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Desulfurization of Thioketals into Methylene and Methyl 

Derivatives: Nickel or not Nickel? 

Guangkuan Zhao,[a] Ling-Zhi Yuan,[a] Mouad Alami,[a] and Olivier Provot*[a] 

Abstract: In this review, the desulfurization of thioacetals and 

thioketals leading to methyl and methylene derivatives is 

summarized through metal and metal-free methodologies. In the 

section concerning the use of metals for desulfurization reactions, 

we will be successively presenting and discussing all methods 

requiring Ni and Ni derivatives as reducing agents and other 

examples in which metals were used to generate solvating 

electrons as reducing species. The following section will concern 

the use of other desulfurizing agents as metal-hydrides (Bu3SnH, 

Et3SiH) and metal-free desulfurization reactions of thioketals. The 

functional group tolerance of the presented methods with 

functionalized and sensitive substrates will be discussed. 
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1. Introduction 

Desulfurization of dithioacetal, thiolane and dithiane function 

into a methyl or methylene group is an important chemical 

transformation, which can be applied almost under neutral 

conditions. The desulfurizing process of thioacetal derivatives 

is often preferable to Clemmensen or Wolff-Kischner 

reductions of carbonyl compounds, particularly in the case of 

acidic or basic sensitive substrates. The Ni-promoted 

desulfurization transformation[1a] of thioketals, known as 

“Mozingo reaction”, was firstly described in 1944 by Wolfrom 

and Karabinos, which used Raney-nickel to reduce a 

thioacetal function into a methylene group (Scheme 1).[1b] 

 

Scheme 1. First thioacetals hydrogenolysis by Raney-Ni. 

In the present review, a compilation of the existing methods 

reported to achieve this transformation from various 

thioacetals of aldehyde and ketone derivatives will be 

highlighted. In the section 2 of this review, we will also 

present in a non-exhaustive manner, some selected 

examples using metals as reducing agents in which Raney-

Ni[2] and Ni-derivatives predominate beside other Raney-Ni of 

special activity (W1 to W8). The use of solvated electrons 

generated by other metals to perform these desulfurization 

reactions will be discussed afterwards. Section 3 will deal with 

desulfurization reactions performed in the presence of metal 

hydrides and the use of non-metallic processes will be 

explored. 

[a] BioCIS, Univ. Paris-Sud, CNRS, Université Paris-Saclay, 92290, 

Châtenay-Malabry, France. 
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2. Desulfurization of thioacetals using 
metals 

2.1. Raney-Ni 

From all the methods of thioacetals desulfurization, the use of 

Raney-Ni is by far the most used method since the pioneer 

work of Wolfrom and Karabinos.[1b] This is probably due to the 

easy access to this catalyst and to the fact that Raney-Ni 

tolerates a large number of functional groups.[2] The 

preparation of Raney-Ni[3] has been largely reported by 

Raney[4] and others,[5] who mixed finely powdered Nickel- 

Aluminum alloy in a hot alkali solution. One can note that 

during this process, a large quantity of molecular hydrogen 

(H2) was produced with considerable amounts of H2 remained 

on the metal. For this reason, a large number of 

desulfurization reactions were achieved without the need of 

an external source of H2. However, side-reactions such as 

debenzylation,[6] carbon-carbon double bond reduction,[7] 

hydrogenolysis of a carbon-halogen bonds[8] and 

deoxygenation of an epoxide[9] sometimes occurred, greatly 

lowering the yield of the process. In Scheme 2, we have 

selected some recent representative examples using Raney-

Ni to desulfurize poly-functionalized molecules in total or 

complex syntheses.[9,10] 

It was noted that, alcohols like MeOH and EtOH are the 

solvents of choice in the great majority of these reducing 

transformations. A great functional group tolerance was 

observed in the selected examples requiring Raney-Ni among 

which heterocycles, ketones, quinones, alcohols, OTIPS, OBn, 

NTs, esters, lactones and multiple bonds remained 

unchanged. It should be added that in some cases, the use of 

additional H2 source is needed (e.g., reduction of compounds 

3, 5 and 11). 

