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Abstract 

-Heterosubstituted silyl derivatives, such as phenylthio-, phenylseleno- and benzotriazolyl-stannyl silanes, 

react with aldehydes under tetra-n-butylammonium fluoride (TBAF) catalysis, leading to -substituted--

hydroxy stannanes, able to behave as precursors of Z- and E-olefins, generated by deoxystannylation. This 

reactivity shows the capability of such heterosubstituted silanes to act as masked carbanions through a mild 

functionalization of the carbon-silicon bond.  
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Introduction 

 

The chemistry of organosilicon compounds has been studied over the years to search for new synthetic 

methodologies, able to develop chemical transformations under mild and selective conditions. In this context, 

their tolerance for various functional groups as well as their application as versatile intermediates in synthetic 

organic chemistry has been extensively demonstrated.1,2 In particular, the fluoride ion activation of a carbon-

silicon bond has been commonly used to generate nucleophilic species, under milder conditions with respect 

to methods based on different organometallic species, such as lithium derivatives. Thus, organosilanes can be 

used as alternative and efficient reagents compatible with functional groups labile under strong basic 

conditions.3,4 In this context, more versatile compounds containing both a silicon and a tin moiety on 

position of heteroatoms may represent interesting structures for different chemical transformations (Figure 

1). For instance, -thiosubstituted organosilicon and organotin compounds led to carbanions by 

transmetallation of the tin moiety with BuLi to afford ketones,5 or through deprotonation with LDA (lithium 

diisopropylamide) or KDA (potassium diisopropylamide) in the presence of hexamethylphosphoramide 

(HMPA) to afford vinyl stannanes via a Peterson olefination.6 -Phenylthio--hydroxystannanes, formed by 

addition of suitables anions (-phenylthio(triphenylstannyl)methyllithium or lithium benzenethiolate) with 

benzaldehyde or epoxides, behaved as intermediates to prepare thio-substituted olefins by deoxystannylation 

through a tin-Peterson reaction.7-10 Heteroatom compounds bearing silicon and tin on the same -carbon 

were subjected to selective electrochemical oxidation, using silicon and tin as electroauxiliaries,11 and then 

reacted with nucleophiles, showing the versatility of this kind of polyfunctionalized molecules.  

 

 

 

Figure 1 

 

Our long dated interest in the chemistry of silylated and sulfurated compounds led us to disclose a convenient 

methodology to transfer linear and heterocyclic -heterosubstituted silyl compounds onto different 

electrophiles.12 (Phenylthiomethyl)trimethylsilane13,14 and 2-silylated 1,3-(S,S), -(O,S) and -(N,S) five-membered 

heterocycles12,15 could be indeed efficiently functionalized with electrophiles under fluoride ion catalysis. 

Furthermore, also the seleno derivative (phenylselenomethyl)trimethylsilane was able to react under similar 

conditions.13   

Such concepts led us to undertake a systematic investigation on the functionalization on differently -

heterosubstituted compounds, such as (phenylthio)-, (phenylseleno)- and benzotriazolyl-stannyl silanes.  
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Results and Discussion 
 

To the best of our knowledge, no direct functionalization of a C-Si bond in the presence of a tin moiety has 

ever been reported. On the other hand, as described above, phenylthio(methyl)stannanes can be metalated 

and further reacted with aldehydes to afford the corresponding -hydroxy adducts.6,8,9 

Thus, due to the advantages of the fluoride induced reactivity of the C-Si bond, in terms of mildness and 

absence of toxic co-solvents like HMPA, we studied the possible selective functionalization of the silicon 

moiety of [(phenylthio)(stannyl)methyl]silanes 1a-c, bearing different stannylated groups. We initially 

performed the reaction of 1a with benzaldehyde in the presence of TBAF (tetra-n-butylammonium fluoride) (1 

eq.) at room temperature (Scheme 1). 

 

 
 

Scheme 1. Reactivity of stannyl-silanes 1a-c with benzaldehyde. 

 

The compound 1a reacted quite smoothly under these conditions leading to olefins 3a (cis:trans 1:2), together 

with the -hydroxy sulfide 4a and the phenylthio(methyl)stannane 5a, arising from protodesilylation (Scheme 

1). To assess the scope of this approach, various aromatic, heteroaromatic and -unsaturated aldehydes 

were reacted with 1a-c under the same conditions (Table 1, entries 1-9). In all cases a similar distribution of 

products was observed. Alkenes 3a-d were always obtained and the trans-isomer was the major compound 

recovered (cis/trans 1:2 or 1:3, see Table 1). The formation of (phenylthio)methylstannane 5 was also 

observed (ca. 20-30%, see Table 1). Interestingly, more hindered stannyl derivatives, such as 

[(phenylthio)(tributylstannyl)methyl]silane 1b and [(phenylthio)(triphenylstannyl)methyl]silane 1c, showed a 

similar behaviour when treated with different aldehydes under the same conditions (Table 1, entries 5-9). 

Although the reaction mixture seemed quite complicated, in our opinion such results were satisfactory, 

demonstrating the possibility to functionalize stannylsilanes 1 under mild conditions. The presence of olefins 3 

can be indeed attributed to deoxystannylation of -phenylthio--hydroxy stannane intermediates 2. In fact, 

olefins arise from stereospecific elimination of R3SnOH from adducts 2, which are obtained as mixture of threo 

and erythro stereoisomers. Although a syn- or anti-elimination can occur, under the above described basic 

conditions, and based on the previously reported results,8-10 olefins should be formed via a syn-elimination 

from the less hindered adduct threo-2, affording predominantly E-alkenes (Scheme 2). This reaction thus 

appears as a novel one-pot synthesis of alkenes via the tin-Peterson olefination.  
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Scheme 2. Formation of olefins 3 from -hydroxy stannanes 2 via syn elimination.  

 

In order to evaluate whether phenylthio--hydroxy stannanes 2a-c could be isolated, different reaction 

conditions were explored. Therefore, we sought to investigate the effect of the amount of TBAF and of the 

temperature. The tributylstannyl derivative 1b and PhCHO were chosen as model substrates and the reaction 

was initially carried out in the presence of 0.1 eq. of TBAF at ambient temperature. Under these conditions, 

the formation of the adduct 2e was evidenced for the first time as mixture of diastereoisomers, although 

olefins 3a and products 4 and 5 were observed in comparable amounts with respect to previous experiments 

(Table 1, entry 10).  

