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In connection with our interest in the development of an
enantioselective synthetic route to the saframycin antibiotics,1 we
were led to consider the viability of chiralR-amino aldehydes as
synthetic intermediates and their use as condensation components
in a directed, linear assembly process. In this context, condensation
refers to any transformation that involves imine formation as an
initial step, such as the Strecker synthesis ofR-amino nitriles,
the Pictet-Spengler cyclization (forming a tetrahydroisoquino-
line), or reductive amination reactions. The issue of protection
of the amine and aldehyde groups arises naturally in the context
of the proposed directed, linear assembly strategy, as it does in
the synthesis of peptides fromR-amino acids. There were several
concerns attending the execution of the proposed strategy. A
problem shared with peptide synthesis is the issue of epimerization
of theR-center, both pre- and post-coupling. In the case at hand,
this issue was of particular concern given the greater propensity
of aldehydes to enolize versus carboxylic acids. And, while
N-protectedR-amino aldehydes are widely used synthetic building
blocks,2 their counterparts in this strategy, “C-protectedR-amino
aldehydes”, in which the amino group is free and the aldehyde is
protected (at the aldehyde level of oxidation), have been much
less explored.3 In this work we have developed a novel series of
C-protective groups forR-amino aldehydes that is based upon
the amino nitrile function,4 a development that was inspired by
consideration of the saframycin A structure. This series displays
a greatly expanded range of lability of the aldehyde protective
group compared to existing acetal-based protective groups.3 We
show that theseC-protectedR-amino aldehyde components can
be prepared with high enantiomeric enrichment and can be
coupled withN-protectedR-amino aldehydes in directed con-
densation reactions and maintain a high degree of optical purity
in the process.

We initiated our studies with the complexR-amino aldehyde
1, which was imagined to be a synthetic precursor to saframycin

A. N-Cbz, N-Fmoc, andN-trifluoroacetyl derivatives of1 were
prepared in gram quantities and up to 96% ee by the diastereo-
selective alkylation of pseudoephedrine glycinamide hydrate,5

amide reduction with LAB,6 N-protection, and oxidation.7 These
products were then used to prepareC-protected derivatives of1.
For example, treatment ofN-Fmoc-1 (96% ee) with hydrogen
cyanide followed by cleavage of the Fmoc group afforded the
corresponding cyanohydrins (2d) in 88% yield and 96% ee.7 That
compounds2d are formed without epimerization of theR-center
and that they are sustainable both in solution and in neat form
are noteworthy findings. Self-condensation occurs only slowly
in protic media (e.g.,>1 d, 0.04 M in methanol),8 is much slower
in aprotic solvents, and does not occur to a detectable extent in
neat form. Sequential treatment ofN-Fmoc-1 with hydrogen
cyanide and morpholine followed by cleavage of the Fmoc group
afforded morpholino nitriles2i in 86% yield.7 The diastereomers
2i were readily separated by flash column chromatography and
were shown to be 92 and 94% ee, respectively, thereby establish-
ing that iminium ion formation and its trapping by cyanide are
rapid relative to epimerization of theR-center, a surprising and
highly useful finding. Eight different amino nitriles were prepared

in this manner; cyclic aminal derivatives (e.g., fromN,N′-
dimethylethylenediamine), oxazolidines (from 2-(methylamino)-
ethanol and from (S,S)- and (R,R)-pseudoephedrine), andO-methyl
oxime derivatives were also prepared.7 Of the 14 derivatives that
were prepared, six were assayed for stereochemical purity at the
R-carbon; each was formed withe2% epimerization.7 Of the
amino nitrile derivatives, those formed from cyclic secondary
amines were the most stable, more stable than those derived from
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acyclic secondary amines which, in turn, were dramatically more
stable than those from primary amines and from ammonia (ranked
qualititatively above in order of their observed stability toward
silica gel).9,10 For example, while ammonia derivative2a did not
withstand thin-layer chromatographic analysis (but was formed
cleanly in solution,1H NMR analysis), the morpholino nitriles
2i exhibited no apparent sensitivity to silica gel, nor to mild acids,
and could be stored for months without decomposition.

We have begun to explore the scope of the chemistry to prepare
highly enantiomerically enrichedC-protectedR-amino aldehydes
using the morpholino nitrile function. Thus far, the data show
the methodology to be of general utility; compounds3-7 below
were prepared ing92% ee and typically 70-85% yield (from
the N-protected amino alcohol, 4 steps), in the same manner
described above for2i. Compounds8 and 9 (prepared from
N-Fmoc7 andN-Teoc3, respectively) show that polar, reactive
functional groups may be incorporated within theseC-protected
R-amino aldehyde synthons.

For the directed, linear condensation strategy proposed, a
critical issue was the possibility that epimerization might occur
during condensation reactions. This was explored in the coupling
of theC-protected derivative2i (90% ee)11 with a 10% excess of
(S)-N-trifluoroacetyl phenylalaninal (10, 99% ee) using anhydrous
tetrahydrofuran with suspended sodium sulfate at 23°C, leading
to the clean formation (>90% yield) of just two imines, in a ratio
of 95:5, a value equivalent to the enantiomeric purity of the
component2i.12 Although epimerization of the phenylalaninal-
derivedR-center was observed to occur upon standing, this could
be avoided almost entirely by promptly conducting further
transformations of the imine intermediate. Thus, reductive ami-
nation, amino nitrile synthesis, and Pictet-Spengler cyclization
were all successfully conducted withe5% epimerization at the
R-center in each case (Scheme 1).13 The stability of the mor-
pholino nitrile C-protective group to both the conditions of the
Strecker reaction and the more vigorous conditions of Pictet-

Spengler cyclization is noteworthy.14 In this regard, lithium ion
was found to be a particularly mild and effective means of
selectively activating the imine group; other Lewis acids brought
about decomposition, which we attributed to ionization of the
amino nitrile group. That little epimerization occurred during the
Pictet-Spengler cyclization was especially encouraging for the
planned synthesis of the saframycins.

In conclusion, we have synthesized a series of enantiomerically
enriched,C-protectedR-amino aldehydes using the amino nitrile
function as aC-protective group. The lability of this group can
be modulated over a wide range as a function of the amine that
is incorporated. Among the findings of this work that we believe
challenge conventional thinking are the following: the addition
of hydrogen cyanide to chiral,N-protectedR-amino aldehydes
occurs reversibly and with little to no epimerization; the rate of
trapping of iminium ions derived from chiral,N-protectedR-amino
aldehydes by cyanide greatly exceeds the rate of racemization of
the aldehyde or the iminium ion; and,R-amino cyanohydrins can
be prepared, chromatographed, and stored without racemization
or self-condensation. Finally, we have shown thatN- and
C-protectedR-amino aldehydes can undergo directed coupling
(condensation by reductive amination, Strecker synthesis, or
Pictet-Spengler cyclization) efficiently and with minimal epimer-
ization. By analogy to peptide chemistry, the application of these
findings to the preparation of higher orderR-amino aldehyde
oligomers and to solid-phase methodology is envisioned.
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Scheme 1
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