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ABSTRACT

A stereocontrolled route via allyl 1,2-diols to vicinal diamines based on the [3.3] sigmatropic rearrangement of allyl cyanate has been developed.
Our approach consists of two consecutive steps: stereoselective construction of allyl anti- and syn -1,2-diols followed by [1,3]-chirality transfer
by sigmatropic rearrangement, which allow an access to anti -(2R,3R)- and syn -(2R,3S)-2,3-diaminobutanoic acids.

Over the course of the past decades, chiral 1,2-diamines have
become an increasing targeted functional motif in organic
synthesis owing to their ubiquity in natural products and
medicinal agents.1 For example, it is found in biotin,
penicillins,R,â-diamino acids, and antiinfluenza neuramini-
dase inhibitor Tamiflu. Moreover, chiral vicinal diamines and
their metal complexes have been employed in stereoselective
organic synthesis, in particular, as chiral auxiliaries and
ligands in catalytic asymmetric synthesis. Although a number
of strategies for the synthesis of vicinal diamines have been
developed, there are few synthetic methods that allow one
to obtain 1,2-diamino building blocks with all possible
absolute and relative stereochemical arrangements.

Among many reports for the synthesis of vicinal diamines,
there are two representative approaches based upon the
sigmatropic rearrangement. Weinreb reported stereocon-
trolled synthesis of unsaturated vicinal diamines from Diels-
Alder adducts of sulfur dioxide diimides and 1,3-dienes.2 In
this case, [2.3] sigmatropic rearrangement of allyl sulfin-
imines to allyl sulfenamides followed by desulfurization with
trimethylphosphite afforded thesyn- andanti-diamine de-
rivatives. Ernst and Bellus reported a strategy based on the
[3.3] sigmatropic rearrangement of allyl trichloroacetimidate
derived fromR-amino acids, which underwent palladium-
catalyzed aza-Claisen rearrangement to affordanti vicinal
diamines with good diastereoselectivity.3

Recent reports from our group have presented a stereo-
selective synthesis of allyl amines based upon allyl cyanate-
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to-isocyanate rearrangement.4 We envisioned that an exten-
sion of this sigmatropic reaction to the synthesis of allyl
vicinal diamines would control two stereogenic centers
attached to nitrogens. To realize this plan, we set up the
synthesis ofR,â-diaminobutanoic acids (R,â-Dabs)1 and2.

The R,â-diamino acid family constitutes a key structural
element found in a variety of antibiotics, antifungal peptides,
and other biologically active compounds.5 In particular,R,â-
Dabs have attracted numerous synthetic efforts because they
are the simplest member of theR,â-diamino acid family yet
form key elements in both peptide antibiotics and toxins.6

In this communication, we show our approach to the
synthesis of allyl vicinal amines based upon allyl cyanate-
to-isocyanate rearrangement, which allowed the stereoselec-
tive synthesis of theseR,â-Dabs.

Our strategy starts with aldehydeA, as outlined in Scheme
1. Horner-Emmons reaction of chiral phosphonateB with

A would afford enoneC, a common intermediate, which
would give access to both allylanti andsynvicinal diamines.
Allyl anti- and syn-1,2-diolsD were envisioned to derive
from stereoselective reduction of enoneC. [3.3] Sigmatropic
rearrangement of allyl cyanatesE andH would furnish the

allyl anti and syn vicinal diamine derivativesJ and K. In
these transformations (EfFand HfI), we would take
advantage of the concerted nature of sigmatropic rearrange-
ment to achieve a high level of [1,3]-chirality transfer of
two stereogenic centers attached to oxygens during the C-O
to C-N bond reorganization.7 Finally, oxidative cleavage
of alkene moieties inJ andK would furnish theR,â-diamino
acids. One merit of this strategy is that a variety ofR,â-
diamino acids could be synthesized by simply choosing an
appropriate aldehdydeA.

