This article was downloaded by:

On: 27 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

=
| 4
K

s ey ) s g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S-:!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
Silicon
and the Related Elements
| A Mild and Chemoselective Dithioacetalization of Aldehydes in the
M Presence of Anhydrous Copper (II) Sulfate
1 Firouz Matloubi Moghaddam?; Ghasem Rezanejade Bardajee®; Afsane Arefi Oskui?
* Department of Chemistry, Sharif University of Technology, Tehran, Iran

To cite this Article Moghaddam, Firouz Matloubi , Bardajee, Ghasem Rezanejade and Oskui, Afsane Arefi(2006) 'A Mild
and Chemoselective Dithioacetalization of Aldehydes in the Presence of Anhydrous Copper (II) Sulfate', Phosphorus,
Sulfur, and Silicon and the Related Elements, 181: 6, 1445 — 1450

To link to this Article: DOIL: 10.1080/10426500500330810
URL: http://dx.doi.org/10.1080/10426500500330810

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426500500330810
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 34 27 January 2011

Downl oaded At:

Phosphorus, Sulfur, and Silicon, 181:1445-1450, 2006 e Taylor & Francis
Copyright © Taylor & Francis Group, LLC

ISSN: 1042-6507 print / 1563-5325 online

DOI: 10.1080/10426500500330810

Taylor & Francis Group

A Mild and Chemoselective Dithioacetalization
of Aldehydes in the Presence of Anhydrous
Copper (ll) Sulfate

Firouz Matloubi Moghaddam

Ghasem Rezanejade Bardajee

Afsane Arefi Oskui

Sharif University of Technology, Department of Chemistry, Tehran, Iran

Various aldehydes have been protected with different thiols as dithioacetals with
excellent yields using anhydrous copper sulfate as a mild and chemoselective cata-
lyst. The reaction is carried out in a solvent and/or under solvent-free conditions.
The transthioacetalization of oxyacetals into dithioacetals was also achieved in an
excellent yield.

Keywords Aldehydes; anhydrous copper (II) sulfate; dithioacetalization; protection;
transthioacetalization

INTRODUCTION

The conversion of aldehydes and ketones to dithioacetals and dithioke-
tals is a common practice in a multistep synthesis due to their sta-
bility under both acidic and basic conditions.! In addition, thioacetals
are also used as masked acyl anions? and methylene functions® in
carbon-carbon bond forming reactions. Commonly, these compounds
are prepared by protic or lewis acid-catalyzed condensation of carbonyl
compounds with thiols.# Lewis acid catalysts such as ZnCly,® LnCls,%
FeCl3/Si02,” AlCI3,2 ZrCl,/SiOs,° TeCly,® SnCly, ! SiCly,'? TiCly,'?
BF; - OEt,,'* LaCls, > WCls,6 (CH;5)3SiCL " 5 M LiClO4, ' Mg(OTD?1?,
CoCl3,%° Molybdenyl acetylacetonate,?! In(OTf)3,22 NiCly,?® Yttrium
triflate,2* Bismuth nitrate,?> etc. have been used for this purpose. Al-
though many methods have been reported for the dithioacetalization of
aldehydes and ketones, there still is a great demand for the introduction
of mild, efficient, and chemoselective practical methods. Interestingly,
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only a few methods are known in the literature for the chemoselective
protection of aldehydes in the presence of ketons.20:22-23 In general, the
reported procedures are associated with certain limitations, such as
low yields, harsh reaction conditions, longer reaction times, and costly
reagents, as well as an inconvenience in handling reagents. Previously,
copper (II) salts were used for the dithioketalization of ketones in boil-
ing dry THF for several hours.?® The method is not chemoselective,
and drastic reaction conditions have been used (along reaction time,
high temperature). Herein we report an efficient, clean, fast, and mild
method for the chemoselective dithioacetalization of aldehydes in a sol-
vent and/or under solvent-free conditions in the presence of anhydrous
copper sulfate.