The reaction was then performed at lower temperature (0 °C) and the adduct 2e was recovered as major 

product (24%) (Table 1, entry 11), together with a minor amount of the olefins 3a (ca 10%).  

With the aim to verify whether a lower temperature could favour the formation of adducts 2, the reaction of 

the silylstannane 1b with PhCHO was carried out at -78 °C in the presence of a catalytic amount of TBAF (0.1 

eq). Under these conditions, we were pleased to observe the formation of the -hydroxystannane 2e as the 

major product (64%), while only trace amounts of the olefin 3a (<10%) and of 5b were evidenced (Table 1, 

entry 12). The compound 2e was formed as an almost equimolar mixture of diastereoisomers. It is worth 

noting that an increased amount of olefins 3a, whose formation is favoured by the acidity of the medium, was 

recovered after purification of the crude mixture on silica gel. The reaction was efficiently extended to 

cinnamaldehyde and thiophene-2-carbaldehyde, enabling the synthesis of the corresponding -hydroxy 

tributylstannanes 2f,g (Table 1, entries 13 and 14), together with minor amounts of olefins 3b,d and 

phenylthio(methyl)stannane 5b. In order to further expand the scope of this study, -silyl stannanes 1a and 

1c, bearing the trimethyl- and the triphenyl-stannyl moieties respectively, were reacted under the same 

conditions with benzaldehyde. The corresponding adducts 2a,h were achieved as predominant compounds 

(Table 1, entries 15 and 16), with minor amounts of olefins 3a. These results confirm that the temperature and 

the amount of TBAF play a key role in the distribution of the products.  

The so obtained results are in line with what reported by other authors on this kind of reactions. In fact, it has 

been observed8-10 that the formation of olefins from -phenylthio--hydroxystannes occurs under acid 

conditions or by heating. In our procedure, taking advantage of the C-Si functionalization, we may state that 

room temperature was sufficient to promote the deoxystannylation, thus leading directly to the 

alkenylsulfides 3. On the contrary, the reaction performed at low temperatures (0 °C or -78 °C) allowed the 

formation of adducts 2. 

The results obtained in these reactions prompted us to further investigate the generality and the potentialities 

of the present fluoride ion induced functionalization, and we turned our attention to more intriguing 

substrates such as -phenylseleno(tributylstannyl)-methyltrimethylsilane 6, conveniently synthesized from 

trimethyl-phenylselanylmethyl-silane and tributyltin chloride. Indeed, organoselenium derivatives represent a 

class of interesting and versatile compounds, finding a wide application both in organic synthesis16-19 and in 

biology.20-22 
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Table 1. Influence of the reaction conditions on the transfer of 1a-c onto aldehydes 

 
aYield refers to both diastereoisomers. b5-15% of corresponding alcohols 4 was 

detected. c20-30% of the corresponding desilylated derivatives 5 was detected. d5-15% 

of the corresponding desilylated derivatives 5 was detected. eca. 10% of the -SiMe3 

protected alcohol was isolated. fcis/trans ratio not determined. 

 

Organoselenides have been used as valuable synthetic intermediates, ligands, and catalysts. Furthermore, a 

growing number of selenium-containing small molecules has been recently demonstrated to possess an array 

of biological properties, including antioxidant,23-25 anticancer,26 and enzyme modulator activities.27-31 The 

development of novel routes towards organoselenium derivatives is, therefore, highly desirable.16,32 In this 
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scenario, we recently reported new synthetic procedures for the synthesis of selenium-containing 

functionalized small molecules under mild conditions.33-35 

However, despite the interest in the synthesis of organoselenium compounds, to the best of our knowledge, 

no reports are available on the -metalation of selenyl derivatives. In fact, treatment of selenides with an 

alkyllithium generally leads to an easy metal-lithium exchange, thus hampering the formation of carbanions, 

unless suitable substrates are used.36-39 

Preliminary results40 showed that the TBAF-promoted (0.1 eq.) reaction of the selanylated compound 6 with 

benzaldehyde at room temperature led to the formation of -phenylseleno--hydroxy stannyl derivative 7a, 

even if in rather low yields, together with the protodesilylated compound 10 as major product and phenyl-

vinyl selenide 8a, formed through deoxystannylation (Table 2, entry 1). Interestingly, also in the case of the 

selanylated alkenes, the trans isomer was always the major isomer (cis/trans 2:98), in a higher ratio with 

respect to vinyl sulfides. 

 

Table 2. Reaction of trimethyl(phenylselanyl(tributylstannyl)methyl)silane 6 with aldehydes 

 
 

Encouraged by these results, we moved to evaluate the effect of the temperature. Pleasingly, we found that 

when the silane 6 was treated with benzaldehyde at -78°C, the reaction proceeded smoothly affording -

phenylseleno--hydroxy stannanes 7a, as major product. The scope of this procedure was enlarged to include 

differently substituted aldehydes, enabling the formation of selenium-containing -hydroxy stannanes 7a-c, 

which were isolated in good yields as almost equimolar mixture of diastereoisomers (Table 2, entries 2-4), 

together with trace amounts of alcohols 9a-c and the selenide 10. Interestingly, after purification of the crude 

material on silica gel, olefins 8a-c and alcohols 9a-c were recovered as main products. On the contrary, 

purification on Florisil substantially reduced the deoxystannylation, enabling the isolation of the adducts 7a-c 

in good yields. 
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Scheme 3. Functionalization of benzotriazolyl-stannyl-silane 11 with aldehydes. Yields refer to isolated 

products. Destannylated alcohols 13a-c were detected in 5-10% yields. 

 

In order to further explore the scope of this methodology, we synthesized the benzotriazolyl(tributylstannyl)-

silylmethane 11 and evaluated its reactivity with aromatic and heteroaromatic aldehydes. Benzotriazolyl 

derivatives have been demonstrated valuable substrates in organic synthesis and have been widely applied as 

versatile intermediates.41,42 Pleasingly, the desired stannylated derivatives 12a-c were efficiently obtained in 

good yields through a selective fluoride-induced carbodesilylation reaction (Scheme 3). Amounts of desilylated 

(benzotriazolyl)stannylmethane 14 and alcohols 13a-c were recovered as well. Nevertheless, these findings 

highlight that also this heterosubstituted (stannyl)methylsilane is able to react as efficient nucleophile through 

a smooth functionalization of the carbon-silicon bond 

 

 

Conclusions 
 

The functionalization of a carbon-silicon bond under fluoride ion conditions affords the generation of -

heterosubstituted stannyl carbanionic species, able to act as nucleophiles toward different aldehydes leading 

to the corresponding -functionalized  -hydroxy stannanes or olefins, depending on the reaction conditions.  

