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(NHC)—Cu (NHC = N-heterocyclic carbene) complexes efficiently catalyzed the methylenation of a
variety of aliphatic and aromatic aldehydes and ketones in the presence of trimethylsilyldiazomethane,
triphenylphosphine, and 2-propanol. The copper catalysts are not only inexpensive compared to rhodium
complexes, but they also exhibit better functional group compatibility with aromatic aldehydes and ketones.
Indeed very high yields were obtained for the formation of styrenes containing nitro, trifluoromethyl,
amino, and ester groups, as well as for pyridine-, pyrrole-, and indole-substituted alkenes.

Introduction diazo carbonyl reagenfs.The synthesis of methylenetri-
N ] phenylphosphorane from trimethylsilyldiazomethane, triphe-
A number of late transition metal complexes derived from nylphosphine, and 2-propanol in the presence of Wilkinson’s
Mo,! Re? Fe? Ruf and C& are known to catalyze the catalyst (RhCI(PPJs) has been recently reportédinder these
olefination reaction of carbonyl substrates in the presence of reaction conditions, the methylenation of aldehydes and ketones
leading to the formation of terminal alkenes was achieved in

T Universitede Montreal. high yields. Although a low catalyst loading (0.25 mol % on a
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(1) Lu, X. Y.: Fang, H.; Ni, Z. JJ. Organomet. Chen1989 373 77— catalys'g and rhodium complexes are in g_eneral relatively
84. expensive. The method would greatly benefit from the use of

(2) () Herrmann, W. A;; Wang, MAngew. Chem.nt. Ed. 1991, 30, less expensive metal complexes. The use of copper catalysts in

1641-1643. (b) Herrmann, W. A.; Roesky, P. W.; Wang, M.; Scherer, W. . . . .
Organometal("gslg% 13 45314535, (0) Carreira. £ M Ledford B, £, the methylenation of carbonyl compounds with trimethylsilyl-

Tetrahedron Lett1997, 38, 8125-8128. (d) Herrmann, W. ADlefins from diazomethane was investigated to achieve such a goal. Only
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arsenic, and tellurium ylides Although in these cases the

formation of stabilized phosphonium ylides was shown to be
inefficient, we believed that optimization of reaction conditions
using trimethylsilyldiazomethane could lead to the formation
of methylenetriphenylphosphorane. In addition to the cost of

rhodium complexes, the rhodium-catalyzed methylenation reac-

tion proved problematic with aromatic nitro-containing sub-
strates, leading to degradation reactiéhAs the nitro group

appeared to react with the metal center, we hypothesized that

the replacement of phosphine ligands with strongetonor
ligands, such asN-heterocyclic carbenes (NHQY, would
overcome this functional group compatibility problem. Further-

more, (NHC)-copper complexes have been reported to catalyze

a number of reactions;*2including cyclopropanation reactions
with diazo carbonyl compound8 Here, we disclose the use of
copper salts and (NHCS)copper complexes as catalysts for the
methylenation of aldehydes and ketones with trimethylsilyldia-

zomethane, triphenylphosphine, and 2-propanol. The transfor-

mation of substrates containing nitro, trifluoromethyl, amino,
ester, pyridine, pyrrole, and indole groups with aromatic
(NHC)—copper complexes (IPr and IMes, see Figure 1) is also
presented.

Results and Discussion

The mechanistic studies of the rhodium-catalyzed methyl-
enation reaction with trimethylsilyldiazomethane, triphenylphos-
phine, and 2-propanol showed the in situ formation of meth-

(9) (a) Liao, Y.; Huang, Y. ZTetrahedron Lett199Q 31, 5897-5900.
(b) Zhou, Z. L.; Huang, Y. Z.; Shi, L. LTetrahedron1993 49, 6821~
6830.

