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ABSTRACT

s-BuLilTMEDA R s-Buli R
Hexane or Toluene THF !
Ph, N Ph, N Ph
Ph N

Li

(R= Et, n-Pr, i-Pr, n-Bu )

dr trans/cis up to 288/2 dr cis/trans up to 298/2

The lithiation reaction of  cis- and trans -N-alkyl-2,3-diphenylaziridines has been investigated. While cis-diphenylaziridines do not undergo any
lithiation upon treatment with organolithiums, the lithiation reaction of the frans counterparts is completely — o-regioselective and the stereochemical
course of the lithiation-trapping sequence is solvent dependent: inversion of configuration in coordinating solvents (THF or toluene/crown

ether) and retention in hexane, ether, or toluene. The preparation of stereodefined functionalized N-alkyl-2,3-diphenylaziridines is described.

The “aziridinyl anion methodology” (AAM), based on the by deprotonation when an activating substituent (electron-
metalation-trapping sequence of an easily available parentwithdrawing group) is present on the aziridine ring nitrogen.
aziridine, has become an attractive way of making function- In the deprotonation oN-unactivated alkylideneaziridines,
alized aziridineg:? Most studies in this area have focused the neighbouring exocyclic double bond has been reported
on systems where the anion bearing carbon atom is linkedto play an important role in increasing the kinetic acidity of
to an electron-withdrawing group which facilitates formation the aziridine hydrogerfs.

of the aziridinyl anion and prolongs its solution lifetirhe. In contrast toa-lithiated aryloxirane$, o-lithiated ary-
Aziridinyl anions devoid of an adjacent stabilizing substituent |aziridines have been little investigated amdithiated 2,3-
could be generated by desulfinylation or transmetal4taonl diphenylaziridines not at all. Having recently discovered
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trans-1a cis-1a-Li cis-1a- D trans-1a-D
dr cis/trans 95/5

that monophenylaziridines undergo unexpectedly obetiro-
lithiation,® we decided to investigate the lithiation reaction
of cis- andtrans-N-alkyl-2,3-diphenylaziridines.

Treatment of the commercially availabM-propyl-2,3-
diphenylaziridinetrans-lawith s-BulLi at —78 °C in THF
furnished almost quantitatively the aziridings-1a and
deuterated aziridineis-1a-D, respectively, upon quenching
with H,O or DO (Scheme 1, Table 1). Taking into account
that protonation or deuteration of organolithiums normally
takes place with retention of configurati®me assume that
in THF the lithiated aziridine should be presentcs-1a-

Li, with a configuration which is opposite to that of the
starting aziridinerans-l1a. (Scheme 1).

Similarly to the aziridindrans-1a, the lithiation—deutera-
tion sequence dil-butylaziridinetrans-Lb andN-ethylaziri-
dine trans-1cin THF gave [22H,]-aziridinescis-1b-D and
cis-1c-D (Table 1). Lithiation of aziridindrans-1d was very
slow, likely for steric reasons, and the deuterated aziridine
cis-1d-Dwas obtained in only 10% vyield.

Lithiation of N-alkyl-2,3-diphenylaziridinetrans-la—cin

Table 1. Lithiation—Deuteration Sequence of Aziridines
trans-la—d

1) s-BuLi
R (TMEDA) R R
Ph, N 78°C,3h  ph, N Ph  Ph, A\\D
. N0 WA N
Ph S)ol\fent D Ph
trans-1a-d cis-1a-d-D trans-1a-c-D
aziridine cis-1-D, trans-1-D, drbe
1 solvent R % D@ % D@ cisltrans
trans-la THF n-Pr cis-1a-D, 96 trans-1a-D, 98  95/5
trans-1b " n-Bu cis-1b-D, 98 trans-1b-D, 98  98/2
trans-1c " Et cis-1e-D, 99 trans-1c-D, 98  98/2
trans-1d " i-Pr cis-1d-D, 98 trans-1d-D, 0¢ 100/0¢
trans-la toluene® n-Pr cis-la-D, — trans-la-D, 95 <2/98
trans-1b " n-Bu cis-1b-D, — trans-1b-D, 98 <2/98
trans-l¢ " Et  cis-1e-D, — trans-1le-D, 97  <2/98

a Deuterium incorporation established by E®8S or GCG-MS analysis
on the molecular ion (see the Supporting Informatiériastereomeric
ratio (dr) was established by the analysis of theNMR spectra of the
crude reaction mixtures.Chemical yields were alt 95%. 9 The conversion
was only 10%trans-1d-D was not detected, and 90% of unreacted starting
material was recovered Hexane or EXO can be used as the solvent with
no change in the stereoselectivity.

