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INTRODUCTION OF FUNCTIONALIZED SUBSTITUENTS INTO ACTIVE METHYLENE COMPOUNDS

Isaburo Hori and Takeshi Oishi
The Institute of Physical and Chemical Research (Riken)
Wako-shi, Saitama, 351, Japan

Condensation of active methylene compounds with variously
functionalized carbon two unit Michael acceptors (}—§) afforded the
corresponding adducts, respectively. Reaction of such Michael
adducts with NBS to afford the vinyl (}5, 16, and }Z) and ethynyl
(2}) bromides will also be described. )

In connection with the synthetic study of indole alkaloids, introduction of
a keto group into an angular position activated by a carbonyl group was required.
Since Michael acceptors are known to react with these hindered trisubstituted
carbanions,l carbon two unit Michael acceptors2 which after condensation can be
convertible to an acetyl group were sought. As possible candidates, 2-bromovinyl
phenyl sulfoxides (}, cis and 2, trans),3 ethynyl phenyl sulfoxide (§),4 bromo-
ethynyl p-tolyl sulfoxide (f), and 2,2-dichlorovinyl phenyl sulfoxide (§)5 were

chosen.
[¢] (¢] 0 [0}
£ * 1 4 €L
Ph-S-CH==CH~Br Ph-S-C=CH Tol-S-C=C-Br Ph-S—CH==C\
Cl
1, cis 3 4 5
2, trans - - -

The reaction of 3 and vinyl and iodovinyl sulfones with organocopper (I)
reagents has been published6 but the reaction with active methylene compounds
which is essential to achieve our primary purpose has not been reported so far.7
When 1 (1.0 equiv) and 2 (1.0 equiv) were subjected to the reaction with diethyl
ethylmalonate (§) (1.1 equiv) in the presence of n-BuLi (1.0 equiv), the adducts,
z [ecis, NMR(CC14) § 6.18(1H, 4, J=10.8Hz), 6.54(1H, 4, J=10.8Hz)] and § [trans,
NMR(CC14) § 6.67(1H, d, J=15.6Hz), 6.90(1H, d, J=15.6Hz)] were obtained in quan-
titative yields, respectively. In the same way, 9 produced 10 [cis, NMR(C6D6)

8§ 6.06(1H, d, J=10.2Hz), 6.31(1H, 4, J=10.2Hz)] although the reaction proceeded
much slower in this case. These data show that the condensation proceeded with
retention of configuration, which accords quite well with the reaction of organo-
copper (I) reagents with (E)-2-iodo-1l-alkenyl sulfones to give 2-alkylated

6c,d Addition of 6 to the ethynyl sulfoxide
(g) proceeds again stereospecifically in a trans fashio; affording 7 in 44% yield

products with retained configuration.
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although the cis stereoselectivity of the addition of the organocopper(I) rea-
gents to acetylenic sulfoxides has been established.sb’d
Then, the reaction of the bromoethynyl sulfoxide (ﬂ) was investigated
expecting the direct introduction of the acetylenic sulfoxide which was presumed
to be a still more effective precursor for a methyl ketone. The ethynyl sulfide
(%})4 was brominated with NaOBr to afford bromoacetylene (1%)[IR(neat) 2140cm_1],
which without purification oxidized with MCPBA in CH2C12. ~The resultant sul-
foxide (g) [73%, IR(neat) 2135cm_l] was found to be extremely unstable but can be
purified by a rapid passage of a short Silica Gel column. Addition of é (1.3

equiv) thus obtained in CHZCl to a mixture of 6 (1.0 equiv) in THF and n-BuLi

(1.0 equiv) produced quite smiothly the expected acetylenic sulfoxide (13a) [IR
(neat) 2180cm_l] in 72% yield. The present method would be extended to~;~general
method for the introduction 6f an acetylenic group to an angular position.
Considering a rather unstable nature of 4, the reaction of 2,2-dichloro-
vinyl sulfoxide (§) which presumed to have anNanalogous reactivity with 3 was
also investigated. As was expected, 5 afforded 13b [IR (neat) 2180cm-1] in 55%
vield along with a stereoisomeric mixture of the chlorovinyl sulfoxides, %ég [NMR

(CC14) é 6.48(1H, s)] and 14b [NMR(CC14) § 7.11(1H, s)](35% yield).

