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Abstract: Duetotheir ready availability in chiral form, and propen-
Sity to undergo regio- and stereoselective ring opening, aziridines
have found widespread usein asymmetric synthesis. Thisreview at-
tempts to summarise the breadth of use of chiral aziridinesin syn-
thesisthat has recently been reported. Particular emphasisis put on
the effect of substituents on ring openings, rearrangements and use
as chiral ligands and auxiliaries.
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1 Introduction

Chiral aziridines have found widespread use in organic
synthesis.*™ The highly strained three membered ring

Synthesis 2000, No. 10, 1347-1365

readily openswith excellent stereo- and regiocontrol to af -
ford awide variety of more stable ring opened or ring ex-
panded chiral amines. In addition, aziridines can function
as sources of chirality in stereocontrolled reactions and
have found use both as ligands and auxiliaries in asym-
metric synthesis.>? Since the use of aziridines is ubiqui-
tousin modern organic synthesis, theaim of thisreview is
to present recent noteworthy applications of chiral aziri-
dines in synthesis to illustrate their breadth of use, rather
than to be completely exhaustive. Particularly, research
conducted since the review by Tanner in 1994? through
1999 shall be presented here. Racemic exampleswill only
be mentioned if they shed insight into chiral extensions of
the same chemistry. The asymmetric synthesis of aziri-
dines will not be specifically discussed and the reader is
directed to recently published summaries.>’

2 Stereoselective Ring Opening of Aziridines

Chiral aziridines readily undergo regio- and stereoselec-
tive ring opening to relieve ring strain allowing access to
amines with predictable a and 3 stereochemistry. Thein-
creasing synthetic accessibility of chiral aziridines®™’ has
propelled their use in ring opening reactions in organic
synthesis. In general, two types of aziridine can be consid-
ered: activated and unactivated. The former contain sub-
stituents capable of stabilising the developing negative
charge on nitrogen during nucleophilic ring opening. The
latter, also known as simple aziridines are generally un-
substituted or with alkyl substitution on nitrogen and usu-
aly require acid catalysis to facilitate ring opening.

21 Aziridine-2-car boxylates

Activation of the aziridine nitrogen by an e ectron-with-
drawing group (e.g. acyl, carbamoyl, sulfonyl), by proto-
nation, or by Lewis acids promotes either C-2 attack to
give B-amino acid derivatives or C-3 attack to give a-ami-
no acid derivatives (Scheme 1). Stereoselectivity isgener-
aly high and the regioselectivity depends on the ring
substituents, with the majority of nucleophiles reacting at
C-3.

211

With C-3 aryl substituted aziridines, hydrogenolysis was
used to regiospecificaly cleave the benzylic C-N bond.

Hydrogenolysis
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Such ring opening does not affect the C-2 stereochemistry
of the aziridine which is maintained in the product o-ami-
no acid derivative. Transfer hydrogenation has been used
to open unactivated or sulfonyl activated phenyl aziridine
carboxylates®®? and phenyl aziridine cyanides.® It is
noteworthy and uncommon in aziridine chemistry that ni-
trogen activation was not always necessary. In the case of
geminal disubstituted aziridines the new benzylic stereo-
centre arises from either inversion or retention of config-
uration on reduction. The stereoselectivity was substrate
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tion product with t-butyl ester. While this behaviour was
not fully understood the affinity of nitrogen for the cata-
lyst in the presence of other chelating functionality and
solvent was proposed to be afactor.

When no benzylic aziridine carbon centre was present,
hydrogenolysis occurred at C-2 for monosubstituted azir-
idine-2-carboxylate (2R,1'S)-7 to give B-amino ester (S)-
8. However, the corresponding aziridine alcohol (2R,1'S)-
9 gave C-3 opening to produce chiral amino alcohol
(2R,1'9)-10.2 Chiral B-amino ester (S-12 was prepared
using N-tosyl aziridine-2-carboxylate (25,39)-11 but the
N-benzy!| derivatives could not be used in this C-3 methyl
substituted case as debenzylation proved faster than ring
opening.’* With the trityl group on nitrogen, no reaction
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Scheme 2
(phenylsulfonylmethyl)aziridines.’ In the latter two cas-
EtO,C Ph es, elimination of halide or phenylsulfonyl resulted in an
H'"XW Pd(OH), EO.C ) alkene product.
Nk Ha, ACOH NN e
- H 0
Me\“ Ph 80% R3 Sm|2 NRl (@]
(2R,1'S)-7 (S)-8 Ry R, DMEA /)\)J\
—— s~ Rs Rz
N 60-98% Ra
HO HO R1
H Pd(OH), /\l/ 13 14
N - . HN\/Ph Rl =Tr, Ts, Boc, Ac, CO,Et
k H,, EtOH ! Ri = (4)R, NRy, R
Me™  “Ph Me R*, R* = alkyl, aryl
(2R,1'S)-9 >95% (2R,1'S)-10
Scheme 4
H H
\W/ Pd(OH Me, H
Me0C Me J» MeO c\/< 2.1.3 Heteronucleophile Ring Opening
N H,, EtOH 2 NHTosyl _ . . .
Tosyl . The reaction of heteronucleophiles with aziridine-2-car-
(25.35)11 80% (S)-12 boxylates generally proceeded at C-3, as exemplified by
the synthesis of the less common a-amino acids (S)-f3-
Scheme 3 pyrazolylalanine 16 and (9)-quisqualic acid 17 using ni-
trogen nucleophiles with Boc activated aziridine (S-15
(Scheme 5).18
i i ) Amine nucleophiles have also been utilised for the asym-
2.1.2 Reductive Ring Opening Through Electron metric synthesis of diazepine derivativesi®? and 2,3-di-

Transfer

Samarium(I1) iodide has been used as a reducing agent to
cleave a to the carbonyl of aziridines 13 containing 2-
acyl, 2-carboxylate or 2-carboxamide functionality to
give 3-amino carbonyl compounds 14 in excellent yields
(Scheme 4).151® Use of N,N-dimethylethanolamine
(DMEA) as the proton source instead of MeOH or EtOH
was essential to prevent competing nucleophilic ring-
opening reactions. It was not necessary to activate nitro-
gen with an electron-withdrawing group and the trityl
group could be used. Although stereochemistry was pre-
served 3 to the carbonyl, the stereochemistry at the a po-
sition cannot be controlled in this process. Magnesium in
methanol can also be employed as the electron transfer re-
agent which extended the applicability of this type of re-
duction to include 2-cyano, 2-halomethyl and 2-

aminobutanoic acids.?! In the latter case, the aziridine
precursor (1S,2R)-18 was prepared using Sharpless asym-

L
i. pyrazole | H
TR N\_N O,
CO,tBu / (S)-16
il 60%
N
Boc 49% Q
NH3+
(S)15 \ }LN/\/ 3
i.1,2,4 oxadiazolidine HN | H
-3,5-dione ii. TFA >f0 CO;-
(e}
(S)-17
Scheme 5
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Scheme 6

metric aminohydroxylation (AA) methodology, which
could be converted directly to (2R,3R)-diaminobutanoic
acid (20) (Scheme 6).2* Alternatively, 18 was cyclised to
aziridine (2S3R)-21 which was in turn ring opened with
azide and reduced to give (2R,3S) diaminobutanoic acid
(22). The versatility of this synthesiswas extended in that
the two remaining sterecisomers were prepared analo-
gously by starting with the AA product from the alterna-
tive alkene geometric isomer. N-Phthalimidoaziridines
and N-H aziridines reacted cleanly with thiolsin the pres-
ence of BF;*OFEt, to give B-thiosubstituted a-amino es-

