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Mannich-type addition of benzophenone imine glycinates across newly synthiis{padluenesulfonyl)
a-chloroaldimines affordeg-chloro-a,3-diamino ester derivatives with moderate diastereoselectivity as
separable mixtures @fnti andsyndiastereomers. Thechloro-o.,5-diamino esters were efficiently cyclized
under basic conditions to the correspondthg-aziridino a-amino ester derivatives, representing a new
class of conformationally constrained heterocyaljf-diamino acid derivatives. The relative configuration

of the aziridines was determined via X-ray diffraction analysis. Mechanisms and intermediate transition
states to explain the stereochemical outcome of the Mannich reaction with different substrates or under
different conditions are proposed. The synthetic importance g¢i fhaziridinoo-amino ester derivatives

is demonstrated by their conversion into the corresponding Boc-protected derivatives and ring opening
reactions too,5-diamino esters and g-amino a,8-unsaturated amino ester.

Introduction relevant compounds and precursors of 3-anfidaetams?® have

The incorporation of conformationally constraineeamino received far less attention.

acid¢ and, more recently§-amino acid3into biologically active 2-Aziridinylglycines2 and derivatives thereof, such as esters
peptides has gained great interest in the preparation of peptide2nd amides, can be considered as a virtually new class of
based drug moleculesy,-Diamino acids1, as biological con_forr_natlonally c_onstralned heterocyclmﬁ-(_jlamlno acid
derivatives of which only few representatives have been
t Ghent University. described. Recently, the synthesis dfl-&bz-protected 2-aziri-
'ﬂ‘ldﬂ'l‘\;gg'éy g‘; fz‘fgsdl:a dinylglycinamide3 was reported in low yield via rearrangement
ton Ieaveyfromyt\jniv):arsity of Szeged. of 3{[(benzyloxy)carbonyl]laminp-4-(mesyloxymethyl)-1-(4-
8 Postdoctoral Fellow of the Research FoundatiBtanders (FWO). methoxyphenyl)-2-azetidinone upon treatment with amménia,
(1) () Cowell, S. M.; Lee, Y. S.; Cain, J. P.; Hruby, V.Qurr. Med. analogous to the transformation of 4-(1-haloalkyl)-2-azetidinones

Chem.2004 11, 2785. (b) Komarov, I. V.; Grigorenko, A. O.; Turov, A. . . S .
V. Khilya,‘t/. P. RUSS. (C%]em. Re2004 73, 73% (©) Park, K. H.; Kurth, with sodium methoxide in methanol to methyl 4-(alkylamino)-

M. J. Tetrahedron2002 58, 8629. pentenoates via intermediate methyl 2-aziridinylacetaiése
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Swern oxidation of a 2-[1-(dibenzyl)amino-2-hydroxyethyl]-
aziridine resulted in unstabée-(N,N-dibenzyl)amino-2-aziridine-
acetaldehydet,® while hydrazone5 was prepared from the
corresponding N-methoxy-2-methoxyoxalyl-3,3-(dimethoxy-
carbonyl)aziridin€. Strecker reaction of aziridine-2-carbox-
aldimines with trimethylsilyl cyanide stereoselectively afforded
o-amino 2-aziridinylacetonitrile®, which could be used in
further ring opening reactiorfs.2-Aziridinylglycines 2 are
potentially very interesting compounds from biological as well
as from synthetic point of view. Besides their application as
conformationally restricted analogues of physiologically active

Kiss et al.
SCHEME 1. Retrosynthetic Analysis of thef,y-Aziridino
o-Amino Esters 8
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Results and Discussion

According to the retrosynthetic analysis of the target com-
pounds8, the readily available benzophenone imine glycine

a,f-diamino acids and peptides, they are also related to €stersl0andN-(p-toluenesulfonyljo-chloroimine derivatives

2-(aziridin-2-yl)-3-phenylpropionic acid which is a carboxy-
peptidase A inhibitof. Aziridines are of great importance as
structural components of natural and biologically active prod-
ucts?® For instance, azinomycines A and B and mitomycin C
are potent antitumor and antibiotic ageHfsAziridines are also

9 seemed to be suitable starting materials for this goal (Scheme
1).

A convenient method for the stereoselective synthesis/f
diamino acid derivatives involves Mannich reactioroeémino
ester derivatives across imin®sThis methodology has also

important heterocyclic compounds in the synthesis of a variety been applied in the synthesis of 3-amjfitactams via cycliza-
of nitrogen-containing compounds such as amino sugars, tion of intermediate,5-diamino ester® Despite the numerous

alkaloids, and substituted amino actd<Considerable efforts
have been made to nucleophilic ring opening of aziriditfes.
2-Aziridinylglycines2, being substituted 2-aziridinylacetatgs
which in their turn are the homologues of aziridine-2-carbox-
ylates!4 could be useful building blocks for the synthesis of
functionalizeda,3- and a,y-diamino acid derivatives.
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approaches tg8-amino ester$! p-trifluoromethylf-amino
esters?® a-oxy-5-amino esters? y-alkoxy{3-amino esters} a,o-
difluoro-B-amino esters! a-cyanof-amino esterd? g-amino
diesters?® aspartic acid derivative®,'-ketof3-amino esters?
aziridine-2-carboxylic este$,C-glycosyl3-amino esters’ and
o,p-diamino acid derivatives of biological importance by
Mannich condensation of ester enolates or equivalents with
imines recently reported, only two isolated examples have been
published in which a chloro substituent is present at the
o-position of the &N double bond of the reacting imine in
broad sense, that is, hydrazones and in situ formed imines
included?®2° More specifically, it concerned here chloroacet-

(7) Tartakovskii, V. A.; Luk’yanov, O. A.; Novikov, S. Dokl. Akad.
Nauk SSSR968 178 123; Chem. Abstr1968 69, 18948.

(8) (@) Kim, S. W.; Noh, H. Y.; Paek, S. I.; Ha, H. J.; Lee, W. B.
Korean Chem. SoQ004 25, 1617. (b) Li, B. F.; Yuan, K.; Zhang, M. J.;
Wu, H.; Dai, L. X.; Wang, Q. R.; Hou, X. LJ. Org. Chem.2003 68,
6264. (c) Noh, H. Y.; Kim, S. W.; Paek, S. I.; Ha, H. J.; Yun, H.; Lee, W.
K. Tetrahedron2005 61, 9281.

(9) (a) Park, J.; Kim, D. HBioorg. Med. Chem. LetR001, 11, 2967.
(b) Park, J.; Tian, G. R.; Kim, D. HJ. Org. Chem2001, 66, 3696.

(10) Yudin, A. K. Aziridines and Epoxides in Organic Synthe¥isley-
VCH: Weinheim, Germany, 2006.

(11) (a) Sweeney, J. BChem. Soc. Re 2002 31, 247 and references

Our present aim was to develop a method for the synthesis cited therein. (b) Padwa, A.; Murphree, SARKIVOC2006 6. (c) Watson,
of conformationally constrained aziridino amino ester diaster- |- D. G.; Yu, L. L.; Yudin, A. K. Acc. Chem. Re2006 39, 194. (d) Cardillo,

eomers8 bearing the nitrogen moieties m,S,y-positions of
the ester, filling up part of the gap of the chemistryoeémino
2-aziridinylacetate derivatives.

