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Introduction of lithiuma to nitrogen is an important strategy
in the synthesis ofi-substituted amine’s. Attempts to use this
approach for the functionalization of aziridines are also reported,
but successful applications are réré. An early report by Quast
et al.describes the lithiation of fert-butyl-2-methyleneaziridine
and anion trapping by electrophiles at temperatures belb®
°C to avoid decompositiofi. Lithiation of N-tert-butoxycabo-
nylaziridine is also reported, but in this case the anion
decomposes more rapidiyand trapping with MgSiCl requires
anin situtechnique. We now report a method for efficient and
direct lithiation of simple aziridines. The procedure is based
on Kessar's precedent for nitrogen activation by complexation
with a Lewis acic®® and on the expectation that aziridine ring
C—H bonds would be more acidic than hydrogens at exocyclic
carbon due to increasesicharacter in the former. The new
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to boron) and nob. To prove the stereochemistry 6b, the
TBS group was removed (BNF/THF), the resulting alcohd
was converted to thp-nitrobenzoate, and the structure was
established by X-ray crystallography.

Complexation of 1,2-dimethylaziridine(® was investigated
to evaluate B-N configurational stability. Treatment with BH
THF at—78 °C gave a 10:1 ratio of diastereomers and 12
(66% isolated; stereochemistry assigned assuming complexation
of the favoredtrans-1,2-dimethyl invertomery. In a second
series of experiments, the borane compléxfrom 2-methy-
laziridine 13 + BH3) was converted into the anialb using
NaH° and N-methylation with Chl afforded isomerd.1 and
12 in an inverted ratio,11:12 = 1:10 (55% isolated). No
interconversion of diastereomers was detected at room temper-
ature.

Next, we sought to establish whether thelG configuration
of 2-lithioaziridine complexes such dss subject to equilibra-
tion (thermodynamic control), or whether it reflects a kinetic
preference for lithiation syn to the BHyroup. This required
access to both diastereomers of the C-lithiated aziridine,
following an approach based partly on the same logic used to
probe nitrogen configuration. The stannylated com@iéxvas
deprotected (BiNF) and converted into the iodidE7 (71%

examples reveal an unusual directing effect where the stereo-gyerall) via the p-nitrobenzenesulfonaté6 and Finkelstein

chemistry of the CGLi bond is influenced by the BN
configuration in the Lewis acidlLewis base complex.
Commercially availableN-(2-hydroxyethyl)aziridinel was
protected as the TBS eth2rand was then treated with BH
THF solution®¢ The resulting borane complekwas easily
isolated using standard chromatographic methods (82% overall),
and the structure was clear from literature analogy and the
presence of strong IR absorptions at 2274-&niB—H).”
Treatment of3 with s-BuLi in THF at —78 °C followed by
quenching with electrophiles proceeded smoothly to give the
trapping productéa—d (each as one dominant isomer). Careful
H NMR analysis of6b (CHsl as the electrophile) revealed
traces of a minor isomer. These findings suggest that the
dominant lithiated intermediate is diastereomgftithium syn

(1) (a) Reviews: Beak, P.; Zajdel, W.; Reitz, D. Bhem. Re. 1984
84, 471 (b) Beak, P.; Meyers, A. Acc. Chem. Resl986 19, 356. (c)
Meyers, A. |.; Dickman, D. A.; Bailey, T. Rl. Am. Chem. S04985 107,
7974. (d) Chong, J. M.; Park, S. B. Org. Chem.1992 57, 2220. (e)
Pearson, W. H.; Lindbeck, A. C.; Kampf, J. Am. Chem. S0d.993 115
2622. (f) Gawley, R. E.; Zhang, @. Am. Chem. S04993 115 7515. (g)
Beak, P.; Lee, WJ. Org. Chem1993 58, 1109. (h) Snieckus, V.; Rogers-
Evans, M.; Beak, P.; Lee, W. K.; Yum, E. K.; Freskos,Tétrahedron
Lett. 1994 35, 4067. (i) Ahlbrecht, H.; Harbach, J.; Hoffmann, R. W.;
Ruhland, T.Liebigs Ann. Cheml995 211. (j) Park, Y. S.; Boys, M. L,;
Beak, P.J. Am. Chem. S0d.996 118 3757.

(2) Quast, H.; Weise, V.; Carlos, Angew. Chem1974 86, 380.

(3) (@) Review: Satoh, TChem. Re. 1996 96, 3303. (b) Satoh, T.;
Sato, T.; Oohara, T.; Yamakawa, K.Org. Chem1989 54, 3973. Atkinson,
R. S.; Kelly, B. J.Tetrahedron Lett1989 30, 2703. Tarburton, P.; Chung,
A.; Badger, R. C.; Cromwell, N. HJ. Heterocycl. Cheml976 13, 295.
Tarburton, P.; Wall, D. K.; Cromwell, N. HJ. Heterocycl. Cheml976
13, 411. Gaillot, J.-M.; Gelas-Mialhe, Y.; Vessiere, ®an. J. Chem1979
57, 1958. Seebach, D.; iHar, R.Chem. Lett1987 49. Haner, R.; Olano,
B.; Seebach, DHelv. Chim. Actal987, 70, 1676. (c) Beak, P.; Wu, S;
Yum, E. K.; Jun, Y. M.J. Org. Chem1994 59, 276.