Ph CO,Me TEA, OH
H\W/H 45 °C CO,Me
N o > Ph
| 71% l
S 2
p-TonI/ ~o
(Ss,2S,3S)-25 (2S,3R)-26
Ph Me
H'"V'"CO " TFA, OH
2Me 73 °C CO,Me
N 75%
& ° md NH,
p-Tolyl””~ YO
(Ss,2R,3S)-27 (2R,3R)-28

Me/LN Me OH

i. Ac,0, heat H
HH™X7 ™ i HCL MeOH | A\ -CO2H
N — = Me” Y
/g 2% NHZ
o)
(1'S,2R 3R)-29 (2R,3S)-30

Scheme 7

ters.?223 Chiral non-racemic a-methylcysteine (S)-24 was
prepared by this method (Scheme 6).2*

The introduction of oxygen functionality {3 to the carbox-
ylate group, as present in substituted serine derivatives,
was achieved using acid promoted ring opening. When
chiral aziridines (S;,2539-25 and (Sg,2R,39-27 were
prepared with the sulfinyl group on nitrogen, ring opening
and nitrogen deprotection were performed in one step to
afford B-phenylserine (2S3R)-26 and the a-methylated
analogue (2R,3R)-28 (Scheme 7).%1° Alternatively, when
nitrogen was activated with an acetyl group as in
('S2R,3R)-29, deacetylation from both oxygen and nitro-
gen was necessary after ring opening to afford D-threo-
nine (2R,39-30.%

Dicarboxylate aziridines have been reacted with avariety
of nucleophiles (HCI, BnSH, NaN;, TFA, MeOH) to af-
ford B-substituted aspartates (Scheme 8).2¢ Higher yields
were obtained when the aziridine was activated, particu-
larly with N-methylsulfonyl and regioselectivity was not
an issue with such C,-symmetric aziridines which are
available from enzymatic resolution of racemic materi-
a|'26

MeO,C H i. NaN; NH,

H"'\W["'COZMG i. Hy, PAIC  MeO,C -

N _— \‘/\cone
| 30%
NHSO,Me

SO,Me
(2R,3R)-31 (2R,3S)-32

Scheme 8

Virtually all aziridine ring openings proceed via S2
mechanism. One notable exception was the TFAA in-
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duced ring opening of aziridine (Sz,2R,3R)-33.%" Treat-
ment of 33 with agueous TFA gave the expected S,2 C-3
ring opening to afford L-threo sphingosine precursor
(2R,39)-34 but TFAA predominantly affords (2R,3R)-35,
a precursor to L-erythro sphingosine with the opposite
chirality of C-3 ring opening (Scheme 9). A [3,3] ste-
reospecific rearrangement of the activated sulfoxide com-
plex 36 was proposed to explain this result.

NH,
R~
TFA, 0°C COMe
H H
Thies - 1CO->M 72% OH
J/ Me (2R,3S)-34
= N
é % NHC(O)CF4
p-Tolyl”™ "0 TFAA, 35°C > R~ coM
(Sr,2R,3R)-33 : 2Me
OH
R =n-Cy3Hy7 (2R,3R)-35 (88:12)
R 1
A, coMe
o)
\S_/'N
o-1.\y H
|
F3C p-TonIH
36
Scheme9

Halogen nucleophiles gave ring opening regiosel ectivity
dependent on the nucleophilic reagent rather than aziri-
dine substrate control (Scheme 10). The conventional C-3
opening proceeded in near quantitative yieldsfor avariety
of C-3-akyl aziridines (2S3R)-37 when MgBr, was used
but with NaBr (or Nal) C-2 opening generally predomi-
nated.?® A secondary branch in the alkyl group was neces-
sary for optimal regioselectivity at C-2 and phenyl gave a
1:1 regiochemical mixture under the latter conditions. Re-
moval of the halogen using radical reduction allowed the
preparation of either a- or [3-amino acid derivatives.

Br
; CO,R'
MgBr,
' NHCO,Et
H COsR 2
RIHV--.HZ quant. (2R,35)-38
N quant. NHCO,Et
CO,Et COR
NaBr 2
(2S.3R)-37 Amberlyst 15 i
Br
R'= Me, Et (2R,3R)-39

R = Pr, 'Pr, cyclohexyl, Ph, Me(CHy)1

Scheme 10

214 C-2Directed Ring Opening

Aromatic functionality can override the genera prefer-
ence for C-3 ring opening. In racemic examples, azirdine
40 incorporated hydroxy functionality at C-2 on treatment
with agueous TFA and in a useful comparison aziridines
41 and 42 were both treated with NaBH, and NiCl, in
MeOH (Scheme 11). The former underwent reduction at
C-3 while the latter was reduced at C-2, i.e. aways at the
benzylic position.?®

COztBU CO,Et CO,Et
N Ph Ph N N Ph
Ns Ts Ts
40 41 42
Scheme 11

The regiochemistry of ring opening can also be directed
towards C-2 through chelation of the nucleophilic
agent.®%3! Treatment of ester (2R,39)-43 with LiAIH, first
reduced the ester to alkoxide 45 which directed the deliv-
ery of hydride to open the aziridine at C-2 (Scheme 12).3*
After a reoxidation procedure 3-amino acids (2R,39-44
were obtained.

R~ Me i. LiAIH, 0 °C NHTs
Hn-H-.ICOZMe ii. NalO4, RuCls R/\/COZH
N 73-86%
Ts Me
(2R,3S)-43 (2R,3S)-44
H=AlH,
_ R Me O
Vla e -lllll/
H ; R = Et, Ph
N
Ts
45
Scheme 12

2.1.5 Carbon Nucleophile Ring Opening

The use of organometallicsto open chiral aziridine-2-car-
boxylates appears an excellent route for the synthesis of
o-amino acids, but the competing reaction at the ester
functionality is problematic. While organocuprate re-
agents have obviated this problem, regioselectivity inring
opening was poor.® Hydrolysis of the ester to an acid,
then treatment with higher order cuprates overcame this
regioselectivity problem for unsubstituted aziridine (S)-46
(Scheme 13).* Introduction of a C-3 methyl substituent
caused alack of selectivity except in the case of the steri-
cally undemanding acetylide nucleophile. In accordance
with the expected steric effect of methyl substitution at C-
2inaziridine 48, cuprates afford C-3 attack with complete
control of regioselectivity (Scheme 13).3*

Synthesis 2000, No. 10, 1347-1365 |ISSN 0039-7881 © Thieme Stuttgart - New Y ork



REVIEW

1352 W. McCaoull, F. A. Davis
R = Me 68%
~O2H R,CUCNLi CO,H n
4 R ="Bu 56%
N NHTs R =tBU 60%
Ts = 0,
(S)-46 (S)-47 R _Ph 5%
R =vinyl 54%
CO,'Bu
2 RMgX CO,H R =indole 48%
Me  CuBr-SMe, R/>( om0
N —_— M NHT R ='Pr 60%
Ts € S R=Ph52%
48 49
Scheme 13
2.2 Aziridine-2-lactones

A comparative study of aziridine-2-carboxylates and azir-
idine-2-lactones has shown the latter to react with soft nu-
cleophiles at C-2 compared to the general C-3 reactivity
of the former (Scheme 14).%%¢ Such regioselectivity was
explained by orbital control where in aziridine-2-lactone
(1S4S,5R)-50, the calculated LUMO coefficient for C-2
was substantially greater than for C-3. While thisis also
true for aziridine-2-carboxylates, the flexible ester side
chain sterically prevents C-2 attack. The nature of the N-
activating group did not affect the regioselectivity. With
hard nucleophiles such as alcohols, charge control direct-
ed regiosel ectivity in both systemsto attack at aziridine C-
3 adthough lactone opening in 50 preceded aziridine ring
opening and re-lactonization occurred during chromatog-
raphy to afford (354S,5R)-52.

