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Organolithium-induced alkylative ring opening dFsulfonyl-protected aziridinyl ethers is described.

The reactions were efficiently carried out with a variety of organolithiums, providing a promising new
strategy to unsaturated amino alcohols and etl@ssandtrans-1,4-dimethoxybut-2-ene-derived aziridines
were prepared, and their propensity to undergo organolithium- induced alkylative desymmetrization is
detailed. Use of a single enantiomer of the latter aziridine provides a route to enantiopure unsaturated
amino ethers.

Introduction SCHEME 1. Aziridine a-Lithiation
On exposure to strong bases, suitaliiprotected aziridines )NPG RLi :::ipc;
1 (Scheme 1, PG= protecting group) can, like their more

thoroughly investigated epoxide cousins, undexgoetalation

(typically lithiation) of the three-membered ridgn the absence ) ] =

of an additional anion-stabilizing substituent, the resulting ring- intramolecular G-H insertion? and we have recently utilized
metalated (carbenoid) speci@sare rather unstable, although the car.ben0|d chara.cter. of'llthlated t.ermmal aziridines in
under certain conditions they can be trapped with electrophiles. Synthetically useful dimerizatiohsnd (with unsaturated sub-
The instability of these species mainly arises from the fact that Strates) intramolecular cycl_opropanat_|<_9n.s. _

they possess a nitrogen (or Oxygen) |eaving group at the S|te Of The eleCtrOphIhCItﬁ Of a-l|th|ated aZ|r|d|nes (aﬂd epOXIdeS)
metalation, whose-elimination would also relieve ring strain. ~ &lso makes them potentially susceptible to insertion by an
Some cycloalkene-derived 2,3-disubstituted aziridines have organolithium (typically, but not always, by an excess of the

previously been shown on lithiation to preferentially react by base used in the initial deprotonation). With epoxi@ébis is
now a reasonably well-studied pathway to alkeAdScheme

* To whom correspondence should be addressed. Phone: 44-(0)1865-2756972),” and as originally demonstrated by Mioskowski and co-
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¥ Univeraity of Oxford. workers, loss of the oxygen atom (asQ) derived from the
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SCHEME 2. Alkenes from Epoxides Using Organolithiums 4) could not be directly prepared by Sharpless aziridination
R of commercially available 2,5-dihydrofuran, it could be obtained
RLi L Ri Ll -0 R in three steps by ring opening of the corresponding epoxide
\/I\O _' }O _' :tou — j/ 136 using aqueous ammonium hydroxide to give the amino

alcohol1417 (95%), which was subsequently N-tosylated (89%)

3 4 and the resulting hydroxy sulfonamidé cyclized (92%) under
MeO Mitsunobu conditior’$ with diisopropyl azodicarboxylate (DIAD).
n-BuLi (1.5 equiv), THF A more concise (two-step) approach, which also used a cheaper
O m m o8 starting material, proceeded fraris-but-2-ene-1,4-diol7) by

aziridinatiort® (54%)1° followed by Mitsunobu ring closure of
5 6 the resulting aziridine diol8?° (68%).

SCHEME 4. Synthesis of NTs Aziridine 18

) R, .
RLi Li RLi Li R
X O—| X o — X - a WNHp NHTs
o o oo+ 1oL
OH
13 14

7 (X = NPG or O) 8 OH
15

three-membered heterocycle can be avoided if a suitably }e

positioned (and better) leaving group is present in the substrate

(e.g.,.5— 6).8 We have previously developed this process further Hoj a, Ho/\\/[\NTS L. O<)NTS

with epoxides of 2,5-dihydro-pyrrole (and -furai) (PG = HO HO

protecting group), in which the leaving group involved in alkene 17 18 16

formation is not lost from the product, resulting in routes to = Reagents and condiions: (2) BBH (35% in HO, 13 equiv)j-PrOH

g-gsubstltuted 1-aminobut-3-en-2-ols (and but-3-ene-1,2-diols) 80°C. 12 h (95%): (b) TSCl (1.1 equiv), B (2 equiv), MeCN. G°C. 2 h
A . . (89%); (c) DIAD (1.5 equiv), P§P (1.5 equiv), THF~78°C, 1 h, then
Arising from these latter studies, we considered whether the —30 °C, 5 h (92%); (d) TsNCINa (1.1 equiv), PhiéBrs (0.1 equiv),

corresponding dihydrofuranyl aziridin@smight react similarly MeCN, 25°C, 24 h (54%); (e) DIAD (1.5 equiv), BR (1.5 equiv), THF,

to provide synthetically valuablfunsaturated 1,2-amino alco- —78°C 1 h, then 25C, 7 d (68%).

