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In this communication, we report that unsaturated permethyl-
cyclopentadienylcobalt(lll) allyl complexes react with alkynes to
give substituted®-cycloheptadienyl complexes by metal-mediated

synthetic access to important organic ring systems inaccessibleintermolecular [3+ 2 + 2] cycloaddition. Subsequent nucleo-

by traditional cycloaddition methodology Seven-membered-ring

philic alkylation/decomplexation procedures provide functional-

synthesis is prominent among these efforts, with important recentized organic cycloheptadienes in a highly regioselective and
advances in two-component Cycloaddltlons and intramolecular stereoselective manner, pro\/iding convergent new method0|ogy

cyclization methodology. Our investigation is focused on the
development of metal-mediated allyl/alkyne cycloaddition reactiv-
ity patterns, targeting intermolecular three-component cyclization
processes$. n3-Allyl alkyne coupling reactions proceed via vinyl
olefin intermediates and typically provide open-chafpenta-
dienyl complexes (path a) orn®-cyclopentadienyl complexés
(path b) from reaction with a single alkyne (Scheme 1).

for the construction of synthetically valuable seven-membered-
ring systems.

The required cobalt(lll);-allyl complexes can be generated
in several ways compatible with the development of synthetic
organic methodolog}® The neutralb;®-allylcobalt triflate com-
plexes2 are particularly convenient precursors, with good thermal
stability, high solubility, and a highly labile triflate ligand (eq

Incorporation of two alkynes has also been reported, leading to 1). The unsubstituted allyl triflate compl®a.is prepared in high

the formation ofyt,7*methanocyclohexadiene complexes (path
c).” By controlling the regiochemistry of the migratory insertion
that determines ring size in the double alkyne reactions, we
recently established the first allyl/alkyne cycloaddition reactions
to yield seven-membered-ring systems with high selectivity (path
d)8° To exploit the synthetic potential of that iridium-mediated

reactivity pattern, less expensive and more reactive organometallic
systems were sought for the development of organic methodology.

(1) Current locations: (a) Department of Chemistry, University of Prince

Edward Island, Charlottetown, PE C1A 4P3, Canada. (b) Central Research

and Development, E. I. DuPont de Nemours and Co., Wilmington, DE 19880.

(2) Recent reviews: (a) Lautens, M.; Klute, W.; Tam, @hem. Re. 1996
96, 49. (b) Rigby, J. H.; Pigge, F. @rg. React1997 51, 351. Rigby, J. H.
Org. React.1997, 49, 331. (c) Shore, N. EChem. Re. 1988 88, 1081. (d)

See also: Harmata, Mietrahedron1997 53, 6235.

(3) Recent and lead references: (a) DykerABgew. Chem., Int. Ed. Engl.
1995 34, 2223. (b) Trost, B. M.; Higuchi, R. U. Am. Chem. S04996 118
10094. (c) Negishi, E.-I.; Ma, S.; Sugihara, T.; NodaJYOrg. Chem1997,

62, 1922. (d) Wender, P. A.; Husfeld, C. O.; Langkopf, E.; Love, JJAAmM.
Chem. Soc1998 120, 1940. Wender, P. A.; Takahashi, H.; Witulski, B.
Am. Chem. S0d.995 117, 4720. (e) Davies, H. M. L.; Stafford, D. G.; Doan,
B. D.; Houser, J. HJ. Am. Chem. S0d.998 120, 3326. (f) Harvey, D. F.;
Grenzer, E. M.; Gantzel, P. KI. Am. Chem. Socl994 116 6719. (g)
Barluenga, J.; Tomas, M.; Rubio, E.; Lopez-Pelegrin, J. A.; Garcia-Grande,
S.; Pertierra, PJ. Am. Chem. Sod996 118 695. (h) Huffman, M. A,;
Liebeskind, L. SJ. Am. Chem. So&993 115 4895. (i) Kreiter, C. G.; Fiedler,
C.; Frank, W.; Reiss, G. J. Organomet. Chen1995 490, 133. (j) Wang,

C.; Sheridan, J. B.; Chung, H.-J.; Cote, M. L.; Lalancette, R. A.; Rheingold,
A. L. J. Am. Chem. S0od994 116 8966. See also the citations contained
within refs 3a-j.

