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The asymmetric synthesis of a highly functionalized tetrahydroisoquinoline relevant to the total synthesis of Et-743 is described. The key step
involves a highly diastereoselective radical cyclization on a glyoxalimine derivative.

Members of the tetrahydroisoquinoline family of alkaloids from marine sources renders Et-743 an important target for
display a wide range of biological properties such as anti- synthesis. Corey reported the first total synthesis in 36 steps
tumor and antimicrobial activiti€'sOf particular significance ~ with an overall yield of 0.72%* A second-generation
within this family is Ecteinascidin 743 (Et-743, Figure synthesis improved the overall yield to 2.04% but still in 36
1), which possesses extremely potent cytotoxic activity with steps®® Fukuyama has achieved a total synthesis of Et-743
in vitro 1Cx values in the 0.1~ 1 ng/mL range in several in 50 steps and 0.56% overall yieltlRecently, Zhu has
cell lines (measure of RNA, DNA, and protein synthesis reported a 31-step synthesis in 1.7% overall yi#lBan-
inhibition). Et-743 is currently in stage Il/Ill clinical trials  ishefsky has also reported a formal total synthésim a

for the treatment of ovarian, endometrial, and breast cancerspentacyclic core of Et-743 that intercepts a late stage of
and several sarcoma liné$he scarcity of the natural product Fukuyama'’s route. A semisynthesis from cyanosafracin B

_ has also been accompliShed by a group at Pharmé&Mar.
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Our laboratory has been developing the assembly of tetra-substrate suggested that there are severe steric and/or
hydroisoquinoline natural products and has reported synthe-electronic factors in these glyoxalimine substrates. Rather
ses of quinocarcinamidegtrazominé renieramycin G, and  than constructing a substrate dependent upanicleophi-
jorumycin8 We have targeted Et-743 by a convergent route licity, we decided to investigate an intramolecular radical
that envisions coupling of a suitably functionalized tyrosine closure onto a glyoxalimine.
derivative with the complete tetrahydroisoquinoline core  The literature provides precedent for tetrahydroisoquino-
(Scheme 1). We have successfully deployed this strategy,line formation by radical reaction of imind4? but it has
not been extensively utilized in natural product synthé&sis.
Typical problems associated with radical reactions were
anticipated such as the formation of undesirezkbeycliza-
tion products and simple hydrogen atom quenching of the
OMe OMe aryl radical. The kinetics of these processes for aldimine
substrates have been studied by Warkehtifhese studies
concluded that the 8ndoproduct was favored when concen-
trations of BuSnH were low, so slow dropwise addition of
AIBN/Bu3SnH to a dilute solution of the substrate was found
to be optimal. The yields of tetrahydroisoquinoline formation
ranged from 50 to 78% for a variety of aldimine substrates.

More recently, Johnston has developed a radical method
of aryl amination using aryl halides via é&xo cyclization
onto ketimines? This work contrasted the reactivity of
aldimines and ketimines, but of particular importance to our
studies toward Et-743 is their report of an attempted
cyclization of a glyoxalimine substraté’ They observed
tetrahydroisoquinoline as the major product in 55% yield
arising from an undesired (in their casegBdocyclization.
Although this reaction was not further explored, we consid-
ered a radical ring closure on a glyoxalimine to have potential
as a powerful tool for the preparation of highly functionalized
tetrahydroisoquinolines such &s

Substrate synthesis began with Borchardt's catediol
that was regioselectively brominated to generaté92%
yield) (Scheme 2). Conversion of catectadio the methyl-

Scheme 1. Retrosynthetic Analysis of Ecteinascidin 743
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Scheme 2. Synthesis of 3-Bromophendl

for ortho-quinone methide formation. The Pictet—Spengler OMe 92%
reaction has been widely used in the construction of tetra-
hydroisoquinolineg but the typically highly acidic conditions

CHO OH
are not compatible with the substrate and products desired g Hc 2 a M IROH HaC
in this synthesis. Recognizing this issue, Zhu has developed .
very mild conditions for the PictetSpengler closure of a Cs,C04 o Br 73% o) Br
cis-acetonide species that provided a trgistetrahydroiso- C"'ch‘é;m ‘o -0

o 6 7

quinoline analogous t8 that subsequently required epimer-
ization at C18 We targeted atrans-acetonide that was
predicated on obviating a late-stage E2 elimination of this
stereogenic center that might also allow for a facile construc-
tion of the C—S bond constituting the macrocyclic core.
The failure to induce any trace of ring closure by the
Pictet-Spengler reaction for &rans-acetonide containing

enedioxy aldehyd® was accomplished using bromochlo-
romethane in a sealed vessel (69% vyield). Baeyélitiger
oxidation usingnCPBA provided bromophend@las an off-
white solid following hydrolysis of the resulting formate
intermediate (73% yield).