In order to evaluate the effect of the geometry of the
investigated diphenylaziridines on the stereochemistry of the
lithiation-trapping sequence, we studied the lithiation reaction
of N-alkyl-2,3-diphenylaziridinesis-1a,d,e(alkyl = n-Pr,
i-Pr, Me), disclosing that they do not undergo any lithiation

a nonpolar solvent was successively investigated. In contrastupon treatment with alkyllithiums under varied experimental
with the stereochemical outcome of the reactions conductedconditions in terms of solvent (THF, hexane, toluene), ligand
in THF, the lithiation-deuteration sequence of aziridines (TMEDA), and temperature and were recovered unchanged

trans-la—c, performed in hexane or toluene, proceeded with
complete retention of configuration giving deuterated aziri-
dinestrans-1a—c-D (Table 1). Here again, in order to explain

after addition of RO or routine electrophiles.
NMR experiments proved to be particularly useful to
explain the observed strikingly different reactivity ois-

the stereochemical result, we propose that in toluene orandtrans-2,3-diphenylaziridines toward lithiation. Our idea

hexane the lithiated intermediates shouldraas configured.

is that the nitrogen of the aziridine ring may be playing a

These results clearly indicate that the solvent determines therole. A careful examination by NMR of the nitrogen

stereochemistry of the lithiatierdeuteration sequence with
interesting repercussion on the synthetic application.
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configuration incis- andtrans-2,3-diphenylaziridines showed
that cis-2,3-diphenylaziridines were all configurationally
stable at the nitroget: indeed, the lone-pair and the two
phenyl groups areis each other with the two aziridine ring

hydrogens on the opposite side, as established by NOESY

correlations. In contrast, the 2,3-diphenylaziridinesns-
1la—d show a slow nitrogen inversion on the NMR time scale
(195 K) that makes the aziridine ring hydrogens diaste-
reotopic, each of them beings to the nitrogen lone-pair in
the equilibrating topomers (Figure .13

With the assumption that a preliminary coordination of
s-BulLi to the nitrogen lone-pair should be a prerequisite for

(10) The barrier for the nitrogen inversion is expected to be higher in
the cis isomer, and only one isomer, indeed, is seen. It is worth pointing
out that the two invertomers ofis-configured aziridines should have
different energies since the one that put the alkyl groisgo the phenyl
rings is the less stable one.
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Heterocycl. Cheml973,10, 91-94. (c) Pierre, J. L.; Baret, P.; Arnaud, P.
Bull. Soc. Chim. Fr1971, 3619—3628.
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precedents with other aziridinéscan be accounted for with
the higher thermodynamic stability of ttes isomer (the

NP & L, e nitrogen lone-pair and the C—Li bond are trans each other
Hy/H, Q"?gh_;/\/"_ e in thecisisomer), as reported for other aziridinfég he same
Hafth: ® reta * lithiated speciesrans-1-Li would not tend to isomerize in a
nonpolar solvent such as hexane or toluene so that the
I,N\L trapping takes place with retention of configurati6f®
L B T L S I The solvent effect was further investigated and it was
> 3'°°H :“Ph 5 o0 e found that also in diethyl ether the lithiation-deuteration
) WA VN sequence dfans-laproceeds with retention of configuration
M eta either in the presence or absence of TMEDA, which,
however, makes the deprotonation faster.
A | m From a synthetic point of view, it was interesting that

S L L trapping oftrans andcis-1a-Li with a series of electrophiles
_ _ o _ furnished highly diastereoselectively functionalizaslaziri-
Figure 1. *H NMR spectra at 195 K in THFybf aziridinescis- dines in THF andransisomers in hexane or toluene (Table
andtrans-1a. 2). Specifically, in THF, high stereoselectivity was observed
with most electrophiles givingis aziridines2a—j from trans

