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Depending on the desilylation reagents used, 1-halo-1,4-bis(trimethylsilyl)-1,3-butadienes afforded either
1-halo-1-trimethylsilyl-1,3-butadienes or 1-halo-4-trimethylsilyl-1,3-butadienes in excellent yields with
excellent selectivity, respectively, when treated withsCBOH or with NaOMe. These monosilylated
1,3-butadiene products could be further desilylated to generate their corresponding halobutadienes via
the above reagent-controlled desilylation reaction. When 1,4-dihalo-1,4-bis(trimethylsilyl)-1,3-dienes were

treated with MeONa/MeOH at room temperature,

desilylation of both of the two trimethylsilyl groups

took place to afford their corresponding 1,4-dihalo-1,3-dienes in excellent yields. The commonly used
desilylation reagent GEOOH did not work for these dihalobutadienes.

Introduction

1-Halo-1,3-dienes and 1,4-dihalo-1,3-dienes are a class of
useful compounds:*5 There are several papers reporting
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FIGURE 1. Variety of halodienes (X, X= Cl, Br, I).

dienes, e.g., 1,2,3,4-tetrasubstituted 1-halo- and 1,4-dihalo-1,3-

dienes. ¢ Synthetic methods for partially substituted halodienes
(Figure 1, structure®, 3, 4, and7) are in demand because

diversity of halodienes as synthetic intermediates is required
for organic synthesis, and the substitution pattern including the

number of substituents on the skeleton of 1,3-dienes may have

remarkable influence on the reactivity of the 1,3-diene-based
reagents, such as lithio-1,3-dienddydrolysis—desilylation of
vinylsilanes using CJ¥£OOH or NaOMe has been well-
documented for the preparation of alkenes and vinyl hafides.
Recently, we have reported an alternative method leading to
1,4-dihalo-2,3-disubstituted-1,3-dienes via desilylation of 1,4-
dihalo-1,4-bis(trimethylsilyl)-1,3-dienes using §&FOOH or
NaOMe as desilylation reageritsl,4-Dihalo-1,4-bis(trimeth-
ylsilyl)-1,3-dienes and 1-halo-1,4-bis(trimethylsilyl)-1,3-dienes
were readily prepared in good to excellent yields by the
zirconocene-mediated coupling of silylated alkynes followed by
a halogenation proce8§:°10In this paper, we would like to
report the synthesis of partially substituted halodienes (Figure
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SCHEME 1. Reagent-Controlled Selective Desilylation of
1-Halo-1,4-bis(trimethylsilyl)-1,3-dienes
H SiMe H
MeONa/MeOH BUN g [BU ANy BUS 2
CH.Cly, reflux4h g~ a NAH BN H
SiMe; SiMes B H
Bus 2~ 2a: 96% 3a 4a
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By NAH
u ’ SiMes H H
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H SiMe; H
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Phang  Bisag P B g,
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1, structure, 3, 4, and7), including (1) a reagent-controlled
regioselective desilylation of 1-halo-1,4-bis(trimethylsilyl)-2,3-
disubstituted-1,3-dienes (Figure 1, structiyéo prepare 1-halo-
4-trimethylsilyl-2,3-disubstituted-1,3-dienes (Figure 1, structure
2), 1-halo-1-trimethylsilyl-2,3-disubstituted-1,3-dienes (Figure
1, structured), and ¢)-1-halo-2,3-disubstituted-1,3-dienes (Fig-
ure 1, structurd) and (2) the scope of desilylation of 1,4-dihalo-
1,4-bis(trimethylsilyl)-2,3-disubstituted-1,3-dienes (Figure 1,
structuresb, 6) using CRCOOH or NaOMe as desilylation
reagents to afford 1,4-dihalo-2,3-disubstituted-1,3-dienes (Figure
1, structure?).

Results and Discussion

Reagent-Controlled Regioselective Desilylation of 1-Halo-
1,4-bis(trimethylsilyl)-2,3-disubstituted-1,3-dienes 1: Prepa-
ration of 1-Halo-4-trimethylsilyl-2,3-disubstituted-1,3-dienes
2, 1-Halo-1-trimethylsilyl-2,3-disubstituted-1,3-dienes 3, and
(2)-1-Halo-2,3-disubstituted-1,3-dienes 4As popular proto-
nation—desilylation reagents, GEOOH and NaOMe/MeOH
have been often used for desilylation of vinylsilaf&slowever,
interestingly, we found that, for our 1-halo-1,4-bis(trimethyl-
silyl)-2,3-disubstituted-1,3-diene systems, these commonly used
desilylation reagents, GEOOH and NaOMe/MeOH, behaved
very differently, resulting in a synthetically useful reagent-
controlled desilylation reaction. As demonstrated in Scheme 1,
1-chloro-2,3-dibutyl-1,4-bis(trimethylsilyl)-1,3-dieria afforded
1-chloro-2,3-dibutyl-4-trimethylsilyl-1,3-dien2a in 96% iso-
lated yield when treated with NaOMe/MeOH in gEl;, at reflux
for 4 h. Only the trimethylsilyl group attached to the same
carbon as chlorine was desilylated. The other trimethylsilyl
group was totally untouched, thus no formation 3# and
completely desilylated produc#a were observed. To the
contrary, wherLawas treated with CJZOOH, the trimethylsilyl
group attached to the same carbon as chlorine was totally
untouched, resulting iBa as the only product in 98% isolated
yield via highly selective desilylation of the trimethylsilyl group
attached to the=CH moiety. Neithe2a nor 4awas formed in
this reaction. Product&b,c and3b,c could also be prepared in
excellent yields.

