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Abstract: Five- to eight-membered unsaturated lactams have been
obtained through ring-closing metathesis of unsaturated amides of
various chain lengths and substitution patterns. The obtention of
nine-membered unsaturated lactams by the same procedure met
only with limited success. Also described in this L etter is the obten-
tion of the Z-ethylenic pseudopeptidic anaog of L-Phe-L-Phe
through hydrolytic ring opening of (3R, 69)-3,6-dibenzyl-3,6-dihy-
dro-2-pyridone obtained by RCM.
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For some years, we have been involved in the exploration
of anew accessto ethylenic pseudopeptides 3 and 4 based
on ring closing metathesis (RCM)? of unsaturated amides
1 to unsaturated lactams 2 in the presence of Grubbs ru-
thenium catalysts as represented in Scheme 1.23
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From a more general point of view, unsaturated amides
are, for many of them, easily available according to a
modular approach and through well-established synthetic
reactions. As to the corresponding unsaturated lactams
which would result from RCM of such amides, they con-
gtitute interesting molecules, especially due to the pres-
ence of the ethylenic bond which alows for further
functionalization through various reactions such as epoxi-
dation, dihydroxylation etc. Aside from our work specifi-
cally directed towards the obtention of ethylenic
pseudopeptides, we have therefore also carried out some

investigations of the RCM of various unsaturated amides
differing by their substitution patterns or the length of
their ethylenic appendages.* We report here the results of
this study. We also report the conversion of the six-mem-
bered enantiomerically pure unsaturated lactam 2 with
R!=R?=Bn to the Z-ethylenic pseudopeptidic analogue
of N-(L-phenylalanyl)-L-phenylalanine.

We found that seven (6a) and eight-membered (6b, 9a)
unsaturated lactams are easily obtained by RCM of unsat-
urated amides5a,b (Table 1) or 7a(Table 2). All reactions
were conducted either in benzene or dichloromethane
a reflux using 10 mol% of Grubbs catayst
Cl,(PCy,;),Ru=CHPh 8 under moderate dilution (typically
0.035 M inamide).® Theformation of nine-membered lac-
tams 9b from amides 7b proved to be more difficult (Ta-
ble 2) and loss of activity of the catalyst occurred before
completion of the reaction. RCM (on solid support) of di-
ethylenic amides to seven-membered lactams has aready
been used by Piscopio and co-workers® for the obtention
of Freidinger lactams. On the other hand, the easy forma
tion of eight-membered unsaturated lactams described
here is especialy worthy of note as such examples are
few.”® The formation of unsaturated eight-membered lac-
tams has aready been reported by Beal and Moeller® and
by Wagner and co-workers'® starting from amides in

Tablel
Rl Rl
Bn )\9/\ ph
SN Ch(PCysR= @ Bnwy
10 mol%
G = ( 0) o
2
R% 5a(n=0) R2 6ab
b (n=1)
n RL R2 Conditions Yields [%]*
0 H H CHyCly, rfx, 4 h 95
0 Ph H CH,Cl,, rfx, 20 h 80
0 H Bn CH,Cly, rfx, 4 h 90
0 Ph Bn  CHyCly, rfx, 20 h 740
1 H H CH,Cly, 1fx, 24 h 60
1 H H benzene, rfx, 20 h 74
1 Ph H benzene, rfx, 20 h 86
1 H Bn benzene, rfx, 20 h 71
1 Ph Bn benzene, rfx, 20 h 81p

3jsolated yields; ®mixture of diastereoisomers
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which the two ethylenic appendages are attached to afive-
membered ring system. As already suggested,*®” such a
disposition may preorganize the dienic precursor into a
conformation that favors cyclization. The present results
which refer to non-cyclic, conformationally more flexible
substrates corroborate an early example by Grubbs® and
show that such a preorganization is not anecessary condi-
tion for successful RCM.

Table2

1

R | R1
Bn\NJ\é‘)nJ 8 (10 mol%) 5 A\

> n\N
© (@)
X 9ab

7a(n=0)
b (n=1)

n R! Conditions Yields [%]?
0 H CH,Cly, rfx, 24 h 80
0 Ph benzene, rfx, 20 h 64

1 H benzene, rfx, 16 h 26°

1 H CH,Cly, rfx, 6 h 59P

1 Ph CH,Cly, rfx, 24 h 56P

2jsolated yieds; °ca 25% of starting material was also recuperated

It should be noted that the formation of medium-sized un-
saturated lactams by RCM takes place only with tertiary
amides. Thus, under the conditions mentioned above, no
cyclization is observed with secondary amides such as 10
or 11. The presence of an auxiliary group on nitrogen

10 " 12

probably ensures a sufficient proportion of the rotamer
with the two ethylenic appendages syn to each other. By
contrast, secondary amides of general formula 12 do un-
dergo ring closing metathesis to 14-membered lactams.!
Most likely, because of thelength of the ethylenic append-
ages, the anti rotamer is now also able to cyclize. Some
other examples of macrocyclic lactam formation by RCM
of secondary amides are described in the literature.'?
Concerning medium-sized unsaturated lactams, it should
be noted that unsaturated pyrrolidinones and piperidino-
nes have been obtained by Blechert and co-workers'®
through RCM of some secondary acryloyl amides.

