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The Mukaiyama aldol reaction is one of the most versatile ArLi / 0°C ot
synthetic methods for stereoselective carboarbon bond Q O ether or THF O O 2) CHyl
. ° 0°C-ont
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formation. Asymmetric catalysis of this category utilizing chiral 78°C -t HO™ “Ar HsCO™ Ar
complexes derived from B, Al, Sn(ll), Ti(IV), Cu(ll), Pd(ll), Ar=Cetls . 6, 7a-c 8b (93%)
and Ln(lll) has been explored in the past 10 years with 2,6-(MeO)CeH, 84798 % 8c (82%)
significant breakthrough’s. Mukaiyama and co-workers have a) Key: @) (i) MSCI/ELN/CH,Cl, (ii) LIBEtsH/ITHF, 0°C — rt;

documented novel uses of various trityl salts serving as efficient () (i) TsCI/Et/N/CH.CI,, cat. DMAP, (i) MeCulLi/ether,—10 °C.
catalysts in various aldol type transformatidsghlighting their

potential in asymmetric variations. Nevertheless, several in- Scheme 2
trinsic and pending problems still hinder their practical design R R R R .
in that context. First, the reacting carbenium ion center3s sp HX / Me;0*SbClg™ V
hybridized. Placement of the three flanking aryl groups in a AcO T CHaCly/CoHaNO; Q.O
chiral environment is so far impossible due to the extremely (o A s0-0cC A D78 Heco” Ar
low barrier to racemization of chiral carbenium ichSecond, X=0Tt g5 p R=Me

in sharp contrast to most existing chiral Lewis acids generated ~ ®"¢7® O« foae: R=Et X = SCle 8o
from chiral natural sources (e.g., diols, diamines, amino acids,

and tartrates);® no natural skeleton has been found that is of the ditosylate with (CH).CuLi at—10°C provided the diethyl
relevant to the triarylmethyl scaffold. Third, the precise nature analog3 quantitatively! These two dialkyldibenzosuberanes

of the catalytic species in these transformations remains elusivewere readily oxidized at ambient temperature to the respective

in view of the recent elegant mechanistic study by Boshich. ketones,4 and 5, by KMnO, (2.5 equiv) in benzene using

Apparently, development of new types of chiral Lewis acids dicyclohexano-18-crown-6 as a phase transfer catélygoth
with reactivecarbenium-basedenters are essential in view of  ketones were obtained in 91% vyields.

their potential impact on both mechanistic and synthetic utility ~ To probe the stereoelectronic influence of the 5-aryl group
aspects. We describe herein our preliminary findings toward on the structure, reactivity, and selectivity of triarylcarbenium
this end. ions in the aldol process, two representative aryl appendages

Platzek and Snatzke have reported the synthesi€ef  (tertBuCsHs and 2,6-(MeO)CsH3) were selected in addition
symmetric dioll, a common skeleton in various anti-inflam-  to the parent phenyl groub.The requisite trityl alcoholss and

matory drugs, in scalemic forfn.This resolved (18,11R)-1, 7a—c, were prepared in 8498% yields by aryllithium addition
was utilized as a conceivable trityl ion precursor, whose to the respective dibenzosuberof@s.
enantiomeric purity was determined to b®9% enantiomeric Independent treatment of 1-aryldibenzosuber®land 7a,b

excess (ee) by HPLC analysis on a chiral support (Chiralcel (Ar = Ph and 4tert-butylphenyl), with an appropriate acid (HX)

0J). We have so far accessed two different 10,11-dialkyl in the presence of a water scavenger (acetic anhydride) allowed

(dimethyl and diethyl) substitute@-symmetric trityl salts. To  the preparation of the corresponding chiral trityl séd&b and
convert the alcohol moieties into methyl appendages, theldiol- 10a—c, with three different counter ions (TfQ CIO,~, and

was mesylated with methanesulfonyl chloride (MsCl) in£H  PR;).11 In all cases, the reddish orange salts could be obtained