MeO
O o
BF3+OEt,, g
SO“*’ CbzHN R
MeO (3R,4S,58)-51
O o0 R =SEt 76%
R = OAC 57%
He "H R = Br 80%
N
Cbz MeO
(1S4S,5R)}50  BF,OEt, O o0
ROH
RG  NHCbz
(3S,4S 5R)-52
R =Me 80%
R = Bn 50%
Scheme 14
2.3 Non-carboxylate Aziridines

While the use of aziridine-2-carboxylates appealingly
gives direct access to amino acid derivatives, regioselec-
tivity and chemoselectivity problems have led to wide-

spread use of non-carboxylate containing aziridines for
amino acid synthesis and other purposes.

231

Selective hydrogenolysis at the aziridine benzylic posi-
tion has been used for the preparation of phenyaanine
derivatives® 8 and in alkaloid synthesis.* In the absence
of abenzylic aziridine carbon, reductive cleavage of the 2-
substituted azirdine (2S1'R,1"S)-53 occurred at the less
hindered C-3 position (Scheme 15).%° 2,3-Disubstituted
derivatives (2R,3R,1'R)-55 were also cleaved at C-3 when
either aryl or methyl substituents were attached at this po-
sition.® The presence of (Boc),0 activated the aziridineto
facilitate ring cleavage which occurred prior to removal of
the a-methylbenzyl group.

Reductive Ring Opening

Ph
HO OH
H Pd(OH)z, C, H2, T
N Bo00 M
. 85% NHBoc
Ph” “Me
(2S,1'R,1"S)-53 (1S,2S)-54
R
AcO
Hive- - Pd(OH)z, H2,
\ (Boc),0 AcO R
NHB
67 - 85% oc
Ph” “Me (R)-56
(2R,3R,1'R)-55 R = aryl, Me

Scheme 15

Reductive benzylic centre opening of aziridines has been
achieved using lithium in the presence of catalytic naptha-
lene.*! Activation of nitrogen was not found necessary and
the intermediate dianion was quenched with a variety of
electrophiles to afford amines 59 (Scheme 16). The C-3
aziridine stereocentre was preserved but the benzylic an-
ion derived from (2R,39)-58 underwent inversion to the
less hindered intermediate derived from (2S5,39-57 hence
the product stereochemistry 3 to nitrogen was indepen-
dent of that in the starting aziridine.

Me H
H"""W’""'Ph
N E
Me i. Li, cat C1gHg M
iy
(2S,389)-57 ii. E*, H0 © Ph
OR —_—
Me Ph 52 -87% NHMe
H“HI”H 59
N E=H,D, MeZCOH,
Me °PrCOH, CH,CH=CH,
(2R,3S)-58
Scheme 16
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Depending on the nucleophile, Lewis acids or suitable ni-
trogen activation can be chosen to facilitate aziridine ring
opening. Thiols have been used without Lewisacidsor ni-
trogen activation to react exclusively at a benzylic aziri-
dine centre to produce B-amino thiols.*>*3 Introduction of
hydroxy,* chloro,® and azide* functionality was also
performed at the benzylic position in the presence of acid.
Furthermore, unsaturation has also been used to direct re-
gioselective ring opening. Lewis acids facilitate reaction
at the more stable carbocation centre as in the conversion
of aziridine 60 to amino thiol 61 with MeSH and
BF;+OEt, (Scheme 17)* and alkoxy nucleophiles have
been used likewise.*’

Heteronucleophilic Ring Opening

PhOCO., PhOCO.,
MeSH
Heeo e H BF3'OE'[2 “,
—_— SMe
N 82% HI
(CH;);0COPh (CH;);0COPh
60 61

Scheme 17

In saturated systems, heteronucleophilic attack generally
proceeded exclusively at the least hindered aziridine car-
bon. Chiral N-a-methylbenzy! aziridines such as 62 were
easily prepared and ring opened with acetates to provide
amino al cohols 63 (Scheme 18)* and propane-1,3-diols.*®
Imidazole has been used to ring open an N-acylaziridine
with complete control of regioselectivity, but dibenzyl
phosphate was less selective at ambient temperatures.>°

F3C
FsC
H\W i TFA 3 Y\OH
o e
Ph Me Ph Me
(2R,1'S)-62 (2R,1'S)-63
Scheme 18

An optimised procedure for ring opening of 2,2-disubsti-
tuted aziridine (S)-64 used B-trimethylsilylethanesulfonyl
(Ses) as an activating group for nitrogen (Scheme 19).51%2
This gave better regioselectivity for reaction with alkox-
ides than Lewis acid activation and avoided deacylation
problems caused by other activating groups such as
amides or carbamates. The Ses protecting group was eas-
ily removed after elaboration of product (S-65 using
TBAF. Other nucleophiles including thiols were applica
ble to this protocol.

Amineswerefound to ring open aziridinesin the presence
of 10-20 mol% of Y b(OTf), to give 1,2-diamines.> Pro-
tection of the aziridine nitrogen was necessary to avoid

Me
/n--n
rO

Ses
(S)-64

BnOH, NaH Me\(\osn
—_— TI’O\\s

95% NHSes
(S)-65

T

Scheme 19

oligomer formation and while disubstituted aziridines
gave excellent yields, trisubstituted aziridines gave only
moderate diamine formation.>* When 5 mol% Sn(OTf), or
Cu(OTf), was used as Lewis acid, only aromatic amines
exhibited aziridine ring opening and an ion complex inter-
mediate was postulated.> L ewis acids were found unnec-
essary when methanol was used as solvent and the
reaction proceeded until the amine nucleophile was tri-
akylated.5>%

2.3.3 Aza-Payne Reaction

The aza-Payne®’ rearrangement of aziridine-2-methanols
66 can giveriseto two potential intermediates, the oxa-an-
ionic species 68 or the aza-anionic species 69, when treat-
ed with base (Scheme 20).%® Intermediate 69 was
predicted computationally and found experimentally to
predominate. Consequently, on reaction with nucleo-
philes, regioselective attack by pathway d out of the four
possible reaction pathways a—d occurred exclusively to
give amino alcohol 67 in astereo- and regiosel ective man-
ner. Higher order cuprate reagents were used to incorpo-
rate alkyl, amine and stannyl nucleophiles, and TMSCN
with Lewis acid to incorporate cyanide while thiols were
used without other additives. In the absence of a suitable
activating group on nitrogen, the aza-Payne rearrange-
ment does not occur on formation of an oxo-anionic spe-
cies.®® When astrong baseis not used then direct attack of
the aziridine ring by the external nucleophile (pathway a/
b) has been observed.®

R OH OH
Hroee i R Nu
N
Ts NHTs
66 67
KH l Path d 1 - Nu
42999 |- HsO"

ab
R 00 R o
H""' ~---|H ——
N ONTs *
d

Ts 69 ¢
68

R (cis or trans) = Me, Ph, CH,OBn
Nu =Me, "Bu, PhS, 'BuS, CN, Sn"Bus, NBn,

Scheme 20
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2.34 Carbon Nucleophile Ring Opening