(4) Seven-membered-ring synthesis via three- or four-component cyclization
is very rare: (a) Grevels, F.-W.; Schnieder,Ahgew. Chem., Int. Ed. Engl.
1981 20, 410. (b) Binger, P. Bch, H. B. Top. Curr. Chem1987, 135 77.

(c) Herndon, J. W.; Zora, M.; Patel, P. P.; Chatterjee, G.; Matasi, J. J.; Turner,
S. U. Tetrahedron1993 49, 5507. (d) Cooke, J.; Takats, J. Am. Chem.
Soc.1997 119 11088.

(5) See: Betz, P.; Jolly, P. W.; Kruger, C.; ZakrzewskiQ¥ganometallics
1991, 10, 3520 and references therein. For a comprehensive list of allyl/alkyne
coupling reactions, see the citations in ref 8.

(6) (a) Lutsenko, Z. L.; Aleksandrov, G. G.; Petrovskii, P. V.; Shubina, E.
S.; Andrianov, V. G.; Struchkov, Yu. T.; Rubezhov, A. Z. Organomet.
Chem.1985 281, 349. (b) Nehl, HChem. Ber1993 126, 1519.

(7) Lutsenko, Z. L.; Petrovskii, P. V.; Bezrukova, A. A.; Rubezhov, A. Z.
Bull. Acad. Sci. USSR. i Chem. Sci1988 37, 735.

(8) Schwiebert, K. E.; Stryker, J. M. Am. Chem. S0d.995 117, 8275.

(9) Mn(allyl)s /a,w-diyne cycloaddition gives mixtures of six- and seven-
membered-ring dienes: Tang, J.; Shinokubo, H.; Oshim&@rganometallics
1998 17, 290. In contrast, iridium-mediated allgl/w-diyne cycloaddition
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a: R=R'=H TfO RoH M

b: R=H, R =Me ~ =H, Me

c:. R=R'=Me 2a-c

Conditions: i. (CsMes)Co(C,H,), (1), TTOH, Et,0, -78 °C—RT, 4h
ii. (CsMes)Co(C,H,), (1), hexane, 65 °C, 4-12h; then step i.

yield by treatment of allyl alcohol with (§Mes)Co(ethylene) (1)1t

and triflic acid. The red-brown inner-sphere triflate complex
thus formed can be used in situ or isolated ir-89% yield!?13
Substitutedy3-allyl derivatives are best prepared from the 1,3-
diene by thermal exchange followed by protonation, without
isolation of the intermediate diene complex (eq 1). Thyis,
crotyl andz®-1,2-dimethylallyl triflate complexe2b and2ct?14

are formed in near-quantitative yield and can be isolated in
crystalline form in yields in excess of 80%.

Consistent with a previous repéPtpermethylcyclopentadi-
enylcobalty3-allyl complexes react with alkynes in THF to yield
substituted cyclopentadienyl complexes by dehydrogenative [3
+ 2] cycloaddition, even in the presence of excess alkyne. By
using a noncoordinating solvent, however, the reaction is diverted
to the higher-order cycloaddition, producing seven-membered-
ring complexes from incorporation of two equivalents of alkyne
(Table 1). Thus, treatment of allyl, crotyl, and 1,2-dimethylallyl
complexea—c in dichloromethane with excess acetylene affords

(10) (a) Allyl halide/(GMes)Co(ethyleney, followed by Ag(l) ionization:
Brestensky, D. M. Ph.D. Dissertation, Indiana University, 1992. (b) Oxidation
or oxidative halogenolysis/Ag(l) ionization of cobalt(ll) allyl complexes:
Reference 6b.

(11) Nicholls, J. C.; Spencer, J. Inorg. Synth.199Q 28, 278. Frith, S.

A.; Spencer, J. LInorg. Synth.1985 23, 15.