RESULTS AND DISCUSSION

In order to find the best reaction conditions, different variations were
examined. At first, the reaction was carried out in different solvents.
The reaction could be performed efficiently in CHCl3, CH3Clg, benzene,
acetonitrile, and n-hexane. Due to the higher solubility of the substrates
and higher rates of the reactions, CHyCly was chosen as the suitable
solvent. It should be pointed out that in the absence of anhydrous
copper sulfate, the reaction did not proceeded in CH5Cly even after pro-
longed reaction times. In a typical procedure, benzaldehyde (2.5 mmol)
with benzyl mercaptane (3 mmol) in the presence of anhydrous copper
sulfate (3.5 mmol) at r.t. in CH5Cl, afforded the desired dithioacetal in
a 95% yield. Various thiols and dithiols (such as 1,2 and 1,3-dithiols)
were used with different types of aldehydes (Scheme 1). Except for

Ry R SR;
\ EtSH or PhCH,SH or PhSH or HS(CH,),SH >< >
(o) >
CuSQ,(anhyd.), CH,Cl,, r.t.
H/ 4(anhyd.), CH,Cl, H SR;
R, = aryl, alkyl, alkenyl
R2 = Et, PhCH,, Ph, -(CH2),- n=2,3

SCHEME 1

thiophenol, the other thiols and dithiols reacted efficiently with aldehy-
desin dichloromethane atr.t. in a short reaction time, and pure products
were obtained in excellent yields by crystallization or PTLC. Results
are summarized in Table I. All products were characterized by spectro-
scopic analysis and also by comparison of the data obtained with those
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TABLE I Anhydrous Copper (II) Sulfate Catalyzed Protection of

Aldehydes and Transthioacetalization of Oxyacetals at RT

Time (min)/

Time (min)/

Entry Aldehyde Thiol Yield (%)*b  Yield (%)*¢
1 Benzaldehyde PhCH,SH 5/95 5/95
2 4-Fluorobenzaldehyde PhCH,SH 5/97 5/96
3 4-Chlorobenzaldehyde PhCH,SH 5/97 5/96
4 4-Bromobenzaldehyde PhCH,SH 5/97
5 4-Methoxybenzaldehyde EtSH 5/94
6 Benzaldehyde EtSH 5/94
7 4-Fluorobenzaldehyde EtSH 5/95
8 4-Chlorobenzaldehyde EtSH 5/95
9 Pentaldehyde EtSH 5/94

10 Benzaldehyde HSCH,CH,SH 5/97 5/97

11 4-Methoxybenzaldehyde HSCH,CH,SH 5/97 5/95

12 4-Chlorobenzaldehyde HSCH,CH,SH 5/97

13 4-Bromobenzaldehyde HSCH,CH,SH 5/98 5/98

14 4-Nitrobenzaldehyde HSCH,CH,SH 5/98

15 4-Methylbenzaldehyde HSCH;CH;SH 5/96 5/95

16 3,4-Dimethoxybenzaldehyde HSCHyCHySH 7/95 10/80

17 Furfural HSCH,;CH;SH 5/98 5/95

18 Cinnamaldehyde HSCH,CH,SH 5/97 5/96

19 Hexaldehyde HSCH;CH;SH 5/94 5/94

20 Hexaldehyde HSCH,CH,CH,SH 5/94 5/94

21 Benzaldehyde HSCH,;CH;CH,;SH 5/97 5/96

22 4-Methoxybenzaldehyde HSCH,;CH,;CH,SH 5/96 5/94

23 4-Chlorobenzaldehyde HSCH,CH,;CH,SH 5/97 5/95

24 2-Nitrobenzaldehyde HSCH,CH,;CH,SH 5/96 5/95

25 4-Nitrobenzaldehyde HSCH,CH,;CHySH 5/98 5/97

26 4-Methylbenzaldehyde HSCH,;CH;CH,SH 5/97

27 Benzaldehyde PhSH 40/55 20/60

28 4-Methoxybenzaldehyde PhSH 55/50 20/55

29 ®_<Oj HSCH,CH,CH,SH 50/94 30/90

30 ®_< j HSCH;CH;CH,SH 50/95

31 ::: , J HSCH;CH;SH 50/97

HSCH,CH,SH 60/94

32 ::: / j

@All yields refer to isolated products, and all products were characterized by m.p., IR,
and 'H-NMR. Their physical data were similar to those reported in the literature.

bDichloromethane as a solvent.

