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Abstract: Vmylacetylene 1 undergoes reactions with dienopNles by a mechanism involving initial addition of 
acids to the triple bond, cycloaddition, and elimination of add. 

For more than half a century the fact that vinylacetylenes can undergo cycloaddition reaclions with 

dienophiles (“dehydro Die&Alder reactions”11 has puzzled organic chemists. ti the mechantom~ of the 

cycloadditions are similar to those of Diels-Alder reactions the initial products would he 1,2-cyclohexadi or 

I~J-cydohexatrienea - highly atmined interxmxliates which are unlikely to he formed unQr the mild conditions 

reported tar 901~ dehydro Dick+Alder reactions. Fu&ermore, to yield the observed products these internv&ates 

would~~taundagol~~~ehifts,,althollgh~shifteorenotcommontyotwervedincydicsllenea2 

In the only prevtous investigation of the me&a&ms of dehydm D&Is-Alder reactioM.whitk&Wu,pnd 

Whitlock reported that the dimerization of phenylpropiolic add in acetic add containing deutwosuUuric acid 

yielded l-phenyl-2,3-naphthalD ic anhydride s&Muted with deuterium at C-4 (eq. 1). 

They proposed a mechanism in which protonation of a triple bond at a position adja&nt to a phenyl group ts 

concerted with the q&addition proces~~ 

There are several difficulties with that proposzd me&u&m (a) If broken down into individual atepa, the 

mechanismrequiresthatprotonationtaZrephceatabenzylicpoeitionb~~ana~cstioninptPfereMeto 

protonation at a position a- to the carhoxy group to form a henqlic cllltioh (b) The presemx of deutwhun in the 

product does not demonstrate that the process is add-catalyzed, s&e deuterium would appear at the same position 

if the protonation step took place after the cyclization step (e.g., by protonation of a l&cydohexadiene 
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mermebte). (c)Dehydro~~~~~~~~bgnreportedm~pkaeinule8~obrlda~ 

under mild conditlona’ 

The mc& dramatic examples of apparently uncatalyzed dehydro Diela-Alder m -theRpadrby 
DaneandhercoworkersthatvinylaMykne1undergoca~tion~ witbmaleicanbydrideatmplyon 
standingovemightinethersolutionatmaIntempera~~ 

Inourhands,prmldidnotunderIgoanyreactionwithmaleir~defnether~tion-afterone 

~atroom~~~,nordiduryreactlonorrurifsdutionsofludmaleicPnhydrideInetha,~,or 

toluene were heated at retlux for several days. Irradiation of ether soh~tions with visible light yielded no 

maction, while addition of aluminum trlcNo~Ide, boron trifluoride etkrate, or amt. sulfuric add resulted only in 

decompostttonofl. 

Bubbltng rapid streama of hydrogen chloride or hydrogen bromide through ether aoh~tions of 1 and male& 

anhydride did not result in formation of q&addition products. However, if only ca. 0.5 molar equivalents 

(compared to 1) of the hydmgen haltdes were bubbled iota the solutions, brownish yellow crystals appeamd on the 

following morning, as desaii by Dane et at. Purification by the published procedure yielded a bright yellow 

monoaddition product, mp 200.0-2UL5C reporWk4 2OOa, and a pale yellow adduct of one mole of 1 with two 

moles of matetc anhydride (mp 26%2&t r. rep~rted,~ 263’c), in radios of ca. 4~1. The stnxtulp of the monoaddttkm 

product was shown from its spectra7to be 2, rather than the structure with a double bond in ring B provtstonally 

asstgnedbyDaneetaL4 Thediadducta~fromitsspectratobea~,andnostructural,~~~~haw 

been made. 

The cycloaddu& from HBr catalyzed reaction of 1 with acrylic add in ether simtlarly was found to have 

structure 3.7 
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*x=a 
e,x=ar 

*x=a 
s,x=Br 

were obtained in quantitative ylehb. Both compounds proved to be extremely sensitive, losing hydmgen halides on 

contact with the a- to tkrm deep blue, insoluble powdera 

Dihalid~IrPndIbseewd~~ytobeintermedinter,inthecyclodditlonrePctioMofland,indeed, 

maleicanhydridedidnotreactwitheitkrdihalide. Attemptstoobtaina monodkridebymactkmoflwithHCl 

wereunsuaxssfuL lnstead,4awasmackdwithonemoleofpotassiumt-butoxkle. ThisresuUedinlaesofonemole 

ofhydmgffl~~~formaproductwhoselHNMRrpectnunwasoonststent withthatofaca.3:lmixtureofSa 

anditsZisomer. (WhenthereectionoflwithHCIwasfollowedbyNMR,Bmalldgnalsattrlbutable~o~ 

detectable, m with signals for 1 and Ia.) In contrast to the mn of 1 with HCI, when HT3r was bubbled 

verycautiouslyUvoughasolutionof1inCDC13andthereactionmonitoredby1H~themonobromideSb7was 

obtainedinapparentlypureform. Lilre4aand4b.Sa~SbprovedtobewryAactiwinsir.formingdeepblue 

insoluble pmducts apparently identicel with those obtained from 4a and 4b. 

Maleic anhydride reacted with 5~ and with Sb to form product mixhues -1y identical with those 

obtained from the hydrogen halide catalyzed reactiona of maleic anhydtide with 1. Whrn malcfc anhydride 

razcfed with a solution containing 1 and 5a in a IO:1 molar ratio, fhe molar yfeld of q&addition producfs w 

more than seven times as large as the amount of 5a employed. 

Thus. the dehydro Dlels-Alder mctions of 1 pmceed by addition of acid m 1 to form a hakx&ne, f&lowed 

by a normal DieIs-Alder cydoaddition step and then by elimination of add to reform the catalyst 

We suggest that the dimerkation of phenylpropiolic add proceeds by a similar mechanism. While we 

believe the reaction is indeed add catalyzed, as proposed by Whitlock’s group? this cannot be deduced from 

deuterium labelhg experiments,alncethedeuteriumIabelremainingintheproductwauldbeinhoducedapCrthe 

rate limiting cydoaddition step. 

llrere thus seems to be little evidence for concerted cycloaddition reactions of vinylacetyl- However, 

the “double dehydro L&Is-Alder reactions” of divinyk+enes investigated by Butz and -workers9 am difficult 

tOsrpl.2hbyOUr xmchanism. We are pn3ently investigating the -oftkk3en!actions. 
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