A common intermediate for the synthesis ofR,â-Dabs was
anR,â-unsaturated ketone6, which was readily obtained by
the condensation of chiral phosphonate5 with acetaldehyde
(Scheme 2). Protection of the hydroxy group inL-lactic acid

methyl ester (3) with p-methoxybenzyl (PMB) trichloroace-
timidate in the presence of trifluoromethanesulfonic acid gave
the PMB ether4 in 85% yield.8 Condensation of4 with
lithium methyldimethyl phosphonate in THF furnished the
chiral phosphonate5, which was then subjected with
acetaldehyde under Masamune-Roush conditions (LiCl,
i-Pr2NEt, CH3CN)9 to furnish theR,â-unsaturated ketone6
predominantly in 77% yield over two steps.

Stereocontrolled reduction ofR-oxygenated enone6 for
the preparation of allylanti- andsyn-1,2-diols (7 and8) was
examined employing several reducing reagents (Table 1).
In the case of lithium aluminum hydride (entry A), the
modest level of diastereoselection was observed (83:17) to
deliver an inseparable mixture of7 and8 in a combined yield
of 98%.10 Although L-selectride reduction in toluene (entry
B) showed good selectivity (99:1),11 appreciable amounts
(29%) of the competitive conjugate reduction product were
formed, resulting in a reduced yield (59%). Chelation-
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Scheme 1. Strategy for the Synthesis of Allyl Vicinal Amines

Scheme 2. Synthesis of a Common Intermediate6
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controlled zinc borohydride reduction (entry C) proved to
be our choice for the preparation of allylanti-1,2-diol7 with
a 99% yield and 91:9 selection.12

Felkin-Ahn selective reduction of6 with L-selectride in
THF (entry D) resulted in a 77% yield and 12:88 selectivity,
accompanied by unwanted conjugate reduction product9
(23%).13 DIBAL reduction (entry E) also resulted in undesir-
able results: modest selectivity (30:70) and more conjugate
addition product 9 (35%). To suppress this conjugate
reduction problem, Luche reduction was examined (entry F)
and proved to be effective, furnishing products with an 82%
yield and 10:90 selection.14

We initially assigned the stereochemistry of the products
7 and8 on the basis of chelation-control and Felkin-Ahn
models, which was firmly secured by the Mosher-Kusumi
MTPA ester analysis as illustrated in Figure 1.15 Thus,

secondary alcohols7 and8 were transformed into the cor-
responding (S)- and (R)-MTPA esters10 and 11. Stereo-

chemical assignment according to the Mosher-Kusumi
analysis was carried out by calculation of the chemical shift
differences (∆δvalues: ∆δ ) δS - δR), which proved to
be identical to those predicted on the basis of the chelation-
control and Felkin-Ahn models.

With the preparation of both allylanti- andsyn-1,2-diols
established, we undertook the synthesis of vicinal diamines
via sigmatropic rearrangement (Scheme 3). Treatment of7

with trichloroacetyl isocyanate followed by hydrolysis with
potassium carbonate in aqueous methanol provided allyl
carbamate12. Dehydration of allyl carbamate12 using
modified Appel’s conditions (PPh3, CBr4, Et3N)16 provided
allyl cyanate13, which underwent facile [3.3] sigmatropic
rearrangement to afford allyl isocyanate14. To avoid the
hydrolysis of14during aqueous workup, benzyl alcohol and
a substoichiometric amount of tributyltin benzylalkoxide (30
mol %) were added to the reaction mixture. After stirring at
room temperature overnight followed by workup and chro-
matography, the Cbz-carbamate15 was obtained in 93%
overall yield from12. It should be noted that the yields of
15 decreased to ca. 60-70% in the absence of tributyltin
benzylalkoxide.17 The next construction of the stereogenic
center attached to nitrogen began with oxidative deprotection
of the PMB ether in15 with DDQ in 94% yield.18 The allyl
alcohol 16 was transformed into the carbamate17, which
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Table 1. Stereocontrolled Reduction ofR-Oxygenated Enone6

