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Lithiation of N-Alkyl-(o-tolyl)aziridine:
Stereoselective Synthesis of Isochromans
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The lithiation reaction of o-tolylaziridine 1 has been
investigated by using the aziridine ring capability to act
as a directing metalation group. Trapped with electro-
philes, the resulting o-aziridinyl benzyllithium 1-Li gives
access to several functionalized aziridines 2a-j. The
hydroxyalkylated derivatives 2d-j were converted into
important scaffolds such as isochromans 3a-d. A stereo-
selective preparation of isochromans (R)-3b, (1R,3S)-3d,
and (1R,3R)-3d has been developed starting from enan-
tioenriched o-tolylaziridine.

Synthesizing substituted aziridines and their derivatives by
using the lithiation/electrophile trapping sequence is a useful
syntheticmethodology.1Within this context, we have recently
reported that N-alkylarylaziridines are smoothly R- and/or

o-lithiated depending upon the aziridine ring substitution,
solvent, and temperature.2,3 Specifically, the previously de-
scribed directing-metalation ability of the aziridine group,
combined with its bias to give nucleophilic ring-opening, has
been successfully exploited for the preparation of phthalans.4,5

Six-membered-ring oxygen-bearing aromatic heterocycles
with isochroman and related skeletons occur in nature and
among bioactive compounds of interest, including drugs
(medicines, agrochemicals, etc.) and drug candidates.6

D1 dopaminergic agonists with 1,3-disubstituted isochro-
man skeletons are among the few D1 agonists known to
date. The synthesis of 1,3-disubstituted isochromans with an
aminomethyl substituent typically requires multistep oxa-
Pictet-Spengler cyclizations.7

In exploiting the lithiation-trapping sequence of arylaziri-
dines, we thought that 1-aminomethyl-3-alkyl(or aryl)-substi-
tuted isochromans could be prepared simply by lateral-
lithiation of o-tolyl-substitutedN-alkyl-arylaziridines, trapping
with carbonyl compounds, and finally cyclization (Scheme 1).8

The reaction of 1-methyl-2-(o-tolyl)aziridine 1with s-BuLi
in THF at -78 �C in the presence of TMEDA gave exclu-
sively the thermodynamically favored9,10 lithiated intermedi-
ate 1-Li as proved by trapping with D2O to furnish
deuterated derivative 2a (>98%D) (Table 1). Additionally,
lithiated intermediate 1-Li reacted with other electrophiles
(Table 1) to give ortho-functionalized aziridines 2b-j.
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The reaction with carbonyl compounds gave hydro-
xyalkylated derivatives 2d-j with a low stereoselectivity.
Fortunately the diastereoisomers could be easily separated
by flash chromatography.

The results of the lithiation/trapping sequence above clearly
demonstrate the directing group ability of the aziridine ring. It
is, indeed, worth pointing out that the lithiation of the related
acyclic derivative, 2-N,N-dimethylaminomethyltoluene, is
comparatively much slower requiring more than 6 h at room
temperature for complete deprotonation.8f,9

The ortho-hydroxyalkylated aziridines 2e-j were cyclized
to prepare a range of isochromans (Scheme 2).11

Several proton sources [TFA, (COOH)2, HCOOH,
H2SO4] and solvents (THF, CH3CN, Et2O, dioxane/H2O
4/1) were examined in order to find the best conditions.
Acetic acid either as proton source or reaction solvent at
room temperature proved to be superior with better yields
and cleaner reactions for the preparation of the isochromans
3a-d (Table 2). In the case of compounds 2h and 2i both
diastereoisomers were cyclized and the relative configura-
tions of the isochromans and the corresponding hydro-
xyalkylated aziridines were determined.12

The relative stereochemistry of isochromans (R*,S*)-3c,d
and (R*,R*)-3c,d was ascertained by selective 1D NOESY
experiments,13 the major isomers having an (R*,S*) relative
configuration (Figure 1).

As illustrated in Scheme 3, considering that the reaction
occurs exclusively with an SN2 mechanism,14 two possible
pathways could be hypothesized: the first involves nitrogen
protonation and ring-opening by nucleophilic addition of
the hydroxy group to the benzylic R-carbon (path a,
Scheme 3), and the second involves the intermediacy of an
acetate followed by nucleophilic displacement of acetic acid
by the hydroxy group (path b, Scheme 3).15

These mechanistic pathways were distinguished by deter-
mining the stereochemistry of the major isomer 2i by X-ray
analysis.16 When diastereomerically pure (R*,R*)-2i was

SCHEME 1. Retrosynthetic Approach to Isochromans

TABLE 1. Lithiation/Electrophile Trapping of o-Tolylaziridine 1

aziridine 2 electrophile yield (%)a drb

2a D2O 95
2b CH3I 95
2c CH3(CH2)2I 95
2d acetone 57
2e cyclohexanone 21
2f benzophenone 73
2g propiophenone 52c 70/30
2h t-BuCHO 82d 80/20
2i 4-Cl-C6H4CHO 85d 70/30
2j furfural 80d 70/30

aIsolated yield. bDiastereomeric ratio calculated on the
1H NMR of the crude reaction mixture. cOnly the major di-
astereoisomer was isolated. dOverall yield of a separable
mixture of stereoisomers.

