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The Vilsmeier-Haack reagent (halomethyleneiminium salt) formed from treatment of 

dialkylformamides such as DMF with POCI, has been an old but useful reagent since its 

discovery in 1927.' It is usually used as reagent for the introduction of an aldehydic (CHO) 

group into aromatic or heteroaromatic corn pound^;^^ other new applications including halogena- 

tion, alkylation and haloalkylation have been recently The Baylis-Hillman reaction 

has received much attention as a useful carbon-carbon bonding-formation reaction in the last 

decades because it possesses several basic properties of efficient synthetic reactions: atom 

economy, selective transformations and catalytic process?-9 The adducts, 3-hydroxy-2-methyl 

enealkanoates (derived from acrylate esters), have been utilized as important precursors for stere- 

oselective synthesis of different multifunctional molecules?-9 Among these transformations, the 

preparation of 2-(halomethyl)-2-alkenoates from Baylis-Hillman adducts has drawn much atten- 

tion as these compounds are useful in the synthesis of various naturally occurring biologically 

active compounds and their analogs such as a-methylene-y-butyrolactone, a-alkylidene-p- 

lactams and flavanoids.I@l* To date, several methods for the conversion of Baylis-Hillman 

adducts into 2-(halomethyl)-2-alkenoates have been achieved. For example, the use of hydrogen 

halides in combination with strong acids (HBr-H,SO,, HI-H3P04),'3,'4 the reagent Ph,P-I,," 

organic acid halides (oxalyl chloride, MsCI) , '~ , '~  and other reagents including NCSINBS- 

Me,S,'X-20 AlCI,?' FeC1,?2 or InC1,,23 etc. have been reported. However, some limitations are 

still found in the reported methods including the use of concentrated acids, lack of general 

applicability, the need to use of 0-acetyl derivatives of Baylis-Hillman adducts, long reaction 

times, and poor yields, etc. As part of our continued interest in the conversion of Baylis-Hillman 

adducts into trisubstituted a l k e n e ~ ? ~ , ~  herein we report an efficient transformation of Baylis- 

Hillman adducts into corresponding (2)-ally1 chlorides by treatment with Vilsmeier-Haack 

reagent (halomethyleneiminium salt) in CH,CI, at room temperature. 
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DMF.POC13 xr C02Me 

CH2C12, r.t. R 

The procedure is based on the reaction of POCI, with DMF to generate the Vilsmeier- 

Haack reagent chloromethyleneiminium salt 2 in situ, followed by the addition of a CI-I$l, solu- 

tion of the Baylis-Hillman alcohols 1. At room temperature, the process proceeds efficiently and 
provides very high yields of ally1 chlorides from the corresponding Baylis-Hillman alcohols 

(Table). A variety of substrates were used in this reaction to establish its generality and effi- 
ciency , and most reactions proceeded smoothly under the similar conditions. The experimental 

results showed that the present method was effective for substrates possessing either aryl groups 
or alkyl substituents, although, the reaction required longer time for alkyl substituted 1 and gave 

slightly lower yields of products. Among substrates bearing aryl groups, there is not much differ- 
ence between those containing electron-donating and electron-withdrawing functionalities with 

respect to reaction times and yields of products. The present reaction conditions tolerate several 

functionalities such as halogen, nitro, methoxy and ether groups. Besides good yields, the present 

process also exhibited high stereoselectivity. In all cases, the reaction gave products with Z 
configuration which was confirmed by NOESY experiments and by comparison with the 

reported values of products 3.22-23 It was shown in NOESY experiments that there is no NOE 
correlation between the signals of the internal olefinic proton and the allylic methylene protons. 

According to the reported literature?8 a possible mechanism for the reaction is depicted in Fig. I .  

In summary, we have described a new protocol for the synthesis of (Z)-ally1 chlorides 
from Baylis-Hillman adducts by using Vilsmeier-Haack reagent. The advantages of the method 

are. good yields, excellent stereoselectivity, mild reaction conditions, simple operational proce- 

dures as well as readily available reagents and starting materials. 
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Table. Yields, Elemental Analysis and Spectral Data of Compounds 3 
Cmpd Yield IR 'H NMR I3N NMR MS Elemental Analysis 