1a”® a low stereoselectivity was observed with ;BnCl

the depr(_)tonatu_)n to occur, only the trans |somer_has the_ StereoWhere a 57:43 mixture of the two diastereom@esand 3e
electronic requirement for the proton abstraction, while the

protons of theisisomer are too far from the base (the organo- (98%. yield) formed._ It _is well (jocumented that the coupling
s ) ) . reaction of organolithiums with organostannanesS(iX)
“thﬁm coordmate@ to thg hitrogen lone pair) to pe abstract- may proceed either with retention or inversion of configu-
ed-* On the basis of.th|s T“Ode" an e_xplananon f_or the ration depending upon the nature of the organostannane with
observed stereochem}stry in the I|th|a_t|on—d_eut<_arat|on S€- Loference to the R groups and the leaving grétipdeed,
quence oftrans-la—d(inversion of configuration in THF,

retention in hexane or toluene) might be tiahsd-Li should e found that in THF the reaction @is-1a-Li with Mes

o . / T . SnCl (Table 2, entry 6) gave a mixture ofs and trans
be the first lithiated |ntermed|ate§ fprmed. It 'S likely thgt N isomers2f and3f in a 85/15 ratio, whereas the reaction with
a polar solvent such as THF, lithiated speciems1-Li

might exist as contact ion-pairs that underao isomerization bis(tributyltin)oxide furnished exclusively the corresponding
9 lon-p : 9 ' cisisomer2e (dr >98/2) (Table 2, entry 5). This may be the
via a more polar transition state, to tbis counterpartsdis-

. : : result of a competition between a retentivgd&t) and an
1-Li) (Scheme 2), which are then trapped to give products invertive electrophilic substitution (Sinv)2:

Instead,trans aziridines 3a,b,e—gwere prepared in a

_ highly stereoselective manner when the lithiation-trapping

Scheme 2 sequence ofrans-lawith the appropriate electrophile was
R R * R performed in toluene or hexane. In some cases, the stereo-
Ph, N L S ey K ®ls), __Ph, N P selectivities were affected by the electrophile; a complete
Ph : * Li inversion of configuration was obtained in the reaction with
trans-1-Li cis-1-Li Me;SiCl (Table 2, entry 18) which may be ascribed to an
S:2inv mechanisnd* A poor stereoselectivity was also

observed when BnBr or allylBr (Table 2, entries 13 and 14)
were used as the electrophile, likely because of a competing
single-electron-transfer proce&s.

with a configuration which is opposite to that of the starting It was also found that when the lithiated aziridine, gener-
aziridines!s Such atrans to cis isomerization, which has  ated in toluene frontrans-1a, was treated with a crown ether

S = polar solvent

(12) By dynamictH NMR experiments performed in THizon aziridine (16) (a) Turner, A. B.; Heine, H. W.; Irving, J.; Bush, J.B.Am. Chem.
trans-1a, it was possible to study the nitrogen inversion. Aziridiaas- Soc.1965,87, 1050—1055. (b) Lutz, R. E.; Turner, A. B. Org. Chem.
lashowed only one signal for the aziridine protons at 293 K; cooling down 1968, 33, 516—518. (c) Coutrot, P.; Elgadi, A.; Grison, Beterocycles
the sample to 195 K, a splitting into two lines for the above protons is 1989,28, 1179—1192.
observed testifying a slow nitrogen inversion. The reduced rate of inversion  (17) Haner, R.; Olano, B.; Seebach,Hely. Chim. Actal987, 70, 1676~
with respect to the NMR time scale makes the two aziridine protons 1693.
diastereotopic and then distinguishable. No splitting was observed in the  (18) Moreover, we cannot rule out that an equilibrium between two

case of the correspondirgis-aziridine ring protons. isomeric lithiated intermediates could be present and that this could be
(13) Davies, M. W.; Shipman, M.; Tucker, J. H. R.; Walsh, TJRAm. differently shifted depending on the solvent.

Chem. Soc2006,128, 14260—14261. (19) Relative stereochemistry has been ascertained by NOESY 2D and
(14) A complex-induced proximity effect could be operative in the 1D experiments; see the Supporting Information for details.

o-lithiation of aziridinestrans-1a—d; see: Whisler, M. C.; MacNeil, S.; (20) Hammerschmidt, F.; Hanninger, A.; Simov, B. P.; Vollenkle, H.;

Snieckus, V.; Beak, PAngew. Chem., Int. E®004,43, 2206—2225. Werner, A.Eur. J. Org. Chem1999, 3511-3518.

