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Abstract: Allylic oxidation of a known lactam, obtained by asym-
metric [2+2] cycloaddition of dichloroketene to a chiral enol ether,
followed by Beckmann ring expansion and dechlorination, affords
a potential intermediate for the synthesis of various natural prod-
ucts. The usefulness of this intermediate is first demonstrated by an
asymmetric synthesis of (–)-detoxinine.
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The [2+2] cycloaddition of dichloroketene to chiral enol
ethers has already proven highly effective for the synthe-
sis of several natural alkaloids,1 including the simple aza-
sugars (–)-2-epilentiginosine and (+)-lentiginosine.1b To
demonstrate that this chemistry can also provide access to
the more complex indolizidine and pyrrolizidine azasug-
ars, we have selected for synthesis (+)-castanospermine
(1), (–)-swainsonine (2), and (+)-australine (3), popular
synthetic targets that are potent inhibitors of glycosidases
and of potential use in cancer chemotherapy (Figure 1).2

A common intermediate in our synthetic strategy ap-
peared to offer also an approach to the unusual amino acid
(–)-detoxinine (4),3 the parent structure of the depsipep-
tide metabolites of the detoxin complex, which has been
isolated from various strains of streptomyces and displays
a unique detoxification effect in both plant and animal
cells.4 In this communication, we describe a non-chiral
pool, stereoselective synthesis of (–)-detoxinine.

Figure 1

The pivotal intermediate in our program was anticipated
to be allylic alcohol III  (Scheme 1). Since a preparation of
highly diastereomerically enriched lactam II  from enan-
tiopure 1-(2,4,6-triisopropylphenyl)ethanol was already
available from previous work in our laboratory,1a its allyl-
ic oxidation to access III  seemed worth examining, partic-
ularly in view of the encouraging literature precedent with
SeO2 on related systems.5

Scheme 1

Thus, lactam 8b was synthesized as reported,1a with slight
modification: The S-enantiomer of 1-(2,4,6-triisopropyl-
phenyl)ethanol (5), chosen to gain access to the desired
antipodal series, was converted in high yield to the dichlo-
roenol ether 6, which in turn was treated with 2 equiva-
lents of n-BuLi, followed by allyl iodide, to yield ynol
ether 7a (Scheme 2). Partial reduction of the triple bond
was performed with DIBAL-H in toluene at 50 °C,6 in-
stead of by catalytic hydrogenation with the Lindlar cata-
lyst, to give enol ether 7b, now free of the 10–20% of
over-reduced material previously observed on hydrogena-
tion.1a Diastereoface-selective cycloaddition of dichloro-
ketene to 7b, followed by Beckmann ring expansion and
dechlorination, then afforded lactam 8b in 38% overall
yield for the five steps (82%/step). The diasteromeric
purity of 8b was found, as previously, to be excellent (ca.
95%, 1H NMR); furthermore, the minor diastereomers,
conveniently, filtered out over the subsequent steps of the
synthesis.

It was found that allylic oxidation of 8b under Sharpless
conditions (SeO2, t-BuOOH, ClCH2CH2Cl, reflux) did in-
deed lead to the formation of the desired product, but ini-
tially in only 35% yield.8 Optimization studies revealed
that the corresponding enone was also formed, from oxi-
dation of the allylic alcohol, and was unstable under the
reaction conditions. Thus, the reaction was stopped before
complete consumption of the starting lactam (3 h at 70 °C)
and, in this way, lactams 9a,b could be obtained in 56%
yield (75%, based on recovered starting material).9
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It was disappointing, however, to find that there was,
essentially, a complete absence of stereoselectivity in this
reaction. While the mixture could not readily be separated
at this stage, it could be smoothly transformed in the pres-
ence of the Dess–Martin periodinane into the correspond-
ing enone 10, which could then be reduced (Scheme 3).
The sensitive functionality in the enone limited, however,
the range of possible reagents; the reducing reagents that
were screened are listed in Table 1.

Scheme 3 Reagents and conditions: a) Dess–Martin periodinane,
CH2Cl2; b) see Table 1.

In all cases, the cis-anti isomer 9b was the major product,
ranging from 12:1, obtained through controlled LiAlH4

reduction, to 2:1, secured by using the chiral reagent (+)-
DIPCl.10 The preference for the cis-anti isomer is consis-
tent with a Felkin–Anh like reactive conformation, al-
though chelation may also be involved (entries 3, 4). It is
worth noting that lactam 9b, although not the desired
isomer in the present context, does possess the relative
stereochemistry found in a large number of alkaloids (e.g.,
1–3) and, together with its enantiomer formed from (R)-1-
(2,4,6-triisopropylphenyl)ethanol, should be quite useful
for accessing several of these compounds.

