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A novel electrophilic addition reaction of (2)-alk-2-en-4-ynoates and TsNBr, is reported, providing a facile and highly stereoselective synthesis

of densely functionalized aziridine derivatives.

Aziridines, the smallest saturated azaheterocycles, are struc-
turally unique and possess many interesting chemical proper-
ties™? They have been widely employed as valuable
intermediates for the synthesis of a variety of heterocycles
including a-lactams, tetrahydropyridines, indolizidine, and
akaloids.® Moreover, the aziridine skeleton also shows up
in naturally occurring compounds with interesting bioactiv-
ity* and has been frequently found as a key structural unit
in synthetic pharmaceuticals for antibacterial, antileukemic,
antibiotic, and anticancer trestment.® Thus, developing efficient
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approaches to aziridine derivatives, particularly with high
stereoselectivity, is of considerable importance, and much effort
has been devoted to this area®’ We reported herein a fac-
ile synthesis of a novel class of densely functionalized
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C-bromine-substituted aziridines® from an unprecedented
highly regio- and stereoselective electrophilic addition
reaction of (Z)-alk-2-en-4-ynoates with N,N-dibromo-p-
toluenesulfonamide (TsSNBT»).

Electrophilic addition of unsaturated C—C bonds with
various electrophiles is one of the most important transfor-
mations, which has been continuously explored in the search
for highly selective reactions.® Recently, the utility of TSNBr,
as an electrophilic reagent has attracted our attention because
of its simplicity, efficiency, and unique chemical behavior.™°
In addition to acting as a typical source of a bromonium
ion, this reagent aso could provide sulfonamide as the
nucleophilic counterpart to construct C—N bonds, serving
as agood aminobromination reagent.™* Previously we found
that the electrophilic addition of 2,3-allenoates with TSNBr;
could proceed with high regio- and stereosel ectivity, afford-
ing a variety of 3-bromo-4-oxo-N’-tosyl-2-alkenoxylimidic
acid derivatives. The unique reactivity demonstrated in this
reaction prompts us to further study its interaction with other
unsaturated substrates. When the reaction of (2)-ethyl
5-phenylpent-2-en-4-ynoate 1a (0.35 mmol) and TsSNBr,
(0.35 mmol) was performed in CH,Cl, with K,CO3; (2.0
equiv) at —65 °C to room temperature, we obtained a white
solid 2a (83 mg) together with 52% of 1a recovered (eq 1).
The reaction showed good selectivity as the diastereomeric
ratio indicated from the *H NMR spectrawas up to 9:1. From
spectroscopic and X-ray diffraction analysis, we finaly
identified that 2a contained a C-bromine-substituted aziridine
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Figure 1. ORTEP representation of the major isomer of 2a.

unit together with three stereogenic centers. Structure of the
dominating isomer of 2a was shown in Figure 1.*3
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With these promising results, we next focused our efforts
on optimization of thisreaction. Theyield of 2a significantly
increased as more equivalents of TSNBr, were used (Table
1, entries 1—6). When 1a (0.35 mmol) was treated with
TSNBr; (3.0 equiv) in the presence of K,COj3 (5.0 equiv) at
—78 °C for 2 h followed by slowly warming to room
temperature and stirring for another 10 h, the reaction
furnished 2a in 71% yield with a 91:9 diastereomeric ratio,
which was established as the standard conditions for
subsequent studies (entry 6). In addition to the formation of
2a in the reaction, we also detected a trace amount of
byproduct 3a after careful examination of the crude products.
Although the obtained amount of 3a was not enough for a
full characterization to confirm the precise structure, we
supposed based on the 'H NMR spectrum and ESIMS
analysis that 3a might be the ester derivative of 2a, which
prompted us to speculate that the formation of 3a may result
from the presence of a small amount of H,O in the reaction
system.** Therefore, the reaction of 1a and TsNBr, in the
presence of H,O (10 equiv) at —78 °C was immediately
conducted following a similar procedure. It was found that
under these conditions the reaction proceeded as well to give
58% yield of 2a, while a considerable amount of 3a (7%)
was also formed. The structure of 3a was finally established
based on X-ray crystallography.'® Furthermore, it was aso

