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Abstrect : Electrophile initiated acetylenic oxy Cope rearraqemmt of 
divmelysubstituted 5-Hcxen-1-yn-3-01s leads to the cwrespuWgaC6 
-diethylmlc aldehydes or ketones In 9ood yields wlth mainly the E 
conf iguraticn fw both tile bonds. 

Silver nitrate and Silver triflwromethanesulfonate appear to be the 
most suitable electrophiles for this purpose and can be used either 
ctoichiornetrically (AgTf)or catalytically (AgNo3). 

The thermal oxy-Cope rearrangement of 1,5-hexadiene-3-01s to S- 

ethylmic ketones is IKW a long known process (1) but its synthetic utility either for the 

elongation of open chain compounds cr for the four-carbon homologatlcn of cyclic systems is 

considerably reduced owing to a low stereoselectivity and mainly to a competing cleavage of 

the molecule due to an ene process lnvolvlog the hydroxyl qwp (2). 

In recent years, the potential of this [3.3] signstropic transposition has been 

highly increased by the development of new conditions that eliminate the cleavage 

side-reaction and Increase markedly Its stereoselectivity. Some of them. for example. the 

siloxy-Cope reerraqpment (3). uu derivatives of the st#ting dienol but the more 

interesting ones are those which start from the alcohol ltsslf and aoceleratc the oxy-Cope 

process by qrotic polar solvents (4) cr by tramfaming it to the potassiun almholate (5). 
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Since itr dcrcfiptlcn by EVANS et al.. this low temperatureSprocess hw been often applied In 

sequences leading to different natwal products (6). 

By oomparlsor~ only a few examples of the analogous transpwltlcn lnvolvlng 

triple bonds have been described (7) (6) (9) probably because the synthetic utility of the 

thermal rearrangement of S-alken-l-yn-Pals is limited by the cyclisation of the 

intermediate allenols to cyclopentenyl compcunds and by its transfwmation to a mixture of 

the iscmeric 2,4- and 2B-alkadienals (7). 

FUJITA eta/ have recently undertaken an Interesting study of the rearrangement 

of the unsaturated alcohol & in the purpose of obtaining peudoionono analog& (9). They have 

shown that the reported modifications of the oxy-Cope rearrangement were totally 

inefficient : the slloxy-Cope rearrangement of h (165’-4h) followed by hydrolysis gave a 

mixture of isomeric ketones & + a in 37% yields only while the Evans procedure (KH, THF, 

0’. 3h) afforded trace of pseudoionone and leads only to a retroethynylation reaction. 

3a - 

However, they reported that. by using the solvent assisted rearrangement in 

liquid phase thermolysis, there was not only a solvent aoceleratlon, but also a facile 

ketcnizaticn of the initial Cope product which prevents any further reactions of the 

intermediate allenol. Formation of the rearranged ketones then becomes essentially the only 

functionning process (for instance the use of N-methyl-2-pyrrolldonf! (NMP) inweased the 

yield of & + & up to 66%). In addition they described a selective one pot synthesis of 

pseudoionone a frwn h with yield up to 70% via simultaneous oxy-Cope rearranpwnent and 

double bond miyation using NM? containing a trace of halogen catalyst (10). In spite of its 

interest, this modification has still too drastic conditions (refluxing WlF’ : 165’) to be 

wltable In the case of very sensitive dienones. 
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Our recent works in the fiefd of the oxy-Cope transposition of 

1.5-hexadlens-3-01s were concefncd wlth an electrophillc assistance TV metallic salts in 

order to deorease the required temperature. This methodology, which SW the 

cyclisation-fragmentation process depicted in scheme 1, was successfully applied to tertiary 

dienols which were transformed to G-ethylenic ketones in fairly good yields at m 

temperature, by using mercuric trifluoroacetate either in stoichiometric (11) or catalytic 

(12) amounts or by asslstlng the transposltlon by catalytic quantities of bisbemonitrlle 

palladium dichloride (13). 
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Unfortunately 5-alken-l -yn-3-01s such ashwere transformed invariably to 

an untractable mixture of products when submitted to these different condltlons. 

