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A Ruthenium-Catalyzed Three-Component Coupling case, the results are summarized in Table 1. A polar medium,
to Form E-Vinyl Chlorides such as DMFwater, normally is required to generate an active
catalyst; thus, this solvent system was adopted. The chloride
source, a metal chloride versus ammonium chloride, had no effect;
therefore, we adopted ammonium chloride. An examination of
: o Table 1 reveals, not surprisingly, that reduction of the amount of
Department gftacn?gm |sct:rg/|,if§:ﬁirgogg3tggt§(t))éo water decreased the amount of diketghéentries 5 versus
' 6—10). The reaction was too sluggish in the absence of water
Receied December 10, 1998  using ammonium chloride because of solubility problems. In-
creasing the amount of chloride suppressed diketone formation
The efficient formation of functionalized alkenes in a stereo- (entries 4-6). Significantly, the choice of cocatalyst also influ-
selective fashion is an important continuing goal in organic enced the ratio oB:4 (entry 6 versus 7). Increasing substrate
synthesis. Olefination reactions form the core of most of the concentration and lowering the temperature from 100 t6®0
methods wherein such functional groups are created simulta-|ed to our initial general conditions shown in entry 10 (method
neously with C-C bond formatiort. A rarer strategy involves  A). Replacing ammonium chloride by tetramethylammonium
hydrometalation of functionalized alkynes followed by cross- chloride and using just DMF (method B) led to a further
coupling? We have been pursuing the invention of more atom improvement such that onywas observed. In the absence of a
economical strategies whereby such functional groups are cocatalyst, very low yields were obtained (entry 12).
produced by simpler additions using transition-metal catafysis.  Spectral data confirm the structure of the vinyl chloride as
Equation 1 illustrates the concept. While our previous studies of depictecd® GC and*H NMR spectroscopy indicate aZ ratio
of 6.0-6.5, depending upon reaction conditions for method A,
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. — R_BY SN2 X e which increased to>15:1 for method B. NOE experiments
X+Rh= +2Y —— . R - . (1)
0 _S—)_(F“ R)Z/\)LF" establish the geometry of the major isomer Bs Control
: experiments indicate that equilibration of alkene geometry does
* \ not occur under the reaction conditions.
R R - . .
A ) )\/\j\n' With a good experimental p_rotocol in hand, a range of_
N 2 substrates was explored according to eq 3 and summarized in
the ruthenium-catalyzed Alder ene reaction suggested a ruthena- 0% %?i R o
cycle intermediaté ruthenium-promoted additions of carboxylic RN s A= - 2 I PGP N,
acids to alkynes have been suggested to proceed wana © 15% SNCl,5H,0 5
addition to form species such &b.° In the former case, capture DMF or 20 PMFE

by X~ could lead to eitheZ-2 or E—2; whereas, in the latter
case,E—2 is the expected product. In this paper, we report the

realization of this reaction where-Xis chloride anior. Table 2. It is obvious that excellent chemoselectivity is observed

We chose to examine the formation of vinyl chlorides since wherein cyano (entries 3, 4, 14, 15), phthalidimido (entry 5), keto
during the course of an ancillary stuBlywe detected small '+ (entry 6), hydroxy (entries 913), and ester (entry 7) all are
amounts of such products. Using the reaction of eq 2 as our tes,[tolerated. Cyclohexylvinyl ketone (entries-146) also participates

) equally well. Method B generally gives better yields aB

selectivities. Whereas significant increases in & ratio

%i?jc‘ Wj\/\)?\ oa(I:urred intentriﬁs 2|kand 4, l;chis gﬁeﬁt \(/jvas alttenuated, ne\{ertrlleiless
0 v cl still present, with alkynes bearing hydroxyl groups proximal to
TN e owF-H.0 i '2' the triple bond (entries 11 and 13).
I o~y The mechanism of the reaction is not established but does
0 ° conform to the working hypotheses outlined in ed The
4 ruthenacycle intermediate would require direct ligand attack by
chloride as the major pathway to rationalize product formation.
(1) For some illustrations, see: Pine, S.®fg. React1994 43, 1; Ager, The general unfavorability ofy@ displacements at vinylic carbon
?ésJé g, React 1990 38, 1; Maryanoff, B. E.; Reitz, A. BChem. Re. make this suggestion less palatabletréns addition of chloride
(2) Compare Matteson, D. Setrahedron1989 45, 1859. and ruthenium, followed by capturing the-®Ru bond faster than
(3) Trost, B. M.Sciencel991, 254, 1471. protonation, then accounts for the major product. This suggestion

Eg Trost, B. M.Ang. Chem,, _“l“,tlhgdfg‘ggwﬁeﬁofgé‘] Am. Chern is consistent with the overall result observed in the ruthenium-

Soc.1995 117, 615.; Trost, B. M.; Miller, T. J. J.; Martinez, 1. Am. Chem. ~ Catalyzed addition of carboxylic acids to alkynes; however, the
Soc.1995 117, 1888. ) ) ) ) C—Ru bond of the proposed intermediate has not been intercepted
(6) For atr_ans chloroglkylauon of activated alkynes_ using palladium {5 form a C-C bond. Consistent with this mechanism is the

catalysis, see: Wang, Z.; Lu, XXhem. Commuri996 535;J. Org. Chem. : o . .
1996 61, 2254. On the other hand cis chloropalladation has been claimed, observation th_at SW|tCh|_ng from ammonium ChIOI’I_de to tetra-
see: Dietl, H.; Reinheimer, H.; Moffatt, J.; Maitlis, P. NI. Am. Chem. Soc. methylammonium chloride led to increas&ldZ ratios. The

