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ABSTRACT
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from ($,a8) 2,3-cis:frans = 79:21-89:11 (76-93% yield)
from (S,aR) 2,3-cis:itrans = 91: 9 —-99:1 (50-99% yield)

Novel stereoselective synthesis of 2,3-cis-2-ethynylaziridines from amino allenes is presented. While sodium hydride mediated intramolecular
amination of (4S,aS)-4-alkyl-4-[N-(arylsulfonyl)amino]-1-bromobuta-1,2-dienes yields a mixture of 2,3-cis- and 2,3-trans-2-ethynylaziridines in
which the cis-isomer predominates (79:21-89:11), the amination of (4S,aR)-isomers affords 2,3-cis-aziridines in excellent selectivities (91:9—
100:0). Conversion of 2,3-trans-2-ethynylaziridines into the corresponding cis-isomers via a sequence of reactions (methanesulfonic acid
mediated ring-opening reaction, bromination, and aziridination) is also described.

Chiral N-activated aziridines are widely used in organic preparation of various types of natural and synthetic com-
synthesis. Particularly, aziridines bearing an alkefydr pounds. Recently, we have shown that 2-ethynylaziridines
ethynyP4 group on one of the aziridine-ring carbon atoms can function as both chiral carbon electrophilesd nu-
have proven to be extremely useful intermediates for cleophiles’ which provide stereoselective synthetic routes
, , to chiral amino allenes and 2-ethynyl-1,3-amino alcohols,
(1) (@) Padwa, A.; Woolhouse, A. D. IBomprehensie Heterocyclic . f .
Chemistry Lwowski, W., Ed.; Pergamon: Oxford, 1984; Vol. 7, pp-47 respectively. However, a stereoselective preparative route to

93. (b) Tanner, DAngew. Chem., Int. Ed. Engl994 33, 599. (c) Osborn, enantiomerically enriched 2-ethynylaziridines is rare.

H. M. I.; Sweeney, JTetrahedron: AsymmetrdQ97, 8, 1693. (d) Rayner, .

C. M. Synlett1997, 11. (e) Ibuka, TChem. Soc. Re 1998 27, 145. Recently, Dai and co-workers have reported the asym-

55(%)6(5% H(Ltl)t)ili'gky, T, Lucva,l:l.; Erice, J.D; Eulicn, HI.DOrg. Cgem&%?( c metric synthesis of 2-ethynylaziridines in moderate to good
, . earson, . H.; bergmeler, 5. C.; Degan, S.; LIn, K.-C.] H HE H

Poon, Y.-F.; Schkeryantz, J. M.; W?Iliams, J. R.Org. Cghem1990 55, enan_thselectlvmes (H485% ee) b_y the reac_tlon O!N'

5719. (c) Spears, G. W.; Nakanishi, K.; Ohfune, ¥nlett1991, 91. (d) tosylimines andp-(+)-camphor-derived sulfonium ylicke.

Ibuka, T.; Nakai, K.; Habashita, H.; Hotta, Y.; Fujii, N.; Mimura, N.; Miwa, i i i

Y.; Taga, T.; Yamamoto, YAngew. Chem., Int. Ed. Engl994 33, 652. One of the. _sqnples_t methads for the SyntheSIS of _enantlopure

(e) Wipf, P.: Fritch, P. CJ. Org. Chem1994 59, 4875. (f) Davis, F. A.: ethynylaziridines involves the Mitsunobu reaction of the

Reddy, V.Tetrahedron Lett1996 37, 4349. (g) lbuka, T.; Mimura, N.; propargyl alcoholl (Scheme 1§, which could be readily

Aoyama, H.; Akaji, M.; Ohno, H.; Miwa, Y.; Taga, T.; Nakai, K;

Tamamura, H.; Fujii, N.; Yamamoto, Y. Org. Chem1997, 62, 999. (h)

Ibuka, T.; Mimura, N.; Ohno, H.; Nakai, K.; Akaji, M.; Habashita, H.; (3) (@) Ohno, H.; Toda, A.; Miwa, Y.; Taga, T.; Fujii, N.; Ibuka, T.
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prepared from chiral aldehydes derived framamino acids. NH NH NH ¥
However, a highly diastereoselective synthesis of eifyar R2 R2 R
. . . . da—d 5a-d 6a—d
or anti-1 by the reaction of amino aldehydes with metal .,
. - . . a:R’ =iPr, R“=Boc 6a: 88% (>98:2)
acetylides has proven to be difficGltyith the exception of b: R! = HPr, B = Mis 6b: 76% (95:5)
H=PaH 5 H H ¢.R =Bn, R =Ts 6c: 81% (93:7)
a few example$.Thus, aziridination of the diastereomixture & R' = TBSOGH,, R2 = Mis 8- 1% (89.11)

of amino alcohold under Mitsunobu conditions again gives
a mixture of 2,3eis- andtrans-2-ethynylaziridines in moder- OMs
ate selectivities.

