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Summary: N®-Desmethyl RA-VII was prepared in efforts
that address the key structural and conformational features
of the agent that contribute to its antitumor activity.

Bouvardin (8) and deoxybouvardin (2) constitute the
initial members of a growing class of potent antitumor
antibiotics now including RA-I to RA-VII (1-7).17 Bou-
vardin has been shown to inhibit protein synthesis through
eukaryotic 80S ribosomal binding resulting in inhibition
of aminoacyl-tRNA binding and peptidyl-tRNA translo-
cation, and this is presently thought to be the site of action
for the agent antitumor activity.! Early studies have
supported the proposal that the unusual 14-membered
N-methyl cycloisodityrosine subunit of the agents may
serve to induce a rigid, normally inaccessible conformation
within the 18-membered cyclic hexapeptide that in turn
constrains the biologically relevant p-Ala-Ala-NHMe-
Tyr(OMe)-Ala tetrapeptide to a biologically active con-
formation.>1! Thus, the functional role of the unusual
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14-membered N-methyl cycloisodityrosine subunit of 1-8
has been suggested to be that of the scaffolding role of
maintenance of an active, normally inaccessible confor-
mation within the 18-membered ring and the agent tet-
rapeptide. Herein, we detail the synthesis of N%-
desmethyl RA-VII%13 based on the implementation of an
Ullmann diaryl ether macrocyclization reaction!®!4 con-
ducted in efforts to assess the relative conformational and
biological importance of the key cis N¥-C% N-methyl-
amide bond central to the 14-membered ring. As detailed
herein, the evaluation of 9 along with that of 10 and 11
proved more revealing than anticipated, permitted the
pharmacophore assignment for 1-9, and suggests a reversal
of the assigned functional roles of the agent subunits.

O-Methylation of N-CBZ-3-acetyl-L-tyrosine methyl
ester'? followed by Baeyer—Villiger oxidation and subse-
quent methanolysis of the resulting acetate provided 12,
Scheme I. Catalytic hydrogenolysis of 12 and coupling
of the resultant amine 13 with N-BOC-N-methyl-4-iodo-
L-phenylalanine!® provided 14. Subjection of 14 to intra-
molecular Ullmann macrocyclization conditions' provided
10 (36%), and optimal results were obtained employing
methyl copper to stoichiometrically generate the initial
cuprous phenoxide.’® Similar to N-methyl cycloisodi-
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tyrosine derivatives,!34 10 was found to possess a rigid
solution conformation possessing a trans C''-N© amide
bond.!” Amine deprotection and coupling of 15 with
N-BOC-p-Ala-L-Ala-1L-NMe-Tyr(OMe)-L-Ala-CO,H!® pro-
vided 16. Sequential methyl ester hydrolysis, N-BOC
deprotection and macrocyclization with C>-N? amide bond
formation strategically conducted at a secondary amide
site possessing a D-amino acid amine terminus'®® provided
9 [@]22p —202° (c 0.5, CHCly).

The near-identical 'H NMR and *C NMR spectroscopic
properties of 1 and 9 and an intense and diagnostic C1-
H/C16-H crosspeak in the 2D 'H-'H NOESY NMR
spectrum of 1 unambiguously established that they adopt
a predominant solution conformation possessing a cis
NZ®-C3 amide bond,?! Figure 1. Thus, in marked contrast
to the cycloisodityrosine 10 and N-methyl cycloisodi-
tyrosine 11 which possess trans C!'-N° amides central to
the 14-membered ring, the 14-membered ring of 9 has
adopted a conformation possessing the inherently disfa-
vored cis C3-N?? gecondary amide. Consequently, the
experimental observations illustrate that it is the tetra-
peptide housed within the 18-membered ring that induces
a rigid, normally inaccessible conformation within the
14-membered cycloisodityrosine ring. Consistent with this
reinterpretation of the origin of the conformational prop-
erties of the agents, 9 was found to possess potent cytotoxic
activity 2X greater than that of the natural products, Table
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Key: (a) 0.1 wt equiv of 10% Pd-C, 1 atm of H,, CH;OH, 25
°C, 6 h, 99%; (b) 1.0 equiv of N-BOC-L-NMe-Phe(I), 1.0 equiv of
EDCI, 1.0 equiv of HOBt, DMF, 25 °C, 12 h, 92%; (c) 2.0 equiv of
CH,Cu, collidine, 130 °C, 9 h, 36%; (d) 3.0 M HCI1/EtOAc, 25 °C,
1 h, 100%; (e) 2.0 equiv of N-BOC-p-Ala-L-Ala-L-NMe-Tyr-
(OMe)-1.-Ala,'® 2.0 equiv of EDCI, 2.0 equiv of HOBt, 5.0 equiv of
NaHCO,4, DMF, 25 °C, 16 h, 59%; (f) 3.0 equiv of LiOH, 11 equiv
of H,0,, THF/H,0 (3:1), 25 °C, 6 h, 91%; (g) 3.0 M HCI/EtOAc,
25 °C, 1.5 h, 97%; (h) 1.5 equiv of DPPA, 5.0 equiv of NaHCOj,
DMF, 0 °C, 72 h.
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Figure 1.
Table I
ICsy (ug/mL, ICy (ug/mL,
agent L1210) agent L1210)
1, RA-VII 0.002 10 0.06
2, deoxybouvardin 0.002 11 0.03
9 0.001

I. Moreover, in contrast to the suppositions to date, the
simple 14-membered cycloisodityrosine derivatives 10-11
exhibited potent in vitro cytotoxic activity and were found
to be only 15-30X less potent than the natural products.
As such, the experimental studies detailed herein in con-
junction with the results of related studies?? suggest that
it is the tetrapeptide housed within the 18-membered ring
that alters the conformational properties and potentiates
the biological properties of cycloisodityrosine. Studies to
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determine whether the tetrapeptide potentiation of the
properties of cycloisodityrosine is conformationally or
structurally based is in progress and will be reported in
due course.
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Summary: A new iterative and modular strategy which
is applicable to the synthesis of any enantiomers and di-
astereomers of straight chain 1,n-polyols has been devel-
oped utilizing electrochemical oxidation of a-alkoxy silanes.

Strategies which allow synthesis of a variety of target
molecules by repetition of simple procedures are needed
for the development of robot synthesis.! As part of a
program aimed at new methods for such strategies, we have
developed a new iterative route? to optically active polyols
which is applicable to the synthesis of many biologically
interesting polyhydroxylated natural products.? Our ap-
proach is designed around a new carbonyl synthon* which
is based upon silicon 3 effects in electron-transfer reac-
tions.® The reaction sequences consist of several simple
modules and can be applied to the synthesis of all enan-
tiomers and diastereomers of straight-chain 1,n-polyols and
amino polyols.®
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¢Key: (a) anodic oxidation Et,NOTs/MeOH; (b) CICO,Me,
pyridine; (¢) H*; (d) Br,CHSiMe,;, CrCly; (e) LiAlH,; (f} L-(+)-
DIPT, Ti(OPr),, TBHP; (g) NaH, PhCH,Br; (h) BF;OEt,/
MeOH; (i) Ph,P, diethyl azodicarboxylate, PhCO,H; (j) NaOH/
MeOH.

As key intermediates for the iterative route to polyols,
a-hydroxy aldehydes or their protected forms seemed
attractive because the formyl group can be readily utilized
for carbon extension reactions. Recently, we have found
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