The ability of triple bonds to give n-complexes with silver ions is well 

documented and, for example. authorizes In soft conditions the isomerisatlon of propargylic 

esters to allenic esters via a sigmatropic [3,3] rearrangement (14). This result, which could be 

eglained by a cyclisation-fragmentation process analogous to that of scheme 1, prompted us 

to try to extend our own approach to the case of acetylenic oxy-Cope using the electrophilic 

assistance of silver salts. 

Results and Oisumian. 

Our inltlal attempts were carried out on compound Jjt uslng catalytic amounts 

(0.1 molar equivalent) of silver nitrate or silver trifluoromethanesulfonate. The best results 

were obtained when the reaction was performed in acetone at room temperature for twelve 

hours, leading to 24% of ketone&together with 60% of recovered starting material. A major 

drawback of this reaction seems to be the thermal decomposition of the anticipated vinylic 

silver (I) organometallic intermediate (15) as evidenced by the slow formation of silver metal 

in the reaction mixture. 
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This prclimlnsry results -aged us to udsrtakc an extensive study of the 

reactivity of dlversety Wstltuted S-Alken-l -yn-3-01s with stcichlcmetrlc amamts of 

sliver salts. 

1)gtoichicmetrlc conditicng. 

The relative effectiveness of varlcus sliver salts : trlflucrcmethane sulfcnate, 

nltrate, tetrafiuroborate, carbcnate snd fluoride were exmined in tetrohydrofurone assolvent 

at room tempsratue. Silver trifiate and nitrate were by far the most effective, the rewticn 

time being longer wlth the latter. Silver tetraflurxcborate and carbonate were totally 

ineffective, while silver fluoride ior& only to retroathynyiation indicating that the counter 

ion plays an Important role in the reaction. 

The effects of solvent ami temperatve ware further investigated. Among the 

solvents used, a mixtwe of tetrahydrofvane-water (3:l) was found to 6s the most efficient ; 

the reaction was ccmplete within 1 to 48 hours depeMlng upon the natve of the startlng 
matwloi and there was not significant decomposition of the dianons product. Tha usa of 

tetrahydrofuram and acetone increases the rate of the rearratqement but unfortunately the 

amount of decomposition products Is greater than In tetrahydrofurane-water, In most cases. 

gentle heating of reaction mixtve accelerates the traposition without noticeable 

decomposition. 
Cmseguentiy. various S-hexen-1-yn-3-01s were treated with one molar 

equivalent of silver trifiwrcacetate in tetrahydrofuane-water (3:l) as solvent : The results, 

summarized In table 1, demonstrate the effectiveness of this new method, not only In the case 

of tertiary aicchcis but also (entry 2) in that of alccM j&which constitutes the first example 

of rearrmgement of a sacondary alcohol using an eiectrophiie mediated reaction, Also, it 

appears Interesting to notice that the reaction successfuiiy proceeds with a ccmpcund In which 

the triple bend is dls&stituted (entry 6) althwqh in moderate yield (30%). 

The relative instability of the diencnes under the purification conditions (see 

table 1, note c) may explain the moderate yields observed in a few cases. For example. we have 

shown that the catalytic hybogsnaticn of the reaction mixture obtained frcm jg allw the 

lsclatlcn of the cwrespcndlng saturated ketone 9 In 60% yield (scheme 2). 
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Entry 

1 

2 

3 

4 

5 

6 

7 

TABLE 1 

Reaction calditlon(a) Yield(c) Cliemne 
CC) (h) 

40’ ; 20 57 

60’ ; 1 55 

40’ ; 7 

60’ : 41 25 

20’ ; 24 55 

60’ ; 21,5 

60’ ; 24 

73 

30 

40 

y-y-y” 

