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Abstract: Total synthesis of the proposed structure of yur-
emamine has been achieved for the first time based on

the intermolecular [3++2]-cycloaddition reaction of the

platinum-containing azomethine ylide. All the possible
diastereomers of yuremamine were also synthesized via

the common intermediate. Through these syntheses, it
was confirmed that the proposed structure of yurema-

mine and the diastereomers differ from the natural prod-
uct.

Yuremamine was isolated from the root bark of Mimosa tenui-
flora and was reported to have pyrrolo[1,2-a]indole skeleton

1,[1] which is commonly seen in biologically active compounds

such as mitomycins, flinderoles, isoborreverins, and PKC inhibi-
tor JTT-010.[2] We have been carrying out research on the total

synthesis of this natural product based on the [3++2]-cycloaddi-
tion of platinum-containing azomethine ylides generated from

o-alkynylanilines with a catalytic amount of platinum(II) chlo-
ride, which was developed in our laboratory.[3] In this study, we

report the synthesis of the proposed structure of yuremamine

2, along with its three diastereoisomers, and this resulted in
the conclusion that the proposed structure of yuremamine dif-

fers from the natural product. Quite recently, Calvert and
Sperry reported the structural revision of this natural product

based on their bioinspired synthetic study,[4] which also coin-
cides with our conclusion (Figure 1).

We previously reported an efficient method for the construc-
tion of the pyrrolo[1,2-a]indole skeleton through the intermo-
lecular [3++2]-cycloaddition of platinum-containing azomethine

ylides (Scheme 1).[3, 5] Treatment of the imine derivatives 4 de-
rived from o-alkynylanilines with a catalytic amount of platinu-
m(II) chloride promotes nucleophilic attack of the imino nitro-

gen to the alkyne moiety, generating the platinum-containing
azomethine ylides 5. The electron-withdrawing nature of the
platinum–carbene moiety of 5 decreases the LUMO level of

the ylide and promotes [3++2]-cycloaddition with electron-rich
alkenes to afford the tricyclic carbene complex intermediate 6,

and finally, 1,2-migration of the substituent R2 takes place to
give the pyrrolo[1,2-a]indole derivatives 7 with regeneration of
the platinum catalyst. This reaction can be applied to a broad

range of substrates and is expected to be useful for the syn-
thesis of biologically active compounds bearing the pyrro-

lo[1,2-a]indole skeleton.
We then decided to apply our method to the total synthesis

of the proposed structure of yuremamine.[6] The synthetic plan

is shown in Scheme 2. The basic core skeleton of 2 would be
constructed by platinum-catalyzed [3++2]-cycloaddition of

imine 8 and vinyl ether and the cycloadduct 9 would be easily
converted into the corresponding ketone 10. Stereoselective

a-oxygenation of the carbonyl moiety and introduction of a re-
sorcinol unit followed by stereoselective reduction of the re-

Figure 1. Proposed and revised structures of yuremamine.

Scheme 1. [3++2] cycloaddition reaction of platinum-containing azomethine
ylides.
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sulting tertiary hydroxy group would give rise to diol 12. Final-
ly, substitution of the primary hydroxy group with a dimethyla-

mino group and deprotection of the five protecting groups on

the phenolic oxygen atoms would complete the synthesis of
the target compound 2.

According to the above synthetic plan, we first examined
the construction of the pyrrolo[1,2-a]indole skeleton

(Scheme 3). The substrate for the [3++2]-cycloaddition reaction,
N-[2-(4-triisopropylsiloxybut-1-ynyl)phenyl]imine derivative 8

with its phenolic hydroxy groups
protected as allyl ether, was
easily prepared as follows: Sono-
gashira coupling of the commer-
cially available o-iodoaniline with
4-triisopropylsiloxybut-1-yne fol-

lowed by condensation of the
resulting aniline with 3,4,5-trially-

loxybenzaldehyde afforded 8,
which was directly used for the
[3++2]-cycloaddition reaction

