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6— and 7-membered rings

Ring-closing metathesis (RCM) of vinyl fluoride-containing dienes in the presence of ruthenium alkylidene carbene complex 11 proceeded
efficiently to give six- and seven-membered cyclic vinyl fluorides. The RCM reaction was used to prepare amine- and sulfamide-linked cyclo-
olefins, as well as carbocyclic systems, from a simple commercial fluoro-olefin.

Fluoro-olefins have been recognized as hydrolytically stable, systems would constitute valuable synthetic metHddere
nonclassical isosteric replacements for the carboxamidewe describe our preliminary studies concerning the ring-
group! In contrast to simple double bonds, which are closing metathesis (RCM) reactions of monofluorinated
generally considered to behave as noninteracting conforma-dienes linked by various carbon and heteroatom-containing
tionally constrained spacetdluoro-olefins have been sug- chains to provide cyclic vinyl fluorides.

gested as superior isosteric replacements and are therefore Initial investigations focused on the RCM reactions of
of considerable interest in the synthesis of peptidomimetics sulfamide-linked diene substrates, as these provided the
and other biologically active moleculé€onsequently, mild  seven-membered cyclic scaffold present in a series of highly
and general methods that allow the straightforward introduc- potent HIV protease inhibitors (Figure 4)ndeed, Hanson
tion of fluorinated double bonds into acyclic and cyclic
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et al. had previously demonstrated that analogues of thejjj N NG

cyclic sulfamide protease inhibitors could be prepared
efficiently by a RCM-based approaéfi,and we felt that
extension of the method to fluoro-olefins might provide
access to novel analogues with potentially interesting proper-
ties. Impetus for the synthesis of fluorinated seven-membered
sulfamides was augmented further by the fact that previous
efforts to interconvert hydroxyl groups to halogens in cyclic
HIV protease inhibitors3 had been complicated by ring-
contraction reaction$.

Sulfamide-linked RCM precursors were prepared using
established procedurésthe only point of note being the
relatively low reactivity of 1-chloro-2-fluoroprop-2-ene as
an alkylating agent (Scheme 1). This minor complication in

Scheme 2. RCM Reactions of Sulfamides
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the synthesis was readily resolved by conversion of the
chloride to the corresponding allylic iodide, either in situ or
prior to the reaction.

RCM was first carried out on the Boc-protected sulfamide
6, which cyclized smoothly (3 h) in refluxing Gi&l, with
6 mol % ruthenium complet1 (Scheme 2). The monosub-
stituted sulfamidé& also underwent ring-closure in refluxing
CH.Cl; (7 h), whereas th&l-alkyl sulfamides8—10 were
slower to cyclize and required higher temperatures. We found
it convenient to use sealed, crimped-cap vials immersed in
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a heated bath at 10, retaining CHCI, as the solvent. It
is noteworthy that no special high-dilution conditions were
required to avoid cross-metathesis, and all of the desired
N,N’'-disubstituted sulfamides were obtained in good to
excellent yields?! The difference in reaction rates between
the Boc-, H-, and alkyl-substituted sulfamides is not im-
mediately apparent but may be a consequence of conforma-
tional preferences of the intermediate ruthenium alkylidene
complexes.

