
486 J. Org. Chem. 1994,59, 486-487 

Chemoselective Coupling of a-Bromo 
Aldehydes with a Tin Enolate Derived from 

the Ring Opening of Diketene by 
Bis(tributy1tin) Oxide 

Makoto Yasuda, Masahiro Nishio, Ikuya Shibata,' 
Akio Baba, and Haruo Matauda 

Department of Applied Chemistry, Faculty of Engineering, 
Osaka University, 2-1 Yamadaoka, Suita, Osaka, 565, Japan 

Received Augwt 3, 1993 

Organotin enolatesl are widely used for mild and 
effective carbon-carbon bond formation in reactions with 
various electrophiles such as carbonyl compounds2 and 
alkyl  halide^.^ In the reaction of tin enolates with a-halo 
ketones, the main products are generally derived from 
nucleophilic addition to the carbonyl group.4 For example, 
thermal reactionsk and Pd-catalyzed reactions4b give furan 
derivatives and @-epoxy ketones, respectively. The oc- 
currence of cross coupling a t  the halide moiety is limited 
to bromopinacolone5a and bromo esters.5b We have 
recently reported that Lewis base-coordinated organotin 
enolates chemoselectively cross couple a t  the halide moiety 
of a-halo ketones to furnish l,4-diketones, even with halo 
acetone derivatives.6 This change in chemoselectivity is 
thought to arise from the fact that the tin enolates are 
highly coordinated. One disturbing problem remains: the 
halide-selective coupling cannot be accomplished with 
a-halo aldehydes. For example, the reaction of 2-bro- 
moheptanal (la) with tributyltin enolate 2 gave a j3-ke- 
tooxirane even in the presence of HMPA; exclusive 
carbonyl addition was followed by the elimination of Bu3- 
SnBrsb (eq 1). In contrast, as demonstrated in our recent 

report, a novel tin enolate 3, generated by the ring opening 
of diketene with bis(tributy1tin) oxide [(BuaSn)zOl,7 
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Table 1. Preparatian of Methyl Ketone Derivatives by the 
A€kylation of 3. 

~ 

yieldb 
entry bromocarbonyla (1) condns prod~ct (4) ( % 

40°C,24h n R C 5 H i r  

rt, 2 h 0 CHO 4 74 

3 

CHO l b  

4 PhY Br 
CHO IC 

5 P h r B r  

I d  

6 E t o r B r  

O l e  

0 Enolate 3 WBB prepared in situ by the reaction of diketene (2 
"01) and (BQSn)zO (2 mmol) at 0 "C for 10 min. Alkylation step: 
bromo carbonyl 1, 2 mmol, LiBr, 2 "01, THF, 2 mL. Isolated 
yield. Without LiBr. 

induced effective Michael addition? which rarely occurs 
with conventional organotin enolates. This unique reac- 
tivity can be ascribed to the intramolecular coordination 
of the carbostannyloxy group to the enolate tin center. 
We have now found that enolate 3 participates in a valuable 
chemoselective cross coupling a t  the bromide moiety of 
a-bromo aldehydes (eq 2). 

1 3 4 

Table 1 summarizes the coupling reactions of 3, which 
was easily prepared in situ a t  0 "C for 10 min. First, we 
examined the reaction of 3 with 2-bromoheptanal ( l a )  a t  
40 "C for 24 h. During the reaction, decarboxylation was 
observed, and keto aldehyde 4a  was obtained in 40% yield 
(entry 1). I t  is noteworthy that the reaction proceeded 
only at  the bromide moiety, and no products derived from 
addition to the carbonyl moiety were produced. This 
dramatic change in chemoselectivity indicates that the 
intramolecular coordination in 3 changes the nucleophi- 
licity of the tin enolate more effectively than does the 
intermolecular coordination of HMPA to tin enolate 2.6 
Moreover, the use of LiBr as an additive accelerated the 
reaction, and keto aldehyde 4a could be obtained in 74% 
yield a t  r t  for 2 h (entry 2). Similarly, a bromo aldehyde 
bearing a branched substituent, lb, and an aromatic 
substrate, IC, also gave the corresponding keto aldehydes, 
4b and 4c, respectively (entries 3 and 4). In all entries 
examined, no adducta derived from carbonyl addition were 
obtained. As expected, a-bromo ketone Id and a-bromo 
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was added to a solution of 1.19 g of ( B U ~ S ~ ) ~ O  (2 mmol) in THF 
(2 mL), and the mixture was stirred at 0 "C for 10 min. The 
disappearance of the IR absorption band of diketene at 1900 
cm-l indicated that the ring opening of diketene to form enolate 
3 had occurred. Then 0.39 g of 2-bromoheptanal (la) (2 mmol) 
and 0.17 g of LiBr (2 mmol) were successively added, and the 
mixture was stirred at rt for 2 h. After the mixture was quenched 

