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Syntheses of (Z)-allyl chlorides from Baylis—-Hillman adducts with a

trichlorotriazine/DMF system
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Stereoselective transformation of Baylis—Hillman adducts 1 into corresponding (2)-allyl chlorides 2 have been
achieved by treatment with 2,4,6-trichloro [1,3,5]triazine and N, N-dimethyl formamide. This novel approach
proceeds readily at room temperature within a few hours with excellent yields and stereoselectivity.
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The Baylis—Hillman reaction is well known as one of the
powerful carbon—carbon bond-forming methods in organic
synthesis.! The adducts of the reactions, 3-hydroxy-2-
methylene-alkanoates (derived from acrylate esters), have
been utilised as important precursors for stereoselective
synthesis of different multifunctional molecules.*7 Among
these transformations, the preparation of 2-(halomethyl)alk-2-
enoates from Baylis—Hillman adducts has received attention
as these compounds are employed in the synthesis of various
naturally occurring bioactive compounds and their analogues
such as oa-methylene-y-butyrolactone, a-alkylidene-f-lactam
and flavanoids.®? The synthesis of the corresponding allyl
bromides and the allylic iodide analogues from Baylis—Hillman
adducts has been studied.!!"!4 Recently, we have also developed
a novel method to synthesise allylic iodides derivatives.!> In
contrast, the preparations of allylic chlorides has rarely been
reported. Many traditional synthetic methods suffer from
the use of strong acid (HCl) and low yields as well as poor
stereoselectivity.!-18 More recently, a new approach to allylic
chlorides from Baylis—Hillman adducts has been provided by
Krishna ez al.'® In the presence of FeCls_ highly steroselective
syntheses of allyl chlorides were obtained in good to excellent
yields. Nevertheless, in such case the Baylis—Hillman adduct
has to be acetylated before use, otherwise a large amount of the
allylic alcohol is formed. As a result, to develop an alternative
synthetic method without the acetylation of BH adduct is highly
desirable. As a continuation of our interest in Baylis—Hillman
reaction,?-23 we report a new strategy to synthesise (2)-allylic
chlorides 2 from Baylis—Hillman adducts 1 promoted by the
TCT/DMF system (Scheme 1).

In a typical procedure, the 2,4,6-trichloro[1,3,5]triazine
(TCT) and DMF was mixed first, followed by the addition
of CH,Cl, solution of 1 equiv. Baylis—Hillman adduct 1. As
shown by Scheme 1 and Table 1, blending of BH adducts 1
with this system essentially led to the quantitative conversion
to the corresponding allyl chlorides (Table 1). A series of
substrates were examined to establish the generality, of
the reaction. Most reactions proceeded smoothly under
similar conditions. The experimental results showed that the
present method was effective for substrates bearing either
electron-donating or electron-withdrawing groups. Besides
affording good yields, this process also exhibited excellent
stereoselectivity. The Z-stereoconfiguration of the product was
assigned by comparing the chemical shifts in 'H NMR with
reported ones and no E-isomer was observed from the spectra.
Generally, the chemical shift value of the olefinic proton in
"H NMR appears downfield to the aromatic ring proton, while
the corresponding olefinic proton of E-isomer often mixes
with aromatic ring proton or appears upfield.
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Table 1 Stereospecific syntheses of (2)-allyl chlorides 2 from
Baylis-Hillman adducts 12
Entry Ar R Product  Yield/%be
1 CeHs Me 2a 89
2 2-CICgH, Me 2b 91
3 4-CICgH, Me 2c 94
4 4-CH3C6H4 Me 2d 90
5 I Me 2e 85
(-
6 2-N02C6H4 Me 2f 95
7 3-NO,CgH, Me 2g 96
8 4-N02C6H4 Me 2h 97
9 oHs Et 2i 91
10 2-CICgH, Et 2j 92

aAll reactions were carried out with 1 mmol Baylis—Hillman
adduct 1 at room temperature and finished within 1.5 h.
blsolated yields based on substrate 1.

cAll new products were characterised by '"H NMR, MS and IR.

