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The antitumor antibiotic tetrazomine 1 was isolated from
Saccharothrix mutabilis at the Yamonouchi Pharmaceutical
company by Suzuki et al.[1] Tetrazomine is a member of the
tetrahydroisoquinoline family of antitumor antibiotics that

includes ecteinascidin 743 (2),[2] bioxalomycin a2 (3),[3] and
quinocarcin (4).[4] Tetrazomine most closely resembles quino-
carcin, except for the amino functionality at C10', the unusual
b-hydroxy pipecolic acid moiety, and the oxidation state of
C13'. Neither the relative nor the absolute stereochemistry of
tetrazomine were determined when the structure was initially
reported.[1b] We have since determined that the absolute
stereochemistry of the pipecolic acid moiety is 2S,3R.[5]

Preliminary antitumor/antimicrobial assays of tetrazomine
revealed that this substance possesses activity against P388
leukemia in vivo and good antimicrobial activity against both
Gram-negative and Gram-positive bacteria.[1a] Tetrazomine
exerts its cytotoxic activity through oxidative damage to DNA
by the superoxides formed in the auto-redox disproportiona-
tion of the fused oxazolidine, and possibly through DNA
alkylation.[6]

The total synthesis of tetrazomine has not been reported in
the literature,[7] although the synthesis of the AB-ring system
of tetrazomine has been discussed by Ponzo and Kaufman.[8]

Herein, we describe the first total synthesis of (ÿ)-tetrazo-
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mine and the determination of its relative and absolute
stereochemistry.

A retrosynthetic disconnection of tetrazomine included the
late-stage coupling of the protected b-hydroxypipecolic acid
5[9] to the aniline 6 (Scheme 1). The aniline was to be derived
from a 1,3-dipolar cycloaddition to the azomethine ylide of
tricycle 7 using a methodology developed in our laborato-
ries.[7e] Substance 7 could in turn be obtained from the
trisubstituted nitroaromatic 8, which would ultimately be
derived from ortho-anisaldehyde (9).

The synthesis began with the regioselective opening of the
previously described[10] epoxide 10 with sodium azide
(Scheme 2). The resulting primary alcohol was protected as
the benzyl ether, and the azide was hydrogenated to afford
amine 11. Selective nitration ortho to the methoxy group was
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Scheme 2. Synthesis of tricyclic precursor 16. Reagents and conditions:
a) NaN3, acetone/H2O, D ; b) NaH, THF; BnBr, KI (94 %, two steps);
c) H2, Pd/C, EtOH (87 %); d) KNO3, TFAA, CH2Cl2, ÿ20 8C; e) LiOH
(2m), EtOH,(56 %, two steps); f) bromoacetaldehyde diethylacetal,
K2CO3, MeCN, D (74 %); g) N-Fmoc-sarcosine-Cl, DMAP, pyridine,
CH2Cl2 (82 %); h) H2 (60 psi (414 kPa)), PtO2, EtOH/THF; i) HCl (6m),
dioxane, 90 8C; j) MeOCOCl, pyridine, CH2Cl2, 4 8C (92 %, three steps);
k) pyrrolidine, MeCN (94 %); l) ICH2CN, iPr2NEt (99 %); m) AgO-
COCF3, TFA, TFAA, ClCH2CH2Cl, D (93 %).

accomplished at low temperature by using potassium nitrate
and trifluoroacetic anhydride (TFAA).[8] Hydrolysis of the
trifluoroacetamide afforded amine 12. Alkylation of the
primary amine with bromoacetaldehyde diethylacetal was
followed by coupling with N-Fmoc-sarcosine acid chloride to
yield amide 13 in 82 % yield. The nitro group was hydro-
genated by using platinum oxide to afford the aniline
derivative necessary for acid-promoted cyclization onto the
acetal.[7a, 8] The aniline was then protected as the methyl
carbamate to afford 14 in 92 % yield from 13. Removal of the

Fmoc group was followed by amine alkyla-
tion with iodoacetonitrile to yield amino-
nitrile 15 in 93 % yield over the two steps.
Attempted iminium cyclization to form
tricyclic 16 by using AgNO3

[11] or AgBF4
[12]

afforded no desired product. After exten-
sive experimentation, it was found that
treatment of 15 with silver(i) trifluoroace-
tate in the presence of trifluoroacetic acid
(TFA) and trifluoroacetic anhydride afford-
ed the tricycle 16 in 93 % yield.

