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Recently, various chemical transformations of Morita-

Baylis-Hillman (MBH) adducts have been studied exten-

sively.1 The syntheses of various acyclic and cyclic compounds

including many heterocyclic compounds have been report-

ed, and many of them used the primary bromides of MBH

adducts as starting materials.1,2 Thus, many methods have

been reported for the synthesis of primary bromides of MBH

adducts.2 Treatment of the MBH adduct such as 1a with

aqueous HBr or PBr3 gave the primary bromide 2a in good

yield with high stereo- and regioselectivity,2 as shown in

Scheme 1. In contrast to the MBH bromide, however, the

synthesis of MBH fluoride afforded a mixture of fluorides

3a and 4a.3 Ley and co-workers reported the fluorination of

MBH adduct with DAST (diethylaminosulfur trifluoride),

and a mixture of a primary and secondary allylic fluorides

has been obtained.3a,d Brown and co-workers also examined

the fluorination of MBH adduct, and they obtained second-

ary fluoride as a major product along with primary fluoride

as a minor (5-10%).3b Generally, the fluorination of allylic

alcohols with various fluorinating agents including DAST

afforded a mixture of two regioisomeric allylic fluorides.4 In

addition, numerous fluorine atom-containing compounds

including cinnamyl fluorides showed a characteristic bio-

logical activity,5 thus we decided to develop an efficient syn-

thetic method of primary MBH fluorides.

The difference between the bromination and fluorination

of MBH adduct could be rationalized as follows. The

secondary MBH bromide could also be generated during the

bromination of 1a; however, it could be converted to a

thermodynamically more stable primary bromide 2a via the

addition-elimination reaction (SN2') with a bromide ion,

while such an addition-elimination reaction (4a to 3a) with a

fluoride ion would be difficult because of the low nucleo-

philicity and bad leaving group ability of a fluoride ion.

Thus, we examined the feasibility of a regioselective syn-

thesis of primary fluoride 3a by a substitution reaction (SN2)

of the primary bromide 2a with a fluoride ion, as shown in

Scheme 1. 

Among the variety of fluorinating agents,6,7 we selected

CsF, KF and TBAF. A brief study for the optimum reaction

conditions has been carried out for the conversion of 2a

to 3a, and the results are summarized in Table 1. The

reaction of 2a and CsF in t-BuOH at room temperature did

not produce 3a at all (entry 1). The reaction at elevated

temperature (80 oC) produced the fluoride in good yield

(82%); however, a secondary fluoride 4a was formed together

(3a:4a, 85:15), to our disappointment (entry 2). The second-

ary fluoride 4a must be formed via the addition-elimination

reaction (SN2') reaction from the primary bromide 2a. The

contaminated 4a cannot be changed to 3a, as noted above,

Scheme 1

Table 1. A brief optimization for the conversion of 2a to 3a

Entry Conditions Yield (%, 3a:4a)a

1 CsF (3.0 equiv), t-BuOH, rt, 24 h no reaction

2 CsF (3.0 equiv), t-BuOH, 80 oC, 10 h 82 (85:15)

3 KF (3.0 equiv), t-BuOH, 80 oC, 10 h 10b

4 TBAF (2.0 equiv), THF, rt, 10 h 53 (96:4)

5 TBAF (2.0 equiv), t-BuOH, rt, 10 h 88 (> 99:1)

6 TBAF (2.0 equiv), t-BuOH, 0 oC, 24 h 66b,c

7 TBAF (1.1 equiv), t-BuOH, rt, 24 h 79 (> 99:1)

aIsolated yield and the ratio of 3a:4a was determined based on 1H NMR.
bThe ratio of 3a:4a was not determined. cBromide 2a was recovered in
18%.
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under the reaction conditions. The use of KF was ineffective

