
@
Pergamon

TetrahedronLetters, Vol. 38, No. 38, pp. 6635-6438, 1997
@ 1!?)7ElsevierScience Ltd

All rightsreserved.Printedin GreatBritsin

PII: SO040-4039(97)01577-3 Oo40-4039/97$17.00 + 0,00
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Alkynylation of C-H Bonds.1
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Abstract: Reactions of TIPS-substituted acetylenic triflones extends the versatility of the
trifluoromethyl radical mediated C-H alkyrtylation reaction. Alkynes bearing acetylenic or
propargylicoxygenfunctionalitycannotbe prepared,but silylethers or chloridesin remote positions
may be carriedthroughthe reaction. Crown ethers are successfullymonofunctionalizedand distal
bis-acetylenesmay be employedin the title reaction. @I$19TEISeViersciencer-td.

We recently repotted that reaction of ethers, sulfides, and hydrocarbons with acetylenic

triflonessuchas 2A,B providesfacile accessto substitutedalkynes 3 (Scheme 1).2 The reaction

proceedsvia radicalC-H abstractionby the very electrophilictrifluoromethylradical 4 in a process

involving addition of alkyl radical 5 to the a-carbon of the acetylenic triflone 2 followed by

eliminationof vinyl radical6 to alkyne3 and trifluoromethylsulfonylradical7. Fragmentationof 7 to

sulfurdioxideand trifluoromethylradical4 propagatesthe chain.
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In orderto delineatethe scopeand limitationsof reagents bearing additional functionalitywe

undertook the synthesis of acetylenic triflones bearing a silane. The exceptional electron-

withdrawing ability of the triflone impatis considerable lability to the P-silylacetylenic triflones,

attemptsat synthesisof TMS-substitutedreagent 9a leading to black tars. TBDMS-alkynyl triflone

9b was also somewhat sensitive,but could be isolated and employed in the alkynylationreaction,

affordingTHF adduct IOb in a moderate yield of 63%. The TIPS-substituted reagent 9C was far

more satisfying,providingexcellent yields of C-1+alkynylatedproducts10c-13C(Scheme 2). As

previouslyobsewed,2 reactionsconductedin acetonitrilesolutionare somewhat slower and lower-
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yielding than those run in neat substrate. For example, adamantane is converted to acetylenic

silane 14c in 50?’. yield after heating in acetonitrilewith reagent 8C for 48h (Scheme 2).
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Distal substituentssuch as homopropargylether 15b and bishomopropargylchloride 16b

undergothe alkynylationreactionwith test substratestetrahydrofuranand cyclohexaneaffordingthe

adducts17-20 in 76-82% yield (Scheme 3, left). Unfortunatelyall attemptswith substratesbearing

functionality in closer proximity to the alkyne moiety, such as protected propargyl alcohols,

acetylenic ethers, or the indicated bicyclooctylorthoester (OBOE3), were uniformly disastrous.

While the acetylenic anions could be prepared in each instance, addition of triflic anhydride

generated a reaction mixture which began to darken even at low temperature and upon further

warming only produced intractabletarry mixtures(Scheme 3, top right). The only substratewhich

yielded an identifiable product was ethyl propiolate 21, which afforded dimer 22, via addition-

eliminationof the acetylenicanionto the incipientacetylenictriflone(Scheme 3, bottomright).
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Acetylenictriflones 2A and 9C are also excellent reagents for the alkynylation of crown

ethers. As can be seen in Scheme 4 and Table 1, both 12-crown-4 23 and 15-crown-5 24 were

effectivelymonoalkynylatedto provide functionalizedcrowns 25-26. Desilylation of 25c and

26c could be effected in near-quantitativeyield (1.lequiv TBAF, 25°C, 2h). This representsan

extremelyefficientaccessto moleculesof this nature.A
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Table 1. Comparisonof reactionsof Crown ethers with AcetylenicTriflones2A and 9c.
Run Crown (#equiv) Conditions Products Yield

23 (1Oeq) 2A, 3h, O.1OM 25A Toy.

1’ 23 (1 .5eq) 2A, 48h, 0.05M 25A 55~o*

3 23 (5eq) 9c, 6h, 0.06M 25c 70%
4 23 (1.5eq) 9c, 48h, 0.08M 25c 50%

5 24 (lOeq) 2A, 2h, O.1OM 26A 80Y0
6 :: [:-l:)q) 2A, 24h, 0.05M 26A 60Yo*
7 9c, 5h, 0.06M 26c 70~o
8 24 (1 .5eq) 9c, 48h, 0.05M 26c 53%
#AIBN(20 mol%),acetonitrileat refkrx,;“20%PhCOCH@02CF3alsoisolated.

The final classof reagentsinvestigatedwere the bis-acetylenes. As might now be expected,

the 1,3 and 1,4 diacetylenes were not satisfactorysubstrates. However the 1,7-diynes shown in

Scheme 5 were perfectly well-behaved materials. Although direct monofunctionalizationof 27

proceeded in only 30Y0 yield, the alkynylationreactions of the resulting 26 proved that the C-H

functionalizationproceedsin the presenceof the unprotectedterminal acetylene (Scheme 5, rxn 1).

A higher-yielding, but longer sequence involves starting with TIPS-acetylene 31 and provides

29Si and 30Si, the TIPS-protected derivativesof compounds29H and 30H. Fluoride-mediated

cleavage of these materialsthen affords29H and 30H in near-quantitativeyield (Scheme 5, rxn 2).

Applicationof the metalation/sulfonylationsequence gives acetylenic triflones 29Tf and 30Tf in

reasonableyield (Scheme 5, rxn 3). Reactionof 29Tf with cyclohexaneor 30Tf with THF provide

the identicalbis-functionalizedbis-acetylene34 in >80Y0yield in each instance. Treatment of 30Tf
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with cyclohexane providesthe expected symmetricalbis-acetylene35 in similar yield (Scheme 5,

rxn3).
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i) 1.05aq n-BuLi,Et20, -78”C, Ih; ii) 1 eq Tf20, 30 rein;iii)0.15eqAIBN,THF,reflux,14h; iv)0.15 eq AIBN,

Cyclohexane,raflux,24h;v) n-BuLi -7S’WTHF/HMPA, add l,4-dibromobutane5eq., watmto 23W (98%); vi)

TMS-C=C-Li,warmto 23W, (97%); vii) K*C03 leq, MeOH, O“Cto 23°C, 3 h (837.); viii)TBAF, THF, 23W, 2 h, (98%)
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