Treatment of allylic amine 16 with N-
bromosuccinimide (NBS) in refluxing
chloroform[7e] yielded the corresponding
iminium ion species that upon deprotona-
tion with triethylamine afforded the azo-
methine ylide 17 (see 7, Scheme 1), which
was trapped by tert-butyl acrylate to afford

a 3.9:1 mixture of separable cycloadducts 18 and 19,
respectively (Scheme 3).

Tetracycle 19 was hydrogenated in the presence of Raney-
nickel at a moderate pressure, which resulted in the removal
of the benzyl group and reduction of the benzylic olefin from
the least hindered face to afford 20. The major product from
the cycloaddition, 18, possessed the undesired configuration
at C11b', thus an epimerization at C11b' was executed. After
hydrogenation, the resulting alcohol was oxidized to the
aldehyde. Treatment with 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU) afforded a 1.4:1 mixture of epimers at C-11b' with
the desired isomer as the predominant product. These
aldehydes were easily separated by column chromatography,
thus allowing the undesired epimer to be recycled. Sodium
borohydride reduction of the desired epimer afforded al-
cohol 20.

The simultaneous reduction of the tert-butyl ester group
and partial reduction of the lactam were fortuitously accom-
plished in a single step by using LiAlH3OEt in THF at 0 8C.
The resulting methanolamine was trapped with potassium
cyanide under acidic conditions[13] to afford the corresponding
stable aminonitrile. The relative stereochemistry of this
product was determined by extensive 2D NMR studies. The
two primary alcohols were protected as their triisopropylsilyl
(TIPS) ethers, and the methyl carbamate was hydrolyzed to
afford aniline 21. The optically active acid chloride of 5[9] was
prepared by using oxalyl chloride, and was coupled to 21 in
the presence of 4-dimethylaminopyridine to afford the
corresponding pipecolamide (plus a separable diastereomer,
which was identified as the ent-tetrahydroisoquinoline por-
tion; obtained as a 1:1 mixture of optically active diaster-
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Scheme 1. Retrosynthesis of tetrazomine (1). Fmoc� (9H-fluoren-9-ylmethoxy)carbonyl.
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eomers). The intermediate pipecolamide was treated with
DBU to cleave the Fmoc group, thus furnishing 22.

To determine which diastereomer would lead to tetrazo-
mine, natural tetrazomine was treated with sodium cyanide to
afford 2a'-a-cyanotetrazominol, which was compared to the
synthetic diastereomeric products of the cleavage of the tert-
butyl ether and silyl ethers of 22 and its diastereomer. As
expected, one diastereomer afforded a product that had
identical spectral data to the naturally derived substance.
With this comparison, the relative stereochemistry of the
pentacyclic core of tetrazomine was established. Based on
biosynthetic considerations, the absolute configuration of the
tetrahydroisoquinoline core is assumed to be that depicted in
structure 1, since quinocarcin, bioxalomycin, and ecteinasci-
din possess the same absolute configuration of the tetrahy-
droisoquinoline moiety.

After removal of the protecting groups, precursor 22 was
treated with silver(i) trifluoroacetate in the presence of TFA
for four hours to furnish the intact oxazolidine ring. The
addition of Dowex (Clÿ), followed by filtration and lyophi-
lization afforded (ÿ)-tetrazomine ´ 2 HCl, which after purifi-
cation by HPLC exhibited identical spectral characteristics to
those of the natural product. The chemistry described herein
is currently being extended to the preparation of several

mechanistically inspired analogues for bio-
chemical and biological evaluation, and will
be reported in due course.
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Scheme 3. Synthesis of tetrazomine (1). Reagents and conditions: a) NBS, CHCl3, D ; tert-
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