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Abstract: The reactivity of 1-alkyl-2-(bromomethyl)aziridines Ar\soz !

with respect to lithium dialkylcuprates (Gilman reagents) has bet — OZS‘NH

evaluated for the first time, pointing to the conclusion that thes 4= __Br @/K@

substrates can be applied successfully as synthetic equivalents

the aziridinylmethyl cation synthon towards, e.g. 2-ethyl-, 2-penty 2

and 2-(phenylmethyl)aziridines in good yields. R R
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In the past decade, aziridines acquired a prominent plaggure 1
in organic chemistry due to their broad synthetic utflity.
In analogy with epoxides, N-activated aziridines are prone

to ring-opening, which allows the synthesis of a large vg-e synthesized from the corresponding amino alcbhyl,

riety of functionalized amines upon reaction with nucledr-e""cuon.Of organoboranes with organic a'zr‘degsamlno-_
philes. In a former communication, it has beeRaIIadatlon of alkenes followed by oxidation by brorfiine

) 5. -and by reduction ofi-halogenated imines er,a-dihalo-
demonstrated that 1-arenesulfonyl-2 (bromomethyl)azn‘?‘Sanated imine& 1, 2-Dialkylaziridines have been used as

ines1 li full heti i ; ;
:jelﬂfssfof ?r?eb;- a?rg%fgr;;acr?gs(;cuat{oﬁssjztnéd;t\;\(/:a?c?: IVgubstrates for the synthesis of a whole range of cyclic and

1-tosyl-2-alkylaziridines on the one hand anbdranched gcyclic com_pounds With variou_s_ a_pplications: An interest-
symmetrical and unsymmetricAl-tosylamides on the ing conversion of 1,2-dialkylaziridines comprises the syn-

other hand, depending on the amount of reagen'[Zué\ed.theSi.S of biologically and _medically .important 1,2-
similar ring-opening was observed for the closely relatdamines: Also a variety of ring expansions towargis

N,O-bis(diphenylphosphinyhydroxymethylaziridine in actam$ and five-membered heterocycles have been

ring-opening reactions with copper(l)-modified Grignardestablished, furnishing different synthetically and biolog-
reagent€.In this report, the chemistry of 1-alkyl-2-(bro-/C@lly relevant compounds. Therefore, a new and syn-

momethylaziridines3, a hitherto scarcely investigatedthetica”y useful approach towards 1,2-dialkylaziridines is

class off-halo amines, is evaluated in terms of their rea(@ported here.
tivity with regard to carbon-centered nucleophiles. Corik-Alkyl-2-(bromomethyl)aziridines3 are very easily
trary to the above-mentioned N-activated aziridines, tl@&ecessible substrates for further syntheses, prepared in a
focus here will be on the absence of ring-opening in ord#ree-step procedure starting from the appropriate alde-
to develop a method for aziridine synthesis. Up to now, ritydes!! Condensation of benzaldehydga,b with 1
information is available in the literature concerning thequivalent of allylamine in dichloromethane in the pres-
behavior of 1-alkyl-2-(bromomethyl)aziridines uponence of magnesium sulfate afforded the corresponding
reaction with organocuprate reagents such as lithiuNrallylimines, which were subsequently brominated by
dialkylcuprates. Although closely related My(arene- bromine in dichloromethane to gine(arylidene)-2,3-di-
sulfonyl)aziridines,N-alkylaziridines 3 appeared to be bromopropylamines in a quantitative yield. The latter di-
suitable equivalents for the aziridinylmethyl catidn bromoimines were used as such because of their
allowing the selective synthesis of different 1,2-dialkylinstability and hence treated with sodium borohydride in
aziridines in good yields (Figure 1). methanol under reflux, furnishing 1-arylmethyl-2-(bro-

omethyl)aziridines3a,b in high yields (Scheme 1}.

ther approaches towards 1-benzylaziridines have been
flescribed in the literaturé.