entry reducing agent 7/8a % yield

A LiAIH4, Et2O, -10 °C 83:17 98
B L-selectride, toluene, -78 °C 99:1 59 (29)b

C Zn(BH4)2, Et2O, -10 °C 91:9 99
D L-selectride, THF, -78 °C 12:88 77 (23)b

E DIBAL, CH2Cl2, -78 °C 30:70 60 (35)b

F NaBH4, CeCl3, MeOH, 0 °C 10:90 82

a Ratio based on1H NMR analysis.b Number in parentheses is the yield
of 9.

Figure 1. Mosher-Kusumi MTPA ester analysis:∆δ values for
the Mosher ester derivatives10 and11.

Scheme 3. Construction of Allylanti-1,2-Diamine
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was then dehydrated as before, to afford the rearranged
product19. To our delight, the resultant isocyanate19 was
efficiently trapped in situ by intramolecular attack of nitrogen
in the Cbz group providing imidazolidinone20 in 70-77%
yields.19 Furthermore,20 was isolated as crystals, and the
minor isomer arising from the reduction step (6f7) was
removed at this stage by recrystallization.

The next task for the synthesis ofR,â-Dab is the functional
group transformation of the alkene moiety in20 into the
corresponding carboxylic function (Scheme 4). This oxidative

cleavage was found to be more difficult than initially
expected: attempts using several oxidizing reagents (OsO4/
NaIO4, O3, RuCl3/NaIO4) proved futile. We finally found
that protection of the NH in imidazolidinone20 had a
dramatic effect on this oxidative transformation. Thus,
acetylation of 20 (Ac2O, DMAP, CH3CN) followed by
ruthenium-catalyzed oxidation of21 under Sharpless condi-
tions (RuCl3, H5IO6, CCl4/H2O/CH3CN)20 resulted in the
smooth cleavage of the double bond. Esterification of the
resultant carboxylic acid by treatment with diazomethane
then led to the methyl ester22 in 72% isolated yield over
two steps. Removal of the Cbz and acetyl groups and
hydrolytic cleavage of the imidazolidinone ring in22 were
carried out by acid-catalyzed hydrolysis (2 N HCl, 90°C,
24 h) to afford the (2R,3R)-Dab hydrochloride23.

The synthesis of (2R,3S)-Dab2 starting from allylsyn-
1,2-diol8 was then explored (Scheme 5). The [1,3]-chirality
transfer of two stereogenic centers attached to oxygen in8
was accomplished (8f25 and26f28) using reaction condi-

tions similar to those employed in Scheme 3, and the
imidazolidinone28was obtained with comparable efficiency
(67% overall yield from8 to 28). After acetylation of NH
in 28, the resultant29 was subjected to the ruthenium-
catalyzed oxidative transformation into the corresponding
carboxylic acid. Although esterification with diazomethane
generated31 along with 30, separation of30 followed by
acetylation (Ac2O, DMAP, Et3N, CH3CN) then furnished31;
a total yield of 81% for the methyl ester31 was obtained.
As before, hydrolysis of31 with 2 N HCl followed by ion-
exchange chromatography then completed the synthesis of
(2R,3S)-Dab hydrochloride32.

We have proposed a new route for the stereocontrolled
construction of allyl 1,2-diamines, which was realized in the
synthesis ofanti-(2R,3R)- andsyn-(2R,3S)-Dabs,1 and 2,
starting fromL-lactic acid methyl ester (3). Because enan-
tiomericD-lactic acid derivatives are commercially available,
the present method described here also constitutes a formal
synthesis of the enantiomers of both1 and2. Further progress
toward the synthesis of otherR,â-diamino acids by choosing
appropriate aldehydes is now underway in our laboratory.
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Scheme 4. Synthesis ofanti-(2R,3R)-Dab Hydrochloride

Scheme 5. Synthesis ofsyn-(2R,3S)-Dab Hydrochloride
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