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SYNTHETIC COMMUNICATIONS, 23(3), 271-276 (1993) 

CARBON- CARBON DOUBLE BOND FORMAT ION BETWEEN 

SYNTHESIS OF 
a -HALOKETONES AND ALDEHYDES MEDIATED BY SnC1,/Na,SOB: 

(E) - u , B -UNSATURATED KETONES 

Ronghui Lin, Yongping Yu and Yongmin Zhangt 

Department of Chemistry, Hangzhou University, 
Hangzhou, Zhe j iang, 310028, China 

ABSTRACT: One-pot react ions of Q -halohetonee with 
aldehydes in the presence of excess SnC1,/Na,SOa or SnC1, 
alone in THF at reflux were found to afford (E) - u, B 
-unsaturated ketones in fair to good yields, 

Several dehalogenating reagents of a -haloketones have 
been found which could promote carbon-carbon single or  double 
bond formation between u -haloketones and aldehydes 
efficiently, each as CeI, or CeCla/NaI,' A1C18/KI or 
T i C l r / K I , '  SmIS8 and SmIa? Some tin compounds,such a8 S n F 2  
Sn(OTf)1*a7 as well as tin metal' have also been used as 
reagents for  the reactions of a -halocarbony1 compounds 
with aldehyde6 or ketones r i a  tetravalent or divalent tin 
enolates. Sometimes, SnC1, in combination with CeC1,' or 
EtlAICla has been employed in aldol or Reformatsky-type 
reactions of u -halocarbony1 compounds with carbonyl 
compounds, but SnCla alone at room temperature hae not been 

: To whom correspondence should be addressed. 
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272 LIN, YU, AND ZHANG 

applied in the aldol reactions between a-haloketonee and 
aldehydes'. Previously, the combined reagent SnC1,/NanSO,, as 
well as SnCl, alone was found to be an effective 
dehalogenat ing reagent of a -haloketones" , Now both the 
combined reagent SnCla/NazSOa and SnCl, alone are reported 
to be also efficient reagents for carbon-carbon double 
bond formation between a -haloketones and aldehydes in 
anhydrous THF solvent under reflux to afford (El - a, $ 
-unsaturated ketones selectively. 

SnC 1 , /Na , SO 
ArCOCH,Br tRCHO ArCOCH=CHR 

or SnCla 
Treatment of equimolar mixture of a -bromoketones and 

aldehydes with excess anhydrous SnC1, and Na,SO, in the 
ratio of 1:1:4:1 in dry THF under reflux for 4-6h gave the 
corresponding (E) - a, 8-unsaturated ketones in fair to good 
yields. With a, B -uneatured aldehydes, such as 
cinnamaldehyde and acrolein, the reactions also gave buta-1, 
3-dienyl ketones in moderate yields.However, the reactions 
of a -bromophenyl ketones with p-and m-nitrobenzaldehydes 
did not give the desired a ,  B -unsaturated ketones, unknown 
deep red mixtures being formed instead, probably because 
of reduction of nitro group with SnCl,, Moreover, with 
ketones, the desired cabon-carbon bond formation did not 
occur, even with prolonged reaction time. 

Treatment of ethyl bromoacetate and p-chlorobenzaldehyde 
with an excess of the combined reagent SnCl,/Na,SO, 
gave no Reformatsky-type product. 

In the carbon-carbon double bond formation reactions, 
excees SnC1, was used to obtain satisfactory yields of 
the products. When the molar ratio of a -haloketone: aldehyde 
:SnCl,:NanSOs was changed from 1:1:4:1 to l:l:Z:l, the 
reactions gave only traces of the product. In the absence of 
SnCl,,no reaction was occurred. In contrast, in the absence of 
NaaSOa, the reactions still gave satisfactory yields of the 
a ,  f3 -unsaturated ketones, though the yields of the products 
were reduced when compared with those in the presence of 
excess SnCl,/Na,SOs, These results suggest that the reducing 
reagent SnCl, plays an key role in the reactions. As 
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CARBON-CARBON DOUBLE BOND FORMATION 273 

Table 1. Carbon-Carbon Double Bond Formation between a -Halohetonee 
and Aldehydes Promoted by SnCla/NaaSOs or SnClI 

a. A mixture of a-haloketoae(2mmol), aldehyde( 2mmoI) , S ~ C 1 ~ ( 8 ~ 0 1 ) , N a ~ S O ~ ( 2 ~ o l ) ,  

b. Ieolated yie1ds.The data i n  parentheses were the yielde of 
wan atirted at r. t. for  ah, then at reflux for 4h. 