In the case of the synthesis of aziridBwe isobutanabc

1,2-Dialkylaziridines are versatile substrates in organ
synthesis, hence the inter@sta straightforward strategy
for their preparation. Generally, 1,2-dialkylaziridines ca

SYNLETT 2005, No. 6, pp 0931-0934 was condensed with 1 equivalent of 2,3-dibromo-1-pro-
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1) 1 equiv Br/\B/rNHZ-HBr
1) 1 equiv allylamine, CH,Cl, R 1 equiv Et3N, CH,Cl,
o 2) 1 equiv Brp, CH,Cl 1.5 equiv MgSOy, A, 2h i
N
R™H 32 equiv NaBH,, MeOH LB 2) 2 equiv NaBHg, MeOH ROH
A3h

5a (R = Ph)
5b (R = 4-CICgH4)

3a (R = Ph, 89%)
3b (R = 4-CICgH., 83%)
3¢ (R = i-Pr, 87%)

5c (R=i-Pr)
Scheme 1

sulfate as drying agent. Reduction of the dibromoiminghe synthesis of 1,2-di(phenylmethyl)aziridite re-
thus obtained, with sodium borohydride in methanol afuired a higher amount of lithium diphenylcuprate, since
forded aziridine8c in 87% yield after reflux for 3 houts. only with 3 equivalents of B&uLi the reaction could be
Treatment of aziridine8 with 1.5-5 equivalents of lithi- driven to completion, whereas the addition of 2 equiva-
um dimethylcuprate, lithium dibutylcuprate and lithiurl€NtS 0f PBCuLi resulted in the recovery of most of the
diphenylcuprate in diethyl ether for 3—20 hours affordegfarting material (Table 1, entries 6 and 7).

the corresponding 2-alkylaziridinésn high yields of the Attempts to functionalize aziridine8 with lithium
crude product (85-95%), which were subsequenthis(isopropenyl)cuprate and lithium bis(allyl)cuprate in
purified by means of column chromatography to obtaidiethyl ether were unsuccessful, and only the correspond-
analytically pure samples (Table!f)When lithium di- ing allylamines were isolated (Table 1, entries 9-11).
methylcyanocuprate (1.05 equiv) was used in dieth@lomplete conversion of aziridirginto allylamine7 was
ether at —78 °C instead of lithium dimethylcuprate, abserved after 6 hours at room temperature upon
similar result was obtained after 15 hours at room tempéreatment with bis(isopropenyl)cuprate in diethyl ether at
ature, affording 2-ethyl-1-[4-(chlorophenyl)methyl]aziri-—78 °C, whereas after reaction with bis(allyl)cuprate in di-
dine6c in 77% vyield. In the reaction mixtures, obtainedathyl ether also some starting material (ca. 50%) was
after treatment of aziridin€swith lithium dibutylcuprate present in the reaction mixture, even upon a prolonged
or lithium diphenylcuprate, the formation of the correreaction time of 17 hours (Table 1, entry 10). Further-
sponding allylamineZ was observed as a by-product irmore, also lithium bis(phenylethynyl)cuprate was used as
small quantities (5—10%, Table 1), except for entry & possible carbon-centered nucleophile. However, no re-
(25%, Table 1), possibly due to the presence of soraetion was observed after 20 hours at room temperature
remaining phenyllithium, used for the in situ preparationpon treatment of aziridiri@gh with 1.5 equivalents of this

of lithium diphenylcuprate. Allylamines (Scheme 2) are organocuprate in diethyl ether at —78 °C, and the starting
probably formed due to the lower nucleophilicity of thesenaterial was entirely recovered (Table 1, entry 12). The
Gilman reagents as compared to lithium dimethylcupratese of lithium phenylacetylide appeared to be no suitable
Apparently, a small amount of the organocuprate reageiternative for lithium bis(phenylethynyl)cuprate, and
provokes metal-halogen exchange or induces electr@gain the starting aziriding was recovered after reac-
transfer, and the resulting aziridinylmethyl carbar8ar  tion with 1.1 or 1.2 equivalents of lithium phenylacetylide
radical intermediat® suffers ring-opening to form the in THF after 1 or 3 hours at room temperature, even when
allylamines7 (Scheme 3). HMPA was added as a co-solvent (THF—HMPA, 4:1).

