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Abstract: A new type of Lewis acid, scandium trisdodecylsulfate (STDS), was
prepared. In the presence of a catalytic amount of STDS, aldol reactions of silyl enol

othore with aldehvdoe nroccoded cmanthly in water withanut ucing any araanie cnluomnte
Censr s Wiy LTyt s pruvilllie oy viv WiaiCr wainitue uoennk Givy Orgaral sUivernes.

It was proven that stable dispersion systems including the catalyst and organic
substrates were formed in water and that catalytic activity in water was much higher
than that in organic solvents. As far as we know, this is the first example of Lewis acid

. . . . .
catalvsis in stable dispersion svstem in wafer. © 1008 Elsevier Science Ltd. All richts reserved
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Organic reactions in water without using harmful organic solvents are now of great current interest
especially in relation to today's environmental concerns.! However, the use of water in organic reaction
processes is rather limited because many organic materials do not dissolve in water and many reactive
intermediates and catalysts are decomposed in water.! Although Lewis acid-catalyzed reactions are of great
current interest because of their unique reactivities, selectivities, and mild conditions used,2 Lewis acids have
been believed to be unstable in water and therefore not to be used in aqueous media. On the other hand, we

hansra mirita sanantly farend thnt wwntae ctnhla T anrio nntde lanthanida $0iflatas ~anem ha 1a0ad 0 cnrranal Anvlhoes
Have UL ILTHLLY TUULIU Hial wWdltl-dlduit 1L.CWID abxuo, lalualinlc uiliatod, cdaii D€ USEq il s€veral carvoii-
carbon bond-formine reactions in agueous solution 3 While several reactions nroceeded smoothlv in the
caroon pond-iorming reactions 1n agqueous solution nile several reactions proceeded smoothly 1n (he

presence of a catalytic amount of a lanthanide triflate in aqueous media, a certain amount of organic solvents
such as THF, toluene, acetonitrile, ethanol, etc. had to be combined with water to promote the reactions
efficiently. We have now designed and synthesized a new type of Lewis acid on the basis of our own findings.
The new Lewis acid has been demonstrated to form stable dispersion systems with organic substrates and to
work efficiently in water without using any organic solvents in aldol reactions of silyl enol ethers with
alde "y("lés 4-6 one of the most representative Lewis acid-mediated reactions.

Quite recently we found that scandium triflate (Sc(OTf)3)-catalyzed aldol reactions of silyl enol ethers
with aldehydes proceeded smoothly in water (without organic solvents) in the presence of a small amount of a
surfactant.” It was suggested that an excellent hydrophobic reaction field including micelles was created under
these conditions in water. On the other hand, Sc(OTf)38 is water-soluble and it was assumed that the
concentration of Sc(OTD3 in Lhe hydrophobic reaction field would be low To increase the scandium content in
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(STDS, DC(UDU3L12H25)3) It was expectied that the ligands of STDS would c,r‘eai hydrop
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was carried out by combining scandium chloride and sodium dodecylsulfate in water. STDS thus prepared
fully characterized by 'H, 13C, and 45Sc NMR and elementary analysis.?-11

SCC‘I3 + 3‘\4'30303C12 25 ———> ( 03L12H25}3
(STDS)
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STDS was first used in the model reaction of (Z)-1-phenyl-1-trimethylsiloxypropene (1) with
benzaldehyde in water. While STDS only slightly dissolved in water, a white dispersion was formed after
adding the silyl enol ether and the aldehyde and stirring. After the mixture was stirred for 4 h at rt, the desired

aldol adduct was obtained in a 92% yield. It is noted that oily particies inciuding STDS and the organic

substrates were dispersed stably in water, and that the desired aldol reaction proceeded smoothly in such a
system. In addition, the catalytic activity of STDS was found to be much hicher than Sc(OTHz in w
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Namelv. while the aldol adduct was produced in a 92% yield in the reaction of 1 with benzaldehyde u
STDS (0.1 eq.) in 35 mM Triton X-100 solution at rt for 4 h, only a 21% yield of the adduct was obtamed
when Sc(OTf)3 (0.1 eq.) was used under the same reaction conditions.1? We also prepared several similar
scandium sulfates, sulfonates, and alkylbenzenesulfonates, and these scandium salts were evaluated in the
above model aldol reaction (lable 1) As for the alkyl groups, the dodecyl groups gave the best results in all

