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ABSTRACT

In cases where both reactants in a phase-vanishing reaction are less dense than the fluorous phase, an alternative to the U-tube method is
to employ a solvent with greater density than the fluorous phase, such as 1,2-dibromoethane. This modification has been successfully applied
to the methylation of a phenol derivative with dimethyl sulfate and to the m-CPBA-induced epoxidation of alkenes, N-oxide formation from
nitrogen-containing compounds, and S-oxide or sulfone formation from organic sulfides.

Fluorous-phase chemistry is currently a topic of considerable In the usual phase-vanishing reaction environment, the
interest:2 The use of a fluorous solvent as a phase screendensity of the fluorous solvent is less than that of one of the
for maintaining temporary separation between two reactive reactant phases but is greater than that of the other. In such
organic phases allows so-called phase vanishing reattionscases, the top phase consists of one reactant in an organic
to occur. A significant advantage of such reactions is that solvent, a fluorous solvent comprises the more dense middle
exothermic transformations normally carried out below room phase, and a second reactant (a liquid) functions as the
temperature (typically-78 to 0°C) can be carried out at  bottom phase. When both reactants are less dense than the
room temperature because heat is released to the environmerifuorous phase, the fluorous phase can be contained in a
in a slow and controlled manner. Energy savings incurred U-tube with a reactant phase in each arm floating on the
in fluorous phase vanishing reactions are therefore advantafluorous phase. Here, we present an alternative to the U-tube

geous for potential large-scale production in industry. method in which one of the phases can be dissolved in a
high-density solvent (1,2-dibromoethane in the present
(1) (a) Horvath, I. T.; Rabai, Bciencel 994,266, 72. (b) Horvath, I. T. instance) to form the bottom phase.

Acc. Chem. Red.998,31, 641. . .
(2) (a) Studer, A,; Hadida, S.; Ferritto, R.; Kim, S.-Y.; Jeger, P.; Wipf, The more usual phase-vanishing technique has recently
P.. Curran, D. P.Sciencel997, 275, 823. (b) Luo, Z; Zhang, Q.. peen applied by Ryu et al. to the bromination of alketies,

Oderaotoshi, Y.; Curran, D. Bcience2001,291, 1766. (c) Curran, D. P. . . .
Angew. Chem., Int. EL998,37, 1175. (d) Curran, D. Rl. Am. Chem. the dealkylation of aromatic ethers by boron tribromigle,

Soc.1996, 118, 2531. (e) Cornils, BAngew. Chem., Int. EdL997, 36, the acylation of aromatic compoun#sand the bromination
2057. (f) Kitazume, TJ. Fluorine Chem2000,105, 265. (g) Sandford, G. . L
Tetrahedron2003, 59, 437. of alcohols using PBror SOBs as the bottom liquid phaseé.

(3) (@) Ryu, |.; Matsubasa, H.; Yasuda, S.; Nakamura, H.; Curran, D. P. These workers have also applied the U-tube approach to the

J. Am. Chem. So@002,124, 12946. (b) Matsubasa, H.; Yasuda, S.; Ryu, : : : P
I, Synlett2003, 247. (c) Nakamura, H.; Usui, T.; Ryu, |.; Matsubasa, H.; chlorination of alcohols using SOLPCk as the top |IC]UId

Yasuda, S.; Curran, D. ®rg. Lett.2003,5, 1167. phases® Here we describe the use of phase-vanishing
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Scheme 1. Bromination of Aromatic Compounds with Scheme 2. Bromination of Unsaturated Alcohols with
Bromine Using the Phase-Vanishing Technique Phosphorus Tribromide Using the Phase-Vanishing Technique
X 4 4
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CH,Cl Br Br A : A
Cly R3 " 0OH CeF14 R3 “Br
R2 R1 CeF14 RZ R1 3 PB]’3 4
] Br, Br
2 literature
yield (%) yield (%)
literature
yield (%) yield (%) 4a R®= HC=C- R*=H 80 41.5-72%D
2a X=OH, R'=R2:=H 9 45 9g#bcen 4 R®= HC=C- R® = Me 8 42.78%
2b X=0OH, R'=R2=Me 92 45.g74ef 4c  R®= H,C=CH- R*=H 75 46-95°+¢
2¢ X=NH,  R'=R?=H 85 65-934%9 4d R® = CHzHC=CH- R*=H 80 86-085%9
2d X=NHMe, R'=R?=H 78 65-934d.9

the maximum and higher than the middle, respectively, of
the corresponding ranges recorded in the literature.

