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Gold-Catalyzed Stereocontrolled Synthesis of 2,3-Bis(acetoxy)-1,3-dienes

Xiaogen Huang, Teresa de Haro, and Cristina Nevado**!

Gold complexes are powerful carbophilic Lewis acids!"
that efficiently activate propargyl carboxylates (I) towards
1,2-acyloxy migration and/or [3,3]-sigmatropic acyloxy rear-
rangement.”! Two different but mechanistically related inter-
mediates characterize these competitive processes: 1,2 mi-
gration proceeds via metal carbene III, whereas [3,3]-sigma-
tropic rearrangement forms allenyl acetate (V) in a single
process or stepwise by a second acetate migration from III
(Scheme 1).B4
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Scheme 1. 1,2- vs. 1,3-Acetate migration pathways.

It is widely accepted that terminal or electronically de-
manding alkynes react via pathway A, whereas internal al-
kynes prefer pathway B,® and only few exceptions to this
general pattern have been reported.! Recently, Zhang and
co-workers have devised a Au-catalyzed 1,2-acyloxy migra-
tion on internal alkynes in which a bulky migrating group
and catalyst were essential for successful reaction control.’l
In our view, general and selective 1,2- versus 1,3-acyloxy
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migration control is of key interest from both a mechanistic
and a synthetic perspective.

Herein, we report that 1,4-bis(propargyl acetates) under-
go a highly selective tandem 1,2-/1,2-bis(acetoxy) migration
to give 2,3-bis(acetoxy)-1,3-dienes.”’) Furthermore, depend-
ing on the catalyst of choice, (1Z,3Z) or (1Z,3E and 1E,3Z)-
1,3-dienes can be obtained in a stereocontrolled manner.

We envisioned that if a tandem reaction could occur after
the formation of Au-carbene III, the reaction equilibrium
would shift to 1,2-acyloxy migration. To design this domino
process, we placed a second acyloxy moiety in the substrate
so that the 1,3-acyloxy migration would be totally blocked,
with the aim of producing a prevailing 1,2-(VI) over 1,3-
(VII) complexation followed by a second acetate migration
on carbene IX (Scheme 2). Due to the highly carbocationic
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Scheme 2. Proposed tandem 1,2-/1,2-bis(acetoxy) migration.

character of the proposed intermediates (VIII, XI), we
thought that substrates with stabilizing groups at the propar-
gylic positions should enhance the proposed reactivity
mode. To validate this hypothesis, we synthesized several
symmetrically substituted 1,4-propargyl diacetates la-e
(Table 1).09

After an extensive screening of catalysts and reaction con-
ditions using compound 1a,!'”! we were pleased to find that
[(TPr)Au(NTf,)] (IPr= bis(2,6-diisopropylphenyl)-imidazol-
2-ylidene) and pregenerated cationic Aul complexes, such as
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Table 1. Reaction scope in symmetrically substituted substrates.*!

OAc OAc OAc R
Protocol 1 R N R J/[\%
R ™ R or R+
Protocol 2 OAc OAc
1 OAc (2.2)2 (Z.E)-3

Entry Substrate Protocol Ratio Product (Yield

2:30 [%])

1 1a (R=Ph) 1 10:1 2a (86)
2 la 2 1:91 3a (80)
3 1b (R=3-OMeCH,) 1 8:1 2b (87)
4 1b 2 1:8M 3b (83)
5 1c¢ (R=3,5-dimethoxy- 1 13:1 2¢(92)

phenyl)
6 1c 2 1:10 3¢ (92)
7 1d (R =cinnamyl) 1 8:1 2d (84)
8 1d 2 1:7 3d (80)"
9 le (R=4-CF;CH,) 1 - le
10 le 2 - le
[a] Protocol 1:  [(IPr)Au(NTf,)] (5%), RT, CH,Cl,; Protocol2:

[(PPh;)Au(NTL,)] (2%), RT, CH,Cl,; see also reference [10]. [b] Ratio
calculated by 'H NMR. [c] Isolated yield after column chromatography.
[d] The (E,E) isomer could be also detected. The effective ratios for en-
tries 2 and 4 are (1:18:1) and (1:16:1).1” [e] Complete isomerization at
the cinnamyl moiety occurs to give (Z,Z,Z,Z). [f] The reaction was per-
formed in acetonitrile. 3d was isolated, and isomerized to 2d upon stand-
ing in solution.