(10) (a) Herrmann, W. A.; Kocher, @ngew. Chemint. Ed. 1997, 36,
2163-2187. (b) Arduengo, A. J., lIAcc. Chem. Red.999 32, 913-921.
(c) Bourissou, D.; Guerret, O.; Gabbai, F. P.; Bertrandzem. Re. 200Q
100 39-91. (d) Jafarpour, L.; Nolan, S. Rdv. Organomet. Chen2001,
46, 181-222. (e) Herrmann, W. AAngew. Chemlint. Ed.2002 41, 1290~
1309. (f) Yong, B. S.; Nolan, S. EhemtractsOrg. Chem2003 16, 205—
227.(g) Crudden, C. M.; Allen, D. oord. Chem. Re 2004 248 2247—
2273. (h) Crabtree, R. Hl. Organomet. Chen2005 690, 5451-5457.

(11) For structural studies of NHE&Cu complexes, see: (a) Arduengo,
A. J., lll; Dias, H. V. R.; Calabrese, J. C.; Davidson,®rganometallics
1993 12, 3405-3409. (b) Arnold, P. L.; Scarisbrick, A. C.; Blake, A. J.;
Wilson, C.Chem. Commur2001, 2340-2341. (c) Arnold, P. LHeteroat.
Chem.2002 13, 534-539. (d) Hu, X. L.; Castro-Rodriguez, |.; Meyer, K.
J. Am. Chem. So@003 125, 12237 12245. (d)N-Heterocyclic Carbenes
in SynthesisNolan, S. P., Ed.; Wiley and Sons: New York, 2006.

(12) (a) Guillen, F.; Winn, C. L.; Alexakis, ATetrahedron Asymmetry
2001 12, 2083-2086. (b) Alexakis, A.; Winn, C. L.; Guillen, F.; Pytkowicz,
J.; Roland, S.; Mangeney, Rdv. Synth. Catal2003 345 345-348. (c)
Jurkauskas, V.; Sadighi, J. P.; Buchwald, SQrg. Lett.2003 5, 2417
2420. (d) Kaur, H.; Zinn, F. K.; Stevens, E. D.; Nolan, SOPganometallics
2004 23, 1157-1160. (e) Tominaga, S.; Oi, Y.; Kato, T.; An, D. K;
Okamoto, S.Tetrahedron Lett2004 45, 5585-5588. (f) Arnold, P. L.;
Rodden, M.; Davis, K. M.; Scarisbrick, A. C.; Blake, A. J.; Wilson, C.
Chem. Commun2004 1612-1613. (g) Larsen, A. O.; Leu, W.; Nieto-
Oberhuber, C.; Campbell, J. E.; Hoveyda, A.-HAm. Chem. So2004
126, 11130-11131. (h) Clavier, H.; Coutable, L.; Guillemin, J. C.; Mauduit,
M. Tetrahedron Asymmetry2005 16, 921-924. (i) Dez-Gonz&ez, S.;
Kaur, H.; Zinn, F. K.; Stevens, E. D.; Nolan, S..Org. Chem2005 70,
4784-4796. (j) Yun, J.; Kim, D.; Yun, HChem. Commur2005 5181
5183. (k) Clavier, H.; Coutable, L.; Toupet, L.; Guillemin, J. C.; Mauduit,
M. J. Organomet. Chen2005 690, 5237-5254. (l) Bantu, B.; Wang, D.
R.; Wurst, K.; Buchmeiser, M. RTetrahedron2005 61, 12145-12152.
(m) Okamoto, S.; Tominaga, S.; Saino, N.; Kase, K.; ShimodaJK.
Organomet. Chen005 690, 6001-6007. (n) Winn, C. L.; Guillen, F.;
Pytkowicz, J.; Roland, S.; Mangeney, P.; AlexakisJAOrganomet. Chem.
2005 690, 5672-5695. (0) Laitar, D. S.; Muller, P.; Sadighi, J. P.Am.
Chem. Soc2005 127, 17196-17197. (p) Munro-Leighton, C.; Blue, E.
D.; Gunnoe, T. BJ. Am. Chem. SoQ006 128 1446-1447. (q) Dez-
GonZdez, S.; Scott, N. M.; Nolan, S. ®rganometallic2006 25, 2355~
2358. (r) Dez-Gonz&ez, S.; Correa, A.; Cavallo, L.; Nolan, S. hem.
Eur. J. 2006 12, 7558-7564.
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FIGURE 1. (NHC)—copper complexes.