hols 10 (Scheme 3); the latter are regioisomeric to the amino ] o ] ) )
alcohols8 (X = NPG) previously obtainable, with the additional As direct aziridination of diolL7 CO.U.|d'nOt be achieved using
potential of accessing-amino acids following oxidatiof! In BusNCINa#! the Bus-protected aziridin20 was synthesized

the present paper, we detail our studies on the scope of thisS shown in Scheme 5. Sulfinylation of amino alcohélsing
process, which provides a versatile route to unsaturated 1,2

; ; iyati (8) (a) Dechoux, L.; Doris, E.; Mioskowski, @hem. Commuri996
a.mmo alcohols. At th.e OUt.Set of our |nvest|gat!oqs thgre wasa 549-550. (b) Doris, E.; Dechoux, L.; Mioskowski, Gynlett1998 337—
single example of insertion of an organolithium into an 343

o-lithiated (tosyl-protected) aziridine (Scheme*3S}owever, (9) (@) Hodgson, D. M.; Stent, M. A. H.; Wilson, F. Xrg. Lett.2001
in that case alkene generation occurred from aziridibevith 3, 3401-3403. (b) Hodgson, D. M.; Miles, T. J.; Witherington, Synlett

. . . . 2002 310-312. (c) Hodgson, D. M.; Stent, M. A. H.; Wilson, F. X.
concomitant loss of the valuable amino functionality (as TeNH Synthesi002 1445-1453. (d) Hodgson D. M.; Maxwell, C. R.; Miles,

to give cyclopentend?2. Following our initial communication T. J.; Paruch, E.; Stent, M.” A. H.: Matthews, I. R.; Wilson, F. X.;
in this ared? O’Brien and co-workers subsequently reported Witherington, JAngew, Chemint. Ed.2002 41, 4313-4316. (e) Hodgson

; ; : ; ; D. M.; Stent M. A. H.; Sefane B.; Wilson F. XOrg. Biomol. Chem2003
related chemistry to give substituted cyclic unsaturated amines, ;™ 7301150, (f Hodgson, D. M.. Mies, T. J.. Witherington, J.

fqllowing adaptation of the Mioskowski-type process to aziri- Tetrahedror2003 59, 9729-9742. (g) Hodgson, D. M.; Maxwell, C. R.:
dinest3 Miles, T. J.; Paruch, E.; Matthews, I. R.; WitheringtonTétrahedror2004
60, 3611-3624.

SCHEME 3. Alkenes from Aziridines Using Organolithiums (10) (@) Kunieda, T.; Ishizuka, T. IrStudies in Natural Products
ChemistryRahman, A., Ed.; Elsevier: Amsterdam, 1993; Vol. 12, pp411

R2Li R? 445. (b) Ager, D. J.; Prakash,.l.; Schaad, DARem. Re. 1996 96, 835—
O/\\/[\NSOZR1 B j 875. (c) Bergmeier, S. Cletrahedron200Q 56, 2561-2576.
HO NHSO,R! (11) Flock, S.; Frauenrath, Hsynlett2001, 839-841.
(12) Hodgson, D. M.; &fane, B.; Miles, T. J.; Witherington, Chem.

0 10 Commun2004 2234-2235.
(13) Rosser, C. M.; Coote, S. C.; Kirby, J. P.; O'Brien, P.; Caine, D.
s-BuLi (2.9 equiv) Org. Lett.2004 6, 48174819.
TBDPSO—<>NTS —————— - TBDPSO (14) Sun, P.; Weinreb, S. M.; Shang, M. ¥. Org. Chem1997, 62,
—78°C (4 h) - 25°C (1h) 0 4 8604-8608.
1 12 76% (EtZOZ (15) Jeong, J. U.; Tao, B.; Sagasser, I.; Henniges, H.; Sharpless, K. B.
70% (THF)* J. Am. Chem. S0d.998 120, 6844-6845.

(16) Barili, P. L.; Berti, G.; Mastrorilli, ETetrahedrornl993 49, 6263—

Results and Discusion 6265.