Ancan (o lfatac ,...u‘n..... .......... PR Y RS R . PR 17 R,

S (suiiates, swiionates, and aus.ymcu(.cucauuuuatt,s Jj. In the scandium suifonate series, bc&UbU2L12n25 )3
gave an 83% vield of the aldol adduct while Sc(OSOsCi1aHA1)2 and SclOSOAC 1 4 Hnao): afforded the nroducts
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in 60% and 19% yields, respectively. The mixture of Sc(OSO2C12H25)3 and the organic substrates or
Sc(0SO,C1pH21)3 and the organic substrates formed stable dispersion systems, and their particle sizes were
proved to be 1.1 pm and 0.7 pm, respectively.!3 On the other hand, the mixture of Sc(0OSO,C4H29)3 and the
organic substrates did not form a stable dispersion system.!4 It was indicated from these results that an
excellent large hydrophobic reaction field was formed when Sc(OSO;C;,Hzs)3 and the organic substrates were
combined in water, and that the desired aldol reaction proceeded smoothly in the reaction field.15

o H O
(J:)SiMeg Sc Salt (0.1 eq.) )]\
T “"“/\Ph Hzo, rt,4h Fn T ¥n

R Sc{OSC;R); Sc{0SO,p-R-CeHy)y Sc{OSCO,R),
CioHy, — 55 60 (0.7 pm)®
Ci1Hzs — — 68
Ci;Hys 92 91 83 (1.1 pm)®
CizHy — — 76
C14Hpo 73 33 19 (0.4 pm)®°
CigHazs - 14 12

*Numbers shown in the col 1.-_ns are isolated vields (%) Particle
sizes of the dispersions. “See Ref. 14.
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It was also found that STDS worked well in water rather than in organic solvents. The effect of solvents
on the aidol reaction of 1 with benzaldehyde is shown in Table 2. While the reaction proceeded smoothly in
water, very slow reactions were observed in other organic solvents. A preliminary kinetic study was

performed bv using I NMR in the maodel reaction of benzaldehvde with the sily] enol ether derived from 3
PWAAVAILVG U WMOKILE, 1 LYAIVALIN AKX WA (V. S1u3 ALIUIE UL UVHZAGIUCIIY UL WL UIC Duy CLUL CUICE UCLIIVEAL 11Ul U~
pentanone. It was shown that the aldol reaction proceeded 5x103 times faster in water than in

dichloromethane.16

OSiMe;  STDS (0.1 eq.) m
+ —————
PRCHO  + “*-/l\.m- monan P Ph

Table 2. Effects of Solvents®

Solvent Yield/% Solvent Yield/%
HO 92 CH,Cl, 3
CH,0H 4 THF trace
DMF 14 Et,0 trace
DMSO 9 toluene trace
CH,CN 3 hexane 4

*While STDS is dissolved in CH;OH, DMF, DMSO, and
THF, it is not dissoived or slightly dissolved in other solvents.

Several examples of STDS-catalyzed aldol reactions were tested and the results are summarized in Table
3.17.18 In all cases, the reactions proceeded smoothly in the presence of a catalytic amount of STDS (0.1-0.2
eq.) at rt in water, to afford the corresponding aldol adducts in high yields, albeit moderate dlastereoselecnvmes
were observed. No organic solvents and surfactants were needed in the reactions. Not only aromatic, but also
aliphatic and o,B-unsaturated aldehydes worked well under the standard conditions. As for silyl enolates,
ketone-derived silyl enol ethers as well as ketene silyl acetals derived from thioesters and esters reacted well to

give the corresponding adducts in high yields. It is noted that highly water-sensitive ketene silyl acetals reacted
smoothly in water under these conditions.

OSiMez  STDS (0.1 eq.) OH O
3 .1 eq.
RICHO + 3 1/%/lL 2
R%nz o tan R TR
Table 3. STDS-Catalyzed Aldol Reactions in Water
R! R? R}  Yield/% synfanti R! R? R®  Yield/% syn/anti
Ph Ph Me 92 49/51 Ph Ph H 9430 —_
Ph(CHy), Ph  Me 88 44/56 Ph EtS Me, 98 —
PhCH=CH Ph Me 91 40/60 CHy, EtS Me, 91 .
rn EU me 84 18144 PhCH:CH EtS M32 92 -
p-CIPh Et Me 91 79121
Ph(CH,), |- Ma gna 79499 Ph MeO Me, 80™® -
272 ol iviC oL 1 Lt L0 .
PhCH=CH FEt Me 87 7129 2-pyridine  pp Me 84" 24/76
PhCH=CH -(CHy) 4 gs5? 52/48 PhCO Phh Me 86 66/34