2a 

,Jd 
2b 

0 
EA 

c 

.3L 

a : all reactions were carried out uukr nitrogm ad in the absence of light. 
b : tin! reaction was perfmwd using THFAUata 5/l = solvent. 
c : the yields are calculated on the basis of isolated products after colunn chmna- 

tog* on silica gel or neutral alumina 
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At least. capillary CC snd high resolutim lh NMFI have shown that in most 

cases. kctme 2 is the only detectable iscmer. The only exception was obunved wlth alcohol 1p 

which yields 5% of the ketone 36 resulting probably from silver catalyzed slow isomerizatim 

of the ketone &This can be doe to a longer reaction time due to the less nucleophillc nature 

of the docrble bond. The E structve of the S-disubstituted double bond of ketones 2 was 

deduced from the coupling constant )J ~16Hz ; in the case of 2a_ the same E configuration was 

clexly proved by a NCE experiment. 

Id 2d - - a 

All thsse results show that this methodology provides a mild way to promote MI 

acetylenic oxy-Cope process, leading to r,b-dlmmes in moderate to good yields. with the 

advantage over the previous variations of being highly stsraoselective and also avoiding the 

isomeritatim of ketones2 to mwc cmjqated isomers. 

Although we did not investigate exhaustively the mechanism, the pathway we 

proposed in scheme 1 for dienols seems also plausible in the case of their n-acetylenic 

homologs : the initial TI complexation of the silver cation affords 3 which is trxrsformed Into 

the crbocatimic spacies b by nucleophilic attack of the double bond. S&sequent Grob-like 

fragmentation (16) leads to the vinylic silver (I) species g which is protmated giving the 

rearrangement product 2 (scheme 3). 
Scheme 3 
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2) Catalytic conditions. 

The effectiveness of this stoichlometric el&rophilicslly assisted reaction as 

well as our earlier report (12) Wing that in the case of hexadienones the process can be 

catalytic referred to the mercuric salt if the reaction is ruI in tha prasmce of one mola 

equivalent of lithium trifluoroacetate. lntrlg us to Investigate tht effect of various main 

group metal salts in the silver assisted transposition of acetylenic alcohols 1. 

Based on our previous results, we could expect a catalytic process using silver 

salts together with a main group metal salt thro@ the pathway shown in scheme 4. 

Scheme4 

In such a reaction the vlnylic +metallo ketone might be reactive enough to be 

decomposed, from a ‘push-pull’ effect, to the allenic enolate 1. which will be further 

protonated to the ketone 2_ The first step regenerates a silver ion while the second one leads to 

the refamation of the main gap metal cation, such as the whole process might be expected 

to be catalytic in both metallic salts. 

In preliminary experiments. this idea was tested with compouxl la by using 0.1 - 
molar equivalent of silver nitrate and one molar equivalent of lithium nitrate. These 

conditions were totally ineffective, probably because of eolvation of lithium cation in the 

tetrahydrofurane-water mlxture. Consegucntly we used potassium and ceslum nitrate whose 

cations are known to be less solvated than lithium by water molecules. 

As shown by the results summarized in table 2 and concerning reactions 

performed with 0.1 molar equivalmt of silver nitrate in refluxing tetrahydrofurane-water 

(2:l) the addition of these two last salts dramatically changes the course of the reaction, 

potassium nitrate being the more efficient since it gives fewer side products and a faster 

reaction time. A expected also. its amount does not noticeably influence the rate and the yield 

of the transposition which can be realized in the presence of catalytic amounts of both 

metallic nitrates. but the rate of the reaction drops markedly when the quantity of silver 

nitrate is decreased to 0.02 molar equivalmt. 
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quafw Reacticn 

(in molquiv.) tfmc(h) 

1.0 50 

1.0 24 

0.1 30 

3 24 

Yield” 

46% 

55% 

47% 

55% 

n !iee Table 1. note C. 