(entry 3). When we used TBAF (1.0 M solution in THF) in

THF (entry 4), the fluoride was obtained in moderate yield

(53%); however, a small amount of 4a was also contaminat-

ed. Thus, we examined the reaction with TBAF in a mixed

solvent, THF and t-BuOH, because Chi and Kim have re-

vealed that a tert-alcohol could be used as an efficient fluori-

nation medium.7 To our delight, a primary fluoride 3a was

isolated in good yield (88%) with high selectivity (entry 5) at

room temperature without contamination of 4a. The reaction

at 0 oC was slow (entry 6), and 3a was formed in moderate

yield (66%) even after 24 h along with a small amount of

recovered 2a (18%). The use of a lesser amount of TBAF

(1.1 equiv) showed a diminished yield (entry 7).7a,b 

Encouraged by the successful results, we prepared some

representative MBH fluorides 3b-j, and the results are sum-

marized in Table 2. Required MBH bromides were prepared

from the corresponding MBH adducts using aqueous HBr

(48%) or PBr3, as reported.2 The MBH bromides 2b-h hav-

ing an ester moiety and an acetyl derivative 2i were prepared

as Z-form, stereoselectively.2 The bromide 2j bearing a nitrile

group was formed as a E/Z mixture,2b,i thus we separated the

major E-isomer and used it in the fluorination.8 As shown in

Table 2, various cinnamyl fluorides 3b-e (entries 2-5) were

synthesized in good yields (86-88%) irrespective of the

electronic nature of the aryl substituent. The furyl, n-pentyl,

and cinnamyl derivatives 3f-h (entries 6-8) were also syn-

thesized in good yields (76-83%). Similarly, the MBH bro-

mides 2i and 2j bearing acetyl and nitrile group, respective-

ly, afforded the corresponding primary fluorides 3i and 3j in

good yields (entries 9 and 10). When we used the secondary

acetate of MBH adduct instead of the bromide, the reaction

with TBAF did not produce 3a in any trace amount under

the optimized conditions. 

In summary, we disclosed an efficient synthesis of primary

Morita-Baylis-Hillman fluorides. The synthesis was carried

out via the bromination of a MBH adduct and the follow-

ing fluorination with TBAF in a mixed solvent (t-BuOH/

THF). Further studies on the biological activity of prepared

compounds are currently underway. 

Experimental Section

1H NMR (300 MHz) and 13C NMR (75 MHz) spectra were

recorded using tetramethylsilane (TMS, δ = 0 ppm) as an

internal standard. 19F NMR (470 MHz) spectra were record-

ed using CF3COOH (δ = −78.5 ppm) as an external standard.

Typical Procedure for the Synthesis of 3a. To a stirred

solution of 2a (128 mg, 0.5 mmol) in t-BuOH (1.0 mL) was

added a solution of TBAF (1.0 M solution in THF, 1.0 mL)

at room temperature under N2 balloon atmosphere, and the

reaction mixture was stirred for 10 h. After the usual aque-

ous extractive workup and column chromatographic puri-

fication process (hexanes/ether, 10:1), compound 3a3b was

obtained as colorless oil, 86 mg (88%). Other cinnamyl

fluorides 3b-j were prepared similarly, and the spectroscopic

data of 3a-j are as follows. 

Compound 3a:3b 88%; colorless oil; IR (film) 3056, 3029,

1703, 1603, 1437, 1261 cm−1; 1H NMR (CDCl3, 300 MHz) δ

3.80 (s, 3H), 5.16 (d, 2JHF = 47.4 Hz, 2H), 7.33-7.39 (m, 3H),

7.40-7.44 (m, 2H), 8.01 (d, 4
JHF = 3.9 Hz, 1H); 13C NMR

(CDCl3, 75 MHz) δ 52.37, 76.99 (JCF = 161.9 Hz), 126.59

(JCF = 3.7 Hz), 128.75, 129.80 (JCF = 3.5 Hz), 130.00 (JCF =

1.2 Hz), 133.93 (JCF = 3.5 Hz), 147.46 (JCF = 6.8 Hz), 167.17;

Table 2. Synthesis of MBH fluorides 3a-j

Entry MBH bromidesa,b MBH fluoridesc,d Entry MBH bromidesa,b MBH fluoridesc,d

aConditions: MBH alcohol (1.0 mmol), aqueous HBr (3.5 equiv), rt, 2 h. bConditions: MBH alcohol (1.0 mmol), PBr3 (1.0 equiv), 0 oC-rt, 2 h.
cConditions: MBH bromides 2 (0.5 mmol), TBAF (2.0 equiv), t-BuOH, rt, 10 h. dThe ratio of 3:4 was > 99:1 (based on 1H NMR). eReaction time was
12 h.
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19F NMR (CDCl3, 470 MHz) δ −205.8 (td, 2
JFH = 47.4 and

4
JFH = 3.9 Hz, 1F); ESIMS m/z 195 [M++H]. Anal. Calcd for

C11H11FO2: C, 68.03; H, 5.71. Found: C, 68.31; H, 5.93.

Compound 3b: 87%; white solid, mp 77-78 oC; IR (KBr)

2953, 1709, 1622, 1436, 1233 cm−1; 1H NMR (CDCl3, 300

MHz) δ 3.81 (s, 3H), 5.13 (d, 2JHF = 47.7 Hz, 2H), 7.32-7.39

(m, 4H), 7.94 (d, 4
JHF = 4.2 Hz, 1H); 13C NMR (CDCl3, 75

MHz) δ 52.47, 76.77 (JCF = 162.0 Hz), 127.00 (JCF = 13.7

Hz), 129.08, 131.11 (JCF = 4.0 Hz), 132.33 (JCF = 3.5 Hz),

136.29 (JCF = 2.3 Hz), 146.11 (JCF = 6.9 Hz), 166.92 (JCF =

1.1 Hz); ESIMS m/z 229 [M++H], 231 [M++2+H]. Anal.

Calcd for C11H10ClFO2: C, 57.78; H, 4.41. Found: C, 57.69;

H, 4.74.