(2) (a) Fuop, F.Chem. Re. 2001, 101, 2181. (b) Fidp, F.; Martinek,
T. A,; Toth, G. K. Chem. Soc. Re 2006 35, 323. (c) Gelman, M. A;;
Gellman, S. H. Using constraingdamino acid residues to conti®peptide
shape and function. I&Enantioselectie Synthesis gf-Amino Acids 2nd
ed.; Juaristi, E., Soloshonok, V., Eds.; John Wiley & Sons, Inc.: Hoboken,
NJ, 2005; pp 527#591. (d) Gnad, F.; Reiser, @hem. Re. 2003 103
1603. (e) Kuhl, A.; Hahn, M. G.; Dumic, M.; Mittendorf, Amino Acids
2005 29, 89. (f) Miller, J. A.; Nguyen, S. TMini-Rev. Org. Chem2005
2, 39. (g) North, M.J. Pept. Sci.200Q 6, 301. (h) Ortuno, R. M.
Enantioselective synthesis of conformationally constrajfienino acids.
In Enantioselectie Synthesis off-Amino Acids 2nd ed.; Juaristi, E.,
Soloshonok, V., Eds.; John Wiley & Sons, Inc.: Hoboken, NJ, 2005; pp
117-138.

(3) Viso, A.; de la Pradilla, R. F.; Garcia, A.; Flores, BEhem. Re.
2005 105, 3167.

(4) Boros, E.; Bertha, F.; Czira, G.; Feller, A.; Fetter, J.; Kajtar-Peredy,
M.; Simig, G.J. Heterocycl. Chen2006 43, 87.

(5) Dejaegher, Y.; De Kimpe, Nl. Org. Chem2004 69, 5974.

(6) Concellon, J. M.; Riego, E.; Rivero, I. A.; Ochoa, A.Org. Chem.
2004 69, 6244.
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G.; Gentilucci, L.; Tolomelli, A.Aldrichimica Acta2003 36, 39. (e)
Zwanenburg, B.; ten Holte, Fop. Curr. Chem2001, 216, 93. (f) McCoull,
W.; Davis, F. A.Synthesi®00Q 1347. (g) Osborn, H. M. I.; Sweeney, J.
Tetrahedron: Asymmetr§997 8, 1693. (h) Tanner, DAngew. Chem.,
Int. Ed. Engl.1994 33, 599.

(12) Hu, X. E.Tetrahedron2004 60, 2701.

(13) For some recent synthetic applications of the ring opening of
2-aziridinylacetates, see ref 8 and: (a) Hirashita, T.; Toumatsu, S.; Imagawa,
Y.; Araki, S.; Setsune, J. Tetrahedron Lett2006 47, 1613. (b) Lee, K.

Y.; Kim, S. C.; Kim, J. N.Tetrahedron Lett2006 47, 977. (c) Mangelinckx,
S.; Courtheyn, D.; VerheR.; Van Speybroeck, V.; Waroquier, M.; De
Kimpe, N. Synthesi2006 2260. (d) Song, L.; Servajean, V.; Thierry, J.
Tetrahedror2006 62, 3509. (e) Guo, Z.; Schultz, A. Gietrahedron Lett.
2004 45, 919. (f) Thierry, J.; Servajean, Vetrahedron Lett2004 45,
821. (g) Brown, D.; Brown, G. A.; Andrews, M.; Large, J. M.; Urban, D.;
Butts, C. P.; Hales, N. J.; Gallagher, J. Chem. Soc., Perkin Trans. 1
2002 2014. (h) Yan, Z.; Weaving, R.; Dauban, P.; Dodd, RTktrahedron
Lett. 2002 43, 7593. (i) Dauban, P.; De Saint-Fuscien, C.; Acher, F.;
Prezeau, L.; Brabet, I.; Pin, J. P.; Dodd, R.Bloorg. Med. Chem. Lett.
200Q 10, 129. (j) Dauban, P.; De Saint-Fuscien, C.; Dodd, R. H.
Tetrahedronl 999 55, 7589. (k) Dauban, P.; Chiaroni, A.; Riche, C.; Dodd,
R. H.J. Org. Chem1996 61, 2488.

(14) For some reviews on the ring opening of aziridine-2-carboxylates,
see ref 11d and: (a) Cardillo, G.; Gentilucci, L.; Tolomelli, Mini-Rev.
Med. Chem2006 6, 293. (b) Lee, W. K.; Ha, H. JAldrichimica Acta
2003 36, 57.
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aldehyde derivatives which are not general in view of their
lability. The condensation of ester enolates vatishloroimines

would lead tg3-amino¥-chloro esters as suitable intermediates
for further cyclization to 2-aziridinylacetates. An acylhydrazone
derived from chloroacetaldehyde reacted via a zirconium-
catalyzed asymmetric Mannich-type reaction with the silyl enol

ether derived from methyl isobutyrate to afford the correspond-

ing -N'-acylhydrazinoy-chlorocarboxylic ester addu#tSimi-
larly, HBF;-catalyzed three-component coupling reaction of

chloroacetaldehyde, aniline, and the silyl enol ether derived from
methyl isobutyrate took place smoothly in water in the presence

(15) (a) Kavrakova, I. K.; Lyapova, M. Drg. Prep. Proced. Int1996
28, 333. (b) Kavrakova, I. K.; Lyapova, M. Xollect. Czech. Chem.
Commun200Q 65, 1580. (c) Soloshonok, V. A.; Avilov, D. V.; Kukhar,
V. P.; Van Meervelt, L.; Mischenko, Nl'etrahedron Lett1997, 38, 4671.
(d) Demong, D. E.; Williams, R. MJ. Am. Chem. So@003 125, 8561.
(e) Demong, D. E.; Williams, R. MTetrahedron Lett2001, 42, 3529. (f)
Viso, A.; de la Pradilla, R. F.; Lopez-Rodriguez, M. L.; Garcia, A.; Flores,
A.; Alonso, M. J. Org. Chem2004 69, 1542. (g) Viso, A.; de la Pradilla,
R. F.; Garcia, A.; Alonso, M.; Guerrero-Strachan, C.; Fonsec8yhlett
1999 1543. (h) Davis, F. A.; Deng, J. HOrg. Lett. 2004 6, 2789. (i)
Davis, F. A.; Deng, JOrg. Lett.2005 7, 621. (j) Polniaszek, R. P.; Bell,
S. J.Tetrahedron Lett1996 37, 575. (k) Bernardi, L.; Gothelf, A. S.; Hazell,
R. G.; Jorgensen, K. Al. Org. Chem2003 68, 2583. (I) Ooi, T.; Kameda,
M.; Fujii, J.; Maruoka, K.Org. Lett. 2004 6, 2397. (m) Salter, M. M.;
Kobayashi, J.; Shimizu, Y.; Kobayashi, ©rg. Lett. 2006 8, 3533. (n)
Kobayashi, J.; Yamashita, Y.; Kobayashi, Ghem. Lett.2005 34, 268.
(o) Okada, A.; Shibuguchi, T.; Ohshima, T.; Masu, H.; Yamaguchi, K.;
Shibasaki, MAngew. Chem., Int. EQ005 44, 4564. (p) Langlois, N.; Le
Nguyen, B. K.J. Org. Chem.2004 69, 7558. (q) Le Nguyen, B. K;
Langlois, N.Tetrahedron Lett2003 44, 5961. (r) Hayashi, T.; Kishi, E.;
Soloshonok, V. A.; Uozumi, YTetrahedron Lett.1996 37, 4969. (s)
Kobayashi, O.; Yamashita, Ydpn. Kokai Tokkyo KohdP 2006169150,
2006;Chem. Abstr2006 145 103946. (t) Zhou, X. T.; Lin, Y. R.; Dai, L.
X. Tetrahedron: Asymmetr$999 10, 855. (u) Kinoshita, H.; Inomata,
K.; Hayashi, M.; Kondoh, T.; Kotake, HChem. Lett.1986 1033. (v)
Shimizu, M.; Inayoshi, K.; Sahara, Qrg. Biomol. Chem2005 3, 2237.
(w) Viso, A.; De la Pradilla, R. F.; Flores, A.; Garcia, A.; Tortosa, M.;
Lopez-Rodriguez, M. LJ. Org. Chem.2006 71, 1442. (x) Lin, Y. R;;
Zhou, X. T.; Dai, L.-X.; Sun, JJ. Org. Chem1997, 62, 1799. (y) Davis,