Unsaturated amides 13a,b were readily prepared by Ugi
four-component condensation’* between benzylamine,
cyclohexyl isocyanide, 4-pentenoic acid and crotonalde-
hyde or cinnamaldehyde. Compound 13a (R = Me) was
found to undergo RCM leading to lactam 14. On the other
hand, wefailed to cyclize 13b (R = Ph) under similar con-
ditions (Scheme 2).

Amide 15, also prepared by Ugi four-component conden-
sation in which, aside from the acidic component, the oth-
er ethylenic fragment is now the amine instead of the
aldehyde smoothly cyclizes in the presence of Grubbs
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catalyst 8, leading to the corresponding seven-membered
ethylenic lactam 16 in good yield (Scheme 2).

The cyclizations of some other substrates were also brief-
ly examined. Thus amide 17, derived from condensation
of sorbic acid and N-allyl benzylamine readily cyclizes, as
do acryloyl amides,®® to the corresponding five-mem-
bered conjugated ethylenic lactam 18, presumably with
loss of 1,3-pentadiene (Scheme 3). As demonstrated by
Royer and co-workers,'>*¢ such five-membered conjugat-
ed lactams are important synthons in organic synthesis.
Allyl carbamate 19 leadsto the expected cyclic product 20
in moderate yield (Scheme 3) while the corresponding vi-
nyl carbamate does not cyclize at all.

Bn\N/\/ 8 (10 mol%) g Bn\N
W\ CHgC|2, fx, 16 h )}
0 )
17 83 % 18
Bn\N ANF 8 (10 mol%)
o)\o/\/ CH,Cly, rix, 16 h 41\
50 %
19 20
Scheme 3

In an attempt to “desymmetrize’ the lactam double bond
resulting from RCM and thereby increase the diversity of
further possible functionalization, metathesis of amides
21 bearinga X group (X = OMe, Cl, Br, CO,R, CN) at the
internal position of the ethylenic bond of the nitrogen
moi ety wasinvestigated. In no case could the formation of
the desired lactam be observed. For X = OMe, Br, Cl and
CO,Et, only dimers 22 resulting from self-metathesis in-
volving the C,C double bond of the carbonyl moiety were
obtained in yields ranging from 60% to 80%. For X = CN,

no reaction takes place.
_CFaCOH_
Et3SiH
(ref. 3)
THF/HC1 0.3N
—_— Etozc
m, 24 h

Scheme4

Some years ago, we reported? the obtention, in enantio-
merically enriched form, of the Z-ethylenic isostere of
L-Phe-Gly by hydrolytic ring-opening of enantiomerically
enriched lactam 2 (ee = ca 62%) with R' = Bn, R?>=H and
R = ferrocenyl-methyl. More recently, we described®
the obtention in enantiomerically pure form (ee > 95%) of
lactam 23 in which both carbon substituents are benzyl
and the auxiliary group R, is 2,4-dimethoxybenzyl
(Dmb). We now report the conversion of thislactam to the
corresponding Z-ethylenic pseudopeptide corresponding
to the L-Phe-L-Phe sequence (Scheme 4).Y’

Asalready described,®removal of the Dmb group wasfirst
achieved in 65-70% yield by treatment®® with anhydrous
trifluoroacetic acid at reflux for 5 min in the presence of
triethylsilane (2 equiv.) used as a carbocation scavenger.
The expected N-deprotected dihydropyridinone was thus
obtained as a single enantiopure diastereoisomer 24. The
reaction was repeated on racemic (R*R*+R*S*) com-
pound to give a mixture of R*R* and R*S* diastereoi so-
meric dihydropyridones that could easily be separated by
column chromatogaphy and fully characterized by NMR
Spectroscopy.

Compound 24 and itsracemic R* R* diastereoisomer were
guantitatively converted to imidate 25 and to the corre-
sponding R*R* diastereoisomer, respectively, by reaction
with triethyloxonium tetrafluoroborate (3.7 equiv.) in
dichloromethane at room temperature and under an argon
atmosphere. Tetrafluoroboric acid and triethyloxonium
tetrafluoroborate in excess were eliminated by addition to
the crude reaction mixture of an excess of solid and dried

) _EOTBRd Et;0*BF 4
CHxCl EtO

Ph
cr  +
HCl 6N HaN
rfx, 1h HO2
Ph
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NaHCO; followed by filtration. Imidate 25 was not
stored, but directly put in solution in a /7 (v/v) mixture of
THF and 0.3 N agueous HCI. Stirring for 24 h at room
temperature under an argon atmosphere led almost quan-
titatively to aminoester hydrochloride 26. This disubsti-
tuted aminoester proved much more resistant to acidic
hydrolysis than its monosubstituted analogue bearing no
substituent next to the carbonyl function.? Final conver-
sion to the aminoacid was finally achieved by treatment
with 20% aqueous HCI at reflux for 1 h. The crude amino
acid hydrochloride thus obtained was purified by ion-ex-
change chromatography and reprecipitated as its hydro-
chloride salt 27. Compound 27 (2R, 55 was obtained in
> 95% de (NMR analysis) and in 75% yield from dihydro-
pyridone 24. Theracemic R*R* amino acid hydrochloride
was similarly obtained from N-deprotected R*R* dihy-
dropyridone.
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