Following the above reagent-controlled desilylation proce-
dure, the monosilylated halodien@sand 3 could be further
desilylated to generat&Z)-1-halo-2,3-disubstituted-1,3-dienes
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SCHEME 2. Reagent-Controlled Selective Desilylation of
1-Halo-1-(trimethylsilyl)-1,3-dienes and
1-Halo-4-(trimethylsilyl)-1,3-dienes

MeONa/MeOH / R x
R H CH,Cly, reflux,4h / RN
=z
X___ | H
R x-H 4: none
. CF3COOH
SiMes 4
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SCHEME 3. Reagent-Controlled Selective Desilylation of a

Mixture of 1-Halo-1-(trimethylsilyl)-1,3-dienes and
1-Halo-4-(trimethylsilyl)-1,3-dienes
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NMR yield unreacted
3a + 2a —
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NMR yield unreacted
SCHEME 4. Desilylation of 1,4-Dihalo-1,4-

bis(trimethylsilyl)-1,3-dienes (X, X = ClI, Br, 1)
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[
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4 in high yields with excellent selectivity. As demonstrated in
Scheme 2, C#£OO0OH worked only on2 whereas NaOMe/
MeOH worked only ors3.

Xi et al.
SiMe, SiMes | Br
Ph Ph
AN g P~y P~y
P N e N oSN e B
SiMe, SiMes H H
5e 5f 7i: 80% yield  7j: 75% yield

FIGURE 2. Formation of dihalodienes withZ(E) stereochemistry.

promoted protonationdesilylation, an electrophilic substitution
reaction is involved. The presence of the chlorine attached to
the same carbon with the trimethylsilyl group depresses the
attack of the carbon by an electrophilic group. In the case of
NaOMe/MeOH-promoted protonatierdesilylation, a nucleo-
philic substitution reaction is involved, which explains why the
trimethylsilyl group attached to the same carbon as chlorine is
readily desilylated. Generally, because of the presence of the
conjugation system and the electron-withdrawing halogen,
desilylation of 1-halo-1,4-bis(trimethylsilyl)-2,3-disubstituted-
1,3-dienes becomes more difficult compared with that of
vinylsilanes and alkylsilanes.

Desilylation of 1,4-Dihalo-1,4-bis(trimethylsilyl)-2,3-di-
substituted-1,3-dienes 5 and 1,4-Mixed Dihalo-1,4-bis(trim-
ethylsilyl)-2,3-disubstituted-1,3-dienes 6: Preparation of 2,3-
Disubstituted 1,4-Dihalo-1,3-dienes 7.The above reagent-
controlled desilylation reaction could also be applied to 1,4-
dihalo-1,4-bis(trimethylsilyl)-2,3-disubstituted-1,3-dienés
(Scheme 4, X= X') and 1,4-mixed dihalo-1,4-bis(trimethylsi-
lyl)-2,3-disubstituted-1,3-dienes (Scheme 4, X= X'). When
X = X' =H, desilylation of the two trimethylsilyl groups using
CRCOOH proceeded smoothly to afford their corresponding
2,3-disubstituted 1,3-butadienes in excellent yields, but NaOMe/
MeOH did not work at all for these compounds without halide
substituents. On the contrary, when both X aridcae halides,
either identical (structurB) or different (structuré), NaOMe/
MeOH could work as the desilylation reagent to generafg){
1,4-dihalo-1,3-dienes orZ(2)-1,4-mixed dihalo-1,3-dienes in
high yields. However, C®&£OOH did not work at all for these
compounds with halide substituents. This reagent-controlled
desilylation can also be explained by the presence of the
conjugation system and the electron-withdrawing halides, as
mentioned above. Results are given in Table 1. The stereo-
chemistry of7ab and 7ef was determined by nuclear Over-
hauser effects (NOES$5. The structure of7d has been deter-
mined by single-crystal X-ray structural analysis (see Supporting
Information).

