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ABSTRACT  
Cyclic S,S-acetals, such as 1,3-Dithianes and 1,3-dithiolanes are useful carbonyl protecting 

groups under acidic as well as basic conditions. Because of the central importance of carbonyl 
compounds in organic synthesis and utilization of 1,3-dithianes in umpolung-based synthetic 
strategies, regeneration of carbonyl compounds from these procarbonyl compounds has engaged the 
attention of chemists over the years. This paper describes recent methods of deprotection of 1,3-
Dithianes and 1,3-dithiolanes to the corresponding carbonyl compounds with focus on selectivity and 
green chemistry features. 
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INTRODUCTION 
1,3-Dithianes and 1,3-dithiolanes are procarbonyl compounds that are widely used in 

synthetic sequences and synthesis of natural products. Numerous synthetic operations have been 

performed that involve the 2-acyl-1,3-dithiane moiety, including extension of carbon chains, the 

masking and unmasking of carbonyl groups, blocking and unblocking of activated methylene groups, 

nucleophilic acylation of carboxylic acid derivatives1,2, reduction of carbonyl groups to methylene 

groups, and interchange3 of a carbonyl group with an adjacent methylene group. Temporary 

inversion of the electrophilic reactivity of the aldehydic carbonyl group permits the synthesis of 

carbonyl compounds by the coupling of a nucleophilic aldehyde derivative with electrophiles. A 

useful reaction sequence1,2 for accomplishing this synthetic sequence involving conversion of the 

aldehyde to the 1,3-dithiane derivative, metallation of this derivative with n-butyllithium in 

tetrahydrofuran, reaction of the 2-lithio-1,3-dithiane derivative with an electrophile source, such as 

R1I and cleavage of the resulting 1,3-dithiane derivative to the carbonyl compound with mercuric 

chloride (Scheme 1). 
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Scheme 1  

However, regeneration of parent carbonyl compounds is not always a facile and 

straightforward process. Therefore, development of dethioacetalization protocols has engaged the 

attention of organic chemists over the years and plethora of methods are documented in the literature. 

A good number of methods documented in the literature involve toxic metal ions and 

environmentally hazardous reagents, such as HgCl24, Tl(NO3)3
5, Tl(OCOCF3)3

6, SeO2
7, CH3I8, 

(PhSeO)2O9. Some of the reagent systems require long reaction times and often lack generality i.e 

they are not applicable for all varieties of protecting groups, such as 1,3-dithianes and 1,3-

dithiolanes, S,S-acetals and ketals. 

RESULTS AND DISCUSSION 
Use of benzyltriphenylphosphonium peroxymonosulfate in the presence of aluminium 

chloride under solvent free condition for the cleavage of 1,3-dithianes and 1,3-dithiolanes has been 

recently reported10.  
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A variety of 1,3-dithianes and 1,3-dithiolanes are also deprotected in the solid-state to the 

corresponding parent carbonyl compounds in excellent yields using mercury (II) nitrate trihydrate11 

in a mild, efficient and fast method.  
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Cyclic thioacetals viz. 1,3-dithianes and 1,3-dithiolanes of aromatic aldehydes were cleanly 

converted into parent aldehydes in excellent yields using solid silica chloride (SiO2Cl)12 in the 

presence of dry DMSO. 
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A new efficient and non-hydrolytic method for the deprotection of 1,3-dithianes and 1,3-

dithiolanes derived from aldehydes and non-enolizable ketones using dry MnO2, BaMnO4 and 

KMnO4 as nucleophiles in the presence of anhydrous AlCl3 and FeCl3 in dry acetonitrile13 has also 

been developed. 
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R1 = H, Ph, R2 = alkyl  

An environment-friendly approach of cleavage of 1,3-dithianes employing “clayan” (clay-

supported aluminium nitrate)14 in dichloromethane has been developed.  