(13) X-ray crystal data for 2a: CyHxBroN,OsS,;; MW = 698.44;
Triclinic, space group P-1; a = 11.298(2), b = 11.271(2), ¢ = 12.235(2)
A, o= 74563(3), B = 72.728(3), y = 72.866(3), V = 1394.2(4) A3, T =
293 (2 K, Z= 2, peacg = 1.664 Mg/m®, u = 3.102 mm™%, A = 071073,&
F(000) 704, independent reflections (R = 0.0450), 7423 reflections
collected; refinement method, full-matrix least-squares refinement on Fy;
goodness-of-fit on F, = 1.096; final Rindices[l > 20(l)] R, = 0.0657, wR,
= 0.2017.

(14) The trace amount of H,O may be from the reagents used.
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Table 1. Optimization of the Reaction Conditions of (2)-Ethyl 5—Pheny| pent-2-en-4-ynoate 1a with TsNBr, to Yield Aziridine 2a®

OTsHN H NTs

= base, CH,Cly | o
/ O+ TsNB ) NTs ) 0 2
7 &g SNE2  oe * Ph * %, “OEt
t°C, time Br 3 Br 3 PhBr & B H
Ph 1 then rt, 10h B’ [ OEt B’ iy OFt rer

a 2a 3a 4a

yield (%)

entry TsNBr; (equiv) t (°C) time (h) base® 2a 3a 4a dr (2a)®

1 2 -65 - K>CO4 517 trace - 90:10
2 2 —78 - K>CO3 55" trace - 90:10
3 2.5 -78 - K,CO3 60/ trace - 90:10
4 3 —-78 - K,CO3 63 trace - 90:10
5 3 —-78 1 K,COg3 67 trace - 91:9
6 3 —78 2 KyCOg3 71 trace - 91:9
7 3 —78 2 - - - 68

8 3 —78 2 NayCO3 - - 63

9 3 —78 2 Li,COg3 - - 44

10 3 —78 2 K;CO3+ Hy0 (10 equiv) 58 7 - 91:9

2 The reactions were carried out on a scale of 0.35 mmol of 1ain 3 mL of CH,Cl, and quenched with saturated Na,SO5 after completion. CH,Cl, was
distilled once from CaH,. ® Reaction time at the specified temperature before the reaction mixture was slowly warmed to room tempterature. © 5.0 equiv was
used. ¢ Isolated yields. © Deduced by H NMR. f Small amount of 1a was observed by TLC after completion. 9 dr = 92:8 (deduced by 'H NMR).

found that the presence of K,COs is crucial. When the
reaction was conducted in the absence of K,COs, 4a'® was Table 2. Reaction of (2)-Alk-2-en-4-ynoates 1 with TSNBT, to
isolated as the main product (entry 7). Further experiments Yield Polyfunctional Aziridine Derivatives 2

demonstrate that treatment of 4a with K,CO3 in CH,Cl, led

to the formation of 2ain 90% yield, indicating that 4a might ) =0+ TaNer KaCOs (5.0 equiv) )'

be the possible intermediate in the reaction (eq 2). Notably, 7 & (3.0 equiv) CH2Cl2, -78°C, 2h Brm
Li,COs and N&CO; were both ineffective to furnish azirdine Ry thent, 10 h o 1 NTs
2a (entries 8 and 9).

entry R 2 yield (%)° dr¢
1 Ph 2a 71 91:9
TsHN. H NTs )

OW KzCO3 (5.0 equiv) /U NTs () 2 p-MeCgH, 2b 70 91:9
Pres T OBt ™ i Gl it 10h Br/u>_/< 3 p-MeO CeH, 2¢c 68 92:8
rer 90 % By OEt 4 m-Me CgH, 2d 66 93:7

da ’ 2a (dr = 89:11) 5 p-Et CgH, 2e 69 93:7
6 p-Cl C¢Hy 2f 70 90:10

) ] ) 7 1-cyclohexenyl 2g 65 89:11

The scope of the reaction was investigated under the 8 cyclopropyl 2h 68 87:13
established conditions. Asindicated in Table 2, avariety of 9 n-Bu 2i (21 42 (21 85:15

21 (0.35 mmol), TsNBr, (1.05 mmol), K,CO3 (1.75 mmol), CH,Cl,
(3 mL). PlIsolated yields. © Deduced by 'H NMR.  The exact structure
was not determined (for spectral data, see Supporting Information).

