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Gold-Catalyzed Cyclization of Oxo-1,5-enynes
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Abstract: Cationic gold(I) complexes catalyze the cycloisomeriza-
tion of oxo-1,5-enynes to form oxatricyclic derivatives through an
intramolecular Prins reaction.
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Functionalized 1,n-enynes undergo cycloisomerization
reactions with gold(I) catalysts to form a wide variety of
complex carbon architectures.! 1,6-Enynes 1 bearing a
carbonyl group at the alkenyl side chain react with gold(I)
catalysts to form oxatricyclic derivatives 2 (Scheme 1).2
In this tandem [2+42+2] alkyne/alkene/carbonyl cycload-
dition process, two C—C and one C-O bonds are assem-
bled stereospecifically. In addition, monocyclic
derivatives 3 are also formed as minor products by a com-
petitive fragmentation.?

The gold(I)-catalyzed [2+2+2] alkyne/alkene/carbonyl
cycloaddition reaction was proposed to take place by
opening of the cyclopropyl gold(I) carbenes 4 by the car-
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bonyl group to form oxonium cation 5, which undergoes
an intramolecular Prins reaction to form a tricyclic inter-
mediate 6, which leads to oxatricyclic derivatives 2 or
fragmentation derivatives 3 (Scheme 1). The fragmenta-
tion process can be the predominant pathway in the anal-
ogous gold(I)-catalyzed intermolecular reaction of 1,6-
enynes with aldehydes.? Other 1,6-enynes with a termi-
nally unsubstituted alkene react differently in intermolec-
ular processes with carbonyl compounds to give other
types of tricyclic derivatives.*

We have used the gold(I)-catalyzed [2+2+2] alkyne/
alkene/carbonyl cycloaddition for the total synthesis of
orientalol F (7), pubinernoid B (8),° and englerin A (9)°
(Figure 1). A very similar approach was developed inde-
pendently for the synthesis of 9 using gold catalysis.’

Figure 1

We decided to examine the gold(I)-catalyzed cyclization
of oxo-1,5-enynes 10 for the synthesis of oxatricyclic de-
rivatives 11, via intermediates 12,3 to form 13 by a simi-
lar intramolecular ring-opening by the carbonyl group
(Scheme 2). Intermediate 13 could form a second C-C
bond by a Prins reaction that, in this case, would give rise
to a carbene-like intermediate 14. We expected that 14
would evolve by 1,2-H migration followed by demetala-
tion to form 11.

The required substrates 10a—e (Z = CHSO,Ph) for the cy-
clization were readily prepared in four to six steps from
geranyl bromide via dienylenyne 17 as shown in
Scheme 3.1°

We first examined the cyclization of (E)-enynal 10a with
cationic gold(I) catalysts A—G (Figure 2), which allow the
cycloisomerization reactions to be performed under sil-
ver(I)-free conditions (Table 1).!! The cyclization pro-
ceeded satisfactorily using gold complexes A—C, bearing
bulky dialkylbiphenylphosphine ligands'?> (Table 1, en-
tries 1-9) or NHC-Au(I) complex E'>!# (Table 1, entries
11 and 12), whereas poorer yields were obtained with cat-
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alysts D, F, G, AuCl, or AuCl, (Table 1, entries 10 and
13-16). No cycloisomerization was observed with
NaAuCl,, PtCl,, PtCl,, AgSbF,, GaCl;, or PdCl, (Table 1,
entries 18-22).

In all cases, besides the expected cyclized derivative 11a,
its stereoisomer 11a” was also obtained as a minor prod-
uct, with the exception of the reaction using catalyst G,
which led to the formation of 11a and 11a” in a 1:1.5 ratio
(Table 1, entry 14). Their configuration was determined
by NOESY experiments and further confirmed by the de-
termination of the X-ray structure of 11a’ (Figure 3),
which was obtained as a major product in the cyclo-
isomerization of 19 (see below).

The best results in the cyclization of 10a were obtained
using catalyst A, which is commercially available, in
CH,Cl, at room temperature. This cationic gold(I) com-
plex was also the best catalyst for the cyclization of oxo-
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Figure 3 X-ray crystal structure of 11a”

1,5-enynes 10b—e to form 11b—e and 11b—e” with moder-
ate stereoselectivities (Table 2).