S

S
R1

R2

R1

R2

O

(80-95%)

clayan

R1 = H, alkyl 

R2 = alkyl, aryl

CH2Cl2

 



Datta Mrityunjoy, IJSRR 2018, 7(2), 378-386 
 

IJSRR, 7(2) April – June, 2018                                                                                                         Page 381 

Deprotection of 1,3-dithianes and 1,3-dithiolanes to the corresponding carbonyl compounds 

has been achieved using a combination of 2,4,6-trichloro-1,3,5-triazine TT) and dimethyl sulfoxide15 

at room temperature. 
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n = 0, 1
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SelectfluorTM [(1-chloromethyl-4-fluro-1,4-diazoniabiclo[2,2,2]octane bis(tetrafluoroborate)] 

has recently been introduced commercially as a user-friendly electrophilic fluorinating reagent and 

also been used for the cleavage of 1,3-dithianes protecting groups. 16 
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R2
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(80-95%)

SelectfluorTM (2.5 equiv.)

CH3CN or CH3NO2 (5% H2O

content), 5 min, rt  
Since selectflourTM is very soluble in water, a simple aqueous work-up is enough to remove 

most by-products. Beside this, it is non-toxic and relatively inexpensive compared to other 

electrophilic fluorinating reagents. 

Selective hydrolysis of the 1,3-dithioacetals has been achieved in high yields using 

CeCl3.7H2O-NaI in acetonitrile17 at reflux temperature under neutral condition. This method is mild 

and compatible with a wide range of functional groups such as TBDPS, THP, MOM, prenyl and 

benzyl ethers. 

S S
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Regeneration of carbonyl compounds from their 1,3-dithianes and 1,3-dithiolanes was 

achieved using t-butyl hydroperoxide18 (TBHP, aq. 70%) in high yields. 
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n = 0, 1  

A novel catalytic and selective protocol for the deprotection of S,S-acetals and ketals in the 

presence of their O,O-analogs to corresponding carbonyl compounds based on the use of N-

bromosuccinamide (NBS), N-chlorosuccinimide (NCS), 2,4,4,6-tetrabromo-2,5-cyclohexadien-1-one 
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(TABCO), trichlorocynauric acid (TCCA) as sources of electrophilic halogens and also bromine in a 

catalytic cycle in the presence of DMSO has been reported. 19 DMSO has been used as a source of 

oxygen and the ease of halogenations of the sulfur atom in S,S-acetals and ketals in comparison with 

the oxygen in their O,O-analogs, allowed the reaction to occur with high chemoselectivity for the 

deprotection of S,S-acetals and ketals at room temperature. 

S
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(  )n

n = 0, 1
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DMSO, CHCl3, 4-10 min

R1

R2
O CH3SCH3+

Catalyst = NBS, TABCO, Br2 (0.1-0.2 equiv.)
R1, R2 = H, aryl and alkyl carrying no enolizable hydrogen  

The suggested mechanism for dethioacetalization was shown in scheme 2 using TABCO as 

catalyst. 
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Scheme 2. Dethioacetalization using TABCO as catalyst 

Use of electrophilic halogens provides an efficient, novel and mild procedure for the 

deprotection reaction. In adition to the selectivity of the method for the deprotection of S,S-acetals 

and ketals in the presence of their O,O-analogs, the low cost and availability of the reagents, 

simplicity of the method, short reaction times and excellent yields are the key advantages of this 

method. 

An efficient and user-friendly procedure has been developed for the cleavage of 1,3-

Dithianes and 1,3-dithiolanes to corresponding carbonyl compounds in impressive yields with o-

iodobenzoic acid (IBX) in presence of ߚ-cyclodextrin (β-CD) in water under neutral conditions20 at 

room temperature. 
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Amongst various oxidizing agents, o-iodobenzoic acid (IBX) has attractive features due to its 

low toxicity, high selectivity and eco-friendly nature. 21 Use of IBX and DMSO13 as solvent has also 

been reported earlier. Use of IBX in water is particularly ecofriendly. 

Solid-state microwave-assisted oxidative deprotection of 1,3-Dithianes and 1,3-dithiolanes of 

aromatic aldehydes and ketones, cyclic ketones, α,β-unsaturated aldehydes and aliphatic aldehydes 

and ketones has been accomplished using ammonium persulfate on wet montmorillonite K-10 clay.  