Stereoselective aldol condensation of the titanium pheno-
late of 7 with (R)-Garner’s aldehydé was accomplished
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Scheme 3. Substrate Assembly and 6-Endo Radical Closure
OH

1. TsOH, MeOH
_—

O
BocN—A 2. TsOH (cat)
Br MeMe DMP, DMF
9 84% (2 steps)
\k MeXMe
TBSOTY, 2,6-lut o o0
76% HsC ~
NH,
(0]
\L Me, Me O 11
O OXO
1. Ethyl glyoxalate H
_— 5C -
2. BugSnH, AIBN “"H
PhH, A o
0,
58% (2 steps) (S

using the method of Casiragh{Scheme 3). Thanti product
was isolated following allyl protection of the phenol to
provide 9 as an off-while solid (65% yield, two steps).
Subsequent hydrolysis of the oxazolidine and formation of
the trans-acetonide (84% yield, two steps) provideglas
an oil that cleanly underwenil-Boc deprotection using
Ohfune’s protocdl (76% vyield) to afford the desired free
amine 11 as a stable crystalline solid. This procedure to
preparell has been performed on a multigram scale.
With 11in hand, the glyoxalimine intermediate was readily
obtained by condensation with ethyl glyoxalate. Following
isolation by filtration through Celite and concentration, the
radical ring closure commenced with slow addition of;Bu
SnH and AIBN via syringe pump (over 5.5 h) to a refluxing
dilute solution of the glyoxalimine. Concentration and KF/
silica chromatograpt§ of the crude reaction mixture

(10) For reviews of radical reactions involving imines and related
compounds, see: (a) Friestad, G. Ketrahedron2001,57, 5461—5496.

(b) Fallis, A. G.; Brinza, |. M.Tetrahedron1997,53, 17543—17594.

(11) Synthesis of (£)-cryptostylines I, Il, and Ill: Takano, S.; Suzuki,
M.; Kijima, A.; Ogasawara, KChem. Lett1990, 315—316.

(12) (a) Tomaszewski, M. J.; Warkentin,Tetrahedron Lett1992,33,
2123-2126. (b) Tomaszewski, M. J.; WarkentinJJChem. Soc, Chem.
Commun.1993, 966—968.

(13) (a) Johnston, J. N.; Plotkin, M. A.; Viswanathan, R.; Prabhakaran,
E. N. Org. Lett.2001,3, 1009—1011. (b) Viswanathan, R.; Prabhakaran,
E. N.; Plotkin, M. A.; Johnston, J. Nl. Am. Chem. So2003,125, 163—
168.

(14) Prepared from 2,3-dimethoxytoluene according to: Sinhababu, A.
K.; Ghosh, A. K.; Borchardt, R. TJ. Med. Chem1985,28, 1273—1279.

(15) (R)-Garner's aldehyde was synthesized fmserine according to:
Garner, P.; Park, J. MOrg. Synth.1992,70, 18-28.

(16) Casiraghi, G.; Cornia, M.; Rassu, &Org. Chem1988 53, 4919~
4922.

(17) Sakaitani, M.; Ohfune, YJ. Org. Chem1990,55, 870—876.

Org. Lett, Vol. 8, No. 15, 2006

provided solid3 as a single diastereomer (58% yield, two
steps)t® The relative stereochemistry 8fwas secured and
corroborated NMR data by X-ray crystallograpfly.

Examination of the crud&H NMR reveals the formation
of a single diastereomer in the radical closure and exclusive
6-endoregioselectivity. In addition t@ and tin impurities
visible in the NMR, an aromatic proton arising from hydride
guenching of the aryl radical suggests-6.6:1 ratio of3 to
reduced substrate. Slower addition rates (over 18 or 36 h)
did not improve the isolated yield &.

The diastereoselectivity of this reaction stands in stark
contrast to numerous PicteBpengler cyclizations on related
substrate®s®?! that provide tetrahydroisoquinolines exclu-
sively as the 1,3rans-diastereomers. We can rationalize the
cis diastereoselectivity of this radical process using the
Beckwith—Houk chairlike transition state model for intramo-
lecular radical ring closures (Figure 2).
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Figure 2. Chairlike transition state of the aryl radical.

The lowest-energy chair conformation adopted by the
trans-acetonide of the substrate results in both the glyoxal-
imine and aryl substituent being in an equatorial disposition.
In this conformation, 1,3-diaxial steric effects and allylic
strain interactions are minimized in the forming ring.

In summary, the concise asymmetric synthesis of the
tetrahydroisoquinoline core of Et-743 has been accomplished
utilizing a highly diastereoselectiveedidoradical cyclization
on a glyoxalimine. Efforts are underway to apply this
approach to other imine systems and to appy the application
of this technology to a practical total synthesis of Et-743
and congeners.
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