F. A.; Zhang, Y.; Qiu, HOrg. Lett.2007, 9, 833. (z) Singh, A.; Yoder, R.
A.; Shen, B.; Johnston, J. N. Am. Chem. So@007, 129, 3466.

(16) (a) Ojima, I.; Habus, ITetrahedron Lett199Q 31, 4289. (b) van
Maanen, H. L.; Kleijn, H.; Jastrzebski, J. T. B. H.; Verweij, J.; Kieboom,
A. P. G.; van Koten, GJ. Org. Chem1995 60, 4331. (c) Brown, M. J.;
Overman, L. EJ. Org. Chem1991, 56, 1933. (d) Schunk, S.; Enders, D.
Org. Lett.200Q 2, 907. (e) Schunk, S.; Enders, .Org. Chem2002 67,
8034.

(17) (a) Brinner, K.; Ellman, J. A. Asymmetric synthesis /amino
acids by enolate additions to tert-butanesulfinyl imine€mantioselectie
Synthesis of;-Amino Acids 2nd ed.; Juaristi, E., Soloshonok, V., Eds.;
John Wiley & Sons, Inc.: Hoboken, NJ, 2005; pp 3894. (b) Ueno, M.;
Kobayashi, S. Catalytic enantioselective Mannich reaction€&rantio-
selectve Synthesis g#-Amino Acids2nd ed.; Juaristi, E., Soloshonok, V.,
Eds.; John Wiley & Sons, Inc.: Hoboken, NJ, 2005; pp 4397. (c)
Silveira, C. C.; Vieira, A. S.; Braga, A. L.; Russowsky, Detrahedron
2005 61, 9312. (d) Gonzalez, A. S.; Gomez Arrayas, R.; Carretero, J. C.
Org. Lett.2006 8, 2977. (e) Hasegawa, A.; Naganawa, Y.; Fushimi, M.;
Ishihara, K.; Yamamoto, HOrg. Lett.2006 8, 3175. (f) Periasamy, M.;
Suresh, S.; Ganesan, S. Betrahedron: Asymmetr2006 17, 1323. (g)
Fujisawa, H.; Takahashi, E.; Mukaiyama,0hem—Eur. J.2006 12, 5082.
(h) Periasamy, M.; Suresh, S.; Ganesan, S erahedron Lett2005 46,
5521. (i) Morimoto, H.; Wiedemann, S. H.; Yamaguchi, A.; Harada, S.;
Chen, Z.; Matsunaga, S.; Shibasaki, Ahgew. Chem., Int. EQ00§ 45,
3146. (j) Akiyama, T.; Itoh, J.; Yokota, K.; Fuchibe, Angew. Chem.,
Int. Ed. 2004 43, 1566. (k) Loh, T. P.; Chen, S. 1Org. Lett. 2002 4,
3647. () Katritzky, A. R.; Kirichenko, K.; Elsayed, A. M.; Ji, Y.; Fang, Y.
F.; Steel, P. 3J. Org. Chem2002 67, 4957. (m) Akiyama, T.; Suzuki, A.;
Fuchibe, K.Synlett2005 1024. (n) Saavedra, C. J.; Hernandez, R.; Boto,
A.; Alvarez, E.Tetrahedron Lett2006 47, 8757.

(18) Huguenot, F.; Brigaud, T. Org. Chem200§ 71, 2159.

(19) (a) Harada, S.; Handa, S.; Matsunaga, S.; ShibasakArndew.
Chem., Int. Ed2005 44, 4365. (b) Joffe, A. L.; Thomas, T. M.; Adrian, J.
C. Tetrahedron Lett.2004 45, 5087. (c) Akiyama, T.; Takaya, J.;
Kagoshima, HTetrahedron Lett2001, 42, 4025. (d) Wang, Y.; He, Q. F.;
Wang, H. W.; Zhou, X.; Huang, Z. Y.; Qin, YJ. Org. Chem200§ 71,
1588.
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Synthesis ofo-Chloroaldimines 9
1) pTsNH,, pTsNa

o
R HCOOH/H,0, 1t, 12 h
H
R 2

SCHEME 2.

) NaHCO3/H20/CHzCI2

11a (R = Me)
11b (R-R = Cy)
11c (R = Et)
NTs NTs
R 1 equiv NCS R
H H
R ccly, A, 180 R7G

12a-c (49-76%) 9a-c (91-96%)
of a surfactant® However, in neither of the latter two reports
the f-amino+-chloro esters were further investigated.

The aliphatic aldehydekla—c were first transformed to their
correspondingN-(p-toluenesulfonyl) aldimine$2a—c according
to a known literature procedure involving the reaction of
aldehyded 1 with p-toluenesulfonamide and sodiywtoluene-
sulfinate in aqueous formic acid and subsequent treatment with
sodium bicarbonat&. The aliphatic aldiminesl2 were then
submitted toa-chlorination withN-chlorosuccinimide (NCS),
furnishing the desired new-chloroimines9a—c in 91-96%
yield (Scheme 2). These new non-enolizable activatetiloro-
aldimines 9 were obtained exclusively as tHeisomers in
acceptable purity after removal of the formed succinimide by
simple filtration or extractive workup. All attempts to obtain
analytically pure samples of the-chloroaldimines9 via
recrystallization failed, however, due to their instability upon
storage in solution, even at low temperature, and it proved
necessary to immediately use the aldimi®eas such in the
next step.

The nucleophilic attack of the benzophenone imine glycine
esterslO across théN-(p-toluenesulfonylj-chloroaldimine
was studied under different base conditions with ethyl eldar
and the aldimine9a derived from isobutyraldehydel{a) as
model compound& In the presence of KOtBu in THF or under

(20) (a) Evans, J. W.; Ellman, J. A. Org. Chem2003 68, 9948. (b)
Badorrey, R.; Cativiela, C.; Diaz-de-Villegas, M. D.; Galvez, J. A.
Tetrahedron Lett2003 44, 9189.