(17) Reppe, WLiebigs Ann. Cheml1955 596, 1-224. _
To begin to examine our above strategy to unsaturated aminoA (|1:8) Shmghj PdYV-; V\éhlttlggtfk{n, _'r°~- R, %%%iy,zf-zl\sl-; Jaxa-Chamiec,
: . o ., FIncn, A.J. em. sSocrerkin lrans. —Z29.
alcohols10, we requ.lred a.ccess o suitably protec}rec_i aziridines (19) No improvement in yield was observed using TsNBrNa (Chanda,
9. Both tosyl and acid-labileert-butylsulfonyl (Bus}* nitrogen B. M.; Vyas, R.; Bedekar, A. VJ. Org. Chem2001, 66, 30—34) instead
protection have proven useful in many of our other base-induced of TsNCINa. _ _ _
transformations of epoxides and aziridiri@&82and the cor- (20) Fuji, K.; Kawabata, T; Kiryu, Y.; Sugiura, Y.; Taga, T.; Miwa, Y.
. P . . Tetrahedron Lett199Q 31, 6663-6666.
responding protected aziridines were examined in the current (21) Gontcharov, A. V.: Liu, H.: Sharpless, K. Brg. Lett. 1999 1,

chemistry. Although the tosyl-protected aziridihé (Scheme 783-786.
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SCHEME 5. Synthesis of NBus Aziridine 26

ab NHBus
14 =~ g — O<)NBus

OBus
19 20

aReagents and conditions: @BuSOCI (2.2 equiv), BN (2.5 equiv),
MeCN-DMF (5:1), 0°C, 5 h; (b) MCPBA (2.2 equiv), CbCly, 0 to 25°C,
1 h (63% over two steps); ()X Os (12 equiv), MeCN, 25C, 24 h (86%).

t-BuSOCPH! gave, following oxidation (MCPBA) of the crude
N,O-bis+tert-butylsulfinyl intermediate, th&,0-Bus-protected
amino alcoholl9 (63% from14). Cyclization of the latter using
KoCO; gave the N-Bus-protected aziridine20 (86%). An
alternative three-step procedure to Bus-protected azirigdthe
that proceeds by ring opening of epoxitigd with BusNH, has
recently been reported.

Initially, addition of tosyl-protected aziridin&6 to n-BulLi
(3 equiv) was examined in three different solventsQE{THF,
and toluene) at-78 °C (1 h, followed by warming to CC
over 3 h). In all three cases the desired amino alc@halwas

Hodgson et al.

cessful reaction with aziridind6. With 4,5-dihydrofuran-2-
yllithium, a subsequent spirocyclization occurred presumably
during workup to give spiroketa2?7a as a 1.7:1 mixture of
diastereomers. Given the utility of allylsilanes in synth&sis,
the direct formation of allylsilane8la using commercially
available MgSiCH,Li is noteworthy. Formation of allylsilane
32amakes use of the addition of organolithiums to vinylsilane
to give substituted-silyl anions?* and in the present case
allows a straightforward approach for the preparation of more
substituted allylsilanes.

Reaction of organolithiums with Bus-protected aziridR@&
showed a reaction profile similar to that observed with the tosyl-
protected aziridind6 (Scheme 6), although the yields were more
sensitive to the reaction conditions. With less basic and more
nucleophilic organolithiums (e.g., TMSGH), complete con-
sumption of aziridin€0 required longer reaction times as well
as warming to higher reaction temperatureg8 to —30 °C).

To investigate the effect of the structure of the achiral
aziridine on the alkylative ring-opening process, we also

observed, in 66%, 82%, and 38% yields, respectively (Scheme®@xamined a non-ring-fused aziridiB8 (prepared by methylation

6); TsNH, was also detected as a minarZ0%) side products
The amount of TsNkEobserved was not reduced if either the

of aziridine diol 18, Scheme 7).
cis-Aziridine 33 displayed a useful reactivity profile, provid-

order of addition was reversed, i.e., by dropwise addition of ing access to a range of unsaturated amino er<l0. ELO

n-BuLi to a solution of the aziridind 6, or if only 2 equiv of

is the preferred solvent, as reactions in THF did not always

n-BuLi was used. The scope of the reaction was then investi- proceed to completion. Interestingly, no loss of alkene geometry
gated using a variety of organolithiums under the initial was observed in the formation of dieB8 from Z-1-propenyl-
conditions in THF (Scheme 6). Although reaction of aziridine lithium. This suggests that the putative tertiary organolithium

16with MeLi gave mainly rearrangds-tosyl 2,3-dihydro-furan-

intermediatel2 (R = Z-C=CHMe) generated from the lithiated

3-amine (45%), along with some of the desired amino alcohol aziridine 41 (possibly by a 1,2-metalate sh#f€® as shown in
22a(28%, Scheme 6), no rearranged allylic amine was isolated Scheme 8) undergoes elimination with loss of MeOLi to the
from reactions with other organolithiums. Secondary, tertiary, alkene 43 more rapidly than isomerization by allylic Li
vinyl, aryl, and heteroaryl organolithiums all underwent suc- transposition.

