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In connection with our interest in the development of an
enantioselective synthetic route to the saframycin antibiéties,
were led to consider the viability of chiratamino aldehydes as
synthetic intermediates and their use as condensation component
in a directed, linear assembly process. In this context, condensatio
refers to any transformation that involves imine formation as an
initial step, such as the Strecker synthesisxedmino 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 frommamino acids. There were several
concerns attending the execution of the proposed strategy. A
problem shared with peptide synthesis is the issue of epimerization
of the a-center, both pre- and post-coupling. In the case at hand,
this issue was of particular concern given the greater propensity
of aldehydes to enoclize versus carboxylic acids. And, while
N-protectedx-amino aldehydes are widely used synthetic building
blocks? their counterparts in this strategyG-protected-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.In this work we have developed a novel series of
C-protective groups fori-amino aldehydes that is based upon
the amino nitrile functiort,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.
show that thes€-protectedo-amino aldehyde components can
be prepared with high enantiomeric enrichment and can be
coupled withN-protecteda-amino aldehydes in directed con-
densation reactions and maintain a high degree of optical purity
in the process.

We initiated our studies with the complexamino aldehyde
1, which was imagined to be a synthetic precursor to saframycin
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A. N-Cbz, N-Fmoc, andN-trifluoroacetyl derivatives ofl were
prepared in gram quantities and up to 96% ee by the diastereo-
selective alkylation of pseudoephedrine glycinamide hydrate,
amide reduction with LAB,N-protection, and oxidatiohThese
products were then used to prep&rotected derivatives df.

For example, treatment df-Fmoc- (96% ee) with hydrogen
éyanide followed by cleavage of the Fmoc group afforded the

rl:orresponding cyanohydrin2d) in 88% yield and 96% e&That

compound®d are formed without epimerization of tleecenter

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 methanoB s much slower

in aprotic solvents, and does not occur to a detectable extent in
neat form. Sequential treatment dFFmoc<d with hydrogen
cyanide and morpholine followed by cleavage of the Fmoc group
afforded morpholino nitrilegi in 86% yield’ 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 the-center, a surprising and
highly useful finding. Eight different amino nitriles were prepared

CN
NH,

X: HoN < n-PrNH < (CHg),N < HO <
a b c d

Ar = 5-tert-butyldimethylsiloxy-2,4-dimethoxy-3-methylphenyl| or
2,4-dimethoxy-5-hydroxy-3-methylphenyl (see structure 1)

Ar

2

in this manner; cyclic aminal derivatives (e.g., frodMN-
dimethylethylenediamine), oxazolidines (from 2-(methylamino)-
ethanol and fromg,9- and R,R-pseudoephedrine), a@methyl
oxime derivatives were also prepare@f the 14 derivatives that
were prepared, six were assayed for stereochemical purity at the
a-carbon; each was formed with2% epimerizatiori. 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)®1°For example, while ammonia derivati2a did not
withstand thin-layer chromatographic analysis (but was formed
cleanly in solutionH 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 enriche@-protectec-amino aldehydes
using the morpholino nitrile function. Thus far, the data show
the methodology to be of general utility; compourdis? below
were prepared ir=92% ee and typically 7085% yield (from

the N-protected amino alcohol, 4 steps), in the same manner
described above foRi. Compounds8 and 9 (prepared from
N-Fmoc7 andN-Teoc3, respectively) show that polar, reactive
functional groups may be incorporated within th€serotected
o-amino aldehyde synthons.

CN CN
NH, NH, NHz
N N N
O(\\) O|/\\) O(\\) CHg
3 4 s Chs
92% ee 96% ee >95% ee
CN CN CN
NH, NH, NH,
N N N
| o)
7 R=TDS !
02% oo ™S 8 i e s2% eeCHO

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 the C-protected derivativ@i (90% ee)! with a 10% excess of
(9-N-trifluoroacetyl phenylalaninallQ, 99% ee) using anhydrous
tetrahydrofuran with suspended sodium sulfate at@3eading
to the clean formationX90% yield) of just two imines, in a ratio
of 95:5, a value equivalent to the enantiomeric purity of the
componenti.? Although epimerization of the phenylalaninal-
derivedo-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 Pict&pengler cyclization
were all successfully conducted with5% epimerization at the
o-center in each case (Scheme®lYhe stability of the mor-
pholino nitrile C-protective group to both the conditions of the
Strecker reaction and the more vigorous conditions of Pictet

(9) The newly formed stereocenters, represented with a wavy line in
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Information for details of stereochemical determinations.
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Spengler cyclization is notewortAy.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-protectedx-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 chiraN-protectedo-amino aldehydes
occurs reversibly and with little to no epimerization; the rate of
trapping of iminium ions derived from chirail-protectedx-amino
aldehydes by cyanide greatly exceeds the rate of racemization of
the aldehyde or the iminium ion; and;amino cyanohydrins can
be prepared, chromatographed, and stored without racemization
or self-condensation. Finally, we have shown thdt and
C-protecteda-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 orderamino aldehyde
oligomers and to solid-phase methodology is envisioned.
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(14) In no event was scrambling of the amino nitrile center observed.



