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Oxalyl chloride, as carbonylated reagent, had been reported toTo extend the reaction of 1,4-dicopper-1,3-diene derivat/ege
undergo substitution reaction with 2 equiv of monofunctional tried various 1,4-dicopper-1,3-dienes that easily generated in situ
organometallic compound, such as Grignard reagent, organolithium,from the corresponding zirconacyclopentadiefesd CuCl’ For
and organocopper compound, to form 1,2-diorgano-1,2-dione (eq example, the reaction of 1,4-dicopper-1,3-di&ze with oxalyl

1)t chloride in the presence of 2 equiv of DMPN,K'-dimethylpropyl-
eneuredat 0°C for 1 h led to compoun@d® in excellent yield
OHO + 2R-M — OHO ) (eq 4). Meanwhile, generated gas was collected and detected by
ca R R GC. Only CO gas was measured, and no carbon dioxide was
M = MgX, Li, Cu
detected.

When dianionic reagents of these organometallic compounds were o oh 0. O

used, however, the reaction frequently led to the formation of Ph Ph e Yo [

complex, or inseparable, mixture owing to over-addition, polym- j;kz'cf’ cuc )écﬂ S'MPU (?'C ™ ji>=0+co(+> “

erization, or decomposition. Therefore, cyclization reaction of e o oo P h

organodimetallic reagent (such as organodilithium, organodicopper, “

or organodimagnesium reagent) with oxalyl chloride is rare, | jsteq in Table 1 are representative examples of cyclopentadi-
although a successful cyclization of 1,4-dilithio-1,3-dienes with enone derivative$ obtained by the reaction with zirconacyclo-
dimethyl oxalates to afford-benzoquinones has been repoed.  hentadienes or 1,4-dilithio-1,3-dienes. Both could be symmetrically
To the best of our knowledge, no 1,1-cycloaddition of oxalyl ang ynsymmetrically substituted dienes bearing alkyl and aryl
chloride with dicarbanionic reagent has been reported in which groups.

oxalyl chloride acts as one carbonyl donor. Herein we report the = }; \yas noteworthy that 1,4-dicopper-1,3-dienes, which generated
first 1,1-cycloaddition of oxalyl chloride with 1,4-dilithio-1,3-dienes  fom the corresponding zirconacyclopentadiedeslid not react

or zirconcyclopentadienes to afford cyclopentadienone derivatives ith oxalyl chloride at 0°C in the absence of DMPU. This is in

in the presence of CuCl (eq 2), in which the carbearbon bond  ¢onirast to the reaction with 1,4-dicopper-1,3-dienes, which gener-

24 Ph 3d

of 1,2-dicarbony! cleaved during nucleophilic addition. ated from the corresponding 1,4-dilithio-1,3-dierlesWhen the
" ; o o reaction temperature was raised to 3G, the double bond

RN, R /R Cl)\—/<CI R? R rearranged produd was obtained in 69% isolated yield (eq 5).

Aol @ ]:zfcpz v j:>=o +co) @ We propose thab formed via3e To obtain the direct evidence,
R LR R s we treatedBein THF in the presence of CuCl at 5C, and5 was

obtained. These results indicated that in this reaction the DMPU
The initial experiment showed that reaction of organodilithium was necessary not only for increasing the solubility of 1,4-dicopper-
lawith oxalyl chloride led to the formation of complex, inseparable 1,3-dienes in THFbut also for activating the €Cu bond to afford

mixture. Nevertheless, a trace amount of cyclopentadieBameas cyclopentadienone at low temperature.
detected by GEMS. This result may be explained by the high
reactivity of organodilithium and oxalyl chloride, which results in o 1 o0 0 cuwl 0 NO"jraCﬁO" P
the desired reaction to be minor. To avoid the high reactivity of _ZiCpy + ——| Pr Pr

. . L. Pr cl C| without DMPU oor 0O (5)
organodilithium compound, a proper tuning of the reactivity of Pr SOO?I}‘ P,)f\%z
organodimetallic reagents and oxalyl chloride is possiflaere- o B L
fore, we conducted the reaction of organodilithidewith oxalyl
chloride in the presence of CuCl, in which organodilithium —n |ight of these results, we propose a possible mechanism for
compoundlatransformed into organodicopper compoua that this reaction (eq 6). First, the dialkenylithium compouhdr the

was a softer nucleophile. The reaction smoothly proceeded, andzjrconacyclopentadieng undergoes transmetalation with CuCl to
cyclopentadienorfewas obtained in high yield with CO gas  form the dialkenylcopper compoufdS1°Second, coordination of

generated (eq 3). one of the two carbonyl groups to copper metals of the alkenyl-
o 0 o o copper moieties affords seven-membered Bn@ne of the two

Bu fn Bu »— Bu alkenylcopper moieties reacts with the chelated carbonyl group to
gﬂ &m.é}zu‘l cody @ form 7. Then elimination of CuCl recovers coordinateg-Q bond

o%c Q to form 8, which then undergoes an intramolecular attack by the

1a 2a 3a remaining alkenylcopper moiety to give five-membered carbocycle
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Table 1. Reaction of Dianionic Reagents with Oxalyl Chloride
Entry dianionic reagents Cyclopentadienone Yield(%)?
Ph Ph
Bu AU Bu
1 . 1a O 3a - (68)°
Y
Bu
Bu
Busui Bu
2 ~_Li 1b 0 3b 75 (63)
Bu Bu
Bu Bu
Bu Bu
Bu S Bu
I
3 < _Li 1c O 3¢ 79 (65)
Ph Ph
Ph Ph
Ph
Ph o O
4 ZGCz 4d jé:o 3d - (67)°
Ph
Ph Ph n
Pr gr
Pr. Pr.
5 ZGCz 4e 0O 3e 96 (87)
Pr Pr
Pr Pr
Bu
Bu »
6 ZGCz 4f 3b 94 (82)
Bu
Bu
Ph Ph
7 CE,EZGPZ 4g ()Q:Oﬁ - (50)
Ph Ph
Pr Pr
Pr. Pr.
8 Zrcp2 4h 03g 71(50)
Bu Bu

Bu Bu

Bu

Bu
—
~,ZCp2
Ph

Ph

4i 3c - (49)

aGC yields and isolated yields are given in parenthes#8.3 mL of
CO gas was observeti1l6.5 mL of CO was observed. The yield of CO
gas was comparable with the yield of cyclopentadienone.

9. Finally, elimination of the other CuCl accompanying decar-
bonylation gives produc3. This result is in sharp contrast to the
case of other dianionic reagent reactions with oxalyl chloride, which

intermediate6 is the most likely intermediate. This can prevent
intermolecular reactions that give a complex mixture. Moreover,
when the reaction was treated with dimethyl oxalate under the same
reaction conditions, it did not proceed, and starting material
remained. When the reaction was treated with methyl(chloro-
carbonyl)formatel0 under the same reaction conditions, product
11 was obtained in 46% isolated yield after normal workup (eq 7).
In this case, elimination of CuOMe and CO did not occur, whereas
further reaction with the second molecule i occurred. These
results suggest that the intermedi&tevith chlorine is the most
possible intermediate to afford cyclopentadienone.

Pr b Pr o]
T
Pr cuer oL come
Z"sz* s Q CO,Me (7)
pr o oMe 50°C g Pr
Prge 10 Pro

In summary, 1,4-dilithio-1,3-dienes or zirconcyclopentadienes
unprecedentedly reacted with oxalyl chloride in the presence of
CuCl, resulting in the formation of cyclopentadienones as 1,1-
cycloaddition products. The investigation for the mechanism and
scope are being undertaken in this laboratory.
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