In conclusion, 1-alkyl-2-(bromomethyl)aziridines are
suitable synthetic equivalents for the aziridinylmethyl

WN R2Culi cation, providing an easy access to 1,2-dialkylaziridines
OB R0 as substrates for further elaboration. In this way, 2-ethyl-,
. " , 2-pentyl- and 2-(phenylmethyl)aziridines have been pre-

pared in a preparative way via a new route starting from
1-alkyl-2-(bromomethyl)aziridines upon treatment with

the appropriate lithium dialkylcuprate reagent. Further-
R more, it was demonstrated that 1-alkyl-2-(bromo-

N methyl)aziridines are considerably less reactive than the
&\ structurally related 1l-arenesulfonyl-2-(bromomethyl)azi-
8 © ™\ N ridines, which creates the possibility to develop new

R - K/\ synthetic strategies with different_ ellp.plications. In contrast
3 . with 2-alkyl-1-(arenesulfonyl)aziridines, the aziridine
gv\m ring of 1,2-dialkylaziridines is not susceptible to ring-
g opening upon treatment with an excess of lithium cuprate

reagent.
Scheme 3 J
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Table 1 Reactions of 2-(Bromomethyl)aziridin8swith Lithium Dialkylcuprates

Entry R R Conditiong Yield of 6 (%)°  Yield of 7 (%)°
1 Ph Me 1.5 equivRCuLi,0°Ctor.t.,3.5h 6a (76) Ta(-)
2 Ph Me 3 equiv BCulLi, =78 °C tor.t., 16 h 6a (65) Ta(-)
3 Ph Bu 3 equiv BCulLi, =78 °Ctor.t,, 19 h 6b (54) 7b (10)
4 4-CIC4H, Me 3 equiv R,CuLi, =78 °C tor.t., 6 h 6c (67) 7c(-)
5 4CICH, Bu 3 equiv R,CuLi, —=78°Ctor.t.,, 20 h 6d (47) 7d (<5)
6 Ph Ph 2 equiv RCulLi, -78°Ctor.t.,5h 6e (<5) 7e(-)
7 Ph Ph 3 equiv BCuLi, -78 °C tor.t., 19 h 6e (76) 7e (<5)
8 4CICH, Ph 5 equiv RCuLi, =78 °C tor.t., 20 h 6f (45) 7f (25)
9 Ph Allyl 1.5 equiv RCuLi, =78 °Ctor.t.,,6 h 69 (-) 79 (40)

10 Ph Allyl 1.5 equiv RCuLi, =78 °Ctor.t, 17 h 6g () 79 (40)

11 4-CICgH, CH,=C(Me) 1.5 equiv RCulLi,—-78°Ctor.t.,6 h 6h (-) 7h (78)

12 4-CICgH, PhGC 1.5 equiv RCulLi, =78 °C tor.t., 20 h 6i (-) 7i(-)

13 i-Pr Me 1.5 equiv BCuLi, 0°Ctor.t, 3 h 6 (83) 7i ()

14 i-Pr Bu 1.5 equiv RCuLi,0°Ctor.t.,4h 6k (63) 7K (-)

15 i-Pr Ph 1.5 equiv BCuLi,0°Ctor.t,4h 6l (-) 71 (=)

a All reactions were performed in dry Bt
b Yield after column chromatography.
¢ Derived from*H NMR and/or GC.
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(13) Synthesis of 2-(Bromomethyl)-1-isobutylaziridine (3c).
To a solution of isobutangbg, 0.14 g, 2 mmol) in CkCl,
(20 mL) was added 2,3-dibromo-1-propylammonium
bromide (0.60 g, 2 mmol, 1 equiv), Mgs@.5 g) and EN
(0.20 g, 2 mmol, 1 equiv) at 0 °C, and the mixture was heated

Synlett 2005, No. 6, 931-934 © Thieme Stuttgart - New York

Downloaded by: East Carolina University. Copyrighted material.



934

M. D’hooghe et al.

LETTER

(14)

under reflux for 2 h. After evaporation of the solvent, dry
Et,0 (20 mL) was added, the resulting precipitate was
filtered and the solvent evaporated, affording the
corresponding dibromoimine in 94% yield. This imine was
used as such in the next step due to its lability. To a solution
of N-(isobutylidene)-2,3-dibromopropylamine (0.54 g, 2
mmol) in MeOH (2 mL) was added NaBk0.15 g, 4 mmol,

