 4 EoL c
cCgHyq B4 EtZO Ac cCeHy1 cCgH11
E-15¢ 17¢ 38
X~ =Cl or BF4~, Bus = SO,tBu
Table 6. Synthesis of Acyclic J-Chloro-f,y-Dehydro Amino Acids Scheme 17. One-Pot Synthesis of an Acyclic
— - - 0-Chloro-$,y-Dehydro Amino Acid
derivative R t(d) 37, yield (%) EZ 9, yield (%)
H.  .Bus NMe
a Me 25 82 88:12 81 N Qs
b iPr 3 93 80:20 94 )Y\/S\
c CHu 25 89 66:34 80 G S
d tBu 3 82 1:100 76 s
= CICO,R
Scheme 16. One-Pot Synthesis of a Cyclic 6-Chloro-3,y-Dehydro R =CH(CI)Me J 2
Amino Acid Me
H. _Bus |
N o\\s,N COsR
[EtOzC X" ph cl®
cCgH11
EtO,C 42
Me B Q\ ,N—COQR
H., -Bus L H. .Bus g
[ \ O\\SrN COR N @ Ph Cle]
+
. \ Et0,C7 7 "8 ph cI® EtO,¢”
us., .H S<
’;‘ & CCGHH CC6H11
[ EtO,C ol E-43 z-43
S, Me \—41 B
36 - Ph |}1 40 H\N,Bus H‘N' us ¢l
41 CO,R o+ P
Etozc/H/V Et0,C
be expected that the aminosulfoxonium group also favors the CeH11 CcCeH11
allyl isomer. The difference in reactivity of the allyl aminosul- E-37¢ Z31c

foxonium salts toward the Cland the F ions, i.e., intermo- 35 ang E/2-37¢ respectively. Support for this mechanistic
lecular substitution versus cyclization (vide supra), can be related aiionalization comes from a previous investigation in which
to the differences in nucleophilicity and basisicity of the two \ye showed that allyl sulfoximines are readily converted to the
anions. In the case of the migratory substitution of saks corresponding chlorides and sulfinamiteupon reaction with
7a—d, andE-15cwith NH4Cl in the presence of water it could  {he chioroformiaté®34Interestingly, theE/Z-selectivities of the

also be NH which causes the isomerization. _ formation of chloride€£/Z-37¢from the aminosulfoxonium salt
Most interestingly, the allyl chlorid86 can also be obtained 7. 3nd42 are almost opposite.

starting from the vinyl sulfoximing1b in a one-pot sequence IIl.b. Cyclization of 8-Chloro-B,y-Dehydro Amino Acids.
by using a chloroformiate for the activation and migratory Treatment of chloride86. Z-37b—d. and 38 with DBU gave
substitution (Scheme 16). Thus, treatmen8db with CICO,- the corresponding proline derivative®, 8b—d, and 18g

CH(CI)Me gave chloride36 in 86% yield. In addition sulfina- - egpectively, in practically quantitative yields excéBtwhich
mide 413034 with >98% ee was isolated in 93% yield. a5 obtained in only 66% yield (Scheme 18).
Conversion of sulfinamidd1 to ()-sulfoximine 17 of =98% lll.c. #-Chloro Allyl Alcohols. Because of the ready avail-

ee had already been de_scrit?éd. _ ability of the hydroxy-substituted vinyl sulfoximinetsa and
The acyclic allyl chlorides of typ&7 can also be obtained 451, (Scheme 19) from the corresponding bis(allyl)titanium
by the one-pot sequence starting from the vinyl sulfoxinBne  complexesXIV (cf. Figure 2) and aldehydes, it was of interest
and using the chloroformiate (Scheme 17). Thus, treatment of 4 gee whether the corresponding vinyl aminosulfoxonium salts
Scwith CICO,CH(C)Me gave the allyl chlorid87cas aE/Z= 463 and 46b would also undergo a migratory substitution.
mixture in a ratio of 30:70 in 92% yield. In addition sulfinamide  Treatment of the vinyl aminosulfoxonium sdiéa, which was
413034 with >98% ee was isolated in 93% yield. Most likely  gptained from sulfoximind5athrough methylatiod? first with
sulfoximines31b and 5¢ react with the chloroformiate with g\ and then with saturated aqueous XHin CH,Cl, gave
formation of the aminosulfoxonium saB9and42, respectively,  after a short reaction time a mixture of the allyl chlorided8a
which suffer a Ct ion-mediated isomerization to give the  an47.48ain a ratio of 92:8 in high yield (Table 7). A similar
corresponding allyl aminosulfoxonium salé® and E/Z-43, experiment with sal#6b, which was prepared through methy-
respectively. Their substitution by the Glbn yields chlorides lation of 45b,13 afforded the allyl chlorideE-48b as a single
(34) Gais, H.-J.; Loo, R.; Roder, D.: Das, P.; Raabe @, J. Org. Chem isomer in almost quantitative yield. The treatmenébf and
2003 1500-1526. T ' 45b with DBU most likely caused a facile isomerization to the
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Scheme 18. Cyclization of o-Chloro-3,y-Dehydro Amino Acids