Compound 3c: 86%; colorless oil; IR (film) 2976, 1711,

1591, 1243, 1126 cm−1; 1H NMR (CDCl3, 300 MHz) δ 1.38

(t, J = 7.2 Hz, 3H), 3.87 (s, 3H), 4.33 (q, J = 7.2 Hz, 2H),

5.28 (d, 2
JHF = 48.0 Hz, 2H), 6.97 (d, J = 8.7 Hz, 2H), 7.52

(d, J = 8.7 Hz, 2H), 8.03 (d, 4
JHF = 3.9 Hz, 1H); 13C NMR

(CDCl3, 75 MHz) δ 14.30, 55.36, 61.16, 77.24 (JCF = 160.9

Hz), 114.26, 124.45 (JCF = 13.7 Hz), 126.65 (JCF = 3.5 Hz),

131.94 (JCF = 4.0 Hz), 147.11 (JCF = 6.8 Hz), 161.23 (JCF =

1.7 Hz), 167.03 (JCF = 1.7 Hz); ESIMS m/z 219 [M+-F].

Anal. Calcd for C13H15FO3: C, 65.53; H, 6.35. Found: C,

65.82; H, 6.18. 

Compound 3d: 86%; white solid, mp 71-72 oC; IR (KBr)

3029, 1715, 1515, 1341, 1119 cm−1; 1H NMR (CDCl3, 300

MHz) δ 1.32 (t, J = 7.2 Hz, 3H), 4.29 (q, J = 7.2 Hz, 2H),

5.12 (d, 2
JHF = 47.1 Hz, 2H), 7.58 (d, J = 8.7 Hz, 2H), 7.99

(d, 4
JHF = 4.2 Hz, 1H), 8.23 (d, J = 8.7 Hz, 2H); 13C NMR

(CDCl3, 75 MHz) δ 14.21, 61.81, 76.43 (JCF = 162.5 Hz),

123.89, 130.07 (JCF = 13.7 Hz), 130.44 (JCF = 4.6 Hz), 140.22

(JCF = 2.9 Hz), 143.99 (JCF = 6.9 Hz), 148.27, 165.79;

ESIMS m/z 254 [M++H]. Anal. Calcd for C12H12FNO4: C,

56.92; H, 4.78; N, 5.53. Found: C, 57.07; H, 4.81; N, 5.25.

Compound 3e:3a,d 88%; colorless oil; IR (film) 2951,

1718, 1311, 1276 cm−1; 1H NMR (CDCl3, 300 MHz) δ 3.92

(s, 3H), 5.13 (d, 2JHF = 47.4 Hz, 2H), 7.29 (td, J = 7.8 and 1.2

Hz, 1H), 7.40 (td, J = 7.8 and 1.2 Hz, 1H), 7.51 (dd, J = 7.8

and 1.2 Hz, 1H), 7.66 (dd, J = 7.8 and 1.2 Hz, 1H), 8.13 (d,
4
JHF = 3.6 Hz, 1H); 13C NMR (CDCl3, 75 MHz) δ 52.51, 77.09

(JCF = 162.0 Hz), 124.34 (JCF = 3.5 Hz), 127.56, 128.18 (JCF

= 13.8 Hz), 130.92 (JCF = 4.0 Hz), 131.04, 132.90, 134.43

(JCF = 2.3 Hz), 146.04 (JCF = 7.4 Hz), 166.58; 19F NMR

(CDCl3, 470 MHz) δ −206.4 (td, 2
JFH = 47.4 and 4

JFH = 3.6

Hz, 1F); ESIMS m/z no [M++H]. Anal. Calcd for C11H10BrFO2:

C, 48.38; H, 3.69. Found: C, 48.26; H, 3.81.

Compound 3f: 76%; white solid, mp 37-38 oC; IR (KBr)

2982, 1708, 1629, 1266, 1210 cm−1; 1H NMR (CDCl3, 300

MHz) δ 1.28 (t, J = 7.2 Hz, 3H), 4.23 (q, J = 7.2 Hz, 2H),

5.46 (d, 2
JHF = 47.1 Hz, 2H), 6.47 (dd, J = 3.3 and 1.8 Hz,

1H), 6.77 (d, J = 3.3 Hz, 1H), 7.55 (br s, 1H), 7.59 (d, 4JHF =

3.9 Hz, 1H); 13C NMR (CDCl3, 75 MHz) δ 14.26, 61.23,

77.03 (JCF = 160.8 Hz), 112.55 (JCF = 1.1 Hz), 118.57 (JCF =

4.6 Hz), 122.27 (JCF = 13.7 Hz), 131.33 (JCF = 6.3 Hz), 146.14

(JCF = 2.3 Hz), 150.20 (JCF = 4.6 Hz), 166.79 (JCF = 1.7 Hz);

ESIMS m/z no [M++H]. Anal. Calcd for C10H11FO3: C,

60.60; H, 5.59. Found: C, 60.87; H, 5.64.

