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The chiral methyl group (Scheme 1) is an invaluable and
unique tool in elucidating biological mechanisms, and has
been used to clarify crucial biochemical transformations.[1±2]

Among the most powerful syntheses of the smallest asym-
metric molecule,[3±5] the most attractive deal with the prepa-
ration of chiral N,N-ditosylmethylamine. This synthon is of
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Scheme 1. Chiral methyl group.

particular interest since it can be considered to be a bridge-
head in obtaining numerous substrates that bear an enantio-
merically enriched methyl group by means of a facile SN2
reaction.[6] Although very elegant, Floss×s approach, in which
chiral acetic acid is converted into the corresponding methyl-
amine by means of a Schmidt degradation, suffers from
problems of reproducibility, sometimes resulting in the
marked loss of enantiomeric purity of the starting enantio-
merically enriched acetic acid.[7] Other drawbacks include low
overall yield (about 5%) and the number of steps (seven)
after the introduction of the radioactive label. Herein we
report our preparation of chiral N,N-ditosylmethylamine.

We have designed a route based on the following retro-
synthetic pathway, which involves two key steps (Scheme 2).
The first step takes advantage of orthoamide 1 as a chiral
formyl cation equivalent. We assumed that the postulated
cationic intermediate A, which is obtained from the reaction
of 1 with a suitable Lewis acid, could be reduced stereo-
specifically by a deuteride species to afford [2H]-2. The second
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Scheme 2. Retrosynthetic pathway to chiral ditosylmethylamine. Tos�
tosyl�p-toluenesulfonyl.

key step involves the stereocontrolled opening of oxazolidine
[2H]-2 with a tritide to yield the chiral methyl group
(Scheme 2).
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Scheme 3. Synthesis of chiral ditosylmethyl amine. Reagents and condi-
tions: a) Bu3Sn2H, BF3 ¥OEt2; b) Et3Si3H, TiCl4; c) HCO2NH4, Pd/C
(10%), 66%; d) NaH/TosCl, DMF, 80%. DMF�N,N-dimethylformamide.

Compound 1 was easily obtained as a mixture of epimeric
C2 (d.r. 1:1) through the acid-catalyzed condensation of
trimethyl orthoformate with (1R,2S)-N-tosyldiphenylethanol-
amine (Scheme 3). We have already reported the conversion
of 1 into enantiopure [2H]-2 with a combination of Bu3Sn2H
and BF3 ¥OEt2 to afford [2H]-2 in 82% yield and with an
isotopic enrichment higher than 95%.[8] Addition of deuteride
occurs on theRe face of postulated intermediate A (anti to the
phenyl groups), thus giving (2R)-[2H]-2 as the sole diaster-
eomer, which was treated with Et3Si3H/TiCl4 to give [2H,3H]-3.
Et3Si3H was prepared from Et3SiCl and LiAl3H4 to reach a
specific activity of about 150 mCimmol�1.[9] Hydrogenolysis of
the chiral auxiliary under heterogeneous catalysis (ammoni-
um formate/Pd) afforded [2H,3H]-4 in 66% yield. The N-
tosylmethylamine was further protected with tosyl chloride to
afford [2H,3H]-5 in 80% yield. The enantiomeric purity of
[2H,3H]-5 was analyzed by using the Anet protocol.[10] The
product [2H,3H]-5 was therefore submitted to SN2 reaction
with (R)-(�)-2-methylpiperidine[11] to yield [2H,3H]-6 (Fig-
ure 1), which can be used to determine the enantiomeric
purity of the parent compound 5 by means of 3H NMR. After
dissolution of [2H,3H]-6 (6 mCi) in CD2Cl2, the 640-MHz
3H NMR spectrum displayed two well-separated signals (Fig-
ure 1). A diastereomeric ratio of 83:17 in favor of (2R,7S)-6
was determined by Lorentzian deconvolution and integration
of the signals.[12] Since the piperidine coupling occurs with
inversion of configuration, [2H,3H]-5 must have the R config-
uration. This major configuration may be attributed to a
concerted mechanism during the conversion of 2 into 3 (SN2
pathway). Unfortunately, the open transition state (N-tosyli-
minium intermediate) also leads to the same stereochemical
outcome as assigned using molecular models. Therefore, we
can not clearly establish which process governs the stereo-
selectivity of this reaction. Further experiments are currently
in progress to assign the major mechanism of the opening
reactions of N-tosyl oxazolidines.

In summary, we have described a new synthesis of an
enantiomerically enriched methyl group by using only non-
enzymatic transformations.[13] This simple and reproducible
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Much of the recent interest in main group metallocenes has
arisen from applications as materials precursors for chemical
vapor deposition and as activators or catalysts in olefin
polymerization. Nonetheless, structure and bonding consid-
erations continue to motivate researchers, as less is known
about these main group systems than the transition metal
analogues. In this regard, recent studies by Cowley and co-
workers, who have described the first examples of decameth-
ylgallocenium[1] and decamethylborocenium cations,[2] and by
Schnˆckel et al, who have reported the decamethylalumoce-
nium cation,[3] have begun to redress the balance. Only the Al
species displays the symmetric bis-�5-bonded structure anal-
ogous to ferrocene. The Ga species exhibits only marginal
stability, while the boron compound is described as ™tightly
squeezed∫ presumably because of the high effective charge of
the boron cation. It is noteworthy that the unsubstituted
cyclopentadienyl (Cp) analogues of these cations are not
known. In recent work, we employed bulky phosphinimide
ligands as steric equivalents to cyclopentadienyl in the
development of new active olefin polymerization catalysts.[4, 5]

Herein, we employ this concept in the formation of a steric

Figure 1. 3H NMR spectrum of crude 6 (slow addition of TiCl4) dissolved
in CD2Cl2 acquired with simultaneous 1H- and 2H-decoupling (288 K,
640 MHz, 5-kHz spectral width, 2.8-s repetition time).

strategy for the synthesis of chiral N,N-ditosylmethylamine is
an improvement on the Floss approach:[7b] 5 steps compared
to 7 in previous reports, and an overall yield of 30%,
compared to�5% in the Floss synthesis. Our strategy affords
chiral ditosylmethylamine with 66% ee (62% for the Schmidt
degradation) and can also be used to synthesize the opposite
enantiomer starting from commercially available (1R,2S)-2-
amino-1,2-diphenylethanol.
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