TABLE 1. Copper-Catalyzed Methylenation of Cinnamaldehyde

CuX (5 mol %)
TMSCHN; (1.4 equiv
PhMO % PhM
-PrOH (1.1 equiv) 1
PhgP (1.1 equiv)

entry CuX conditions conversigiio
1 CucCl THF, 25°C, 16 h 80
2 CuCl ether, 25C, 24 h <5
3 CucCl DCM, 25°C, 24 h <5
4 CucCl THF,60°C,1h >95 (74)
5 CucCl DCE, 60°C,3h 70
6 CucCl dioxane, 60C, 24 h 85
7 CucCl dioxane, 80C, 3 h >95
8 CuCl toluene, 80C, 3 h 60
9 CuBr THF, 25°C, 16 h 90
10 CuBr THF, 60°C,2h >95 (68)
11 CuBr dioxane, 60C, 16 h >95
12 Cul THF, 25°C, 16 h 70
13 Cul THF, 60°C, 3 h >95 (67)
14 Cul dioxane, 60C, 16 h >95
15 [Cu(MeCN)JPFs  THF, 25°C, 24 h <5
16 CuCh THF, 25°C, 16 h 60
17 CuCh dioxane, 60°C, 16 h 75
18 Cu(OAc) THF, 25°C, 24 h 80
19 Cu(OAc) dioxane, 60°C, 24 h 70
20 Cu(OTfp THF, 25°C, 16 h <5
21 Cu(OTfp dioxane, 60C , 16 h 50
22 Cu(BR)2:6H,0 THF,25C, 24 h <5

a Conversion by GC-MS; isolated yields in parentheses.

ylenetriphenylphosphorane at room temperatéiinder similar
reaction conditions with copper(l) chloride or (IMes)CuCl, we
observed the appearance of methylenetriphenylphosphorane by
IH NMR (CgD¢). At room temperature, the formation of the
phosphorus ylide was slow and did not reach completion,
whereas at 60C, the conversion was complete after 3 h. When
copper(l) chloride was tested in the methylenation of cinnama-
Idehyde in the presence of trimethylsilyldiazomethane, triph-
enylphosphine, and 2 propanol, good yields were obtained when
the reaction was carried out at 8Q (Table 1, entry 4).
Numerous copper(l) complexes were found to be active in
this process, including copper(l) salts and (NHCypper(l)
complexes (Tables 1 and 2). Copper(ll) salts also led to the
formation of the corresponding alkene, but reaction times proved
longer (Table 1, entries £&22). More dissociative ligands led
to less active catalyst, as no conversion was observed at room
temperature with Cu(OTf)and Cu(Bh),-6H,O compared to

(13) (a) Fructos, M. R.; Belderrain, T. R.; Nicasio, M. C.; Nolan, S. P.;
Kaur, H.; Daz-Requejo, M. M.; Rez, P. JJ. Am. Chem. So2004 126,
10846-10847. (b) Diaz-Requejo, M. M.; Perez, PJJOrganomet. Chem.
2005 690, 5441-5450. (c) Gawley, R. E.; Narayan, Shem. Commun.
2005 5109-5111.
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TABLE 2. (NHC)—Copper-Catalyzed Methylenation of TABLE 3. Copper-Catalyzed Methylenation of Aldehyded

Cinnamaldehyde
CuX (5 mol %), 60 °C

(NHC)CuX (5 mol %) A TMSCHN; (1.4 equiv)
. TMSCHN, (1.4 equiv) P R™™0 , , RN
Ph N9 ——————— > Ph X i-PrOH (1.1 equiv)
i-PrOH (1.1 equiv) 1 PhsP (1.1 equiv) / THF
Ph3P (1.1 equiv)
— - t duct yield (%)?
entry (NHC)CuX conditions conversidrfb entry produc CuCP_Cul® (IP1)CuCP (IMes)CuCE
1 (IPr)CucCl THF, 25°C, 16 h 75 TBSO
2 (IPrCucl dioxane, 25C, 24 h 55 1 o I 64 70 62 69
3 (IPr)Cucl THF, 60°C, 2 h >95 (75)
4 (IPr)CuCl dioxane, 60C, 2 h >95 (77) B
5 (Icy)cucl THF, 60°C, 2 h >95 (70) 2 0/7\,;:3 73 63 80 72
6 (ICy)CucCl dioxane, 60C, 1 h >95 ﬁ,
7 (IMes)CucCl dioxane, 60C, 2 h >95 (77)
A X
aConversion by GC-MS; isolated yields in parentheses. 3 ’\@/4\/\ 769¢ go2d 799e 54¢
. S X
CuCl (entries 26-22 vs entry 1). Solvent optimization revealed
. A i . 4 5 69 55 70 64
that the reaction was more efficient in THF or dioxane (entries
4-38). In diethyl ether, both the copper complex and methylene-
triphenylphosphorane were not soluble enough and no reaction 5 o 8 70 57 49 72
was observed at room temperature with CuCl (entries 1 and 2). N
Variation of the counteranion as well as theheterocyclic NO,
carbene substituent showed little influence on the reaction; thus, 6 A 61 83¢ 27 520