SCHEME 6.

\j\/(s;:
HO NHR (2:14dr)

SiMe3

HO 32a:R=Ts; 73%
NHR 32b: R=Bus; 71%
31a:R=Ts; 92%
31b : R =Bus; 91%

s\ LiCHZSiM\eS\

n-| BULI

n-BulLi
SiMes y

Organolithium-Induced Alkylative Ring Opening of Aziridines 16 and 20

21a:R=Ts; 82%
21b : R = Bus; 89%

HOjNHR

22a:R=Ts; 28%
22b : R = Bus; 18%

=
HO 2-thienylLi s-BuLi (1:1dn)
NHR — = HO NHR
30a:R=Ts; 67% 0 NR 23a:R = Ts; 73%
30b : R = Bus; 66% a:R=18, 7197
’ 16:R=Ts 23b : R = Bus; 83%
NHR Ph'—' i HOnHr
29a:R=Ts; 70% 0;; J/© 24a:R=Ts; 80%
29b : R = Bus; 85% L L | | 24b : R = Bus; 83%
HO
NHR
"~ NFR | 25a: R = Ts; 42%
28a: R =Ts; 69% (0] a:R=Ts; o
285 - R = Bus: 66% 25b : R = Bus; 32%
o)
HO
RHN NHBus
26:61%

27a:R=Ts, 50%, (1.7 : 1 dr)
27b : R =Bus, 51%, (3:1dr)

8512 J. Org. Chem.Vol. 71, No. 22, 2006
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SCHEME 7. Preparation and Alkylative Ring Opening of these conditions also resulted in recovenyl 6f With sparteine
cis-Aziridine 33 44, prolonged reaction time (48 h at78 °C) did result in
18 consumption of aziridinel6, to give TsNH (41%) and
SiMe; Agz0, isomerizatioR’ to (S-N-Ts 2-amino-3-butyn-1-0l45)28 (29%,
MO AT o0% MO NHTs 31% ee, Scheme 9). Under the same conditions, Bus-protected
40:73% \LCHzSMes mBuLl 7 34 5a% aziridine 20 did give some of the desired unsaturated amino
PhLi MeO . (1:1dr) alcohol R)-21b?° (30% vyield, 25% ee), along with alkyrn&6
ﬁ B— Meo;r’”S B (43%, 8% ee); compared to sparteine, the use of other ligands
MeO NHTs 33 MeO NHTSs gave amino alcoho21b in significantly improved yields but
39 78% / \-\PrU 35:56% lower ee’'s?® With n-BuLi and sparteinel4, cis-aziridine 33
j ‘ #BuLi gave only 6% of unsaturated amino eth&)-84 (30% ee)?®
| H Interestingly, with sparteine the sense of asymmetric induction
MeO MeO in the a-deprotonation of tosyl-protected aziridingég and 33
NHTs j< NHTs is the same as that observed by/IMuwith other tosyl-protected
38:53% MO \rs 36:73% achiral aziridined,whereas the opposite sense of induction seen

37:71% for Bus-protected aziridin20 is the same as that found using

SCHEME 8. Possible Reaction Pathway for Alkylative Ring 16 (when Ts= 2,4,6-triisopropylbenzenesulfony).

Opening Process Due to the limitations found above for enantioselective
e R R synthesis with an external chiral Iigqnd inductipn strategy, we
LR Meo:)@iﬁ . Meoii'—' - MeOLi Meoj coq5|dered an alterngtlve g;y_mmetnp entry using dgsymmetrl-
MeO MeO NLiTs NHTs zation of C,-symmetric aziridines. First, we established the
41 42 43 viability of alkylative ring opening of such &ans aziridine,

49, in the racemic sense, obtaining unsaturated amino ethers
The results withcis-aziridine 33 are noteworthy given that 34, 39, and40 in good yields (Scheme 10).

the corresponding epoxides of acyclic allylic ethers have been Encouraged by the results with racentians aziridine 49,

reported not to undergo organolithium-induced alkylative ring we undertook syntheses of enantiopure aziridii®8+49 and

opening®°¢lt is evident that the aziridine does not need to be (S9-53 (Scheme 11).-Tartaric acid was converted to cyclic

furf)ige? szti(sf:‘\z/a?:-t?rﬁmbered) fing to allow the chemistry to sulfate50in 54% overall yield, following literature precedeft.

