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products (29% vield) were obtained along with the re-
covered starting material (46% yield) {entry 7). On the oth-
er hand, (S)-verbenol showed better reactivity and selec-
tivity, ie. alcohof oxidation predominates over the olefin
epoxidation to provide enone and epoxy ketone in 67% and
20% vield, respectively, This preference could be explained
by assuming the difficulty of the catalyst approaching to the
sterically congested trisubstituted C=C bond in (5)-verbenol.

This reaction is considered to proceed via electrophilic
Mn"=0 intermediate, which is proposed in the related epox-
idation chemistry (Scheme 1).° The active Mn=0 species ab-
stract H atom next fo hydroxy group, which is fotlowed by
the rebound of manganese hydroxide to the radical or ca-
tionic intermediate. This rebound step should be very fast,
considering that no cyclopropy! rearranged product was ob-
served in the oxidation of 1-phenyl-1-cyclopropanemehanol
(see entry 2 in Table 2). In addition, the low reactivity of
the primary alcohols could be ascribed to the low electron
density around o-carbon to hydroxy group. Studies on the
further reaction mechanism are in progress.

We have shown that the (salen)Mn(1II) complex 1 can be
used as a catalyst for the oxidation of various alcohols. This
oxidation is effected under mild reaction conditions utilizing
bleach (aq. NaOCI) as the oxidant. Due to its simple waste
disposal together with low toxicity and cost, NaOCl con-
sists of a favorable oxidant over the other typical oxidants
such as Cr(VI) and Mn(VI)."” This work introduces a new
method which can utilize a commercial bleach as an ox-
idant for the oxidation of alcohols. Easy preparation and
handling of the catalyst 1 coupled with practical reaction
conditions will make this procedure useful in organic syn-
thesis.
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Tashiromine (1) is an indolizidine alkaloid isolated from
subtropical Asian deciduous shrub, Maackia tashiroi' The
optical rotation was not measured due to the shortage of the
isolated material and, thus, the absolute stereochemistry re-

mains unknown. Although racemic® and (-)-tashiromine’
were synthesized by several research groups, synthesis of
the (+)-enantiomer has not been reported.

In our previous report, we studied the diastercoselective
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alkylation of (8$)-4-carbethoxymethyl-2-oxazolidinone (3) with
I-chloro-3-iodopropane to give 97:3 diastereomeric mixture
of 4 in 80% yield.*® This paper describes the diasteroselective
synthesis of (+)-tashiromine (1) and (4+)-5-epitashiromine (2)
from the chromatographically inseparable mixture 4.°

When the cyclic carbamate 4 was heated at reflux with
DBU and catalytic amounts of n-Bu,NI in THF, the cy-
clized and isomerized frans carbamate § (68%) was ob-
tained together with the c¢is product 6 (5%) which was easi-
ly separable by silica gel chromatography. To minimize the
isomerization at the C-5 position, K,CO, was used instead
of DBU to provide the cis product 6 (73%) and trans pro-
duct 5§ (16%). These cyclizations provide a divergent ap-
proach to cis and frans bicyclic carbamate 5§ and 6 from a
diastereomeric mixture of 4.

CO Et Et
HN__( ) 0,
EtO,C A0 condition A or B
Cl1 0 (0]

condition A: DBU, n-BuyNI, THF, reflux 5§ (68%) + 6 (5%)
condition B: K;COs, n-BugNI, THF, reflux 5 (16%) + 6 (73%:)

Synthesis of (+)-tashiromine from #rans-cartbamate § is
shown in Scheme 1. Selective reduction of the ester moiety
of 5 with lithium aluminum hydride at 0 °C in THF fol-
lowed by conversion to benzyl ether of the resulting hy-
droxy group gave 7 in 73% combined yield. To construct
the second ring of 1, the carbamate 7 was hydrolyzed in re-
fluxing ethanolic NaOH and the resulting piperidine was
selectively protected with +Boc group to give 8 (92% from
7). Swem oxidation of the alcohol 8 followed by Wittig
reaction of the resulting crude aldehyde provided the un-
saturated ester 9 in 89% yield. Hydrogenolysis of the ben-
zyl ether with concomitant reduction of the double bond of

