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CAPTO-DATIVE SUBSTITUENT EFFECTS. 
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swnmahy : We dencmbe the une 06 "capto-dative" oee&ti I a6 novel ke&nc eyluv&~ wkcch - 
behave ad e~&tccent danopkceed nn the Da&-Atdetl pcocesb. 

The intrinsic instability of ketene and its tendency to form 2+2 cycloadducts are 

well known' Although some gemlnally dlsubstltuted olefins have been used as ketene 

equivalents3, their general synthetic applicability 1s frequently reduced either because of 

their sluggishness in the 4t2 cycloaddltlon reaction step or due to the drastic conditions 

and/or lengthy work-up necessary for the further transformation of the adducts to ketones As 

a oart of our interest in the field of cupto-datnve substltuent effects4 in organic chemistry, 

we investigated the aotitude of capto-datcve olefins 1 for performing 4t2 cycloaddltlons with 

conJugated dlenes5 
- 

Some recent reports6 prompt us to publish our first promising results 
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la c = CN - d= N+O 

lb c = CN d= - SCH3 

lc - c = C02CH3 d = SCH3 

cr-Morphollno acrylonltrlle7 la, cc-methylth~oacrylonltnle* lb and methyl a-methylthlo- - 
acrylate' lc are easily prepared and handled They react with conJugated dienes to afford - 
oroducts of Diels-Alder addition in good yield Several examoles, along with reaction condl- 

tions used are given in the Table The cycloadditlonsdo not occur in refluxing solvents 

such as ether, benzene, chlorobenzene or dimethylformamide, but they can be brought about by 

heating the neat dlene-dlenophlle mixture to 140-160°C With lsoprene 2a and cyclohexadlene - 
2c only 4+2 cycloaddltlons occur - Cyclopentadlene 2b leads also to 4+2 cycloadducts but an - 
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Table 

\dductz 1lenophlle lieneal Ivera' Isomer 

1 2 /leld 
ratio Diene 

- - a/b Dienophile 

la 2a 62 d) 3 - - ?a,b 

la 2b 92 50/50 3 - - 

la 2b ?a,b 32b, 50/50 5 - - 

la 2c za,b 92 30/70 15 - - 

lb 2a $,b 62 96/4 2 - - 

lb 2b 57 50/50 15 - - la,b 

lb 2b 44c, 50/50 3 - - la,b 

lb 2c - - JJa,b 50 23177 15 

lb 2a $a,b 81 97/3 5 - - 

lb 2b 7b 60 o/100 2 - - - 

lb 2b 7b 88 o/100 5 - - - 

lb 2c sa,b 72 17/83 5 - - 

IC 2a 84 97/3 5 - - za,b 

lc 2b 8b 77 D/100 5 - - - 

IC 2c 81 o/100 5 - - Lb 

T 
.ewis acic 

\1C13 

\1C13 

:u(BF~)~ 

\1C13 

\1C13 

\1C13 

\1C13 

a) 2a = lsoprene, 2b = cyclopentadlene, 2c = cyclohexadlene - - 

b) together with 48% of 12 , c) together with 36% of 13 

d) not determined 

Reaction conditions 

Lewis acid 
bienophile 

temp 
( ‘Cl 
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‘0, I X 

3a X=N+O, Y=CN 

46 SCH3 , CN - 

5a - SCH3 C02Me 

h X 

Y 

6a X=N+O, Y=CN - 

6b CN , 

7a 

N+O 

7b 

SCH3 CN 

CN - SCH3 

8a 

ii 

SCH3 C02Me 

CO ':e 
2 

SCH 
- 3 

X 

0 I 
Y 

3b x=*0, Y=CN 

ii SCH3 , CN 

ii - WI3 , C02Me 

4 / X 

Y 

9a X=*0, Y=CN 

ii CN - N+O 

10a SCH3 CN 

lob CN SCH3 

lla SCH3 C02Me 

llb - C02Ye SCH3 

12 X=N+O, Y=CN 

13 SCH3 , CN - 

increase of its relative concentration leads to the comoetltlon between the Diels-Alder 4+2 

process and the 2+2 cycloaddltlon with dicyclopentadiene 
10 

The addition of a Lewis acid to 

the reaction mixture leads to the decomposition of la " but accelerates the reaction of lb - - 
and lc so that it proceeds even at room temoerature in benzene solution The ratio of isomers - 

IS determined by NMR analysis for the adducts 6 and g and by NllR and GC analysis for the - 
other ones Except for 2 and 6, the mixtures of isomers are readllv seoarated bv qeans of 

column chromatography on silica gel 12 It IS noteworthy that in the case of cyclopentadiene 

s, for example, the thermlc reactions lead to a 50/50 mixture of the two isomers 7a and E, - 
while in the presence of Lewis acid at room temperature no wdo-CN isomer 7a can be detected - 
and the exo-CN isomer 7b IS formed exclusively - 

Concerning further transformation of the adducts it IS of interest to note that 
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a-dlalkylamlno nitriles 
13 

and a-alkylthlo esters 
14 

can be converted to ketones by mild and 

simple means. All these facts place the cup&-datcue oleflns, especially the a-alkylthlo- 

acrylates, among the best ketene equivalents hitherto studied Further systematic investi- 

gations of largest series of cupzo-dtiue olefins and ConJugated dlenes are in progress to 

illustrate the posslbllltles, llmltatlons and features of this mild reaction process. 
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