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Propargyl carboxylates react with 1,3-dicarbonyl compounds and electron-rich arenes in the presence of Au(l) catalysts to give enol carboxylates
via o, f-unsaturated Au(l) carbenes or Au(l)-coordinated allenes formed by 1,2- or 1,3-acyl migration, respectively.

Propargyl esterg¢ undergo 1,2- or 1,3-acyl migration with  rich aromatic compounds to 1,6-enynes has been repbrted.
Au(l) complexes via intermediaté&sto form highly reactive Although the main course of this reaction is the nucleophilic
o,f-unsaturated Au(l) carbene8 or Au(l)-coordinated attack at the cyclopropane of intermediate cyclopropyl Au-
allenes 4, respectively (Scheme 1)2 Complexes4 are (I) carbenes, we have observed two cases of attack to the
usually depicted in a simplified form as Au(l)-coordinated carbene with indole as the nucleopHité.

allenes4'.* Similar pathways take place with other metal Here we report that propargyl estetsreact with 1,3-

catalysts:*>® dicarbonyl compounds and electron-rich arenes by trapping

Carbenes3 formed by 1,2-acyl migration of react with
Bl 0 gV Oy OO A e o O
1,6-enynes have also been trapped in cyclopropanatio Sch 1
reactions. Recently the Au(l)-catalyzed addition of electron- cheme
R! OCOR? OcoR? s
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Table 1. Reaction ofla with 1,3-Dicarbonyl Compound2a

PhOC  OAc
PhOC P
5a

Ph
CH20|2 rt PhOG or //

>—M

1a 12a
PhOC 13 Ph
product

entry [M] time (h)  Z/E ratio (yield, %)

1 AuCl 15 79:21 5a (60)

2 AuCls 1 71:29 5a (56) + 13 (6)°

3 8 1 100:0 5a (66)

4¢ 8 2.5 100:0 5a (88)

5 9/Ag(D) 1 100:0 5a (50)

6 10/Ag(D) 2.5 100:0 5a (50) + 13 (36)

7 11 15.5 13 (21)

8 Sc(OT)s 1 - 13 (98)

9 Cu(OTD)2 1.5 - 13 (20)¢

a 5 mol % of catalyst. Ag(l}= AgSbFs. ® The methyl ketone from the
hydration of13was also obtained (11%2 mol % of catalystd The methyl
ketone from the hydration df3 was also obtained (79%).

tBu
Cy
tBu, "B “1sor; 1B u—@—o)—P-AuCI 2N NEA _THF—| SbFs
P-Au—NCMe 9 ° 9
10: Mes—NasN-Mes 1

AuCl

of intermediates or 4 to give adduct®, 6, or 7 depending

on the substitution of (Scheme 1). This represents an atom-
economical functionalization of carbon nucleophiles under
catalytic conditions. These reactions are very different from
the addition of carbon nucleophiles to alkynes catalyzed by
Lewis acidst?

We first tested the reaction of propargy! acethsewith
1,3-diketonel?ain the presence of AuCl, Augl cationic
Au(l) complex8,2precatalyst®'*? and10,*@band cationic
Ag(l) complex 11'1¢ (Table 1). Addition of12a to la
proceeded at room temperature to give enol ac&ateith
all the gold catalysts (Table 1, entries ). A mixture ofE
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(5) (a) Maineti, E.; Mouris, V.; Fensterbank, L.; Malacria, M.; Marco-
Contelles, JAngew. Chem., Int. EQ002 41, 2132-2135. (b) Cariou, K;
Maineti, E.; Fensterbank, L.; Malacria, Metrahedron2004 60, 9745~
9755. (c) Harrak, Y.; Blasykowski, C.; Bernard, M.; Cariou, K.; Mainetti,
E.; Mouries, V.; Dhimane, A.-L.; Fensterbank, L.; Malacria, NIl. Am.
Chem. Soc2004 126, 8656-8657. (d) Bhanu Prasad, B. A.; Yoshimoto,
F. K.; Sarpong, RJ. Am. Chem. So2005 127, 12468-12469.

(6) (a) Miki, K.; Ohe, K.; Uemura, SJ. Org. Chem2003 68, 8505~
8513. (b) Miki, K.; Fujita, M.; Uemura, S.; Ohe, KOrg. Lett. 2006 8,
1741-1743.

(7) Lopez, S.; Herrero-Quez, E.; Peez-Gala, P.; Nieto-Oberhuber,
C.; Echavarren, A. MAngew. Chem., Int. EQ006 45, 6029-6032.

(8) (a) Toullec, P. Y.; Genin, E.; Leseurre, L.; Gén&-P.; Michelet,
V. Angew. Chem., Int. EQR00G 45, 7427-7430. (b) Amijs, C. H. M,;
Ferrer, C.; Echavarren, A. MChem. CommurR007, 698—-700.