In literature investigations of classical alkylations of
phenolsS those utilizing dimethyl sulfate normally require
reflux conditions®® In our experiment, dimethyl sulfate
dissolved in dibromoethane formed the stirred bottom phase
and an equimolar mixture of salicyclic acid and triethylamine
in acetone made up the top phase. After the top phase had
vanished into the bottom phase, the selectively monoalkylated
product5 was obtained in considerably better yield (90%)

reactions for the bromination of phenols and anilines by
elemental bromine, the bromination of allylic and propargylic
alcohols with phosphorus tribromide, the alkylation of a
phenol derivative by dimethyl sulfate, the epoxidation of
several alkenes byn-CPBA, andN-oxide formation from
nitrogen-containing compounds with-CPBA andS-oxide

or sulfone formation of some organic sulfides withCPBA.

For all but the first two types of reactions, 1,2-dibromoethane
is used as a solvent of highest density to dissolve the liquid
dimethy! sulfgte and the sohnh—QIf’BA for constituting the than the maximum of the range reported in the literature-(56
bottom solution phase. The utilization of a solvent more 720629

dense than the fluorous phase in phase vanishing reactions '
does not seem to have been reported. In all cases, perfluo-

rohexane was used as the screening middle phase and all cOH

the reactions were carried out at room temperature. OMe
During the reaction of bromine (bottom layer) with phenols

la,band anilineslc,d (in dichloromethane as the top layer) 5

the bromine phase was seen to vanish when the reaction was
complete. Although the yields shown in Scheme 1 are not ) ) .
as good as the corresponding maximum values found in the Among the variety of approaches available for the epoxi-

literature, each of the yields is substantially above the middle dation of alkenes,the use ofm-CPBA normally requires
of the corresponding literature rante. temperatures of GC or below. In the present protocol,

In literature reports describing various reagents for the M-CPBA in 1,2-dibromoethane forms the stirred bottom
bromination of alcohol&the use of PBf® requires controlled ~ Phase and styrene in dichloromethane is the top phase that
addition of this reagent as well as low temperature. In our Vanishes into the bottom phase. The epoxide yields shown
protocol, a propargyl, allyl, or crotyl alcohol in ether N Tablel_are m_each case at or beyond the maximum yield
constitutes the top phase and phosphorus tribromide formsreported in the literature, except for cyclohexene oxide, for
the stirred bottom phase (Scheme 2). In this scheme, it isWhich the yield is still well beyond the middle of the
seen that after disappearance of the bottom phase, the produdftérature range.
yield is higher than the maximuitr-e9and lower than the N-Oxide preparations from amines using a variety of
minimun?®¢f observed forta and4c, respectively, seen in  OXidizing agents is well documented in the literatéiend
the literature range. The yields fdb and4d are as good as the same is true for the oxidation of sulfides to sulfoxides

(4) (a) Fuson, R. CReaction of Organic Compound#/iley: New York, (5) (a) Black, D. K.; Landor, S. R.; Patel, A. N.; Whiter, P.J-.Chem.
1962; Vol. 58, p 98. (b) Vona, J. A.; Merker, P. €. Org. Chem1949, Soc.1967, 2260. (b) Sondeimer, F.; Ben-Efrain, D. A.Am. Chem. Soc.
14, 1048. (c) Kajigaeshi, S.; Kakinami, T.; Tokiyama, H.; Hirakawa, T.; 1963,85, 52. (c) Black, D. K.; Lador, S. R.; Patel, A. N.; Whiter, P. F.
Okamoto, TChem. Lett1987 627. (d) Kajigaeshi, S.; Kakinami, T. Inoue, = Tetrahedron Lett1963, 483. (d) Nystrom, R. F.; Leak, J. £.Am. Chem.

K.; Kondo, M. Bull. Chem. Soc. Jpnl988 61, 597. (e) Kakinami, T.; Soc. 1953, 75 3039. (e) Iranpoor, N.; Firouzabadi, H.; Aghapour, G.;
Suenaga, H.; Yamaguchi, T.; Okamoto, T.; KajigaeshB@8l. Chem. Soc. Vaezzadeh, A. RTetrahedron2002,58, 8689. (f) Young, W.; Winstein,
Jpn.1989,62, 3373. (f) Goud, B. S.; Desiraju, G. BR. Chem. Resl995, S.J. Am. Chem. Sod935 57, 2013. (g) Munyemana, F.; Frisque-Hesbain,
244. (g) Chaudhuri, M. K.; Khan, A. T.; Patel, B. Retrahedron Lett. A.-M.; Devos, A.; Ghosez, LTetrahedron Lett1989,30, 3077.