COMMUNICATION

the reaction mixtures. Substrates such as 4a-d, in which
both R! and R? were able to stabilize positive electron den-
sity, showed a clear (Z,Z) selectivity under [(IPr)Au (NTf,)]
catalysis (Table 2, entries 1, 3, 5, 6) whereas [(PPh;)Au-
(NTf,)] favored the (1E,3Z) and (1Z3E) selectivity
(Table 2, entries 2, 4, 7), analogously to the previous results
(Table 1). It is important to note that more sterically de-
manding substrate 4d dramatically improved the selectivity
towards 6d compared with the previous examples, thus re-
vealing the key role of sterics in the stereocontrol of these
transformations. In addition, substrate 4e, which features a
pull-push system, delivered the corresponding dienes Se
and 6e as a 1:1 mixture, which clearly reflects the impor-
tance of electronic factors in the reaction stereocontrol. To
further study the effect of steric factors, we decided to pre-
pare substrates featuring similar electron-donating proper-
ties at C' and substituents of different sizes at C* (4 f-h). In-
dependent of the catalyst, we observed that (1Z,3E) isomers
6f-h were always the major product of these reactions.
Gratifyingly, increasing the sterical bulkiness from methyl to
isopropyl (4g to 4f) further enhanced the selectivity
(Table 2, entries 11-13). However, further increase in the
bulkiness (4h) was detrimental to the selectivity (Table 2,

[(PPh;) Au(NTf,)], exclusively Table2. Reaction scope in nonsymmetrically substituted substrates.
provide the 2,3-bis(acetoxy)- OAc OAc OAc R? OAc
1,3-dienes in excellent yields RIS Protocol 1 RWJ/\(\Rz . RK/\% . %\(\Rz
(Table 1, entries 1, 2). Remark- NG R 2 OAc OAc R' OAc
ably, no product of the poten- 4 OAc (252) ZGE (E7Z)
tially competitive 1,3-acetate ' (2.E) ’
migration could be detected. To  Entry  Substrate Protocol®  Ratio 5:6:7™  Product (Yield [%])"
our delight, a more careful 1 4a (R'=Ph, R?=3,5-dimethoxyphenyl) 1 >23:1:1 5a (73)
analysis of the reaction mix- 2 4a 2 1:14:10 6a (53), 7a (40)
tures revealed that of the three 3 4b (R'=Ph, R*=3-OMeCH,) 1 8:1:0 5b (85) o
. p 4 4b 2 1:4.5:4 6b+7b (80
otential stereoisomers that the
p . . 5 4¢ (R'=cinnamyl, R*=3,5-dimethoxyphenyl) 1 13:1 5¢ (92)k!
reaction CO.‘ﬂ.d afford, a high ¢ 4d (R'=4-OMeCH,, R?=Me, Ph) 1 13:1:0 5d (83)
stereoselectivity was observed, 7 4d 2 1:10:0 6d (87)
depending on the catalyst: 8 4e (R'=4-OMeC¢H,, R*=4-CF;C¢H,) 1 1:1:0 Se+6e (91)?1
. 1 d
[(TPr)Au(NTY,)] selectively de- 7 de . ) 2 1:1:0 Se+6e (78)
livered the (1Z.3Z) isomers!! 10 4f (R'=4-OMeC,H,, R*=Me) 1 1:9:0 6f (36)
7 11 4f 2 1:8:0 6f (80)
(Table 1, entries1, 3, 5, 7) 12 4g (R'=4-OMeC,H,, R>=iPr) 1 1:15:0 6g (81)
whereas the more cationic 13 4g 2 1:10: 0 6g (69)
[(PPh;)Au(NTH,)] afforded 14 4h (R'=4-OMeC¢H,, R?=1Bu) 1 1:1.5:0 5h+6h (99)1¢
15 4h 2 1:1.5:0 5h+6h (44)

(1Z3E) isomer as the major

product of the reaction
(Table 1, entries 2, 4, 6, 8). The
importance of stabilizing the re-
action intermediates (VIII and
XI) was emphasized by the failure of substrate 1e to under-
go any type of rearrangement.

To examine the scope of this novel Au-catalyzed tandem
1,2-/1,2-bis(acetoxy) migration, we decided to apply both re-
action protocols to a set of unsymmetrically substituted sub-
strates. The results have been summarized in Table 2.