These results showed that the C-Si bond could be efficiently and selectively functionalized in the presence of a 

stannyl moiety, as well as of other synthetically useful groups such as phenylthio-, phenylseleno-, and 

benzotriazolyl- derivatives. 

 

 

Experimental Section 
 

General. All reactions were carried out in an oven-dried glassware under inert atmosphere (N2). Solvents 

were dried using a solvent purification system (Pure-Solv™). Flash column chromatography purifications were 

performed with Silica gel 60 (230-400 mesh). Thin layer chromatography was performed with TLC plates Silica 

gel 60 F254, which was visualised under UV light, or by staining with an ethanolic acid solution of p-

anisaldehyde followed by heating. Mass spectra were determined by ionization potential (EI, 70 eV) and by 

ESI. 1H and 13C NMR spectra were recorded in CDCl3 using a Varian Gemini 200 spectrometers operating at 

200 MHz (for 1H) and 50 MHz (for 13C). NMR signals were referenced to nondeuterated residual solvent 

signals (7.26 ppm for 1H, 77.0 ppm for 13C). Chemical shifts () are given in parts per million (ppm), and 

coupling constants (J) are given in Hertz (Hz), rounded to the nearest 0.1 Hz. Multiplicity is reported as: s = 

singlet, d = doublet, t = triplet, ap d = apparent doublet, m = multiplet, dd = doublet of doublet, bs = broad 

singlet, bd = broad doublet. Compounds 1a-c were synthesized according to reported procedures.6 
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Synthesis of trimethyl-(phenylsulfanyl-trimethylstannanyl-methyl)-silane (1a). A solution of trimethyl-

phenylsulfanylmethyl-silane (300 mg, 310 μl, 1.53 mmol) in anhydrous THF (4 mL) at –78 °C was treated with 1 

mL of a 1.6 M solution of n-BuLi. The reaction was allowed to warm to 0 °C and stirred at this temperature for 

30 min. Then, a solution of trimethyltin chloride (310 mg, 1.56 mmol) in anhydrous THF (5 mL) was added. The 

solution was stirred for 4h at room temperature and then treated with 2 mL of a 1 M solution of NH4Cl. The 

mixture was extracted with diethyl ether and the organic layers dried over sodium sulfate and evaporated 

under vacuum to give 1a as a slightly yellow oil (540 mg, 1.5 mmol, 98%). 1H NMR (CDCl3, 200 MHz), δ (ppm): 

0.08 (s, 9H), 0.14 (s, 9H), 1.93 (s, 1H), 7.01-7.29 (m, 5H). 13C NMR (CDCl3, 50 MHz), δ (ppm): -7.5, -0.1, 13.2, 

124.8, 127.5, 128.4, 140.7. MS: m/z (%) = 360 (2), 195 (31), 167 (100), 135 (47), 74 (87), 74 (99). Elemental 

analysis: C13H24SSiSn Calcd. C, 43.47; H, 6.74. Found: C 43.71%, H 6.51%. 

Synthesis of trimethyl-(phenylsulfanyl-triphenylstannanyl-methyl)-silane (1c). A solution of trimethyl-

phenylsulfanylmethyl-silane (300 mg, 310 μl, 1.53 mmol) in anhydrous THF (4 mL) at –78 °C was treated with 

1 mL of a 1.6 M solution of n-BuLi. The reaction was allowed to warm to 0 °C and stirred at this temperature 

for 30 min. Then, a solution of triphenyltin chloride (590 mg, 1.53 mmol) in anhydrous THF (5 mL) was added. 

The solution was stirred for 4h at room temperature and then treated with 2 mL of a 1 M solution of NH4Cl. 

The mixture was extracted with diethyl ether and the organic layers dried over sodium sulfate and 

evaporated under vacuum. The crude material was purified by flash chromatography (petroleum ether/ethyl 

acetate 10:1) to give 1c as a viscous oil (493 mg, 0.90 mmol, 59%). 1H NMR (CDCl3, 200 MHz), δ (ppm): -0.06 

(s, 9H), 2.67 (s, 1H), 7.00-7.24 (m, 5H), 7.27-7.78 (m, 15H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 0.1, 15.9, 

125.1, 127.8, 128.4, 128.5, 128.9, 137.1, 138.8, 140.1. MS (ESI, positive): 569.2 [M+Na]+. Elemental analysis: 

C28H30SSiSn Calcd. C 61.66%, H 5.54%. Found: C 61.43%, H 5.66%. 

Synthesis of trimethyl-(phenylselanyl-tributylstannanyl-methyl)-silane (6). A solution of trimethyl-

phenylselanylmethyl-silane (236 mg 0.98 mmol) dissolved in anhydrous THF (2 mL) was added to 2 mL of a 

0.5M solution of LDA in THF cooled at –78°C. The reaction was allowed to warm to –40°C and then stirred for 

1 h at this temperature. Afterwards, tributyltin chloride (0.3 mL, 1.03 mmol) was added and the reaction was 

allowed to warm to room temperature and stirred for additional 4 h. The reaction mixture was then treated 

with 3 mL of 1 M NH4Cl solution and extracted with diethyl ether (2 x 10 mL). The organic layer was dried 

over sodium sulfate and concentrated under vacuum. The crude material was purified by flash 

chromatography (petroleum ether) to give 6 as a pale orange oil (162 mg, 0.30 mmol, 31%). 1H NMR (CDCl3, 

200 MHz), δ (ppm): 0.04 (s, 9H), 0.85-0.98 (m, 15H), 1.21-1.53 (m, 12H), 1.97 (s, 1H), 7.18-7.25 (m, 3H), 7.43-

7.48 (m, 2H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 0.4, 11.1, 13.6, 27.4, 29.2, 126.0, 128.7, 131.1, 134.6. MS: 

m/z (%) 475 (40), 178 (73), 135 (98), 121 (62), 73 (82), 59 (100). Elemental analysis: C22H42SeSiSn Calcd. C, 

49.64; H, 7.95. Found: C 49.39%, H 8.12%. 