BnO, BnO._

1. LAH, THF, 0°C

. I.NaOH,EiOH _: o
—_—m
2. NaH, BgBr, CNK\O 2. (+-Boc),0 CN(\
cat. n-BugNBr \\< ~t-Boc
THF o) 2%
713% 7 8
1. CICOCOCH
DMSQO, EuyN
2. PhyP=CHCO;Me
899%
HO HO\. BnO
1. H,, Pd-C e
LAH E10R, 80% A COEL
N THF N 2. Dowex S0-W, CN(\/
0 1-BuOH, reflux “t-Boc
81% 87%
1 10 9
Scheme 1
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9 under atmospheric hydrogen pressure was accomplished
in 80% yield to give the corresponding saturated hydroxy
ester. Removal of -Boc group of the piperidine ring and
cyclization of the resulting aminoester to 10 proceeded
smoothly in 87% yield in a single step using Dowex 50-W
acidic resin in #-BuOH heated at reflux. Finally, LAH
reduction of 10 in THF heated at reflux gave (+)-tashirom-
ine (1) in 81% yield (mp 40-41 °C) after silica gel chro-
matography (MeOH :NH,OH=100:1) followed by Kugel-
rohr distillation. The spectral data (IR, mass, 'H- and "“C
NMR) of 1 are identical with thase reported.”

The 'H- and “F NMR spectra of the Mosher's esters of 1
and 10 showed only a single diasteroisomer, respectively,
Also, the specific rotation of 1 measured in chloroform
([o]*'5=+43.4, ¢ 0.53) and ethanol ([0]*p=+42.9, ¢ 2.35)
was higher than that of (-)-tashiromine synthesized before.’

The same synthetic approach was also applied to cis-car-
bamate 6 for the synthesis of oily (+)-5-epitashiromine 2
without any difficulty (Scheme 2).* Though the 'H- and "F
NMR spectra displayed that the Mosher's esters of 2 and 14
are diastereamerically pure, the specific rotation of 2 ([0
=+1.6, in H,O and +1.1 in EtOH) changed slowly from a
positive to a negative value by possible contamination with
the corresponding amine N-oxide. Constant optical rotation
([@]*s=+29.1, ¢ 0.45, EtOH) was obtained by HCI salt for-
mation of 2,

In conclusion, we described the first synthesis of enan-
tiomerically pure (+)-tashiromine from chiral 2-oxazolidi-
none 3 using an cleven-step reaction sequence in 18%
overall yield. Also, (+)-5-epitashiromine was synthesized us-
ing the same strategy in 15% overall vield. This synthetic
strategy using the 2-oxazolidinone intermediates derived
from aspartic acid can provide straightforward approaches
to diverse nitrogen-containing mono- and bicyclic alkaloids.
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213.1001.
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Very recently, we reported that primary and secondary al-
cohols are readily converted into the comesponding al-
dehydes and ketones in essentially quantitative yields by ox-
idation of ftrialkoxyaluminum with pyridinium chloro-
chromate (PCC) at room temperature,! The reaction proce-
eds in a similar fashion where alcohols are converted into
carbonyl compounds by oxidation of trialkyl borates with
PCC,? however the reaction conditions appear to be much
milder presumably due to the bigger atomic size of alu-
minum than that of boren. From this point of view, we de-
cided to extend this procedure to the transformation of car-
boxylic acids into the corresponding aldehydes, similar to
the case in which carboxylic acids are converted into al-
dehydes by oxidation of trialkoxyboroxine with PCC.*

Carboxylic acids are readily reduced to the corresponding
alcohols with immediate evolution of 1 equiv hydrogen by
aluminum hydride at 0 °C* (Eq. 1). The initial reaction pro-
duct in such reduction has not been identified, but we be-
lieve that it could be a kind of alkoxyaluminum (1). As the
facile conversion of primary alcohols to aldehydes by ox-

RCOOH %‘—— RCOOAIH, + 122 H, |

H-:O
[RCH,0-Al<] ———=RCH,OH (1)
1

RCOCAIH, —7

idation of trialkoxyaluminum by PCC as already reported,’
we undertook to explore the practicality of a simple one-pot
conversion of carboxylic acids into aldehydes. Herein, we
describe such transformation by oxidation of the alkoxy-
aluminum intermediate (1) with PCC or pyridinium di-
chromate (PDC).

The method involves the rapid reduction of carboxylic
acid with aluminum hydride, followed by oxidation of the
resultant atkoxyaluminum intermediate (1) (without isolation)
with PCC or PDC at room temperature (Eq. 2).

I pccorppc ~ RCHO )
RT, 3120 ~100%