Organocopper reagents are the organometallic reagent of
choice for ring opening of aziridines.>61-% Usually lower
order cuprates, derived from organolithium or Grignard
reagentsare used asin the preparation of 3-arylalanine de-
rivative (2S539)-71 (Scheme 21).3" Attack occurred at the
least hindered aziridine carbon unless an additional acti-
vation was present such as the benzylic centrein (2S,3R)-
70. Both organolithium®5” and Grignard®® reagents have
also been used, but thisrequired robust N-tosyl protection.
Lithium anions derived from 1,3-dithianes have also been
used for the preparation of 2-tosylaminocarbonyl com-
pounds.®®

H R OTBS Me

OTBS N
Boc
(2S,3R)-70

Me,CulLi

—_—

68-80% : R

R =Ph,1-naphthyl  NHBoc
(25,35)-71

Scheme 21

235

Neighbouring groups have been used to facilitate and di-
rect aziridine ring opening. Acid catalysed methanolysis
of aziridine (1S6R)-72 gave only (1S,6S)-73 astheregio-
and stereocontrolled product (Scheme 22).”° Protonation
of the aziridine nitrogen in conformer 75 was stabilized by
an intramolecular hydrogen bond to the endocyclic oxy-
gen thus favouring diaxial attack through this conformer.

Heteroatom Directed Ring Opening

OMe
MeOH, H*
—_—
“H  quan. /
N 3
Ac AcHN OMe
(1R,6R)-72 (1S,6S)-73
e Ac\%)/ﬂ_
N ——Q
S0 >owme
74 MeOH )75 OMe
Scheme 22

A bridging Lewis acid also explains why AlMe; facilitat-
ed addition of PhC=CL.i to aziridines 76a/b but not to 77
sincethelatter does not contain acoordinating heteroatom
substituent (Scheme 23).”* In the absence of the AlIMe,
there was negligible reaction. The tosylamide nitrogen in
78 directed acid catalysed attack by water to the position

shown and was not dependent upon the presence of a
Lewis acid or the nature of the aziridine nitrogen activat-
ing group.”>” An electronic effect was used to explain
this behaviour where nucleophilic attack occurs at the car-
bon with the larger positive charge distribution.

OBn Ph

TsN
(4
H H
N N \ \
Ts Ts COAr Nu
76an=1 77
76b n =2 (1R,7S)-78
Ar = p-BnOCgH,4
Scheme 23
236 Ligand Catalysed Asymmetric Ring Opening

Chiral catalysts have been used to effect asymmetric ring
opening of achiral aziridines.”*"® The ee's produced var-
ied from poor to excellent and were generally dependent
on the structure of the aziridine, catalyst, solvent and nu-
cleophile. Isomerisation of aziridine 79 using catalytic
cob(l)alamin in MeOH afforded optically active amine
(R)-80in 90% yield and 90% ee (Scheme 24).7* Aziridine
81 was converted to 3-amido thiol (1529)-82 in an opti-

10 mol %
cob(l)alamin
HerieN—F e H _ >
N 90%
90% ee NHBz
Bz
79 (R)-80
ArSH, Et,Zn
Here N o H L-(+)-DCHT /
N 81 - 99% HN ”SR
)\p 45 - 98% ee >:O
o] -CgHy-NO» P-CeHa-NO,
81 (1S,25)-82
85, acetone,
4 MS, -30°C
Hrrre—rin H <
N 95% N3 NH
k 94% ee
g3 Ar Ar
(1R,2R)-84
Ar = 0,p-NO,-CgH3
Ph
s
,\} o PH \
v e
\Cr\/
'Io/ N3
(1S,2R)-85

Scheme 24
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mised 98% yield and 93% ee using acrucia 1:3:1:4.8 ra-
tio of 81:Et,Zn:L-(+)-DCHT (dicyclohexyl tartrate):thiol
in toluene.”® Aliphatic thiols gave poor e€'s and the reac-
tion could not be performed with catalytic amounts of zinc
complex. Grignard reagents have also been used with
chiral copper catalysts to desymmetrise N-sulfonylaziri-
dines.”” N-Alkyl substituted aziridine 83 was ring opened
to afford amine (1R,2R)-84 using the tridentate Schiff
base chromium complex 85.7® Unsaturated, acyclic and
five membered cyclic meso aziridines also gave good
yields and enantiosel ectivities. Amide or carbamate acti-
vated aziridines however gave poor enantioselectivites
and sulfonyl activated aziridines were unreactive. In an
interesting comparison of aziridine versus epoxide reac-
tivity in the same molecule, chiral bases were used to de-
symmetrise  an epoxide while leaving a N-
diphenylphosphinyl aziridine intact.”

2.3.7 Bridged Aziridines

Bridged aziridines were readily opened by nucleophiles at
the least hindered aziridine carbon.8%-82 Regiochemistry
can also be controlled by the electroattracting effect of
heteroatoms. Aziridines 86a and 86b were both ring
opened by azide at the same position to form 87a/b where
neither position is sterically more available (Scheme
25).83 While 86a was directed by the benzylic nature of
one of the aziridine carbons, in 86b the oxazolidinonewas
proposed to deactivate the proximal aziridine carbon to
nucleophilic attack.

evy

(o) H! R
NaNs3
N N —_—
PH Y PH
o)
(7S,1'S)-87a R = Ph, 90%
(7S,1'S)-87b R = Pr, 94%

(7S,1'R)-86a R = Ph
(7S,1'R)-86b R = Pr

Scheme 25

238

Theregioselectivity of intramolecular aziridine ring open-
ings was strongly affected by the size of the ring formed
and often different from that expected from intermol ecu-
lar attack. A 6-membered imino sugar was formed from
intramolecular cyclisation at the most hindered aziridine
carbon of (2R 3S4S5R,69-88 (Scheme 26).8* Intramo-
lecular alylation occurred to form only 6-membered ring
products on treatment of (R)-89 with BF;+OEt, and com-
peting chairlike transition states were used to explain
modest diastereosel ectivity.®! Likewise, the ester enolate
derived from (9-90 formsa5-membered ring with 2:1 ra-
tio of diastereomers.® In the case of (S)-91, the electron
attracting effect of the second nitrogen may explain why
7 aswell as 6 membered ring formation occurred.*®

Intramolecular Ring Opening

Me3Si

OBn OBn
W)\HV NHBn =
OBn CN N
Boc Ts
(2R,3S,4S,5R,6S)-88 (R)-89
0]
0-MeBn_
‘ \ a
COZIBU
A NHMe
H Hr r’“b
N
SO,Ph Ts ab=52
(S)-90 (S)-91
Scheme 26

24

Aziridine-2-phosphonates undergo ring-opening reac-
tions anal ogous to aziridine carboxylatesto form a-amino
phosphonate derivatives.8% trans-Substituted aziridine
phosphonates were found to be more reactive towards nu-
cleophilic ring opening than their cis counterparts.®” N-
Sulfinyl aziridine (Sg,2R,3R)-92 was deprotected and hy-
drogenolysed as the unactivated aziridine to afford the
first asymmetric synthesis of (R)-a-methylphosphophe-
nylalanine (93) (Scheme 27).% Furthermore, methanol
was used as a nucleophile to obtain the a,-trisubstituted
phosphonate derivatives in 90% de and (1R,29)-94 was
isolated in high yield.