We found that the 1,2-bis(acetoxy) migration was favored
in all studied cases and no allene product was observed in
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[a] See Table 1 for details of the protocols used. [b] Ratio calculated by '"H NMR. [c] Isolated yield of the
major isomer after column chromatography. [d] Isolated yield of the mixture after column chromatography.
[e] The cinnamyl moiety in 5¢ isomerizes to the Z isomer (5¢’) upon standing in solution.

entries 14-15). In all cases and similarly to 4d, not having a
second stabilizing group clearly increased selectivity for
products of type 6 over 7.

To evaluate the single effect of the substituent attached to
the acyloxy migrating group in the stereochemistry of the
resulting vinyl acetate, we synthesized several bis(acetates)
derived from commercially available 2-methyl-3-butyn-2-
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Table 3. Reaction scope in bis(acetates) derived from acetone.

QAc 0AG OAc
p % 4 OAG Protg;;ol 1 A R! . A R2
1Rz Protocol 2 OAc R? OAc R!
g R °(2) G
Entry Substrate Protocol® Ratio Product (Yield
Z:EPT (%)Y
1 8a (R'=R*=-(CH,)s-) 1 - 9a (80)
2 8b (R'=R*=-(CH,),-) 1 - 9b (75)
3 8¢ (R'=R>=Ph) 2 - 9¢ (78)
4 8d (R'=iPr,R’=H) 1 - 9d’ (78)k!
5 8e (R'=1Bu, R*=Me) 1 - 9¢’ (50)
6 8f(R'=Ph, R>=Me) 1 >20:1 (2)-91 (80)
7 8f 2 >120  (E)-9f(82)
8 8g (R'=Ph,R>=H) 1 10:1 (2)-9g (90)
9 8g 2 9:1 (2)-9g (64)
10 8h (R'=4-OMeCH,, 1 18:1 (Z)-9h (93)
R*=H)
11 8h 2 17:1 (2)-9h (34)
12 8i (R'=4-CF,C¢H,, 1 1:4 9i (83)!"
R’=H)
13 8i 2 1.7 9i (81)1

[a] See Table 1 for details of the protocols used. [b] Ratio calculated by
"HNMR. [c] R! was considered to be higher priority than R [d] Isolated
yield of the major isomer (where applicable) after column chromatogra-
phy. [e] See reference [13]. [f] Isolated yield of the mixture after column
chromatography.

ol (Table 3). Substrates derived from symmetric ketones,
such as cyclopentanone (8a), cyclohexanone (8b), and ben-
zophenone (8c¢), were smoothly converted to the corre-
sponding products 9a—c in high yields under [(IPr)Au
(NTf,)] catalysis (Table 3, entries 1-3)."?! Isopropyl 8d and
tert-butyl/methyl derivative 8e also reacted, although in situ
hydrolysis of the corresponding products to the 1,2-dike-
tones (9d'—e’) could be partially observed under both reac-
tion conditions (entries 4-5)."%) Surprisingly, more sterically
hindered substrate 8f resulted in a complete inversion of
the Z/E selectivity upon treatment with a different catalyst
(Table 3, entries 6-7). Next, we turned our attention to sec-
ondary acetates at the C* position (substrates 8g-i). Phenyl-
(8g) and para-methoxyphenyl-substituted (8h) substrates

R! more &* stabilizing/less bulky than R?

1,3-allylic strain R'[Au}>>1,2-OAc/R’

Scheme 3. Mechanistic proposal for 1,2-bis(acetoxy) migration.
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provided 9¢g and 9h, respectively, in excellent yields and
high Z selectivity with both [(IPr)Au (NTf,)] and
[(PPh;) Au(NTTf,)] catalysts (Table 3, entries 8-11). This ob-
servation is in sharp contrast to the results summarized in
Table 1. In contrast, para-trifluoromethylphenyl-substituted
substrate 8i gave the E olefin product with both catalysts
(Table 3, entries 12-13).

We explain the previous results in light of a distinct ste-
reocontrol operating for the first versus the second acetate
migration. Furthermore, the choice of the acetoxy migrating
first seemed to be of key importance and is determined both
by the electronic character and sterical bulkiness of substitu-
ents at the propargylic position. Our mechanistic proposal is
shown in Scheme 3.") Upon gold activation of the triple
bond, the acetoxy group next to groups able to stabilize the
developing positive electron density will migrate first. In our
view, XV is the key intermediate that determines the Z ste-
reochemistry of the alkene linked to the gold carbenoid be-
cause it avoids the 1,3-allylic strain between Au and R'.[""