 

Scheme 2. Application of desulfurization reactions by Raney-Ni in total 

syntheses
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2.2. Other Nickel derivatives 

Even if Raney-Ni are efficient reagents in desulfurization 

reactions and very often compatible with functional groups, 

some experiments failed to give the expected products. 

Otherwise, the desulfurization properties of Raney nickels 

were attributed to the large excess of H2 finely adsorbed on 

the catalyst’s surface during its preparation,[5a, 11] which can 

be deleterious with sensitive functionalized molecules. 

Moreover, Raney-Ni is highly pyrophoric and difficult to 

handle and it is also difficult to exactly determine the amount 

of nickel used for these transformations. To overcome these 

difficulties, a variety of non-pyrophoric nickel-containing 

reducing agents (NiCRAs) were prepared and used for the 

desulfurization of thioacetals and thioketals. 

2.2.1. NiCRAs from Ni(OAc)2, NaH and t-amylalcohol 

In the 1980s, Caubère and co-workers developed easy to 

handle and to weigh nickel complexes from the reaction of 

NaH, t-amylalcohol and Ni(OAc)2 with or without ligands. The 

NiCRAs (Ni-containing reducing agents) were able to reduce 

a wide variety of functions,[12] and were also used as catalysts 

for coupling reactions.[13] These NiCRAs complexes were also 

efficiently used to desulfurize a wide variety of sulfur-

containing substrates including thioacetals[14] because these 

nickel reagents possessed a high single electron transfer 

(SET) ability.[15] Some representative examples are depicted 

in Scheme 3. 

 

Scheme 3. Reagent and conditions: 
a
NiCRA was prepared with t-AmOH 

(20 mmol) in THF, NaH (70 mmol) and Ni(OAc)2 (10 mmol). Reaction 

performed on 1 mmol scale with NiCRA in THF at 65°C with a ratio Ni/S = 

30.
 b

NiCRA-bpy was prepared with t-AmOH (20 mmol) in DME, NaH (60 

mmol), Ni(OAc)2 (10 mmol) and 2,2’-bipyridine (20 mmol).
14 

NiCRA, prepared from Ni(OAc)2, NaH and t-AmOH in THF 

totally desulfurized the thioacetals shown in Scheme 3 with 

excellent yields (GC). Caubère also demonstrated that a 

weaker reducing complex (e.g., NiCRA-bpy),[15] prepared by 

adding 2,2’-bi-pyridine to NiCRA, was able to open only one 

of the two C-S bonds by a half-desulfurization process, which 

was not easy to control with other Ni complexes.[14a] It should 

be noted that t-AmOH can be replaced by N-methyl-3-

hydroxypiperidine to obtain the reduced compounds from 

thioacetals with no loss in yields.[14c] Moreover, in this study, 

the authors demonstrated that NiCRA totally desulfurized 3,3-

ethylene dithiocholestane (99%) whereas, this reaction gave 

a mixture of compounds with Ni2B (prepared from Ni(II) salts 

and NaBH4, see the next section).[16] In our opinion, the main 

problem associated with NiCRAs is their use in large excess 

for desulfurization reactions (atom ratio Ni/S = 5 to 30). 

2.2.2. “Ni2B” from NiCl2 and NaBH4 

Ni2B is a weak reducing agent prepared from the reduction of 

NiCl2 by NaBH4 to give an easy to handle black non-

pyrophoric precipitate. However, Ni2B can also be used 

directly in the reaction flask from NiCl2 and NaBH4 in the 

presence of the sulfur compounds without prior preparation. 

The advantages of Ni2B compared to Raney-Ni are easy 

handling, the possible determination of the Ni amount used, 

and lower reactivity. Some representative examples are 

depicted in Scheme 4. 