9 e g ¥
Ph-S-CH==CH-Br  + H-C(CO,Et), n-Buli-THF Ph-$-CH=CH~-C (CO,Et)
-60° 0% lhr
}, cis 6 7, cis
2, trans - 8, trans
0
_ L £ [o]
1, cis + 0 DoBuli-THE | pp_g
- <o gt RT, 24hr Se=c COsEt
2 H H
9 10, cis (66%)
?
Ph-S-C=CH + 6 —— 7 (4438) + 6 (55%)
3
; ¢ 3 &
Tol-s-c= cH N2, 1o)-5-c=c-Br HEEBR, mo1-5-c = C-Br ~=» Tol-S-C=C-C(CO,EL)
11 12 4 13a
Et
? Ll 6 Q Bt ? SC(CO,EL)
Ph-S-CH==C — = 5 Ph-S-C=C-C(CO,Et) +  Ph-S-CH==C
N 2 2 N
cl cl
5 13b l4a,b

In an effort to convert the functionalized substituents thus introduced to
an acetyl group, the reaction of Z, 8, and 10 with aqueous NBS was carried out
since Tsuchihashi et al. have reported the successful formation of l-bromo-2-
hydroxy-2-phenylethyl p-tolyl sulfoxide by the reaction of the 2-styryl p-tolyl
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sulfoxide with aqueous NBS.8 Treatment of the cis adduct (7) (1.0 equiv) with

NBS (2.0 equiv) in dioxane - H20 (1.2 : 1) afforded unexpectedly a mixture of
trans (}é) [NMR(CC14) 8§ 6.26(1H, 4, J=14.4Hz), 6.62(1H, 4, J=14.4Hz)] and cis
(}§) [NMR(CC14) § 6.29(1H, 4, J=7.8Hz), 6.87(1H, 4, J=7.8Hz)] bromovinyl deriv-
atives (80%) along with PhSO2
None of the expected bromohydrin could be isolated. The same mixture of }5 and

Br, the trans isomer being much favoured (9 : 1).

}6 was obtained (80%) in the same ratio from the trans adduct (§). Analogous
r;action was observed with the cis adduct (%9) affording again the corresponding
trans bromovinyl derivative (%Z) [26%, NMR(CC14) § 6.16(1H, 4, J=14.4Hz), 6.62
(1H, 4, J=14.4Hz)]. On the other hand, with }g, }g, and gg, a diastereomeric
mixture of l-bromo-2-hydroxy derivatives was obtained in each case.9 Here, it
became apparent that bromovinyl derivatives were obtained only when R (or R') is

a bulky trisubstituted methyl group.lO
%t ?t
0] Et
r¢ 1 H C(CO,Et) Br C(CO,Et)
Ph-§-CH=CH~C (CO,Et) , . ..nmBs :C==c: 2772 :C==c: 22
Dioxane—H20 Br H H H
z, cis (80%) 15 16
8, trans ~ o
~ o
4 /R
Ph-S—CH=C\
L]
2 o 0 R
. — [,
Ph=S{ CO,Et _ NBS B\ COo,Et 18: R= H, R'= CH(Me),
)C=C 2 —_— C=C 2 . — '= pPh
H “H (263) Br_  “H 19: R=Me, R'= P
20: R+R'= (CH2)5
10, cis 17, trans -

Then, the reaction of the ethynyl sulfoxide (13a) with NBS in dioxane - H20

was investigated expecting the direct formation of the desired B-keto sulfoxide.
However, products actually obtained were a mixture of the bromoacetylene (21)ll
and the tribromoethylene (22) along with TsBr when 1.4 - 1.7 equiv of NBS were

used. Around half of 13a was recovered unchanged. The use of excess NBS (3.5

equiv) produced only 22 in 72% yield.

0] Et Et Et

* | [ [
Tol-§-C== C-C(CO,Et) —_NBS Br-C=C-C(CO,Et), + Br,C=CBr-C(CO,Et),

Dioxane-H, O 2

13a 2 21 22

Further work for the introduction of oxygen function to the Michael adducts
is being continued.
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Separation of gl from gg was unsuccessful and so its structure was deduced
from IR spectrum of this mixture showing apparent peak due to an acetylene
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