When the second acetate is also attached to a stabilizing
group, the stereochemical outcome of the second acetoxy
migration depends on the nature of the catalyst. Clearly, we
demonstrated that [(IPr)Au(NTf,)] afforded the Z olefin
whereas [(PPh;)Au(NTf,)] favored E alkene formation.
When R*=alkyl, 4-CF;Ph, the E double bond was selective-
ly obtained after the second OAc migration, independent of
the catalyst. To explain this observation, we propose that
the carbonyl group of the second acetoxy group approaches
the w* orbital of the gold carbenoid in XVIa. Two diastereo-
facial attacks are possible, although the steric hindrance be-
tween gold species and R* makes XVII the more favorable
reaction intermediate (via XVIb).['l

Consistent with the hypothesis that bulky ligands compli-
cate intramolecular bond reorganization, gold(I) species
such as [(PPh;)Au(NTf,)] might exit the reaction directly
from XVII or via XVIII and thus result in E double bond
formation.!'”l In contrast, bulky NHC ligands, as in [(IPr)Au-
(NTf,)], will favor isomerization to the more stable XIX
rather than XVIII because of the steric interaction between
R¥X in the closely planar configuration of the latter.

(AUl e2 | X
AcOn) P S
x7 @VH AcO :
—. 0%®0 XIX (2) r2
R2 X'H'Rz u
[Aul H
X
XM N a0l e.R? ' ~__R?
H AcO
H
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Synthesis of 2,3-Bis(acetoxy)-1,3-dienes

Because OAc is much smaller than X, the equilibrium is
shifted towards XIX, resulting in Z-isomer formation.!'

When R? is aromatic, the equilibrium between XVII/
XVIII/XIX becomes very important, accounting for the dif-
ferent selectivity with different catalysts. In contrast, when
R? is an alkyl or electron-withdrawing group, the forming
carbocation is not well stabilized and as a consequence the
reaction proceeds directly from XVII to give the E isomer.
In other words, the reaction is more concerted. The results
summarized in Table 1 and Table 2 fit nicely with this mech-
anistic proposal. The steric interaction between R* and [Au]
was comparable to the one between R? and X only when
R*=tert-butyl (Table 2, entries 14-15). Therefore, the selec-
tivity is dramatically decreased and the E isomer is still ob-
served under both reaction conditions.

As mentioned above, steric factors could also influence
the first acetoxy migration. For compounds 8¢ and h in
Table 3, the acetate next to a phenyl or para-methoxyphenyl
group will migrate first to deliver the Z olefin no matter
which catalyst is employed. In contrast, for substrate 8f
(Table 3, entries 6-7) the first migration occurs from the di-
methyl part because the stereochemistry of the olefin in 9 f
changed when the catalyst changed. Clearly Me/Me substitu-
ents are smaller than Me/Ph substituents, so bulkiness con-
trols the reaction pathway in this case.

An alternative reaction pathway involving a double 1,3-
bis(carboxylate) migration can be ruled out, since com-
pound 10 was cleanly transformed in the presence of
[(TPr) Au(NTY,)] into compound 11 (Scheme 4)."

OMe OMe
OBz
O (IPrAU(NTH)] (5%) OAc O
\ —
O N CH,Cly, RT R
OAc OBz
10 1

(75%)

Scheme 4. 1,2- vs. 1,3-Bis(carboxylate) migration.

In conclusion, we have developed a new Au-catalyzed
tandem 1,2-/1,2-bis(acetoxy) rearrangement of 1,4-bis(pro-
pargyl acetates) that provides access to synthetically useful
2,3-bis(acetoxy)-1,3-dienes in high yields. Upon careful se-
lection of the electronic and steric features of the substrate,
(1Z23Z) or (1Z3E and 1E,3Z)-1,3-dienes can be selectively
obtained. The stereocontrol of the second acyloxy migration
is determined by the nature of the ligand attached to the
metal center. Such a direct influence of the ligand on the di-
vergent reaction outcome is rare in gold catalysis. Further
experimental and computational studies to confirm the
nature of the intermediates participating in this rearrange-
ment are currently ongoing and will be reported in due
course.
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Experimental Section

Typical procedure: [(IPr)Au(NTf,)] (protocol 1, 0.02-0.05equiv) or
[(PPh;)Au(NTH,)] (protocol 2, 0.02 equiv; 0.05M solution prepared from
1equiv [(PPh;)Au(Cl)] and AgNTf, in freshly distilled CH,Cl,) was
added to a solution of bis(acetate) (1 equiv) in anhydrous CH,Cl,. The
reaction was stirred for 2 h at RT, then the solvent was evaporated under
reduced pressure and the residue was purified by column chromatogra-
phy on silica gel.