SCHEME 2. Acid-Catalyzed Cyclization to Isochromans

TABLE 2. Preparation of Isochromans 3

aziridine 2 benzopyrane 3 R R1 yield (%)a

2e 3a -(CH2)5- 80
2f 3b

b Ph Ph 98
(R*,R*)-2hc (R*,S*)-3c t-Bu H 80
(R*,S*)-2hd (R*,R*)-3c H t-Bu 80
(R*,R*)-2ic (R*,S*)-3d 4-Cl-C6H4 H 85
(R*,S*)-2id (R*,R*)-3d H 4-Cl-C6H4 60

aCalculated by 1HNMR analysis of the crude. bSee ref 12.
cMajor diastereoisomer. dMinor diastereoisomer.

FIGURE 1. SelectedNOEinteractions for stereochemical assignment.
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dissolved in acetic acid only isochroman (R*,S*)-3d was
obtained, likely as the result of a single SN2 reaction with
one inversion of configuration (path a, Scheme 3). This
result, with NMR evidence, allowed the assignment of the
relative configuration (R*,R*) to the major isomers of the
hydroxyalkylated aziridines 2h-j.

Aware of the importance of the biological activities of
some isochroman derivatives,17 and that the control of their
stereochemistry could be an important goal in planning a
synthesis of such a scaffold, we turned our attention to the
chiral version of this lateral-lithiation/electrophile trapping
sequence.

The first step was the synthesis of the enantioenriched
aziridine (S)-4 ([R]Dþ178 (c 1.5, CHCl3)),

18 which was
obtained in >98:2 er starting from commercially available
(R)-(-)-styreneoxide (Scheme 4). Enantioenriched aziridine
(S)-4 was subjected to an ortho-lithiation/methylation
sequence to give enantioenriched o-tolylaziridine (S)-1.4

Surprisingly, when aziridine (S)-1was subjected to lithiation
under the same conditions (s-BuLi/TMEDA THF, -78 �C,
30 min) used for (()-1, a completely racemic sample was
obtained upon quenching with a deuterium source
(Scheme 5).

A possible explanation for the observed racemization
could be an aziridine ring-opening-promoted resonance
(Scheme 4).19 Reclosing to the aziridine might then occur
on both the enantiotopic faces of the double bond causing
racemization. In striking contrast, it was found thatwhen the
same lithiation/electrophile trapping sequence was per-
formed in a less polar solvent such as hexane, no racemiza-
tion occurred and highly enantioenriched (S)-2a was
obtained. Likely the solvent could affect the nature and the

aggregation state of the lithiated intermediate disfavoring
racemization.20 The trapping reaction with carbonyl com-
pounds gave chiral derivatives (S)-2f, (1S,20S)-2i, and
(1R,20S)-2i which were subsequently converted into the
corresponding enantioenriched isochromans (R)-3b, (1R,-
3S)-3d, and (1R,3R)-3d.21

In conclusion, this work reports a new and convenient
methodology for the preparation of ortho-functionalized
aziridines based on the benzylic lithiation of simple and
easily available o-tolylaziridines. The role of the aziridine
ring as a directing group is significant in showing a higher
efficiency relative to open chain benzylamines. The useful-
ness of the hydroxyalkylated aziridines has been demon-
strated with the preparation of isochroman derivatives with
controlled stereochemistry and in highly enantioenriched
form.

SCHEME 3. Reaction Pathways for the Intramolecular Cycli-

zation of Hydroxyalkylated Aziridines

SCHEME 4. PreparationofOpticallyActiveo-Tolylaziridine (S)-1

SCHEME 5. Lateral Lithiation of Chiral o-Tolylaziridine (S)-1
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Experimental Section

General Procedure for the Lithiation/Trapping Sequence of

Aziridine (S)-1. To a stirred solution of (o-tolyl)aziridine (S)-1
(100 mg, 0.68 mmol) and TMEDA (204.0 μL, 1.36 mmol) in
hexane (4 mL) at -78 �C was added dropwise a solution of
sec-BuLi (1.4 M in hexane, 972 μL, 1.36 mmol). After 30 min
at -78 �C the electrophile (1.36 mmol) was added neat if liquid
and in 2.0mL of solvent if solid. After 2 h at-78 �C, themixture
was allowed to warm slowly to room temperature and the
reaction mixture was poured into saturated aqueous NH4Cl
(10 mL) and extracted with Et2O (3�10 mL). The combined
organic layers were dried (Na2SO4), filtered, and concentrated
in vacuo. Flash chromatography afforded the substituted azir-
idines 2.