The reaction mechanism, may follow the pathway depicted in
Scheme 2. As suggested, the reactive Vilsmeier—Haack type
complex A was firstly formed, which then combines with
the hydroxyl oxygen of substrate 1 to give the resonance-
stabilised cation intermediate.2* Subsequent nucleophilic
attack of a chloride anion toward the methylene carbon
and the cleavage of C—O bond resulted in the formation of
corresponding chlorides 2.

In conclusion, we have provided a new method to synthesise
(2)-allylic chlorides 2 from the Baylis—Hillman adducts 1.2
The cheap reagents, experimental simplicity together with
the excellent yields and good stereoselectivity make present
method a good alternative to traditional methods.

Experimental

All reactions were conducted in the air. 'H NMR spectra were
recorded on a Bruker AC-400 instrument in CDCl; solutions using
TMS as an internal standard. Chemical shifts (8) were reported in
ppm and coupling constants .J are given in Hz. IR spectra were taken
as thin films with a Bruker Vector-22 infrared spectrometer. EIMS
spectra were obtained on a HP 5989B mass spectrometer. Melting
points were uncorrected. Elemental analyses were performed on an
EA-1110 instrument. All solvents were purchased from commercial
sources and were used without further purification. All Baylis—
Hillman adducts are prepared according to the literature.
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Scheme 2

General procedure for the synthesis of (Z)-allylic chloride (2)
2,4,6-Trichloro [1,3,5]triazine (2.5 mmol) was added to DMF (0.5 ml)
at room temperature. After the formation of a white solid, the
reaction was monitored (TLC) until the disappearance of the TCT.
Then CH,Cl, (10 ml) was added as solvent, followed by the addition
of the Baylis—Hillman adduct (I mmol). After completion of the
reaction, the reaction mixture was quenched with 0.1 M hydrochloric
acid (5 ml) and extracted with ether (3 x 20 ml). The organic phase
was successively washed with brine (15 ml) and dried over anhydrous
Na,SOy. The solvent was removed under reduced pressure to give the
crude products, which were purified by preparative TLC using ethyl
acetate and cyclohexane (1:5) as eluent.

(Z)-methyl 2-(chloromethyl)-3-phenylacrylate (2a): Oil. IR (film)/
cm: 1721, 1625; 'TH NMR (400 MHz, CDCls): & 7.81 (1H, s),
7.41-7.55 (5H, m), 4.46 (2H, s), 3.88 (3H, s); MS: m/z (%) 196 (M*,
100), 198 (M* + 2, 52), 261 (M*—Cl, 64), 102 (31); Anal: Calcd.for
C1H,,ClO, C, 62.72; H, 5.26; Found C, 62.85; H, 5.37%.

(Z)-methyl 2-(chloromethyl)-3-(2-chlorophenyl)acrylate (2b): White
solid, m.p. 41-42°C. IR (KBr)/em!: 1709, 1630, 1359; 'H NMR
(400 MHz, CDCL,): 8 7.94 (1H, s), 7.63-7.31 (4H, m), 4.33 (2H, s), 3.87
(3H, s); MS: m/z (%) 244 (M*, 5.1), 209 (M*-Cl, 100), 149 (12); Anal:
Calcd.for C;H;(CLO, C, 53.90; H, 4.11; Found C, 54.05; H, 4.12%.

(Z)-methyl 2-(chloromethyl)-3-(4-chlorophenyl)acrylate (2¢): Oil.
IR (film)/em!: 1718, 1631, 1591, 1490, 1437; '"H NMR (400 MHz,
CDCl,):87.82(1H,s),7.50 (2H,d,/=8.4Hz),7.43 (2H,d,J=8.4 Hz),
4.44 (2H, s), 3.89 (3H, s); MS: m/z (%) 244 (M, 100), 246 (M* + 2,
52), 248 (M" + 4, 10), 209 (M*—Cl, 76), 149 (67); Anal: Calcd.for
Ci1H,0C1,0, C, 53.90; H, 4.11; Found C, 53.97; H, 4.26%.