1998, 39, 8163. (h) Bora, U.; Bose, G.; Chaudhuri, M. K.; Dhar, S. S; (6) (a) Cohen, S. M.; Meyer, M.; Raymond, K. N. Am. Chem. Soc.
Gopinath, R. Khan, A. T.; Patel, B. kOrg. Lett.2000,2, 247. (i) Smith, 1998,120, 6277. (b) Laatsch, H.; Pudleiner, Hebigs. Ann. Cheni989,

M. B.; Guo, L.; Okeyo, S.; Stenzel, J.; Yanella, J.; LaChapelleDHy. 863. (c) Ghosh, S.; Datta, |.; Chakraborty, R.; Das, T. K.; Sengupta, J.;
Lett. 2002,4, 2321. (j) Deacon, G. B.; Farquharson, GAdist. J. Chem. Sarkar, D. CTetrahedron1989,45, 1441. (d) Glennen, R. A.; Raghupati,
1976,29, 627. (k) Deacon, G. B.; Farquharson, GAdst. J. Chem1977, R.; Bartyzel, P.; Bartyzel, P.; Teitler, M.; Leonhardt, 5.Med. Chem.

30, 293. 1992,35, 734.
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Table 1. Epoxidation of Alkenes wittm-CPBA Using the
Phase-Vanishing Technigue

R® Rt CH,Cly, CoF 14 R® O R
R4 RZ B > R R?
6 m-CPBA 7
. literature
entry alkene epoxide yie]d(%)b yield (%)
R (]
7a
. O O m s
7b
3 Q Qo 92 4g-917tkm
7c
4 O OO % 78_967e'g'i'k-m'0
7d
5 CoHign= CeH13\<, 86 59-677M0
(o]
7e

a1,2-Dibromoethane (2.0 mLn-CPBA (3.0 mmol), perfluorohexane

(1.5 mL), alkene (2.0 mmol), dichloromethane (1.5 mL), bottom layer stirred

at room temperature for 2 daylsolated yields.

or sulfones. The use oin-CPBA in both types of oxidation
normally requires a temperature of°C or below. In our
procedure for both transformations-CPBA in 1,2-dibro-

moethane constituted the stirred bottom layer and the
substrate dissolved in dichloromethane was the vanishing top

layer. Pyridine gave pyridin®-oxide (8a) in excellent yield

(7) (@) Adam, W.; Bosio, S. G.; Wolff, B. TOrg. Lett.2003,5, 819.
(b) Legras, J.; Crousse, B.; Bonnet-Delpon, D.; Begue, Jerahedron
2002, 58 3993. (c) Fujiwara, M.; Wessel, H.; Hyung-Suh, P.; Roesky, H.
W. Tetrahedror2002 58, 293. (d) Fiammengo, R.; Bruinink, C. M.; Crego-
Calama, M.; Reinhoudt, D. Nl. Org. Chem2002,67, 8552. (e) Adam,
W.; Saha-Moiier, C. R.; Weichold, Ql. Org. Chem2000, 65 5001. (f)
Cheung, W. H.; Yu, W. Y.; Yip, W. P.; Zhu, N. Y.; Che, C. M. Org.
Chem2002,67, 7116. (g) Saladino, R.; Neri, V.; Pelliccia, A. R.; Caminiti,
R.; Sadun, CJ. Org. Chem2002 67, 1323. (h) Denmark, S. E.; Matsuhashi,
H. J. Org. Chem2002,67 3479. (i) Klement, I.; Lutjens, H.; Knochel, P.
Angew. Chem., Int. Ed. Endl997,36, 1454. (j) Shea, K. J.; Kim, J.-S.
Am. Chem. S0d 992,114, 3044. (k) Rodriguez, J.; Duclere, J.JPOrg.
Chem.1991 56, 469. (I) Bloch, R.; Abecassis, J.; HassanJDOrg. Chem.
1985,50, 1544. (m) Klass, M. R. G.; Warwel, Srg. Lett.1999,1, 1025.
(n) Foti, C. J.; Fields, J. D.; Kropp, P. @rg. Lett. 1999, 1, 903. (0)
Neimann, K. Neumann, ROrg. Lett.2000,2, 2861.