OH (5 mmol), the solvent was removed under reduced 
with press 2@ re. The residue was subjected to column chromatography 
with 1:l hexane/ethyl acetate to give 0.25 g of 4a (74% ). Further 
purification was performed by TLC with 2:l hexane/ethyl ether: 
IR (neat) 1710,1720 cm-1; 1H NMR (CDCb) 6 0.88 (t, 3H, J = 
7.0 Hz, CH3), 1.25-1.70 (m, 8H, CHd, 2.19 (s,3H, CHsC=O), 2.45 
(dd, lH, J = 8.0 and 21.3 Hz one of CHzAc), 2.83-2.93 (m, 2H, 
one of CHzAcand CHCHO), 9.70 (8,  lH, CHO); 13C NMR (CDCb) 
6 13.78,22.28,26.55,28.51,29.93,31.67,42.13,46.73,203.21,206.37; 
HRMS m/z calcd for Cl,+IleOz 170.1307, found 170.1301. 
4-Formyl-5-methylhexan-2-one (4b): IR (neat) 1710,1720 

cm-1; 1H NMR (CDCl3) 6 0.92 (d, 3H, J = 6.8 Hz, CHa), 1.01 (d, 
3 H , J  = 6.8 Hz, CH3), 2.13-2.23 (m, lH, CHMeZ), 2.21 (8, 3H, 
CH3C=O), 2.34 (dd, lH, J = 7.3 and 22.0 Hz, one of CHd, 2.88- 
2.95 (m, 2H, one of CHz and CHCHO), 9.75 (8, lH, CHO); 13C 

206.97; HRMS m/z calcd for CJ41402 142.0994, found 142.0990. 
4-Formyl-4-phenylbutan-2-one (4c): IR (neat) 1710,1720 

cm-1; 1H NMR (CDCl3) 6 2.19 (s,3H, CH3), 2.65 (dd, J = 4.9 and 
18.1 Hz, CHPh), 3.36 (dd, lH, J = 8.8 and 18.1 Hz, one of CHz- 
Ac), 4.22 (dd, lH, J = 4.9 and 8.8 Hz, one of CHzAc), 7.17-7.38 
(m, 5H, Ph), 9.67 (8, lH, CHO); l9C NMR (CDCls) 6 30.01,43.59, 
53.55,127.79,128.83,129.17,135.09,198.79,205.84; HRMS m/z 
calcd for CllHlzOz 176.0837, found 176.0825. 

The spectroscopic data for compounds 4d and 4e are consistent 
with those we have already reported.8 
l-Phenylpentane-l,4-dione (4d): IR (neat) 1670,1700 cm-l; 

(m,5H,Ph);WNMR(CDC&) 630.10,32.43,37.07,128.06,128.59, 
133.17, 136.65, 198.56, 207.39; HRMS m/z calcd for CllHlzOz 
176.0837, found 176.0854. 

Ethyl 4-oxopentanoate (48): IR (neat) 1720 cm-l; lH NMR 
(CDCl3) 6 1.26 (t, 3H, J = 7.1 Hz, MeCHz), 2.20 (8,  3H, CHs), 
2.50-2.90 (m, 4H, CHz), 4.15 (9, lH, J = 7.1 Hz, MeCH2); l3C 
NMR (CDC13) 6 14.1,28.0,29.8,37.9,60.5,172.5,206.3; MS m/z 
144 (M+). Anal. Calcd for C7H1203: C, 58.32; H, 8.39. Found: 
C, 58.05; H, 8.45. 

NMR (CDCl3) 6 19.26, 20.35, 29.48, 30.90, 38.56, 52.59, 203.69, 

'H NMR (CDCls) S 2.26 (8,3H, CH3), 2.89 (dd, 2H, J 5.9 and 
6.8 Hz, CHz), 3.28 (dd, 2H, J = 5.9 and 6.8 Hz, CH2), 7.20-8.00 
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ester le undergo chemoselective reaction at the bromide 
moiety to furnish 1,4-diketones, 4d and 4e, respectively, 
in good yields (entries 5 and 6). Obviously, enolate 3 is 
a synthon of enolate 2. 

The reaction path is detailed in Scheme 1. Initially, 
regioselective ring opening of diketene takes place at the 
acyl-oxygen bond to afford an exo-methylene-type tin 
enolate, which isomerizes t o  stable enolate 3. Next, enolate 
3 exclusively attacks the bromide moiety of 1, and this 
attack is accompanied by smooth decarbo~ylation.~ Fi- 
nally, keto aldehyde 4 is formed when the reaction mixture 
is quenched with MeOH. 

In summary, chemoselective carbon-carbon bond for- 
mation was performed with tin enolate 3 derived from 
diketene. The presented method expands not only 
organotin chemistry but also the utility of diketene. 

Experimental Section 
Analysis. Boiliigpointa are uncorrected. NMR spectra were 

recorded at 400 MHz. Samples were examined in deuteriochlc- 
roform (CDCla) containing 0.03% by volume of TMS. GLC 
analyses were performed on a FFAP-coated 2-m x 3-mm glass 
column. Column chromatography was performed with Wakogel 
(2-200 or C-300 mesh silica gel. Preparative TLC was carried out 
on Wakogel B-5F mesh silica gel. 

Materials. Bis(tri-n-butyltin) oxide [ (Bu&n)zO], diketene, 
bromo ketone Id, and bromoester le were commercially available. 
a-Bromo aldehydes la-lc were prepared by the bromination of 
the corresponding aldehydes.lO 

4-Formylnonan-2-one (4a). General Procedure for the 
Preparation of Keto Aldehydes. Diketene (0.174 g, 2 mmol) 

(9) In contrast to 2-bromoheptanal (la), the reaction of 2-chlorohep- 
tanal with 3 afforded the adduct derived from addition at the carbonyl 
group? 
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