¢Solvent-free conditions.
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of authentic samples. We found that the reaction is almost independent
of a substituent on aromatic aldehydes (entries 1, 2, 3, 5, 10, 11, 12,
21, 22, 23 in Table I). It also has been observed that the position of the
substituent on the ortho or para positions of the aromatic ring does not
alter the rate and yield of the reaction (entries 24 and 25 in Table I).
Also the presence of two electron-donating substituents on the benzene
ring of aldehyde has a slight decreasing effect on the relative rate of
the reaction compared to benzaldehyde (entry 16, Table I). Aliphatic
and «, B-unsaturated aldehydes were also dithioacetalized in excellent
yields (entries 9, 18, 19, and 20 in Table I).

Transthioacetalization of oxyacetals in CHyCly; was also achieved
efficiently in the presence of anhydrous copper sulfate to afford the
corresponding dithioacetals in high yields (entries 29-32 in Table I). In
this case, the time was longer (Scheme 2).

mH R><S :
E———
H S

R><Oj CuSOy4 (anhydr.)
H O "t HS  SH R><Sj
H S

R = Ph, p-BrPh, p-MeOPh
SCHEME 2

Interestingly, this procedure can also be extended for the chemoselec-
tive protection of an aldehyde in the presence of a ketone. For instance,
when an equimolar mixture of benzaldehyde and acetophenone or
p-methylacetophenone was allowed to react with 1,3-ethanedithiol in
the presence of anhydrous copper sulfate, only the 1,3-dithiane deriva-
tive of the benzaldehyde was obtained in an excellent yield (Scheme 3).

CHO COCHj3 SH SH m S(\'.S

S S
. CuSOy, (anhydr) . CH3
rt., 5min
R
R
R=H, CH;

95-97% 0%

SCHEME 3
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We have also investigated the reaction under solvent-free conditions.
The reaction proceeded at 40—50°C in very short reaction time (less than
five minutes). The behavior of solvent-free conditions is similar to using
dichloromethane as a solvent (Table I).

The anhydrous copper-sulfate support is prepared conveniently com-
pared to other reported reagents. Also, this support is nonvolatile, non-
flammable, eco-friendly, safe, clean, cheap, and recyclable.

In conclusion, aldehydes were protected chemoselectively as their
thioacetals under mild reaction conditions in the presence of anhydrous
copper sulfate. Transthioacetalization reactions of oxyacetals were also
easily achieved by using this reagent. In addition, high chemoselec-
tivity observed for functional group interconversions presents useful
synthetic potentials of the method.

EXPERIMENTAL

Compounds gave satisfactorily all spectroscopic data. IR spectra were
taken as thin films for liquid compounds and as KBr pellets for solids
on a Nicolet spectrometer (Magna 550). A bruker (DRX-500 Avance)
NMR was used to record the 'THNMR spectra. All NMR spectra were
determined in CDCl3 at an ambient temperature. Melting points were
determined on a Buchi B540 apparatus.

The Thioacetalization of Aldehydes and
Transthioacetalization of Acetals in a Solvent

General Procedure

The dithiol (3 mmol) or thiol (5-6 mmol) was added to a stirring solu-
tion of aldehydes or acetals (2.5 mmol) in CH,Cly (15 mL). Then, anhy-
drous copper sulfate (3.5 mmol) was added, and the resulting mixture
was stirred at r.t. for an appropriate time as required for completion
of the reaction, which was monitored by TLC (petroleum ether:ethyl
acetate, 4:1). After separation of the catalyst by filtration, the solvent
was removed under reduced pressure. In all these cases, crude products
were sufficiently pure (TLC and 'H-NMR), and the further pure prod-
ucts were obtained by crystallization from petroleum ether (b.p. 100—
140°C) or PTLC.