Aziridine-2-phosphonates

i. TFA, 0 °C h POsEt;
i, HCO,NH,, P 4
Pd/C H,N Me
Phl --ulMe 70%
N
/é‘ 72% H_ OMe
p-TonI (0] BE«OF Ph PO3Et,
Ss,2R,3R)-92 3*OEt, %,
(Ss ) MeOH, 55 °C HN Me
(1R,2S)-94

Scheme 27

25 Vinyl Aziridines

Vinyl aziridines have been utilised as precursors to (E)-
alkeneisosteres of peptides through reaction with organo-
copper reagents.®°! Excellent diastereoselectivity and
high yields were obtained in an anti-S2’ reaction for N-
acyl, peptidyl, carbamoyl and sulfonyl activated aziri-
dines. Both (E)-a,3-enoate 95 and (Z)-a,3-enoate 96 gave
(E)-alkene product (2R,5S3E)-97 as aresult of a predom-
inant reactive conformer dictated by minimizing allylic
1,3 strain with only minor amounts of products arising
from y-alkylation (Scheme 28).%° The aziridine stereo-
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chemistry in (4R,55,22)-98 was likewise relayed to con-
trol the a-stereocentre in (2S5S3E)-99. In contrast,
oxygenation at the y-position using TFA or methane-
sulfonic acid occurred with stereo- and regiosel ective S22
aziridine ring opening of (4R,5S2E)-100 (Scheme 28).%2
The diphenylphosphinyl (Dpp) group has also been used
to activate vinyl aziridines and resulted in exclusive anti-
S\2 attack by dialkyl copper lithium and stannyl cuprate
reagents.®® In densely functionalised vinyl aziridine sys-
tems, both S2' and S2 behaviour has been observed.®

CO,Me

Hln-. ..||IH | Me

N %Me A

Ts CO,Me
4R ,5S,2E)- .
(4R ,5S,2E)-95 i NHTs

Me, H (2R,5S,3E)-97
i \ 95%

VY

Ts  co,Me
(4S,5S,27)-96

Me
Me — M S
. e

H“'WCOZME | \‘/\/\COZME

N 94% NHTs

Ts
(4R,5S,272)-98

i. Me,Zne2LiCle2LiBr, 20 mol% CuCN

(2S,5S,3E)-99

. COo,Me OR
Prl —_— .
TFA Py
Hoe - —_— CO,Me
or
N MSA NHMts
Mts (4S,5S,2E)-101 R = H, 93%

(4R ,5S,2E)-100 (4S,5S,2E)-102 R = Ms, quant.

Scheme 28

The Michael reaction Initiated Ring Closure (MIRC) re-
action has been applied to activated vinyl aziridines 103
for the synthesis of cyclopropanes 104 (Scheme 29).% Ad-
dition of Grignard reagents catalysed by CuCN gave the
highest yields and the cis cyclopropane product generally
predominated as explained by allylic strain arguments,
through the preferred reactive conformer 105. Increasing
the bulk of the aziridine substituents generally gave im-
proved cis:trans ratios of up to 80% de.

While cis or trans aziridines are generaly prepared inde-
pendently, in the case of N-alkyl/arylsulfonyl-3-alkyl-2-
vinylaziridines, palladium(0)-catalysed isomerisation of
trans isomers allowed preparation of their cis-counter-
parts. In accord with computationally predicted thermo-
dynamic stabilities (2539-106 was isomerised to
(2R,39-107 in ratios generally greater than 95:5 (Scheme
30)_96,97

Rearrangement of vinyl aziridines has been used in stere-
osel ective akaloid and seven-membered lactam synthesis

H R R"MgX
........... H 10 mol% CuCN
EtO,C~—/ Y 78 °C EtO,C
COLEL . 46-97% EtO,C
103
N.N'R' b
R = Me, Hex
R'=Ts, Mts R {( )Z.-““‘COZEt
R" = Me, Bu H: COsEt
R"CuL,,
105
Scheme 29
R —
R H Pd(PPhs),
HIIquII\ Hu--- --|||H
T )
R’ R’
(2S,35)-106 (2R,3S)-107
R = Me, 'Pr, Bu
R'=Ms, Ts, Mts, Pmc
Scheme 30

(Scheme 31).%8711 Aziridine 108 underwent an aza-[2,3]-
Wittig rearrangement® to form tetrahydropyridine 109in
excellent yield® while 110 afforded lactam 111 in an aza-
[3,3]-Claisen through transition state 112 (Scheme 31).1*
Substitution of the alkene also afforded stereocontrol at
the B-position. The reaction wasless successful for N-pro-
pargyl vinyl aziridines where competing reaction path-
ways have been reported.*®

N B
A N R
N \\ 0
9%  Me N CO,'Bu
CcO,'B :
108~ 24 109
H — LHMDS
\_/: -78°C
/ —_—
Bn N 81%
)\/OBH
o
110
HR _Ho
H H
via 5 / \
n OBn
L
OLi
112
Scheme 31
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Under thermal conditions, vinyl aziridines (2R,3R)-113
underwent homodienyl-[1,5]-hydrogen shifts to give
chiral imines (R)-114 (Scheme 32).2%4 Substitution of the
alkene in 113 retarded the reaction while the presence of
unsaturation in the R group significantly increased the re-
action rate. Accordingly, aza-[2,3]-Wittig precursors such
as 108 or 110 are not stored at room temperature else they
are decomposed via[1,5]-hydrogen shift.

A

H R
(2R,3R)-113 (R)-114
R = CO,'Bu, CCH, Ph, "Hex

Scheme 32
3 Rearrangements and Ring Expansions
31 N-Acyl Aziridines

Acyl aziridines readily rearrange to oxazolines under ther-
mal, acidic or nucleophilic conditions.X®1%° Aziridines
(2R,39-115 thermally rearranged to afford oxazolines
(4R59-116 with complete regio- and stereocontrol
(Scheme 33).1%57197 Yields were excellent in chloroform
but other solvents gave very slow reactions. Subsequent
mild acid hydrolysis yielded B-hydroxy a-amino acid de-
rivatives (2R,39)-117 or in the case of R’ being an amino

acid and R = Me then threonine, D-serine and D-isoserine
containing dipeptides were obtained. Conversion of aziri-
dine 118 to oxazolidinone 119 was facilitated by sodium
iodide and subsequent alkaline hydrolysis resulted in for-
mation of amino alcohol 120.4¢ Racemic phenylserine 123
was prepared from aziridine 121 by rearrangement to ox-
azolidinone 122 then akaline hydrolysis.!'® The phenyl
functionality was key to the rearrangement of the Boc
group onto the C-3 aziridine position and methyl or iso-
propyl substitution at this position afforded poor yields.

The balance of reactivity between direct aziridine ring
opening and rearrangement of acylaziridines has been in-
vestigated.***'*2 Such reactivity was controlled by judi-
cious choice of "orthogonal" Lewis acids. The oxophilic
Lewis acid Y b(biphenol)OTf was postulated to coordi-
nate to the carbonyl oxygen thus activating the aziridine
124 to external nucleophilic attack forming 125 while the
more azaphilic Lewisacid Cu(OTf), was postul ated to co-
ordinate to the amide nitrogen thus catalyzing rearrange-
ment to oxazoline 126 (Scheme 34). In the latter case, a
chiral non-racemic example rearranged stereospecifically
with retention of configuration.