At least, it appeared in every case that slow desactlvaticn of this salt ocoured 

even mder the best defined cmdltions (0.1 equivalent of AgNQ + 1 &@Went of KtQ) and 

that the reaction did not proceed as far toward ccmpletim after almost 60% of starting 

material & was reacted. For this reason, we obtained total engagement of b only when the 

gumtity of sliver nitrate was divided In two parts and added for one part at the beginning of 

the prccess and for the other ens after 5-6 hwrs (see experimental). 

These defined ccnditlcns were applied to other alcohols 1 which give the results 

summarized In table 3 v&n treated wlth 0.2 molar equivalent of sliver nltrate and 1.0 molar 

eguivelent of potassium nitrate in reflwing tetrahydrofvme-water (2:l). In every case the 

oxy-Cope desired rearrangement was observed giving the expected ketones and aldehyde but 

with sli#tly smaller yields thm those observed in the stoichiometric conditions. The only 

difference between the two prooeeses resides in the oeee of h where these new conditicns 

Increased the ratlo of the lsomerlc a. 

Reaction 
time 

15h 

6h 

Product 
(yleld)a 

2n (64%) + h (12%) 

zIl(5OX) 

l See Table 1, note C. 
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In conclulon. thwe result8 8hw the effeotlverwsa of t)r eleotrr@lle medlated 

oxy-Cope tramposition since S-alkene-1 -yne-3-ok xe transformed in mild ccnditionc to 

&b-dicthylmic ketones by using silva salts instolchiamctric or catalytic mant. The main 

featue of this nuxiificatim is that it cpll afford rqio rd stereogecifically tk 

wapondiq ketcne cr aIdshyde. That constitutes an a&ant- over the peviar methodr and 

could therefore find useful appllcatlcns in cvpnic synthesis. 

EXPERIMENTAL 

All reacticm were carried out with freshly distilled solvents. Unless otherwise 

noted materials were obtained from commercial suppliers and ueed without further 

purification. Infrared (WI) spectra were determined (neat) with a Perkin Elmer M&l 297 

infrared recording spectrwtometer. h&R were detamined usiq CM=13 as solvent on the 

foliowiq spectrometer : EWCKER CW 90 and GRUCKER WH 360 fw the ‘H spectra, 

BRUCKER WM 250 cr VARIAN XL 100 fcr the l% spectra. Mass spectral analysis were 

perfcrmed on a VARIAN MAT CH5. 

Capillary G.C. analysis was done with a GIRDEL 330 using FFAP or OV 101 

columns. Preparative liquid chromatography was performed uslq either MERCK F254 

silica-gel cr WHELM GRADE III alumina. 

5-alken-l -WI-3-ok 1. 

The starting acetylenic alcohols were described a&rdiq to the litteratve by 

several ways. 

- reaction of an allylic Grignord reqent with an o(-acetylenic ketcne cr 

aldehyde referred to (9b) : alcohols lb_ &and j& 

- Reaction of sodiun acetylide in liquid ammonia with the wrrespcnding 

6-ethylenic ketcnes resulting from the alkylation of mesityl oxide with either prenyl chloride 

cr !pranyl chloride as described by FUJITA et al (19) : alcohols hand &. 

- Alcohol lfwas prepared by alkylation of the lithium acetylide of alcohol &by 

methyl iodide following a peral proces8 (19). u is obtained in 43% yield after 

colunn-clrornatogrep& over slilca--gel. 

- Alcohol hwas obtained In 16% yield (mixture l-l of both diastereoisctmers) 

by reaction of lithium acetylide in liquid ammonia with 2-isopropenyl cychxbdec~ (20) 

(33% of the starting ketone are recovered besides other Very polar products). 
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~10-0ime#+3.6.9-w&catrien-2-one & 

IR:3060.3030.1670,1625,1360.1250,980. 
'HM"fI: 1.57&%6H); 1,63(%3H);2.19 
5.02k J-7Hz.lH); I 5.?2(t.J=7Hz,lH 

~,3ti);2.64(t.J-7Hz,2H);2.8O(~J-7~2H); 
;6.OO(d, J-15Hz. lH);6.79(dxt.J-lSw'd7Hz, 

s'i).(reltiiHI intensity) 192(M'~,13);177(16);152(36):149(26);134(44): 124(69); 
11d(61);109(100). 