Interestingly, when 2,3-diphenyl-1,3-dieresand5f (Figure
2) were treated with NaOMe/MeOH, desilylation took place to
afford (Z,E)-1,4-diiodo-2,3-diphenyl-1,3-dien& and ¢,E)-1,4-

To further demonstrate the usefulness of the above reagent-yipromo-2,3-diphenyl-1,3-dierid as the sole products in 80%

controlled desilylation reaction, a 1:1 molar ratio mixture of
2a and 3a was treated with Cf£ZOOH and NaOMe/MeOH,

respectively. As expected, when treated with NaOMe/MeOH, sypporting Information)

3awas completely converted #aleaving2atotally untouched
(Scheme 3).

The reaction mechanisms of the hydrolysiesilylation of
vinylsilanes have been studiétRetention of configurations
has been generally obtaingd.n the case of CFCOOH-

(11) Reaction mechanisms of the hydrolysiesilylation of vinylsilanes

have been studied. Retention of configurations has been generally obtained

See: (a) Hudrlik, P. F.; Schwartz, R. H.; Hogan, JJOOrg. Chem1979
44, 155-157. (b) Utimoto, K.; Kitai, M.; Nozaki, H.Tetrahedron Lett.
1975 33, 2825-2828. (c) Koenig, K. E.; Weber, W. B. Am. Chem. Soc.
1973 95, 3416-3418.
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and 75% isolated yields, respectively. The structur@idias
been determined by single-crystal X-ray structural analysis (see

Conclusion

We have developed a reagent-controlled desilylation of 2,3-
disubstituted 1-halo-1,4-bis(trimethylsilyl)- and 1,4-dihalo-1,4-
bis(trimethylsilyl)-1,3-dienes using either gFOOH or NaOMe
as the desilylation reagent. These starting halo 1,3-dienes could

be readily prepared in good to excellent yields by the zir-

(12) Ashe, A. J., lll; Al-Ahmad, S.; Piloted, S.; Puranik, D. B.
Organometallics1995 14, 2689-2698.
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TABLE 1. Formation of Dihalodienes from MeONa/ using petroleum ether or a mixture of petroleum and methylene
MeOH-Mediated Desilylation of _ chloride as the eluent provided the corresponding pure prduct
1,4-Dihalo-1,4-bis(trimethylsilyl)-1,3-dienes ((1E,32)-2-Butyl-3-(chloromethylene)hept-1-enyl)trimethyl-
1,4-dihalo-1,4-bis( silane 2a:colorless liquid, isolated yield 96% (261 mgl NMR
entry  trimethylsilyl)-1,3- Product7  Yield (%)® (CDCl3) 6 0.72-0.77 (m, 6H), 1.141.95 (m, 8H), 1.93-1.21 (m,
diene 5, 6 4H), 5.19 (s, 1H), 5.65 (s, 1H}3C NMR (CDCk) 6 13.6, 13.8,
SiMe, H 21.8, 22.7, 29.5, 30.5, 34.0, 34.5, 110.6, 129.6, 146.8, 153.8; IR
Bu. Bu (film) vma/cm—t 2955, 2923, 2852, 1463, 1248, 859, 837; UV/vis
1 b 7 a e Amadnm 243.6; HRMS calcd for GH,CISi 272.1727, found
B N B N 272.1720.
SiMes H Typical Procedure for Selective Desilylation of 1,4-Disilylated
SiMes H 1-Monohalo-2,3?disubsti_tuted-l,3_—butap|ienes to Prepa_reZ(E)—
Me Me 1-Monohalo-1-trimethylsilyl-2,3-disubstituted-1,3-butadienes 3.
2 Z 5b Z 76 84 To a solution of 1,4-disilylated 1-monohalo-2,3-disubstituted-1,3-
Me” X Me” butadienes (1.0 mmol in 4.0 mL of GHAI,) was added dropwise
SiMe, M 1.0 mmol TFA at room temperature, and the mixture was stirred
SiMle, " for 1 h at the same temperature. The resulting mixture was
neutralized with 10.0 mL of saturated NaHg&nd was extracted
3 Z “Br 5 Z “Br 7c 86 with ether (3x 10.0 mL). The combined organic layer was washed
X-Br xBr with water and brine. After drying over MgS@nd evaporation
SiMe H of the solvent, column chromatography on silica gel with petroleum
3 .
SiMes H afforded the desired produst _ _
(2)-(2-Butyl-1-chloro-3-methylenehept-1-enyl)trimethylsi-
4 Of;' 5d Ci:l 7d 85 lane 3a: colorless liquid, isolated yield 98% (267 md)i NMR
X! x| (CDCl) 6 0.60-0.67 (m, 6H), 1.02-1.17 (m, 8H), 1.83-1.96 (m,
SiMe, ! 4H), 4.45 (dJ = 1.2 Hz, 1H), 4.75 (dJ = 1.2 Hz, 1H);*3C NMR
SiMe, H (CDCly) 6 13.5, 13.58, 13.60, 22.2, 29.0, 30.5, 33.9, 34.2, 111.5,
128.6, 148.5, 154.4; IR (filmyma/cm ! 2957, 2928, 2872, 1466,
6a 7¢ 75 1250, 889, 840; UV/Vistha/nm 244.0; HRMS calcd for EHog-