 

Scheme 4. Reagent and conditions: 
a
thioacetal (1 equiv), NiCl2-6H2O (5 to 

10 equiv), NaBH4 (10 to 30 mmol) in MeOH-THF, 0 °C to rt. 
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1,2-Thiolanes,[17a] 1,3-dithianes[17b] and bis-

phenylsulfanes[17b] were rapidly desulfurized by the in situ 

prepared Ni2B. Reactions occurred at room temperature in 

few hours, using a very simple workup to provide methyl and 

methylene derivatives in good to excellent yields. As 

observed with NiCRAs, the quantities of Ni2B are important 

(atom Ni/atom S from 5 to 10). Some functional groups (e.g., 

halogen, OMe, ester or lactam) were well tolerated under the 

reaction conditions. One can note that, due to the low 

reactivity of Ni2B, the total desulfurization of thioacetals can 

be complicated and two successive reduction steps with half-

desulfurized compounds as intermediates were needed.[18] 

2.2.3. NiBr2·DME, PPh3 and LiAlH4 

Luh and co-workers studied the reduction of sulfoxides and 

sulfones by nickel complexes and also found that the use of 

NiBr2·DME, PPh3 and LiAlH4 combination was able to totally 

desulfurize a dithioacetal and a bis-dithioacetal function. In 

the examples depicted in Scheme 5,[19] the nickel complex 

was prepared by mixing NiBr2·DME with 2 equiv of PPh3 and 

2 equiv of LiAlH4 in THF at room temperature to give a dark 

solution in which was syringed thioacetals. Unfortunately, no 

comparison with Raney-Ni or NiCRAs was described for the 

desulfurization of fluorenonedithioacetal and bis-dithioacetal. 

It would be also interesting to consider if this Ni-complex is 

compatible with sensitive functional groups. 

 

Scheme 5. Desulfurization of thioacetals by NiBr2·DME, PPh3 and LiAlH4. 

Reaction and conditions: 
a
NiBr2, PPh3 (2 equiv) and LiAlH4 (2 equiv) in THF 

at rt were mixed with dithioacetal. 

2.2.4. Nickelocene-LiAlH4 hydride[20] 

Luh also reported that nickelocene reacted with mercaptans 

to give the corresponding binuclear complexes[21] in which the 

carbon-sulfur bond was activated and can be reduced by 

LiAlH4.
[22] Keeping this idea in mind, Luh studied the reductive 

properties of a complex nickelocene-LiAlH4 for the 

desulfurization of thiols, sulfoxides, sulfones, and thioethers 

including three examples of thioacetals (Scheme 6). As it can 

be observed, by using this homogeneous organonickel 

reagent, isolated yields in reduced compounds were poor by 

comparison with other Ni-reducing reagents. It has been 

showed with other substrates that this nickel complex was 

compatible with several functional groups (halogen, MeO, CF3, 

carbonyl, ester,…) but a NO2 function was unstable under the 

reaction conditions. 

 

 

Scheme 6. Desulfurization of dithiolanes with nickelocene and LiAlH4. 

Reaction and conditions: 
a
Nickelocene (0.5 equiv) was mixed with LiAlH4 

(0.5 equiv) and dithiolanes in THF at rt. 

2.3. Other metals 

2.3.1. Na and Li in liquid NH3 

The first desulfurization of a 1,2-thiolane using solvated 

electrons generated from Na in liquid ammonia was published 

by Ireland and co-workers in 1958.[23] The authors reported 

that the ethylene thioketal of cholest-4-en-3-one was 

efficiently reduced to give the expected cholest-4-ene (89%) 

with no reduction of the internal double bond (Scheme 7). 

 

Scheme 7. First desulfurization of a thioketal using solvated electrons 

generated from Na in liquid ammonia. 

