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Easy and quick separation with fluorous solid phase extractlon.

A fluorous analogue of Lawesson’s reagent for thionation of carbonyl compounds has been developed and its use demonstrated on a series
of amides, esters, and ketones. The separation of the Lawesson’s reagent-derived byproducts can be achieved by a simple fluorous solid-
phase extraction.

Organosulfur compounds occupy a uniquely important place affecting this transformation, Lawesson’s reagehtl(R)
in synthetic organic chemistry due to their rich and versatile excels in efficiency and broad utilify.
chemistry? In parallel, this class of compounds has long been

of widespread interest by virtue of their ubiquitous biological S. s

activity. Thionation, the conversion of the carbonyl group cho@P\ R‘@’OCW
to thiocarbonyl, is a widely applied procedure for the S's

synthesis of organosulfur compounds. Among the reagents 1
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usage. The lack of an extractive procedure to remove thepentasulfide 2) failed to give any fluorous Lawesson’s
LR-derived byproducts is a commonly cited disadvantage reagent, demonstarting the necessity of a longer insulating
of this reagent. In some cases, the requisite chromatographielement.
separation of the desired product from the LR byproducts To increase the number of the insulating methylene seg-
can be really cumbersome or impossible, which limits the ment, we have developed a simple method for the construc-
reagent utility. Herein, we report a possible solution of this tion of a fluorous anisole derivativé with a 5 methylene
long-standing separation problem by the synthesis andspacer (Scheme 1). Thus, the reaction of commercially avail-
application of a fluorous LR.

Recently, much attention has been focused on fluorous

chemistry as an alternative solution-phase tagging approac X )
in catalysis and high-throughtput synthesighe highly Scheme 1. Synthesis of Fluorous Lawesson’s Reag@nt
OCH, OCH;

hydrophobic perfluoroalkyl tags, in effect, serve as a handle
to allow fluorous molecules to be separated efficiently from ©/Mo [ReCH,CH,PPhJ* I'(5) ©/WRfB
the reaction mixture via fluorous liquigliquid or solid— K,COy/1,4-dioxane
4 6
To avoid the chromatographic purification step after LR Res
S

liquid extraction. (86%)
application, we were intrigued with the idea of synthesizing

and utilizing a fluorous version of LR. It was hoped that the
attached perfluorinated tag would simplify the product
isolation via a fluorous reversed-phase solid extraction
technique’. Moreover, if the thionation reactions proceed

virtually to completion, so that filtration through and washing

of reversed-phase fluorous silica cartidges are all that is [ S PuSs(2),150°C R
required to separate product, automation of the process would < T ocicH,

be relatively easy, which would be an obvious attraction in (45%)

combinatorial chemistry.

The LR is generally obtained by the reaction of phosphorus
pentasulfide Z) with anisole at elevated temperatdre.
Consistent with this procedure, we envisioned a fluorous
Lawesson’s reagent to arise from a fluorous anisole having 8 Res
a reactivity toward phosphorus pentasulfi@® gimilar to
anisole. In our first probe, we have synthesized a series of

fluorous anisole derivativeSa—c’ (Figure 1) from the  gpje cinnamaldehyde derivatidenith Wittig reagent derived
from [RieCH,CH,PPh]*I~ (5) gave the fluorous diené,
which was easily hydrogenated to the corresponding fluorous
anisole derivativer. In fact, this sequence is a vinylogous

H,/Pd/C

OCH3 5 bar
(95%)

OCH,
Pfs
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OCH,

~o extension of the Wittig methodology developed by Gladysz
and co-workerg.Due to the simplicity of this process, we
/©/\L could synthesize the fluorous anisoleon a 10 g scale.
Rg O R Finally, the pivotal thermal reaction betwe&nand phos-
3a | 3b phorus pentasulfide2f was attempted in a molar ratio of
- 10:1. The reaction was maintained at T&Dfor 4 h, during
0 which time all of the solid starting material dissolved. On
cooling, the fluorous Lawesson'’s reag@mirecipitated and
was washed with hexanes and dried in vacuo. Besides IR
R = (CF3),CF3
? RfS
(4) (a) Curran, D. P. Irtimulating Concepts in Chemistrgtoddard,
3c F., Reinhoud, D., Shibasaki, M., Eds.; Wiley-VCH: New York, 2000; p
25. (b) Gladysz, J. A.; Curran, D. Fetrahedron2002 58, 3823 and the
no reaction following articles in this special issue entitled “Fluorous Chemistry”. (c)
P,Ss (2) + 3a—c _/_, The Handbook on Fluorous Chemistrgladysz, J. A., Horlh, I. T.,
Curran, D. P., Eds.; Wiley-VCH: New York, 2004.
Figure 1. Fluorous anisole8a—c with three methylene spacers. (5) Curran, D. P.; Hadida, S.; He, M. Org. Chem1997, 62, 6714.
(6) Thomsen, |.; Clausen, K.; Scheibye, S.; Lawesson, $+@. Synth.
1984 62, 158.

