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ABSTRACT

Bus Ui Bus
N N
R/Q Electrophile R/<1/E
up to 92%

Regio- and stereoselective deprotonation of

N-Bus (Bus = tert-butylsulfonyl)-protected terminal aziridines with lithium 2,2,6,6-tetramethylpiperidide

generates a nonstabilized (H-substituted) aziridinyl anion that undergoes in situ or external electrophile trapping under experimentally

straightforward conditions to give

trans -disubstituted aziridines in good to excellent yields.

Aziridine chemistry, although lagging somewhat in its

terminal epoxides at OC.” In the present communication

development compared to analogous studies with epoxideswe report the adaptation and advancement of this methodol-

is seeing increasing research intefeBhe ready availability
of terminal aziridines (typically accessed from terminal
alkened or imines), together with recent disclosures on the

ogy for the direct synthesis of substituted aziridines from
terminal aziridines.
Aggarwal and co-workers have recently highlighted the

preparation of enantiomerically pure terminal aziridines from synthetic potential oé.5-aziridinylsilanes’ and we initially
epoxides, suggests that straightforward methods to elaborate sought to access them by applying our aforementioned in
such aziridines (while retaining the aziridine ring) would be situ silylation methodology. Although Quast and Vélez

of considerable valueWe recently reported the synthesis

reported the lithiatior silylation of a methyleneaziriding,

of trans-disubstituted epoxides by organolithium-induced to the best of our knowledge there is only one isolated report
deprotonation and subsequent electrophile trapping of ter-concerning the silylation of a simple terminal aziridién

minal epoxides at-90 °Cf as well as the lithium 2,2,6,6-
tetramethylpiperidide (LTMP)-induced in situ silylation of
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terminal aziridines beariny-tosyl protection gave none of
the correspondinga,3-aziridinylsilanes? Our attention
therefore turned to the use of thert-butylsulfonyl (Bus)
group® for aziridine protection, as we have recently found
the latter useful in other lithiated aziridine chemistty.
Pleasingly, terminal aziriding (prepared by the method of
Sharpless and co-workétgrom 1-heptene and BusNCINa
with catalytic PhMeNBr3 in 89% yield) underwent success-
ful silylation using our earlier conditiori$o give the desired
o,fB-aziridinylsilane 2 as a single isomer in 77% vyield
(Scheme 1).

Scheme 1. Deprotonation—in Situ Silylation of Aziridind

LTMP (3 equiv)
BUS  Me,SiCI (3 equiv) N«B“S
SiMe.
CsH11/1<] THF,0°C, 16 h C5H11/<21/ 3

1%

The trans stereochemistry was supported by comparison
of aziridinyl 3Jyy values with related literature compouns,
a crystal structure of &ans-o.,S-aziridinyl sulfone synthe-
sized by a similar route (vide infra) and by analogy with the
transselective lithiatiod” and silylation of terminal epoxides
when using LTMP.

The yield of a,3-aziridinylsilane2 could be improved to
86% by carrying out the reaction at78 °C for 1 h

Complications arising from potentially competing allylic
deprotonatiotf (and/or intramolecular cyclopropanatidn
or benzylic deprotonation were not observed (entries 2 and
3). Proximal and distal silyl ether functionality were also
tolerated (entries 4 and 5), as was a potentially eliminable
(and/or displaceable) primary chloride substituent (entry 6).
In contrast with the analogous epoxide, a 2,2-disubsti-
tuted aziridine underwent successful silyation 400(entry
7);?° however, the reaction was clearly more sluggish than
with monosubstituted aziridines, since the starting aziri-
dine was recovered (91%) following attempted reaction at
—78°C.

Importantly for asymmetric synthesis, no significant
degradation of ee was observed during the deprotonation-in
situ silylation of an enantioenriched terminal aziridine (entry
8).22 Attempts to deprotonate-silylate cyclic or acydtiis-
2,3-disubstituted aziridines were unsuccessful at bat@ 0
and —78 °C, presumably due to reduced acidity and/or
unfavorable interactions between the sterically demanding
LTMP and the substituted aziridirfé.

The deprotonation—in situ silylation of terminal epoxides
and aziridines is possible as a result of compatibility between
LTMP and MegSiCl under the reaction conditions. In other
studies, LTMP has also been shown to coexist with elec-
trophiles other than M&iCl at—78 °C,?* so we considered
whether in situ aziridinyl anion generation-trapping would

(11) We obtained 52% (Ii¥? 80%) of a 1.7:ltrans/cismixture of a,3-

(conditions otherwise as Scheme 1). These latter conditionsaziridinylsilanes.

were then applied to a variety of other terminal aziridines to
assess the scope of the method (Table 1).