22 
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Mechanistically, the oxidative cleavage of cyclic thioacetals presumably involves cation-

radical intermediates in view of the propensity of cyclic thioethers to undergo single-electron transfer 

(SET) oxidations23-25(Scheme 3; route 1). Since microwave-assisted hydrolysis of ammonium 

persulfate on activated moist acidic clay surface is reported26 to generate molecular oxygen another 

two routes are also suggested by the authors where oxygen trapping occurs (Scheme 3; route 2 and 

route 3).  
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An efficient chemoselective method for the deprotection of 1,3-Dithianes and 1,3-dithiolanes 

using cross-linked poly(N-bromoacrylamide) (PNBA) and poly(N-bromosuccinimide) (PNBS) in the 
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presence of DMSO and water as oxidant has been achieved recently.27 These polymeric reagents 

have the advantage of being heterogeneous which resulted in easy isolation of them from the reaction 

mixture. In a system in which DMSO is applied as an oxidant, PNBA or PNBS is used catalytically. 

However, when the reactions are performed in water, PNBA or PNBS would be employed as a 

reagent. 

R1 = alkyl, phenyl or H
R2 = alkyl, phenyl

PNBA or PNBS(cat.)/DMSO, rt

or PNBA or PNBS (reagent)/H2O, rtS

S
R1

R2

n
R1

R2

O

n = 0, 1

 

CONCLUSION 
Regeneration of carbonyl compounds from 1,3-Dithianes and 1,3-dithiolanes has engaged 

attention of organic chemistry over the years and numerous reagents have been employed for this 

purpose. Each reagent represents a different balance of yield, toxicity, cost efficiency, selectivity and 

operational convenience. I hope this review to be a method of choice for cleavage of 1,3-Dithianes 

and 1,3-dithiolanes, particularly for high throughput chemistry. 

REFERENCES 
1. Corey EJ, Seebach D. Carbanions of 1,3-Dithianes.  Reagents for C-C Bond Formation by 

Nucleophilic Displacement  and Carbonyl Addition. Angew. Chem. Int. Ed. Engl. 1965; 4(12): 

1075-1077. 

2. Seebach D. Nucleophile Acylierung mit 2-Lithium-1,3-dithianen bzw.-1,3,5-trithianen. Synthesis.  

1969;(1): 17-36. 

3. Marshall JA, Roebke H. Nonoxidative method for ketone transposition. J. Org. Chem. 1969; 

34(12): 4188-4191. 

4. Corey EJ, Bock MG. Stereocontrolled route to a key intermediate for the synthesis of maytansine. 

Tetrahedron Lett. 1975; 16(31): 2643-2646. 

5. Jones PS, Ley SV, Simpkins NS, Whittle AJ. Total synthesis of the insect antifeedant ajugarin I 

and degradation studies of related clerodane diterpenes.  Tetrahedron.  1986; 42(23): 6519-6534. 

6. Ho T-L, Wong, CM. Dethioacetalization with Thallium(II1) Trifluoroacetate.  Can. J. Chem. 

1972; 50: 3740-3041. 

7. Haroutounian, SA. Selenium Dioxide Mediated Cleavage of 1,3-Dithiolanes: A Convenient 

Method of Dedithioacetalization. Synthesis. 1995; 39-40. 



Datta Mrityunjoy, IJSRR 2018, 7(2), 378-386 
 

IJSRR, 7(2) April – June, 2018                                                                                                         Page 385 

8. Fetizon M, Jurion M. Aldehydes and ketones from thioacetals.  J. Chem. Soc. Chem. Commun. 

1972; (7): 382-383. 

9. Barton DHR, Cussons NJ, Ley SV. Removal of 1,3-dithiolan protecting groups by 

benzeneseleninic anhydride.  J. Chem. Soc.  Chem. Commun. 1977; (21): 751-752. 

10. Hajipour AR, Mallakpour SE, Mohamadpoor-Baltork  I. Adibi H. Solid State Deprotection of 

Acetals and Thioacetals Using Benzyltriphenylphosphonium Peroxymonosulfate. Molecules.  

2002; 7(8): 674-680. 

11. Habibi MH, Tangestaninejad S, Montazerozohori M, Mohamadpoor-Baltork, I. Highly Efficient, 

and Fast Solid State Deprotection of 1,3-Dithianes and 1,3-Dithiolanes using Mercury(II) Nitrate 

Trihydrate. Molecules. 2003; 8(9): 663-669. 

12. Firouzabadi H, Iranpoor N, Hazarkhani H, Karami B. Reactions of Silica Chloride 

(SiO2Cl)/DMSO, a Heterogeneous System for the Facile Regeneration of Carbonyl Compounds 

from Thioacetals and Ring-Expansion Annelation of Cyclic Thioacetals. J. Org. Chem. 2002; 

67(8): 2572-2575. 

