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Shyam Sathyamoorthia* 
 
We present the first examples of rearrangement reactions of allylic silanol substrates into linear ketone and 5-membered 

cyclic silanediol organomercurial products. Both reactions are mediated by Hg(OTf)2 but differ in the use of base, solvent, 

and temperature. The substrate scope of both transformations was explored, and the product organomercurials were shown 

to be valuable synthons. Mechanistic studies suggest that both products are the result of a series of transformations, 

cascading in one pot. DFT analysis provides a basis for understanding the rearrangement of a 6-endo intermediate into the 

5-exo cyclic silanediol product.     

 

Introduction 
 

 
 Rearrangement reactions have been a topic of interest to 

the synthetic community for more than a century,1 but only 

recently have they become a line of investigation in our 

laboratory.2 In general, rearrangements can be demarcated into 

two categories. One contains true pericyclic processes, which 

are concerted and proceed through cyclic transition states3-7; 

such reactions often require vigorous heating or the addition of 

Lewis acid additives. Another class of rearrangement reactions 

is comprised of those that proceed through discrete 

organometallic intermediates.8-12  

Our laboratory recently disclosed the first rearrangement 

reaction of primary allylic silanols into secondary ones (Scheme 

1).2 Strictly speaking, this reaction was a formal rearrangement 

and required a two-step, two-pot protocol. First, primary allylic 

silanols were transformed into 6-membered silanediol 

organomercurial heterocycles using a combination of Hg(OTf)2 

and NaHCO3.13 Following purification by silica-gel 

chromatography, treatment of these heterocycles with 1M 

aqueous HCl in THF or with NaBH4 in DMF allowed for 

demercurative cleavage into secondary silanol products bearing 

terminal alkenes.  

We sought to develop true, one-pot rearrangement 

reactions of primary allylic silanol substrates. Our investigations 

were motivated by both fundamental and applied 

considerations. Our laboratory has furnished the only 

precedent for the rearrangements of silanol substrates, and we 

thus felt that further investigation of this fascinating substrate 

class14-16 was warranted. Furthermore, organomercurial 

compounds are known valuable synthons (Scheme 2).17, 18 The 

C–Hg bond is a highly unusual organometallic linkage with 

essentially covalent character.19 C–Hg bonds are known 

precursors for carbon-centered radicals and can be facilely 

transformed into C–C, C–O, and C–I bonds.20, 21 We wondered if 

we could build on our previous work to furnish technology for a 

rearrangement-remercuration of primary allylic silanols into 

organomercurial synthons. Here, we are pleased to report that, 

though careful control of reaction conditions, allylic silanols can 

be rearranged into 5-membered silanediol organomercurial 

heterocycles or into linear organomercurial ketones (Scheme 

1). To our knowledge, no analogous transformation exists in the 

literature.  
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Results and Discussion 
 
I. Synthetic Studies 

 

Table 1. Optimization of Ketone Product Formation. 

 

 
 

 

 

 

 

 

 

 

 

 
aEquivalents are shown in parentheses. 
bYield estimated from 1H NMR integration with methyl phenyl sulfone as an 
internal standard. 

 

Our initial explorations began with (E)-di-tert-butyl(hex-2-

en-1-yloxy)silanol (Table 1), readily available from condensation 

of commercially available trans-2-hexen-1-ol with di-tert-

butylsilylbis(trifluoromethanesulfonate).13 With 1.5 equivalents 

of Hg(OTf)2 in THF at 0 °C, we were surprised and pleased to 

isolate approximately 14% of unusual organomercurial ketone 

product 28 (Table 1, Entry 1). Dropping the temperature to -10 

°C decreased the yield of 28 to 10% and further decreasing the 

temperature to -40 °C completely precluded its formation 

(Table 1, Entries 2-3). Increasing the temperature to 10 °C was 

slightly beneficial however (Table 1, Entry 4). NaHCO3, 

CCl3CO2Na, or CH3CO2Na as base additives were invariably 

deleterious (Table 1, Entries 5-7). A dramatic improvement 

came with employing CF3CO2Na as a base additive and allowing 

the reaction temperature to warm to 23 °C over a period of 16 

hours (Table 1, Entry 8). With CF3CO2Na, switching the reaction 

solvent from THF to NO2Me and keeping the temperature at 0 

°C for 2 hours allowed for still greater product formation (Table 

1, Entry 9). We selected the conditions in Table 1, Entry 8 and 

Table 1, Entry 9 to explore the substrate scope for ketone 

formation. 