Cl, Br, and | as well as IPr, ICy, and IMes could all be used in
this reaction (Table 1, entries 4, 10, and 13 and Table 2, entries
3, 5, and 7). However, a strong coordinating ligand, such as 7
acetonitrile, killed the catalysts (Table 1, entry 15). To examine
the scope of the copper-catalyzed methylenation reaction with
trimethylsilyldiazomethane, triphenylphosphine, and 2-propanoal, 8
a variety of aliphatic and aromatic aldehydes were tested by
using CuCl, Cul, (IMes)CucCl, and (IPr)CuCl (Table 3). The
reaction allowed for the formation of functionalized aliphatic 9
alkenes (entries-13), dienes (entries46), styrenes (entries
7—13), and heteroaromatic alkenes (entries 14 and 15) in high
yields. Catalyst loading was typically at 5 mol % for 1 mmol 10
scale and could be decreased at 0.5 mol % when the reaction
was carried out on 10 mmol scale. Usually, the reaction is faster
with CuCl than with Cul, and yields are slightly better with the 1
former. The synthesis of aliphatic alkenes and dienes proceeded
equally well with copper(l) salts and (NHEELopper complexes.
In contrast, higher yields are usually achieved by using (IMes)-
CuCl for the preparation of styrenes (entries18). Even 12
sterically hindered 2-substituted benzaldehydes reacted under
these conditions to form the corresponding 2-substituted styrenes
(11 and14) in high yields (entries 10 and 13). The functional 13
group tolerance is very good for this reaction, as even strongly
coordinating groups, such as pyridine or aromatic ethers and
amines, are well tolerated (entries 3, 8, 9, 12, 13). Furthermore,
the chemoselectivity of the reaction was preserved, as ketone-
containing styrend 2 was obtained in high yields (entry 11).
Protected heteroaromatic alkenes were also synthesized in good 15
yields with use of CuCl or (IPr)CuCl (entries 14 and 15). We
noticed that with electron-withdrawing groups, such as nitro or . . _ . o
ester and even pytdine, a beteer yield was abtained i the S A s i &
reaction was carried out at higher dilution with an excess of . : :

. . . internal standard.
2-propanol (entries 3, 6, and 13). As 4-nitrobenzaldehyde is a
difficult substrate for the methylenation reactitfnye decided
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to investigate more closely these reaction conditions (Table 4).
(14) Standard Wittig reaction conditions with NaHMDS or BuLi as a Under the standard reaction conditions for the rhodium-catalyzed
base lead to styrert” in low yield. A strong guanidine base must be used methylenation, a complex mixture of products was observed

to achieve a good yield, see: (a) Simoni, D.; Rossi, M.; Rondanin, R.; 7e i i - ;
Mazzali, A.; Baruchello, R.; Malagutti, C.; Roberti, M.; Invidiata, F. P. (entry 1) When adding 10 equiv of 2-propanol the yield

Org. Lett.200Q 2, 3765-3768. (b) Okuma, K.: Sakai, O.: Shioji, iaull. improved to 28%, but unfortunately only 17% of styrehe
Chem. Soc. Jpr2003 76, 1675-1676. was isolated at 0.05 M in THF. Conversely, very good results