Aziridino cyclopropane 127 underwent rearrangement to
the bicyclic tropane akal oid skeleton 128 using BF;¢OEt,
(Scheme 35).112 The cyclopropy! carbinyl cation 130 was
initially formed and rearranged to cation 131, which was
trapped by the sulfonamide nitrogen to give 128 or by
fluoride to give 129. When carbamate protection was used
on nitrogen, the reduced nucleophilicity of nitrogen re-
sulted in exclusive fluoride trapping.

o O
R H R X o )J\
/. >ﬁ PTSA, O
H X CHcl Ho . wo N7 UNMe
N ., O__N 0, Ao > <
>95% Y >90%
O)\R' R ’ NHCOR' PR Me
(2R,39)-115 (4R,5S)-116 (2R,3S)-117 R = Me, Et, Pr
R'=Me, Ph
PhOCOw.. Ny wo.
PhOCO:.,, Boc,0, HO",,
Hror—r g H Nal Heovp——me H NaOH
N 70% A/N\”/O 95% HN,  OH
A o (CHy)30H
118 119 120
A= (CH2)3OCOPh
Ph CO,Me
Ph H > SR LiOH, OH
Hevee\—A1n Cone —BFg’OEtz > o. NH Hzo Ph/\_/COZH
N 98% \[( 90% i
Boc o) 2
121 122 123

Scheme 33
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TMSNG,
Yb(biphenol)OTf s
/ N3  NHCOR
84% 125
H |||||||||| H
N
)\ 89%
O R
124 Cu(OTf) OYN
R
126
Scheme 34
F
BF3*OEt,
SOPh — = * TsHN
SOzPh SO,Ph
128 129
45% 30%
FsBNTs FsBNTs
via - .
. _—
PhO,S PhO,S
130 131

Scheme 35

3.2 Carbonylation Reactions

Aziridines are precursorsto 3-lactams through carbonyla-
tive ring expansion reactions.''* This has been applied to
disubstituted cis aziridine 132 to quantitatively afford the
trans-B-lactam products 133 and 134 in 92:8 ratio using
dicobalt octacarbonyl as catalyst (Scheme 36).1*° Like-
wise, the corresponding trans-aziridine gave [-lactam
products with inversion of stereochemistry. However this
procedure failed with aziridine carboxylates which ring

opened then eliminated the organometallic species before
carbonyl insertion could occur. Use of stoichiometric
nonacarbonyldiiron under sonication conditions con-
verted aziridine (5R,6S,3E)-135 to the exo lactam com-
plex (9-136 (Scheme 36).1% Subsequent reduction of
the ketone functionality with sodium borohydride pro-
ceeded stereoselectively and for racemic examples oxida
tive decomplexation was performed using Me;NO to give
B-lactams such as (3S4S,1S, 1'E)-137in 54-69% yield. A
similar ring expansion has also been applied to bicyclic
vinyl aziridines.'t’

33 Cycloadditions

Aziridines can be precursorsto azomethine ylides leading
to awide variety of thermal or photochemical [2+3] cy-
cloaddition reactions. For example five-membered het-
erocycles have been prepared by reaction of aziridines
with heterocumulenes,*® thiones'® and even Cy,.1%° In-
tramolecular azomethine cycloadditions have been used
in alkaloid synthesis'! and notably in a computationally
guided design of asilicon based tether system in aziridine
(R)-138 (Scheme 37).12? Photolysis of 138 afforded the
endo-re product (3R4S6S1'R)-139 in 64% vyield and
re:s ratio of 16:1. With larger tethers, the transition state
energy calculations favored a switch to endo-si products
as was borne out by experiment.

Mes
(0}
NMe hv O>/Z
Phi N MeCN Pha? N
isoprene '
o J _— (6]
o~ R
ph Ph Ph
(R)-138 (3R ,4S,6S,1'R)-139
Scheme 37

COZ(CO)g Me,
500 psi CO OTBS TBSO
100 °C
100%
Q o
Fez(CO)g Fe(co)3 i. NaBHyg,
sonication  gpN ,'\ 0 -70 °C, 76% OH
B \<7 —_ = nN
68% \:" H ii. MegNO, s "'/H
Bn (dr 18:1) Me 0°C, 63% Me

(5R,6S,3E)-135

Scheme 36

(S)-136

(racemic example) (3S,4S,3'S,1'E)-137
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4 Aziridinesas Chiral Ligandsand Auxiliaries Me OH
H"'w
4.1 Chiral Ligands N i
) g /IFI)th Bn un- P
The concentrated density of stereochemical information N (2S,35)-145
located close to a good g-donor nitrogen makes chiral )l\ Et,Zn, 0 °C
. . . . . Ph H ' Ph Et
aziridines attractive ligands for asymmetric catalysis. In 63% H
. s . . (]
an extension of Corey’s chiral oxazaborolidines for the (E)-144 94% ee (R)-146
enantiosel ective reduction of prochiral ketones, aziridine Ph 11
2-carbinols (2S,3R)-140 have been used as precatalysts to Ph_\ //O
prepare oxazaborolidines (2S3R)-141 (Scheme 38).1% __IF,)Z'n/Et
When used with borane-dimethylsulfide complex for the _ Ets A )
reduction of acetophenone to (R)-phenylethyl alcohoal, via Me | N
enantiosel ectivities were greater than 90%. QR oh
PR
H pn B 147 -
H Ph Ph
H ( 7 < Scheme 39
N._ O
R =H, Me |
C,-Symmetric bis-aziridines have been studied as ligands
- 2S,3R)-141 2 ) : :
(ZS’BR) 140 (2S.3R) in a number of metal mediated asymmetric reactions.?*
H Ph 132 A two carbon tether between the aziridine nitrogens
W—fph was optimal, regardless of the metal used, to allow five
.H membered chelate formation, and the other aziridine side

J o

(S,S)-142 (S)-143

Scheme 38

A range of aziridine 2-carbinols have been screened as
catalystsfor the enantiosel ective addition of diethylzinc to
aldehydes and aziridine (S,9)-142 gave up to 97% ee and
good yields.*** An equally effective N-trityl aziridine has
been studied and the corresponding polymer supported
catalyst (9-143 prepared.’?>'% High enantioselectivity
was retained and the catalyst was recycled without signif-
icant loss in enantioselectivity. Aziridine alcohols have
also been screened as promoters of enantiosel ective addi-
tion of dialkylzincs to N-(diphenylphosphinoyl) imines
such as (E)-144 (Scheme 39).1%" Aziridine (2S,39)-145
gave the best enantioselectivity for formation of amine
(R)-146. The aziridine could be recovered in good yield
(90%) but use of catalytic quantities resulted in areduced
enantioselectivity. The stereochemical outcome was ra-
tionalised by transition state 147 where the C-3 methyl
substituent sterically directs attack of theimino bond from
one face and a favourable rt—Ttinteraction accounted for
improved selectivity of N-benzyl over N-akyl aziridine
promoters. An aziridine carboxylate has a so been used as
a ligand for rhodium catalysed cyclopropanation with
modest enantiosel ectivity.?

chains were varied for steric and electronic requirements.
Bis-aziridine (25352'S,3'9-148 generally showed the
best performance. Osmium mediated asymmetric dihy-
droxylation of trans-stilbene 149 and palladium catalysed
alylic alkylation of 151 proceeded in excellent yields and
enantiosel ectivity using 148 (Scheme 40). Copper cataly-
sed cyclopropanation and aziridination of styrene 153
gave poorer ee's but in the former exchange of the phenyl
for benzyl substituents on ligand 148 increased the ee to
90%. Addition of organolithium reagents to imines such
as 156 gave variable yields and enantioselectivities up to
89%.1%

4.2

C,-Symmetric aziridines have been utilised as chiral aux-
iliaries.>13* Amide (2539)-158 underwent diastereosel ec-
tive alkylation when treated with a lithium base then
benzyl bromide (Scheme 41). A side-chain oxygen che-
lates with the lithium cation of a Z-enolate and the C,-
symmetry forces the same intermediate if nitrogen inver-
sion occurs. Nonsymmetrical aziridines consequentially
resulted in poorer diastereoselectivity as did aziridines
lacking side-chain oxygens. However, in aldol reactions,
aziridines lacking side-chain oxygens produced better se-
lectivities. Aziridine (2S,39)-161 afforded only syn-aldol
products 162 and 163 with the former generally predomi-
nant as rationalised by a Zimmerman-Traxler transition
state (Scheme 41).