DBY g E"'cozEt

==~ N
CH,CI
22 I|3us
44
Bus. .H _CI R
N DBU =
Et0,C7 CH,Cl N COE
R Bus
Z-37b-d 8b-d
R
Bus. .H
EtO,C Cl cH,Cl, ’T‘ CO,Et
cCgHqq Bus
38 18c

b: R =Pr, ¢: R=cCgHy4, d: R = tBu, Bus = SO,tBu

Scheme 19. Synthesis of ¢-Chloro Allyl Alcohols

tBuMe,SiO
RIS
--0
R2. S
PR" “\Me
45a,b
lMe3OBF4
tBuMe,SiO
R’ X o
RZ —,\:O BFy4
a:R'=Ph, R2= jPr Ph"®M\Me,
b: R' = iPr, RZ= Me 46a,b

J DBU, CHQC|2 O\ ,NMez

BuMe,Si0 Q NVe, tBuMeZSi/C_)\)/%\Ph
H Y . i
R1V\/®\ Ph R1 BF °
R2 BF,® R2 4
E-47a,b Z-47a,b
—9 | NH,CI, H,0
tBuMe;SiO tBUMe,SIO cl
R1/‘\/\/CI + RN
R? R?
E-48a,b Z-48a,b
Table 7. Synthesis of 6-Chloro Allyl Alcohols
48 Rt R? yield (%) E:Z
a2 Ph iPr 89 92:8
ab Ph iPr 81 90:10
b¢ iPr Me 98 >100:1

aFrom46a P One-pot synthesis fros5aand CICQCH(Cl)Me. ¢ From
46h.

allyl aminosulfoxonium saltsE/Z-47a and E/Z-47b, which
suffered a similarly facile substitution by the Clon.

Allyl chlorides of type48 can also be obtained by the one-
pot sequence starting from the corresponding vinyl sulfoximine
45 and using the chloroformiate (Scheme 20). For example,
treatment o#45awith CICO,CH(Cl)Me gave a mixture of the
allyl chloridesE-48aandZ-48ain a ratio of 90:10 in 81% yield.

In addition sulfinamidet13%34was isolated in 93% yield. Most
likely sulfoximine 45a reacts with the chloroformiate with
formation of the aminosulfoxonium saft9a which suffers a
Cl~ ion-mediated isomerization to give the corresponding allyl
isomerE/Z-504, the substitution of which by the Clion gives
chloridesE/Z-48a
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Scheme 20. One-Pot Synthesis of a 6-Chloro Allyl Alcohol
tBuMeZSiQ
0
iPr /S{'O
PH “NMe
45a
l CICO,R
tBuMeZSiQ
- S:‘—O C|
R = CH(C)Me Pr o~
PH 'N(Me)CO,R
49a
l o ,N(Me)COZR
tBuMe,SiO o, NNMeICOR — mme,si0 > ph
i \S =
[ PR NP8 ph ¢+ Ph/ﬁ)/ cf ]
iPr iPr
E-50a Z-50a
-#¢
tBuMe,Si0 BuMe,SiO cl
F>h/\(\/CI ¥ PN
iPr iPr
E-48a Z-48a