146 J. Org. Chem.Vol. 72, No. 1, 2007



Synthesis of Functionalized Styrenes and Aliphatic Alkenes

JOC Article

TABLE 4. Transition Metal-Catalyzed Methylenation of TABLE 6. Copper-Catalyzed Methylenation of Ketones

4-Nitrobenzaldehyde

PhaP (1.1 oquiv) R [Cu] (5 mol %), reflux R'
3P (1.1 equiv, TMSCHNj; (2.0 equiv)
o ; A R2"0 2
/©/\ PrOH (1.1-10 equiv) PhaP (1.2 equiv)
O,N TMSCHN, (1.4 equiv)  O,N 17 PrOH (12 equiv) / THF
Catalyst/ THF , 60 °C B oL\
Y entry product yield (%)
- - - Cucl (IPr)CuCl
i-PrOH i-PrOH i-PrOH
1.1 equiv 10 equiv 10 equiv
entry catalyst 0.1 M/THR 0.1 M/THFP  0.05 M/THR 1 /C\fzz 82 92
1 RhCI(PPh); <5% 17% 28% tBu
(2.5 mol %)
2 (IPr)CuCl 43% 48% 91%
5 mol %) 2 23 <5 68
3 (IMes)CuCt 29% 419% 779
(5 mol %)
a|solated yieldsP Reaction at 28C. ¢ Dioxane was used instead of THF. 3 (:/Q 24 75 03
CO,Et

TABLE 5. (NHC)—Copper-Catalyzed Methylenation of 25
Functionalized Aromatic Aldehydes 4 58 73

OBn

[\ o,
N N\(S mol %)
Ar Y Ar 26
5 78 86
rall N o CuCl FC T Ph CO,Et

= TMSCHNS, (1.4 equiv) Z 27

i-PrOH (10 equiv) 6 /\)J\/QTBS 69 78
PhsP (1.1 equiv), 60 °C Ph

yield (%)?

t duct /\)J\ZB
ey produe (PNCUCE _ (IMes)CucP 7 o X = &
X
1 @(\18 86 dec 8 JJ\ZQ 50 78
NO, Ph
O.N
2 o 78¢ 74 MeO
19 9 30 42 78
S b
3 20 43 74
FaC 10 /@)3‘1\ 43 73
O.N
XX
4 || 2 68 86 » OBz 73 75
N 32
MeO

a|solated yields? 0.05 M in THF.€0.05 M in dioxane®0.1 M in THF.
a|solated yields.

were obtained when the (NHEopper complexes were used copper(l) chloride or (IPr)CuCl (Table 6). The reaction was
(entries 2 and 3). In the presence of 10 equiv of 2-propanol, at refluxed in THF with an excess of TMSCHNnd 2-propanol.
0.05 M in THF or dioxane, styrenk? was isolated in 77% and  The comparison between both catalysts showed the superiority
91% yields, using (IMes)CuCl and (IPr)CuCl, respectively. In of the (NHC)-copper complex, as typically higher yields are
contrast, less than 10% conversion was observed with CuCl.obtained. Furthermore, with copper(l) chloride, ketone substrate
We have used these new reaction conditions with other leading to produc23 showed no reaction whereas decomposi-
electron-deficient benzaldehydes as well as with 3-pyridinecar- tion of diene28 was observed (entries 2 and 7, presumably due
boxaldehyde (Table 5). to m-complexation between the copper complex and the diene).
For nitro substrates, (IPr)CuCl was the best catalyst leading In the presence of (IPr)CuCl, both acyclic and cyclic aliphatic
to styrenesl8 and 19 in 86% and 78% yields, respectively disubstituted alkenes were formed in good yields (entrieS)1
(entries 1 and 2). Surprisingly only decomposition was observed Both alkoxy and ester functionality were tolerated under the
in the methylenation of 2-nitrobenzaldehyde with (IMes)CuCl methylenation reaction conditions (entries-&. Aromatic
(entry 1). For the two other substrates, (IMes)CuCl showed the ketones were also tested as substrates and here again, (IPr)-
best catalytic activity leading to styrer®® in 74% yield and CuCl typically led to higher yields (entries-81). Methoxy-
3-vinylpyridine 21 in 86% yield (entries 3 and 4). Here again, and nitro-substituted methyl ketones reacted to produce alkene
it was required to use a NHC-derived copper complex, as low 29—31in good yields (entries-810). In addition, these reaction
conversion (46-50%) was observed with CuCl. conditions are compatible with aromatic benzoxymethyl ketones
The copper-catalyzed methylenation reaction was also tested(entry 11). The use of (IPr)CuCl was also tested with other
with aliphatic and aromatic ketone substrates by using either ketone substrates to complete the evaluation of the functional

