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A consecutive three-component coupling reaction involving a lithium di[3-(prop-1-enyltrimethylsilyl)Jcuprate, variably substituted ortho-arynes,
and a selection of common electrophiles is described. The method affords readily functionalized homobenzylic vinylsilanes with exceptional
E-diastereoselectivity and allows for in situ incorporation of carbon- or heteroatom-based electrophiles into the arene.

Homobenzylic alkenes are components of biologically active
natural products including the salicylihalamides,* lobota-
mides,? and radulanin A3 to name a few. The most common
approaches for installing homobenzylic alkenes include olefin
metathesis and transition metal-catalyzed coupling ap-
proaches. Although such routes have led to elegant syntheses
of targets bearing the moiety, these efforts have also revealed
limitations including unexpectedly poor diastereoselectivities
during olefin metathesis* or lengthy routes, from com-
mercially available materias, to the requisite vinyl halides
for cross-coupling reactions.® As such, we were compelled
to explore an alternative approach to homobenzylic olefin
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preparation that would compliment existing routes. We also
wished to devise a method by which the substituted arenes
could serve as precursors for diversity-oriented or target-
directed synthetic endeavors where the alkene functions as
an appealing synthetic handle.

We considered an approach involving aryne allylmetalation
followed by trapping of the intermediate metalated arene with
one of many possible heteroatom- or carbon-based electro-
philes (Figure 1).° Ideally, the alyl group would feature a
synthetic handle, aside from an unfunctionalized akene, that
could lead to multiple derivatives, thereby broadening the
utility of the envisioned products. Also, the alylmetalation
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Figure 1. Conceptualized one-pot synthesis of substituted ho-
mobenzylic alkenes.

would need to feature high diastereoselectivity and predict-
able regioselectivity (i.e., y- versus a-substitution) from a
substituted allyl anion intermediate (Figure 1).

Research by the Corriu and Magnus groups highlighted
an intriguing possibility for satisfying our outlined criteria.
Corriu treated a lower-order cyanocuprate, prepared from
lithiated allyltrimethylsilane and CuCN, with a variety of
electrophiles. Products were formed in 15—80% yields but
proved regioselective for the y-substitution product.” Magnus
established that lithiated alyltrimethylsilane, or the corre-
sponding zinc chloride species, efficiently added to carbonyl
compounds with high y-regioselectivity and complete (E)-
akene diastereoselectivity.®

Scheme 1. Generalized Method for One-Pot Preparation of
Ortho-Substituted ((E)-3-Phenylprop-1-enyl)silanes
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Prompted by the precedented high levels of y-regio- and
(E)-alkene diastereosel ectivity furnished by metalated allyl-
trimethylsilane (Scheme 1), we next considered the stability
of 3 and 4 and the synthetic versatility of the products. The
vinylsilane in putative intermediate 3 was expected to be
resistant to common electrophiles employed for installation
into the arene, although avoiding alkene migration into

conjugation with the arene, following possible deprotonation
at the benzylic position, was a concern throughout. Despite
their inherent stability under avariety of reaction conditions,
vinylsilanes are remarkably versatile synthetic handles. A
variety of functionalities are directly attainable from vinyl-
silanes or a,B-epoxysilanes.’ Hence, our planned route to
compounds of type 4 seemed amenable to functionalizing
the arenein situ and the propenylsilane postpreparation with
minimal synthetic operations.

We needed to consider two other variables before explor-
ing the planned allylmetalation-arene functionalization pro-
tocol. The aryne would play the key role in the tandem
reaction, as the yield of the overall process could be no
greater than that of the aryne formed. It was necessary to
generate the aryne efficiently under conditions compatible
with the carbometalation step. Given the conditions outlined
to prepare and employ the metalated allyltrimethysilane, the
aryne would need to be generated in ethereal solvent at or
below ambient temperature for use with 2. We recently
reported a comparative study of common aryne precursors
formed under such conditions and found 2-iodophenyl
triflates as the superior candidates.’®

We also needed to establish which metalated allyltrim-
ethylsilane would furnish both efficient aryne allylmetalation
and subsequent functionalization of 3. Due to the potential
for the newly installed homobenzylic alkene to migrate to
the thermodynamically preferred benzylic position under
highly basic reaction conditions, we immediately disregarded
lithium and magnesium halide as possible counterions for
2. Organocuprates and diorganozinc species seemed to offer
the best potential, although the latter would necessitate an
added step, such asinclusion of anickel or palladium source,
to effect functionalization of 3 in many cases.™