(12) Complete experimental, spectroscopic, and analytical data are provided
in the Supporting Information.

(13) Triflate complexe® show solvent-dependent infrared spectrosédpy
similar to that observed for the isostructural inner-sphere iridium triflate
complex: Schwiebert, K. E.; Stryker, J. Mrganometallics1993 12, 600.

(14) The allyl ligands are assigned the exo configuration based on difference
NOE spectroscop$?
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Table 1. [3 + 2 + 2] Allyl/Alkyne Cycloadditior? Table 2. Synthesis of Functionalized Cycloheptadienes
Entry Allyl complex/  Alkyne Product Yield® Cyclo- Diene ield® Free ield?
Y precursor adduct complex® Yield Diene® Yield
‘ot OTF CO,Me
cor R Cp*Co Cp*Co H k 2
\CO_A/ é R' ’I’R. " -CO,Me - CO,Me
/ “ \ //
TiO H T CO,Me
R R H R Y
—_ 3a(R,R=H 52 (66
! 2a H H ( ) (68) 3a 4a(R,R'=H) 71 5a(R,R'=H) 67
2 2b H—=—H 3b(R=H, 79 (85)
R' = Me) 3b 4b (R=H, R'=Me) 63 5b(R=H,R =Me) 62
3 2c H—=H 3¢ (R, R'=Me) 80 3c 4c (R, R' = Me) 89 5¢ (R, R'= Me) 49
* +
Cp’Co” OTF P CoCP" Ph ‘\Cone
4 2a Ph—==—H Ph 59 ‘l’ ., ~CO,Me " COzMe
3 > C/:) M
3d Ph blvie
Ph ad 72 P 5d 50
Ak CoCp*
[ CoC
Bu * orr H -
5 2a Bu—=—H Q 88 3g MeOche \ 3
MeO,C~"  H
3e 'Bu MeOzc CO,Me
49 96 59 62

#Conditions: NaCH(CO,Me),, THF, RT, 4h. bYield of spectroscopically homo-
geneous material obtained from pentane extraction under N, and used without
further purification. “Conditions: [(CsHs)yFe]*PF¢™ (2.5 equiv), CH3CN/pentane,
-35 °C—RT, 5-10 min. Yield is of isolated pure material obtained from flash
chromatography.

Br

6° 47

7 <:/§—Br H—=—H 39 (n=2BF,saly 59

tionalized diene complexeB? with complete stereoselectivity.??
Demetallation is more difficult than in the less-electron-rich

3Conditions: CH,Cly, excess alkyne (PhC=CH, 3 equiv; tBuC=CH, 10 equiv), -78 cyclopentadienylcobalt systeh%ut is accomplished in reason-
°C—RT, 12h. PYield of spectroscopically homogeneous material obtained from bl ields b . ferri . | d h |
chromatography. Yields in parenthesis are overall yields obtained from complex anle yielas by L.JSIng erncemgm sal 'ES and a t\_/\{o'p QSE SO yent
1, without isolation of the allyl triflate complex 2.  “Conditions: 1. systemt? The dienes are obtained without positional isomeriza-
(CsMes)Co(CyHy), (1), THF, 0 °C—RT  6h; fi. AgOTf or AgBFy, HC=CH, tion as the exclusive organic product; the material balance consists

acetone, RT, 0.5h. of intractable material and the known dication {{@s)Co-

) ) o (NCCHg)3]?"(PRs™)222 It is noteworthy that the trans stereo-
n°-cycloheptadienyl complexe&da—c as air-stable solids in good  chemical relationship observed for the cycloheptadiene substit-
yield (entries +3).** No formation ofz°-cyclopentadienyl or  yents in5b, 5¢, and5g is complementary to that obtained by
n*n*-methanocyclohexadiene products is observed, nor areconventional metal-mediated functionalization sequences starting
significant amounts of regioisomerig-cycloheptadienyl com-  from the unsubstituteg®-cycloheptadieny! ring®
plexes detected in the crude product. The endo stereochemistry
of the methyl substituent in complex8b and3c is assigned by Acknowledgment. Financial support from the Natural Sciences and
spectroscopic correlation with the structure and stereochemistryEngineering Research Council of Canada and the University of Alberta
of bicyclic complex3f, which was confirmed unambiguously by is gratefully acknowledged. We also thank Dr. Robert McDonald of the
X-ray crystallography? The use of terminal alkynes also leads Department of Chemistry Structure Determination Laboratory for X-ray
to the formation of;>-cycloheptadienyl complexes (entries 4 and  crystallography.