(4) Vedejs, E.; Moss, W. Q1. Am. Chem. S0d.993 115 1607.

(5) (a) Kessar, S. V.; Singh, P.; Vohra, R.; Kaur, N. P.; Singh, KJN.
Chem. Soc., Chem. Commur29], 568. Kessar, S. V.; Singh, Ehem.
Rev. 1997 97, 721. (b) For an early example, see Miller, N. E.Am.
Chem. Soc1966 88, 4284.

(6) (@) Vedejs, E.; Fields, S. C.; Schrimpf, M. B. Am. Chem. Soc.
1993 115 11612. (b) Ebden, M. R.; Simpkins, N. S.; Fox, D. N. A.
Tetrahedron Lett1995 36, 8697. (c) Vedejs, E.; Monahan, S. D.Org.
Chem.1996 61, 5192. (d) Ferey, V.; Toupet, L.; Le Gall, T.; Mioskowski,
C. Angew. Chem,, Int. Ed. Engl996 35, 430. Ferey, V.; Vedrenne, P;
Toupet, L.; Le Gall, T.; Mioskowski, CJ. Org. Chem1996 61, 7244. (e)
Harmata, M.; Carter, K. W.; Jones, D. E.; Kahraman,Tdtrahedron Lett.
1996 37, 6267.

(7) (a) Akerfeldt, S.; Wahlberg, K.; Hellstro, M. Acta Chem. Scand.
1969 23, 115. (b) The aziridine boranes do not have pronounced hydridic
properties; see ref 7a.

S0002-7863(97)00164-9 CCC: $14.00

displacement (Nal/acetone). Reductive cleavagéiising
tert-butyllithium (2.2 equiv,—78 °C) afforded the N-deprotected
aziridine complex18 (92%), and N-methylation (NaH/CG#
gave a 77:23 mixture of diastereomé&8sand20. Alternatively,
lithiation of N-methylaziridine borane2()'! with secbutyl-
lithium followed by BuSnCl afforded a 98:2 ratio 0£9:20
(88%,; stereochemistry assigned by analogy wdh Treatment

of the 77:23 mixture ofLl9 and20 with n-butyllithium at—78

°C resulted in complete conversion2a@ + 2312 Subsequent
guenching with BgSnCI gavel9 and 20 in a ratio of 82:18,
90%), together witl21 (10%)13 The product ratio in the latter
experiment does not resemble the 98:2 ratio of diastereomers
19 and 20 obtained via lithiation of21 and indicates that the
intermediate 2-lithioaziridine82 and23 are configurationally
stable. The evidence supports kinetically controlled lithiation
of 21 syn to the BH group, followed by BySnCl trapping with
retention of configuration. According to our interpretation;tin
lithium exchange also occurs with retention, as generally
assumed in the literatufg:hi

Steric effects probably contribute to predominant lithiation
synto the BH; subunit in3. The N-B bond is longer (ca.
1.61 pm) than the corresponding exocyclie ™ bond (ca. 1.48
pm), judging from the X-ray structure & This would mean
that the BH unit in 3 is more tolerant of 1,2-eclipsing
interactions with LiGHg than is the exocyclic N-methylene
substituent. However, nonsteric factors also appear to play a
role. Thus, treatment db with secbutyllithium followed by
D,0O resulted in the formatio24 (R = CHj) as the dominant
diastereomel;2even though the effect of £ CH; should work
against lithiationsynto BHs. On the other hand, a similar
lithiation; DO quenching sequence starting fr@mproduced
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25140 Evidently, the syn-directing effect of NBHz is dominant
over the steric effect of an aziridine;€CHjz group but not of

a G—Si(CHg);3 substituent.

We suggest that an electrostatic effect is responsible for the
nonsteric component ofyntdirection in the lithiation step.

Communications to the Editor

Ground state attractive interactions betweent)iéind hydri-
doborate H-B bonds are well-known from solution or solid
state studie$32and a similar transition state effect may operate
between the electron-rich-+HB bonds of3 and lithium as the
positive end of a L+C dipole in LiGHo. This proximity
effect®® would be expected to contribute gynlithiation as
observed experimentally f@; 21, and6b. However, the bulky
C,—SiMe; substituent ir6c is sufficient to overcome thsyn
effect, and lithiation produce®5 (R = SiMe3) as the major
isomer.

The reactions ofl9 and 20 with butyllithium are the first
examples of tir-lithium exchange in amineborane complexes.

In view of the good yields and convenience, we have briefly
studied the corresponding process wi#7. Tin—lithium
exchange was not observed with the paxestannylamine26
at—78°C in the absence of Lewis acid activatishHowever,
the borane comple27 reacted with 3 equiv ofi-butyllithium

at —42 °C, and DO quench gave8 (>98% conversiony
90% Dy). A similar experiment at-78 °C was 63% complete
after 3 h.

In summary, direct access to lithiated aziridine borane
complexes is demonstrated. Increaseagharacter in the aziri-
dine ring C-H bonds promotes facile lithiation at,Gand
trapping with conventional electrophiles is feasible. The
hybridization effect is probably also responsible for the faster
tin—lithium exchange il9and20 compared t®7. The borane
activation method should be of practical value for the synthesis
of substituted aziridines because aziridine boranes are easily
made and are efficiently cleaved by refluxing etharro9%%
yield from 6b—d).
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