This protocol was efficiently used few years later by 

Fochi[24] and Clive[25] with 1,3-benzodithiol derivatives. The 

results of these studies are compacted in Scheme 8. 

 

Scheme 8. Selection of desulfurization of 1,3-benzodithiolanes by solvated 
electrons generated from Na in liquid ammonia. 

The authors indicated that, beside high yields, another 

advantage was to possibly recover a large amount of the 

starting benzene-1,2-dithiol.[24] In liquid ammonia, solvated 

electrons can also be generated from Li as showed by Zeelen 

during the total synthesis of dl-19-Nor-4-pregnen-20-one 

(Scheme 9).[26] 
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Scheme 9. Desulfurization of a thioketal by solvated electrons generated 

from Li in liquid ammonia. 

Authors pointed out that a keto group on C-20 was not 

compatible with this desulfurizing process on the contrary to a 

secondary alcohol function, which was subsequently oxidized 

by chromic acid.[26] 

2.3.2. Li in EtNH2 

Crossley and Henbest reported that Li/liquid ammonia can be 

replaced by Li/EtNH2 for the electron-mediated desulfurization 

of thioketals of perhydroanthracenes.[27a] This protocol 

produced the methylene compounds in good yields did not 

affect the stereochemistry of the bridge head positions. The 

desulfurization process was slow and not selective since 

double bonds present within the structures were also reduced 

(Scheme 10). Replacement of Li in EtNH2 at -20 °C by Raney-

Ni did not improve the selectivity and the yields of this 

process. This protocol was successfully transposed during the 

synthesis of Lasiol, an olfactory compound with no-reduction 

of the tri-substituted double bond.[27b] 

 

Scheme 10. Desulfurization of thioketals by solvated electrons generated 

from Li in EtNH2. 

2.3.3. LiAlH4 associated with CuCl2/ZnCl2 or withTiCl4 

During his work concerning the reducing properties of CuCl2 

with LiAlH4, Mukaiyama observed that the yield in 

diphenylmethane was doubled (84%) when ZnCl2 was added 

to the reducing LiAlH4-CuCl2 combination[28a] (Scheme 11). 

However, 4 equiv of ZnCl2 and CuCl2 together with 16 equiv 

of LiAlH4 were needed to achieve this transformation, which 

was not studied with functionalized substrates. Two years 

after, in 1973, Mukaiyama successfully replaced the couple 

ZnCl2/CuCl2 by TiCl4 in the presence of LiAlH4 to desulfurize 

thioketals.[28b] Best conditions were found by using 4 equiv of 

LiAlH4 with 2 equiv of TiCl4 to provide the expected methylene 

products in yields ranging from 80 to 97%. 

 

Scheme 11. LiAlH4 associated to CuCl2/ZnCl2 or TiCl4. 

Unfortunately, these experimental conditions were not 

reported with functionalized dithioketals in which reducible 

functional groups would not be probably tolerated. 

2.3.4. Miscellaneous metal processes using Mo(CO)6 and 

SmI2 

Alper and Blais reported in 1980 that Mo(CO)6 adsorbed on 

siliga gel was able to reduce dibenzothiophene[29] into 

biphenyl. Based on this observation, Luh studied the 

desulfurization of a series of compounds containing sulfur and 

only one example of a 1,2-thiolane reduction was reported[30] 

(Scheme 12). 

 

Scheme 12. Desulfurization of 9-fluorenone thioketal by Mo(CO)6. Reaction 

and conditions: Mo(CO)6 (1 equiv) was mixed with dibenzothiophene in 
THF at rt. 

However, fluorene was obtained in a poor yield of 42% 

together with its dimer (34%) which was formed from a 

molybdenium-carbene complex, making this process 

unattractive for desulfurization of thioketals. 

To close this section dedicated to desulfurization reactions 

by metals, Hilmersson reported in 2003 that 

SmI2/H2O/nBuNH2 was able to transform a dithioacetal into its 

methyl derivative[31] through a single example depicted in 

Scheme 13. 