  
 

 
Basea Solvent T, h Yieldb 

1 None THF 0 °C, 0.75 h 14% 

2 None THF -10 °C, 0.75 h 9% 

3 None THF -40 °C, 0.75 h 0% 

4 None THF 10 °C, 0.75 h 27% 

5 NaHCO3 (1) THF 0 °C, 0.75 h 4% 

6 CCl3CO2Na (1.5) THF 0 °C, 2 h 0% 

7 CH3CO2Na (1.5) THF 0 °C, 0.75 h 0% 

8 CF3CO2Na (1.5) THF 0 °C to RT, 16 h 50% 

9 CF3CO2Na (1.5) NO2Me 0 °C, 2 h 70% 
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We were pleased to find that our optimized protocols were 
compatible with a wide array of allylic silanol substrates. Alkyl 
chains of diverse lengths and branching patterns (Scheme 3, 
Entries 1, 7, and 8), cyclic hydrocarbons (Scheme 3, Entries 2 
and 4), aliphatic ethers (Scheme 3, Entries 3 and 6), aromatic 
halogens (Scheme 3, Entry 5), aromatic ethers (Scheme 3, Entry 
5), and aromatic CF3 groups (Scheme 3, Entry 9) were all 
tolerated. For substrates not shown here, we recommend 
empirically testing both protocols A and B for best results.   

 

       
We were able to scale the ketone formation greater than ten-
fold without loss of yield or selectivity (Scheme 4).                                                                  

Furthermore, the product organomercurial ketones were 

useful synthons for further transformations. Treatment of 39 

with triethylamine at room temperature allowed for facile 

elimination of the HgCl to form α,β-unsaturated ketone 47 

(Scheme 5A).22 Stirring 39 with I2 transformed the C–Hg bond 

into a C–I linkage (Scheme 5B).23, 24  With NaBH4 in the presence 

of 1 atm of O2,25 diol 49 formed in good yield (Scheme 5C); we 

note that this amounts to a two-pot conversion of readily 

available allylic alcohols into 1,3-diols, a transformation that has 

little precedent.        

 

  
 

During our optimization process, in some reactions, we 
isolated small amounts of a side product which we eventually 
determined to be a 5-membered cyclic silanediol 
organomercurial compound. We immediately recognized that 
such intermediates could be extremely valuable in the 
construction of the functional-group stereochemical arrays 
found in carbohydrate and polyketide natural products,26 and 
we wondered if we could bias the formation of this product 
through tuning of reaction conditions (Table 2). 

                                                 

               
 

               Table 2. Optimization of Diol Product Formation. 

                   

 

 

 

 

 

 

 

 

 

 

 

 

 
aYield estimated from 1H NMR integration with methyl phenyl 

sulfone as an internal standard. 

 

This turned out not to be as simple a task as we had hoped, but, 

after some experimentation, we found that 1.75 equivalents of 

Hg(OTf)2 and 1 equivalent of NaHCO3 in THF at 0 °C gave 

silanediol 50 in a respectable yield of 80% (Table 2, Entry 8) . 

The ratio of Hg(OTf)2 and NaHCO3 was absolutely critical and 

small changes (Table 2, Entries 1-5 and 6) led to dramatic 

variations in yield. Maintaining the reaction temperature at 0 °C 

was also crucial; increasing the temperature to 10 °C was mildly 

deleterious (Table 1, Entry 5) and dropping the temperature to 

-20 °C (Table 1, Entry 7) was dramatically so.  

 

Our optimized protocol was compatible with several 

branched alkyl (Scheme 6, Entries 1 and 7), cyclic hydrocarbon 

(Scheme 6, Entries 2, 5, 6, and 8), and cyclic ether (Scheme 6, 

Entries 3-4) substrates. We found that diol formation was quite 

sensitive to the branching pattern of the allylic silanol substrate 

(Scheme 7). For example, linear alkyl silanols decomposed 

rapidly into an intractable mixture of products when subjected     

to a combination of Hg(OTf)2 and NaHCO3 in THF at 0 °C. For 

such substrates (Scheme 7A and 7B), an alternate protocol of 

Hg(OTf)2/CF3CO2Na in THF was required to stabilize diol 

formation. Likewise, our standard optimized protocol failed for 

substrates with aromatic rings α to the alkene (Scheme 7C and 

7D). For such substrates, using conditions for 6-membered 

cyclic silanediol formation13 followed by warming the reaction 

flask to room temperature over a period of 6 hours allowed for 

reasonable yields of the desired five-membered products. 

Crystallization of one these products, 63 (CCDC: 2084035), 

allowed us to establish the relative stereochemistry of the 

silanediol heterocycle.                                

                                               

    

 

 

 

 

 

 Hg(OTf)2 NaHCO3 Temp. Yielda 

1 1 equiv. None 0 °C 39% 

2 1 equiv. 1 equiv. 0 °C 48% 

3 1.5 equiv. 1.5 equiv. 0 °C 60% 

4 1.5 equiv. 1 equiv. 0 °C 70% 

5 1.5 equiv. 1 equiv. 10 °C 62% 

6 1.5 equiv. 0.75 equiv. 0 °C 60% 

7 1.5 equiv. 0.75 equiv. -20 °C 23% 

8 1.75 equiv. 1 equiv. 0 °C 80% 
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II. Mechanistic Studies  

 

We hypothesized that both diol and ketone 

organomercurial products were the result of a series of 

reactions, cascading in one-pot (Scheme 8A). Our previous work 

with the formation of 6-membered cyclic silanediol 

organomercurials13 and their ring opening using either 1M HCl 

in THF or NaBH4 in DMF2, 27 laid the foundation for our 

continued mechanistic investigations. We have previously 

established 6-membered organomercurial compounds such as 

65 are facilely opened in the presence of acid to form 

rearranged allylic silanol compounds such as 66. 