(21) Chung, W. J.; Omote, M.; Welch, J. J. Org. Chem2005 70,
7784.

(22) Poulsen, T. B.; Alemparte, C.; Saaby, S.; Bella, M.; Jorgensen, K.
A. Angew. Chem., Int. EQR005 44, 2896.

(23) (a) Tillman, A. L.; Ye, J.; Dixon, D. hem. Commur2006 1191.
(b) Yang, Y. Y.; Shou, W. G.; Wang, Y. G.etrahedror2006 62, 10079.
(c) Shou, W. G.; Yang, Y. Y.; Wang, Y. Gletrahedron Lett2006 47,
1845. (d) Song, J.; Wang, Y.; Deng, L.Am. Chem. So2006 128 6048.
(e) Bode, C. M.; Ting, A.; Schaus, S. Eetrahedron2006 62, 11499.

(24) Jacobsen, M. F.; Skrydstrup, I..Org. Chem2003 68, 7112.

(25) Hamashima, Y.; Sasamoto, N.; Hotta, D.; Somei, H.; Umebayashi,
N.; Sodeoka, MAngew. Chem., Int. ER005 44, 1525.

(26) (a) Sweeney, J. B.; Cantrill, A. A.; McLaren, A. B.; Thobhani, S.
Tetrahedror2006 62, 3681. (b) Sweeney, J. B.; Cantrill, A. A.; Drew, M.
G. B.; McLaren, A. B.; Thobhani, Setrahedror2006 62, 3694. (c) Davis,

F. A.; Liu, H.; Reddy, G. V.Tetrahedron Lett1996 37, 5473. (d) Davis,
F. A;; Reddy, G. V,; Liang, C. HTetrahedron Lett1997, 38, 5139. (e)
Davis, F. A,; Liu, H.; Zhou, P.; Fang, T. N.; Reddy, G. V.; Zhang, Y. L.
J. Org. Chem.1999 64, 7559. (f) Davis, F. A.; Zhang, Y. L.; Rao, A.;
Zhang, Z. J.Tetrahedron2001 57, 6345. (g) Davis, F. A.; Deng, J. H.;
Zhang, Y. L.; Haltiwanger, R. CTetrahedron2002 58, 7135.

(27) Dondoni, A.; Massi, A.; Sabbatini, Shem—Eur. J.2005 11, 7110.

(28) Kobayashi, S.; Hasegawa, Y.; Ishitani,Ghem. Lett1998 1131.

(29) Akiyama, T.; Takaya, J.; Kagoshima, Bynlett1999 1426.

(30) Chemla, F.; Hebbe, V.; Normant, J. $ynthesi200Q 75.

(31) For reviews on the preparation and application of glycine anions
from benzophenone imines of glycine, see: (a) O’Donnell, MAIdl-
richimica Acta2001, 34, 3. (b) Soloshonok, V. ACurr. Org. Chem2002
6, 341.
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SCHEME 3. Synthesis of Diamino Esters 13 and 14 from
N-Tosyl Aldimines 9 and Benzophenone Imine Glycinates 10

Ph 1) 1 equiv LDA, THF
- -78 °C, 15 min
Ph” "N~ “COOR' .
2) 1 equiv _93-_(:, -78°C,2h
10a (R = EY) [3) crystallization]
10b (R' = Me)
10c (R' = t-Bu) (48-83%)
NHTs NHTs
R COOR" | R COOR'
R H
Cl Nﬁ/Ph R Cl NYPh
Ph Ph
13aa-ca 14aa-ca
TABLE 1. Addition of Glycinates 10 to Aldimines &
entry 9 10 dr (13:14) (yield) 13(%)  14(%)
1 9a 10a 13aa/ldas 2:1 (66%) 43 22
2 9a 10b  13ab/l4ab= 2.5:1 (57%) 40 17
3 9a 10c 13ac/l4ae 1:1 (48%) 24
4 9b 10a 13ba/ldba= 2:1 (83%) 46 22
5 9b 10b  13bb/14bb= 3.5:1 (68%)
6 9c 10a 13ca/ldca 2:1 (80%)

a All reactions were performed at78 °C in THF for 2 h using 1 equiv
of 9, 1 equiv of10, and 1 equiv of LDAP Determined byH NMR analysis
(300 MHz) of the crude reaction mixtureslsolated yield of pure
diastereomers after crystallization.

phase transfer conditions (NaOH, benzyltriethylammonium
chloride, toluene/water), the reaction failed to give the desired
1,2-adducts. In the presence of LiGlénd EtN in THF ¢ the

two possible anti and syn diastereomersl3aa and 14aa
unfortunately were formed only in low yield in 2:1 ratio together
with unreacted starting material. However, when the reaction
of ethyl glycinatelOa with N-tosylimine 9a was effected by
initial deprotonation of the ester with lithium diisopropylamide
(LDA) in THF at —78 °C, a mixture ofsynandanti diastere-
omersl3aaandl4aawas formed in good yield with moderate
diastereoselectivity (dr 2:1) (Scheme 3 and Table 1, entry 1).
Under the latter reaction conditions, the addition to Ne
tosylimine 9a was also accomplished in acceptable yield by
using the methyl antert-butyl glycine ester&é0Ob and10c(Table

1, entries 2 and 3). The sterical bulk of the edt®@had moderate
influence on the diastereoselectivity of the reaction with the
anti/synratio decreasing from 2.5:1 to 1:1 in the order Me:Et:
t-Bu. The scope of the nucleophilic addition of glycine ethyl
esterlOawas extended to the larger alkyl-substitutedhloro-
imines9b (R—R = Cy) and9c (R = Et) (Table 1, entries 4
and 6). In both cases, the ratio of theti 13baca and syn
14baca Mannich adduct was determined to be 2:1, demonstrat-
ing that the sterical bulk of the aldimirfzhad little influence

on the diastereoselectivity of the Mannich reaction. However,
a higheranti diastereoselectivity was observed again when the
methyl ester adduct$3bb/14bb were synthesized (Table 1,

entry 5). Determination of the diastereomeric ratios was based

on the relative integration values of the distinguishag®bley-
drogens of theanti and syn adducts13 and 14 in the crude
reaction mixtures. The chemical shifts or the values of coupling
constants of acyclia-(diphenylmethylene)aming-(p-toluene-
sulfonyl)amino carboxylic esterk3/14 cannot be used for an
unambiguous determination of their relative stereochemistry.
However, comparison with closely related stereochemically
defined a-(diphenylmethylene)aming-(p-toluenesulfonyl)-
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amino carboxylic esters in literature allows a preliminary
stereochemical determinatié?k For analogoug3-aryl-o-(di-
phenylmethylene)aming-(p-toluenesulfonyl)amino carboxylic
esters, the jl hydrogen of thesynisomer appears at higher
chemical shift as compared to tlaati isomer. Additionally,
the vicinal coupling constaridye g for the synisomer shows

a smaller value than thenti isomer. These chemical correlations
are in agreement with the minor isomek4 obtained by us,
and the relative stereochemistry of the minor isontetsvas
thus tentatively assigned as beisgn Moreover, the vicinal
coupling constantJua-—wg for the synisomersl4ab (3Jue—wgp

= 1.1 Hz) and14bb (*J4e-Hs = 0.83 Hz) has a comparable
small value as the observed vicinal coupling constdit g

of the closely related nonchlorinatgdisopropyl- na—+p =
1.6 Hz) andp-cyclohexyla-(diphenylmethylene)aming-(p-
toluenesulfonyl)amino carboxylic estefSio—np = 1.2 Hz) 15k

Adducts13agab,acba and14agab,ba could be isolated as
single diastereomers by crystallization from mixtures of hexane/
EtOAc in good vyields. The minosyn isomers 14aaab,ba
crystallized first from the reaction mixtures and the majoti
isomersl3aaab,ba could be subsequently recovered as solid
compounds almost quantitatively from the filtrate by concentra-
tion. Only anti isomeri13accrystallized from the 1:1 mixture
13adl4acwhich made it impossible to isolate tisgnisomer
l4ac as a stereochemically pure compound. All attempts to
separate diastereomelr8bb/14bb and13cdl4cavia selective
crystallization failed, and therefore these mixtures were used
as such in the subsequent ring closing step, after which
separation of the diastereomers would be attempted again (vide
infra).