Acknowledgements

X.H. and T.H. thank Givaudan and the Forschungskredit of the Universi-
ty of Ziirich for financial support. We thank Dr. A. Linden for the X-ray
crystal structure determination of 2a and Dr. L. Biegler and the MS de-
partment (Organic Chemistry Institute, University of Ziirich) for high-
resolution mass measurements. Prof. Dr. A. Echavarren and Prof. Dr.
J. S. Siegel are kindly acknowledged for helpful mechanistic discussions.

Keywords: dienes - gold - homogeneous catalysis - ligand
effects - propargyl esters

[1] For recent general reviews, see: a) V. Michelet, P. Y. Toullec, J.-P.
Genét, Angew. Chem. 2008, 120, 4338-4386; Angew. Chem. Int. Ed.
2008, 47, 4268-4315; b) A. Fiirstner, P. W. Davies, Angew. Chem.
2007, 119, 3478-3519; Angew. Chem. Int. Ed. 2007, 46, 3410-3449;
For specific Au-catalyzed transformations, see: c¢) E. Jiménez-Nuiiez,
A.M. Echavarren, Chem. Rev. 2008, 108, 3326-3350; d) A.S. K.
Hashmi, Angew. Chem. 2008, 120, 6856—6858; Angew. Chem. Int.
Ed. 2008, 47, 6754-6756; ¢) A. S. K. Hashmi, Chem. Rev. 2007, 107,

3180-3211; f)D.J. Gorin, F.D.
Toste, Nature 2007, 446, 395-403.

OMe [2] For a mini-review, see: a)N.
0Bz Marion, S.P. Nolan, Angew.
O Chem. 2007, 119, 2806-2809;

Angew. Chem. Int. Ed. 2007, 46,
2750-2752. For applications of
this methodology in synthesis,
see: C. Fehr, J. Galindo, Angew.
Chem. 2006, 118, 2967-2970;
Angew. Chem. Int. Ed. 2006, 45,
2901-2904; b) A. Fiirstner, P.
Hannen, Chem. Eur. J. 2006, 12,
3006-3019.

[3] A. Correa, N. Marion, L. Fensterbank, M. Malacria, S.P. Nolan, L.

Cavallo, Angew. Chem. 2008, 120, 730-733; Angew. Chem. Int. Ed.

2008, 47, 718-721.

For some examples of related Pt-catalyzed processes, see: a)E.

Mainetti, V. Mouriés, L. Fensterbank, M. Malacria, J. Marco-Con-

telles, Angew. Chem. 2002, 114, 2236-2239; Angew. Chem. Int. Ed.

2002, 41, 2132-2135; b) C. Blaszykowski, Y. Harrak, M.-H. Gon-

calves, J.-M. Cloarec, A.-L. Dhimane, L. Fensterbank, M. Malacria,

Org. Lett. 2004, 6, 3771-3774; c) B. A. Bhanu Prasad, F. K. Yoshi-

moto, R. Sarpong, J. Am. Chem. Soc. 2005, 127, 12468-12469. For a

detailed study, see: d) A. R. Hardin, R. Sarpong, Org. Lett. 2007, 9,

4547-4550.

[5] a) V. Mamane, T. Gress, H. Krause, A. Fiirstner, J. Am. Chem. Soc.
2004, 126, 8654-8655; b) X. Shi, D.J. Gorin, F. D. Toste, J. Am.
Chem. Soc. 2005, 127, 5802-5803; c) M. J. Johansson, D.J. Gorin,
S. T. Staben, F. D. Toste, J. Am. Chem. Soc. 2005, 127, 18002-18003;
d) D.J. Gorin, P. Dubé, F. D. Toste, J. Am. Chem. Soc. 2006, 128,
14480-14481; e) C. A. Witham, P. Maule6n, N.D. Shapiro, B.D.
Sherry, F.D. Toste, J. Am. Chem. Soc. 2007, 129, 5838-5839;
f) C. H. M. Amijs, V. Lépez-Carrillo, A. M. Echavarren, Org. Lett.

