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A sustainable and simple AuI catalytic system to synthesis 8-

oxabicyclo[3.2.1]oct-2-ene and 9-oxabicyclo[3.3.1]nona-2,6-

dienes from enynol via oxonium/Prins-type cyclization is 

described. The key advantages of this reaction are selectivity, 

good functional group tolerance and a new approach for 

synthesis of oxabicyclic and oxatricyclic systems.   

Gold catalyzed reactions are powerful tools that are used to promote 

a broad range of organic transformations to form C-C and C-X bonds 

by activating the C−C multiple bonds towards intra- or inter-

nucleophilic attack.1 Most reports depend on the π- acidity of either 

gold(I) or gold(III) complexes to trigger multiple bonds toward 

nucleophilic attack, followed by protodeauration.2-7 Therefore, gold 

catalyzed reactions afford direct and atom-economical synthetic 

approaches for constructing complex heterocycles from simple 

starting materials. 

     Recently, many research groups have focused on highly reactive 

oxonium intermediates produced in situ by the intramolecular 

cyclization of enynone or enynal analogs, which are electrophilically 

activated by gold.8 The oxonium intermediate generated from the  

  

 

 

 

 

 

 

Scheme 1. Approach to synthesis oxacyclic compounds. 

enynol system has been far less studied in the presence of gold, so 

there is a need to explore this area to produce complex molecules.9  In 

terms of generating the oxonium intermediate, endo-dig cyclizations 

have been well studied (Scheme 1, 1a)8 but exo-dig cyclizations have 

been less often documented.8b 

     Generally, the acyclic oxonium intermediates react with 

nucleophiles to generate heterocyclic systems via a Prins-type 

cyclization (Scheme 1, 1b).10  Only a few reports have described the 

attack of nucleophilic olefin into a cyclic oxonium cation to give 

polycyclic compounds.11 In this context, we were interested in 

examining a new cascade annulation by using gold from an enynol 

system to generate a cyclic oxonium cation followed by a Prins-type 

cyclization to give oxacyclic analogs (Scheme 1, 1c).  

      Oxacyclic cores most commonly occurring in natural products and 

they also have significant importance in medicinal chemistry.12 Of 

note, the oxatricyclic moieties have shown potency towards HIV-1 

inhibition and central nervous system diseases (Figure 1).13 To date, 

only one report by the Liu group has addressed synthesising  9-

oxabicyclo [3.3.1]nona-2,6-dienes 3 from 2-alkynyl-1-

carbonylbenzenes 1 and allylsilanes 2 in the presence of PtCl2/CO 

(Scheme 2, 2a).9a Thus, the opportunity for developing efficient 

methods for the synthesis of these biologically important cores is of 

utmost urgency. Herein, we report a new system to synthesize 

compound 6 or 7 from ortho-alkynylaryl alcohol derivatives 4/5 in the  

                  

 
Figure 1. Biologically potent molecules with oxatricyclic frameworks. 
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presence of Au/Ag (Scheme 2, 2b) under mild conditions. This 

reaction follows via exo- or endo-dig cyclization, depending on the 

substrate structure (4 or 5). Generally, the alkyne attached with a fully 

saturated linker preferably proceeds via 5-exo-dig cyclization 

(compound 4).14 Whereas, in the alkyne connected with conjugated or 

strained fused ring systems (compound 5), the 6-endo-dig cyclization 

was favoured and the 5-exo-dig was disfavoured due to ring strain.14 

When the R1 is H or TMS (compound 4/5), the formation of σ-vinylexo 

anions are favoured mostly in exo-dig cyclyization rather than in endo-

dig cyclization.14 

           
Scheme 2. Synthesis of oxacyclic compounds. 