During the course of this work, literature searches failed
to reveal any previously successful examples of RCM of
fluoro-olefins to give cyclic vinyl fluorides. However,
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Blechert et al. and Grubbs had reported on the cross-17, deallylation occurred rather than the desired ring closure.
metathesis of perfluoroalkyl-substituted oleftdsl* attribut- Recently, Cadot et al. have reported that allyl and homoallyl
ing their success to the use of later-generation rutheniumgroups can undergo isomerization in the presence of the
N-heterocyclic carbene complex€sin the same work, ruthenium alkylidene complek1.'” It therefore seems likely
Grubbs et al. noted that vinyl halides had failed to give cross- that isomerization of allylic amin&7, followed by in situ
metathesis productd!* Given the dearth of examples of hydrolysis of the resulting enamine, accounts for the forma-
RCM involving halo-olefins, we set out to establish if the tion of 18. However, the structure of the ruthenium species
RCM of fluoro-olefins could be more widely applicable mediating the isomerization remains unknown. Gratifyingly,
(Scheme 3). the homologous amin¥9 provided the six-membered vinyl
fluoride 20 in good yield.
_ In the carbocyclic series, RCM also proceeded smoothly
Scheme 3. Further RCM Reactions of Vinyl Fluorides to provide _the six- and seven-membered prodlﬂﬁsand.
26, respectively. However, we were unable to close the five-
Ph " Ph membered ring24, and in this case starting material was
1eq.), 11 (12 mol%), N recovered.
)/;\ CHOlp, 100°C, 10 :Z RCM of the ether-linked dien27 required more forcing
7 75%) conditions and did not proceed as cleanly as the above
examples. The characteristic signals of the desired seven-
membered produ@8were observed in thid NMR spectra
TFA (teq), 11 (12 mol%) Ph— of the crude reaction_mixture, and.a partially purifi_ed sample
_>/~7 CHyCl, 100°C, 10 h N (40%, see Supporting Information) was obtained after
‘} (83%) Q_F chromatography. Unfortunately, isolation of a pure sample
of the product was not possible due to its instability and

volatility.*®
A general observation made on the work described here
F / 11rg|3xm2':1/°)’ is that RCM reactions of fluoro-olefins are typically slower
) _— Q than thei_r nonfluorinated analog_ues. We_ therefore suggest
Et0,C” COsE EtO,0 O,Et that the first step along a productive reaction pathway would

be reaction at the more electron-rich olefin to form a

21 n=1 24 n =1 (not detected) ruthenium alkylidene compleR (Figure 2). Coordination
22 n=2 25 n =2 (73%)
23 n=3 26 n =3 (77%)
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A variety of monofluorinated dienes, with carbon and
heteroatoms in the linking chain, were prepared. Amine and JD r\
ether substrate47, 19, and 27 were obtained by fluoro-
allylation of N-benzylallylamine N-benzyl-4-aminobutene,

R
and 2-allyl-phenol, respectively. The malonate derivatives [ u]\:D — [Ru
21—-23 were synthesized by alkylation of the sodium salt of
diethyl (2-fluoro-allyl)malonate in DMF at 100C in the c B

presence of Nal. _ ) _
RCM reactions of the aminek? and 19 were carried out Figure 2. Pr(_)posed reaction pathway for the RCM of fluoro-olefin-
. . - containing dienes
on both the free 3amines and their corresponding am-
monium salts with similar result§.We were surprised to
observe that in the case of the five-membered ring precursorof the poorero-donor fluoro-olefin and formal [2+ 2]

(12) Imhof, S.; Randl, S.; Blechert, €hem. Commur001, 1692. (16) Early reports in the literature suggested that RCM reactions of
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Org. Chem.1997 62, 7310. Nguyen, S. T.; Grubbs, R. H. Am. Chem. S0d.993 115 9856. Felpin,

(14) RCM of chloro-olefins has recently been realized using the F.-X.; Girard, S.; Vo-Thanh, G.; Robins, R. J.; Villas, J.; Lebreton, J.
ruthenium compleX 1to provide five- to seven-membered products. Chao, Org. Chem2001, 66, 6305. In the current work, we initially formed TFA

W.; Weinreb, S. M.Org. Lett.2003 5, 2505. salts of 17 and 19 prior to submission to the RCM conditions but
(15) Garber, S. B.; Kingsbury, J. S.; Gray, B. L.; Hoveyda, AJHAm. subsequently found that the reactions of free amih@sand 19 with
Chem. Soc200Q 122, 8168. ruthenium complexL1 gave similar results.
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cycloaddition can then occur to provide the intermediate using a commercially available fluoro-olefin fragment.

metallacyclobutaneC when a suitable linking group is  Current effort in our laboratory is focused on the develop-
present. We believe that the failure of the RCM reactions to ment of solid-phase cyclizatiercleavage approaches to

give five-membered rings is a reflection of the lower fluoro-olefins®®

reactivity of the fluoro-olefin double bond, combined with

a greater ring strain energy developing in the formation of
an intermediate such &or the transition state en route to
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