P In seeking to ex¥énd the above alkylative ring-opening Shi et al*@ described the formation of aziridirs from cyclic

reaction of aziridines to provide enantioenriched unsaturated i?’l{at‘:;?owez tg/\)//ous:m prfgjg%ﬁ_'g\;;:\;:t?o:r;g gﬁg&lﬂ;{gh
3 4

amino alcohols and ethers, we initially investigated enantiose- - i ) ]
lective desymmetrization of aziridind$ and20in the presence 40% overall yield. The low yield for this transformation, together

of (—)-sparteine44 as an external chiral ligand (Scheme29). ~ With the use of LiN, prompted us to develop an alternative
However, application of typical conditions [dropwise addition Method. Thus, treatment of cyclic sulf&i@with i-PrOH-NH,-

of a solution of aziridinel6 to a preformed complex of-BuLi OH solution (sealed tube, 8C, 8 h) resulted in the formation
and sparteined4 (3 equiv each) at-78 °C in EtO for 1 h, of an aminosulfate, which was subsequently cyclized using
followed by slow warming ove3 h to 0°C] gave no amino  LIAIH ;3! to aziridine 51 in excellent yield. Protection of
alcohol21g instead, starting aziriding6 was recovered (60 aziridine51resulted in the formation of aziridine§§)-49 and

70% yield), along with a small amount of TsMN~10%). Using (S9-53, and the latter underwent alkylative ring opening in
the (achiral) diamine TMEDA (3 equiv) as an additive under good yields (Scheme 11). Chiral HPLC analyses of unsaturated

SCHEME 9. Influence of (—)-Sparteine (44) with Aziridines 16 and 20

R=Ts TsNH, +
n-BuLi (3equiv) [~ HO\/"'NHTs
Et,0, 78 °C 4%
O@NR : (S)-45 : 29%, 31% ee
16:R=Ts H ~N
20:R=Bus [\ V4 L n-Bu Il
H R = Bus j +
44 (3 equiv) HO NHBus HO\/§NHBUS

(R)-21b : 30%, 25% ee 46 : 43%, 8% ee

SCHEME 10. Preparation and Alkylative Ring Opening of trans-Aziridine 492

R
(oM 8. ome . oMe o j[
HO MeO MeO MeO NHTs

49 34 : R =n-Bu, 89%
4 48 39: R =Ph, 76%
40 : R = Me3SiCH,, 82%

aReagents and conditions: (a) Mel (5 equiv), NaH (2.4 equiv), THRC Q h, then 25C 24 h, 86%; (b) TSNCINa (1.1 equiv), PhiNBr3 (0.1 equiv),
MeCN, 25°C, 3 d, 42%; (c) RLi (3 equiv), kO, =78 °C, 1 h, then—78 to 0°C, 3 h.

J. Org. ChemVol. 71, No. 22, 2006 8513
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SCHEME 11. Synthesis of Enantiopure Unsaturated Amino
Ethers?
~ ., O O OMe 7~ OMe
Meo oy 2P . “NSOt-Bu
MeO g © MeO " MeO X
(S.5)-50 (S.9)-51 (S,5)-52
[
e |e
7~ _OMe 7~ OMe
Meo. JNTs MeO. I NBUS
(S.9)-49 (S.5)-53

lf

.
MeO /,'NHTS

(S)-34 : R = n-Bu, 70%
(S)-39 : R = Ph, 73%
(S)-40 : R = CH,SiMes, 69%

lf
.
MeO “NHBUs

(S)-54 : R = n-Bu, 84%
(S)-55 : R = Ph, 80%
(S)-56 : R = CH,SiMe3, 75%

aReagents and conditions: (a) MBH, (25%, HO, 13.5 equiv), THF,
80°C, 8 h, 94%; (b) LiAlH, (1.1 equiv), THF, 25C, 12 h, 85%; (c) TsCl
1.1 equiv), E$N (1.5 equiv), MeCN, 25C, 18 h, 82%; (d}-BuSOCI (1.1
equiv), EgN (1.5 equiv), THF, CC 1 h, then 25C, 12 h, 61%; () MCPBA
(1.1 equiv), CHCI,, 0 to 25°C, 3 h, 89%; (f) RLi (3 equiv), ED, —78
°C, 1 h, then—78 to 0°C, 3 h, HCI (1 M) (5 equiv).

amino ethers 9-34 and -39 established that no loss of
enantiopurity occurred during the alkylative ring-opening
process.