197Q 92, 2276. Also, see: Kaneda, K.; Uchiyama, T.; Fujiwara, Y.; Imanaka, ili i i
T Teranishi, SJ. Org. Chem 1979 44. 55. After Submission of our paper. increased solubility of the latter salt increased the concentration

a Rh-catalyzedis chioroalkyoxycarbonylation of alkynes has been reported, ©Of free chloride ion in solution, thereby favoring external chloride
see Hua, R.; Shimada, S.; Tanaka, MAm. Chem. S04.998 120, 12365. attack. Thus, the use of tetramethylammonium chloride always

: led to enhance#-selectivity, sometimes dramatically. Similarly
(7) Naota, T.; Takaya, H.; Murahashi, S.Ghem. Re. 1998 98, 2599; . ’ . 7
Dixneut, P. H.; Bruneau, C. In Organic Synthesis via Organometaliics. OSM if the alkyne substrate bears a functional group that coordinates

5; Helmchen, G. Ed.; Vieweg Verlag: Frankfurt/am Main, 1997; p20. to ruthenium, like hydroxyl, this coordination competes with

For a leading reference, see: Doucet, H.; Martin-Vaca, B.; Hurneau, C.;

Dixneuf, P. H.J. Org. Chem1995 60, 7247. (9) All new compounds have been characterized spectroscopically, and
(8) Trost, B. M.; Portnoy, M.; Kurihara, Hl. Am. Chem. S0d.997, 119, elemental composition has been established by combustion analysis or high

836. resolution mass spectroscopy.
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Table 1. Selected Optimization Experiments for Equatich 2
entry [Ru] cocatalyst (mol %) NEI (eq) DMF-H,0 ratio [Alkyne] (M) temp°C isol. yield3 isol. yield4

1 50  InCh(15) 1.1 (R=H) 1 0.25 100 14 24
2 50  AlCk6H;0(15) 1.1 (R=H) 9:1 0.25 100 34 19
3 10.0  AICk-6H,0O(15) 1.1 (R=H) 01 0.25 100 25 42
4 10.0  AICk-6H,0(30) 1.1 (R=H) 9:1 0.25 100 39 52
5 10.0  AICk-6H,0(15) 2.2 (R=H) o1 0.25 100 44 28
6 10.0  AICk-6H,0(15) 3.3 (R=H) 20:1 0.25 100 45 16
7 10.0  SnCF5H,0(15) 3.3(R=H) 20:1 0.25 100 48 2
8 10.0  SnC#5H,0(15) 3.3 (R=H) 20:1 0.50 100 56 4
9 10.0  SnCy5H,0(15) 3.3(R=H) 20:1 1.00 100 45 17

10 10.0  SnCF5H,O(15) 3.3 (R=H) 20:1 0.50 60 72 5

11 10.0  SnGF5H,0(15) 3.0 (R= CHy) NA¢ 0.50 60 72 trace

12 10.0  none 3.3 (R H) 9:1 0.25 100 11 10

a All reactions were run according to eq 2 with 1:2 ratio of alkyne to MVK:Z ratio of 6.2.¢ E:Z ratio of 6.0.9 NA = not applicable since
only was DMF employed.

Table 2. Typical Examples of Ruthenium Catalyzed Alkyne geometrically defined trisubstituted alkeffeand, after dechlo-
Chloroalkylatiort rination, cis-disubstituted alkenes. Previous work has shown that
Enfry R R Method®  Yield(%) EZ substitution on the alkene partner is not toler&té¢hile no limits
1 n-CeHy CH, A 7253 60:1 exist for substitution on the alkyne partner, issues of regioselec-
2 n-CH,, CH, B 72 5a >15:1 tivity with disubstituted alkynes have usually made such reactions
3 NC(CH), cH, A 83 5b 8.8:1 less useful. As shown in eq 5, such reactions do work and are
4 NC(CH,), CH, B 80 5b 12:1
5 A 62 5¢ 5.7:1

o
CH,
@ /i”’\/\i ) 0 Method B
X + + NCHasCl __— — — . [¢]
/\/\/\/ \))\ 3)4 % g (5)
o (unoptimized) Cl

/K/\/\/\/\§ CH, A 60 5d 6.2:1

7 AcO(CH,), CH, A 75 5e 7.0:1 Z/E 6.7 : 1
8 AcO(CH,), CH, B 77 Se >15:1
9 HO(CH,), CH, A 61 5¢ 6.4:1 useful with symmetrical disubstituted alkynes to form a geo-
10 CH,CH(OH) cH, A 72 5¢ 411 metrically defined tetrasubstituted alkefidn addition, the vinyl
” CH,CH(OH) - B 78 5g s chloride al_so serves as an enol equivalent. For exgnwﬂ;e,
: hydroxylation unmasks am-hydroxyketonée7 as shown in eq 6.
12 CH,CH(OH)CH, CH, A 74 5h 7.2:1
13 CH,CH(CH)CH, CH, B 80 5h 8.5:1
b R [o} o} [e]
14 n-CH,, 0O A 74 51 6.1:1 N . ca‘Tofjo‘— RJ\/\)LR‘ ®
OH
15 NC(CH,), g_O A 78 5§ 7.7:1 7
16 NC(CH,), t_O B 80 5j 8.2:1

: . Further, using asymmetric dihydroxylation will provide such
2All_reactions were run using 10% CpRu(COD)CI and 15% q-hydroxyketones asymmetrically. In addition to mechanistic

grﬁcpfoigzz%%%g% Ic\)lfH?:"I()(/in: tg, V_i”m').':negt’aga'\geéﬁgloes studies, efforts to utilize groups other than chloride and alkenes
DMF and (CH).NCI (i.e., R' = CHs). ¢ Ratio determined by GC or other than vinyl ketones in such reactions are underway.

1H NMR spectroscopy.
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