(9) Oxidation of a,-unsaturated Au(l) carbene® and other Au(l)
carbenes with PI$O leads to aldehydes in a process in which the sulfoxide
attacks the carbene: Witham, C. A.; Maute®.; Shapiro, N. D.; Sherry,
B. D.; Toste, F. D.J. Am. Chem. So007, 129, 5838-5839.

(10) Endo, K.; Hatakeyama, T.; Nakamura, M.; NakamuraJ.EAm.
Chem. So0c2007, 129 5264-5271, and refs therein.

4022

Table 2. Reactions ofla—d with Carbon Nucleophilés

OCOR?®
R3COQ
d—=+nH 2 . RN
Rz CH,Cly, 1t A
1a:R'=Ph, R2=H, R®= Ac 5
1b: R' = Ph,R2=H, R®=Bz
1c:R'=R%=Me, R® = Ac
1d: R = R2 = Me, R® = Piv
entry la-d NuH time(h) product (yield, %)
1 1a O O 1.5 MeOC OAc
MSJ\/U\Ph Phoc)\/K/Ph
12b 5b (57)
2 1b 12a 1 PhOC OBz
PhOC)\/K/Ph
5¢ (92)
3b 1b 0 1.5
<:/§*COZM9 %Ph
14a CO,Me
5d (51)
4 1c @ 5
15 H Se (68)
5 1d 12a 0.5 PhOC  OPiv
PhOC)\/K‘/
5f (82)
6° 1d 12b 0.75 MeOC  OPiv
PhOCW
59 (75)
7 1d 15 18
/
OPiv

(61;1:1.7 5h/5h')

a 5 mol % of8. ° 2 mol % of8 and 5 mol % of Sc(OT# ¢ 2 mol %
of 8.

andZ isomers was obtained with AuCl and AuGTable 1,
entries 1 and 2), whereas cationic Au(l) catalysts provided
pureZ-5a. The reaction was faster and cleaner with complex
8 (Table 1, entries 3 and 4). With0 and Ag(l), a mixture

of 5a and the product of nucleophilic substitutidB*? was
obtained (Table 1, entry 6). Reaction b& with cationic
complex 11 or Sc(OTfy as catalysts gave acetyleds,
whereas with Cu(OT$) a mixture of13 and the product of
hydration of the alkyne (2-benzoyl-1,3-diphenylpentane-1,4-
dione) was obtained (Table 1, entries9). With AgSbk

(5 mol %), this trione was obtained in 97% yiéfd.
Interestingly, propargyl alcohols have been shown to react
with allylsilanes in the presence of AuCand other gold
catalysts by nucleophilic substitutidf.
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So0c.2005 127, 6178-6179. (b) de Fremont, P.; Scott, N. M.; Stevens, E.
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Propargyl esterda—d react with a variety of carbon
nucleophiles with catalys® (Table 2). In the reactions with
these substrates, which bear phenylgemdimethyl sub-
stituents at the propargyl position, products of 1,2-addition
via intermediates3 were obtained. A higher yield was
obtained in the reaction of benzodltb (Table 2, entry 2)
than that obtained with acetate under identical conditions
(Table 1, entry 2). The addition gi-ketoesterl4ato 1b
had to be carried out in the presence of Sc(@8)mol %)
to give adductbd in moderate yield (Table 2, entry 3). In
the reaction of.cwith indole (15), the initial product suffered
isomerization of the olefin to fornbe (Table 2, entry 4),
whereasld and15 gave a mixture obh/5h' (Table 2, entry
7). Z-lsomers5a—e and 5h appear to be obtained under
kinetically controlled conditions, as theE-isomers are
slightly more stable (PM3 calculations).

Reaction ofla with 1,3,5-trimethoxybenzenel§) and
catalyst8 gave the expected product of 1,2-addition to the
gold carbenébi (44%) along with6a (6%), which corre-
sponds to a product of 1,4-addition to intermed&{&cheme
2). A product of this typegb, was obtained in 76% yield

Scheme 2
OMe OMe
8 (5 mol %) M
1a+ _ > eO
MeOQ CH,Clp, 1.5h —
1 OMe MeO OAc Ph
5i (44%, 10:1 Z/E)
*oMe
Ph
MeO
MeO OAc
6a (6%)
9 (5 mol %), OMe
BzO AgSbFg (5 mol %) Me
— + 16 ———— > MeO
Me” | CH,Cly, 5 h
1e MeO OBz
6b (76%)
P o 9Emiw, Q& g 0: (/
AgSbFg (5 mol %)
1e + Y, ge—: Me OBz
12 CH,Cl,, 5 h
¢ 6¢ (60%)

from propargyl benzoatée using catalys®. A product of
1,4-addition was also obtained in the reaction betwgen
and keto aldehyd#&2c, although in this case the nucleophile
reacts at oxygen to give enol ethée (60%).