1
(not detected)

[4

—

www.chemeurj.org

— 5907


http://dx.doi.org/10.1002/ange.200701589
http://dx.doi.org/10.1002/ange.200701589
http://dx.doi.org/10.1002/ange.200701589
http://dx.doi.org/10.1002/anie.200701589
http://dx.doi.org/10.1002/anie.200701589
http://dx.doi.org/10.1002/anie.200701589
http://dx.doi.org/10.1002/anie.200701589
http://dx.doi.org/10.1002/ange.200604335
http://dx.doi.org/10.1002/ange.200604335
http://dx.doi.org/10.1002/ange.200604335
http://dx.doi.org/10.1002/ange.200604335
http://dx.doi.org/10.1002/anie.200604335
http://dx.doi.org/10.1002/anie.200604335
http://dx.doi.org/10.1002/anie.200604335
http://dx.doi.org/10.1002/ange.200802517
http://dx.doi.org/10.1002/ange.200802517
http://dx.doi.org/10.1002/ange.200802517
http://dx.doi.org/10.1002/anie.200802517
http://dx.doi.org/10.1002/anie.200802517
http://dx.doi.org/10.1002/anie.200802517
http://dx.doi.org/10.1002/anie.200802517
http://dx.doi.org/10.1021/cr000436x
http://dx.doi.org/10.1021/cr000436x
http://dx.doi.org/10.1021/cr000436x
http://dx.doi.org/10.1021/cr000436x
http://dx.doi.org/10.1038/nature05592
http://dx.doi.org/10.1038/nature05592
http://dx.doi.org/10.1038/nature05592
http://dx.doi.org/10.1002/ange.200604773
http://dx.doi.org/10.1002/ange.200604773
http://dx.doi.org/10.1002/ange.200604773
http://dx.doi.org/10.1002/ange.200604773
http://dx.doi.org/10.1002/anie.200604773
http://dx.doi.org/10.1002/anie.200604773
http://dx.doi.org/10.1002/anie.200604773
http://dx.doi.org/10.1002/anie.200604773
http://dx.doi.org/10.1002/ange.200504543
http://dx.doi.org/10.1002/ange.200504543
http://dx.doi.org/10.1002/ange.200504543
http://dx.doi.org/10.1002/ange.200504543
http://dx.doi.org/10.1002/anie.200504543
http://dx.doi.org/10.1002/anie.200504543
http://dx.doi.org/10.1002/anie.200504543
http://dx.doi.org/10.1002/anie.200504543
http://dx.doi.org/10.1002/chem.200501299
http://dx.doi.org/10.1002/chem.200501299
http://dx.doi.org/10.1002/chem.200501299
http://dx.doi.org/10.1002/chem.200501299
http://dx.doi.org/10.1002/ange.200703769
http://dx.doi.org/10.1002/ange.200703769
http://dx.doi.org/10.1002/ange.200703769
http://dx.doi.org/10.1002/anie.200703769
http://dx.doi.org/10.1002/anie.200703769
http://dx.doi.org/10.1002/anie.200703769
http://dx.doi.org/10.1002/anie.200703769
http://dx.doi.org/10.1002/1521-3757(20020617)114:12%3C2236::AID-ANGE2236%3E3.0.CO;2-Z
http://dx.doi.org/10.1002/1521-3757(20020617)114:12%3C2236::AID-ANGE2236%3E3.0.CO;2-Z
http://dx.doi.org/10.1002/1521-3757(20020617)114:12%3C2236::AID-ANGE2236%3E3.0.CO;2-Z
http://dx.doi.org/10.1002/1521-3773(20020617)41:12%3C2132::AID-ANIE2132%3E3.0.CO;2-S
http://dx.doi.org/10.1002/1521-3773(20020617)41:12%3C2132::AID-ANIE2132%3E3.0.CO;2-S
http://dx.doi.org/10.1002/1521-3773(20020617)41:12%3C2132::AID-ANIE2132%3E3.0.CO;2-S
http://dx.doi.org/10.1002/1521-3773(20020617)41:12%3C2132::AID-ANIE2132%3E3.0.CO;2-S
http://dx.doi.org/10.1021/ol048463n
http://dx.doi.org/10.1021/ol048463n
http://dx.doi.org/10.1021/ol048463n
http://dx.doi.org/10.1021/ja053192c
http://dx.doi.org/10.1021/ja053192c
http://dx.doi.org/10.1021/ja053192c
http://dx.doi.org/10.1021/ol701973s
http://dx.doi.org/10.1021/ol701973s
http://dx.doi.org/10.1021/ol701973s
http://dx.doi.org/10.1021/ol701973s
http://dx.doi.org/10.1021/ja048094q
http://dx.doi.org/10.1021/ja048094q
http://dx.doi.org/10.1021/ja048094q
http://dx.doi.org/10.1021/ja048094q
http://dx.doi.org/10.1021/ja051689g
http://dx.doi.org/10.1021/ja051689g
http://dx.doi.org/10.1021/ja051689g
http://dx.doi.org/10.1021/ja051689g
http://dx.doi.org/10.1021/ja0552500
http://dx.doi.org/10.1021/ja0552500
http://dx.doi.org/10.1021/ja0552500
http://dx.doi.org/10.1021/ja066694e
http://dx.doi.org/10.1021/ja066694e
http://dx.doi.org/10.1021/ja066694e
http://dx.doi.org/10.1021/ja066694e
http://dx.doi.org/10.1021/ja071231+
http://dx.doi.org/10.1021/ja071231+
http://dx.doi.org/10.1021/ja071231+
http://dx.doi.org/10.1021/ol701706d
www.chemeurj.org