Synthesis of 1-((tributylstannyl)(trimethylsilyl)methyl)-1H-benzo[d][1,2,3]triazole (11). n-BuLi (3.1 mL of a 

1.6 M solution) was added to a solution of 1-trimethylsilanylmethyl-1H-benzotriazole (1 g, 4.88 mmol) in 

anhydrous THF (8 mL) at –78°C. The reaction colour turned blue. The mixture was maintained under stirring 

for 1 h and the temperature was allowed to warm to 0 °C. Afterwards, the mixture was cannulated onto a 

solution of tributyltin chloride (1.4 mL, 5.17 mmol) in THF (4 mL) cooled at 0°C. The reaction was stirred at 

room temperature for 2h and then treated with 6 mL of 1 M NH4Cl solution. The mixture was extracted with 

diethyl ether (2 x 20 mL) and the organic layer was dried over sodium sulfate and concentrated under 

vacuum. The crude material was purified by flash chromatography (petroleum ether/ethyl acetate 8:1) to 

give 11 as an orange-yellow oil (1.86 g, 3.76 mmol, 77%). 1H NMR (CDCl3, 200 MHz), δ (ppm): 0.07, (s, 9H), 

.0.76-0.83 (m, 9H), 0.88-0.96 (m, 6H), 1.19-1.23 (m, 12H), 3.99 (s, 1H), 7.28-7.43 (m, 3H), 7.97-8.02 (m, 1H). 
13C NMR (CDCl3, 50 MHz), δ (ppm): -0.7, 11.4, 13.5, 27.2, 28.8, 37.4, 109.9, 119.8, 123.2, 126.0, 133.5, 145.5. 
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MS: m/z (%) 494 (1), 439 (19), 219 (37), 178 (78), 149 (31), 117 (32), 73 (100). Elemental analysis: 

C22H41N3SiSn Calcd. C, 53.45; H, 8.36; N, 9.95. Found: C 53.31%, H 8.49%, N 10.03. 

General procedure for the synthesis of -phenylthio--hydroxy stannanes (2) (GP1). A THF 1M solution of 

stannyl-silane 1 and aldehyde was introduced into a flame dried flask containing activated 4 A molecular 

sieves (300 mg). The mixture was cooled at –78 °C, treated with TBAF (0.15 eq. of a 1M THF solution) and 

maintained under stirring at this temperature for 1 h. The reaction was then allowed to warm to room 

temperature and stirred for additional 12 h. Afterwards, the mixture was filtered with diethyl ether through a 

short pad of SiO2 and the solvent was removed under vacuum. The crude material was purified by flash 

chromatography (petroleum ether/EtOAc 10:1) to afford the desired compounds 2. 

1-Phenyl-2-phenylsulfanyl-2-trimethylstannanyl-ethanol (2a). Following the general procedure GP1, silyl 

stannyl derivative 1a (53 mg, 0.15 mmol) and benzaldehyde (19 mg, 0.18 mmol) gave, after purification, 2a 

(colorless oil, 31 mg, 52%) as a mixture of diasteroisomers (3:1 d.r.). Diastereoisomer major: 1H NMR (CDCl3, 

200 MHz), δ (ppm): 0.02 (s, 9H), 3.05 (d, 1H, J 2.2 Hz), 3.37 (d, 1H, J 2.6 Hz), 4.99 (bs, 1H), 7.05-7.41 (10H, m). 
13C NMR (CDCl3, 50 MHz), δ (ppm): -8.1, 42.0, 73.1, 125.2, 126.6, 127.2, 128.3, 129.1, 129.8, 136.5, 142.5. 

Diastereoisomer minor: 1H NMR (CDCl3, 200 MHz), δ (ppm): -0.09 (s, 1H), 3.10 (d, 1H, J 9 Hz), 3.28 (d, 1H, J 2.6 

Hz), 4.91 (d, 1H, J 9 Hz, 2.6 Hz), 7.14-7.43 (m, 10H). 13C NMR (CDCl3, 50 MHz), δ (ppm): -8.7, 41.6, 76.7, 126.5, 

128.1, 128.5, 128.6, 128.8, 130.2, 142.3, 137.4. MS (ESI, positive): 394.8 [M+H]+. Elemental analysis: 

C17H22OSSn Calcd. C, 51.94; H, 5.64. Found: C 51.66%, H 5.78%. 

1-Phenyl-2-phenylsulfanyl-2-tributylstannanyl-ethanol (2e). Following the general procedure GP1, silyl 

stannyl derivative 1b (921 mg, 1.9 mmol) and benzaldehyde (242 mg, 2.3 mmol) gave, after purification 2e 

(pale yellow oil, 631 mg, 64%) as an equimolar mixture of diastereoisomers. Diastereoisomer A: 1H NMR 

(CDCl3, 200 MHz), δ (ppm): 0.55-0.96 (m, 15H), 1.14-1.44 (m, 12H), 3.14 (d, 1H, J 3.2 Hz), 3.23 (d, 1H, J 8.6 Hz), 

4.94 (dd, 1H, J 8.2 Hz, 3.4 Hz), 7.08-7.38 (m, 10H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 10.3, 13.7, 27.4, 29.0, 

40.6, 76.9, 126.0, 126.5, 127.9, 128.3, 128.7, 129.2, 138.5, 142.7. Diastereoisomer B: 1H NMR (CDCl3, 200 

MHz), δ (ppm): 0.67-0.99 (m, 15H), 1.15-1.47 (m, 12H), 3.10 (d, 1H, J 1.8 Hz), 3.42 (d, 1H, J 2.2 Hz), 4.98 (bs, 

1H), 7.23-7.39 (m, 8H), 7.45-7.50 (m, 2H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 10.8, 13.7, 27.4, 29.0, 41.7, 

73.4, 125.2, 126.5, 127.1, 128.2, 129.0, 129.8, 137.0, 142.7. MS (ESI, positive): 521.4 [M+H]+. Elemental 

analysis: C26H40OSSn Calcd. C, 60.13; H, 7.76. Found: C 60.27%, H 7.65%. 