Conclusions

Alkylative and arylative double ring opening of 2,5-dihydro-
furan-derived aziridines is shown to proceed by intermolecular
C—C bond-forming reaction with co-generation of unsaturation
and the reorganization of two functional groups, leading to
nucleophile incorporation at a vinylic position as well as the
synthetically valuable 1,2-amino alcohol functionality. Extension

Hodgson et al.

trans-4-Aminotetrahydro-3-furanol (14).17 A solution of 3,6-
dioxabicyclo[3.1.0]hexanel@)!® (1.50 g, 17.5 mmol) in-PrOH
(5 mL) was added to NEOH (25 mL, 35% in water, 0.23 mol).
The mixture was then heated with stirring in a sealed tube at 80
°C. After 12 h, the mixture was cooled and evaporated under
reduced pressure, to give amino alcohdl(1.72 g, 95%), which
was used without further purificationvya,/cm™t (film) 3345br,
2952w, 28882w, 1601m, 1472m, 1069m, 1045m, 973m, 89Bm;
NMR (400 MHz, CDC}) 6 3.86-3.79 (m, 3H), 3.44 (dd, 1H] =
8.5, 1.5 Hz), 3.31 (dd, 1H] = 8.5, 2.5 Hz), 3.143.12 (m, 1H);
13C NMR (100 MHz, CDC}) 6 77.7, 73.5, 73.1, 59.1.

trans-N-(4-Hydroxytetrahydrofuran-3-yl)-4-methylbenzene-
sulfonamide (15).To a solution of amino alcohdl4 (1.88 g, 18.3
mmol) in dry MeCN (50 mL) was added TsClI (3.83 g, 20.1 mmol).
The resulting solution was cooled tdG, and then BN (5.0 mL,
35.6 mmol) was added. After 2 h, the mixture was evaporated under
reduced pressure, and the residue diluted with water (40 mL) and
extracted with EtOAc (6< 30 mL). The combined organic extracts
were dried (MgS@), evaporated under reduced pressure, and
recrystallized (EtOAepetroleum ether) to give the hydroxy
sulfonamidel5*2 as a white solid (3.87 g, 89%)R 0.20 (EtOAc-
petroleum ether, 3:2); mp 989 °C (lit.22 80—82 °C); vma/cm 1
(KBr) 3303br, 3164br, 2887m, 1596w, 1469m, 1338s, 1277m,
1217m, 1160s, 1088s, 1063s, 995s, 972m, 884s, 812s, 736br, 657m,
565s;H NMR (400 MHz, DMSO¢g) 6 7.84 (bd, 1H,J = 6.0
Hz), 7.7%7.69 (m, 2H), 7.4%+7.39 (m, 2H), 5.21 (bd, 1H] =
4.0 Hz), 3.99-3.97 (m, 1H), 3.76 (dd, 1H] = 4.5, 9.5 Hz), 3.69
(dd, 1H,J = 5.0, 9.0 Hz), 3.43 (dd, 1H] = 1.5, 9.5 Hz), 3.46
3.33 (m, 2H), 2.39 (s, 3 H)*C NMR (100 MHz, DMSO¢l) ¢
142.7, 137.9, 129.6, 126.5, 74.8, 73.0, 70.5, 60.6, 20/8[CI +
(NH3)] 275 (M + NH4*, 100%), 240 (M+ H™ — H,0, 90), 86
(30). Found: M+ H* — H,0, 240.0694; ¢H:14/NOsS requires
240.0694.

(2)-2,3-Bis(hydroxymethyl)-1-[(4-methylbenzene)sulfonyl]-
aziridine (18). To a solution of commercialZ)-2-butene-1,4-diol
(17) (0.530 g, 6.02 mmol) and anhydrous chloramine-T (1.50 g,
6.60 mmol) in dry MeCN (30 mL) was added PTAB (0.23 g, 0.60
mmol) at room temperature. After stirring for 24 h, the reaction
mixture was filtered, concentrated tal/3 volume, then cooled in

of this methodology to acyclic examples broadens the synthetic a refrigerator (at 0C for 24 h), and filtered to give a white solid,

applicability and with enantiomerically pur€;-symmetric

aziridine diol18%° (0.70 g, 45%). The filtrate was evaporated under

aziridines provides access to substituted allylic amino ethers in reduced pressure and purified by column chromatography (EtOAc)

enantiopure form.