Following this study, the synthesis of (–)-detoxinine was
continued from the equimolar mixture of diastereomers
formed with SeO2, in the hope that a separation might be
forthcoming. Fortunately, this turned out to be the case:
the diastereomeric Cbz pyrrolidine derivatives 11a,b,
formed from 9a,b in 83% yield over two steps, allowed
easy separation of the stereoisomers on silica gel (DRf =
0.16), which made possible a stereoconvergent approach
to (–)-detoxinine (Scheme 4).

The cis-syn isomer 11a, possessing the required configu-
ration, was first transformed into the natural product.
Hydroboration with 9-BBN, followed by oxidation of the
intermediate borane, furnish the 1,3-diol 12a in 84%
yield. Other hydroborating agents tested afforded
mixtures of the 1,2- and 1,3-diols. Oxidation to the

Scheme 2 Reagents and conditions: a) KH, THF, 0 °C to 20 °C;
trichloroethylene, –50 °C to 20 °C, 85%; b) n-BuLi, THF, –78 °C to
–50 °C; allyl iodide, HMPA, –60 °C to 0 °C; c) DIBAL-H, THF,
50 °C; d) Cl3CCOCl, Zn-Cu, Et2O, 20 °C; e) NH2OSO2C6H2(CH3)3,

7

Na2SO4, CH2Cl2, 0 °C; Al2O3, MeOH; f) NH4Cl, Zn-Cu, MeOH,
20 °C, 38% from 6 (82%/step); g) SeO2, TBHP, ClCH2CH2Cl, 70 °C,
56% (75%, based on recovered starting material).9 (S)-R*OH = (S)-1-
(2,4,6-triisopropylphenyl)ethanol.
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Table 1 Reduction of Enone 10

Entry Reagent Conditions dr (9a:9b)a Yield (%)b

1 NaBH4, CeCl3 EtOH, 0 °C 1:5 83

2 Zn(BH4)2 Et20, –78 °C to 
20 °C

1:6 46

3 Red-Al Toluene, 0 °C 1:8 43

4 LiAlH 4 THF, –15 °C 1:12 89

5 (+)-DIPCl THF, 0 °C 1:2 <30

6 (–)-DIPCl THF, 20 °C N.R. N.R.

a Determined by 1H NMR.10

b Over two steps.

Scheme 4 Reagents and conditions: a) LiAlH4, THF, reflux; b)
BCN,11 THF, Et3N, 20 °C, 83% (2 steps); c) 9-BBN, THF, –20 °C to
20 °C; NaOH, H2O2, 84% for 12a, 85% for 13a; d) TEMPO, NCS,
NaClO2, isoprene, 88% for 12b, 91% for 13b (2 steps); e) H2,
Pd(OH)2, MeOH, HCl; f) TFA, CH2Cl2, 79% (2 steps); g) CH2N2,
Et2O, 92% (ester); h) H2, Pd(OH)2, EtOAc, AcOH, 40 °C, 82%;
i) PCC, CH2Cl2; NaBH4, EtOH, 0 °C, 51% (2 steps); j) HCl (3 N),
reflux, 85%.
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corresponding acid 12b proceeded smoothly by using
TEMPO, followed by sodium chlorite (88% yield). (–)-
Detoxinine was then secured in 79% yield by removal of
the Cbz protecting group through catalytic hydrogenation
and cleavage of the chiral auxiliary with TFA. The syn-
thetic material {[a]D

20 –4.6 (c 0.50, H2O); lit.3b [a]D
20 –4.4

(c 0.50, H2O), lit.3d [a]D
20 –4.6 (c 0.50, H2O)}, thus ob-

tained was indistinguishable from an independently pre-
pared sample of (–)-detoxinine (that had been shown to be
identical with the naturally derived material).

The cis-anti isomer 11b was next considered. Since nei-
ther a Mitsunobu reaction (low yield) nor an oxidation–re-
duction approach (mostly 1,4-reduction) proved useful for
inverting the carbinol center, lactam 14a was prepared for
this purpose. It was reasoned that in the derived ketone the
large chiral auxiliary and the folded nature of the bicycle
would combine to generate predominantly, if not exclu-
sively, the a-hydroxyl group on hydride reduction. Acid
13b was thus prepared as was acid 12b (77% yield) and
esterified, and the ester was cyclized to lactam 14a by
carbamate cleavage (75% yield, two steps). As hoped,
oxidation of 14a with PCC, followed by reduction of the
resultant ketone with NaBH4, afforded the inverted
epimer 14b as the major product (12:1 ratio), isolated as a
single isomer in 51% yield for the two steps. Acid
treatment of 14b then gave in 85% yield (–)-detoxinine,
identical with that obtained above.

In summary, (–)-detoxinine has been synthesized in a
stereocontrolled approach in 8.3% overall yield starting
from (S)-1-(2,4,6-triisopropylphenyl)ethanol (5). Over
the course of this work, an effective preparation of allylic
alcohol 9b has also been realized, which, together with its
enantiomer, should allow access to several indolizidine
and pyrrolizidine azasugars.
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