IR:3070.3020.2610.2730.1690,1650.1125.970,695. 
'H NMR :1.79(%3H); 3.02(d,.l-7Hz.2H):4.75-4.95(m.2H);6.15(dxd,J-15 and9l-k 
1H); 6.85(dxt.J-15 ond7Ht 1H): 9.56(d.J=8Hz,lH). 
MS.mh(relatiw intensity)llO(W~,17);95(100);81(62);79(32). 

2-Methyl-lA-unrbcadien-6-m &. 

IR:3060.3040.1680.1635.985.890. 
'H NMR:0.83(t. J-8H2,3H); 1.24(br.s.4H);1.55(q.J-l1Hz,2H);1.67(s.3H);2.47(t. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
6.75(dxt,J-22and1llHz.1H). 
13C NMR : 13.6,22.4.22.4,23.9,31.5,40.2.40.7, 112.5. 142.3, 142.3, 143.8,200.6. 

1.4~undecadien-6-m 3& 

IR:3060.3030.3000.1675.1630.990.960.920. 
1HMUR:0.8(t.J=7Hz,3H);1.12-1.75(m,6H):2.51 
4-90-5.12 (m. 1H); 5.12-5.25 (br.s. 1H); 5.6-6.1 
uxt.J-16and6_1H). 

6.10.14-Trimethvl-3.6.9.13-~cntadewtetram-2-orte~. 

IR:3030, 1680,1630.1255.985. 
'H M : 1.55-1.72 (m.12H); 1.88-2.12 (m.4H):2.15(~,3~): 2.70(t, J-~Hz,~H); 2.65 
(6J-7~.2~);4.9-5.25(m,3H);5.95(d.J=l7Hz,lH);6.62(dxt,J=17and7H~,lH). 

4.6.1O-trimeth~l-3,4,9-~trim-~_ac if. 

IR:3020,1690.1610,1210. 
'H Nm: 1.5-1.75 (m,12H);2.17(~,3H);2.75(br.s,4H); 5.6-5.4(m,2H); 6.1 (b.s, 1~). 

5-methyl-2.5-wclodecadkmne 29. 

IR:1695,1670,1623. 
'H NvlR : 1.22 (br.s. 14H): 1.55 (br.s. 2H); 1.66 (s, 3H); 1.92 (br.s, 2H); 2.41 (t, J-7Hz. 
2H): 2.87 (dxd, J-6.5 and 1.5Hz. 1H): 5.23 (t,J=7Hz. 1H); 6.03 (dxt.J-16 and 1.5Hz. 1H) 
6.72(dxt.J-16and6.5Hz.1H). 
MS(mh):248(W). 

IR:3060,3020.3000.1715.1630.990,980,920. 
'H NMR : 0.87 (t.J-7Hz. 3H); 1.13-1.75 (m, 6H); 2.45 (t. J-7l-k. 2H); 3.16(d.J-St-k, 
2H);4.95-5.13(m.2H);5.6-6.13(m,2H);6.65-7.05(m.1H). 
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$,lO-dimcttwl-wuks.m-2-one 3. 

tfl : 2950.2920.1715.1460.1360.1160. 
‘H M : 0.88 (dJ=6.5Hz. 9H); 1.1-1.8 (m. H12): 2.12 (s, 3H); 2.4 (t. J17Hz,2H). 
‘%N”!R : 18.4; 21.4: 22.4: 22.6; 24;6; 27.9: 29.5: 32.6; 36.5: 37.1 ; 39.3; 44.0; 208.3. 
MS(mh)(rclativeintensity): 198(m*.25): 170(12)137(12): llO(12): 100(100):65(95). 
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