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While 1,2-diheteroatom-substituted alkenes represent useful Scheme 1. Intramolecular Mechanism for Transfer Hydrogenation

sythetlc building bIolcks, there are no simple, general procedures , +/\§/°\/\G %K\s/c\/\e)
available for preparation of such compounds. Most of the examples SN (Excess) -/\% N 2
reported—11 suffer from either low yields or poor stereoselectivity A
and frequently require extreme reaction conditions or multistep
syntheses. We report here a convenient catalytic method which Mes ////-/\.Si/\/\G
incorporates a rhodium-mediated-€& bond activation process for @ LAY
the synthesis of alkenes of tyde P (\G
AN\ NN “
/\S_i/ O\/‘%G G= -OCH(CHy); (1a), -OCHj (1b), -OPh (1c), N \5'/0 \ Mes
S -OCH,Ph (1d), -N(CH,), (1e), -N(CH,)(Ph) (1f). SN @
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Earlier we reportet that treatment of silyl ether substrat&s, “‘\| ¢ /}s'\/\/\a lk \L/\
with catalytic amounts of Cp*Rh[C}=CHSIi(CH)],, 2,12 results _\s| \SJ-S"\/ c
in intramolecular hydrogen transfer to generated silyl enol ethers, & N
4 (eqg 1). We show here that this catalytic hydrogen transfer reaction F
also succeeds fgs-alkoxy- and amino-substituted silyl ethets,
(eq 2), which are easily prepared from chlorodimethylvinylsilane \\ Mog Mes /
and S-substituted alcohols, HOGBH,G. < @
| i —a R
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&N\ 100-120°C &N\ \si—d = s
3 R=Alkyl and aryl groups 4 § \ N \
/\5;/0\/\G 2 /\8/0\/m. y °
\“‘"'i\ THame0e T & ¢ o isomerization rate increases. We have found that addition of excess
N S@n N 1b (inert) trimethylvinylsilane (520 equiv) significantly retards the
G= -OCH(CHy), (), -OCHs (b), -OPh (c), -OCH,Ph (d), E:Z equilibration by competing with the product for binding to
N(CHa)z (€), -N(CHa)(Ph) (1). rhodium. Trimethylvinylsilane also competes with the substrate for

binding to rhodium, so the rate of hydrogen transfer is somewhat
The presumed catalytic cycle is shown in Scheme 1. The labile retarded, but highE:Z selectivity can be maintained to high

trimethylvinylsilane ligands are displaced by substiat® yield conversion, as is illustrated in entries 5 and 65ai(G = —OiPr).
A. Alkene loss generates a 16-electron monoalkene comBlex, Reactions employingb (G = —OCH;), 5¢ (—OPh), andsd
capable of intramolecular-€H oxidative addition B to C). A se- (—OCH,Ph) exhibit behavior similar to that &a. For5b (G =
quence of standard migratory insertigpelimination, and reductive —OCH;), conversion occurs at a rate similar to thabaf but the
elimination reactions to D to E) generates compleix. Displace- diastereoselectivity is loweE(Z = 66:34, 12 h,>99% conversion,
ment of product by substrat& (o B) closes the catalytic cycle.  entry 8). Again, addition of excess trimethylvinylsilane restores a
Table 1 summarizes results of these hydrogen transfer reactionshigh E:Z ratio (entry 9). For5c (G = —OPh), conversion is
for substrate§a—f. Generally, complete conversion can be obtained somewhat slower, but a higk:Z ratio (>99:1) is maintained
with 4 mol % catalyst loading at 100 in hexane over 415 h throughout the reaction to complete conversion (see entries 10 and
time periods depending on the substrate. No side reactions occurll). In the case ofbd (G = —OCH,Ph), the conversion is
even at high conversions. As shown for a series of runs Sat{G considerably faster (99% after 5 h), but B selectivity degrades

= —OIPr) (Table 1, entries-14), the initial (kinetic)E:Z selectivity rapidly. Moreover, in entry 14 (72 h reaction time), thermodynamic
is high (99:1 at 2 h, 25% conversion, entry 1), but it degrades as equilibrium has been reached, and, as is expected tbemer is
the reaction proceeds (94:6 at 12 h, 94% conversion, entry 2; 68:favored €:Z = 15:85)16 Addition of 20 equiv of trimethylvinyl-

32 at 33 h,>99% conversion, entry 4f.We have postulated that  silane allows retention of a reasonably higtZ ratio (90:10) at
isomerization likely occurs by recoordination of product and reversal complete conversion (entry 15).

of the steps shown in Scheme 1, which would ultimately result in  Entries 16-20 illustrate results foi3-amino-substituted silyl
E:Z equilibration. As the substrate concentration decreases, theethers. Similar rates of reaction are observed for G-N(CHjz),
product competes more effectively for binding to rhodium, and the (5€) and G= —N(CHj3)(Ph) &f), as compared to & —OMe (5b)
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Table 1. Catalytic Conversion of 5a—f to la—f