IV. Cyclopentanoid Aminosulfoxonium Ylides. IV.a. Syn-
thesis of Amino-Substituted Tricyclic Ylides. The facile
isomerization of vinyl aminosulfoxonium salts of ty@eo the
corresponding allyl aminosulfoxonium salts by the @hd F
ions led us to explore the possibility of generation and isolation
of the intermediate allyl aminosulfoxonium ylides of tyhe
(cf. Scheme 3) by using a strong base. Previously, we had
studied the structure of ylides of tyd® by ab initio calcula-
tion,22 and their isolation would also permit further structural
investigations. Therefore, the vinyl aminosulfoxonium St
was treated with LIN(H}Bu (2—3 equiv) in THF at low
temperatures. Surprisingly, the tricyclic keto aminosulfoxonium
ylide 54 was isolated in 39% yield as a single diastereomer
besides the proline derivati\8b in 32% yield (Scheme 21). A
similar reaction of théN-allyl vinyl aminosulfoxonium salt Al-
7b afforded only the keto ylide Ab4in 49% yield as a single
diastereomer. Formation of the tricyclic ylides can perhaps be
rationalized as follows. We had previously observed that vinyl
aminosulfoxonium salts of typet6 (cf. Scheme 18) are
deprotonated by strong bases at th@osition to the amino-
sulfoxonium group with formation of the corresponding vinyl
aminosulfoxonium ylide$34 These ylides are stable at low
temperatures but decompose at higher temperatures with forma-
tion of the corresponding alkylidene carbenes. Thus, it seems
reasonable to assume thét and Al-7b are deprotonated by
the lithium amide to give the vinyl ylide$1 and Al51,
respectively. Subsequently the ylides suffer a cyclization through
attack of the ylidic C atom at the ethoxycarbonyl group with
formation of the cyclopentenone derivativé® and Al-52,
respectively, the double bond and the phenyl group of which
are both activated by the aminosulfoxonium gré#i# There-
fore, the phenylsulfoxonium derivativé& and Al-52 react with
the lithium amide through ortho lithiation of the phenyl group
to generate the lithiophenyl derivativé8 and Al-53, respec-
tively, which undergo a highly stereoselective intramolecular
enone addition of the phenyl grotswith formation of ylides
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Scheme 21. Synthesis of Amino-Substituted Tricyclic Ylides

Y4 iPr
Bus, Rog
R\N,Bus Q ,NMez . N <) %\Ph _
% LiN(H)tBu
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iPr BF,® iPr R=H Bus
7b, Al-7b Z-10b, Al-Z-10b 8b
LiN(H)tBu
THF

.Bus o NMe,

R iRr
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/N g - R. A
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54 and Al-54, respectively?® It has been shown that the ortho
lithiation of phenylsulfoximines with lithium amides is a facile
proces¥ ! and that of the phenylaminosulfoxonium salts
52 and AI52 should be even more facile because of the
powerful carbanion-stabilizing effect of the aminosulfoxonium
groupl2ab.g.14

The formation of the proline derivativ@b in the reaction of
7b with the base can be ascribed to a competing deprotonation
of the vinyl aminosulfoxonium salt at theyCatom with
formation of the allyl ylideZz-10b which cyclizes following a
proton transfer from thé\-sulfonyl group to the @ atom of
the ylide. While the N-protected ylide A-10b may have also
been formed, it cannot cyclize. N

The novel tricyclic ylides54 and Al54 should make b i
interesting starting materials for the synthesis of highly substi-
tuted cyclopentanone derivatives, as for example, through a ring-
opening reaction of the aminosulfoxonium ylide moiety with

Figure 7. Structure of the keto aminosulfoxonium ylide Béin the crystal.

aldehydes at the €S bond?!2c9 Thus, X-ray crystal structure analysis of ylide Bd-(Figure 7)
IV.b. Experimental and Calculated Structures of Tricyclic was carried out. .
Keto Aminosulfoxonium Ylides. Besides the determination of ~ Compared with the average value of 1.208(7) A obtained from

the relative configuration of AB4, the knowledge of the 155 solid-state structures of cyclopentandfidee carbonyl bond

bonding parameters of the keto aminosulfoxonium ylide struc- 0f Al-54 (1.227(3) A) (Table 8) appears to be somewhat
tural element was also of interest. Although aminosulfoxonium €longated, indicating a weak enolic character of this bond.
ylides are valuable reagents in stereoselective synthesis, we ar&lowever, an ab initio structure optimization of the model ylide
unaware of any crystal structure analysis of such an yAde. XXIII (Figure 8) at the MP2 level employing the 6-BG*
basis set and the Gaussian 03 suite of quantum-chemical
(35) 52'?{75 E.; Harrison, C. L.; Zetina-Rocha, Org. Lett 2001 3, 3245~ routined resulted in a CO bond length of 1.236 A, which is