The anti stereoselectivity of the Mannich addition reaction
of the glycine enolated5 with the N-tosylimines9 can be
explained on the basis of the conformational arrangement in
the proposed transition state of the reaction (Figure 1). Due to
intramolecular chelation, the enolatés are expected to have
the Z-geometryt5h-32When considering a cyclic chelated six-
membered chairlike transition state, such as the Zimmerman
Traxler modeP? in aldol reactions, one can apply as a rule of
thumb that Z)-enolates result isyrraldol products. However,
in Mannich reactions, thee-geometry of the electrophilic
aldimines, such as-tosylimines9, restricts the latter compounds
to only one binding conformation in the Zimmermahraxler
model3*which results in the formation @fnti-Mannich adducts
from (2)-enolates. Therefore, the obtaireuti stereoselectivity
in adductsl3is in accordance with the chairlike transition state
model TS-1, in analogy to a model proposed by Da¥s.
Despite the disfavoring 1,3-diaxial interaction between the
haloalkyl group (CCIR) and the alkoxy function (ORR which
explains the betteanti diastereoselectivity with smaller'R
groups,TS-1 is likely to be favored due to the coordinating
ability of the chlorine atom and, to a lesser extent, one of the
oxygen atoms on sulfur with lithiur?f. However, a less sterically
congested open transition staf&-2 cannot be excluded to
explain the formation of thanti adductsl3. The formation of

(32) Ezquerra, J.; Pedregal, C.; Merino, |.; Florez, J.; Barluenga, J.;
Garcia-Granda, S.; Llorca, M. Al. Org. Chem1999 64, 6554.

(33) Zimmerman, H. E.; Traxler, M. DJ. Am. Chem. Sod 957, 79,
1920.

(34) Evans, D. A; Nelson, J. V.; Taber, T. Rop. Stereocheni1982
13 1.

(35) For the stereochemical explanation of Grignard additions to
a-chlorotert-butanesulfinyl aldimines via the coordinating ability of the
a-chloro atom with magnesium, see: Denolf, B.; Mangelinckx, Stnifaos,

K. W.; De Kimpe, N.Org. Lett.2006 8, 3129.
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FIGURE 1. Possible transition states in the formation of #rei and syndiastereomer43 and14.

SCHEME 4. Formation and Isomerization Reaction of the
anti Adduct 13ab
Ph 1) 1 equiv LDA
- THF, -78 °C
Ph” "N~ COOMe
2)9a,-78 °C to rt
10b 1or2o0r20h
NHTs NHTs 1,\'13
: COOMe . COOMe + COOMe
Cl Ns _Ph I Ns_Ph
N c Y N _Ph
Ph Ph \Prh
13ab 14ab 20ab

TABLE 2. Formation and Isomerization Reaction of theanti
Adduct 13ab (Scheme 4)

yield® vyield® recovery
reaction ratio? 13ab 14ab 10b ratio?
entry time (h) 13abl4ab (%) (%) (%) 14ahk20ab
1 1 9:1 37 24
2 2 251 40 17 10
3 20 0 11

apDetermined by!H NMR analysis (300 MHz) of the crude reaction
mixtures.? Isolated yields of pure compounds.

thesynadductsl4, especially in the derivatives with the larger
R’ groups, can be explained via a boatlike transition SI&e
involving the €)-N-tosylimines9.36

In order to get some better insight in the mechanism of the
Mannich addition, the reaction of benzophenone imine glycine
10b and thea-chloroimine9a was performed under thermo-

the retro-Mannich fragmentation of the initially formed lithiated
anti adduct 16. Via the retro-Mannich fragmentation, the
formation of imine9 with Z-stereochemistry, as present in
transition statél'S-4, is possible’’ Very recently, the group of
Davis also described that the kinetically favoredti-2,3-
diamino ester, resulting from the addition of benzophenone
imine glycinatelOaacross $)-(+)-N-(benzylidene)p-toluene-
sulfinamide, isomerized via retro-Mannich fragmentation to the
more stablesyn2,3-diamino ester under thermodynamic reaction
conditions! In further analogy with suggestions of the group
of Davis, it is believed that lithiatedsyn adduct 17 is
thermodynamically favored due to the occurrence of an equi-
librium with the intramolecular chelated compl&8 which is
sterically favored due to th&rans configuration of the five-
membered comple¥y

Furthermore, an isomerization of the isolagedi isomerl3ab
into the thermodynamically more staldgnisomer14ab and
synaziridine20abwas observed upon stirring under mild base
conditions (PNH, LiCl, rt) (Scheme 5 and Table 3).

Having partially solved the separation of the two diastereo-
mers13 and 14 by crystallization from a hexane/ethyl acetate
mixture, the aziridine ring at thg,y-position was constructed
by intramolecular 1,3-displacement of the chloride under basic
condition. The reaction of the pure diastereoni&agab,ac,ba
andl4agab,ba was performed easily with ¥COs in refluxing
acetone fo 5 h giving thep,y-aziridino-a-(N-diphenylmeth-
ylidene)amino esterE9aaab,ac,ba and20aaab,ba in 58—87%
yield (Scheme 6). As presented above, the complete separation
of adductsl3caandl4caproved impossible. Noteworthy, the
aziridine formation from the mixture of addudt8cdl4cagave

dynamic control (Scheme 4 and Table 2), that is, extended @ mixture of diethyl-substituted aziridines9ca20ca which

reaction time (20 h) at room temperature. The fact thasjme
isomerl4ab, together with thesynaziridine20ab (vide infra),
instead of the kinetically favoregiti adductl3ab, was formed
upon stirring for 20 h gives support for an alternative six-
membered chelate chairlike transition sta&4, resulting from

(36) For similar discussions on chair- and boatlike transition states in
addition reactions of enolates to imines, see ref 17c and: Bernardi, A.;
Gennari, C.; Raimondi, L.; Villa, M. BTetrahedron1997, 53, 7705.