2 equiv) in small portions at 0 °C, and the mixture was
heated under reflux for 3 h. Extraction with {CH}, (2x 10
mL), drying (MgSQ) and filtration afforded 2-(bromo-
methyl)-1-isobutylaziridine3c, 0.33 g, 87%), which was
purified by distillation (65-69 °C/11-12 mmHg); colorless
liquid, bp 65-69 °C/11-12 mmHg-d NMR (300 MHz,
CDCl):8=0.92and 1.01 [6 H, 2d~ 6.6 Hz, (CH),], 1.47
[1H,d,J=6.1Hz, H;CH)N], 1.68-1.76 (1 H, m,IEMe,),
1.75[1 H,dJ=3.0 Hz, (H®, 4¢N], 1.80-1.93 (1 H, m,
CHN), 2.05 and 2.17 [2 H, 2 dd~= 5.8, 8.1, 11.6 Hz,
N(HCH)CHMe,], 3.27 and 3.36 [2H, 2 dd~=5.4, 7.3, 10.3
Hz, (HCH)Br].3C NMR (75 MHz, CDCJ): § = 20.80 and
20.92 [(CH),], 28.99 CHMe,), 35.77 and 36.00 (BH,CH
and CHBr), 40.03 (NCHCH), 69.18 (NCH.i-Pr). IR
(NaCl): v = 3040, 1469, 1383, 1364, 1238, 1220tS

(70 eV):m/z (%) = 191/193 (1) [M], 148/150 (20), 119/121
(18), 112 (100), 70 (7), 68 (5), 57 (41), 56 (77), 42 (73), 41
(45). Anal. Calcd for ¢H,,BrN (%): C, 43.77; H, 7.35; N,
7.29. Found: C, 43.94; H, 7.55; N, 7.17.

As a representative example, the synthesis of 2-ethyl-1-
(phenylmethyl)aziridinea) is described. To a suspension
of Cul (1.52 g, 8 mmol, 2 equiv) in dry &t (40 mL) was
added slowly MeLi (10 mL, 4 equiv, 1.6 M in,BX) via a
syringe at —78 °C under nitrogen atmosphere. After stirring

Synlett 2005, No. 6, 931-934 © Thieme Stuttgart - New York

for 30 min at —78 °C, a solution of 1-benzyl-2-(bromo-
methyl)aziridine 8a, 0.90g, 4 mmol) in EO (10 mL) was
added at —78 °C, and the resulting suspension was further
stirred for 6 h at r.t. The reaction mixture was quenched with
a sat. solution of NECI (20 mL), filtered over Celifeand
washed with ED (2x 20 mL). The filtrate was poured into
H,O (100 mL), extracted with ED (2x 75 mL), and the
combined organic extracts were washed with safNEb0
mL) and brine (50 mL). Drying (MgS@ filtration and
evaporation of the solvent afforded 2-ethyl-1-(phenyl-
methyl)aziridine 6a), which was purified by means of

column chromatography on silica gel (EtOAc—hexane, 1:4).

Spectroscopic data of, e.g. 1-(phenylmethyl)-2-pentyl-
aziridine @b): yield 54%, colorless liquid. Flash chromato-
graphy on silica gel: EtOAc—hexane, ]R4s 0.32.1H NMR
(270 MHz, CDC})): 6 =0.84 (3 H, t)=6.2 Hz, CH), 1.22—
1.47 [10 H, m, K CH)N, CHN and (€i,),CH,], 1.60 [1 H,
d,J=2.9Hz, (H®H,,,9N], 3.30and 3.49[2 H,2d,=13.2
Hz, HCH)C4H,], 7.22-7.35 (5 H, m, §i5). 3C NMR (68
MHz, CDCL): § = 14.00 (CH), 22.62, 27.12, 31.57 and
32.96 [(CH,),CH3], 34.07 (NCH,CH), 39.82 (NCHCH),
65.00 CH,CqH,), 126.95 (HG,,), 128.17 and 128.26 (2
HC,no and 2 HGerd, 139.40 (Grom qual- IR (NaCI):

v =1607, 1496, 1454 cth MS (70 eV)m/z (%) = 203 (6)
[M*], 202 (9), 174 (11), 173 (20), 161 (26), 160 (51), 147
(19), 146 (39), 121 (23), 112 (22), 92 (56), 91 (100), 65 (13).
Anal. Calcd for G,HxN (%): C, 82.70; H, 10.41; N, 6.89.
Found: C, 82.84; H, 10.55; N, 6.74.

Spectroscopic data of aziridinés,c—,j ,k are available
upon request.
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