(36) Acyclic keto aminosulfoxonium ylides had previously been obtained through ONly slightly longer than that of cyclopentanone (1.227 R)

acylation of (dimethylamino)sulfoxonium methylides: (a) Johnson, C. R.; tain t th me level of theorv. This indicates that th
Haake, M.; Schroeck, C. W. Am. Chem. S0d.97Q 92, 6594-6598. (b) obtained a € same evel 0 eory s indicates tha €

Johnson, C. R.; Rogers, P. E. Org. Chem 1973 38, 1798-1903. (c) experimental average value for the cyclopentantiggrobably
@) Ezggglm- o gﬁ%@?ﬁésﬁé,‘%ﬂé}f&%gr 1988 53, 2630-2634. too small. At an experimental value of 1.409(3) A the-@12 _
(38) Miiler, J. Ph.D. Thesis, Universtt®asel, 1993. bond is quite short. The calculated value for the model ylide
(39) Muller, 3. P K. Neuburger, M.; Zehnder, Miely. Chim. Actal997, 80, XXl is 1.447 A. According to both the X-ray structure
(40) (a) Bosshammer, S. Ph.D. Thesis, RWTH Aachen, 1998. (b) Wessels, M. determination and calculation, the carbonyl carbon atom C2 is
Ph.D. Thesis, RWTH Aachen, 2002. planar. Moreover, at a sum of bond angles of 352%¢aybon

(41) (a) Levacher, V.; Eriksen, B. L.; Begtrup, M.; Dupas, G.; Quiger, G.;
Duflos, J.; Bourguignon, Jretrahedron Lett1999 40, 1665-1668. (b)
Gaillard, S.; Papami¢geC.; Dupas, G.; Marsais, F.; Levacher, V. (43) Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A. G.;

Tetrahedron2005 61, 8138-8147. Taylor, R.J. Chem. Soc., Perkin Trans.1P87, S1.
(42) A search in the Cambridge crystallographic data files revealed no entry (44) Frisch, M. J.; et alGaussian 03Revision C.02; Gaussian, Inc., Wallingford
for an acyclic or cyclic aminosulfoxonium ylide of type AK. CT, 2004.
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Table 8. Bond Lengths (A) and Dihedral Angles (deg) of the Keto
Ylides Al-54 (experimental) and XXIII (calculated)

iPr

t-BuO,S, I H H
Nad " \& 3 S O
r 2
o 2 o °p
O NMe, O NMe,
Al-54 XX
bond Al-54 XXl angle Al-54 XXII
s-0 1.442(1) 1.478 GCiS—-N—-Me —174.1(2) —179.7
S—N 1.645(2) 1.696 CES—N—-Me 49.6(2) 46.3
C1-S 1.661(2) 1.650 NS-C1-C2 100.9(2) 106.8
C7-S  1.758(2) 1.781 NS-CI1-C5 —111.7(2) -107.2
Cl1-C2 1.409(3) 1447 ©S-Cl1-C2 —-22.5(2) -—18.7
C1-C5 1.531(3) 1510 ©S-Cl1-C5 124.9(1) 127.3
C2-C3 1.559(3) 1.541
C2-0  1.227(3) 1.236

Figure 8. Calculated structure of the keto aminosulfoxonium ykadlIl .

atom C1 is distinctly pyramidalized. The perpendicular distance
of C1 from the plane defined by S1, C2, and C5 is 0.245(2) A.
Within its standard deviation this value coincides with the one
from the ab initio calculation (351°%