5), gl?hough_phenylace_tylene and 3,_3-d|methyl-l—butynelg)lrgwde Supporting Information Available: Experimental procedures, com-
reg|0|so.merlclSubstltytlon.patt(.erns in complegesand 3e.™ plete spectroscopic and analytical data, tables of comparative NMR
Synthetically interesting bicyclic complex&§ and3g can also  spectroscopy, and details of the crystal structure determination for complex
be prepared, starting from readily available five- and six- 3f (40 pages, print/PDF). See any current masthead page for ordering
membered-ring precursors (entries 6 and 7). In these casesjnformation and Web access instructions.

oxidative addition is used to prepare tjeallyl complexes, which JAG82010U

are converted without isolation tiy situ ionization and treatment

Wltg acetyl.ene' 15 loh di | | 3 . (18) The synthetic organic chemistrystcycloheptadienyl iron complexes
onversion ofy>-cycloheptadienyl complexe8 to organic  nhag been developed, starting with a preformed seven-membered ring: (a)
cycloheptadiene derivatives is accomplished by nucleophilic Pearson, A. Jron Compounds in Organic Synthesfcademic Press: New
alkylation”'§oxidative decomplexation (Table #). Sodium gggk'légZ“l?o%hggg 5. (b) Pearson, A. J.; Kole, S. L. Ray).Tam. Chem.
d'methy!malonate’ for example,. adds regloselectlvgly to the (19) Oxidative decomplexation of cobajt'-cycloalkadiene complexes:
unsubstituted end of the pentadienyl fragment, providing func- Gesing, E. R. F.; Tane, J. P.; Vollhardt, K. P. Angew. Chem., Int. Ed.
Engl.198Q 19, 1023. Tane, J. P.; Vollhardt, K. P. 8ngew. Chem., Int. Ed.
(15) The use of propyne produces an inseparable mixtur-ofclohep- Engl. 1982 21, 617. Macomber, D. W.; Verma, A. G.; Rogers, R. D.
tadienyl isomers; the use of trimethylsilylacetylene produces only desilylated Organometallics1988 7, 1241.
n5-cyclopentadienyl complex. Dimethyl acetylenedicarboxylate appears not  (20) Malonate anion deprotonates sterically hindered con§ggxroducing
to coordinate to the electrophilic cobalt center. the n*-1,4-ditert-butylcycloheptatriene complex.
(16) Disubstituted alkynes undergo more complicated transformations,  (21) The potential for sequential polyalkylation procedures is demonstrated
which will be discussed in a separate account: Dzwiniel, T. L.; Etkin, N. E.; by the conversion of diene complega to [(CsMes)Co(6-malonyly®-

Stryker, J. M., in preparation. cycloheptadienyl)]BF,~ upon treatment with REBF,~ (CH,Cl,, room
(17) Nucleophilic additions to [(§s)Co(;>-cycloheptadienyl)j: (a) Salzer, temperature, 609618

A.; Bigler, P.Inorg. Chim. Actal981 48, 199. (b) Maguire, L. A. P (22) The addition of LiEfBH (THF, —78 °C) to 3a—c provides noncon-

Mouncher, P. A.; Salzer, Al. Organomet. Cheni988 347, 383. (c) Wieser, jugateds®-cyclohepta-1,4-diene complex¥s.

M.; Karaghiosoff, K.; Beck, WChem. Ber1993 126, 1081. (23) Fairhurst, C.; White, CJ. Chem. Soc., Dalton Tran$979 1524.