Clzin the presence of BNl (6 equiv). Reduction of the resultant  in good yields (86-98%) by gradual addition of cold diethyl
dimesylate with LiEfBH (3 equiv) in anhydrous THF provided  ether into the reaction media at°C to induce crystallization

10,11-dimethyldibenzosuberang) (n essentially quantitative  (Scheme 2). In some instances, these highly moisture- and heat-
yield (Scheme 1). In a similar manner, the scalemic tialas sensitive materials can even be obtained in analytically pure

transformed in 96% vyield to the corresponding ditosylate by form (i.e.,9b and104), allowing for unambiguous determination
treatment with TsCl in the presence of;Btand catalytic  of composition. The 2,6-dimethoxy substituted trityl alcohol
4-(dimethylamino)pyridine (DMAP). Doublex2 displacement  7¢ was not amenable to the Dauben proce#uelX/Ac,0)

(1) For leading references for each case, see: (B and Al) (a) Kiyooka, . . .
S.-I.; Kaneko, Y.; Kume, K.-Tetrahedron Lett1992 33, 4927. (b) Parmee, ~ anhydride. The final targeted hexachloroantimonatés,(Ar
E. R.; Tempkin, O.; Masamune, $.Am. Chem. S0d.99], 113 9365. (c) = 4-tert-BuCgHy) and10e(Ar = 2,6-(MeO»C¢Ha), could only
Corey, E. J.; Cywin, C. L.; Roper, T. Oletrahedron Lett1992 33, 6907.
(d) Hattori, K.; Yamamoto, HTetrahedron1994 50, 2785. (Sn(ll)) (e)

Kobayashi, S.; Hayashi, . Org. Chem1995 60, 1098. (Ti(IV)) () Singer, the appropriate trityl methyl ethers8if and 8c), recently
R. A Carreira, E. MJ. Am. Chem. Sod.995 117, 12360. (g) Mikami, developed in our laboratori€s.The requisite methyl ether
K.; Takasaki, T.; Matsukawa, S.; Maruta, Meynlett1995 1057. (h) precursors were formed in 9398k) and 82% 8¢) yields,

Mukaiyama, T.; Inubushi, A.; Suda, S.; Hara, R.; KobayashGigm. Lett.

due to the extreme solubility of the resulting trityl salts in acetic

be generated in situ by a Meerwein salt-promoted ionization of

199Q 1015. (Cu(ll)) (i) Evans, D. A.; Murry, J. A.; Kozlowski, M. Q1. respectively, by the standard Williamson etherification (NaH/

Am. Chem. Soc1996 118 5814. (Pd(ll)) (j) Sodeoka, M.; Ohrai, K.; CHGal) of the corresponding alcohols (Scheme'4).
Shibasaki, MJ. Org. Chem1995 60, 2648. (Ln(lll)) (k) Uotsu, K.; Sasai,

H.; Shibasaki, M.Tetrahedron: Asymmetr§995 6, 71. (7) Posner G. HOrg. React1975 22, 253.
(2) (a) Kobayashi, SKagaku Kogydl989 42, 245 and references cited (8) Sam, D. J.; Simmons, H. B. Am. Chem. S0d.972 94, 4024.
therein. (b) Denmark, S. E.; Chen, C.-Tletrahedron Lett1994 35, 4327. (9) A total of six different aryl groups were surveyed in model studies.
(3) (a) Wallis, E. JJ. Am. Chem. So0d.931, 53, 2253. (b) Gomberg, Chen, C.-T.; Chao, S.-D; Yen, K.-C. Manuscript in preparation.
M.; Gorden, W. E.JJ. Am. Chem. Sod935 73, 119. (c) Wallis, E. S.; (10) (a) McEwen, W. E.; Janes, A. B.; Knapczyk, J. W.; Kyllingstad,
Adams, F. HJ. Am. Chem. Sod.933 55, 3338. V. L.; Shiau, W.-l.; Shore, S.; Smith, J. H. Am. Chem. S0d.978 100,
(4) Blaser, A. PChem. Re. 1992 92, 935. 7304. (b) Borhan, B.; Wilson, J. A.; Gasch, M. J.; Ko, Y.; Kurth, D. M.;
(5) Hollis, T. K.; Bosnish, BJ. Am. Chem. S0d.995 117, 4570. Kurth, M. J.J. Org. Chem1995 60, 7375.
(6) Platzek, J.; Snatzke, Getrahedronl1987, 43, 4947 and references (11) Dauben, H. J., Jr.; Honnen, L. R.; Harmon, K. 31.0rg. Chem.
cited therein. 196Q 25, 1442.
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Table 1. Chiral Triarylcarbenium-lon-Mediated Mukaiyama Aldol Scheme 3
Addition between Benzaldehyde and Acetate-Derived Silyl Ketene