(Z)-methyl 2-(chloromethyl)-3-p-tolylacrylate (2d): Oil. IR (film)/
em!: 1716, 1630, 1373; '"H NMR (400 MHz, CDCl5): § 7.86 (1H, s),
7.47 (2H, d, J = 8.0 Hz), 7.27 (2H, d, J = 8.0 Hz), 4.50 (2H, s), 3.88
(3H, s); MS: m/z (%) 224 (M", 67), 189 (M*—Cl, 100), 129 (68); Anal:
Calcd.for C,H3ClO, C, 64.15; H, 5.83; Found C, 63.96; H, 5.87%.

(Z)-methyl  2-(chloromethyl)-3-(furan-2-yl)acrylate (2e): Oil.
IR (film)/cm!: 1720, 1650, 1492, 1437; 'H NMR (400 MHz, CDCI5):
8 7.62 (1H, s), 7.51 (1H, s), 6.83-6.56 (2H, m), 4.72 (2H, s), 3.80
(3H, s); MS: m/z (%) 200 (M*, 100), 202 (M* + 2, 41), 204 (M* + 4,
8.5); 165 (M*—Cl, 56); Anal: Calcd.for CoHyClO5 C, 53.88; H, 4.52;
Found C, 54.05; H, 4.57%.

(Z)-methyl 2-(chloromethyl)-3-(2-nitrophenyl)acrylate (2f): Yellow
solid, m.p. 47-49°C. IR (KBr)/cm!: 1718, 1631, 1591, 1490, 1437,
"H NMR (400 MHz, CDCls): § 8.24 (1H, d, /= 8.0 Hz), 8.12 (1H, s),
7.79 (1H,t,J=7.6 Hz),7.68 (1H,t,J=7.6 Hz),7.63 (1H, d,/=8.0 Hz),
4.20 (2H, s), 3.92 (3H, s); MS: m/z (%) 255 (M*, 4.7), 220 (M*—Cl,
100), 204 (21); Anal: Caled.for C;;H;(CINO4 C, 51.68; H, 3.94;
Found C, 51.79; H, 4.12%.

(Z)-methyl 2-(chloromethyl)-3-(3-nitrophenyl)acrylate (2g): Light
yellow solid, m.p. 75-76°C. IR (KBr)/cm': 1706, 1629, 1523, 1434;
'H NMR (400 MHz, CDCl;): § 8.40-8.26 (2H, m), 7.92 (1H, s),
7.89-7.67 (2H, m), 4.43 (2H, s), 3.92 (3H, s); MS: m/z (%) 255
(M*,77),257 M* + 2, 17),220 (M*—Cl, 100), 174 (41), 115 (91); Anal:
Calcd.for C;1H;(CINO,4 C, 51.68; H, 3.94; Found C, 51.76; H, 4.02%.

(Z)-methyl 2-(chloromethyl)-3-(4-nitrophenyl)acrylate (2h): Yellow
solid, m.p. 118-119°C. IR (film)/cm!: 1718, 1631, 1591, 1490, 1437,
'H NMR (400 MHz, CDCls): § 8.32 (2H, d, J = 8.0 Hz), 7.89 (1H,
s), 7.71 (2H, d, J = 8.0 Hz), 4.41 (2H, s), 3.92 (3H, s); MS: m/z (%)
255 (M*, 56), 220 (M*—Cl, 42), 174 (85), 160 (100); Anal: Calcd.for
Cy1H,(CINO,4 C, 51.68; H, 3.94; Found C, 51.55; H, 3.82%.

(Z)-ethyl  2-(chloromethyl)-3-phenylacrylate (2i): Oil (lit.!9).
IR (film)/em': 1718, 1628, 1591, 1457, 1056; 'H NMR (400 MHz,
CDCly): & 7.82 (1H, s), 7.58-7.42 (5H, m), 4.45 (2H, s), 4.34 (2H, q,
J=17.0Hz), 1.40 (3H, t, J = 7.1 Hz); MS: m/z (%) 224 (M", 12), 189
(M*=Cl, 100), 129 (31).