A natural bond orbital (NBO) analysfsof the bonding in
the model ylide XXIIl revealed the following interesting

as a single bond betweensg?22 hybrid at the S atom and a
sp>53hybrid at C1. There are no significant interactions between
the lone pair at C1 and the empty orbitals at the S atom. (iv)
The natural atomic charges at S, C1, and C24e2623,—0.76,
and+0.67 e, respectively. Electrostatic interactions, therefore,
contribute significantly to the shortening of the bonds between
C1 and C2 on the one and between C1 and S on the other hand
relative to the values of the corresponding typical single bonds.
(v) According to the NBO analysis the-% bond is not a
double bond as depicted in the structural formulas. This bond
is a single bond between sx?54 hybrid at the S atom and a
sp>8” hybrid at the O atom’ There are three lone pairs at the
O atom, two of the orbitals of which are essentigllyprbitals
while the third one has about 74%@and 26%p character. The
natural atomic charge at the O atom-i4.0 e. (vi) The lengths

of the S-N bond is 1.696 A and, therefore, only slightly shorter
than a typical SN single bond (1.722 A in Ph-SNH; at the
same level of theory). The natural atomic charge of the N atom
is —0.80 e, and its lone pair has about 8f%and 13%s
character. The charge distribution can be expressed in a first
approximation through the conventional polarized structure

XXIIA 48 Stabilization of ylides Als4 and XXIII is thus
mainly provided by electrostatic interactions.
oL
e ° /S’,@
°0 NMe,
XXIIA
Ylide Al-54 and the model ylideXXIll adopt a C+S

conformation in which the lone pair at C1 and thel$ bond

are approximately in a syn/planar position. According to an ab
initio calculation of (dimethylamino)phenylsulfoxonium meth-
ylide this conformation allows for a stabilizingcfro*sy
hyperconjugative interaction (vide supfd)Furthermore the

features. (i) There is no double bond between the carbonyl C methylene ylide adopts, according to the calculatiorsN%nd

atom C2 and the neighboring tri-coordinate carbon atom CL1.
The atoms are bonded by a single bond betwesgt-& hybrid

at the carbonyl C and sp'-"3hybrid at the neighboring carbon
atom C1. The latter atom carries a lone pair with about $8%

C—S conformations in which the lone pairs at the C atom and
N atom are in an almost orthogonal position. Thereby, a
destabilizing interaction between both lone pairs is avoided that
results when they are in a planar positf8rylide Al-54 and

character and an occupancy of 1.59 which strongly interacts the model ylideXXIIl adopt similar SN and G-S conforma-

with an only weakly occupieg orbital (occupancy 0.67) at the
carbonyl C atom resulting in a stabilization enei@§jy*¢of AE;
—157 kcal/mol. At stabilization energies ef13 and—33
kcal/mol the interactions of the lone pair at C1 with ihes*
andosy* bonds, respectively, are of minor importance. (ii) The
CO bond is also a single bond betweespa® hybrid at the C
atom and asp-#° hybrid at the O atom. The O atom carries
three lone pairs, one with about 588and 42%p character
and two essentially purp orbitals. One of these lone pairs
gives a strong second-order stabilization enerlf,(= —365
kcal/mol) with the above-mentioned weakly occupgedrbital

at the carbonyl C atom. (iii) Although it is significantly shorter
than a typical S-C single bond (1.811 A in Me-SNH,, MP2/
6-31+G*), the C1-S linkage is not a double bond. It is formed

tions.

IV.c. Synthesis of Hydroxy-Substituted Mono- and Tri-
cyclic Ylides. Having observed a facile tandem cyclization of
the amino-substituted sal®@ and Al-7b, it was of interest to
see whether a hydroxy-substituted vinyl aminosulfoxonium salt
of type 57 is also able to undergo such a series of transforma-
tions, giving the tricyclic ylide59 (Scheme 22). The required
functionalized vinyl aminosulfoxonium s&6 was synthesized
by a highly selective reaction of the bis(allyl)titanium complex
3b with ethyl glyoxylate, which gave the substitute vinyl
sulfoximine55 as a single diastereomer in 36% yield. Protection
of the hydroxy group o065 afforded the silyl etheb6 in 92%
yield. The treatment of the vinyl aminosulfoxonium s&l,
which was obtained through methylation of the vinyl sulfox-

(45) (a) Reed, A. E.; Curtiss, L. A.; Weinhold, Ehem. Re. 1988 88, 899.
(b) Glendening, E. D.; Reed, A. E.; Carpenter, J. E.; Weinhold, F. NBO
3.0 Program Manual, Theoretical Chemistry Institute and Department of
Chemistry: University of Wisconsin, Madison, Wisconsin 53706, U.S.A.
(46) AE, = —quoldo| 7 |ac¥(eac—edo), Where 7 is the Fock operator of the
molecule,qq, the occupation number of the donor orbital. and ey, are
the NBO orbital energies of the acceptor and the donor orbital, respectively.
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(47) (a) Chesnut, D. B.; Quin, L. 0. Comput. ChenR004 25, 734-738. (b)
Glendening, E. D.; Shrout, A. LJ. Phys. Chem. 2005 109, 4966-4972.
(c) Miller, J. F. K.; Batra, RJ. Organomet. Cheni999 584, 27—32. (d)
Kumar, P. S.; Bharatam, P. \fetrahedron2005 61, 5633-5639.