To establish a stereoselective synthetic method of chiral T\ T\ Y\ ”H
2-ethynylaziridines3, we planned an aziridination of bro- F;H Raa_d 9ad
moallenes bearing a protected amino group, which would

. a: R = i-Pr, R? = Boc 9a: 82% (>98:2)

be readily prepared from the propargyl alcoio{Scheme b: 21‘ =I:'§-$Pr,HF§2 =TMts gb:gg% (;19132)
i St ; ‘R!=Bn, R*= 1 60% (91:

1). Although intermolecular amination of racemic bromoal- d R' = TBSOGH, F2= Mis od- 6% 275:2)5)

lenes has been already reported by Caporusso and co-

workers? a stereochemical course of amination toward chiral * Reagents and conditions: (a) MsClgRf THF, —78 to —40

bromoallenes and intramolecular amination of bromoallenes “C; (b) CUBFDMS, LiBr, THF, 25 or 50°C. Abbreviations: Mts
dented as far as we are aware. In this com- = 2,4,6-trimethylphenylsulfonyl, TBS= tert-butyldimethylsilyl,

are unprece DMS = dimethyl sulfide.

munication, we present a highly 2¢8s-selective synthesis

of 2-ethynylaziridines by base-mediated intramolecular ami-

nation of bromoallene%:? . . With the requisite substrates in hand, we investigated the
The (SaS)-bromoallene$a—d bearing a protected amino  intramolecular amination of bromoallenes under basic condi-
group were synthesized frosynamino alcoholsta—d® in tions (Scheme 3 and Table 1). TiNeBoc-(Sa9-6a was

high yields. Thus, mesylation ef by the standard method
gave5, which was then converted into the desired bromo-
allenes6 by treatment with CuBDMS/LiBr.'* Similarly,

(SaR)-9a—d were synthesized from thenti-amino alcohols Scheme 3

7a—d. Although the stereoselectivities for the bromination Vi VA

of 5d and 8d bearing a siloxy group were relatively low 6a . NT . ‘%\ _ ea
(89:11 and 75:25, respectively), pud and 9d were (>98:2) A A Ao A (>98:2)
obtained by flash column chromatography. The stereochem- ?8: ?:’:

istries of the synthesized bromoallenes could be deduced by

V ‘<W\\///
(6) Ohno, H.; Toda, A.; Takemoto, Y.; Fujii, N.; Ibuka, T. Chem. &b _ . AWATEEE SN FH ~— 5

Soc., Perkin Trans. 1999 2949. (>98:2) N N (>98:2)
(7) In limited cases, the reaction of metal acetylide with amino aldehydes Mts Mts

proceeds in a highly stereoselective manner. For example, see: (a) Garner, 10b 11b

P.; Park, J. M.J. Org. Chem 199Q 55, 3772. (b) D'Aniello, F.; / /

Schoenfelder, A.; Mann A.; Taddei, M. Org. Chem1996 61, 9631. For Ph 4 Ph \\//

related works, see: (c) Frantz, D. E.isster, R.; Carreira, E. MJ. Am. e X, A 9

Chem. Soc200Q 122, 1806. (d) Boyall, D.; Lpez, F.; Sasaki, H.; Frantz, (98:2) — - H N H * H N [ A (91:9)

D.; Carreira E. M.Org. Lett.200Q 2, 4233. 0 |

(8) (a) Caporusso, A. M.; Geri, R.; Polizzi, C.; Lardicci, Tetrahedron {';)Sc 1:1
Lett 1991, 32, 7471. See also: (b) Joshi, R. V.; ZemlickaTétrahedron
1993 49, 2353. // ///

(9) For related works, see: (a) Corey, E. J.; Boaz, N.Ttrahedron TBSO TBSO &
Lett 1984 25, 3059. (b) Caporusso, A. M.; Polizzi C.; Lardicci, L. 6d __ & c S T |
Tetrahedron Lett1987 28, 6073. (c) D’Aniello, F.; Mann, A.; Schoenfelder, (>98:2) H H AW H (>98:2)
A.; Taddei, M.Tetrahedron1997, 53, 1447. (d) Bernard, N.; Chemla, F.; Mts Mts
Normant, J. FTetrahedron Lett1999 40, 1649. (e) Chemla, F.; Bernard 10d 11d

N.; Normant, J.Eur. J. Org. Chem1999 2067. (f) Caporusso, A. M.;
Filippi, S.; Barontini F.; Salvadori, PTetrahedron Lett200Q 41, 1227.
(g) Conde, J. J.; Mendelson, Wetrahedron Lett200Q 41, 811.