added trimethylvinylsilane

entry? substrate G= time (h) (equiv) conversion product E.Z ratio
1 5a, —OiPr 2 0 25% 1a, EtM&;SiOCH=CH(QiPr) >99:1
2 5a, —OiPr 12 0 94% 1a, EtMe&;SiOCH=CH(OiPr) 94.6
3 5a, —OiPr 135 0 >99% 1a, EtMe;SIOCH=CH(QiPr) 92:8
4 5a, —OiPr 33 0 >99% 1a, EtMe&;SiOCH=CH(QiPr) 68:32
5 5a, —OiPr 18 5 99% 1a, EtMe&;SiOCH=CH(OiPr) 96:4
6 5a, —OiPr 18 10 82% la, EtMe;SiOCH=CH(QOiPr) 98:2
7 5b, —OMe 7 0 62% 1b, EtMe,SIOCH=CH(OMe) 84:16
8 5b, —OMe 13 0 >99% 1b, EtMe&;SIOCH=CH(OMe) 66:34
9 5b, —~OMe 18 15 >99% 1b, EtMe;SIOCH=CH(OMe) 90:10
10 5¢c, —OPh 6 0 40% 1c, EtMeSIOCH=CH(OPh) >99:1
11 5¢c, —OPh 18 0 96% 1c, EtMe,SIOCH=CH(OPh) >99:1
12 5d, ~OCH,Ph 5 0 >99% 1d, EtM&;SIOCH=CH(OCHPh) 74:26
13 5d, ~OCH,Ph 18 0 >99% 1d, EtM&;SiOCH=CH(OCH,Ph) 19:81
14 5d, —OCH,Ph 72 0 >99% 1d, EtM&;SIOCH=CH(OCH,Ph) 15:85
15 5d, ~OCHPh 6 20 99% 1d, EtM&;SIOCH=CH(OCH,Ph) 90:10
16 56, —N(CHa) 10 0 >99% 1e, EtM&SIOCH=CHI[N(CHa)2] 70:30
17 56, —N(CHa)2 14 10 >99% 1e, EtM&SIOCH=CHI[N(CH)7] 86:14
18 5f, =N(CHg)(Ph) 14 0 >99% 1f, EtM&SIOCH=CH[N(CHs)(Ph)] 72:28
19 5f, =N(CHs)(Ph) 20 10 >99% 1f, EtMe;SIOCH=CHI[N(CH3)(Ph)] 94:6
20 5f, —=N(CHg)(Ph) 72 0 >99% 1f, EtMe;SiOCH=CHI[N(CHz)(Ph)] 40:60

a All reactionsg® were conducted at 10T in hexanes with 4 mol % cataly&t

and G= —OiPr (53a), butE:Z selectivities are somewhat lower, ca. Acknowledgment. We thank the National Institutes of Health
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19). Finally, entry 20 (72 h) establishes tB&Z equilibrium ratio s ing Inf on Available: Svnth t and .
of 40:60 for G= —N(CH3)(Ph) (5f) upportlng nformation Available: ynt eses ol an spectroscoplc

and analytical data fota—f and7 (PDF). This material is available

A key to successful catalysis is the purity of the substraté) free of charge via the Internet at hitp:i/pubs.acs.org.

common trace impurity in commercial (GHCH)SICI(CH), is the
divinyl siloxane,6, formed from the reaction of the chlorodimeth-
ylvinylsilane with water. The divinyl compoun6@ reacts rapidly
and quantitative with catalygto form the chelate complex (eq gg g%f;?lg,r Hé-P;igﬂrztaJy, LJCT :;ra?egLoenle%t;?;g ?7’%73509-
3), which is completely unreactive under catalytic conditions. Thus,  (3) pericas, M. A.; Serratosa, Fetrahedron Lett1977, 50, 4433.

any traces o in the substrate can reduce the concentration of  (4) Ripoll, J. L.; Lasne, M.-CTetrahedron Lett1982 15, 1587.

(6) Deem, M. L.; Romac, E. ATetrahedron Lett1988 37, 4649.
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The procedure for isolation of product is remarkably simple. 1, 4385.

n ‘ ' (13) The precatalys?2 was prepared using published procedures by reducing
Addition of a small amount of CHGIto the reaction mixturé the dihmler [ClipI*Rf;lCZJ]z with Zn powder in the presence of excess
; P ; ; : : ; trimethylvinylsilanet
results in precipitation of an InSO|Ub|e_ rhOdlur,n Sp?CIGS. F|Itrat|9n (14) TheE and Z isomers are easily distinguished by the large difference
followed by removal of solvent and trimethylvinylsilane results in between olefinic vicinaly coupling constants. For example, fba, E
isolation of the analytically pure product. 'ljg)mgfg%g-ff Etd'slljz;-iz)ﬁ 6.15(d, 14 Hz). Z isomer? 5.42 (d, 4.5
In summary, we have described here a simple catalytic procedure (15 Typical experimental procedure: Compx0.05 mmol) was dissolved
based on rhodium €H bond activation for the synthesis of 1,2- in P?'X&nes (1r? th)d' and 1~25|'> rgn}gol ?f sﬁbStkriﬁa_(tm{l)()xvftas «'#?d%d- -Th'{?
. . . solution was heated in a sealed Kontes flask a er the desire
diheteroatom-substituted alkenes of the typSiRCH=CHG (G reaction time, 0.25 mL of CHGwas added, and the mixture was stirred
= —OR, —NRR). These compounds are attractive substrates for 4—6 h. The solution was filtered, and the solvent was removed to yield

- . o pure product.
the use in inverse electron demand Diefdder, Paterne-Biichi, (16) For relative stability otis- and trans-1,2-dialkoxy ethylenes, see: (a)

and enamine reactions, among others. We are currently examining Waldron, J. T.; Snyder, W. HJ. Am. Chem. Sod.973 95, 5491. (b)
the chemistry of these compounds and extending this catalytic Taskinen, E.; Bjorkqvist, HStruct. Chem1994 5, 321.
procedure to more complex substrates. JA029393N
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