Compound 3g: 82%; colorless oil; IR (film) 2981, 1708,

1604, 1513, 1260 cm−1; 1H NMR (CDCl3, 300 MHz) δ 0.83

(t, J = 7.2 Hz, 3H), 1.18-1.32 (m, 4H), 1.37-1.54 (m, 2H),

2.21-2.32 (m, 2H), 3.72 (s, 3H), 5.08 (d, 2JHF = 47.7 Hz, 2H),

7.08 (td, J = 7.8 and 4
JHF = 4.2 Hz, 1H); 13C NMR (CDCl3,

75 MHz) δ 13.89, 22.37, 28.26 (JCF = 2.9 Hz), 28.71 (JCF =

1.7 Hz), 31.37, 52.00, 75.99 (JCF = 161.4 Hz), 127.30 (JCF =

15.5 Hz), 151.37 (JCF = 6.8 Hz), 166.71; ESIMS m/z 189

[M++H]. Anal. Calcd for C10H17FO2: C, 63.81; H, 9.10.

Found: C, 64.07; H, 8.99.

Compound 3h: 83%; white solid, mp 75-76 oC; IR (KBr)

2981, 1709, 1603, 1512, 1260 cm−1; 1H NMR (CDCl3, 300

MHz) δ 3.76 (s, 3H), 5.27 (d, 2JHF = 48.0 Hz, 2H), 6.95 (d, J

= 15.3 Hz, 1H), 7.08-7.18 (m, 1H), 7.24-7.34 (m, 3H), 7.42-

7.46 (m, 2H), 7.57 (dd, J = 11.4 and 4
JHF = 3.6 Hz, 1H); 13C

NMR (CDCl3, 75 MHz) δ 52.13, 76.44 (JCF = 162.5 Hz),

122.38 (JCF = 2.3 Hz), 124.83 (JCF = 14.3 Hz), 127.59, 128.88,

129.62, 135.71 (JCF = 1.7 Hz), 143.42 (JCF = 4.1 Hz), 145.39

(JCF = 5.7 Hz), 166.96 (JCF = 2.9 Hz); ESIMS m/z 201 [M+-

F]. Anal. Calcd for C13H13FO2: C, 70.90; H, 5.95. Found: C,

70.81; H, 6.13.

Compound 3i: 85%; white solid, mp 35-36 oC; IR (KBr)

2970, 1672, 1626, 1267, 1232 cm−1; 1H NMR (CDCl3, 300

MHz) δ 2.44 (s, 3H), 5.16 (d, 2JHF = 47.4 Hz, 2H), 7.36-7.47

(m, 5H), 7.80 (d, 4
JHF = 3.6 Hz, 1H); 13C NMR (CDCl3, 75

MHz) δ 25.98, 75.93 (JCF = 160.3 Hz), 128.81, 129.80 (JCF =

4.0 Hz), 130.13 (JCF = 1.2 Hz), 133.94 (JCF = 3.4 Hz), 135.00

(JCF = 12.5 Hz), 146.74 (JCF = 6.8 Hz), 198.10; ESIMS m/z

179 [M++H]. Anal. Calcd for C11H11FO: C, 74.14; H, 6.22.

Found: C, 74.05; H, 6.51.

Compound 3j: 85%; colorless oil; IR (film) 3030, 2219,

1617, 1449, 1213 cm−1; 1H NMR (CDCl3, 300 MHz) δ 5.00

(d, 2
JHF = 46.8 Hz, 2H), 7.18 (d, 4

JHF = 3.0 Hz, 1H), 7.36-

7.42 (m, 3H), 7.73-7.76 (m, 2H); 13C NMR (CDCl3, 75 MHz)

δ 83.09 (JCF = 175.7 Hz), 106.02 (JCF = 18.3 Hz), 116.70,

129.04, 129.29 (JCF = 1.7 Hz), 131.41, 132.30 (JCF = 1.7

Hz), 147.15 (JCF = 8.0 Hz); ESIMS m/z no [M++H]. Anal.

Calcd for C10H8FN: C, 74.52; H, 5.00; N, 8.69. Found: C,

74.80; H, 5.34; N, 8.47.
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