J. Org. ChemVol. 72, No. 1, 2007 147
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TABLE 7. (NHC)—Copper-Catalyzed Methylenation of Aromatic SCHEME 1
Ketones o (IPCUCI (5 mol %), reflux
TMSGCHN, (2.0 equiv)
R (IPHCuCl (5mol %), reflux R c PP (12 2equiv;"V “
TMSCHN, (2.0 i i equi 45
Ar o 5 (2.0 equiv) Ar Bu 44 -PrOH (12 equiv) / THF +Bu 54%

PhgP (1.2 equiv)

-PrOH (12 equiv) / THF PPhCH3Br
entry product yield (%)2 NaHMDS / THF
(0]
Cl
1 77 45 + 46 + 47
(:Ei\ 33 +Bu 14% +Bu 22% tBu 52%
ON tolerance, in particular with substrates containing nitro and
2 ” 81 pyridine groups. Furthermore, these reaction conditions are
compatible with base-sensitive substrates.
. /©)‘\ R= I\MA:(?(SS)G) ;3[, Experimental Section
R Br 87) 8 Typical Experimental Procedure for the Copper-Catalyzed
4=—TIPs (39) 83 Methylenation. To a solution of the copper catalyst (0.050 mmol)
and triphenylphosphine (288 mg, 1.10 mmol) in THF or dioxane
(10 mL (0.1 M) or 20 mL (0.05 M)) at 28C was added 2-propanol
4 | 1 30 65 (84 uL, 1.1 mmol or 77QuL, 10.0 mmol) followed by the carbonyl
N compound (1.00 mmol) and the trimethylsilyldiazomethane ether
Boc solution (1.46-2.00 mmol) under inert atmosphere. The resulting
mixture was then heated at 6G and the reaction was stirred until
2 J\ 40 56 the reaction was completed as gauged by GCNMR, or TLC
Ph™ "Ph analysis. Afterward, 3% pD, (10 mL) was added and the organic
layer was extracted with ether 820 mL). The combined organic
6 ©)}\/°Bn 92 layers were washed with brine €20 mL) and dried over MgS£
41 The solvent was removed under reduced pressure and the crude

alkene was purified by flash chromatography on silica gel.

/©Jvoaz 4-Phenyl-1,3-butadiene (1)The title compound was prepared

7 81 from trans-cinnamaldehyde (125L, 1.00 mmol) according to the

B 42 general procedure, using CuCl in 0.1 M THF with 1.1 mmol of
2-propanol (reaction time 1 h). The desired alkene (96 mg, 74%)
was obtained as a colorless oil after flash chromatography (1%

82 EtOAc/hexanes) 0.54 (1% EtOAc/hexanesH NMR (400 MHz,
CDCly) 6 7.43-7.41 (m, 2H), 7.357.30 (m, 2H), 7.257.22 (m,
1H), 6.80 (ddJ = 16, 10 Hz, 1H), 6.57 (dJ = 16 Hz, 1H), 6.51

) ) (dd,J =16, 10 Hz, 1H), 5.34 (dJ = 16 Hz, 1H), 5.19 (dJ = 16

#Isolated yields® 5 equiv of TMSCHN. Hz, 1H); 13C NMR (75 MHz, CDC}) é 137.13, 137.06, 132.8,

129.6, 128.6, 127. 6, 126.4, 117.6.