(E)-4-Phenyl-1-(phenylthio)-1-(tributylstannyl)but-3-en-2-ol (2f). Following the general procedure GP1, silyl 

stannyl derivative 1b (104 mg, 0.20 mmol) and cinnamaldehyde (32 mg, 0.24 mmol) gave 2f (pale yellow oil, 

52 mg, 48%) as a mixture of diastereoisomers (3:2 d.r.). Diastereoisomer major: 1H NMR (CDCl3, 200 MHz), δ 

(ppm): 0.81-1.31 (m, 15H), 1.21-1.60 (m, 12H), 2.54 (d, 1H, J 5 Hz), 3.24 (d, 1H, J 5.4 Hz, coupling with 119Sn 

2JSn-H 50.8 Hz), 4.4-4.7 (m, 1H), 6.13 (dd, 1H, J 15.8 Hz, 7 Hz), 6.52 (d, 1H, J 15.8 Hz), 7.21-7.54 (10 H, m). 13C 

NMR (CDCl3, 50 MHz), δ (ppm): 10.6, 13.6, 27.4, 29.1, 38.0, 75.1, 126.0, 126.5, 127.5, 128.4, 128.9, 129.2, 

130.4, 131.5, 136.6, 139.1. Diastereoisomer minor: 1H NMR (CDCl3, 200 MHz), δ (ppm): 2.24 (d, 1H, J 2.6 Hz), 

3.26 (d, 1H, J 1.6 Hz), 4.57-4.62 (1H, m), 6.16 (dd, 1H, J 5.4 Hz, 16 Hz), 6.58 (dd, 1H, J 16 Hz, 1.2 Hz). MS (ESI, 

positive): 546.9 [M+H]+. Elemental analysis: C28H42OSSn Calcd. C, 61.66; H, 7.76. Found: C 61.41%, H 7.83%. 

2-Phenylsulfanyl-1-thiophen-2-yl-2-tributylstannanyl-ethanol (2g). Following the general procedure GP1, 

silyl stannyl derivative 1b (120 mg, 0.23 mmol) and thiophene-2-carbaldehyde (27 mg, 0.28 mmol) gave 2g 

(yellow oil, 64 mg, 53%). 1H NMR (CDCl3, 200 MHz), δ (ppm): 0.62-0.99 (m, 15H), 1.19-1.43 (m, 12H), 3.19 (d, 

1H, J 3.8 Hz), 3.26 (d, 1H, J 7.8 Hz), 5.22 (dd, 1H, J 7.8 Hz, 3.8 Hz), 6.86-6.90 (m, 1H), 6.93-6.96 (m, 1H), 7.14-

7.28 (m, 4H), 7.36-7.41 (m, 2H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 10.2, 13.7, 27.3, 29.1, 40.9, 72.8, 124.5, 

129.4, 126.2, 126.5, 128.8, 129.4, 138.4, 146.8. MS (ESI, positive): 548.6 [M+Na]+. Elemental analysis: 

C24H38OS2Sn Calcd. C, 54.87; H, 7.29. Found: C 54.65%, H 7.40%. 
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1-Phenyl-2-phenylsulfanyl-2-triphenylstannanyl-ethanol (2h). Following the general procedure GP1, silyl 

stannyl derivative 1c (76 mg, 0.14 mmol) and benzaldehyde (18 mg, 1.17 mmol) gave, after purification, 2h 

(yellow oil, 41 mg, 51%) as an equimolar mixture of diastereoisomers. Diastereoisomer A: 1H NMR (CDCl3, 200 

MHz), δ (ppm): 3.02 (d, 1H, J 2.8 Hz), 4.00 (d, 1H, J 3.2 Hz), 5.13 (bs, 1H), 6.95-7.7 (m, 25H). 13C NMR (CDCl3, 

50 MHz), δ (ppm): 44.4, 74.7, 126.0, 126.5, 127.6, 128.0, 128.4, 128.5, 128.8, 129.0, 129.9, 137.2, 138.0, 

142.1. Diastereoisomer B: 1H NMR (CDCl3, 200 MHz), δ (ppm): 3.02 (d, 1H, J 5.2 Hz), 3.94 (d, 1H, J 4.8 Hz), 

5.16-5.21 (m, 1H), 6.95-7.7 (m, 25H). MS (ESI, positive): 602.5 [M+Na]+. Elemental analysis: C32H28OSSn Calcd. 

C, 66.34; H, 4.87. Found: C 66.21%, H 4.96%. 

General procedure for the synthesis of olefins (3) (GP2). A THF 1M solution of silane 1 (1.0 eq.) and aldehyde 

(1.2 eq.) was introduced into a flame dried flask containing activated 4 A molecular sieves (300 mg) and then 

treated with TBAF (1.0 eq. of a 1M THF solution). The reaction mixture was stirred at room temperature for 

additional 12 h and then filtered with diethyl ether through a short pad of SiO2. The solvent was removed 

under vacuum and the crude material was purified by flash chromatography (petroleum ether/EtOAc 10:1) to 

afford olefins 3. See Table 1 for isolated yields and d.r. of each product. 

Phenyl(styryl)sulfane (3a). Colourless oil. 1H NMR (CDCl3, 200 MHz), δ (ppm): 6.47 (1H, d, J 10.6 Hz, Z isomer, 

minor), 6.57 (1H, d, J 10.6 Hz, Z isomer, minor), 6.69 (1H, d, J 15.8 Hz, E isomer, major), 6.87 (1H, d, J 15.8 Hz, 

E isomer, major), 7.20-7.38 (20 H, m). Equimolar mixture of diastereoisomers. 

(2-Methylstyryl)(phenyl)sulfane (3c). Yellow oil. 1H NMR (CDCl3, 200 MHz), δ (ppm): 2.33 (6H, s), 6.54 (1H, d, 

J 10.4 Hz, Z isomer, minor), 6.70 (1H, d, J 10.4 Hz, Z isomer, minor), 6.76 (1H, d, J 15.0 Hz, E isomer, major), 

6.98 (1H, d, J 15.0 Hz, E isomer, major), 7.14-7.58 (18H, m). Equimolar mixture of diastereoisomers. 

Spectroscopic data matched those reported in the literature.43,44 

2-(2-(Phenylthio)vinyl)thiophene (3d). Pale brown oil. 1H NMR (CDCl3, 200 MHz), δ (ppm): 6.40 (1H, d, J 10.8 

Hz), 6.70 (1H, d, J 15.0 Hz), 6.84 (1H, d, J 10.8 Hz), 6.86 (1H, d, J 15.0 Hz), 6.91-7.52 (16H, m). Equimolar 

mixture of diastereoisomers. 

1-Phenyl-2-(phenylthio)ethan-1-ol (4a). Pale yellow oil. 1H NMR (CDCl3, 200 MHz), δ (ppm): 2.88 (1H, bs), 

3.04 (1H, dd, J 9.5, 13.6 Hz), 3.25 (1H, dd, J 3.6, 13.6 Hz), 4.59-4.72 (1H, m), 7.14-7.18 (1H, m), 7.17-7.40 (7H, 

m). Spectroscopic data matched those previously reported in the literature.45 

(E)-4-Phenyl-1-(phenylthio)but-3-en-2-ol (4b). Yellow oil.  1H NMR (CDCl3, 200 MHz), δ (ppm): 2.58 (1H, bs, 

OH), 3.04 (1H, dd, J 8.4, 13.8 Hz), 3.26 (1H, dd, J 4.0, 13.8 Hz), 4.32-4.46 (1H, m), 6.20 (1H, dd, J 6.2, 15.8 Hz), 

6.64 (1H, dd, J 1.0, 15.8 Hz), 7.18-7.49 (10H, m). 