Chiral Auxiliaries
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H Ph 5 Transformations of Aziridine Side Chains
A h le
Ph\<¥"‘ P "’>/H
HY SN N7 Ph 51  Reactionsof Side ChainsAttached to Aziri-
dine Carbons
(2S,35,2'S,3'S)-148
Theinherent reactivity of aziridinesto nucleophileslimits
0s0y, OH the amount of chemistry that can be conducted on aziri-
148, -78 °C - Ph dine side chains. However aziridine carboxaldehyde
’ /\/ y
Ph/\/ Ph 90% Ph : (2S1'R)-164 is noteworthy in its configurational stability
95% ee OH attributable to ring strain of the aziridine. It was found to
(B)-149 (5.9)-150 react with avariety of phenyl, naphthy!, furyl and phenan-
(ealyhPdCl, = oo _come  thryl lithium (ArLi) reagents to afford acohols
/\}O\Ac Nac“igz“"% g (2S1'R1"9)-165 in excellent yields and high diastereose-
AN NG lectivities (Scheme 42).%° A diastereosel ective dihydroxy-
o i >9%%/0/0ee P "pn lation of vinyl aziridine (2R,39-166 has been reported
151 0 (R)-152 using osmium tetroxide where allylic strain dictated the
COMEL preferred reactive conformation (Scheme 42).2% Methyl-
CuOTf,148, . 2 ene aziridine (R)-169 underwent [2+2] cycloaddition with
P N2CHCO,EL 0°C o tetracyanoethylene (TCNE) to afford 5-azaspiro[3.2] hex-
153 82% (2S,3S)-154 anes (2R 1'R)-170 and (2S1'R)-171 in up to 68% de
60% ee (Scheme 42)_136
CuOTf,148,
PhINTS, 0 °C NT _ _
P -~ o < ° 52  Nitrogen Deprotection
0
153 33% ee (S)-155 Acyl, carbamoyl or sulfinyl protecting groups on aziri-
MeLi dines are generally easily removed. However, aziridines
Ar 148 (_57;3’ oc NHAr are often prepared or utilised with an arenesulfonyl group
/w\ ’ - attached to nitrogen which is not as readily removed ex-
Ph” “H 6;‘02 /Ze Ph { "Me cept under harsh conditions.®5137:138 Samarium iodide has
(E)-156 (R)-157 been used for such a purpose with alkyl substituted
Ar = p-MeO-CgH, aziridines' but is not a general method since aziridine
carboxylateswill ring open.*5%6 Lithium inthe presence of
Scheme 40 di-tert-butyl biphenyl (DTBB) was found to be of some
application, notably facilitating removal of nosyl func-
tionality from aziridine (S)-172 (Scheme 43).1*® Magne-
sium in methanol under ultrasonic conditions was also
found useful to deprotect aziridine carboxylate (2S539)-
H OBn H OBn H OBn
/N7 i Linvps VA /N7
BnO N i, BnBr BnO N . BnO N
<§o 88% Bn“---<§0 Bn—(go
>99:1
(2S,3S)-158 (2S,3S,2'R)-159 (2S,3S,2'S)-160
"Bu H "Bu H
"Bu H  / '\W/ /oan
Hres B H "Bu
H""‘Wl”'”Bu i. LIHMDS \ !
37-91% o]
o 50-98%de  HO.
R
(2S,35)-161 R = alkyl, aryl 162
Scheme 41

Synthesis 2000, No. 10, 1347-1365 |ISSN 0039-7881 © Thieme Stuttgart - New York



REVIEW

Recent Synthetic Applications of Chiral Aziridines 1361

H H Ar. H
>/""\W ArLi, LiCl, >""\W
SR e wd N
). 81-89% .
Ph” “Me 66-94% de Ph” “Me
(2S,1'R)-164 (2S,1'R,1"S)-165
Pr 050,
Hive- s B ..... + Hn ||
\ T86%
Ts 82:18
(2R,3S)-166 (2s, 3s *'s)-167 (s, 3s 1'R)-168
CN
CN CN
NC
T*/ CN CN
TCNE
N — + 0\ CN
) 32-82% NC
. S S
OBn OBn OBn
(R)-169 (2R,1'R)-170 (2S,1'R)-171

R = Me, 'Pr, 'Bu, Ph

Scheme 42

174, albeit accompanied by some ring opening.** Sodium
naphthalenide has recently been reported to deprotect N-
toluenesulfonyl aziridines for avariety of examples. 13140
However, 2-carboxylate substitution led to decomposition
although 2-amide functionality was tolerated.

H Me CO,Cy
N N

. Ns (S)-172 ) Ts (25,35)-174

155 [y (gpara 1759y (os.99)475

i. Li, DTBB, THF, -78 °C
ii. Mg, MeOH, sonication

Scheme 43

5.3 Aziridinyl Anions

The use of aziridinyl anions has been reviewed although
only a limited number studies have been conducted.'**
Recently aziridine borane complexes have been lithiated
and reacted with electrophiles.1*24 |n addition, sulfinyl
aziridine (2R,3R)-176 was subjected to sulfoxide-lithium
exchange and quenched with range of electrophiles,
mainly aldehydes and ketones (Scheme 44).14* Oxazolinyl
aziridinyl anions have increased the scope for introducing
substituents directly to the aziridine ring (Scheme 44).14
The aziridinyllithium species was stable at —78 °C and
could be quenched by a variety of electrophiles to give
aziridine 179. Notably, reaction with aldehydes was anti
selective and arange of hydroxy akyl aziridines 180 were
prepared.

p-Tolyl, i. MeMgXx,
H S=0 BuLi, <-70 °C H R
Ph"'V‘”Me ii. E* Ph"'H‘”Me
—_—
N 43 - 96% N
Ph Ph
(2R,3R)-176 177
R =D, CH(OH)Ph, CO,Et, PO3Et,
O/% i. "BulLi,
—N 78 °C
+
H || E
N 70 - 98%
178 179
O/w< E =D, Me, SiMes,
— CH,CH=CH,, Me,COH
“““ —R R = Ph, m-CI-Ph, m-MeO-Ph,
N E)H p-MeO-Ph, Me
Ph
180
Scheme 44

54 Aziridinyl Radicals

There are few reports of chiral aziridinyl radicals but they
have been generated from bromoaziridines.**6147 Treat-
ment of aziridine epimers 181 with ACCN and Bu;SnH
under high dilution afforded a chira aziridinyl radical
which cyclised onto the indole functionality (Scheme 45).
Reductive cyclisation predominated in this system to af-
ford 182 and 183 whereas dimerisation occurred when an
el ectron withdrawing group was attached to the aziridine.