without purification. Treatment
of the crude imine 8 with a cata-

lytic amount of platinum(II) chlo-
ride in the presence of tert-butyl

vinyl ether at 50 8C gave the de-

sired tricyclic indole derivative 9
in 84 % yield as a diastereomeric

mixture (d.r. = 7:3). Removal of
the tert-butyl group under acidic

conditions together with depro-
tection of the triisopropylsilyl

(TIPS) ether and MnO2 oxidation

of the resulting secondary alco-
hol followed by reprotection of

the primary hydroxy group with
tert-butyldimethylsilyl chloride

(TBSCl) gave ketone 10 in 55 %
yield in 3 steps. a-Oxygenation

of the ketone with Davis’ oxaziri-

dine[7] proceeded stereoselec-
tively to give secondary alcohol

11 as a single diastereomer and
the resultant hydroxy group was

protected using triethylsilyl tri-
fluoromethanesulfonate

(TESOTf). Introduction of the

allyl-protected resorcinol unit to
the ketone 13 smoothly pro-

ceeded to give the adduct 14 as
a diastereomeric mixture, and
then the stereoselective removal
of the resulting tertiary hydroxy

group was examined. After sev-
eral experiments, it was found
that treatment of 14 with an
excess amount of triethylsilane
in the presence of BF3·OEt2 at

¢40 8C to 0 8C efficiently promoted the desired reaction and
the corresponding diol 12 was obtained in high yield with

good stereoselectivity (d.r. = 87:13) after removal of the silyl

group by tetra-n-butylammonium fluoride (TBAF). The two dia-
stereomers were easily separated by silica-gel chromatography

and the relative stereochemistry of the major isomer 12 was
unambiguously determined to be the same as that of the

target compound 2 by X-ray crystallographic analysis (see the
Supporting Information). Then the primary hydroxy group of

Scheme 2. Synthetic plan.

Scheme 3. Total Synthesis of the proposed structure of yuremamine : a) PtCl2 (5 mol %), tBu vinyl ether (9.0 equiv),
toluene, 4 æ MS, 50 8C, 5 h, 84 % (dr = 7 :3) (2 steps from 2-(4-triisopropylsiloxybut-1-ynyl)aniline); b) TsOH·H2O
(1.7 equiv), acetone/water = 2:1, RT, 1 day; c) MnO2 (20 equiv), CH2Cl2, RT, 2 days; d) TBSCl (3.0 equiv), imidazole
(5.0 equiv), DMF, RT, 2 h, 55 % (3 steps) ; e) KHMDS (1.5 equiv), Davis’ oxaziridine (1.2 equiv), THF, ¢100 8C, 1 h;
f) TESOTf (1.5 equiv), 2,6-lutidine (5.0 equiv), CH2Cl2, ¢78 8C, 1 h, 68 % (2 steps) ; g) 1-bromo-2,4-bis(prop-2-en-1-
yloxy)benzene (3.0 equiv), nBuLi (3.0 equiv), THF, ¢100 8C, 1 h, 89 % (dr = 88:12); h) BF3·OEt2 (1.1 equiv), Et3SiH
(30 equiv), CH2Cl2, ¢40 8C ~0 8C, 2 h; i) TBAF (12 equiv), THF, RT, 1 day, 91 % (d.r. = 87:13 (2 steps) ; j) 2-mesitylene-
sulfonyl chloride (1.1 equiv), 1,4-diazabicyclo[2.2.2]octane (DABCO) (2.2 equiv), CH2Cl2, 0 8C, 1 h; k) HNMe2 (2.0 m
MeOH solution), MeOH, 40 8C, 2 h, 25 % (2 steps) ; l) Ru catalyst (20 mol %), TFA (10 equiv), MeOH, RT, 1 day, 65 %
(yield determined from H1 NMR spectroscopy).
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the major isomer 12 was selectively converted into a sulfonate
ester and a substitution reaction with dimethylamine gave di-

methylamino derivative 15. Judging from the 1H NMR spectra
of the crude materials, this transformation proceeded in good

yield (ca. 70 %), however, the product 15 was rather unstable
under purification conditions and the yield after silica-gel chro-

matography was 25 % over 2 steps from 12. Removal of the
five allyl groups was also problematic because the highly oxy-

genated aromatic moieties of 2 were unstable toward oxygen

and basic conditions. After several examinations, we finally
found that the use of Kitamura’s ruthenium catalyst 16 under

acidic conditions[8, 9] cleanly deprotected the allyl groups. The
product 2 was too labile to be isolated and decomposed even

under the reported isolation procedure of the natural prod-
uct.[10] Only Diol-silica gel chromatography allowed the isola-

tion of 2 in nearly pure form in our hands. However, 1H- and
13C-NMR spectra of the synthetic sample were apparently dif-
ferent from the reported data (Figure 2),[11] suggesting the pro-

posed structure of yuremamine
was not correct. At this stage,

we thought of the possibility
that the reported relative stereo-

chemistry on the three contigu-

ous stereogenic centers might
be assigned wrongly.