 

Scheme 13. Desulfurization of a dithioacetal by SmI2/H2O/nBuNH2. 

Reaction and conditions: SmI2 (2.5 equiv), nBuNH2 (7.5 equiv) and H2O 

(12.5 equiv) were mixed with dithioacetal at rt. 

After 30 seconds of reaction, SmI2 associated to H2O and 

nBuNH2 promoted the intramolecular coupling reaction but 

also the hydrogenolysis of one of the carbon-sulfur bonds. By 

adding an excess of SmI2 and after a prolonged reaction time 

(between 1 to 2 h), a second hydrogenolysis reaction 
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occurred to provide the methyl compound (85%). As it can be 

observed in this part dedicated to the desulfurization by other 

metals, protocols using Na and Li in liquid ammonia or 

amines are possible alternatives to the use of nickel reducing 

reagents for desulfurization reactions of dithioketals and 

dithioacetals but these methodologies probably cannot be 

applied to highly functionalized or fragile molecules. 

3. Other desulfurizing reagents 

3.1. Metal hydrides 

3.1.1. Bu3SnH with AIBN 

Gutierrez found in 1980, that in the presence of a radical 

initiator, Bu3SnH was an effective reducing agent for complete 

or partial desulfurization of dithioketals and dithioacetals.[32] In 

the presence of 4 equiv of Bu3SnH and AIBN, 1,3-dithiolanes 

were totally reduced to give their methylene derivatives in 

good yields (Scheme 14). 

 

Scheme 14. Desulfurization of dithiolanes and dithianes with Bu3SnH. 

1,3-Dithiolanes were half desulfurized using 1 equiv of 

Bu3SnH to give quantitatively tri-n-butyltin sulfide products, 

which were destannylated on silica gel column. Gutierrez also 

demonstrated that 1,3-dithianes were easily desulfurized 

requiring only 2 equiv of Bu3SnH to give the totally reduced 

compounds. This reducing process was successfully used by 

Zhai during the total synthesis of aphanorphine,[33] and also 

by Nagamitsu during the synthesis of Citridone A[34] (Scheme 

15). 

 

Scheme 15. Desulfurization of dithiolanes by Bu3SnH in total syntheses. 

3.1.2. B(C6F5)3 catalyzed desulfurization of thioketals in 

the presence of Et3SiH 

During a study dedicated to the reducing properties of 

hydrosilanes towards sulfides in the presence of a catalytic 

amount of B(C6F5)3, Akiyama observed that this combination 

was able to totally desulfurize 2-naphtylthioketals in nearly 

quantitative yields (Scheme 16).[35] Et3SiH (3 to 6 equiv) which 

was preferable to Ph3SiH or (EtO)3SiH reacted with thioketals 

and 2 mol% of B(C6F5)3 in CHCl3 to provide the totally 

reduced compounds. 

 

Scheme 16. Desulfurization and half desulfurization of thioketals using 

Et3SiH in the presence of B(C6F5)3. 

It is interesting to note that dithiolane and dithiane derived 

from 2-acetylnaphtalene were totally desulfurized to give their 

methylene derivatives, whereas dithiane and dithiolane 

prepared from 2-naphtalenecarbaldehyde were quantitatively 

half-desulfurized under the same experimental conditions, 

indicating that a methyl group close to the sulfur atom 

facilitated its coordination to the boron atom and then 

permitted the second reduction process. 

3.2. Metal-free desulfurizations 

3.2.1. Hydrated hydrazine 

Giorgian and co-workers reported first in 1959 that hydrated 

hydrazine was able to desulfurize cyclic or acyclic thioketals 

in the presence of KOH.[36] They also showed that KOH was 

useful but not essential in this reducing process but lowered 

considerably the effective temperature of reactions. Some 

representative examples are reported in Scheme 17. 