(37) Corey, E. J.; Decicco, C. P.; Newbold, R.T@étrahedron Lett1991,

32, 5287.
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SCHEME 5. Isomerization Reaction of theanti Adduct
13ab

NHTSs
_-COOMe jci, iPr,NH
Cl Nx_Ph THF, 1t
Ph
13ab
NHTs IIS
COOMe COOMe
+
Cl N\ Ph N\ Ph
Ph Ph
14ab 20ab

TABLE 3. Isomerization Reaction of theanti Adduct 13ab upon
Treatment with LiCl/ 'ProNH in THF at rt (Scheme 5)

entry reaction time ratid3abi14ab20al?
1 15h 2:1:0
2 35h 1:1.2:traces
3 3 days 1:2:2
4 5 days 1:5:5

apetermined by!H NMR analysis (300 MHz) of the crude reaction

mixtures.

SCHEME 6. Synthesis of the Aziridino Amino Esters
19aa,ab,ac,ba and 20aa,ab,ba

NHTs R i
R a)v'(:OOR' 3 equiv K,CO; TSN _cooR

R S
Cl Ng _Ph acetone, A, 5 h Nﬁ/Ph
Ph Ph
13aa (R = Me, R' = Ef) 19aa,ab,ac,ba (80-87%)
13ab (R = Me, R' = Me)
13ac (R =Me, R'=t-Bu)  LiCl, iPr,NH, THF
13ba (R-R = Cy, R' = Et) t, 2 days (97% for 19aa)
NHTs R "I\'ls
R COOR' 3 equiv K,CO3 o COOR'
R
Cl NYPh acetone, A, 5 h NYPh
Ph Ph
14aa (R = Me, R' = Et) 20aa,ab,ba (58-79% from 14aa,ab,ba)

14ab (R = Me, R' = Me)
14ba (R-R = Cy, R' = Et)

Kiss et al.

SCHEME 7. Synthesis of the Aziridino Amino Esters 19ca
and 20ca

NHTs
Et COOEt 3 equiv K,CO3
Et Cl Nﬁ/Ph acetone, A, 5h
Ph
13ca/14ca (2:1)
Ts Ts
Et_ N et N
£t >Q\__/c00Et - >L\|/000Et
Nﬁ/Ph NYPh
Ph Ph
19ca (59%) 20ca (28%)

SCHEME 8. Base-Induced Formation of
4-Aminopentenoate 21 fromanti- or syn-Aziridines 19aa and
20aa

Is Ph
N
COOEt  1equiv TSHWCOOB TsHN \‘N:/\Ph
KOtBu, THF
_ Ny Ph +
NYPh t4h e o ©°
Ph Ph

19aa or 20aa 21 22
(60% from 19aa; 55% from 20aa) (38% from 20aa)

In the presence of a stronger base (KOtBu), bothahg-
andsynaziridine derivatived 9aaand20aaresulted in the same
y-aminoao,S-unsaturated amino est2t formed by deprotona-
tion in the a-position of the ester and double bond formation
by expulsion of the aziridine nitrogen (1,2-elimination) (Scheme
8). The latter mechanism is analogous to our previously reported
mechanism in the synthesis of methyl 2-alkoxy-4-(alkylamino)-
pentenoates from intermediate methyl 2-aziridinylacetates.
When the ring opening with KOtBu in THF was performed on
the synaziridine 20aa translactone22 could be isolated in
38% vyield from the reaction mixture as a side product besides
allylamine21. The determination of theans stereochemistry
of lactone22 is based on observed NOE effects (Figure 2) and
supported by the relative large vicinal coupling constdng s
(J = 9.63 Hz)3® The 4-aminopentenoat2l is assumed to
possess th&-geometry according to the reaction mechanism
via anti elimination (Scheme 9). The assumption is made that
theanti-aziridine19aaagain isomerizes to trgynaziridine20aa
under the reaction conditions which subsequently led to the
formation of the corresponding)-pentenoat@1. The assump-

could be separated by crystallization from a hexane/EtOAc tion for theZ-geometry is supported by the appearance of the
solvent system in good yield (Scheme 7). The vicinal coupling ©l€finic A-proton at 5.90 ppm in théH NMR spectrum (CDG

constanfJyq—ng for the anti isomers19 shows a smaller value
(J = 8.53-8.81 Hz) than thesynisomers20 (J = 9.08-9.36

300 MHz). The latter chemical shift is near to the range of 6.18
6.25 ppm in which the olefinic protons appeared of the

Hz). The structure and the stereochemical arrangement of the@nalogousZ)-methyl 2-alkoxy-4-(alkylamino)pentenoates, while

aziridino derivativesl9ag 19ah, 19a¢ 19ca and 20aawere

the chemical shift of the olefinic proton dEY-methyl 2-alkoxy-

unambigously determined by their X-ray diffraction analysis 4-(alkylamino)pentenoates was higher (i.e., 6:650 ppm):

(see presented ORTEP figures in the Supporting Information),
which also confirms thenti and synassignments of adducts

13 and14.

It was interesting to observe that when the cyclization reaction
from theanti adductl3aawas continued for a longer time (16

h) a mixture of aziridined9ad20aawas detected in 5:1 ratio.
It was found that, in analogy with the isomerizationl®abto
14ab, the anti-aziridine 19aacould be isomerized under mild
base conditionsPrLNH, LiCl, THF, rt) to thesynisomer20aa
in 97% yield (Scheme 6).
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FIGURE 2. Determination otransstereochemistry of lactor? via
a 2D NOESY experiment.
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SCHEME 9. Mechanism for the Formation of
(2)-Pentenoate 21
Ts Ts
N N
- COOEt COOEt
KOtBu
Nﬁ/Ph THE NYPh
Ph Ph
19aa 20aa
Ts
COOEt
TsHN__~_-COOEt NS N Ph
/>T/“\T/ - - Qﬁ/
Nﬁ/Ph H H pn
Ph "OtBu
21 20aa
SCHEME 10. Formation of the N-Boc-Protected Aziridino
Amino Esters 25
Ts

N 1) HCI/H,O, THF, 1t, 1 h
X __GOOE

2) Boc,O, EtgN, THF, 1t, 6 h

Zun

Y™
19aa Ph
NHTs Ls
COOEt | /A__GOOEt
Cl  NHBoc IilHBoc
23 (27%) 25 (68%)

Analogousy-aminoa,-unsaturated amino esters have proven
to be useful synthetic intermediates for Dielslder and 1,3-
dipolar cycloaddition reactiof$for the synthesis of chirat,y-
diamino acid derivative® as dipeptidyl peptidase inhibitof,
and for the synthesis of functionalized pyrrolin-2-orgs.
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SCHEME 11. Formation of the N-Boc-Protected Aziridino
Amino Esters 26
Ts 1) HCI/H,O, THF
N ,1h
>ﬂ\rcooa
2) Boc,O, EtgN, THF
NYPh 1,6 h
20aa Ph
NHTs KoCOs, acetone 1"-13
2 3
COOEt COOEt
A 4h
Cl NHBoc NHBoc
24 (81%) 26 (73%)

6H,J = 7.43 Hz), 1.59 (dq, 4H) = 7.15 Hz,J = 7.43 Hz), 2.32
(sextet, 1HJ = 6.60 Hz), 2.43 (s, 3H), 7.33 (d, 2H,= 7.98 Hz),
7.81 (d, 2H,J = 8.26 Hz), 8.44 (d, 1HJ = 6.33 Hz);13C NMR
(75 MHz, CDCE) 0 = 11.4, 21.6, 24.0, 48.2, 128.0, 129.8, 135.0,
144.6, 181.8; IR (NaCl, cri) v = 1626, 1598, 1459, 1325, 1160,
1091, 815, 758, 672; MS (ES, posyz 254 (M + H*, 100).