2-(Phenylthio)-1-(thiophen-2-yl)ethan-1-ol (4d). Orange-yellow oil.  1H NMR (CDCl3, 200 MHz), δ (ppm): 3.0 

(1H, bs), 3.23 (1H, dd, J 8.8, 13.8 Hz), 3.42 (1H, dd, J 4.2, 13.8 Hz), 5.00 (1H, dd, J 4.2, 8.8 Hz), 6.90-7.08 (2H, 

m), 7.18-7.47 (6H, m). 

General procedure for the synthesis of -phenylseleno--hydroxy stannanes (7) (GP3). A THF 1M solution 

of stannyl-silane 6 and aldehyde was introduced into a flame dried flask containing activated 4 A molecular 

sieves (300 mg). The mixture was cooled at –78 °C, treated with TBAF (0.15 eq. of a 1M THF solution) and 

maintained under stirring at this temperature for 1 h. The reaction was then allowed to warm to room 

temperature and stirred for additional 12 h. Afterwards, the mixture was filtered with diethyl ether through a 

short pad of Florisil and the solvent was removed under vacuum. The crude material was purified by flash 

chromatography using Florisil as solid phase and petroleum ether/EtOAc 10:1 as eluent to afford α-

phenylseleno-β-hydroxy stannanes 7. 

1-Phenyl-2-phenylselanyl-2-tributylstannanyl-ethanol (7a). Following the general procedure GP3, silyl 

stannyl derivative 6 (245 mg, 0.46 mmol) and benzaldehyde (48 mg, 0.55 mmol) gave, after purification, 7a  

as an orange-yellow oil (164 mg, 63%) as a mixture of diastereoisomers (3:2 d.r.). Diastereoisomer major: 1H 
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NMR (CDCl3, 200 MHz), δ (ppm): 0.65-0.73 (m, 6H), 0.82-0.89 (m, 9H), 1.14-1.44 (m, 12H), 3.18 (d, 1H, J 8.6 

Hz, coupling with 119Sn 2JSn-H 38.0 Hz), 3.30 (d, 1H, J 2.8 Hz), 4.94 (dd, 1H, J 8.6 Hz, 2.8 Hz), 7.18-7.36 (8H, m), 

7.47-7.59 (2H, m). 13C NMR (CDCl3, 50 MHz), δ (ppm): 10.3, 13.6, 27.3, 29.0, 38.1, 76.6, 126.5, 127.0, 127.9, 

128.4, 128.9, 131.8, 132.8, 142.8. Diastereoisomer minor: 1H NMR (CDCl3, 200 MHz), δ (ppm): 0.71-0.89 (m, 

15H), 1.14-1.45 (m, 12H), 3.06 (bs, 1H), 3.44 (d, 1H, J 2.8 Hz, coupling with 119Sn 2JSn-H 44.2 Hz), 4.99 (d, 1H, J 

2.8 Hz), 7.20-7.35 (m, 8H), 7.56-7.61 (m, 2H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 10.8, 13.7, 14.0, 27.3, 29.0, 

38.4, 74.4, 125.3, 127.1, 128.2, 129.2, 131.0, 133.0, 142.9. MS: m/z (%) 260 (35), 179 (79), 165 (24), 102 (85), 

91 (26), 77 (100), 51 (51). Elemental analysis: C26H40OSeSn Calcd. C, 55.15; H, 7.12. Found: C 54.92%, H 7.24%. 

2-Phenylselanyl-1-thiophen-2-yl-2-tributylstannanyl-ethanol (7b). Following the general procedure GP3, silyl 

stannyl derivative 6 (100 mg, 0.19 mmol) and thiophene-2-carbaldehyde (23 mg, 0.23 mmol) afforded, after 

purification, 7b as a pale brown oil (62 mg, 57%) as a mixture of diastereoisomers (5:2 d.r.). Diastereoisomer 

major: 1H NMR (CDCl3, 200 MHz), δ (ppm): 0.60-0.96 (m, 15H), 1.17-1.48 (m, 12H), 3.22 (d, 1H, J 8.4 Hz, 

coupling with 119Sn 2JSn-H 49.8 Hz), 3.35 (d, 1H, J 3.6 Hz), 5.22 (dd, 1H, J 8.4 Hz, 3.6 Hz, , coupling with 119Sn 3JSn-

H 29.0 Hz), 6.85-6.93 (m, 2H), 7.17-7.26 (m, 4H), 7.48-7.54 (m, 2H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 10.3, 

13.7, 27.4, 29.1, 38.3, 72.6, 124.4, 124.7, 126.5, 127.1, 129.0, 131.8, 132.9, 147.1. Diastereoisomer minor: 1H 

NMR (CDCl3, 200 MHz), δ (ppm): 0.78-1.01 (m, 15H), 1.17-1.50 (m, 12H), 3.11 (d, 1H, J 3.0 Hz), 3.49 (d, 1H, J 

2.8 Hz), 5.21 (bs, 1H), 6.87-6.97 (m, 2H), 7.15-7.35 (m, 4H), 7.51-7.57 (m, 2H). 13C NMR (CDCl3, 50 MHz), δ 

(ppm): 10.7, 13.6, 27.3, 29.0, 37.6, 72.5, 122.9, 124.1, 126.7, 127.2, 129.0, 131.0, 132.5, 147.5. MS: m/z (%)   

536 (3), 480 (6), 266 (74), 185 (100). Elemental analysis: C24H38OSSeSn Calcd. C, 50.37; H, 6.69. Found: C 

50.11%, H 6.77%. 