2-(2-Deuteriomethylphenyl)-1-methylaziridine (S)-2a: color-
less oil, 98% (98% D); 1H NMR (CDCl3, 400 MHz) δ 1.60 (d,
J=6.2Hz, 1H), 1.84 (d, J=3.7Hz, 1H), 2.33 (dd, J=3.5, 6.5Hz,
1H), 2.37 (t,CH2D, J=1.8Hz, 2H), 2.50 (s, 3H), 7.10-7.24 (m,
4 H); 13C NMR (CDCl3, 100 MHz) δ 19.2 (t, JC-D=37 Hz),
37.6, 40.4, 48.0, 125.7, 125.9, 126.6, 129.5, 136.4, 138.0; GC-MS
m/z (%) 147 [Mþ, 100], 132 (45), 117 (19), 106 (16), 91 (9); FT-IR
(film, cm-1) 3025, 2967, 2944, 2848, 2779, 1491, 1454, 1383, 752,
732. Enantiomeric purity of (S)-2a determined by 1H NMR in
the presence of Mosher’s acid (er >99:1) ([R]20D þ104 (c 1.1,
CHCl3)).

2-[2-(1-Methylaziridin-2-yl)phenyl]-1,1-diphenylethanol (S)-
2f: white solid, mp 154-156 �C, 73%; 1H NMR (CDCl3, 400
MHz) δ 1.67 (d, J=6.6 Hz, 1 H), 2.14 (d overlapping s at 2.16
ppm, J=3.7Hz, 1H), 2.16 (s, 3H), 2.46 (dd, J=3.6, 7.0Hz, 1H),
3.80 (s, 2 H), 6.16 (d, J=8.0 Hz, 1 H), 6.91 (t, J=8.0 Hz, 1 H),
7.08-7.18 (m, 3H), 7.20-7.24 (m, 3H), 7.33-7.34 (m, 4H), 7.70
(d, J=7.5 Hz, 2 H); 13C NMR (CDCl3, 150 MHz) δ 35.5, 42.2,
45.2, 45.5, 75.7, 124.8, 126.0, 126.1, 126.3, 126.6, 126.7, 127.5,
128.0, 128.7, 130.6, 136.7, 138.3, 147.1, 151.0; GC-MS m/z (%)
329 [Mþ, 1], 299 (17), 146 (100), 104 (35), 77 (14); FT-IR
(KBr, cm-1) 3424, 3063, 2940, 2850, 1447, 1080, 1059, 770,
755, 699. Anal. Calcd for C23H23NO: C, 83.44; H, 7.88; N, 4.05.
Found: C, 83.02; H, 7.75; N, 4.28. Enantiomeric purity of (S)-2f
(er >99:1) determined by HPLC analysis (OD-H chiral

column; hexane:iPrOH 99:1; flow 1.0 mL/min; for (()-2f t1=
9.7 min, t2=10.9 min; for (S)-2f t=10.9 min) ([R]20D þ319 (c 1,
CH3CN)).

General Procedure for the Preparation of Isochroman 3. The
hydroxyalkylated phenylaziridine 2 (1.0 mmol) in 3.0 mL of
acetic acid was stirred at room temperature until the disappear-
ance of the starting material (TLC monitoring, AcOEt/petro-
leum ether, 8/2). The resulting reaction mixture was poured into
20mLof aqueousNaOH (10%) and extractedwithCH2Cl2 (3�
10mL), then the combined organic extractswere dried (Na2SO4)
and evaporated in vacuo. The crude was purified by flash
chromatography (silica gel; CH2Cl2/MeOH, 9/1) to obtain the
pure isochroman 3.

1-Methylaminomethyl-3,3-diphenyl-3,4-dihydro-1H-isochro-
mene (R)-3b: white solid, mp 123-126 �C, 77%; 1H NMR
(CDCl3, 400 MHz) δ 2.15 (br s, 1 H), 2.56 (s, 3 H), 3.04 (dd,
J=12.2, 8.5 Hz, 1H), 3.15 (dd, J=12.2, 2.5 Hz, 1H), 3.30 (d, J=
16.5 Hz, 1 H), 3.66 (d, J=16.5 Hz, 1H), 4.68 (d, br, J=7.7Hz,
1 H), 6.9 (d, J=7.5Hz, 1 H), 7.07-7.31 (m, 12H), 7.37 (m, 1H);
13C NMR (CDCl3, 100 MHz) δ 36.1, 39.4, 56.9, 71.0, 78.8,
123.9, 125.1, 126.2, 126.6, 126.7, 127.0, 127.9, 128.0, 128.1,
128.3, 133.5, 135.2, 141.6, 148.2; ESI-MS m/z (%) 330 [M -
H]þ (100); FT-IR (KBr, cm-1) 3430, 1600, 1447, 1073, 752, 700.
Anal. Calcd for C23H23NO: C, 83.85; H, 7.04; N, 4.25. Found:
C, 84.05; H, 7.07; N, 4.15. Enantiomeric purity of (R)-3b
determined by HPLC analysis (OD-H chiral column; hexane:
iPrOH 99:1; flow 0.5 mL/min; for (()-3b t1=55.1 min, t2=
108.5 min; for (R)-3b t = 55.1 min); ([R]D -226.2 (c 0.5,
CHCl3)).
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