The Thioacetalization of Aldehydes in a Solvent-Free
Condition

General Procedure
The dithiol (3 mmol) or thiol (5—6 mmol) and anhydrous copper
sulfate (3.5 mmol) were added to a solution of aldehydes or acetals
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(2.5 mmol) in diethyl ether (5 mL). After evaporation of the solvent un-
der vacuum, the solid residue was heated at 40—50°C for an appropriate
time as required for completion of the reaction, which was monitored
by TLC. Then, CH3Cly (20 mL) was added, and a catalyst was sepa-
rated. The remainder of the procedure is similar to that described in
the previous section.

REFERENCES

(1]
[2]

[3]
[4]

(a) E. J. Corey and D. Seebach, J. Org. Chem., 31, 4097 (1966); (b) E. L. Eliel and S.
Morris-Natschke, JJ. Am. Chem. Soc., 106, 2937 (1984).

(a) D. Seebach, Angew. Chem., Int. Ed. Engl., 8, 639 (1969); (b) B. T. Grobel and
D. Seebach, Synthesis, 357 (1977); (¢c) P. C. Bulman Page, M. B. Van Niel, and J. C.
Prodger, Tetrahedron, 45, 7643 (1989).

G. R. Pettit and E. E. Van Tamelen, Org. React., 12, 356 (1962).

T. W. Greene and P. G. M. Wuts, Protective Groups in Organic Synthesis, pp. 293-368,
(Wiley, New York, 1999), (b) H. J. E. Loewenthal, In Protective Groups in Organic
Chemistry, pp. 323-402, (Plenum Press, New York, 1973).

W. E. Truce and F. E. Roberts, J. Org. Chem., 28, 961 (1963).

Garlaschelli and G. Vidari, Tetrahedron Lett., 31, 5815 (1990).

H. K. Patney, Tetrahedron Lett., 32, 2259 (1991).

B. S. Ong, Tetrahedron Lett., 21, 4225 (1980).

H. K. Patney and S. Margan, Tetrahedron Lett., 37, 4621 (1996).

H. Tani, K. Masumoto, and T. Inamasu, Tetrahedron Lett., 32, 2039 (1991).

N. B. Das, A. Nayak, and R. P. Sharma, JJ. Chem. Res. (S), 242 (1993).

B. Ku and D. Y. Oh, Synth. Commun., 19, 433 (1989).

V. Kumar and S. Dev, Tetrahedron Lett., 24, 1289 (1983).

L. F. Fieser, J. Am. Chem. Soc., 76, 1945 (1954).

L. Garlaschelli and G. Vidari, Tetrahedron Lett., 31, 5815 (1990).

H. Firouzabadi, N. Iranpoor, and B. Karimi, Synlett., 739 (1998).

B. S. Ong and T. H. Chan, Synth. Commun., 7, 283 (1977).

V. G. Saraswathy, V. Geetha, and S. Sankararaman, J. Org. Chem., 59, 4665 (1994).
E. J. Corey and K. Shimoji, Tetrahedron Lett., 24, 169 (1983).

S. K. De, Tetrahedron Lett., 45, 1035 (2004).

K. K. Rana, Ch. Guin, S. Jana, and S. Ch. Roy, Tetrahedron Lett., 44, 8597 (2003).
S. Muthusamy, S. A. Babu, and Ch. Gunanathan, Tetrahedron, 58, 7897 (2002).

A. T. Khan, E. Mondal, R. P. Sahu, and S. Islam, Tetrahedron Lett., 44, 919 (2003).
S. K. De, Tetrahedron Lett., 45, 2339 (2004).

N. Srivastava, S. K. Dasgupta, and B. K. Banik, Tetrahedron Lett., 44, 1191 (2003).
A. Nayak, B. Nanda, N. B. Das, and R. P. Sharma, J. Chem. Res. (S), 100 (1994).