Experimental Section

General experimental details are described in Supporting Infor-
mation.
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yielding additional aziridine diol8 (0.16 g, 9%): R 0.27 (EtOAc);
mp 119-121°C; vmadcm* (KBr) 3335br, 3232br, 3051w, 2931w,
1596m, 1452m, 1395w, 1325s, 1237m, 1162s, 1091m, 1046s, 947s,
863w, 815m, 730s, 675s, 572s, 5443;NMR (400 MHz, CDC})
0 7.68-7.62 (m, 2H), 7.257.21 (m, 2H), 4.05 (bs, 2H), 3.87
3.66 (m, 4H), 3.1#3.06 (m, 2H), 2.46 (s, 3H)}*C NMR (100
MHz, CDClL) 6 144.5, 134.4, 129.6, 127.8, 58.3, 43.8, 2Tz
[CI + (NH3)] 275 (M + NH4*, 15%), 258 (M+ H*, 35), 108
(100), 104 (40), 91 (50), 86 (45), 72 (60). Found: MI258.0800;
C11H16NO,S requires 258.0799. Anal. Calcd foi,8:sNO,S: C,
51.35; H, 5.88; N, 5.44. Found: C, 51.31; H, 5.93; N, 5.48.
6-[(4-Methylbenzenel)sulfonyl]-3-oxa-6-azabicyclo[3.1.0]-
hexane (16).Procedure A: To a stirred solution of PR(3.06 g,
11.7 mmol, 1.5 equiv) in THF (50 mL) at78 °C under argon
was added DIAD (2.30 mL, 11.7 mmol, 1.5 equiv) dropwise over
30 min. The reaction mixture was stirred for 30 min until a pale
yellow suspension formed. A solution of hydroxy sulfonamide
(2.00 g, 7.8 mmol) in THF (10 mL) was added dropwise, and the
reaction mixture was stirred at78 °C for 1 h and then at+30°C
for 6 h. The reaction mixture was then filtered and evaporated under
reduced pressure, and the residue was purified by column chro-
matography (petroleum etheEtOAc, 3:2) to give theN-Ts
aziridinyltetrahydrofurarL6®? (1.71 g, 92%): R: 0.37 (petroleum
ether-EtOAc, 1:1); mp 117117.5°C (lit.2296—98 °C); vma/cmt
(KBr) 2956w, 2868w, 1323m, 1159s, 1093m, 1077m, 10007w,
962m, 897m, 876m, 848w, 816w, 716t NMR (400 MHz,
CDCly) 6 7.86-7.84 (m, 2H), 7.36:7.34 (m, 2H), 4.00 (s, 1H),
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3.98 (s, 1H), 3.723.69 (m, 2H), 3.66 (s, 2H), 2.44 (s, 3H¥C
NMR (100 MHz, CDC}) 6 144.7,135.1, 129.7, 127.8, 67.8, 44.8,
21.6;m/z [Cl 4+ (NH3)] 257 (M + NH4*, 100%), 240 (M+ H*,
90), 204 (15), 86 (30). Found: MH 240.0694; GH1,NO3S
requires 240.0694. Anal. Calcd for£1,3NOsS: C, 55.21; H, 5.48;

JOC Article

vma/Cm L (KBr) 2982w, 2869w, 1478w, 1383w, 1305s, 1191w,
1128s, 1076m, 1009w, 956m 895m, 715tH; NMR (400 MHz,
CDCl) 6 4.07-4.05 (m, 2H), 3.773.74 (m, 2H), 3.62 (bs, 2H),
1.50 (s, 9H)23C NMR (100 MHz, CDC}) 6 67.8, 59.5, 44.2, 24.0;
m'z [Cl + (NH3)] 223 (M + NH,*, 100%), 86 (30). Found: M-

N, 5.85. Found: C, 55.10; H, 4.98; N, 6.10. Procedure B: To a NH,", 223.1111; @H19N,05S requires 223.1115.

stirred solution of PPh(1.53 g, 5.84 mmol, 1.5 equiv) in THF (15
mL) at —78 °C under argon was added DIAD (1.18 g, 5.84 mmol,

General Procedure for Organolithium-Induced Alkylative
Double Ring Opening ofN-Ts Aziridinyltetrahydrofuran 16 in