We then tried to synthesize
the other possible diastereomers
starting from the synthetic inter-
mediate 12 shown in Scheme 3.

Selective oxidation of the secon-
dary alcohol of 12 under Pfitz-
ner–Moffart conditions proceed-
ed with epimerization to give
ketone 17 as a mixture of two diastereomers.[12] For-

tunately, comparable amounts of all the other three
stereoisomers of the starting alcohol 12 were ob-

tained by the reduction of this diastereomer mixture

with NaBH4 (Scheme 4).[13, 14] These stereoisomers
were separable by silica-gel chromatography and

subsequent amination reactions were carried out in-
dependently.

Introduction of the dimethylamino group was ac-
complished through an almost identical procedure

(Scheme 5),[15] and X-ray crystallographic analyses of the re-
maining three stereoisomers were successfully achieved to

assign the relative stereochemistry unambiguously (see the
Supporting Information).

Removal of the allyl groups of (1R*,2S*)-15 and (1R*,2R*)-15
smoothly proceeded again with Kitamura’s ruthenium catalyst,

although the deprotected (1R*,2S*)-2 and (1R*,2R*)-2 were not
isolated in completely pure form owing to their instability

(Scheme 6).[14]

Deprotection of (1S*,2S*)-15 was more problematic and was
achieved only with phenylsilane and a catalytic amount of
[Pd(PPh3)4] .

[16] The obtained product (1S*,2S*)-2 was exception-
ally unstable and the NMR spectrum was as a mixture of sever-

al unidentified products (Scheme 7).
Disappointingly, the 1H NMR spectra of the synthesized

three stereoisomers were not consistent with the reported

data either. Thus we concluded that the structure of yurema-
mine is different from the initially reported one, which is con-

sistent with the recent report on the structural revision by Cal-
vert and Sperry.[4]

In conclusion, the total synthesis of the proposed structure
of yuremamine was achieved in 14 steps from a commercially

available material based on the [3++2]-cycloaddition reaction of

the platinum-containing azomethine ylide. The spectral data of
the synthetic sample along with its diastereomers were differ-

ent from the reported one, supporting the recent report by
Calvert and Sperry that yuremamine has a flavonoidal skeleton.

We believe that this synthetic study demonstrates the utility of
our methodology for syntheses of highly-functionalized pyrro-

lo[1,2-a]indole derivatives.
Figure 2. Comparison of 1H NMR spectra measured in [D4]MeOH (the au-
thentic sample of yuremamine (above) and the synthetic sample 2 (below)).

Scheme 4. Synthesis of Stereoisomers of Diol 12 : a) TBSOTf (1.2 equiv), 2,6-lutidine (5.0 equiv), CH2Cl2, ¢78 8C,
76 % b) DCC (4.5 equiv), pyridine-TFA (0.75 equiv), DMSO (45 equiv), toluene, RT,1.5 h; c) NaBH4 (3.0 equiv),
EtOH,0 8C, 1 h; d) TBAF (12 equiv), THF, RT, 1 day, (1S*, 2S*)-12 28 %, (1R*, 2S*)-12 19 %, (1R*, 2R*)-12 30 %
(3 steps).

Scheme 5. Synthesis of diastereomers of the amine 15.
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Experimental Section

The synthetic procedures and characterization of the compounds
studied herein can be found in the Supporting Information.
CCDC 1400491 (14), 1400492 ((1R*, 2S*)-15), and 1400493 ((1S*,
2S*)-15) contain the supplementary crystallographic data for this
paper. These data are provided free of charge by The Cambridge
Crystallographic Data Centre.
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Scheme 7. Synthesis of (1S*,2S*)-2.
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