group tolerance of this reaction (Table 7). Besides methoxy and ~ 1-(2-Nitrophenyl)-1,3-butadiene (7).The title compound was
nitro groups (entries 2 and 3), we showed that halide-substituted|°'re|°a(';.ed f;ontrtk:ansz-mtrlocmnaanaldehyde (C17|7' m(?’llli/(l)(')rl—r?go!zh
aryl groups were also compatible under these methylenation according to the genera’ procedure, using Luf In ©. M

reaction conditions (entries 1, 3, and 7). Protected alkynes and(ll0 4(; mmn;ol gfgf/o ;D r(\:v%e;noolb(trsatgéonagm: iil?ngziliddesgfttegrallcll<:snhe

indoles led also to _the desired alkenes in good yi_elds (entries 3chromatography (2% EtOAc/hexane®. 0.15 (2% EtOAc/hex-
and 4). More substituted and encumbered aromatic ketones wereynes) 1H NMR (400 MHz, CDC}) 6 7.91 (d,J = 8 Hz, 1H), 7.67
also tested (entries 5 to 7), and even cyclopropyl-substituted (d, J = 8 Hz, 1H), 7.58-7.54 (m, 1H), 7.39-7.35 (m, 1H), 7.05
alkene was obtained in 82% yield (entry 8). (d,J = 15 Hz, 1H), 6.77 (ddJ = 16, 10 Hz, 1H), 6.616.51 (m,
We have also tested the base-sensitive chloride-substitutedlH), 5.43 (d,J = 17 Hz, 1H), 5.32 (dJ = 10 Hz, 1H);*3C NMR
ketone44, which under the typical Wittig reaction conditions (75 MHz, CDC}) 6 147.9, 136.6, 134.5, 132.9, 132.5, 127.9, 127.8,
led mostly to the formation of the corresponding cyclopropyl 127.1, 124.6, 120.3.
ketone (Scheme 1). In contrast, using (IPr)CuCl-catalyzed 1-Nitro-4-vinylbenzene (17).The title compound was prepared
methylenation reaction conditions, the desired alkébavas  from 4-nitrobenzaldehyde (151 mg, 1.00 mmol) according to the
isolated in 54%. Even though both reaction conditions led to 9eneral procedure, using (IPr)CuClin 0.05 M THF with 10.0 mmol

: : : of 2-propanol (reaction time 12 h). The desired alkene (136 mg,
the formation of methylenetriphenylphosphorane, this example 91%) was obtained as a yellow oil after flash chromatography (5%

clearly illustrated the deleterious effect of having base and Saltsether/hexanes)?f 0.29 (5% ether/hexanesH NMR (400 MHz,

in the reaction mixture. CDCl) 6 8.19 (d,J = 9 Hz, 2H), 7.53 (dJ = 9 Hz, 2H), 6.78
In conclusion, we have disclosed the use of copper catalysts(dd, J = 18, 11 Hz, 1H), 5.93 (dJ = 18 Hz, 1H), 5.50 (dJ = 11

for the methylenation of aldehydes and ketones using trimeth- Hz, 1H):13C NMR (75 MHz, CDC}) 6 147.1, 143.8, 134.9, 126.8,
ylsilyldiazomethane, triphenylphosphine, and 2-propanol. These 123.9, 118.6.

copper catalysts are not only less expensive than rhodium 3-Vinylpyridine (21). The title compound was prepared from
complexes, but they also displayed an improved functional group 3-pyridinecarboxaldehyde (94L, 1.00 mmol) according to the
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(50% ether/pentane 0.45 (50% ether/pentaned NMR (400 Universitede Montrel. For work carried out at the University
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(239 mg, 1.00 mmol) according to the general procedure, using
(IPr)CuCl in 0.1 M THF with 12.0 mmol of 2-propanol (reaction
time 16 h). The desired alkene (128 mg, 54%) was obtained as a Supporting Information Available: Characterization data and
colorless oil R 037 (pentane}H NMR (300 MHz, CDC}) 6 7.33 spectra ¥H and3C NMR) for new compounds. This material is

(s(br), 4H), 5.33 (s, 1H), 5.07 (s, 1H), 3.55Jt= 7 Hz, 2H), 2.67 available free of charge via the Internet at http:/pubs.acs.org.
(t, J = 10 Hz, 2H), 1.92 (ttJ = 10, 7 Hz, 2H), 1.32 (s, 9H):C

NMR (75 MHz, CDC}) 6 150.5, 146.3, 137.4, 125.6, 125.2, 112.5,

445, 34.4, 32.2, 31.2, 30.9. JO061781A
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