Attempts at generating an aryne from 5 (Table 1) with
3.0 equiv of lithium di[3-(prop-1-enyltrimethylsilyl)]cuprate
at 0 °Cin THF in the presence of 10 equiv of furan resulted
in a 44% isolated yield of the Diels—Alder cycloadduct.
However, three other byproducts were generated under these
conditions, as well as during analogous aryne trapping
experiments at lower temperatures. As aresult, we attempted
to preform the aryne by adding a commercia akyl lithium
reagent (i.e., t-BuLi, s-BuLi, or n-BuLi) to 5 a low
temperatures (ranging from —110 to —63 °C), then rapidly
transferring a0 °C THF solution of 3.0 equiv of lithium di[3-
(prop-1-enyltrimethylsilyl)]cuprate. This afforded a complex
mixture of products and marginal yields of 8.
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Table 1. Metal Sources for Carbometalation of 7
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metal source” i~ SiMes 8, yield (%)
entry cquiv’
1 CuCN 7.0 50
2 Cul 7.0 84
3 CuBr-Me,S 7.0 69
4 Cul, ThLi 4.0 65
5 ZnCl, 7.0 73
6 Cul° 5.0 78

3.0 equiv was added, and the solution was warmed from —48to 0 °C
over 30 min. ® Prepared by treating 1 with an equimolar portion of titrated
s-BuLi at —48 °C for 30 min. ©2.0 equiv of Cul was added. ¢ Yield of
purified product; average of two runs.

Recognizing that lithiated allyltrimethylsilane could effect
rapid lithium—halogen exchange with 5 and that the
metalated species serves as the direct precursor to the
requisite lithium diorganocuprate, we elected to include 1.0
equiv of lithiated allyltrimethylsilane beyond that needed to
prepare 2 in order to promote aryne formation. Employment
of lithiated allyltrimethylsilane circumvented possible forma-
tion of mixed diorganocuprates that could arise by introduc-
tion of 1 equiv of a commercia akyllithium followed by
ligand exchange with lithium di[3-(prop-1-enyltrimethylsi-
Iyl)]cuprate. In the described milieu, the lithiated allyl
trimethylsilane and Gilman-type cuprate may be in equilib-
rium with a homoleptic “higher order” RsCuLi, species.
However, it is unclear what species actually promotes
metal —halogen exchange, and therewith, subsegquent aryne
formation. What is clear isthat the inclusion of 1.0 equiv of
lithiated allytrimethylsilane with the lithium diorganocuprate
envisioned for aryne carbometalation is required to form 8
in satisfactory yields.

Given our results concerning efficient aryne formation,
reactions were conducted by preparing 7.0 equiv of lithiated
allyltrimethylsilane at —48 °C and then treating this solution
with 3.0 equiv of a metal source at O °C for 30 min. This
provided 3.0 equiv of the corresponding lithium diorgano-
cuprate, or di(trimethylsilylpropenyl)zinc in entry 5, and the
mandatory 1.0 equiv of lithiated 2 to promote efficient

(12) 2-lodophenyl triflate 5 is converted to the corresponding aryne in
the presence of 1.0 equiv of lithiated alyltrimethylsilane and 10 equiv of
furan at —78 °C, affording 88% of the Diels—Alder cycloadduct.
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Table 2. Trimethysilylpropenylation—Functionalization of
Arynes

1. 7.0 s-BuLi, THF, -48 °C, 30 min;
3.0 c;en. -48°C to 0 °C, 30 min;

|
/C( ,0°C, 15 min X "
Y Sa.e OTf o
. SiMe;

~SiMey
2. 5.0 electrophile, -48°C tort, 12h Y
Ba-r

(7.0 6quiv) EZ>982

entry  compd electrophile I product yield

(%)
1 5a MeOH H 8a 84
2 CsHisl CsHyr 8b 80
3 AllylBr CH,CH=CH, 8¢ 71
4 CICO.Et CO-Et 8d 60
5 0, OH 8e 70
O-Benzoyl O
6 Hydroxyl- N 8f 73
piperidine (9) 10

7 MVK C;H,C(O)CH; - -
8 5b MeOH H 8g 81
9 AllylBr CH.CH=CH, 8h 72
10 CICO.Et CO:Et 8i 61
11 9 10 8j 70
12 S¢ MeOH H 8k 81
13 AllylBr CH-CH=CH, 81 74
14 CICOEt CO-Et 8m 60
15 9 10 8n 74
16 5d AllylBr CH,CH=CH, 80 80
17 CICO:Et CO-Et 8p 57
18 9 10 8q 67
19 Se 9 10 8r 39

aYield of purified material. ® The 2-fluoropheny! regioisomer was also
obtained in 9% yield.