(8) (a) Albini, P.Heterocyclic N-oxides; CRC Press: Boca Raton, FL,
1991; pp 31—41. (b) Kartitzky, A. R.; Lagowski, XChemistry of
Heterocyclic Noxides Acadamic: New York, 1997; pp 2472, 537-542.

(c) Thellend, A.; Battioni, P.; Sanderson, W.; Mansuy,3ynthesid 997,

1387. (d) Dongre, R. S.; Rao, T. V.; Sharma, B. K.; Sain, B.; Bhatia, V. K.

Synth. Commun2001, 31, 167. (e) Neimann, K.; Neumann, RZhem.

Commun.2001, 487. (f) Ferrer, M.; Sanchez-Baeza, F.; Messeguer, A.

Tetrahedronl997,53, 15877. (g) Desiderato, R.; Terry, J. Tetrahedron
Lett. 1970, 3203. (h) Sharma, V. B.; Jain, S. L.; Sain;TBtrahedron Lett.
2003,44, 3235.
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Figure 1. Oxidation of amines and sulfides with-CPBA using
the phase-vanishing technique.

(92%) although this value is not quite at the maximum of
the literature range (7#699%¢°™). 8-Hydroxyquinoline gave
the correspondindN-oxide 8b in reasonable yield (75%)
which was well above the average of the literature range
(20—8496%9 (Figure 1).

Because of the ease with which the parent sulfoxid@ of
was oxidized t® with m-CPBA under our conditions, the
use of only 1 equiv om-CPBA produced about 0.5 equiv
of 9 (44%). We therefore used 2 equiv wi-CPBA for the
parent sulfides 08—11, which afforded excellent and above-
average yields in the first two instances and a yield very
nearly as good as the maximum literature yield in the third
case. Similar treatment of 3-(thiophenoxy)cyclohexanone,
however, gave only a 40% yield of sulfod@ along with a
47% yield of the corresponding sulfoxid&3) which to the
best of our knowledge is a compound that has not been
reported. Under our mild conditions, steric hindrance posed
by the phenyl ring probably reduces the reactivity of the
parent sulfide.

In conclusion, the types of transformations preliminarily
explored in this work provide product yields that in the
majority of instances are quite comparable to and in several

(9) (a) Drust, T. InComprehensive Organic Chemistry; Jones, D. N.,
Ed.; Pergamon Press: Oxford, 1983; Vol. 3. (b) Madesclaire]T&tra-
hedron1986,42, 5459. (c) Bruzik, K. SJ. Chem. Soc., Perkin Trans 1
1988, 2423. (d) Galambos, G.; Simonidesz, V.; Ivanics, J.; Horvath, K.;
Kovaks, G.Tetrahedron Lett1983,24, 1281. (e) Wilson, S. R.; Phillips,
L. R.; Pelister, Y.; Huffman, J. Q1. Am. Chem. S0d.979,101, 7373. (f)
Jones, D. N.; Cottam, P. D.; Davis, Tetrahedron Lett1979,20, 4977.

(g) Davis, F. A.; Friedman, A. J.; Nadir, J. Am. Chem. S0d.978,100,
2844. (h) Greenhalgh, R. Bynlett1992, 235. (i) Khanna, V.; Maikap, G.
C.; Igbal, J.Tetrahedron Lett1996,37, 3367. (j) DeShong, P.; Sidler, D.
R.; Rybczynski, P. J.; Slough, G. A.; Rheingold, A.1..Am. Chem. Soc.
1988 110, 2575. (k) Otera, J.; Mandai, T.; Shiba, M.; Saito, T.; Shimohata,
K.; Takemori, K.; Kawasaki, Y.Organometallics1983, 2, 332. (I)
Murakami, T.; Furusawa, KSynthesi®002, 479.

3789



cases in excess of maximum yields reported in the literature. Acknowledgment. We thank the National Science Foun-
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described herein are savings in energy, the recyclable nature

of the perfluorohexane phase screen and, as reported in this . . . .

publication, the use of dimethyl sulfate am-CPBA in _Supportlng Information Avallable_: Experimental de-
phase-vanishing reactions (and presumably other reactantd@S: NMR (H and*C) spectroscopic data for compounds
of lower density than the fluorous phase) by dissolving such prepared, and characterization of the sulfoxide derivative of
a reactant in an appropriate solvent more dense thanl3. This material is available free of charge via the Internet
perfluorohexane. Broadening the scope of transformationsat http://pubs.acs.org.

of the type reported here will be the subject of a future

publication. OL035391B
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