OBn OTBS

OoBn
| | OTBS
R N
Br
H..v
N
Boc
181 (3.8:1)
R = CO,Me 183
5%
Scheme 45
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6 Bis-Aziridines

The role of bis-aziridines as chiral ligands has aready
been discussed (Section 4.1). In addition, bis-aziridines
have been utilised in ring-opening reactions although
achieving complete chemoselectivity for a specific path-
way has seldom been achieved. Commonly, substituted
pyrrolidines can be obtained from intermolecular aziri-
dine ring opening followed by intramolecular 5-exo-tet
aziridine ring opening as in the preparation of
(2R3R4R59-185 from (2S3R4R59-184 (Scheme
46).148 Use of the guanidinium cation provided a proton
donor which stifled the intramolecular step leading to
double intermolecular ring opening by azide to give bis-
amino derivative (2S3R,4R,59)-186. Benzyl Grignard re-
agents have also been used to give bis-amino derivatives
in copper catalysed bis-opening reactions of asimilar Boc
activated bis-aziridine.1*

BnO, OBn
o Mo N3\I>\/NHCbz
NaN3 ,65 °C N
i OBn Cbz
Csz 51% (2R,3R,4R,5S)-185
H NCbz
OBn H
(2S,3R,4R,5S)-184 92%
- nE CbzHN OBn
N3 HoN=C(NH,),, N :
60 °C 3\/\;/\;/\N3
OBn NHCbz

(2S,3R,4R,5S)-186

Scheme 46

Bis-aziridine (2R,5R)-187 was found to be quite reactive
and unstableto prolonged exposure to silica gel .1%° Use of
sodium cyanide in an aprotic solvent gave mainly pyrroli-
dine (2S5R)-188 with some bis-opened product (15%)
(Scheme 47).1%° However with more reactive nucleophiles
bis-opening became more prevalent. Under acid catalysis
bis-aziridine 187 underwent an Sy1 ring opening followed
by 6-exo-tet cyclisation to afford piperidine (3S,6S)-189.
Diethylaluminium cyanide has also been found to favour
piperidine formation.*®!

7 Preparation of Azirines

Chiral N-sulfinylaziridine (S;,2R,3R)-190 underwent 3-
elimination of the sulfinyl group when treated with base at
low temperature to afford the antibiotic (R)-dysidazirine
(191) (Scheme 48).1%2 The rate of deprotonation of both
aziridine protons was proposed to be competitive with
loss of the C-3 proton leading to product while removal of
the C-2 proton leads to decomposition. When the C-2 po-
sition is fully substituted, no such competition exists and

NC

NaCN, ’;00
55 °C NHBoc

H
BOCM 65% (2S,5R)-188
NBoc
H

(2R,5R)-187 \ico

AcOH
70% N
Boc
(3S,6S)-189

Scheme 47

the reaction yield increased dramatically for an N-tosyl
derivative.!* Desilylative elimination of an N-quinazoline
from a chiral aziridine has also been used to prepare azir-
ines.13'153

H H

i. TMSCI "Cy3Hyy
\W/ “nCO,Me !
>\ Y 2 -95 °C / H
n \ ii.LDA /iCO,Me
CisHo7 3, TR0 \ 2
p-TonI/ 0 iii. Ho N
(Sr,2R,3R)-190 62% (R)-191

Scheme 48

An alternative azirine preparation from nitrogen unsubsti-
tuted aziridines has been conducted using a Swern oxida-
tion procedure. Aziridine-2-carboxylate (2R,3R)-192
afforded only the 2H-azirine product (R)-193 while the
corresponding aziridine-2-phosphonate (2S3R)-194 af-
forded both 2H-azirine (S)-196 and 3H-azirine (R)-195
with the latter predominating (Scheme 49).871%4 A greater
acidifing effect on the geminal aziridine proton by the

H
H H Ph
DMSO, ~ /
Phit [ COLM ~mCO,Me
2Me  (COocCl), \

N
—_—
E then (R)-193
NEt
(2R,3R)-192 3 60%
Ph:KW/PO3Et2
/
N
(R)-195
H H DMSO, o
pho-N\—/-post, (002 "
th
N en Ph H
H NEts \W/\ " PO3EL,
(2S,3R)-194 N
(S)-196
15%
Scheme 49
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phosphonate group compared to the carboxylate group _ i
was used to explain different elimination pathwaysforthe ~ 'Pr - PTMs R
respective N-sulfonium intermediates.®” i Pr 110 i OH
O —— H""' —»0 R2N
ON, 44-93%
8 Aziridinium lons NR, R R Nu
(2S,3R)-203 204 (R,R)-205

When there is no activating group on the aziridine nitro-
gen, reactivity towards nucleophiles can be dramatically
increased through the formation of an aziridinium ion.!%5"
18 |n the simplest sense, protonation of aziridine (R)-197
using an acid catalyst facilitated ring opening by halogen
and chalcogen nucleophiles. N-Alkylation to afford aziri-
diniumion 198 further increased reactivity such that nitro-
gen and carbon nucleophiles could aso be used (Scheme
50).16 The aziridinium ion 201 could be generated by
heating chloroamine 200 and was reacted with a range of
primary and secondary aminesto give a,3-diamino esters
202 with excellent regioselectivity.>”

OBF,

SLF CFs3 Bn. _Me
W‘-H i W‘ H ii N
N ®N 56- ‘ _Nu
Bn Me” “Bn 06% FsC~
(R)-197 198 199

Nu = PPhg, H,0, (Bn)MeNH, "BuNH,, NaCH(CO,Et),,
LiCH,COPh

C' B . NR;
‘_ _CO,Et COZEt Ph S _CO,Et
/\l/ i [Nj@CI /\l/
201

R=H/ ”Bu, iPr, 'Bu, Ph, H or-(CH,), or (CHZ)ZNPh(CHz)Z

i. Mel, AgBF,4 (50%) or Me3OBF4 (97%); ii. Nu,
0 °C; RoNH, 60 °C, K,CO3

Scheme 50

The Payne Rearrangement-Nucleophilic Trapping Proce-
dure (PRNTP) was used to prepare amino alcohols (R,R)-
205 from chiral epoxides (2S,3R)-203 viathe chiral aziri-
dinium ions 204 (Scheme 51).1%° A wide variety of amine
nucleophiles were successfully used, notably amino esters
without any loss of stereochemical purity under these con-
ditions.

9 Conclusion

The use of chiral aziridines has been widespread in organ-
ic synthesis. Their chemistry has been dominated by facile
ring opening with predictable control of regiochemistry
and stereochemistry using a variety of nucleophiles. The

Synthesis 2000, No. 10, 1347-1365

R = Bn, allyl, piperidinyl, morpholinyl, pyrrolidinyl
Nu = uracils, imidazoles, amines, amides, amino
esters

i. TMSOTTf, -78 °C; ii. Nu

Scheme 51

use of nitrogen activating groups, Lewis acids and forma-
tion of aziridinium ions has facilitated greater diversity of
ring opening. Rearrangements of aziridines has allowed
access to B-lactams and alkaloid skeletons. Furthermore,
both chiral ligands and auxiliaries have been derived from
aziridines. The breadth of organic chemistry involving
chiral aziridines has been demonstrated and their use can
only be expected to increase in the future.
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