OMe OMe OMe

OTf MeO OTf OTf
5a 5b 5¢c
F
o o
oTf |
5d 5¢

metal —halogen exchange upon addition of 5 (Table 1).*3
After being stirred for 15 min a 0 °C to effect aryne
carbometal ation,* the reaction mixture was cooled to —48
°C, and degassed MeOH was added to afford 8.%° Investiga-
tion of several metal sources revealed that Cul offered a
significantly higher yield than any other. As noted in entry
6, employment of 2.0 equiv of Cul (creating 2.0 equiv of
diorganocopper lithium species and 1.0 equiv of lithiated
alyltrimethylsilane) was also effective, albeit dightly less
than with 3.0 equiv. A minimum of 2.0 equiv isrequired, as

(13) When the reaction is conducted with 3.0 equiv of lithium di[3-
(prop-1-enyltrimethylsilyl)]cuprate, in the absence of the extra equivalent
of lithiated alyltrimethylsilane under otherwise identical conditions, 8 is
generated in 39% yield.

(14) Longer reaction times or lower temperatures have insignificant
impact on yield.

(15) Acetic acid could be added with comparable results.
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at least 1.0 equiv must be available to react with the aryne
and another to consume the 1.0 equiv of 6 generated by the
metal —halogen exchange so that it does not compete with
the intended electrophile in the terminal step.

With optimal conditions established, we explored the
preparation of severa ortho-substituted ((E)-3-phenylprop-
1-enyl)silanes (Table 2). Electron-rich and unsubstituted
2-iodopheny! triflates (8a—d) behaved as planned during the
carbocupration—functionalization sequence when treated with
avariety of electrophiles. Protonation and alkylations offered
uniformingly high yields. Phenols were created by replacing
the argon blanket with an O, balloon after carbocupration,*®
and anilines were produced in good yields after addition of
O-benzoyl hydroxylamines.*” Meanwhile, treatment of the
arylcuprate with excess ethyl chloroformate afforded sub-
stituted salicylates in moderate yields. Numerous attempts
were made to enhance this outcome through varied reaction
modifications, without melioration. Unfortunately, treatment
of the carbometalated intermediate derived from 5a with
methyl vinyl ketone (MVK, entry 7) offered disappointing
results, in part, due to competitive 1,2- and 1,4-addition.

We found that deactivated 2-iodopheny! triflates, including
6-fluoro-derivative 5e and 2-iodo-3-trifluoromethylphenyl
triflate (not shown) are not suitable substrates for the method.
This is presumably due to the extreme instability of the
destabilized aryne intermediates that rapidly suffer side
reactions upon formation.*®

As expected, the installed vinylsilanes are readily trans-
formed to useful functionaities. For instance, epoxidation

(16) Maller, M.; Husemann, M.; Boche, G. J. Organomet. Chem. 2001,
624, 47-52.
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23, 167-172. (b) Berman, A. M.; Johnson, J. S. J. Am. Chem. Soc. 2004,
126, 5680-5681. (c) Campbell, M. J.; Johnson, J. S. Org. Lett. 2007, 9,
1521-1524.

(18) For atheoretica evaluation of relative energies of monosubstituted
arynes, see. Maurin, P.; lbrahim-Oudi, M.; Parrain, J-L.; Santelli, M.
THEOCHEM 2003, 637, 91-100.
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Scheme 2. Example Derivatization of Vinylsilane 8a

OMe OMe

H MCPBA, H
Na,HPO,, DCM NIS, MeCN
Sile, 8a s

0]
11 12

(91%) (82%, dr > 20:1)

of 8a using m-CPBA in buffered dichloromethane furnished
11," while halodesilylation garnered 12 with outstanding
diastereoselectivity (Scheme 2).%°

We have established a consecutive three-component
coupling reaction involving carbocupration of substituted
o-arynes with the possibility of incorporating diverse sub-
stituents into the arene. The products feature an E-homaoben-
zylic vinylsilane as a versatile synthetic handle. The approach
has potential for diversity-oriented synthesis applications and
for syntheses featuring the preparation or functionalization
of homobenzylic akenes.
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