(2)-alk-2-en-4-ynoates 1 that bear aromatic groupsincluding
p-Me, p-MeO, mMe, p-Cl, and p-Et substituted phenyl
groups were applicable, affording the corresponding aziri-
dines 2 in good yields with high stereoselectivity (entries

1-6). Notably, the cyclohexenyl and cyclopropyl groups,
i.e., 1g and 1h, were also tolerated in the reaction, affording
the corresponding products 2g and 2h in 65% and 68%
yields, with the dr value of 89:11 and 87:13, respectively.
However, when (2)-ethyl non-2-en-4-ynoate 1i was em-
ployed, the reaction gave the product 2i in 42% vyield,
together with the monoaddition product 2i” in 21% vyield
(entry 9), which indicates that the substituent at the terminus
of the alkyne may have a significant effect on the outcome
of the reaction.

(15) X-ray crystal data for 3a, see Supporting Information.
(16) X-ray crystal data for 4a, see Supporting Information.
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Furthermore, we also examined the reaction of TSNBr,
and (2)-alyl 5-phenylpent-2-en-4-ynoate 1j. The attached
allyl group was also tolerated, affording the corresponding
aziridine 2j in 53% yield (eq 3).

_ O Ts
0 L NH N
Vi KoCO, (5.0 equiv) Ph” /=X s
O 4 TsNBr, —— 27" gy 3 3)

PR (3.0 equiv) CH2Cl, 78 °C, 2 h By O
AN thenrt, 10h k&
U 53% 2j (dr = 88:12)

On the basis of the obtained results, we proposed a
plausible mechanism as depicted in Scheme 1. First, the

Org. Lett, Vol. 11, No. 24, 2009



Scheme 1. Proposed Mechanism for the Formation of Aziridines
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bromonium ion generated from TSNBr, reacts with the
relatively electron-rich triple bonds of 1 to produce bromi-
ranium ion A. The participation of the ester carbonyl group
may facilitate the formation of a cyclic cation B via a
regiosel ective 6-endo attack, which then is subjected to the
nucleophilic attack of [TSNBr]~ to produce cyclic intermedi-
ate C. The second step of electrophilic addition may occur
to give a relatively stable cyclic cation E via bromiranium
ion D, which is followed by a highly stereoselective
nucleophilic attack, furnishing the polyfuctionilized dihy-
dropyran F, wherein the installed bromonium atom and
[TSNBr] group arein trans position. Then, the double bonds
of F may be subjected to the electrophilic addition of another
bromonium ion to produce an oxygen-stabilized carboncation
G, which further evolves into the possible intermediate H
with loss of a bromonium ion. H may be quite unstable and
easily react with H,O to form the sulfonamide |, which then
lose a proton in the presence of K,COs; and undergo a highly
stereoselectively intramolecular SN2 reaction to yield the
final product 2. The high stereoselectivity of this step can
be explained by the fact that the intramolecular SN2 reaction
of intermediate J proceeds with aremarkable preference via
a less steric hindrance transition state J-TS1, forming the
aziridine unit wherein the bromonium atom is in trans
position to the hydrogen atom. The formation of byproduct

Org. Lett, Vol. 11, No. 24, 2009

3 may originate from a similar process of the possible
intermediate C”.

In conclusion, we have observed a highly regio- and
stereoselective electrophilic addition reaction of (2)-alk-2-
en-4-ynoates and TsNBr,, resulting in a novel class of
C-bromine-substituted aziridine derivatives containing three
stereogenic centers. The reaction involves a consecutive
process of multibonds formation including C—N, C—0, and
C—Br bonds with high regio- and stereoselectivity. Studies
into the scope and limitation of the reaction as well as the
detailed mechanism and synthetic application of the afforded
densely functionalized aziridines are being pursued in our
laboratory.
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