(%) (cm-') (8) (6) m/Z (Found) 
(M') c H N  

3a23 96 1715 
1630 

3b23 95 1718 
1630 

3ca 90 1718 
1629 

3dh 90 1713 
1621 

3e23 95 1722 
1632 

3P3 94 1726 
1636 

3gZ3 93 1718 
1642 

3h' 92 1721 
1637 

3 p  90 1721 
I646 

~~~ ~~ ~ 

- _ _ _  ._. . 7.87 (s, lH), 7.55-7.52 (m, 2H), 210 ---- 
7.46-7.38 (m, 3H), 4.46 (s, 2H), 
3.86 (s, 3H) 

._._ .___ 7.87 (s, lH), 7.48 (d, 2H, J = 8.0 224 ---- 
Hz), 7.27 (d, 2H, J = 8.0 Hz), 
4.51 (s, 2H), 3.88 (s, 3H), 2.41 
(s, 3H) 

8.08 (s, IH), 7.64 (d, IH, J = 8.0 
HZ ), 7.41 (t, lH, J = 8.0 HZ ), 
7.05 (t, IH, J = 8.0 Hz), 6.94 (d, 
lH, J = 8.0 Hz ), 4.46 (s, 2H), 
3.89 (s, 3H), 3.88 (s, 3H) 

7.76 (s, IH), 7.10-7.06 (m, 2H), 254 56.59 4.35 ---- 
6.87 (d, IH, J = 8.0 Hz), 6.02 ( s ,  

2H), 4.49 (s, 2H), 3.86 (s, 3H) 
(56.86) (4.40) 

7.81 (s, 1H),7.49 (d, 2H, J = 8.0 166.37,142.29, 244 ---- __._ ... . 

Hz), 7.42 (d, 2H, J = 8.0 Hz), 
4.43 (s, 2H), 3.88 (s, 3H) 

135.82, 132.44, 
l30.86,129.11, 
128.78,52.45, 
38.74 

7.97 (s, lH),7.67-7.64 (m, IH), 166.38, 140.59, 244 
7.46-7.43 (m, IH), 7.37-7.34 134.69, 132.98, 
(m, 2H),4.36 (s, 2H), 3.90 (s, 3H) 130.96,130.42, 

l30.30,l30.04, 
l27.32,52.8, 
39.16 

.._. ._. . 8.19 (d, lH, J = 8.0 Hz), 8.08 ( s ,  255 ---- 

IH), 8.08 (s, IH), 7.78-7.74 (m. 
IH), 7.66-7.59 (m, 2H),4.22 (s, 

2H), 3.87 (s, 3H) 

8.34 (s, 1H ), 8.21 (d, lH, J = 
8.0 Hz), 7.87-7.83 (m, 2H), 
7.64(t, lH,J=8.0Hz),4.38 
(s, 2H), 3.86 (s, 3H) 
7.21-7.35 (m, SH), 7.07 (t, lH, 166.02, 147.22, 238 ---- ..__ ___. 

J = 7.6 Hz),4.27 ( s ,  2H), 3.82 
(s, 3H), 2.84 (t, 2H, J = 7.6 Hz), 
2.66 (q, 2H, J= 7.6 Hz) 

140.34,129.51, 
128.49, 128.26, 
126.28,52.08, 
34.35,30.60 

240 59.88 5.44 ---- 
(59.62) (5.51) ---- 

255 51.68 3.94 5.48 
(51.47) (3.90) (5.53) 
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Table. Continued.. . 
Cmpd Yield IR 'H NMR 

(%) (cm-I) (6) 
I3N NMR MS Elemental Analysis 

(6) m/Z (Found) 
( M + ) C  H N  

3jd 88 1723 6.95 (t, lH, J= 7.6 Hz), 4.27 (s, 232 61.92 9.09 ---- 
1647 2H), 3.73 (s, 3H), 2.26 (q,J= (61.70) (9.04) 

7.6 Hz, 2H), 1.46-1.22 (m. 
lOH), 0.82 (t. 3H, J= 6.8 Hz) 

a.) Colorless solid, mp. 83-84°C. b) Colorless solid, mp. 79-80°C. c) Light yellow solid, mp. 75- 
76°C. d) Colorless liquid, bp. 259°C. 

EXPERIMENTAL SECTION 

Melting and boiling points are uncorrected. Baylis-Hillman adducts 1 are easily prepared 
according to a reported p r ~ e d u r e ? ~  'H NMR spectra were obtained on a Bruker AC 400 (400 
MHz) instrument in CDCI, using TMS as internal standard. 13C NMR spectra were measured in 
CDCI, and recorded on a Bruker AC-100 spectrometer with TMS as internal standard. Chemical 
shifts (6) are expressed in ppm and coupling constants J are given in Hz. IR spectra were taken 
on a Bruker Victor 22 spectrometer. Mass spectra were obtained on a HP 5989B mass spectrom- 
eter. Elemental analyses were performed on an EA-1110 instrument. 

General Procedure.- Phosphorus oxychloride (0.3 g, 2.0 mmol) was added to DMF (0.3 mL) 

and the mixture was stirred at room temperature for 10 min., then CH2C12 (15 mL) was added, 
followed by the Baylis-Hillman alcohol (1 .O mmol) in one portion. After the addition, the 
mixture was stirred at room temperature and monitored (TLC) until completion. Water (20 mL) 

was added, and then the organic phase was washed with 15 mL of brine. The organic layer was 
dried over MgSO,. The solvent was removed under reduced pressure to give the crude product, 
which was purified by preparative TLC using ethyl acetate and cyclohexane (1 :6) as eluent. All 
the products are isolated as colorless or light yellow liquids or solids. 

Acknowledgement .- We are grateful to the Opening Foundation of Zhejiang Provincial Top 
Key Discipline for financial support. 
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fl-Chlorovinylaldehydes are used widely in the synthesis of many natural products,' 
pharmaceutical3 and pesticide4 compounds such as triacylbenzene,' acridine? pyrimidine? 
pyrethoid: thiophene: quinoline6 and thiazepine.' In view of the considerable importance of 
these compounds, various methods have been developed for their preparation. The traditional 
methods involve the reaction of acetylenic compounds? a-methylene ketones? or silyl keteneac- 
etalsIO under Vilsmeier-Haack conditions. Among these methods, the formylation reaction of a- 
methylene ketones is one of the most efficient methods for this purpose. However, the traditional 
Vilsmeier-Haack reaction employs toxic reagents such as phosgene gas and phosphorus oxychlo- 
ride which form phosphorus salts, which are hazardous to human health and to the human envi- 
ronment? The use of bis-(trichloromethyl) carbonate (BTC, triphosgene) in place of POCl, and 
COCI, has been examined in a variety of organic reactions." Recently, we have reported the 
synthesis of aryl aldehydes using BTC and DMF as a novel Vilsmeier equivalent.I2 Herein, we 
provide an improved method for the preparation of fl-chlorovinylaldehydes from ketones 1 using 
BTC and DMF under mild conditions (Scheme 1). 

(CH3)zNCHO * CH3C02Na * . . q C H O  + R' &Fi2 \ 

R2 CHO 
R' BTC H20 

1 
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