Reactions ofle—g with diketonesl12a or 12d or j-ke-
toestersl4b—d in the presence @ or 9 as catalysts afford
products resulting from 1,3-acyl migration via intermediates
4 (Table 3). Addition of 5 mol % of Sc(OT$)or Cu(OTf)
led to improved results witl$-ketoesters as nucleophiles.
In the reaction ofLf with 12a a 1.1:1 mixture ofd and7d'
was obtained (Table 3, entry 5) as a result of nonregiose-

(14) Georgy, M.; Boucard, V.; Campagne, J.-MAm. Chem. So2005
127, 141806-14181.
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Table 3. Reaction ofla—g with Carbon Nucleophilés

RICOQ oy AU Nu., \OCOR?
RUL T CHCl, it RT H
1e: R'= Me, R2=Bz 7

1f: R' = Me, R2 = Piv
1g: R'=H,R2=Ac

entry le-g NuH [Au] time(h) product (yield, %)
1 1e o o 97 9 BuOC
n-Bu OMe MeOZC)\/\/OBZ
14b Me
7a (58)
2 1le o o 9¢ 9 MeOC_ Et
Mo oFt Eto,0” Y 0%
Et Me
14c 7b (49)
1le o o 9° 3 MeOC
Me Me Meoc)\/\/oBZ
12d Me
7c¢ (46)
4 1f 12a 8 0.5 PhOG
JWRI
PhOC
R
7d: R = Me, R' = OPiv
7d": R = OPiv, R' = Me
(1:0.9; 78)
5 1f 14b 8’ 3 n-BuoC
Meozc)\/\/op"’
Me
7e (53)
6 1f o o 87 3 PhOC
o ogy EtOZCJY\/OPW
14d Me
7f (55)
7 1g 12a 8 4.5 PhOC
T
79 (87)

a 2 mol % of 9/AgSbFs and 5 mol % of Cu(OT#H.? 5 mol % each oB
and AgSbk. ¢ 2 mol % of 8. 9 2 mol % of 8 and 5 mol % of Sc(OT§
Compounds7a—c and 7ef are 1.1-1.2:1 mixtures of diastereomers.

lective attack of the nucleophile tb The trans configurations

of 7a—g were assigned on the basis of the observed olefinic
3] of 12.3-12.6 Hz?!® It is important to note that in the
presence of Sc(lll) or Cu(ll) as additives the major reaction
pathway is dominated by Au(l). Thus, the reactionlgf
with 14d did not proceed with Sc(OTfpr Cu(OTf) (5 mol

%) in the absence of Au(l).

Scheme 3
OMe

MeO

MeO OAc

Me 5] (38%, 2:1 ZIE)

P 8 (5 mol %)
Z + 16 — +
ACO\/ CH,Cly, 11, 1 h OMe
1h
MeO OAc
OMe
7h (21%)
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Reaction of 2-butynyl acetatellt), with a disubstituted
alkyne, was examined with arer6 as the nucleophile
(Scheme 3). In this case, reaction with cataBglave a ca.
2:1 mixture of5j and7h in a combined 59% vyield.

Scheme 4
[(80%)
PhOC'y OAc
o Q _ Ph g@mol%) D _Ph
PhMPh + == “ohaL . Pnoc
D’ D OAc 2Ll D (20%)
12a-d, 1a 5a-d,
o o PhOC
D—— 8 (2 mol %) D (85%)
Ph)J\/U\Ph * OAc — . FPhoc =
CH,Cl, OAc
12a 1g-d, 79-d,
PhOC D (60%)
u . = 8 (2 mol %)
Ph Ph N — -~ PhOC —
o b OAc CH,Cl, oD OAc
123'd2 19 7g'd2

Experiments with deuterated substrat®s-d, and 1g-d;

the enol of the 1,3-dicarbonyl compound or the arene adds
to intermediates or 4.

Although the factors that control the regioselectivity of
the addition are still not totally understood, propargyl
carboxylates bearing phenyl gemdimethyl groups at C-3
lead to product$ of 1,2-addition toa,S-unsaturated Au(l)
carbenes3, whereas propargy! carboxylates with a methyl
group or no substituents at that position give add6as?7.
However, substrate$a and 1h also give products of 1,2-
addition, 5i and 5j, in their reactions withl6 (Schemes 2
and 3), which suggests that a different mechanism takes place
in these cases.

In summary, we have found that/-unsaturated Au(l)
carbenes3 or Au(l)-coordinated allenegl formed from
propargyl esters are trapped by 1,3-dicarbonyl compounds
and electron-rich arenes. This is a simple procedure for the
formation of functionalized enol carboxylates under mild
conditions. It is worth noting that in contrast with oxophilic
Lewis acids that lead to nucleophilic substitution with
propargyl carboxylates Au(l) promotes the nucleophilic
addition to these substrates.
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