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ABSTRACT

A radical carbon−carbon bond construction approach to chiral r-branched amines is presented. Stereocontrolled radical addition to chiral
hydrazones can be achieved by virtue of conformational constraints imposed during cyclizations using a temporary silicon connection. Oxidative
removal of the tether completes the hydroxymethylation process to afford anti-2-hydrazino-1,3-diols in good yield. The 1,2-induction increases
with increasing A values of the appended groups, consistent with prediction by the Beckwith−Houk model for stereocontrol in 5-hexenyl
radical cyclizations.

Chiral R-branched amines are key features within bioactive
amino alcohols such as sphingolipids and aminosugars; direct
and efficient synthetic strategies exploiting carbon-carbon
bond construction with acyclic stereocontrol hold consider-
able promise for streamlined preparation of these valuable
targets.1 Currently common are indirect routes involving
stepwise C-C and C-N bond constructions and often a third
separate asymmetric induction step (e.g., alkene epoxidation
or carbonyl reduction).2 In contrast, a strategy exploiting
retrosynthetic C-C bond disconnection ofR-branched
amines (Figure 1) creates both a stereocenter and a C-C
bond in one synthetic transformation.

Application of the C-C bond construction strategy has
been underdeveloped, largely because additions of carban-

ionic reagents to aldehyde imino derivatives3 (azomethines)
often suffer competing aza-enolization.4 New C-C bond
constructions for chiralR-branched amine synthesis are
consequently in high demand.5

To address the general problem of acyclic chiralR-branched
amine synthesis, nonpolar radical additions to CdN bonds6
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Figure 1. Carbon-carbon disconnection for synthesis of chiral
R-branched amines.
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(Figure 1) could (a) circumvent imine aza-enolization
problems, (b) efficiently construct crowded C-C bonds, and
(c) tolerate highly functionalized precursors. However,
acyclic stereocontrol of radical additions to CdN is virtually
unknown.7 Could the well-known high internal conforma-
tional diastereocontrol of 5-hexenyl radical cyclizations8 be
harnessed forformalacyclic stereocontrol of radical addition
to CdN bonds? To test this hypothesis, the preexisting
stereocenter of a chiralR-hydroxy ester would serve to direct
the 5-exo-trigcyclization of a radical tethered via a temporary
silicon connection9 (Figure 2). Subsequent oxidative removal

of the tether10 would afford acyclic chiralR-branched
amines.11 Here I disclose initial experiments which confirm
the viability of the silicon tether approach for stereoselective
hydroxymethylation of hydrazones and explore substituent
effects on diastereocontrol.

From readily available enantiomerically pureR-silyloxy
esters1a-d,12 standard transformations led conveniently to
cyclization substrates4 in good overall yields (Scheme 1).

Silylation and DIBAL reduction gave aldehydes which
condensed readily withN,N-diphenylhydrazine to afford the
corresponding hydrazones2.13,14Desilylation gaveR-hydroxy
hydrazones3,13 which upon treatment with bromometh-
yldimethylsilyl chloride in the presence of triethylamine
provided radical cyclization substrates4.15,16

Cyclization of bromides4 using standard tin hydride
conditions (1.4 equiv of Bu3SnH, 10 mol % of AIBN, PhH,
0.02 M) resulted in very clean, efficient C-C bond construc-
tion to furnish unstable cyclic silanes5 (Scheme 2). In the

same flask, Tamao oxidation17 (KF, KHCO3, H2O2) then
smoothly deliveredanti-2-hydrazino-1,3-diols613 in good
yields. The cyclic silane intermediates were unstable to
normal silica gel chromatography but were examined easily
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Figure 2. Silicon tether approach to stereocontrolled radical
addition to CdN bonds.

Scheme 1. Preparation of Hydrazone Cyclization Substrates

Scheme 2. Silicon-Tethered Radical Addition to Hydrazones
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by 1H NMR spectroscopy and stored indefinitely in benzene
at -5 °C without significant decomposition.

Relative configuration was ascertained upon conversion
of diols 6 to the corresponding 1,3-diol acetonides713

(Scheme 3). Large vicinal coupling constants (1H NMR, J2,3

) 8.7-9.7 Hz) revealedanti configurations.18 Predominant
chair conformations were confirmed by appropriate acetonide
chemical shifts (13C NMR).19

The Beckwith-Houk model20 predicts enhancement of
diastereoselectivity upon increasing substituent steric demand
in 4-substituted 5-hexenyl radical cyclizations. The present
method was conceived in expectation that a similar transition
state model would apply. Indeed, experimental support for
this is seen in the correlation of diastereoselectivity with
substituentA values21 (Table 1). A preferred chairlike
transition state with a pseudoequatorial substituent minimiz-
ing allylic strain is consistent with the observed product
distributions; the minorsynproduct would be expected from
disfavored chair-axial and/or boat conformations.22

In conclusion, a method for stereocontrolled radical
addition to chiral hydrazones has been designed and imple-
mented which, in conjunction with established methods for
reductive cleavage of hydrazine N-N bonds,23 constitutes a
novel nonpolar complement to ionic methods for acyclic
amino alcohol synthesis. This carbon-carbon bond construc-
tion approach to chiralR-branched amine synthesis features
the temporary silicon connection for formal acyclic stereo-
control of radical addition to CdN bonds.
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Scheme 3. Relative Configurations of 2-Hydrazino-1,3-diols

Table 1. Correlation of Cyclization Diastereoselectivity with
Substituent A Values

entry R A valuea (kcal/mol) product, ratio (anti:syn)b

1 Me 1.6 5a, 80:20 [6a, 79:21]
2 iBu 1.8 (est.) 5b, 88:12 [6b, 85:15]
3 iPr 2.2 5c, 95:5 [6c, 96:4]c

4 Ph 2.9 5d, >98:2d [6d, >98:2]d

a A values are free energy differences between equatorial and axial chair
cyclohexanes.21 Values for R are assumed similar here in order to show
the trend within the series.b Ratios from integration of1H NMR spectra.
c Gravimetric ratio of separated diastereomers.d Minor isomer not detected.
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