reactions i n  the absence of NaaSO,. 

deecribed previouely, i t  was reported that at room 
temperature, the use of SnClz alone gave no carbon-carbon 
bond formation product. Nevertherlese, we found that the 
reactions took place w i t h  either excess SnC1, /NaaSOa or 
exceee h C l 2  alone with a longer reaction time and a higher 
reaction temperature. The reeults were liated in Table 1. 
The phyeical conetants and epectral data of the producte 
are shown in Table 2. 
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i 7, 24-8. 0 (IOH, m) 
8. 08 (2Hl m) 

Tab le  2. phsical c o n s t a n t s  and  spec t ra l  d a t a  of p roduc t8  

' 7. 26-7. 28(1H,m) 7. 44-7. 93(7H,m) 
7. 98 (1H, m) 8. 00-8. 10 (ZH, m) 

7. 13-7. 24 (2H, m) 7. 27-7. 69 (7H, m) 
8. 01-8. 08 OH, m) 

3. 86 (3H, s) 6. 76 (2H, m) 1670 (a) 1610 ( 8 )  

7. 16-7. 78 (7H, m) 7. 80-8. 10 (ZH, m) 

1670(8) 1616(s) 
680 (8) 

1670 (8) 

1610(8) 

1270 (8) 

M. P. (C) 
(Lit) a 

66-67 
(67-68) 

6. 76-7. 06 (ZH, m) 7. 12-7. 66 (10h, m) 
7. 80-8. 1 0  OH, rn) 

' 76 .6  
(76) 

3040 (m) 1666 (8) 
1686 (8) 

123 
(123. 6) 

6. 79-6. 89 (ZH, m) 6. 67-8. 10 (8H, mf 
10. 19 (IH, s) 

76-71. 6 
(77-78) 

1676 (8) 1620 (8) 
1610 (8) 

103- 104 

112-114 
(114) 

100-102 
(101 - 102) 

47-48 
(4 8 )  

112-113 
(1 13) 

166-167 

184.6-186 

144-146 

142-144 

7. 81-8. 07 OH, m) 9. 92 (IH, S) 1696 (8) 

686 (8) 

7.48-8. 17  (lOH, rn) 

9. 87 (3H, 8 )  6. 80 (ZH, m) 1660 (8) D
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CARBON-CARBON DOUBLE BOND FORMATION 275 

By analogy with the mechaniam of cabon-carbon bond 
format ion be tween (x , a ' -dibromophenylke tones and aldehydes 
using stannous fluoride (SnFz)6, the reactions of a 
-bromoketonea and aldehydes in the presence of excess SnC12 
/Na,SO, or SnC1, alone eeem to proceed via tettavalent tin 
enolates, generated ia situ by the reductive ineertion of 
SnC1, into the a -bromoketones, reaction with the aldehydes, 
and subsequent dehydration to afford the a ,  8 -unsaturated 
ketones. probably, Na2SOs promotes the debromination of a 
-bromoketonea by SnC1, to form tin enolates. 

EXPER I MENTAL 
Reactions of a-Haloketones with Aldehyde8 in the 

Pr esence of Excess SnCl./Na,SO,-Gene r a 1 Pr ocedur e: 
Under anhydrous conditions, a mixture of a -bromophenyl 

ketone (2mmol) , aldehyde (2mmol) , SnC1, (8mm01,l. 53g) and Na,SO, 
(2mm01, 0.26s) in anhydrous THF(20ml) wan etirred at room 
temperature for 2h, then at reflux for 4h. The reaction 
mixture was filtered to remuve inorganic salts. The solid 
was washed with ether. To the f i l  terate, br ine (6ml) waa added, 
and the mixture was then extracted with ether.The combined 
extracts were washed with brine, dried with anhydrous MgS04, 
filtered and evaporated under reduced pressure, The crude 
product was purified by recryetallitation.Al1 products had 
phyeical data and spetral characteristics(1R andlH-NMR) in 
agreement with literature data and new compounds also gave 
sa t i s f ac tor y e 1 emen t a 1 ana 1 yae 8. 
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