(E)-4-Phenyl-1-(phenylselanyl)-1-(tributylstannyl)but-3-en-2-ol (7c). Following the general procedure GP3, 

silyl stannyl derivative 6 (100 mg, 0.19 mmol) and cinnamaldehyde (25 mg, 0.23 mmol) afforded, after 

purification, 7c as a yellow oil (65 mg, 58%) as an equimolar mixture of diastereoisomers. Diastereoisomer A: 
1H NMR (CDCl3, 200 MHz), δ (ppm): 0.83-0.91 (m, 9H), 0.93-1.01 (m, 6H), 1.20-1.55 (m, 12H), 2.67 (d, 1H, J 5.4 

Hz), 3.18 (d, 1H, J 5.8 Hz, coupling with 119Sn 2JSn-H 45.1 Hz), 4.47-4.63 (m, 1H), 6.12 (dd, 1H, J 15.8 Hz, 6.6 Hz), 

6.52 (d, 1H, J 15.8 Hz), 7.12-7.31 (m, 8H), 7.52-7.57 (m, 2H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 10.7, 13.7, 

27.4, 29.2, 35.6, 75.0, 126.4, 126.9, 127.5, 128.3, 129.0, 130.5, 131.8, 132.5, 132.6, 136.5. Diastereoisomer B: 
1H NMR (CDCl3, 200 MHz), δ (ppm): 0.83-0.90 (m, 9H), 0.93-1.05 (m, 6H), 1.20-1.54 (m, 12H), 2.72 (d, 1H, J 3.2 

Hz), 3.26 (d, 1H, J 2.8 Hz), 4.56-4.66 (m, 1H), 6.15 (dd, 1H, J 15.8 Hz, 5.6 Hz), 6.56 (dd, 1H, J 15,8 Hz, 1.6 Hz), 

7.25-7.34 (m, 8H), 7.51-7.59 (m, 2H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 11.04, 13.6, 27.4, 29.1, 36.0, 74.4, 

126.4, 127.1, 127.6, 128.5, 129.1, 130.3, 131.0, 132.7,132.8, 136.6. MS: m/z (%) 389 (2), 286 (53), 205 (84), 

177 (18), 128 (100), 76 (38). Elemental analysis: C28H42OSeSn Calcd. C, 56.78; H, 7.15. Found: C 56.95%, H 

7.07%. 

(E)-Phenyl(styryl)selane (8a). Viscous pale orange oil. 1H NMR (CDCl3, 200 MHz), δ (ppm): 6.86 (1H, d, J 15.6 

Hz), 7.18 (1H, d, J 15.6 Hz), 7.20-7.33 (8H, m), 7.52-7.58 (2H, m). E isomer (d.r. > 98:2). Spectroscopic data 

matched those reported in the literature.46 

1-Phenyl-2-(phenylselanyl)ethan-1-ol (9a). Viscous pale brown oil. 1H NMR (CDCl3, 200 MHz), δ (ppm): 2.80 

(1H, bs, OH), 3.12 (1H, dd, J 7.5, 12.3 Hz,), 3.28 (1H, dd, J 3.5, 12.3 Hz), 4.75 (1H, dd, J 3.5, 7.5 Hz), 7.25-7.28 

(5H, m). Spectroscopic data matched those reported in the literature.47 

General procedure for the synthesis of -benzotriazolyl--hydroxy stannanes (12) (GP4). A THF 1M solution 

of stannyl-silane 11 and aldehyde was introduced into a flame dried flask containing activated 4 A molecular 

sieves (300 mg). The mixture was cooled at –78 °C, treated with TBAF (0.15 eq. of a 1M THF solution) and 

maintained under stirring at this temperature for 1 h. The reaction was then allowed to warm to room 

temperature and stirred for additional 12 h. Afterwards, the mixture was filtered with diethyl ether through a 
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short pad of SiO2 and the solvent was removed under vacuum. The crude material was purified by flash 

chromatography (petroleum ether/EtOAc 10:1) to afford the desired compounds 12. 

2-Benzotriazol-1-yl-1-phenyl-2-tributylstannanyl-ethanol (12a). Following the general procedure GP4, silyl 

stannyl derivative 11 (263 mg 0.53 mmol) and benzaldehyde (68 mg, 0.64 mmol) afforded, after purification, 

12a as a slighthly yellowish oil (190 mg, 68%) as a mixture of diastereoisomers (5:2 d.r.), together with a 

minor amount (ca. 10%) of the corresponding trimethylsilyl ethers 15. Diastereoisomer major: 1H NMR (CDCl3, 

200 MHz), δ (ppm): 0.74-0.88 (m, 15H), 1.07-1.39 (m, 12H), 3.02 (bd, 1H, J 4.8 Hz), 4.71 (d, 1H, J 5.8 Hz, 

coupling with 119Sn: 2JSn-H 38 Hz), 5.38 (dd, 1H, J 5.8 Hz, 2.2 Hz, coupling with 119Sn: 3JSn-H 8 Hz), 7.13-7.44 (m, 

8H), 7.97-8.01 (m, 1H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 11.4, 13.5, 27.2, 28.8, 57.4, 77.0, 109.6, 119.8, 

123.6, 125.5, 126.8, 128.0, 128.5, 133.3, 142.0, 145.6. Diastereoisomer minor: 1H NMR (CDCl3, 200 MHz), δ 

(ppm): 0.69-0.95 (m, 15H), 1.05-1.43 (m, 12H), 3.04 (bs, 1H), 4.71 (d, 1H, J 8.2 Hz, coupling with 119Sn: 2JSn-H 37 

Hz), 5.34 (dd, 1H, J 8.2 Hz, 4.8 Hz, coupling with 119Sn: 3JSn-H 37 Hz), 7.21-7.46 (m, 8H), 7.85-7.90 (m, 1H). MS 

(ESI, positive): 552.0 [M+Na]+. Elemental analysis: C26H39N3OSn Calcd. C, 59.11; H, 7.44; N, 7.95. Found: C 

58.93%, H 7.60%, N 8.07. Silyl ether 15 (diastereoisomer A): 1H NMR (CDCl3, 50 MHz), δ (ppm): -0.54 (s, 9H), 

0.45-0.70 (m, 6H), 0.70-0.82 (m, 9H), 1.00-1.4 (m, 12H), 4.59 (d, 1H, J 10.2 Hz, coupling with 119Sn: 2JSn-H 40 

Hz), 5.12 (d, 1H, J 10.2 Hz, coupling with 119Sn: 3JSn-H 8 Hz), 7.27-7.49 (m, 8H), 7.98-8.02 (m, 1H). Silyl ether 15 

(diastereoisomer B): 1H NMR δ: -0.18 (s, 9H), 0.7-1.0 (m, 15H), 1.1-1.45 (m, 12H), 4.67 (d, 1H, J 6.6 Hz, 

coupling with 119Sn: 2JSn-H 40 Hz), 5.24 (d, 1H, J 6.6 Hz, coupling with 119Sn: 3JSn-H 38 Hz), 7.07-7.31 (m, 8H), 

7.91-7.99 (m, 1H). 13C NMR (CDCl3, 50 MHz), δ (ppm): -0.1, 11.5, 13.6, 26.8, 28.8, 58.1, 109.8, 119.7, 123.2, 

126.0, 126.3, 127.7, 128.3, 133.6, 142.9, 145.8. MS (ESI, positive): 601.8 [M+H]+.  