(7) For details of the synthesis of the fluorous anis@esc, see the

i i i itti i Supporting Information.
corresponding aromatic aldehyde using the Wittig reaction (8) Development and application of Wittig methodology in fluorous

as a key stepThe built-in three methylene spacer was hoped chemistry: Rocaboy, C.; Rutherford, D.; Bennett, B. L.; Gladysz, dI.A.
to serve as an efficient insulator of the electron-withdrawing Ph{;). grgd. CherrEOQQ 5?6_. I drewing e -

: . tudy on the insulation of the electron-withdrawing effect of the
effect pf the perfluorqalkyl group‘éprgver, itwas finally perfluoroalkyl groups: Alvey, L. J.; Meier, R.; SeoT.; Bernatis, P.;
established that their thermal agitation with phosphorus Gladysz, J. AEur. J. Inorg. Chem200Q 1975.
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and MS experiments, further support for the structure and nitrile was detectedt Where the thermal thionation reaction
purity of the 8 fluorous LR was gained by DOSY experi- was a little sluggish, a microwave-accelerated solvent-free
mentst® Finally, the excess fluorous anisaleould be easily method was used to facilitate the reaction (entry 7 vs entry
separated and recycled. 8).12 The advantage of microwave-expedited thionation was
With 8in hand, we proceeded to investigate its efficiency especially appealing as the conversion of coumad o
in thionation reactions (Table 1). In choosing substrates for thionoesterlOh only proceeded via solvent-free microwave
heating (entry 9 vs entry 10). To illustrate further the utility

_ of the fluorous Lawesson methodology, the conversion of

o , benzophenoned() to the corresponding thioketord®i was
Table 1. Application of Fluorous Lawesson's Reagéhto/ chosen (entry 11). The thioketod®i was formed again in
(V]

vield® a microwave-accelerated reaction, followed by fluorous solid-

5 S phase extraction with absolute gEN. This fluorous workup

1 )kN/ %a )LN/ 10a 15h  73° made possible the rapid isolation of the relatively unstable
| 10i without exposing the reaction product to water. Finally,

entry substrate product time

a three-component, one-pot reaction was attempted using

|
\ \
2 QNjO %b <st 10b 2h 88" fluorous Lawesson’s reageBt(entries 12 and 13). Using
phenylhydrazine as a third component, the intermediate
NP oc R’ 10 1 thioamides cyclized to pyrazol derivativé8j,k with excel-
3 O d 2h 967 lent chemical yields.
o s The purificat_ions of the aboye regctions were straigtfor-
A o " Ish o7 ward; the solution-phase reaction mixtures .(entr|e§’ 112,
: 2 tod & and 13) were evaporated onto neutral alumina, loaded onto a
o S Fluordrlash SPE cartridges and eluted with 4:1 MeOHIH
5 Ny ONH, % N ONH, 106 2k 97b to provide the pure products with excellent chemical yields.
' N ' N In the case of solvent-free microwave-accelerated reactions,
H o o s vor the re_actlon n_mxtures were mecham(_:ally mixed with ne_utral
6 :f f 1h 95° alumina, applied to a FluoRtashcartridge, and eluted with
0 0 MeOH/H,O or CHCN, respectively (entries 8, 10, and 11).
7 0 O % s 0g 4h 95" This “mixed sorbent” protocét made it pos;ible to retain
0 )k” )ku 3min  96° all of the fluorous Lawesson’s reagent-derived byproducts

while allowing the organic molecules to elute cleanly.

9 m on m 10h 24h 0° In summary, we have developed, for the first time, a

10 oo o g ; 85° fluorous Lawesson protocol without cumbersome chromato-
s graphic workup. This fluorous technique combined with

1 O O 9 O O 100 3min 66° microwave application allowed the rapid synthesis and
isolation of organosulfur compounds in submilimolar scale.

o o Ph ) Since most thionation reactions went to completion, this
o AN~ NV W an g70 fluorous method holds promise in parallel synthesis and also
L 7\ in delivering thioamides and thioesters of adequte quality
o o Ph for high-throughput biological screening.
13 _Ph NN Ph 17h 98¢ . .
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Supporting Information Available: Complete experi-
mental procedures and characterization of novel compounds.
This material is available free of charge via the Internet at
http://pubs.acs.org.

comparison, an effort was made to select examples in which
cases the original Lawesson’s reagdntiad already proved
successful. Furthermore, all experiments were run in a 0.2
mmol scale to evaluate the potential of this method in OL0529849

Combmatorlal ChemIStry' For all amide SUb_StrateS_ exammed’ (11) The primary amides are susceptible to dehydration by Lawesson’s
thermal thionation by8 gave the appropiate thioamides reagent: Perregaard, J.; Thomsen, I.; Lawesson, BulD.Soc. Chim. Belg.

10a—gin high yields and purity (entries17) after a fluorous 1977 87, 321. , _ o
lid-ph tracti . MeOH® 4:1 el toIti (12) Some representative microwave applications in Lawesson reac-
solid-phase extraction using Me L eluent. 1t 1S tions: (a) Varma, R. S.; Kumar, @rg. Lett.1999 1, 697. (b) Olsson, R.;

worth noting that even the thionation of the sparingly soluble Hansen, H. C.; Anderson, C.-Metrahedron Lett200Q 41, 7947.

[P ; ; (13) The mixed sorbent strategy proved to be efficient in fluorous
nicotinamide 96) proceeded SmOOtth’ and no formation of synthesis when polar functionalities are appended several atoms away from
the perfluoroalkyl chain: Lindsley, C. W.; Zhao, Z.; Leister, W. H.; Strauss,

(10) For details, see the Supporting Information K. A. Tetrahedron Lett2002 43, 6319.
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