Table 1. a,-Aziridinylsilanes from Terminal Aziridin€3

entry aziridine 3 a,B-aziridinylsilane 4 321;1;1
(4
Bus Bus
1 N N 86
SiMe
CaHy CoHy - SMe
Bus Bus
2 N N
M MS]MQ::, 80
Bus Bus
3 N N 79
Ph/w Ph/\/Q/S]Me:S
Bus Bus
N N _ 52
TBSO. < TBSO. < | -SiMes
Bus Bus
5 N N 83
SiMe
TBSO(CHy TBSO(CHy L-SMes
Bus Bus
6 N N . 79
M
cicH ™ CilcHyL-SMe:
Bus Bus
N [ a
7 N SiMe; 63
Bus Bus
8 N N o 81
W o SiMe;
CioHar < CioHaz1 << :

a8 Reaction carried out at OC for 16 h.
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by a solution of aziridine (0.5 mmol) in THF (1.5 mL). Follovgrl h of
stirring at—78 °C, saturated aqueous NEI (5 mL) and EtO (5 mL) were
added. The phases were separated and the aqueous layer was extracted with
EtO (2 x 15 mL). The combined organic layers were dried (MgBsand
evaporated under reduced pressure. Purification of the residue by column
chromatography (Si® petroleum ether/EO© or EtOAc) gave then,(-
aziridinylsilane.
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tioenriched (¥ 1-(tert-butylsulfonyl)-2-decylaziridine and a sample prepared
by TBAF-mediated desilylation of the enantioenricligd-aziridinylsilane
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be limited to MeSiCl. Following the optimized procedure || N
for in situ silylation] a range of other electrophiles Wgre Table 2. Substituted Aziridines from Terminal Aziridin&®
screened® Unfortunately, all but one of the electrophiles

screened with aziridind were unsuccessful. B8nCl (3 entry electrophile product 7 yield (%)
equiv) was the only successful electrophile, giving 69% of Bus
the desiredy,-aziridinylstannan® (after chromatography 1 PhCHO N OH 7a 387
using Florisil)?® along with 10% of recovered (Scheme Can/Q/\Ph
2). This suggested at least partial compatibility between ,%ﬁ
2 #-BuCHO N < 7b 54
| oA
Scheme 2. Synthesis of,5-Aziridinylstannaneb /Botﬁ
N,Bus 1) LTMP, THF, 78 °C, 90 s N,Bus 3 i-PrCHO C5H11%/ Te 437
e N 2)Bussncl, 78°C, 1h Cty 7 L-SnBu
1 87% 5 /Bus
4 n-PrCHO N OH 7d 54°
TN P N
LTMP and BySnCl at—78 °C. In an attempt to increase N/%ﬁ
the yield, the order of reagent addition was altered so that 5 ECO Can/Q/i\v Te 76"
there was a 90 s pause after mixing the aziridine and LTMP
(3 equiv) prior to addition of BssnCl (3 equiv). This re- ,%ﬁ
sulted in complete consumption of aziridideand an im- 6 Cyclopentanone % 7 59
proved yield (87%) of the desired stannaheas a single Csthri
diastereomer, tentatively assignedns stereochemistry by ,%JS .
analogy with the above silylation studies. 7 PhCONMe, N g 57
To establish whether the reaction shown in Scheme 2 was Cofhi Busph

a true external electrophile trapping reaction, deuteration /0
) . 2 8 DMF N 7h 63

studies were undertaken using aziridifieas the model csHﬁMH

substrate (Scheme 3).

,Bus
Scheme 3. Deuteration of Aziridinel 0 o N/B”S S
P DLTMP, THF, 78°C, 905 N : CaH L COMe 1
cem N 2)CD,0D Cotr P i . . .
1 86%, 91% D incorporation 6 Reaction quenched after 90bUsing 3 equiv of LTMP and 6 equiv

of electrophile.° Using 6 equiv of LTMP and 4 equiv of electrophileAfter
CQ, trapping, the crude reaction mixture was treated withp/dHo give
the ester shown. Yield is the final isolated yield over two steps.