1.5 equiv) dropwise over 15 min. The reaction mixture was stirred THF. A solution of aziridinel6 (0.096 g, 0.40 mmol) in THF (4
for a further 30 min until a pale yellow suspension formed. A mL) was added dropwise to a stirred solution of an organolithium

solution of aziridine dioll8 (1.00 g, 3.89 mmol) in THF (5 mL)

(3 equiv) at—78 °C. After 1 h at—78 °C, the reaction mixture

was then added dropwise, and the reaction mixture was stirred atwas allowed to warm to @C over a period 63 h and then quenched
—78°C for 1 h and then allowed to attain room temperature. After by addition of aqueous HCI (5 mL, 1 mol di¥) or, in the cases of
7 d, the reaction mixture was then filtered and evaporated under [(trimethylsilyl)methyl]lithium and [1-(trimethylsilyl)hexyl]lithium,
reduced pressure, and the residue purified by column chromatog-by addition of saturated aqueous R (3 mL). The reaction

raphy (petroleum etherEtOAc, 3:2) to give théN-Ts aziridinyltet-
rahydrofuranl6 (0.63 g, 68%). Data as for procedure A above.
trans-4-[(tert-Butylsulfonyl)amino]tetrahydrofuran-3-yl 2-me-
thylpropane-2-sulfonate (19).To an ice-cold solution of amino
alcohol14 (1.00 g, 9.71 mmol) and B\l (2.35 g, 23.3 mmol) in
MeCN (50 mL) and DMF (10 mL) was added dropwisert-
butylsulfinyl chlorideé! (3.00 g, 21.4 mmol). Afte5 h at 0°C, the
mixture was diluted with saturated aqueous NaHGODO mL).
The aqueous layer was extracted with £ (5 x 50 mL). The
combined organic extracts were dried (}8§,) and concentrated

mixture was extracted with ED (5 x 15 mL), and the combined
organic layers were dried (MgS¥and evaporated under reduced
pressure. The residue was then purified by column chromatography
(SIO,).

N-[2-Butyl-1-(hydroxymethyl)prop-2-enyl]-4-methylbenzene-
sulfonamide (21).Following the general procedure above using
n-BuLi (0.75 mL, 1.6 mol dm?in pentane, 1.2 mmol) gave after
purification by column chromatography (EtOApetroleum ether,

2:3) a colorless oil, the amino alcoh®l (98 mg, 82%): R; 0.22
(EtOAc—petroleum ether, 2:3ma/cm™t (film) 3502br, 3277br,

under reduced pressure. To a solution of the residue (1.93 g) in2953m, 2929m, 1647w, 1598w, 1326m, 1159s, 1093m, 956w,

CH,CI; (100 mL) at 0°C was added MCPBA (6.14 g, 60% w/w,

901w, 814mH NMR (400 MHz, CDC}) 6 7.76-7.74 (m, 2H),

21.4 mmol) in five portions, and the reaction mixture was then 7.30-7.28 (m, 2H), 5.33 (d, 1HJ = 7.5 Hz), 4.91 (s, 1H), 4.85
allowed to reach room temperature over 1 h. The reaction mixture (s, 1H), 3.80-3.75 (m, 1H), 3.59-3.58 (m, 2H), 2.42 (s, 3H), 2,-

was then diluted with a mixture of saturated aqueous NaiHSOQ
mL) and saturated aqueous NaH§X60 mL), and the aqueous layer
extracted with CHCI, (5 x 50 mL). The combined organic layers

26 (bs, 1H), 1.83-1.79 (m, 2H), 1.26-1.13 (m, 4H), 0.82 (t, 3H,
J = 7.0 Hz);3C NMR (100 MHz, CDC}) 6 145.6, 143.5, 137.2,
129.6, 127.3, 112.4, 64.1, 59.3, 33.1, 29.6, 22.3, 21.5, 18/8;

were dried (MgSOy) and concentrated under reduced pressure. The [Cl + (NH3)] 315 (M + NH,*, 45%), 189 (100), 144 (52), 112

residue was slurried in ED (20 mL) and filtered, giving th&l,O-
Bus-protected amino alcoh@P (2.10 g, 63%): mp 153154 °C;

vmadCm™t (KBr) 3266br, 2992m, 2942m, 1482m, 1458m, 1338s,

(30). Found: M+ NHzt, 315.1747; @H,/N,OsS requires 315.1742.
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