(48) For a discussion of the importance of polarized structures of this type in
the case of enolate ions, see: Wiberg, K. B.; Ochterski, J.; Streitwieser,
A. J. Am. Chem. Sod 996 118 8291-8299.
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Scheme 22. Synthesis of Hydroxy-Substituted Cyclic Ylides
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imine 55in practically quantitative yield, with the lithium amide
furnished the tricyclic keto ylid&9 in 30% vyield as a single
diastereomer. It is assumed that the formatiorb®from 57
takes a similar course as that 54 from 7b except for the
additional requirement of Z/E-isomerization of the vinyl ylide
derived from salb7. Support for this notion came from reactions
of 57, samples of which were inadvertently admixed with,£H
Cly or CHCE, with the lithium amide. Here the monocyclic
ylides60and61, respectively, were isolated each in 22% yield,

respectively, as single diastereomers. Formation of the ylides

can be explained by the stereoselective addition of Li@ad
LICHCI,* to the cyclopentenone derivati&s, being derived
from 57 through deprotonation and cyclization. The isolation
of 60 and 61 gives support to the postulated formation of the
cyclopentenone derivativé2, Al-52, and58 as intermediates
in the formation of the tricyclic ylides.

Conclusion

Chiral amino-substituted vinyl aminosulfoxonium salts are

aminosulfoxonium salts. Particularly illustrative is the one-pot
activation and migratory substitution of the amino- and hydroxy-
substituted vinyl sulfoximines with formation of the correspond-
ing allyl chlorides upon treatment with a chloroformiate. The
facile conversion of the hydroxy-substituted vinyl aminosul-
foxonium salts to the corresponding allyl chlorides gives further
proof for the generality of the migratory substitution of vinyl
aminosulfoxonium salts. The proline derivatives @ndhloro-
B,y-dehydro amino acids should make interesting building
blocks for the enantioselective synthesis of nonnatural amino
acids.

A further example for the high reactivity of the functionalized
vinyl aminosulfoxonium salts is provided by the stereoselective
conversion of the ethoxycarbonyl-substituted aminophenylsul-
foxonium salts7b, Al-7b, and57 to the corresponding highly
substituted tricyclic keto aminosulfoxonium ylidéd, Al-54,
and 59, respectively, upon treatment with a strong base.
Although the yields of the ylides are only moderate at present,
their tricyclic structure and the four-step reaction sequence
leading to their formation are remarkable, and an optimization
of the reaction conditions may perhaps lead to higher yields.
The structure of the keto aminosulfoxonium ylide 24-in the
crystal shows some remarkable features including a CO bond
which is only slightly longer than that of cyclopentanones. Ab
initio calculations of the model ylide showed a good correlation
between theoretical and experimental bonding parameters. An
NBO analysis of the model keto aminosulfoxonium ylx%|I|
revealed within the framework of the model interesting structural
features including the absence of CO, CS, CC, and SO double
bonds in the keto aminosulfoxonium unit and pointed to the
importance of a polar structure of typexIIIA .

The key step in the synthesis of the functionalized cyclic and
acyclic vinyl sulfoximines is the highly regio- and stereoselective
aminoalkylation of the sulfonimidoyl-substituted bis(allyl)-
titanium complexes with theN-Bus imino ester. A similar
aminoalkylation of the mono(allyl)titanium complexes, which
are accessible from the same lithiated allyl sulfoximine used in
the synthesis of the bis(allyl)titanium complexes, permits in the
case of cyclic allyl sulfoximines a highly selective stereo-
complementary synthesis of the corresponding functionalized
cyclic vinyl sulfoximines of opposite configurations at the C
atoms.
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