(10) For another synthesis of racemic 2-ethynylaziridines, see: Chemla,

F.; Hebbe, V.; Normant, J. Fletrahedron Lett1999 40, 8093. treated with NaH in DMF to give the expected Z3-

(11) (&) Montury, M.; Gore J. Synth. Commun198Q 10, 873. (b) P
Elsevier, C. J.; Meijer, J.; Tadema, G.; Stehouwer, P. M.; Bos H. J. T; and 2,3wans 2- ethynyla2|r|d|nes 10a and 1la

Vermeer, P.J. Org. Chem1982 47, 2194. (10alla= 60:40, entry 1), although in low yield (35%). A
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Table 1. Base-Mediated Aziridination of Bromoalleries

temp time yield®

entry allene base (°C) (min) product ratio® (%)
1 6a NaH 25 20 10a:lla = 60:40 35
2 6a KH 25 120 10a:lla =65:35 42
3d 6a LDA -78 30 10a:lla =52:48 77
4 9a NaH 25 60 10a:lla = 53:47 28
5 6b NaH 25 60 10b:11b = 82:18 93
6 6C NaH 25 90 10c:1lc =89:11 88
7 6d NaH 25 60 10d:11d =79:21 76
8 9b NaH 25 30 10b:llb=>99:1 99
9 9c NaH 25 150 10c:11c =97:3 78
10 aod NaH 70 10 10d:11d =91:9 50

a All reactions were carried out in DMF using 1.2 or 1.3 equiv of base
unless otherwise statefiRatios were determined B4 NMR (270 MHz)
or isolation of products: Combined isolated yield$.The reaction was
conducted in THF using 3 equiv of LDA.

similar result was obtained using potassium hydride as a bas

(entry 2). Treatment oda with LDA in THF resulted in the
expected aziridines in higher yield (77%, entry 3); however,
diastereoselectivity was poat@alla= 52:48). Similarly,
almost no selectivity was observed starting fra&aR)-9a

Finally, we applied the novel aziridination to convert the
2,34rans2-ethynylaziridinel1einto the corresponding 2,3-
cisisomerl0e(Scheme 4). Methanesulfonic acid mediated

Scheme 4
Ph /// Ph 4
3 22
_§W\H 3 steps N7
H —_—
N (69%) N
Mts Mts
11e 10e (>99:1)
la
cT(ss%)
OMs
A N
Ph = Ph e
S —_— iH
NH (80%) hH \\Br
Mts Mts
8e 9e (94:6)

aReagents and conditions: (a) MesO(2 equiv), CHCI,, 0
°C, 15 min; (b) CuBfDMS (2 equiv), LiBr (2 equiv), THF, 50C,

& h: (c) NaH (1.3 equiv), DMF, 25C, 3 h.

ring-opening reactiolf of 11e gave a crude mesylaige
which was directly converted into the bromoallé@nithout

using either NaH (entry 4) or other bases. From the above purification (80% yield, 2 steps). Intramolecular amination
results, we were initially apprehensive that the stereoselectiveof 9e with sodium hydride in DMF afforded the expected

aziridine-ring-forming reaction from bromoallenes could not
be realized.

However, we found that sodium hydride mediated cy-
clization of (SaS)-bromoalleneb—d bearing anN-sulfo-
nylated amino group yielded 2@8s-2-ethynylaziridines
10b—d in good to high selectivitieslQ:11 = 79:21-89:11,
entries 5-7), in high yields. When $aR)-bromoallenes
9b—d were treated with sodium hydride in DMF, the desired
cis-aziridines 10b—d were again obtained in excellent
selectivities (entries-810). The cyclization oBd bearing a
siloxy group was relatively slow; however, increased reaction
temperature (70C) led to a completion of the reaction within
10 min (entry 10). Although the origin of thas-selectivities
for the aziridination reaction of the bromoallenes bearing a
sulfonamide group is unclear at the present stagmn
efficient synthesis otis-2-ethynylaziridines was realized.

(12) Elsevier, C. J.; Vermeer, P.; Gedanken, A.; Runge] Wrg. Chem
1985 50, 364.

(13) We observed isomerization of the 2rans-2-ethynylaziridinel1b
into the corresponding 2,8s-isomerl0b under the aziridination conditions
(NaH, DMF, room temperature). Although a prolonged reaction tirE)(
h) was required for an efficient conversiaistrans= >95:5), equilibration
of the products would be one of the important factors fordiseselective
aziridination. Thermodynamic preference of the relatedc®a&ziridines
over theirtransisomers is well documented by our previous study; see:
ref 2g.

Org. Lett., Vol. 3, No. 15, 2001

2,3<is-2-ethynylaziridinelOe as a single isomer in 86%
yield. The overall yield of the three-step sequence for the
inversion oftrans1leat C-2 was 69%.

In conclusion, we have presented the first intramolecular
amination of bromoallenes for the 2¢8-selective synthesis
of N-sulfonylated 2-ethynylaziridines. The described method
would provide a selective synthesis of 2j8-2-ethynylaziri-
dine from a mixture okyn andanti-amino alcoholg} and
7.
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(14) For a methanesulfonic acid mediated ring-opening reaction of
vinylaziridines, see: (a) Tamamura, H.; Yamashita, M.; Muramatsu, H.;
Ohno, H.; Ibuka, T.; Otaka, A.; Fujii, NChem. Commurl997, 23, 2327.
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