Scheme 17. Desulfurization of thioketals by NH2NH2 and KOH. 

Five years after the pioneer work of Giorgian,[36] Corey 

described the total synthesis of Longifolene and studied the 

desulfurization of the dithiolane described in Scheme 18.[37] 

The authors reported that Raney-Ni was ineffective in 

achieving this transformation, on the contrary to hydrazine 
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associated with Na, which quantitatively desulfurized the 

dithiolane into the expected methylene compound. 

 

Scheme 18. Desulfurization of a dithioketal by NH2NH2 and Na. 

3.2.2. P2I4 in CH2Cl2 

Shigemasa studied the desulfurization of dithiolanes by P2I4 

and observed the fundamental role of solvents in these 

reactions.[38] In Ac2O, dithiolanes were deprotected by P2I4 (1 

equiv) to provide their parent ketones, whereas in methylene 

chloride and water, methylene compounds were obtained as 

majors products (Scheme 19). 

Scheme 19. Reduction of dithiolanes by P2I4 in CH2Cl2. 

3.2.3. Photoreduction of dithianes and dithiolanes with 

tBuOK in DMSO 

Recently, an Argentinian group reported an elegant 

desulfurization process of dithioketals using a photoinduced 

electron transfer from tBuOK in the presence of 1,4-

cyclohexadiene as hydrogen atom donor (Scheme 20).[39] 

 

 

Scheme 20. Photoreduction of dithianes and dithiolanes with tBuOK in 

DMSO. 

The procedure seems to be compatible with both EDGs and 

EWGs on aromatic rings (e.g. CN, 83%). The mechanism of 

the photochemical reduction of thioketals in DMSO was well 

investigated by the authors and others[40] through calculations 

of quantum yield for products and for the initiation step. 

3.2.4. EtSNa in MeOH 

The last example described in this review deals with the 

desulfurization of various 9,9-bis(ethylthio)fluorenes by EtSNa 

in MeOH (Scheme 21).[41] Effects of neighboring ester groups 

(on o, m and p-positions of the aromatic ring) on the reaction 

rate are discussed and compared. For the derivative having 

an ortho-ester function close to the sulfur atoms, steric 

hindrance and stabilization of the benzylic anion formed after 

the first C-S bond cleavage lowered the rate of the process. 

 

Scheme 21. Sodium ethanethiolate promoted the desulfurization of 9,9-

bis(ethylthio)fluorenes. 

4. Conclusion 

The reducing desulfurization processes of thioketals into 

methylene or methyl derivatives were reviewed from the 

pioneer’s works of Wolform and Karabinos until 2017. Raney-

Ni is the most used reagent to achieve this transformation and 

was used in many total syntheses, demonstrating its efficacy 

and a certain functional group tolerance. However, (i) the 

pyrophoric properties of Raney-Ni, (ii) the hazardous 

manipulations and difficulty to calculate the exact quantity of 

Ni in experiments, (iii) the presence or not of H2 in catalysts, 

(iv) the toxicity associated with the use of Ni and Ni-

derivatives,[42] and (v) the use of Ni reducing reagent in more 

than stoichiometric amounts, limit the use from an industrial 

point of view and for large scale preparations. Other metals or 

metal salts can successfully replace Ni and Ni salts as Na and 

Li in NH3 or amines, Mo or ZnCl2, CuCl2 and TiCl4. However, 

for these metals and metal salts, no complete studies were 

achieved to examine the scope and limitation of such 

methods. A similar comment can be applied to all other 

methodologies presented in this review, such as the use of 

metallic hydrides (Bu3SnH and Et3SiH) as well as metal-free 

processes and particularly the photochemical reduction of 

dithioketals, which is a promising method if applicable in 

highly functionalized molecules. There is an urgent need to 

find a soft metal-free methodology to desulfurize dithioketals, 

which is easy to handle, tolerant towards functional groups 

and provides the expected reduced products in high yields. 
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