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ABSTRACT

Oy OEt

o] o]
5 mol % Cule 2LiCI, TMSOTf  E OEt E OEt
| ‘ R'MgBr, E*, -78°C | |
R TR R™ "R

R
R = H(1a), Me(1b)

The TMSOTf-mediated catalytic carbocupration of ynoates has been investigated. It has been shown that catalyst loadings as low as 5 mol
% readily allow for high yields and diastereoselectivities for a series of aromatic Grignard reagents. In addition, we have been successful in

vicinally functionalizing 1a via initial TMSOTf-mediated catalytic carbocupration followed by a secondary electrophilic capture of the TMS

allenoate intermediate.

The first stoichiometric carbocupration of alkynoates was
reported by Corey and afforded stereodefing#tunsaturated

esters with high levels of diastereoselectivities and yiélds. Cule2LiClI
Subsequent to this paper, considerable attention has been 2PhMgBr\}\ .
given to understanding organocuprate additions to such MgBrl, 2 Licl 9
substrated Most notably, it has been shown that Lewis acid — PhyCu” MgBr* / OEt
additives such as TMSCI not only accelerate the carbocu- \C*
pration of alkynoates, but also isomerize the intermediate
vinyl cuprate to the TMS allenoate thus releasing the bound L. o
organocupraté With this in mind, we have been interested [PhCu] MgBr C”])koa
in developing a diastereoselective carbocupratior gk >_<ph
acetylenic esters that utilizes only a catalytic amount of Cu- TMSO. _OEt
(1) catalyst. As described in Figure dyn-carbocupration of oM TMSOTE

. . . R gBroTf
ethyl propiolate (1a) with the diphenyl magnesiocuprate o

should furnish the vinyl cuprate that would then be isomer-

Figure 1. Catalytic carbocupration via a TMS allenoate.
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(after organocuprate consumption) should provide the desiredas the quenching source led to a decreageselectivity as
ester product. shown in entry 4.

Our initial concern with selective protonation of the TMS ~ Switching the Lewis acid from TMSCI to TMSOTf and
allenoate has since been resolved as described in our previougiaintaining TFA as the proton source revealed additional
work.* Although we had modest success20:1 (E)- degradation of thé& selectivity but provided a comparable
selectivity at 50 mol % loading) with the TMSCI-promoted Yield. Further lowering the catalyst loading to 20 mol %
carbocupration of ynoates, we elected to further investigate slightly improved the overall yield, but dramatically altered
the catalytic carbocupration of propiolate esters with the selectivity providing th& product in a 5:1 ratio. Much
TMSOTTf as the Lewis acid additive. Our initial reasoning to our delight, dropping the catalyst loading down even
behind using TMSOTf was its increased Lewis acidity further to 5 mol % led to a 91% yield and an exceptional
compared to TMSCI. We surmised that TMSOTf would lead 13:1 ratio for the Z)-ethyl cinnamate product (entry 8). Itis
to amplified catalytic efficiency and allow for a much lower ~worth noting in entry 9, that even at 3 mol % high levels of
catalyst loading. Herein we report that not only does diastereoselection were observed, but the yield did decrease
TMSOT( allow for catalytic carbocupration of propiolate from 91% to 81%. A series of other proton sources were
esters with 5 mol % of Cu(l), but also the incorporation of examined (entries 10—14), but led to inferior results with
TFA as the proton source provides selectively§ubstituted ~ respect to both yield and diastereoselectivity. It is worth
a,B-unsaturated esters. This new catalytic protocol provided hoting that the TMSOTf-promoted catalytic carbocupration
products that are complementary to our previous catalytic of 1aproceeded with high yields in THF, but not significantly
system and the Corey stoichiometric procedrim addition in other ethereal solvents such as@&tand MTBE. With
to a proton quench, we have also established that thethis information in hand, we subsequently examined the
intermediate TMS allenoate can undergo highly diastereo- scope and limitations of the TMSOTf-promoted catalytic
selective carborcarbon, deuterium, and silyl bond forming carbocupration ofla.
processes in a single flask. As shown in Table 2, the reactions readily proceeded with

As shown in Table 1, we initially observed that TMSCI

_ Table 2. TMSOT{—Cul-2LiCl-Catalyzed Carbocupration

Table 1. Cul-2LiCl Promoted Carbocupration df with (5 mol %) of 1a and 1b with Various Grignard Reagerits

PhMgBr O OFt 0 0
5 mol % Cule 2LiCl, TMSOTf
O« OEt o o ][/ m;,'\;"B”TF/i s ﬁoa . ﬁOEt @
. r, 5 =
Th/ Cul*2LiCl, TMSX J)J\OEt + ﬁ OEt (1) X RTR R R
P