Diastereoselective, 5-exo-ring closure would form silanediol 67. 

Intramolecular attack by the pendant mercury species would 

form transient mercuronium 68; elimination would form silyl 

enol ether 69, which could collapse into ketone product 70. 

To explore the plausibility of this pathway, we synthesized 

several of our proposed intermediates and subjected them to 

reaction conditions which we imagine simulate what they 

encounter in the flask. Treating 71 with a mixture of Hg(OTf)2 

and CF3CO2H led to formation of 5-membered silanediol 61 and 

ketone 28 in a 2:1 ratio (Scheme 8B). When Hg(OTf)2 was 

omitted (Scheme 8C), allylic silanols 66 and 2 formed. When 5-

membered silanediol 61 was stirred in the presence of Hg(OTf)2 

and CF3CO2H, ketone product 28 formed (Scheme 8D). 

Collectively, these experiments established the competence of 

several of our proposed intermediates to form species 

downstream in the reaction cascade.  
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III. DFT Analysis 

 

Why does the 6-endo intermediate rearrange into the 5-exo 

product? We turned to computational studies using the ORCA 

DFT software package28, 29 to rationalize the observed 

preference for a rearranged 5-membered ring 73 versus the 

initially formed 6-membered ring 72. All calculations were 

performed using the B3LYP30, 31 functional with D3BJ dispersion 

correction32, 33 using the RIJCOSX approximation.34 The def2-

TZVP basis set35 was used, and implicit THF solvation was 

applied using the SMD model.36 The def2-ECP37 was applied 

automatically to mercury replacing 60 core electrons. Further 

details and atomic coordinates are reported in the Supporting 

Information. 

Prior computational studies by our group have shown that 

related mercuronium rearrangements on these substrates 

proceed with relatively low barriers (~10 kcal/mol) and are 

under thermodynamic control.2 Therefore, we sought to 

understand the selectivity in terms of the relative energies of 

organomercury ground states. Starting with organomercuric 

chlorides for computational ease, there was a small ΔG of 0.51 

kcal/mol favoring the 5-exo rearranged product 73 over the 

initial 6-endo intermediate 72 (Figure 1). However, for 

organomercuric triflates, ΔG grew to 1.94 kcal/mol, again 

favoring 73-OTf over 72-OTf. Note that the mercuric  

 

Figure 1: Relative DFT energies of 5-exo versus 6-endo mercuric 

chlorides and triflates. 

triflate is the more relevant reaction intermediate, whereas the 

inert mercuric chloride is only present after quenching the 

reaction with brine. From a ΔG of 1.94 kcal/mol, a Boltzmann 

population analysis (Equation 1) at 0 °C corresponds to a 97.2 : 

2.8 (or 34:1) ratio favoring 73. This agrees well with observed 

selectivity in which 72 is not seen at all, perhaps due to 

alternative decomposition pathways.   

Equation 1:  
𝐴

𝐵
= exp

𝐸(𝐴)−𝐸(𝐵)

𝑘𝑇
 

Interestingly, the calculated molecular dipole of the 

organomercuric chlorides was approximately 3.5 Debye, 

whereas that of the organomercuric triflates was about 7.5 

Debye. This speaks to a greater ionic character for the 

organomercuric triflate species, which no doubt contributes to 

its reactivity, and may be the underlying reason for the 

observed selectivity. We analyzed the molecular orbitals to 

better quantify this polar effect. In the extensively delocalized 

HOMO of each organomercurial triflate, hyperconjugation of 

one or both silanol oxygen lone pairs into the σ* of the C–Hg 

bond is observed (Figure 2). The HOMO of the 5-exo rearranged 

product 73-OTf is lower in energy than that of the 6-endo 

intermediate 72-OTf by 1.47 kcal/mol. It follows that the 

presence of an additional silanol oxygen lone pair has a 

destabilizing effect on the HOMO for the 6-endo intermediate, 

which may be the ultimate driving force for the observed 5-exo 

selectivity.  
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Figure 2: HOMO of 6-endo 72-OTf (left) and 5-exo 73-OTf (right). 

Isosurface contour value = 0.05.  

                                                 

Conclusion 
 
 In summary, we present the first examples of 

rearrangement reactions of allylic silanol substrates into linear 

ketone and 5-membered cyclic silanediol organomercurial 

products. Both reactions are mediated by Hg(OTf)2 but differ in 

the use of base, solvent, and temperature. The substrate scope 

of both transformations was explored and the product 

organomercurials were shown to be valuable synthons. 

Mechanistic studies suggest that both products are the result of 

a series of transformations, cascading in one pot. DFT analysis 

provides a basis for understanding the rearrangement of a 6-

endo intermediate into the 5-exo cyclic silanediol product. The 

recent flurry of activity in the area of allylic silanediol 

transformations promises several more exciting developments 

in the future. 
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