2-Benzotriazol-1-yl-1-o-tolyl-2-tributylstannanyl-ethanol (12b). Following the general procedure GP4, silyl 

stannyl derivative 11 (140 mg, 0.28 mmol) and 2-methyl-benzaldehyde (41 mg, 0.34 mmol) afforded 12b as 

as a yellow oil (108 mg, 71%) as an equimolar mixture of diastereoisomers. Diastereoisomer A: 1H NMR 

(CDCl3, 200 MHz), δ (ppm): 0.7-0.95 (m, 15H), 1.1-1.5 (m, 12H), 2.01 (s, 3H), 2.95 (d, 1H, J 1.8 Hz), 4.74 (d, 1H, 

J 5.6 Hz, coupling with 119Sn: 2JSn-H 39 Hz), 5.48 (dd, 1H, J 5.6 Hz, 1.8 Hz, coupling with 119Sn 3JSn-H 41 Hz), 6.65-

6.98 (m, 1H), 7.07-7.32 (m, 5H), 7.67-7.72 (m, 1H), 7.96-8.01 (m, 1H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 11.6, 

13.5, 18.7, 27.2, 28.8, 56.2, 73.9, 109.5, 119.8, 123.6, 125.5, 126.6, 126.8, 127.8, 130.5, 133.2, 134.4, 140.4, 

145.6. Diastereoisomer B: 1H NMR (CDCl3, 200 MHz), δ (ppm): 0.7-0.95 (m, 15H), 1.1-1.5 (m,12H), 2.52 (s, 3H), 

2.98 (d, 1H, J 6.2 Hz), 4.83 (d, 1H, J 6.6 Hz, coupling with 119Sn 2JSn-H 39 Hz), 5.50-5.60 (m, 1H, coupling with 
119Sn 3JSn-H 8 Hz), 6.87-6.89 (m, 2H), 6.99-7.31 (m, 5H), 7.87-7.92 (m, 1H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 

11.1, 13.5, 27.2, 28.8, 53.9, 74.1, 109.8, 119.5, 123.5, 125.8, 126.1, 126.7, 127.8, 130.9, 134.2, 134.5, 139.2, 

145.3. MS (ESI, positive): 544.5 [M+H]+. Elemental analysis: C27H41N3OSn Calcd. C, 59.79; H, 7.62; N, 7.75. 

Found: C 59.90%, H 7.56%, N 7.66. 

2-Benzotriazol-1-yl-1-thiophen-2-yl-2-tributylstannanyl-ethanol (12c). Following the general procedure GP4, 

silyl stannyl derivative 11 (121 mg, 0.25 mmol) and thiophene-2-carbaldehyde (29 mg, 0.29 mmol) gave, after 

purification, 12c as an orange oil (97 mg, 73%) as an equimolar mixture of diastereoisomers. Diastereoisomer 

A: 1H NMR (CDCl3, 200 MHz), δ (ppm): 0.74-0.81 (m, 9H), 0.88-0.95 (m, 6H), 1.07-1.45 (m, 12H), 3.06 (d, 1H, J 

6 Hz), 4.73 (d, 1H, J 8.8 Hz), 5.73 (dd, 1H, J 8.8 Hz, 6 Hz), 6.93-6.97 (m, 1H), 7.02-7.04 (m, 1H), 7.18-7.26 (m, 

2H), 7.37-7.45 (m, 1H), 7.55-7.59 (m, 1H), 7.71-7.75 (m, 1H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 10.7, 13.5, 

27.2, 28.7, 56.5, 73.3, 110.3, 119.3, 123.7, 124.7, 125.2, 126.7, 126.8,134.4, 145.1, 145.2. Diastereoisomer B: 
1H NMR (CDCl3, 200 MHz), δ (ppm): 0.75-0.82 (m, 9H), 0.84-0.92 (m, 6H), 1.09-1.43 (m, 12H), 3.41 (bs, 1H), 

4.75 (d, 1H, J 6 Hz), 5.61 (ddd, 1H, J 1 Hz, 2.6 Hz, 6 Hz), 6.68-6.71 (m, 1H), 6.78-6.83 (m, 1H), 7.17-7.20 (m, 

1H), 7.24-7.40 (m, 3H), 7.94-7.99 (m, 1H). 13C NMR (CDCl3, 50 MHz), δ (ppm): 11.3, 13.5, 27.2, 28.8, 57.5, 
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73.7, 109.6, 119.7, 123.7, 124.0, 124.7, 126.8, 133.4, 145.4, 146.1. MS (ESI, positive): 536.3 [M+H]+. Elemental 

analysis: C24H37N3OSSn Calcd. C, 53.95; H, 6.98; N, 7.86. Found: C 53.71%, H 7.14%, N 8.03. 

2-(1H-Benzo[d][1,2,3]triazol-1-yl)-1-phenylethan-1-ol (13a). Yellow oil. 1H NMR (CDCl3, 200 MHz), δ (ppm): 

3.20 (1H, bs), 4.74 (1H, dd, J 8.0, 14.2 Hz), 4.84 (1H, dd, J 4.0, 14.2 Hz), 5.38 (1H, dd, J 4.0, 8.0 Hz), 7.30-7.51 

(8H, m), 7.94 (1H, ap d, J 8.4 Hz). Spectroscopic data matched those reported in the literature.48 

2-(1H-Benzo[d][1,2,3]triazol-1-yl)-1-(o-tolyl)ethan-1-ol (13b). Yellow oil.  1H NMR (CDCl3, 200 MHz), δ (ppm): 

2.38 (3H, s), 3.80 (1H, bs), 4.65 (1H, dd, J 8.6, 13.8 Hz), 4.74 (1H, dd, J 3.0, 13.8 Hz), 5.55-5.61 (1H, m), 7.14-

7.30 (m, 4H, m), 7.42 (1H, t, J 7.4 Hz), 7.51 (1H, d, J 8.4 Hz), 7.63 (1H, d, J 6.8 Hz), 7.78 (1H, d, J 8.4Hz). 

Spectroscopic data matched those reported in the literature.49 
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