General Procedure for the Preparation of a-Chloroimines
9. To a solution ofN-(p-toluenesulfonyl)iminel2 (40 mmol) in
CCl, (50 mL) was addetll-chlorosuccinimide (1 equiv) in portions
after which the mixture was stirred at reflux for 18 h. After cooling
of the reaction mixture, the solid was filtered off and the filtrate
was concentrated in vacuo giving tiétosyl a-chloroimine 9
(purity >70%) which was used immediately in the next step without
purification (if purity was>80%). Alternatively, this imine was
taken up in CCJ (100 mL), rapidly washed with 0.5 N aq NaOH
(1 x 50 mL) and ice-water (3 x 70 mL), dried (MgSQ), and
concentrated under reduced pressure to giveéNthesyl o-chloro-
imines 9 which were spectroscopically analyzed (purity 80—
90%).

N-(2-Chloro-2-methylpropylidene)-p-toluenesulfonamide (9a).
White solid; mp 88-89 °C; yield 96%;H NMR (300 MHz, CDC})
0 =1.72 (s, 6H), 2.44 (s, 3H), 7.36 (d, 2BI= 7.98 Hz), 7.81 (d,
2H, J = 8.26 Hz), 8.45 (s, 1H)}*C NMR (75 MHz, CDC}) 6 =
21.8,28.3,66.3,128.3, 130.1, 133.7, 145.4, 174.5; IR (KBr,’gm
v = 3250, 2924, 1704, 1598, 1375, 1159, 1055; MS (ES, pus)
260/262 (M+ H*, 80). Due to the lability of this compound, no

To further demonstrate the synthetic potential of the aziridines acceptable elemental analysis could be obtained.

19 and 20, the deprotection and reprotection of theamino-
function was investigated. Thenti-aziridino esterl9aacould
be converted easily into the correspondiNgBoc-protected
derivative 25 by hydrolysis with aqueous HCI followed by
protection with BogO (Scheme 10). During the acidic hydroly-
sis of 19aaand, especially, 020aa the three-membered ring
was opened by chloride resulting anti- and syny-chloro-
o,5-diamino ester23 and24. From thesyncompound?4, the
N-Boc-protected aziridin@6 was formed by treatment with
K2CO; (Scheme 11).

In conclusion, an efficient synthesis @fy-aziridinoa-amino

General Procedure for the Addition Reaction of Benzophe-
none Imine Glycine Esters 10 tax-Chloro N-Tosylimines 9.To
a solution of LDA (15 mmol) in dry THF (10 mL) was added
benzophenone imine glycine estdd (15 mmol) in dry THF (25
mL) at —78 °C and stirred for 15 min. Then a solution Nftosyl
a-chloroimine 9 (15 mmol) in dry THF (30 mL) was added
dropwise, and the mixture was stirred a8 °C. After 2 h, a
solution of saturated NICI (25 mL) was added to the reaction
mixture and extracted with EtOAc (8 80 mL). The organic layer
was dried (MgS@) and concentrated under reduced pressure. The
diastereomerd 3aaab,acba and 14aaab,ba were isolated after
crystallization of the crude mixture from hexane/EtOAc by which

ester diastereomers has been achieved based on Manniclthe minor isomerd4aaab,ba and the isomet3accrystallized first

addition of glycinates across.-chlorinated aldimines and

and the major isomerk3agab,ba were obtained by crystallization

subsequent intramolecular ring closure. The stereochemicallyfrom the filtrate. Adductsl3bb,ca and 14bb,ca were isolated as

pure and synthetically usefudnti- and synaziridines were

obtained via selective crystallizations. These strained diamino
acid derivatives are expected to react via regioselective openin

of their aziridine ring, which would allow further stereoselective
functionalizations of the correspondingamino acid derivatives.

Experimental Section

Imines 12 were prepared according to a literature procedbire.
N-(2-Ethylbutylidene)-p-toluenesulfonamide (12c)Llight yel-
lowish oil; yield 54%;'H NMR (300 MHz, CDC}) 6 = 0.85 {t,

mixtures of diastereomers.

g (38) Jaime, C.; Segura, C.; Diriard.; Font, JJ. Org. Chem1993 58,
154

(39) Reetz, M. T.; Kayser, F.; Harms, Retrahedron Lett1992 33,
3453.

(40) Reetz, M. T.; Kayser, Fletrahedron: Asymmetry992 3, 1377.

(41) Soroka, A.; Van der Veken, P.; De Meester, |.; Lambeir, A.-M;
Maes, M.-B.; Scharpes.; Haemers, A.; Augustyns, Bioorg. Med. Chem.
Lett. 2006 16, 4777.

(42) (a) Inguimbert, N.; Dhl, H.; Coric, P.; Roques, B. Fetrahedron
Lett. 2005 46, 3517. (b) Wu, Y. C.; Liu, L.; Wang, D.; Chen, Y. J.
Heterocycl. Chem2006 43, 949.
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anti-Ethyl 4-Chloro-2-(diphenylmethylenamino)-4-methyl-3- 138.2,138.7,140.1, 142.5, 163.4, 170.6; IR (NaCl; hm = 3369,
(p-toluenesulfonylamido)pentanoate (13aa)Yellow solid; mp 2927, 2971, 1720, 1598, 1321, 1157, 1093; MS (ES, pusx91
114-116°C; yield 43% (after crystallization}H NMR (300 MHz, (M + H*, 100).

CDCl) 6 = 1.19 (t, 3H,J = 7.15 Hz), 1.46 (s, 3H), 1.49 (s, 3H), anti-Ethyl 2-(tert-Butoxycarbonylamino)-2-(3,3-dimethyl-1-
2.37 (s, 3H), 3.88 (dd, 1H] = 3.03 Hz,J = 9.08 Hz), 4.04 (q, tosylaziridin-2-yl)acetate (25).A solution of aziridinel9aa(1.43
2H,J = 7.15 Hz), 4.57 (d, 1HJ = 3.03 Hz), 6.33 (d, 1HJ = mmol) and 18% aq HCI (0.5 mL) in THF (20 mL) was stirred for

9.08 Hz), 7.1+7.49 (m, 12H), 7.767.81 (m, 2H);3C NMR (75 1 h. Then a saturated solution of NaHE@ H,O (40 mL) was
MHz, CDCkL) 6 = 13.8, 21.6, 30.6, 30.8, 61.4, 64.8, 65.5, 71.9, added. The mixture was extracted with EtOAc{25 mL), dried
126.9, 127.5, 127.9, 128.6, 128.8, 129.1, 129.4, 130.6, 135.8, 138.8(MgSOy), and concentrated in vacuo. To the crude product in THF
139.0, 142.7,171.1, 172.3; IR (KBr, ci) v = 3327, 2975, 1743, (25 mL) were added BN (2.9 mmol) and BogO (1.5 mmol), and

1627, 1446, 1322, 1088; MS (ES, pasjz 527/529 (M+ HT, the mixture was stirred for 6 h. Then it was taken up in EtOAc (60

100). Anal. Calcd for ggH3:CIN,O,S: C, 63.80; H, 5.93; N, 5.31; mL), washed with HO, dried (MgSQ), and concentrated in vacuo.