(15) Some spectroscopical evidences from an NMR investigation on these  (21) For a recent report on the reactivity @famino-organolithiums,
lithiated intermediates are in agreement with this hypothesis and results which are related ta-lithiated aziridines, see: Gawley, R. E.; Coldham,
will be reported in due course; see also: Hoffmann, R. W.; Ruhl, T.; Chemla, I. In The Chemistry of Organolithium Compounésrt 2; Rappoport, Z.,
F.; Zahneisen, TLiebigs Ann. Cheml992, 719—724. Marek, I., Eds.; Wiley & Sons: New York, 2004; pp 997052.
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Table 2. Lithiation-Trapping Sequence of Aziridirteans-1a Scheme 3
1) s-BuLi/(TMEDA) Pr 1) s-BuLi/TMEDA Pr
Pr Solvent Pr Pr Ph, N Toluene; -78 °C, 4 h Ph, N Ph
Ph, N -78°C,3-4h Ph, NPh . Ph",gNgsE IL\Ph 2) 15-crown-5 (2 equiv) Bn
ph 2) Electrophile E Ph trans1a  3) BnBr 2c
2 3 dr >98/2
trans-1a
aziridines yield,® dr o )
entry electrophile solvent 2,3 % 2/3 hydroxyalkylated aziridine&gin THF (dr = 90/10) and3g
i >
1 Mel THF 2a 98 >98/2 in toluene (d.r 98./ 2). . o
9 Rt " ob 99 ~98/2 In conclugon, in this paper, we report_fp( the first time
3 BnBr " 2¢ 70 >98/2 that “unactivated’trans-N-alkyldiphenylaziridines undergo
4  allylBr " 2d 92 >98/2 exclusivea-lithiation with a stereochemistry which depends
5  (BusSn):0 " 2e/3e 45 98/2¢ upon the coordinating ability of the solvent (complete
6  MesSnCl ! 2f/3f 57 85/15 inversion of configuration in THF or toluene/crown ether
7 acetone ! 2g/3g 250 90/10 and retention in hexane, toluene or diethyl ether). A different
8 MesSiCl 2%‘ 98 98/2 geometry,cis or trans, of the involved lithiated aziridines
9  6-bromo-1-hexene " 2i 48 98/2 . . o - .
" . (cis-1-Li andtrans-1-Li) in polar and nonpolar solvents is
10  bromomethyl- 2j 38 98/2 . : :
eyclopropane propo_sed to explain the observed opposite stereochemistry
11 Mel toluene  3a 64 <2/98 on going from THF (or toluene/crown ether) to hexane or
12 EtI " 3b 95 <2/98 ether or toluene. For the-lithiation to occur we propose a
13  BnBr " 2¢/3c 98 50/50 model where the nitrogen lone-pair must sis to the
14  allylBr ! 2d/3d 84 50/50 aziridine ring hydrogens. This explains why thoés-N-
15 1]\3/1“3an11 3‘; 80 <2/98 alkyldiphenylaziridines, existing exclusively as the inver-
" < . .
13 acZifzg . gg ?g <§gg tomers that put the ring hydrogens far away from the nitrogen
18 MesSiCl " oh 70 98/2, lone-pair, do not undergo any lithiation. It is useful from

the synthetic point of view that the regioselective and

a |solated yieldsP Diastereomeric ratio (dr) ascertained Hy NMR i ithiati _N- i iridi
on the crude reaction mixturesBuszSnCl was also used as the electrophile stereoselective lithiation dfans-N aIkyId|phenyIaZ|r|d|nes

(see text)d Compounds2g and 3g could be easily separated by flash ~can be used for the preparation of variously substituted
chromatography? A large amount of aziridineis-lawas recovered asthe  stereodefined diphenylaziridines, which are potentially very
result of an acie-base reaction with the electrophifeSimilar results were . . . . .
obtained when the reaction was performedihexane. attractive for their biological activifi and spectroscopic
properties and for their utility as building blocks for the

synthesis of target moleculés.

(15-crown-5, 2 equiv) and then reacted with BnBis- _ _
benzylated aziridin@c was obtained with high stereoselec- ~ Acknowledgment. This work was carried out under the
tivity (dr >98/2) as observed in THF (Scheme 3). Under such framework of the National Project “Stereoselezione in Sintesi
conditions, the lithium complexation by the crown ether Organica. Metodologie ed Applicazioni” by the University
would reduce the covalent character of thelGbond, as it of Bari and by the Interuniversities Consortium CINMPIS.
should be in a nonpolar solvent such as toluene, thus promo-We thank Prof. Reinhard W. Hoffmann of the University of
ting the thermodynamically favoredansto cisisomeriza- ~ Marburg for the useful discussion.
tion.

The trapping reaction of lithiated aziridirteans-lawas
performed also with acetone giving the corresponding

Supporting Information Available: Experimental pro-
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available free of charge via the Internet at http://pubs.acs.org.
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