        Our exploration was initiated with the compound 4a. The reaction 

was screened with gold catalysts, PPh3AuCl and AuCl3 in 

dichloromethane at reflux for 24h. The reaction was failed to give 6a 

(Table 1, entry 1-2). The next trial was performed with 

PPh3AuCl/AgSbF6 in dichloromethane. To our delight, the desired 

compound 6a was obtained with 42% yield (entry 3). To improve the  

Table 1. Screening of catalysts and solvents for the cascade annulation.a 

                        
      

a Reaction conditions: 4 (0.1 mmol) and catalyst (4 mol %), and in solvent (3 
mL). Isolated yield. b 1,2-dichloroethane. c 10 mol % of catalyst. d 2 mol % of 

catalyst.                                                           

yield, other silver salts, such as AgOTf and AgNTf2, were screened. Of 

these, AgOTf showed a better result by producing compound 6a with 

86% yield (entry 4); and, with AgNTf2, a moderate yield (64%) was 

observed (entry 5). To check the efficiency of the reaction with other 

gold catalysts, the commercially available 2-dicyclohexyl(2′,6′-

dimethoxybiphenyl)phosphine gold(I) 

bis(trifluoromethylsulfonyl)imide was used; this resulted in a 66% 

yield (entry 6). The reactions with chloro[2-dicyclohexyl(2′,6′;-

diisopropoxybiphenyl)phosphine] gold(I) (entry 7) and chloro[1,3-

bis(2,6-diisopropylphenyl)imidazol-2-ylidene]gold(I) (entry 8) were 

also tested and both afforded the desired compound with yields of 

79% and 76%, respectively.  In the absence of the gold catalyst, the 

reaction did not progress (entry 9); thus, a combination of gold and 

silver is necessary. The PPh3AuCl/AgOTf combination was shown to 

be more efficient than the other gold catalysts and further screening 

was continued using this combination. Dichloromethane provided a 

better yield for this conversion, compared with the 1,2-dichloroethane 

(entry 10). When the temperature was elevated to 50 oC, the reaction 

yield did not change (entry 11). When the time was reduced to 12h, 

the reaction yield was not affected (entry 12). With 10 mol% of 

catalyst (entry 13), the reaction yield did not improve, and by reducing 

the catalyst to 2 mol % the reaction yield decreased (entry 14).   

Table 2. Scope of the reaction to synthesis oxabicyclic compounds.  

           
  

 

 

 

 

 

 

 

a R1 =H. b R1 = TMS. 

 Under the optimized conditions at hand (Table 1, entry 12), the 

scope of the oxabicyclic compounds were studied (Table 2). The 

reaction smoothly progressed with the various substituents on the 

phenyl rings (Table 2, 6a-6f and 6i) via exo-dig mode cyclization. The 

reaction was highly regioselective by producing a single isomer in 

moderate to good yields. The ring size was increased from five to six 

members and the reaction successfully afforded 6e and 6f. When R1 

was hydrogen or the TMS group, the regioisomers were observed in a 

1:1 ratio with yield 68% as 6g and 6g’; similarly 6h and 6h’ were also 

observed in a 1:1 ratio with good yield (86%). The structure of 6d was 

confirmed by X-ray analysis.15 

 Next, the scope was extended to prepare oxatricyclic compounds 

under optimized conditions, as shown in Table 3. In contrast to the 

oxabicyclic compounds (Table 2), the oxatricyclic compounds (Table 3) 

proceeded via an endo-dig cyclization. When the R3 was substituted 

for various groups, the reaction progressed well to give moderate to 

good yields (7a-7d). When R1 was replaced with cyclohexyl, 

cyclopropyl and n-butyl, the substitutions were also tolerated well 

with good yields (7e-7k). The heterocyclic system as thiophene (7l) 

underwent the reaction smoothly to give a 77% yield. Surprisingly, 

when R1 is H or TMS, the reaction proceeds via exo-dig cyclization (7m 

and 7n). Electron donating substituent on the phenyl ring of R1  

tolerated the reaction well with 86% yield (7o) and the electron 

withdrawing group also progressed with a good yield of 75% (7p). 

Attempts to replace the hydroxyl group with amines and thiols were 

failed. Compounds 7d, 7i and 7m were confirmed by X-ray analysis.15 

Entry Catalyst Temp (oC) Time Yield 

[%] 

1 PPh3AuCl reflux 24 0 
2 AuCl3 reflux 24 0 

3 PPh3AuCl /AgSbF6 28 24 42 

4 PPh3AuCl /AgOTf 28 24 86 
5 PPh3AuCl /AgNTf2 28 24 64 

6 NTf 28 24 66 

7 IPr/AgOTf 28 24 79 
8 NHC/AgOTf 28 24 76 

9 AgOTf 28 24 0 

10b PPh3AuCl /AgOTf 28 24     73 
   11 PPh3AuCl /AgOTf 50 24 85 

12 PPh3AuCl /AgOTf 28 12 86 

  13c PPh3AuCl /AgOTf 28 24 86 
  14d PPh3AuCl /AgOTf 28 24 72 
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Table 3. Scope of the reaction to synthesis oxatricyclic compounds. 