Quenching the putative aziridinyl anion after 90 s with
CD;0D resulted in an 86% yield with 91% D incorporation
(by 'H NMR) of the desiredrans-deuterated aziriding.2” Pleasingly, both enolizable and nonenolizable aldehydes
It is significant that LTMP was capable of generating a could be trapped remarkably quickly (no starting material
nonstabilized (H-substituted) aziridinyl anion ai78 °C was observed 90 s after electrophile addition-&8 °C),
within 90 s and that this anion was then able to undergo albeit in modest yields (Table 2, entries4). In these cases
subsequent external electrophile trapping-a8 °C.28 As single diastereomers of the aziridinyl alcoh@is—d were
no compatibility between the electrophile and LTMP would isolated?® which were tentatively assigneahti stereochem-
be required for an external electrophile trap, we anticipated istry on the basis of the diastereoselectivity (dr 98:2) observed
that a wide range of electrophiles could be trapped by a by Aggarwal and co-workers in a desilylation electrophile
nonstabilized aziridinyl anion. To examine the scope of this trapping reaction between teans-a,3-aziridinylsilane and
external electrophile trapping process, a range of LTMP- benzaldehyd& Potentially enolizable ketones (3-pentanone
incompatible electrophiles were subsequently investigatedand cyclopentanone) reacted well as electrophiles, giving the

(Table 2). desired tertiary alcoholge,fin moderate to good yields (76%
and 59%, respectively, entries 5 and 6). Electrophile trap-
61é274)(t(;’;)Tig)iﬁgrn,ST-E::l\ngtigy i{ qMQr?ﬁ CJhecgn- OSrZG%BhSe#O:LS'QSéSA?S_ pings using comparatively unreactive amides (N,N-dimeth-
4156—4158. " T T ylbenzamide ant\,N,-dimethylformamide) were successful
(25) Electrophiles investigated were PhCHO, ,€®, t-BuCOCI, (57% and 63%, respectively, entries 7 and 8). Benzenesulfo-

CICO,Et, Mel, cyclohexyloxirane, and B8nCl.

a0 . . o
(26) Using SiQ resulted in contamination with undesired tin by- nyl fluoride®® was trapped in excellent yield (92%, entry 9),

products.
(27) Quenching with CBOD after 5 min gave a lower yield of aziri- (29) We suspect that the modest yields in these cases are due to the
dine 6. other diastereomer being formed competitively, but undergoing degradation
(28) satoh, TChem. Rev1996,96, 3303—3325. via N- to O- Bus migration.
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and X-ray crystallographic analysis of the product supported functionalization and synthetic utility of the substituted

the assignetransstereochemistry: Aziridinyl sulfones are
potentially useful synthetic intermediates, as suggested by
the chemistry of the analogous epoxysulfoffe$rapping
with CO, was successful, although attempts to directly isolate
the acid were unsuccessful, whereas subsequent esterificatio
with diazomethane led to an ester that could be isolated in
good yield (63% over 2 steps, entry )u,5-Aziridinyl-

aziridine products are currently underway.
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In conclusion, we have shown a new, experimentally
straightforward method for the stereocontrolled formation
of a,B-aziridinylsilanes by aziridine lithiation—in situ sily-
lation. Also, we have demonstrated tHdtBus-protected
terminal aziridines can be deprotonated with a hindered
lithium amide and subsequently trapped with a variety of
electrophiles. While there are other indirect methods for
aziridinyl anion generation and electrophile trappggor
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example, from aziridinyl stannané&ssulfoxides?’ or aziri-
dine borane complex&y, the present procedure is attractive
because it proceeds directly from simple terminal aziridines
to givetrans-disubstituted aziridines. The latter retain a useful
nitrogen protecting groupto enable further synthetic trans-
formations. Additional studies in the area of aziridine
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piperidine (0.13 mL, 0.75 mmol) in THF (1.9 mL) at78 °C. Fol-
lowing warming to room temperature over 20 min, the reaction was
cooled to —78 °C and a solution of aziridine (0.25 mmol) in THF
(0.75 mL) added, followed after 90 s by the electrophile (0.75 mmol).
Following 30 min of stirring at-78 °C (90 s for entries +4), saturated
aqueous NECI (5 mL) and EtO (5 mL) were added. The phases were
separated and the aqueous layer was extracted with & x 15 mL).

The combined organic layers were dried (Mg$@nd evaporated under
reduced pressure. Purification of the residue by column chromatography
(SIO,, or Florisil for the aziridinyl aldehyde in entry 8) gave the substituted
aziridine.
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