S, 6.08. Found: C, 63.67; H, 5.89; N, 5.23; S, 6.01. The residue was purified by chromatography over silica gel (hexane/
General Procedure for the Formation of fj,y-Aziridino EtOAc 4:1) affording aziridine25 and diaminoeste23: White

o-Amino Esters 19 and 20A solution of o, 5-diamino ested.3 or crystals; mp 96-99 °C; yield 68%;R; = 0.14;'H NMR (300 MHz,

14 (3 mmol) in acetone (30 mL) was treated with®O; (3 equiv), CDClg) 6 = 1.01 (t, 3H,J = 6.88 Hz), 1.42 (s, 12H), 1.73 (s, 3H),
and the mixture was stirred at reflux for 5 h. After cooling of the 2.42 (s, 3H), 3.06 (d, 1H] = 8.81 Hz), 3.48-3.53 (m, 1H), 3.90
reaction mixture, the solid was filtered off and the filtrate was (dq, 1H,J=7.15 Hz,J = 10.46 Hz), 4.0+4.07 (m, 1H), 5.27 (br
concentrated in vacuo. The residue was taken up in EtOAc (100d, 1H,J = 7.98 Hz), 7.31 (d, 2HJ) = 7.98 Hz), 7.81 (d, 2HJ =

mL) and washed with kO (3 x 60 mL). The organic layer was  8.26 Hz);13C NMR (75 MHz, CDC}) ¢ = 13.9, 21.2, 21.6, 21.8,
dried (MgSQ) and then concentrated under reduced pressure. The28.3, 51.2, 51.9, 52.2, 61.6, 80.4, 127.8, 129.4, 138.0, 143.9, 154.6,
crude product was purified by crystallization from hexane/EtOAc. 170.4; IR (KBr, cntt) v = 3247, 3132, 2977, 1750, 1705, 1324,

anti-Ethyl 2-(3,3-Dimethyl-1-tosylaziridin-2-yl)-2-(diphenyl- 1162; MS (ES, posjn'z 449 (M + Na', 8), 371 (100), 327 (58),
methyleneamino)acetate (19aaWWhite crystals; mp 147148°C; 200 (36). Anal. Calcd for H30N206S: C, 56.32; H, 7.09; N, 6.57;
yield 82%;H NMR (300 MHz, CDC}) 6 = 1.03 (s, 3H), 1.10 (t, S, 7.52. Found: C, 55.93; H, 6.84; N, 6.60; S, 8.01.
3H,J=7.15Hz), 1.73 (s, 3H), 2.40 (s, 3H), 3.71 (d, 1H+ 8.53 X-ray Crystallographic Study: Crystallographic data were

Hz), 3.74-3.93 (m, 2H), 3.84 (d, 1H) = 8.53 Hz), 7.16-7.83 collected at 173 K with a Nonius-Kappa CCD area detector
(m, 14H);13C NMR (75 MHz, CDC}) 6 = 14.0, 21.5, 21.61, 21.64,  diffractometer using graphite-monochromatized Ma Kadiation
50.2, 53.1, 61.4, 65.2, 127.8, 128.1, 128.2, 128.6, 129.1, 129.2,(1 = 0.71073 A) as reported earli€t The structures were solved
129.3, 130.9, 135.7, 138.2, 139.3, 143.7, 169.9, 171.9; IR (KBr, by direct methods using of the SHELXS-97 progrénand full-
cm™1) v = 3443, 2981, 2937, 1733, 1615, 1322, 1186, 1157, 1086. matrix, least-squares refinements Bhwere performed by using
MS (ES, pos)m/z 491 (M + HT, 100). Anal. Calcd for the SHELXL-97 progran* The CH hydrogen atoms were included
CogHaoN20O4S: C, 68.55; H, 6.16; N, 5.71; S, 6.54. Found: C, 68.42; at the fixed distances with the fixed displacement parameters from
H, 6.28; N, 5.61; S, 6.50. their host atoms. The deposition number CCDC 6364536461
General Procedure for the Isomerization of Adduct 13ab and contains the supplementary crystallographic data for this paper.
Aziridine 19aa. Adduct 13ab or aziridine19aa (0.4 mmol) was These data can be obtained free of charge at ww.ccdc.cam.ac.uk/
dissolved in 10 mL of THF. To this solution were added 17 mg (1 conts/retrieving.html [or from the Cambridge Crystallographic Data
equiv) of LiCl and 40 mg (1 equiv) of diisopropylamine, and the Centre, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: (irt.)
mixture was stirred at room temperature for the period of time as 44-1223-336-033; e-mail deposit@ccdc.cam.ac.uk].
mentioned in the Discussion. Water (15 mL) was added to this
mixture, and the reaction mixture was extracted with EtOAc (20
mL), dried (MgSQ), and concentrated under reduced pressure.
Ethyl 2-(Diphenylmethyleneamino)-4-methyl-4-p-toluene-
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or 20aa(1.33 mmol) in 15 mL of dry THF was added in portions  Of this research.
1.33 mmol of KOtBu. After stirring the mixture fo4 h atroom Supporting Information Available: General information,

temperature, water (25 mL) was added and extraction was spectroscopic data for compounéb, 9c, 13ab-ca, 14aa-ca,
performed with EtOAc (3« 25 mL). The organic layer was dried  19ab—ca, 20aaab,ba,ca, 22, and 23, experimental procedures
(MgSQ,) and concentrated in vacuo. Column chromatography on and spectroscopic data for compoun2é and 26, and X-ray
silica gel (hexanes/EtOAc 2:1) afforded allylamia&and lactone diffraction analysis of compounds9aa 20aa 19ab, 19ag and

22when starting from aziridin@0aa Yellow oil; yield 60% from 19ca This material is available free of charge via the Internet at
19ag 55% from 20aa (column chromatography on silica gel:  http://pubs.acs.org.

hexanes/EtOAc 2:1)% = 0.36;H NMR (300 MHz, CDC}) 6 =
0.93 (t, 3H,J = 7.15 Hz), 1.48 (s, 6H), 2.31 (s, 3H), 3.65 (g, 2H, JO0710634
J=7.15Hz), 5.90 (s, 1H), 7.06 (d, 2Hd,= 7.98 Hz), 7.2+7.57 . PR ] .

— (43) Kanizsai, |.; Szakonyi, Z.; SillaripaR.; D’hooghe, M.; De Kimpe,
(m, 8H), 7.61 (d, 2H,) = 8.26 Hz), 7.75-7.78 (m, 2H), 7.82 (S, . Fuiop, F. Tetrahedron: Asymmetr3006 17, 2857.
1H); ¥3C NMR (75 MHz, CDC}) 6 = 13.9, 21.5, 28.9, 56.1, 60.9, (44) Sheldrick, G. MSHELX-97 Program for the solution and refinement
127.2,128.2,128.6, 129.1, 129.4, 130.0, 130.1, 131.8, 133.9, 136.7 of crystal structures; University of Gingen: Gdtingen, Germany, 1997.
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