       

 
a Reaction followed exo-dig cyclization with R1 = H or TMS. 

 To understand the reaction mechanism, a series of control 

experiments were performed (Table 4). The intermediate 8e was 

confirmed by proton NMR after 6h of reaction (entry 1). Further 

mechanistic insights were performed, to identify whether the source 

of the proton was liberated from residual TfOH or moisture. The 

catalytic amount of tert-Butylimino-2-diethylamino-1,3-

dimethylperhydro-1,3,2-diazaphosphorine (BEMP), a non-poisoning 

base, was used to understand the reaction. With 4 mol% BEMP, the 

reaction did not progress and the starting material was recovered 

(entry 2). By reducing the catalytic amount of BEMP to 1 mol%, the 

desired compound 7e was afforded with a 48% yield (entry 3). To 

confirm the existence of TfOH, the reaction was performed with TfOH 

Table 4. Reaction mechanistic Studies. 

        

 

a  6h. b Complex mixture. c In presence of 4Å molecular sieves & dry CH2Cl2. 

  

 

 

 

 

Scheme 4. Control Experiment. 

instead of AgOTf and the reaction was decomposed (entry 4), and the 

probable reason could be the intermediates are not stable under 

acidic conditions. Next, to confirm the role of water as a proton 

source, the reaction was performed by adding water (1 equiv) to the 

reaction; this resulted in a good yield of 76% (entry 5). Another trial 

was conducted using water (1 equiv) and 4 mol% of BEMP, but it failed 

to give the desired compound 7e (entry 6). The reaction yield was 

reduced by using 4Å molecular sieves in dry CH2Cl2 (entry 7). We 

believe that the water present in the reaction medium may facilitate 

the TfOH formation, thus the low yield was observed under dry 

conditions. The intermediate 8e under optimized conditions with 

BEMP (4 mol%), the reaction was not progressed (Scheme 4). The 

control experiments (Table 4, entries 2 & 6, Scheme 4) carried out 

with BEMP were inhibited, due to the neutralization of residual TfOH. 

From the above results, we presume that the residual TfOH generated 

from the catalytic system will be the proton source for the formation 

of oxonium ion. 

 From the experimental findings and previous reports,9a  a plausible 

mechanism was proposed in Scheme 5. Initially, the intermediate A 

undergoes an exo-dig cyclization (Part A) with the aid of the gold 

catalyst to form intermediate B. Then, the intermediate B undergoes 

protonation with the aid of residual TfOH generated from the catalyst 

to give the oxonium intermediate C. The cyclic oxonium intermediate 

C reacts with the nucleophilic alkene via a Prins-type cyclization to 

give the oxabicyclic tertiary cation D. The compound D undergoes a 

regioselective deprotonation to form the desired compound 6 and 

TfOH was regenerated for next cycle. For the oxatricyclic compounds 

7, the same mechanism was followed via endo-dig cyclization.  

 

  

 

 

Scheme 5. A plausible mechanism for exo-dig and endo-dig cyclization. 

 In summary, we presented a new approach to construct 

oxabicyclic and oxatricyclic compounds via a gold (I) catalytic system. 

The reaction follows a rare kind of pathway, as an oxonium 

intermediate, which undergoes a nucleophilic alkene attack via a 

Prins-type cyclization. Further biological studies are in progress.  

 The authors gratefully acknowledge the Ministry of Science and 

Technology (MOST), Taiwan for financial support. We thank the 
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Notes and references 
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Kaohsiung, Taiwan. 

S.No Additive Co-catalyst 8e 
(%) 

7e 

(%) 

1a            -- AgOTf 48 35 

2 BEMP (4 mol%) AgOTf 0 0 
3 BEMP (1 mol%) AgOTf -- 48 

4b TfOH (4 mol%) -- 0 0 

5 H2O (1 equiv) AgOTf -- 76 
6 H2O (1 equiv) + BEMP (4 mol%) AgOTf 0 0 

7c            -- AgOTf 20 24 
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