CHEMISTRY

C. Nevado et al.

A EUROPEAN JOURNAL

2007, 9, 4021-4024; g) B. Crone, S. Kirsch, Chem. Eur. J. 2008, 14,
3514-3522; h) A. S. Dudnik, T. Schwier, V. Gevorgyan, Tetrahedron
2009, 65, 1859-1870.

a)L. Zhang, J. Am. Chem. Soc. 2005, 127, 16804-16805; b) N.

Marion, S. Diez-Gonziélez, P. de Frémont, A. R. Noble, S. P. Nolan,

Angew. Chem. 2006, 118, 3729-3732; Angew. Chem. Int. Ed. 2006,

45, 3647-3650; c) S. Wang, L. Zhang, J. Am. Chem. Soc. 2006, 128,

8414-8415; d) A. Buzas, F. Gagosz, J. Am. Chem. Soc. 2006, 128,

12614-12615; e) L. Zhang, S. Wang, J. Am. Chem. Soc. 2006, 128,

1442-1443.

[7] For Au, see references [Sa,f] and also: a) N. Marion, P. de Frémont,
G. Lemiére, E. D. Stevens, L. Fensterbank, M. Malacria, S. P. Nolan,
Chem. Commun. 2006, 2048-2050; b) A. Buzas, F. Gagosz, Org.
Lett. 2006, 8, 515-518. For Pt, see: ¢) K.-G. Ji, X.-Z. Shu, J. Chen,
S.-C. Zhao, Z.-J. Zheng, L. Lu, X.-Y. Liu, Y.-M. Liang, Org. Lett.
2008, 10, 3919-3922; d) E. J. Cho, D. Lee, Adv. Synth. Catal. 2008,
350, 2719-2723. For Ru, see: e) K. Ohe, M. Fujita, H. Matsumoto,
Y. Tai, K. Miki, J. Am. Chem. Soc. 2006, 128, 9270-9271.

[8] G.Li, G. Zhang, L. Zhang, J. Am. Chem. Soc. 2008, 130, 3740-3741.

[9] For other Au-catalyzed diene formation reactions, see: a) A. Buzas,
F. M. Istrate, F. Gagosz, Org. Lett. 2007, 9, 985-988; b) S. Z. Wang,
L. Zhang, Org. Lett. 2006, 8, 4585-4587.

[10] See the Supporting Information for the preparation of starting mate-
rials, the complete set of optimization and control reactions on sub-
strate 1a, and full characterization of products.

[11] The structure of 2a was unambiguously assigned by X-ray analysis,
see reference [10].

[12] The reaction of 8a-b with [(PPh;)Au(NTf,)] or [(PPh;)Au(SbFy)]
also afforded compounds 9a-b, albeit in lower yields.

[13] Yield upon in situ hydrolysis of the reaction mixture with K,CO;
(2 equiv) in MeOH.

[6

—_

(14]

(15]

16]

(17]

(18]

The mechanism is outlined for one of the four possible isomers of
the starting material.
For Z selectivity upon OAc migration, see references [5c-f,7e,8].
When a subsequent cyclization process occurs, the E isomers pre-
vail: see references [5a,b,7a] and for computational studies on this
process, see also: a) E. Soriano, J. M. Contelles, J. Org. Chem. 2005,
70, 9345-9353; b) O.N. Faza, C.S. Loépez, R. Alvarez, A.R.
de Lera, J. Am. Chem. Soc. 2006, 128, 2434—-2437. These results, to-
gether with the study presented herein, strongly suggest that the in-
termediates determining the stereochemistry of the olefin upon 1,2-
acetoxy migration should be connected along the reaction pathway.
To the best of our knowledge, no systematic study of this phenom-
enon has been reported.
The opposite diastereofacial approach and further mechanistic con-
siderations are shown in an extended version of Scheme 3 included
in the Supporting Information.
a) D.J. Gorin, B. D. Sherry, F. D. Toste, Chem. Rev. 2008, 108, 3351 -
3378; b) N. Marion, S.P. Nolan, Chem. Soc. Rev. 2008, 37, 1776—
1782.
The determining step for the E versus Z alkene formation seems to
be under kinetic control. See the Supporting Information for addi-
tional studies.
Received: February 12, 2009
Published online: May 5, 2009