Interestingly, the cyclization of 19 (the Z isomer of 10a),
proceeded with excellent stereoselectivity to give 11a’
(Table 3). Although the best result was obtained using 2
mol% catalysts A (Table 3, entry 2) good results were also
obtained with catalysts B, E, and G (Table 3, entries 3-5).

When gold(I) complexes bearing donating ligands are
used as catalysts, the major cycloisomerization pathway is
stereospecific leading to 13a and 13a’ from trans- and cis-
substrates, respectively (Scheme 4). However, the overall
stereoselectivity is not complete, which is consistent with
the existence of two competitive processes. In analogy
with the Stork—Eschenmoser model,'>!¢ some gold(I)-cat-
alyzed cascade reactions have been proposed to be con-
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Table 1 Gold-Catalyzed Cyclization of (E)-Enynal 10a*

= i i
PhO,S AuL* .
J— —_—T
o PhO,S M PhO,S M
10a 11a 11a'
H

Entry Catalyst  Solvent Time (h) Yield (%)Ratio 11a/11a’

1 A CH,.CL, 13 54 42:1
» A CH,CI, 2 74 45:1
F A CH,Cl, 02 65 5.6:1
4 A toluene 15 574 4.6:1
5 A EtOAc 15 ¢ 1:14
6 B CHCl, 14 75 3.6:1
7° B CH,CI, 2 78 33:1
8§ C CHCL 2 72 3.6:1
® C CH,Cl, 2 71 3.1:1
10 D CHCL 72 6 21
11 E CHClL, 13 64 41
12> E CH,CI, 25 60 41
13 F CHCL 72 16 21
14 G CHCL 7 47 1115
15  AuCl CH,CL 14 5 417
16 AuCl, CHCL 14 9 3500
17 NaAuCl, CH,ClL, 24 - e
18 Pl CHCL, 14 - e
19 PtCl, CH,Cl, 14 - —£
20 AgSbF, CH,ClL, 14 - =
21 GaCl,  CHCl, 14 - s
2 PdClL,  CHCL, 24 - e

%5 mol% catalyst, 23 °C. Conversion 293%.

2 mol% catalyst.

¢ Reaction at 80 °C (microwave irradiation).

4 Determined by 'H NMR (1,4-diacetylbenzene as internal standard).
¢ Yield not determined (quantitative conversion).

f Conversion: 57-61%

¢ 11a/11a” were not detected. The starting material was partially re-
covered.

certed.!” However, the formation of minor stereoisomers
11a’ and 11a in the cyclization reactions of 10a and 19, re-
spectively, is more consistent with a stepwise process oc-
curring through discrete intermediates such as 12a and
12a’, which is in line with other theoretical and experi-
mental results.'®

In summary, these results show that the gold(I)-catalyzed
cyclization of oxo-1,5-enynes also occurs efficiently in
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Table 2 Gold-Catalyzed Cyclization of Oxo-1,5-enynes 10b—e*

_ R
PhO,S .
~ = b e
O  phos M Pho,S M

10b-e R 11b-e 11b—¢'

Entry 10b-e Catalyst  Time (h) Yield (%) Ratio 11a/11a’

1 10b A 14 98 3.7:1
20 10b A 4 93 3.1:1
3 10b E 14 97 3.2:1
40 10b E 4 91 3.2:1
5 10b G 7 12 1:2.5
6 10c A 4 51 4:1
7 10c E 7 32 1.7:1
8 10d A 2 64 4:1
ov 10d A 2 89 4:1
10 10e A 14 62 4:1

25 mol% catalyst, 23 °C. Conversion 299%.
2 mol% catalyst.

Table 3 Gold-Catalyzed Cyclization of Z-Enynal 19*

— H H
PhO,S AuL*
Oy D). €
H H H
PhO,S PhO,S
19 11a’' 11a
Entry Catalyst Time (h)  Yield (%) Ratio 11a’/11a
1 A 2 77 20:1
2b A 2 97 30:1
3 B 4 88 20:1
4 E 15 85 20:1
5 G 12 65 25:1

%5 mol% catalyst, 23 °C. Conversion =299%.
2 mol% catalyst.

the 1,5-enyne series by a tandem process that involves a
Prins reaction. Extension of these results for the synthesis
of other ring systems is under way.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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