CISi 272.1727, found 272.1720. Anal. Calcd forsi,4CISi: C,
72.93%; H, 6.76%. Found: C, 72.90%; H, 6.78%.
Typical Procedure for Preparation of 4 by Further Desily-
lation of 2. Further desilylation oR to 4 by TFA was carried out
7% 90 under conditions similar to those described $or
Typical Procedure for Preparation of 4 by Further Desily-
lation of 3. Further desilylation o8B to 4 by TFA was carried out
under conditions similar to those described 2or
(2)-5-(Chloromethylene)-6-methylenedecane 4a&olorless lig-
6c Z el 79 86 uid, isolated yield 97% (195 mgjH NMR (CDCl;) 6 0.87-0.93
(m, 6H), 1.26-1.42 (m, 8H), 2.16-2.17 (m, 4H), 4.61 (dJ=1.2

(4]
os) os)
c o
‘2/—\§7
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o O
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(0]
w
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6b

2]
=
(0]
w

T
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SiMe; Hz, 1H), 4.83 (d) = 1.2 Hz, 1H), 5.85 (s, 1H):3C NMR (CDCl)
SiMes H 013.6,13.6,22.2,29.0, 30.5, 33.9, 34.2, 111.4, 128.6, 148.6, 154.4;
IR (film) vma/cm 1 2958, 2931, 2872, 1466, 1250, 902, 843; UV/
8 ZC 70 79 ViS AmadNm 2442.2; HRMS calcd for GH,:Cl 200.1332, found
N N 200.1330.

Typical Procedure for Preparation of (Z,2)-1,4-Dihalo-2,3-
disubstituted-1,3-butene Derivatives 7A solution of silylated 1,4-
a|solated yields. dihalo-2,3-disubstituted-1,3-butadienes (1.0 mmol in 4.0 mL of
CH,Cl,) and freshly prepared G®Na in CHOH (15.0 mL, 2.0
M) was stirred overnight at room temperature. The reaction mixture
conocene-mediated coupling of silylated alkynes followed by was added to 10.0 mL of saturated NaHC&hd extracted with
the halogenation process. Partially substituted halo 1,3-dienesether (3x 10.0 mL). The combined organic layer was washed with
such as productd, 3, 4, and7, which are useful but otherwise  water, NHCI, and saturated NaCl and dried over MgS®@he
difficult to obtain, were prepared in excellent yields with solvent was evaporated in vacuo to give crude products. Chroma-
excellent selectivity. tography using petroleum ether or a mixture of petroleum and
methylene chloride as the eluent provided the corresponding pure
product?.

(52,62)-5,6-Bis(iodomethylene)decane 7acolorless liquid,

Typical Procedure for Selective Desilylation of 1,4-Disilylated ~ isolated yield 81% (339 mg¥H NMR (CDCl;) 6 0.92 (t,J = 7.2
1-Monohalo-2,3-disubstituted-1,3-butadienes to PrepareZ(E)- Hz, 6H), 1.32-1.53 (m, 8H), 2.23 (tJ = 7.6 Hz, 4H), 6.13 (s,
1-Monohalo-4-trimethylsilyl-2,3-disubstituted-1,3-butadienes 2. 2H); *C NMR (CDCk) 6 13.8, 22.4, 29.2, 35.3, 102.8, 144.6; IR
A solution of 1,4-disilylated 1-monohalo-2,3-disubstituted-1,3- (film) vma/cm™ 2952, 2927, 2865, 1455, 1297, 1210, 775, 694;
butadienes (1.0 mmol in 4.0 mL of GAI,) and freshly prepared ~ UV/ViS Ama/Nm 242.0; HRMS calcd for GHaol» 417.9654, found
CHsONa in CHOH (7.5 mL, 2.0 M) was refluxed for 4 h. After ~ 417.9650.
being cooled to room temperature, the reaction mixture was added
to 10.0 mL of saturated NaHG@nd was extracted with ether (3 Acknowledgment. This work was supported by the National
x 10.0 mL). The combined organic layer was washed with water, Natural Science Foundation of China, the Major State Basic
NH,CI, and saturated NaCl and dried over MgS@he solvent Research Development Program (G2000077502-D), and Dow
was evaporated in vacuo to give crude products. ChromatographyCorning Corporation. Cheung Kong Scholars Program, Qiu Shi
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Supporting Information Available: Characterization data for the Intemet at http://pubs.acs.org.

all products except an illustrative example, copiestbfand 3C JO060003F
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