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A unique strategy based on double ring-closing metathesis for the formation of a 14-membered macrocyclic enamide has been developed.

This strategy hinges upon the well-known stereodynamic and conformational behavior of

N-substituted diacylhydrazines, which promotes an

effective ring-closing metathesis of hydrazine-derived dienes and enynes to form 8- to 14-membered rings.

Macrocyclic structures are found in numerous biologically

In our effort to develop an efficient synthesis of macro-

active natural and synthetic compounds. From the standpointcyclic amides to study their nanotube-forming propersity

of generating molecular diversity and complexity in diversity-
oriented synthesismacrocyclic frameworks have played a
significant role for the synthesis of libraries of natural-
product-like compoundsAmong many strategies to con-
struct this structural motif, ring-closing metathesis (RCM)
has emerged as a powerful tédbespite the general utility

and biological performance as cyclic peptide minficge
became interested in a double-RCM strategy utilizing the
well-known stereodynamic behavior of the-Nl functional-
ity.® High-level ab initio calculations and X-ray crystal-
lographic data show th&-substituted diacylhydrazines (1)
maintain CO—N—N-—CO dihedral angles near’90 their

and effectiveness of the RCM reaction, care must be taken|owest energy conformations and the rotation about thé&IN
when employing it in synthetic designs because many factorspong is hinderedH, = ~19 kcal/mol) (Figure 13° This

will affect the efficiency of the ring-closure eveh&ffort

has been made to facilitate the RCM reaction using a

template effect,as well as conformational and stereoelec-
tronic constrainf.
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Figure 1. Double RCM strategy for the synthesis of macrocyclic
dilactams.

property will fix N,N'-vicinal substituents in proximity to
one another in gauchelike arrangement that, in a molecule
such a2, would facilitate the RCM reaction. Furthermore,
sequential RCM reactions with a properly substituteeNN
moiety to generate hydrazine derivativeésand 4 followed
by ring expansion via the NN bond cleavage would provide
unique and efficient access to macrocyclic bis-lactam

The strategy using NN functionality in the RCM reaction
is particularly appealing for several reasons. First, it will
generate new information regarding the conformational
properties of the NN bond constrained in macrocyclés.
Second, it will provide new tools to synthesize various
medicinally and agriculturally important hydrazine deriva-
tives1? Third, the resultant RCM products containing an
N—N bond can serve as conformationally constrained
peptidomimetics? Finally, this strategy will allow a unique
route for the synthesis of macrocyclic peptide-like mol-
eculest* We report herein the development of a hydrazine-

synthetic maneuver, structural diversity and complexity were
introduced by altering the substituents and/or the length of
the tether between the two unsaturated components. How-
ever, a conceptually different and more important diversity
element, scaffold diversit}f was implemented by the
cleavage of the NN bond to convert a bicyclic framework

4 to a macrocyclé (Figure 1).

We explored the RCM reaction o2 under typical
conditions (0.002 M in CKCl,, 5—10 mol % of8,' reflux),
which provided ring-closed producda—g smoothly in 42-
94% vyields (Table 1). As a testimonial for the effectiveness
of the N=N bond tether for RCM, eight-membered ring-
closure producBawas obtained in 93% yield fror&a (entry
1). A closely related substragb, which lacks the geminal
dimethyl groups, afforded slightly lower efficiency (88%)
(entry 2). This is probably the manifestation of the well-
known gemdialkyl effect® Comparison betwee?b and2b’
having terminal alkene versus internal alkene shows the
former to be more reactive, thereby providing higher yield
(88% vs 65%) of3b. The RCM reactions dic,dto form 9-
and 10-membered rings were uneventful, although the
isolated yields of these products were moderate (entries 3
and 4). The RCM of slightly different substrates,fhaving
an additional carbonyl group in the tether gave good yields
of 11- and 12-membered rings, respectively (entries 5 and
6). Surprisingly, the highest yielding RCM reaction was
observed withi2g, which forms 14-membered ring product
39, the largest ring in the series, in 94% vyield (entry 7). A
notable trend in the RCM reactions of substra?es-g is
the gradual increase of the ring-closure efficiency going from
9- to 14-membered rings. This may be due to the increased
deformation of the optimal dihedral angle of the €R—
N—CO moiety for the smaller rings. Th#E ratio observed
for the cyclic alkenes shows that most ring closures result
in Z-alkene formation. A slight decrease in tBHé ratio was

based RCM platform to generate medium-sized rings and observed for the larger sized ring3f,g). The scope of the

macrocycles of typ8 and an illustration of their conversion
to macrocyclic bis-lactand.