(Z)-ethyl 2-(chloromethyl)-3-(2-chlorophenyl)acrylate (2j): Oil
(1it.’%). IR (film)/cm!: 1724, 1648, 1590, 1437; 'H NMR (400 MHz,
CDCly): & 7.74 (1H, s), 7.61-7.22 (4H, m), 4.38 (2H, q, /= 7.6 Hz),
4.30 (2H, s), 1.38 (3H, t, J = 7.6 Hz); MS: m/z (%) 258 (M*, 100),
224 (M*—Cl, 42), 136 (45), 111 (21).

We thank the National Natural Science Foundation of China
(Project No. 20572068) and Innovation Fund of Shanghai
University for financial support.

Received 10 December 2007, accepted 31 January 2008
Paper 07/4987 doi: 10.3184/030823408X287113

References

E. Ciganek, Org. React., 1997, 51, 201.

D. Basavaiah, P.D. Rao and R.S. Hyma, Tetrahedron, 1996, 52, 8001.

D. Basavaiah, A.J. Rao and T. Satyanarayana, Chem. Rev., 2003, 103, 811.

C-W. Cho and M.J. Krische, Angew. Chem., Int. Ed., 2004, 43, 6689.

G.W. Kabalka, B. Venkataiah and G. Dong, J. Org. Chem., 2004, 69, 5807.

G.W. Kabalka, B. Venkataiah and G. Dong, Tetrahedron Lett., 2003, 44, 4673.

Y.M. Chung, J.H. Gong, T.H. Kim and J.N. Kim, Tetrahedron Lett., 2001,

42, 9023.

H.M.R. Hoffman and J. Rabe, Angew. Chem. Int. Ed., 1985, 24, 94.

R. Buchholz and H.M.R. Hoffmann, Helv. Chim. Acta, 1991, 74, 1213.

D. Basavaiah, M. Bakthadoss and S. Pandiaraju, J. Chem. Soc., Chem.

Commun., 1998, 1639.

11 H.M.R. Hoffman and J. Rabe, J. Org. Chem., 1985, 50, 3849.

12 A. Guriec and A. Goucaud, New J. Chem., 1991, 15, 943.

13 J.S. Yadav, B.V.S. Reddy and C. Madan, New J. Chem., 2001, 25, 1114.

14 D. Basavaiah, A.K.D. Bhavani, S. Andiaraju and P.K.S. Sarma, Synlett,
1995, 243.

15 J.Li, X.X. Wang and Y.M. Zhang, Synlett, 2005, 1039.

16 F. Ameer, S.E. Drewes, M.S. Houston-McMillan and P.T. Kaye, J. Chem.
Soc., Perkin Trans. 1 1985, 1143.

17 D. Basavaiah, S. Pandiajulu and K. Padmaja, Synlett, 1996, 393.

18 S.P. Chavan, K.S. Ethiraj and S.K. Kamat, Tetrahedron Lett., 1997, 38, 7415.

19 PR. Krishna, V. Kannan and G.V.M. Sharma, Synth. Commun., 2004, 34, 55.

20 J.Li, W.X. Qian and Y.M. Zhang, Tetrahedron, 2004, 60, 5793.

21 J.Li, X.X. Wang and Y.M. Zhang, Tetrahedron Lett., 2005, 46, 5233.

22 J.Li, H. Xu and Y.M. Zhang, Tetrahedron Lett., 2005, 46, 1931.

23 S.Y.Li, J. Liand X.S. Jia, Synlett, 2007, 1115.

24 L.D. Luca, G. Giacomelli and A. Porcheddu, Org. Lett., 2002, 4, 553.

25 H.M.R. Hoffman and J. Rabe, Angew. Chem., Int. Ed., 1983, 22, 795.

NN B W —

S O


http://dx.doi.org/10.3184/030823408X287113
http://dx.doi.org/10.3184/030823408X287113

