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Diyne substrates bearing one propargylic ether instead of the previously published propargylic acetates
were subjected to a gold catalyst. o—Naphthol derivatives were obtained as products of the cyclo-
isomerization. The close relationship of the products to the corresponding cyclizations implicated a
related mechanistic scenary at first, but further studies favour a mechanistic pathway that is completely

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

In the highly active field of homogeneous gold catalysis [1],
diynes are gaining importance as starting materials for gold-
catalyzed transformations. The common reaction principles are
dual gold-catalyzed transformations [2], reactions in which one of
the alkynes is transferred into a nucleophilic part which then un-
dergoes a subsequent cyclization with the remaining alkyne [3] and
carbene transfer reactions in which an alkyne-derived gold carbe-
noid is transferred over a pendant alknye followed by classical
carbenoid transformations as terminating step [4].

During our studies on the gold-catalyzed transformation of 1,6-
diynes 1 and 3, we observed a completely different reactivity which
depended on the oxygen functionalities (Scheme 1). While in the
case of an unprotected propargylic alcohol a complex cascade, that
is most probably initiated by an attack of the nucleophilic oxygen
onto the triple bond, delivered B-keto-naphtalines 2 as the prod-
ucts [5], a completely different picture was obtained for the

* Corresponding author. Organisch-Chemisches Institut, Ruprecht-Karls-Uni-
versitat Heidelberg, Im Neuenheimer Feld 270, 69120 Heidelberg, Germany.
E-mail address: hashmi@hashmi.de (A.S.K. Hashmi).

http://dx.doi.org/10.1016/j.jorganchem.2015.04.053
0022-328X/© 2015 Elsevier B.V. All rights reserved.

corresponding acetate derivatives [4c,d,g]. In this case an initial 1,2-
migration of the acetal and a subsequent transfer of the so formed
gold carbenoid delivered B-naphtole derivates 4 as final products of
the reaction cascade. Inspired by this strong influence of the oxygen
functionality in the precursors, we considered the incorporation of
ether moieties in the starting materials 5 as well. As these pre-
cursors are not known to deliver gold carbenoids and in addition
due to the increased sterical bulkiness of the methoxy group a
nucleophilic addition pathway should be less favoured, we were
curious if an alternative reaction pathway might be opened for this
type of reactants. The results of our studies will be discussed in this
contribution.

2. Results and discussion

Appropriate starting materials for our investigations were pre-
pared via Sonogashira coupling of the corresponding bromoalde-
hydes, addition of an ethynyl Grignard reagent to the aldehyde and
alkylation of the obtained propargylic alcohols (see SI for further
details). Initial tests were conducted with model diyne 5a. The re-
sults with different catalyst are summarized in Table 1. With the
well established IPrAuNTf, catalyst, complete conversion was
monitored and 88% yield of a single product could be obtained
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Scheme 1. Known reactivity patterns for oxygen-substituted diynes 1 and 3 and our
planned investigation.

(Entry 1). NMR analysis revealed that no migration of the methoxy
group had taken place and an o-naphthol 6a was obtained as
product. The structure of the cycloisomerized product shows a
strong relationship to that of carbene migration products 4. Like in
the case of substrates 3, a methyl group migration also takes place
in this case which finally delivers a tetra-substituted double bond in
the products. Further experiments revealed that simple AuCl and
NaAuCly cannot efficiently catalyze the transformation (Entries 2
and 3). Much better results were obtained with Cat A [6]
(Scheme 2), a NHC complex with a large 15-membered ring

Table 1
Catalyst screening.

OMe OMe
[Au] 5 mol%,
RS AgX 5 mol% OO
AN CH,Clp, 16 h, r.t.
X
5a 6a

Entry® [Au] AgX Conversion [%] Yield [%]
1 IPrAuNTf, 100 88
2 AuCl 49 18
3 NaAuCly 29 0
4 CatA AgNTf, 100 80
5 CatB AgNTf, 95 59
6 Cat C AgNTf, 70 27
7 SPhosAuCl AgNTf, 100 88
8 XPhosAuCl AgNTf, 100 80
9 PPh3AuNTf, 37 0
10 CatD AgNTf, 100 74
11 CatE 37 0
12 AgNTf, 43 6
13 IPrAuNTf, 100 38
14 IPrAuCl AgPFg 100 15
15 IPrAuCl AgSbFg 19 1
16 IPrAuCl AgBF,4 53 15
17 [PrAuCl AgOTf 16 2

2 80 umol 5a, 5 mol% gold catalyst and 5 mol% silver salt were stirred in CH,Cl,
(4 ml) at rt; after 16 h conversions and yield were determined by GC using n-
dodecan as internal standard.

b tenfold concentration (0.2 M).
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Scheme 2. Applied catalysts.

besides the one IPr-substituent (Entry 4). A simpler NAC complex
(Cat B) [7] only delivered moderate yield (Entry 5) and isonitrile
complex Cat C showed no full conversion (Entry 6). In a series of
phosphane ligands very good results were obtained with sterically
shielded Buchwald type ligands SPhos and XPhos (Entries 7 and 8),
while simple Ph3PAuNTf, turned out to be inefficient (Entry 9). The
phosphite complex Cat D also catalyzed the transformation but
yields were only moderate (Entry 10). As due to the terminal alkyne
in the substrate a dual activation pathway cannot be ruled out, a
test reaction was conducted in the presence of dual activation
catalyst Cat E (Entry 11) [8]. The poor result for this catalyst class
gives a clear hint that a dual activation pathway is unlikely for this
transformation. A control experiment with only AgNTf, showed
only low conversion and only a trace of the desired product was
obtained (Entry 12). A tenfold increase of the substrate concen-
tration led to a significant drop in yield (Entry 13) and a screening of
different counter ions in combination with the IPr complex was
unsuccessful (Entries 14—17).

With the optimized conditions in hand we turned our focus on
the evaluation of the substrate scope of the cycloisomerization
(Table 2). A preparative scale of the reaction with diyne 5a deliv-
ered the corresponding naphthol derivate 6a in 78% yield (Entry 1).
The installation of two electron-donating methoxy groups in the
aromatic backbone of starting material 5b led to a significant drop
in yield and the corresponding product was only obtained in 47%
yield (Entry 2). Fortunately, we were able to obtain crystals suitable
for X-ray crystal structure analysis. The obtained solid state mo-
lecular structure unambiguously verifies the assignment of the
obtained a-naphthol structure bearing a tetra-substituted double
bond in peri-position (Fig. 1). Substrates 5c¢ and 5d with only one
donating methoxy or methyl group in the backbone delivered good
to excellent results again (Entry 3 and 4), while only a low yield was
obtained with acetal protected starting material 5e (Entry 5).
Electron-withdrawing groups were tolerated well, no matter if
nitro or fluoro groups were installed in the backbone (Entries 6 and
7). As a next step we tested heteroaromatic and nonaromatic
backbones. Probably due to the strong coordinating properties of
the pyridine no reaction took place for starting material 5h (Entry
8). The conversion of thiophene substrate 5i only led to an insep-
arable mixture of products. In the case of substrates 5j and 5k with
cyclic aliphatic backbones, the 5-membered ring turned out to be
completely unreactive even at 80 °C (Entry 10), while in the case of
the 6-membered homologue, a slow conversion delivered the
desired product 6k in low yield (Entry 11). Next we probed the
possibility to vary the non-terminal alkyne substituent but none of
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