RCM reaction of hydrazine-based substrate was further
examined with enyne2h,i, which provided 1,3-diene3h,i

To prepare the required trisubstituted hydrazine derivatives in moderate yields (entries 8 and 9). The endocyclic alkene

6, a rhodium-catalyzed redox process between dialkylazo-

dicarboxylates and alkenyl aldehydes was empldyed.
Subsequent allylation or alkylation 6fwith a-bromoacetate
derivatives?7 provided RCM substrate®a—i in a two-step

in 3i was of exclusivelyE-stereochemistry, and all cyclic

compounds were formed as a mixture of rotamers.
Having realized an excellent RCM reactionaafto eight-

membered ring hydrazine derivatida, its straightforward

process that avoids protecting groups (Scheme 1). In thiselaboration talO followed by the second RCM reaction to

Scheme 1. Synthesis of RCM Substrates
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Table 1. Formation of Cyclic Hydrazine Derivatives via RGM

entry RCM substrate (2) produgct (3) yield (%)?
o}
BnOZC\[}I»_H\
1 93
Bnoc” ~
\ 2a

o
i-PrC,C -
A ﬂl\l)ﬂ\/ i PrOzC\I}I
N R 88
P0G~ = N J @

i-PrO,C” (65)°

o
. BnOZC\I? SN Y\:>

BnOsC” 42

COan

[}
i- PrOZC

R 46
Pro,C” Xy 2d

002 i-Pr 3d
O &)
BnO2C\N/U\/\:/CSH” BnO,Cu [
5 \ N 65
BnO2C’N;\ 2e BnOC” :
1) O/\/ S G 3e
o}
o i-PrO,C
i-Prozc\N)J\/\=/csH11 E
6 N “E4 | 72
i-PtO,C” o 21 ZE
A X 0”0 3f
o7 "o = Ei= COi-Pr
o o
Bn0,C. A~ G BrosCL
) 1 | 3g

Bz -N

N; ;\ _Jo
o) OW

2 3i"'R=CgHyy; 3" R=H 3

B Y godf

aReactions are carried out in GEll, (0.002 M) with 5—10 mol % oB

for 2—5 h.YIsolated yield. Yield for 2b'. 9 Reaction under ethylene.

e1:1 for 3h:3h'.f2:1:1 for 3i:3i":3i".

generate bicycld 1, en route to macrocyclic bis-lactat,

was demonstrated (Scheme 2). The eight-membered cyclic
hydrazine3a was first subjected to epoxidation conditions
(Oxone, acetone, NaHGYDfollowed by deprotection of the
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N-carbobenzyloxy groups (Pd/CzHwhich provided9 in
84% (yield for two steps). Acylation of the amine functional-
ity with 4-pentenoic acid followed by allylation of the amide
nitrogen moiety provided the second RCM substrE@en
moderate yield (42% for two steps). Treatmentl®fwith
Grubbs catalys#'” afforded the bicyclic hydrazine derivative
11(89%) as a single atropisomer. The-N bond cleavagé
and the epoxide-opening generated macrocyclic enatrfide
(85%), the structure of which was confirmed by X-ray
crystallography?

Scheme 2. Synthesis of Macrocycle
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In conclusion, we have developed a hydrazine-based RCM
platform that utilizes the conformational constraint Ié¢f
substituted diacylhydrazines. We have also demonstrated a
new strategy for rapid access to a macrocyclic amide from
a bicyclic hydrazine derivative by ring expansion induced
by N—N bond cleavage. Further investigation of more
elaborated macrocyclic-peptide-like molecules with different
ring sizes and their nanotube-forming behavior is in progress.
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