PhMgBr, "H*", -78° C Ph R = H(1a), Me(1b)

h

H Grignard Product Grignard Product
1a 2a Reagent Yield, (Z/E) Reagent Yield, (Z/E)
o) 0
no. mol % TMS-X quench yield, % E- Z
MgBr OEt MgBr OEt
1 50 a1 NHCI 91 20 1 | l
2 40 cl NH,CI 90 12 1 F " MeO 2
3 30 Cl NH,C1 87 9 1 F OMe
4 30 Cl TFA 76 3 1 81 %, 13/1:Z/E 79 %, 12/1:Z/E
5 30 OTf TFA 81 2 1 " 0 Me 0
6 20 OTf TFA 85 1 5 © MgBr
Et
7 10 OTf  TFA 84 1 6 fj Mesr [ © /@[ | MeQEt
8 5 oTf TFA 91 1 13 2d Me Me oo
9 3 oTf TFA 81 1 12 Me Me Me
10 5 OTf NH4C1 85 1 7 83 %, 11/1:ZE 75 %, 10/11:Z/E
11 5 OTf PPTS 55 1 4 0 o
12 5 OTf TfOH 71 1 5 MgBr
OEt MgBr D
13 5 OTf  CSA 57 1 6 | OMe ©/ G
14 5 OTf HCl 63 1 6 of 2
15 5 OTf  TFA <5 OMe g
16¢ 5 OTf TFA <5 73 %, MM:Z/E 84 % 12/1:Z/E>
aE/Z ratio determined byH NMR (360 or 500 Mhz) from the crude MaBr 9 o
reaction mixture? Reaction run in BO. ¢ Reaction run intBuOMe. ©/ 9 | OEt
Me n-hexylMgBr [ OEt
2h 2i n-hexyl
readily promoted the catalytic carbocupration of ethyl 88 %, 5/1:Z/E 84 %, 211:Z/E

propiolate (1a) at high catalyst loadings with PhMgBr. The

reaction afforded good yields and diastereoselectivities of *E/Z ratio determined byH NMR (360 or 500 Mhz) from the crude
. . . reaction mixture? Reaction quenched with GEOOD (>95% deuterium

(E)-ethyl cinnamate after quenching with NEI. However, incorporation).

proton addition to the TMS allenoate intermediate with TFA
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ortho-, meta-, and para-substituted aryl Grignard reagentsjjj | [ IINNENGNEGENGEGEGEGEEEEEEEEEEEE

to provide thea,-unsaturated esters in good to excellent Scheme 1

yields (73-91%). In addition, high levels of diastereoselec- o

tivities were observed (10:4 13:1 for theZ product) for TMSOTE MeaSE\kaEt

all of the reactions irrespective of steric or electronic o_ ogt mso. ogt| %% |

differences resident in the arene. For example, both 4-fluoro- 5 mol % Cule 2LiCl. TMSOTF :H/ o Ph3
. . . . — single isomers

and 4-methoxyphenyl magnesium bromide readily underwent PhMgBr, -78°C |

catalytic carbocupration dfaand afforded the ester products H Ph” "H PHCHO e

in good yields and high levels & diastereoselectivity (12 1a s 0] O

13:1). A few other table entries are notable. The first is that Ph 4

the sterically hindered mesityl Grignard reagent underwent
Z-selective catalytic carbocupration in 75% yield with
TMSOTf, whereas when TMSCI was used as the Lewis acid yet to be reporte#lIn addition to the carbon—carbon bond-
promoter no reaction withhawas observed. Second, quench- forming process, capturing the allenoate with a second
ing the TMS allenoate with TFA-D readily allowed for the equivalent of TMSOTf furnished th&}-stereodefined vinyl
chemo- and diastereoselective introduction of a deuteriumsilane3 in an outstanding yield of 88%.

atom o to the carbonyl moiety as predicted. Under the  |n conclusion, we have shown that not only does TMSOT

standard reaction conditions fba, the3-methyl ynoate Ib) allow for catalytic carbocupration of propiolate esters with
showed equal reactivity toward PhMgBr with a comparable 5 mol % of Cu(l), but also the incorporation of TFA as the
88% yield but with a slightly diminished 1/&/Z ratio. proton source provides selectively?){substituted a.3-

Nonetheless, the TMSOTf-mediated catalytic carbocupration unsaturated esters. Future directions of investigation will

of substituted ynoates was shown to be quite feasible, andinclude increasing th& selectivity for aliphatic Grignard
also provided products that are complementary to our reagents and further developments into the catalytic vicinal

previous catalytic system and the Corey stoichiometric functionalization of ynoates with other electrophiles. Results
proceduré:* Last, we were pleased to observe that aliphatic from these studies will be reported in due course.
Grignard reagents underwent catalytic carbocupration and

provided a yield (84%) comparable to that of the aromatic  Acknowledgment. The authors would like to thank The
counterparts. However, the diastereoselectivity was signifi- yniversity of Alabama for financial support of this work.
cantly lower (2:1) in favor of th& product.

that the intermediate TMS allenoate can undergo highly procedures and tabulatei NMR data for all of the

diastereoselective carbon—carbon and silyl bond forming products. This material is available free of charge via the
processes in a single flask. As shown in Scheme 1, we have|piernet at http:/pubs.acs.org.

been successful in vicinally functionalizinta via initial
TMSOTf-mediated catalytic carbocupration followed by a
secondary electrophilic capture of the TMS allenoate inter-
mediate. Thus, trapping of the TMS allenoate with PhCHO (b)(a)eglg(%?f?i”é_"{B'-h;-r?a’\'dsv”atjef;\“eé P 3. Org. Chem1990,95, 4235
and the external addition of BFOEYL, afforded the aldol 2006,128, 15382, T LT ’
adduct4 in 55% overall yield as a single stereoisomer. To _ (6) (a) Boeckman, R. K., Jr.; Chinn, R. [etrahedron Lett1985,41,
the best of our knowledge, a Mukaiyama aidol reaction 5%, () ereel . Raihe W Wetahetion Ledore ot 2167

between a TMS allenoate of this type and an aldehyde has29, 1403.
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