5908 —— www.chemeurj.org © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Eur. J. 2009, 15, 5904 —5908


http://dx.doi.org/10.1021/ol701706d
http://dx.doi.org/10.1021/ol701706d
http://dx.doi.org/10.1021/ol701706d
http://dx.doi.org/10.1002/chem.200701985
http://dx.doi.org/10.1002/chem.200701985
http://dx.doi.org/10.1002/chem.200701985
http://dx.doi.org/10.1002/chem.200701985
http://dx.doi.org/10.1021/ja056419c
http://dx.doi.org/10.1021/ja056419c
http://dx.doi.org/10.1021/ja056419c
http://dx.doi.org/10.1002/ange.200600571
http://dx.doi.org/10.1002/ange.200600571
http://dx.doi.org/10.1002/ange.200600571
http://dx.doi.org/10.1002/anie.200600571
http://dx.doi.org/10.1002/anie.200600571
http://dx.doi.org/10.1002/anie.200600571
http://dx.doi.org/10.1002/anie.200600571
http://dx.doi.org/10.1021/ja062777j
http://dx.doi.org/10.1021/ja062777j
http://dx.doi.org/10.1021/ja062777j
http://dx.doi.org/10.1021/ja062777j
http://dx.doi.org/10.1021/ja064223m
http://dx.doi.org/10.1021/ja064223m
http://dx.doi.org/10.1021/ja064223m
http://dx.doi.org/10.1021/ja064223m
http://dx.doi.org/10.1021/ja057327q
http://dx.doi.org/10.1021/ja057327q
http://dx.doi.org/10.1021/ja057327q
http://dx.doi.org/10.1021/ja057327q
http://dx.doi.org/10.1039/b602839j
http://dx.doi.org/10.1039/b602839j
http://dx.doi.org/10.1039/b602839j
http://dx.doi.org/10.1021/ol053100o
http://dx.doi.org/10.1021/ol053100o
http://dx.doi.org/10.1021/ol053100o
http://dx.doi.org/10.1021/ol053100o
http://dx.doi.org/10.1021/ol8015463
http://dx.doi.org/10.1021/ol8015463
http://dx.doi.org/10.1021/ol8015463
http://dx.doi.org/10.1021/ol8015463
http://dx.doi.org/10.1002/adsc.200800544
http://dx.doi.org/10.1002/adsc.200800544
http://dx.doi.org/10.1002/adsc.200800544
http://dx.doi.org/10.1002/adsc.200800544
http://dx.doi.org/10.1021/ja0612955
http://dx.doi.org/10.1021/ja0612955
http://dx.doi.org/10.1021/ja0612955
http://dx.doi.org/10.1021/ja800001h
http://dx.doi.org/10.1021/ja800001h
http://dx.doi.org/10.1021/ja800001h
http://dx.doi.org/10.1021/ol063031t
http://dx.doi.org/10.1021/ol063031t
http://dx.doi.org/10.1021/ol063031t
http://dx.doi.org/10.1021/ol0618151
http://dx.doi.org/10.1021/ol0618151
http://dx.doi.org/10.1021/ol0618151
http://dx.doi.org/10.1021/jo0514265
http://dx.doi.org/10.1021/jo0514265
http://dx.doi.org/10.1021/jo0514265
http://dx.doi.org/10.1021/jo0514265
http://dx.doi.org/10.1021/ja057127e
http://dx.doi.org/10.1021/ja057127e
http://dx.doi.org/10.1021/ja057127e
http://dx.doi.org/10.1021/cr068430g
http://dx.doi.org/10.1021/cr068430g
http://dx.doi.org/10.1021/cr068430g
http://dx.doi.org/10.1039/b711132k
http://dx.doi.org/10.1039/b711132k
http://dx.doi.org/10.1039/b711132k
www.chemeurj.org