T enimmaruy a | awic aridoenrfactant comhined comnonnd STNS wacg firet nrenared and hace heen
11 auuuucuy, a LUWIS atliu=dulliavialit CUINVINVAE CUILHPUWIIU, J 1150, Wdd 1115t pPIVPQIVU allu 11as ULvvll
shown to be an excellent ca_ta_ly\t in the aldol reactions of Qilyl enol ethers with aldel 1ydes in water without using

any organic solvents. The newly-designed Lewis acid has very different characteristics from conventional
Lewis acids. In particular, it is noteworthy that stable dispersion systems were formed including the catalyst
and organic substrates in water and that a much higher catalytic activity in water rather than in organic solvents
has been achieved. Use of these types of Lewis acids will expand organic reactions in water and further

mvesnganons d(,(,OI'Cllng to this line are now is progress in our laboratories.
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Preparation of scandium trisdodecylsulfate (STDS): To sodium dodecylsulfate (SDS, 3.4 g, 11.56 mmol) in H2O (100 ml)
was added ScCiz*6H20 (i.0 g, 3.85 mmoi) in H2O (20 mi) at room temperature. White precipitaies appeared immediaiely,
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°C, 20 h) to afford STDS (2.30 g, 71%). Mp 240 °C (dec.). IR (KBr) 1165, 1300 cm™!; |H NMR (CD30D) & 0.89 (t, 9H, J

= 6.7 Hz), 1.20-1.44 (m, 54H), 1.63-1.71 (m, 6H), 4. 11 (t, 6H, J = 6.6 Hz); 13C NMR (CD30D) & 14.4, 23.7, 26.8, 30.3,

0.4, 30.5, 30.68, 30.71, 30.76, 30.83, 33.1, 70.6; #5S¢ NMR (CD30D) & -109.3. Anai. Caicd for C3Hg1015838¢
CisHse)e3HA0): C 4830: H 9.12: S, 1074, Found: C, 48.15; H, 9.02; §, 10.53,
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We have recently reported a new micellar system, Sc(OTf)3-sodiumdodecylsulfate (SDS).7 This system is very different from
STDS. This means that Sc(OTf)3 does not react with SDS to form STDS or related compounds. While the Sc(OTf)3-SDS

system makes a kind of micelle (not dispersion), the STDS system makes stable dispersion (probably not micelle but
disnersion colloid). See also Ref. 17.
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Recently, rate enhancement in the presence of Cu(Il) dodecylsulfate in Diels-Alder reaction in water was reported. Otto, S.;

Bertoncin, F.; Engberts, J. B. F. N. J. Am. Chem. Soc. 1996, 118, 7702.

While a 92% yield of the aldol adduct was isolated from 1 and banzaldehyde using STDS in water, only less thar
the adduct was obtained by using Sc(OTf)3 under the same reaction condmnns In the case using Sc(OT!
decomposition of 1 was very fast.

Measurement was performed by using Coulter® Subsmicron Particle Analyzer, Model N4AMD (Coulter Electronics, Inc.). We
are grateful to Dr. Kazuhisa Takahashi, Department of Applied Chemistry, Faculty of Science, Science University of Tokyo
(SUT), for measurement of the particle sizes. We also thank Prof. Minoru Ueno, SUT, for his helpful discussion on the
dispersion systems.

The dispersion system was stable within a few minutes. Quick measurement of this system was indicated that its particle size
was 0.4 pm.
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H70: k = 1.1 (Vmolesec); CHaClp: k =2.2 x 104 (Vmolesec).
While a very labile silyl enol ether (such as the silyl enol ether derived from cyclohexanone) decomposed rapidly in the
SL\\JTL}j -SDS s system, it could be SuCCCSSf‘dP‘;’ used in the STDS system {Tnhlp 3, run 8).
A typical experimental procedure for the STDS-catalyzed aldol reactlons of silyl enol ethers with aldehydes: To STDS (0.05
mmol, 0.1 eq.) in water (3 ml) was added an aldehyde (0.50 mmol) and a silyl enol ether (0.75 mmol). The mixture was
stirred for 4 h at rt. Brine was added and the aqueous layer was extracted with ethyl acetate. The combined organic layer was
dried and concentrated under reduced pressure. The residue was purified by column chromatography on silica gel to afford the

desired aldol adduct.



