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CAPTO-DATIVE SUBSTITUENT EFFECTS.

1. NEW KETENE EQUIVALENTS FOR DIELS-ALDER CYCLOADDITIONS
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Summary : We descrebe the use of "capto-dative" olefans 1 as novel ketene equevalents which
behave as efficient deenophiles an the Diels-Alden process.

The ntrinsic instability of ketene and 1ts tendency to form 2+2 cycloadducts are
well known2 Although some geminally disubstituted olefins have been used as ketene
equ1va1ents3, their general synthetic applicability 1s frequently reduced either because of
their sluggishness 1n the 4+2 cycloaddition 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 i1nterest i1n the field of capto-datcve substituent effects4 1n organic chemistry,
we 1nvestigated the aptitude of capto-datwe olefins 1 for performing 442 cycloadditions with
conjugated d1enes5 Some recent r‘eports6 prompt us to publish our first promising results

N e la c=CN  d= NAZO
C—=C¢ b ¢ =CN d = SCH3
/// lc ¢ =CO,CH, d = SCH
" \d € 2“3 3

a~Morpholino acry]on1tr11e7 1a, a-methy]th1oacrylon1tr11e8 1b and methyl a-methylthio-
acry]ate9 lc are easily prepared and handled They react with conjugated dienes to afford
oroducts of Diels-Alder addition 1n good yield Several examples, along with reaction condi-
tions used are given 1n the Table The cycloadditions do not occur 1n  refluxing solvents
such as ether, benzene, chlorcbenzene or dimethylformamide, but they can be brought about by
heating the neat diene-dienophile mixture to 140-160°C With 1soprene 2a and cyclohexadiene
2c only 4+2 cycloadditions occur Cyclopentadiene 2b leads also to 4+2 cycloadducts but an
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Table
Reaction conditions
Dienophile D1enea) Adducts |Overal| Isomer
1 2 y1eld r:}go (512;§;E1|e) Lews acid %%sz;gpgslgg ??gg %ATﬁ
la 2a | 3a,b 62 d) 3 160 | 6
la 2b 6a,b 92 |50/50 3 160 6
1a 2 | 6a,b | 32°)|s50/50 5 160 | 6
la 2c | 9a,b 92 |30/70 15 160 | 6
1b 2a 4a,b 62 [96/4 2 140 | 4
1b 2b | 7a,b 57 |50/50 16 140 | 6
1b 26 | 7a,b | 44%)|s0/50 3 160 | 4
1b 2c  |10a,b 50 |23/77 15 160 | 4
1b 2a 4a,b 81 197/3 5 A]C]3 05 20 6
1b 2b 7b 60 |0/100 2 A1C13 02 20 025
1b 2b 7b 88 10/100 5 Cu(BF,), 05 20 6
1b 2c 10a,b 72 117/83 5 A]C]3 05 20 6
1c 2a 5a,b 84 197/3 5 A1C13 0.5 20 4
1c 2b | 8b 77 {0/100 5 ATCY, 05 20 4
1c 2c 11b 81 ]0/100 5 A1C13 05 20 4

a) 2a = 1soprene, 2b = cyclopentadiene, 2c = cyclohexadiene

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

d) not determined
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X
Y
X
3 X=NR0,  Y=CN 3b  X=NR\Z0,  Y=CN
s Sty CN 4 scHy CN
52 SCH, coMe S SCH co Me
X
X
Y Y
62 X=NZ\Z0,  Y=CN 9a X=NR-0,  Y=CN
6b N, NARZ0 % CN (EAT
7a sCH, oN 102 SCH, N
76 CN SCH, 106 CN SCH,
8a  SCH, co,Me 1la  SCH, co,Me
8 Cot SCH, b CoMe SCH,

12 X=NR20, Y=CN
13 SCH, CN

increase of 1ts relative concentration Teads to the competition between the Diels-Alder 4+2
process and the 2+2 cycloaddition with d1cyc10pentad1ene10 The addition of a Lewis acid to
the reaction mixture leads to the decomposition of lg]] but accelerates the reaction of 1b
and Ic so that 1t proceeds even at room temnerature 1n benzene solution The ratio of 1somers
1s determined by NMR analysis for the adducts 6 and 9 and by NMR and GC analysis for the
other ones Except for 3 and 6, the mixtures of 1somers are readily senarated by means of
column chromatography on silica gel12 It 1s noteworthy that 1n the case of cyclopentadiene
2b, for example, the thermic reactions lead to a 50/50 mixture of the two i1somers 7a and 7b,
while 1n the presence of Lewis acid at room temperature no endo-CN 1somer 7a can be detected
and the exo-CN 1somer 7b 1s formed exclusively

Concerning further transformation of the adducts 1t 1s of interest to note that
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o~-dialkylamino n1tr11es13 and a-alkylthio esters14 can be converted to ketones by mild and
simple means. A1l these facts place the capto-dative olefins, especially the a-alkylthio-
acrylates, among the best ketene equivalents hitherto studied Further systematic investi-
gations of largest series of capto-dative olefins and conjugated dienes are 1n progress to
111ustrate the possibilities, Timitations and features of this mild reaction process.
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