13. Firouzabadi H, Hazarkhani H, Karami B, Niroumand U, Ghassamipour S. Fourth International 

Electronic Conference on Synthetic Organic Chemistry (ECSOC-4), www.mdpi.org/ecsoc-4.htm. 

(2000). September 1-30, A0044. 

14. Yadav JS, Meshram HM. Green twist to an old theme. An eco-friendly approach. Pure Appl. 

Chem. 2001; 73(1): 199-203. 

15. Karimi B, Hazarkhani H. New Applications of 2,4,6-Trichloro-1,3,5-triazine (TT) in Synthesis: 

Highly Efficient and Chemoselective Deprotection and Ring-Enlargement of Dithioacetals and 

Oxathioacetals.  Synthesis. 2003; (16): 2547-2551. 

16. Liu J, Wong C-H. An Efficient Method for the Clevage of p-methoxybenzylidene (PMP), 

Tetrahydropyranyl (THP) and 1,3-Dithiane Protecting Groups by SelectflourTM. Tetrahedron 

Lett. 2002; 43(22): 4037-4039. 

17. Yadav JS, Reddy BVS, Raghabendra S, Satyanarayana M. CeCl3·7H2O-Promoted highly 

chemoselective hydrolysis of 1,3-oxathio- and dithioacetals. Tetrahedron Lett. 2002; 43(26): 

4679-4681. 

18. Barhate NB, Shinde PD, Mahajan VA, Wakharkar RD. A convenient oxidative demasking of 

1,3-dithiolanes and dithianes to carbonyl compounds with TBHP. Tetrahedron Lett. 2002; 

43(34): 6031-6033. 

19. Iranpoor N, Firouzabadi H, Shaterian HR. Catalytic and chemoselective deprotection of S,S- and 

S,O-acetals and ketals in the presence of their O,O-analogs with electrophilic halogens under 

neutral conditions. Tetrahedron Lett. 2003; 44(25): 4769-4773. 



Datta Mrityunjoy, IJSRR 2018, 7(2), 378-386 
 

IJSRR, 7(2) April – June, 2018                                                                                                         Page 386 

20. Krishnavani NS, Surendra K, Nageswar YVD, Rao KR. Mild and Efficient Hydrolysis of 

Aromatic Thioacetals/Thioketals using o-Iodoxybenzoic acid (IBX) in Presence of β- 

Cyclodextrin in Water. Synthesis. 2003; (15): 2295-2297. 

21. (a) Varvoglis A. Hypervalent Iodine in Organic Synthesis. Academic Press: London, 1997. (b) 

Wirth T, Hirt UH. Synthesis. 1999, 1271. 

22. Ganguly NC, Datta M. Ecofriendly Solid-state Oxidative Deprotection of 1,3-Dithianes and 1,3-

Dithiolanes Using Ammonium Persulfate on wet Montmorillonite K-10 Clay Supprot Under 

Microwave Irradiation. Synlett. 2004;(4): 659-662. 

23. Pienta NJ. Photoinduced Electron Transfer, Part C. Fox MA, Chanon M. Eds. Elsevier: 

Amsterdam, 1988. 

24. Kamata M, Sato M, Hasegawa E. Photosensitized oxygenation reactions of 1,3-dithianes through 

cooperative single electron transfer pathway and singlet oxygen pathway. Tetrahedron Lett. 

1992; 33(35): 5085-5088.  

25. Kamata M, Murakami, Y, Tamagawa Y, Kato Y, Hasegawa E. Pyrylium salt sensitized 

photochemical deprotections of dithioacetals and ketals. Tetrahedron. 1994; 50(45): 12821-

12828. 

26. Varma RS, Meshram HM. Solid State Cleavage of Semicarbazones and Phenylhydrazones with 

Ammonium Persulfate-Clay using Microwave or Ultrasonic Irradiation. Tetrahedron Lett. 1997; 

38(46): 7973-7976. 

27. Ebrahimzadeh F. New application of cross-linked poly(Nbromoacrylamide) and poly(N-

bromosuccinimide) as highly efficient and chemoselective heterogeneous polymeric catalysts for 

deprotection of 1,3-dithianes and 1,3-dithiolanes under mild conditions. J. Sulfur Chem. 

2016;37(1): 89-104.  

 