Actal E:—:' ™% + RgSiX
H_"‘ R oS £ R"* OEt
0OTBS 1) CHaCl/-78 °C OH O iR +O, |
Promo =<oa ' Q‘O m PhMOEt =<°E‘ R'JLH ReSIO O b
A X 1 ToX X" | E=SiR, H'J\)\oa
1.2-1.5 equiv ?;’?F‘::MEe‘ . c racemic
o 2 ot +o-SRs 4 RO O
time vyield Tr'\)koa:=< AL T s o X
entry Ar X (catalyst) (h) (%) ee (%} confige 12 RH OEt R H
13 R _ gy (Ar=4-t-BuCgHy)
1 GeHs OoTf9ad 3 75 3 S ) ) _
2 CeHs Clo,(9b) 6 92 12 s methathesis between tritylated aldolates an8iR.'® Under
3 GCHs ClOs (108 3 52 24 (4) R such circumstances, silyl catalysis completely took over once
4 CeHs ClO,(108) 45 67 16 R the trityl ions were tied up. To evaluate the extreme asymmetric
5 CeHs clo, (10a)e 6 99 11 R discrimination with our devised chiral template, one full
? %tHst BUCH 8:84 (183) g ‘213 gg 2%) S equivalent of trityl perchloraté0awas used in this model aldol
erbu e + (10b) ( addition. Thes-hydroxy estefl1 was obtained in 50% ee, albeit
8 4tertBuGHs PR (100 3 20 32(19) R ith sianifi diminuti f chemical vields f 5206 10 220
9 4tertBuCHs SbCk(10d) 4 48 6(8) R with significant diminution of chemical yields from 52% to 22%
10 2,6-(MeO)CeHs SbCk(109 4 53 22 R (entries 3 and 6).

— - - - The production of scalemifi-hydroxy esterl1 in the chiral
2Isolated yields® Determined by HPLC analysis on Chiralcel OD  5rpenium-ion-mediated aldol process strongly suggest that a

column.¢ Correlated by the optical rotation of the corresponding acid .. " . .
with the literature value? From the aldol reaction with TMS ketene trityl-ion-catalyzed pathway originally proposed by Mukaiy&ma

acetal. One equivalent of catalyst was added. is operable to some extent (pathScheme 3). For an efficient
regeneration of the chiral catalyst, the exchange process between

Our targeted aldol addition involves the slow addition of the tritylated aldolate and the release$SKX (pathb) must have
O-ethyl silyl ketene acetal (SKA) to benzaldehyde with catalytic 2 faster rate than that of the&iX-catalyzed reaction (pat).
chiral trityl salts (16-20 mol %) at—78 °C. This most An alternative reaction pathway would involve an [n|t|al
challenging scenario was found to proceed smoothly, leading 8<change between the silyl group Orethyl SKA and the trityl
to enantiomerically enriched ethyl 3-hydroxy-3-phenylpropi- 10N t0 give a chiraD-trityl ketene acetal followed by aJSix-
onate (1) in good yields after protodesilylation of the inital ~catalyzed aldol reaction (pati). Similarly, this exchange
silylated aldolate (Table 1). process has to be faster than patio secure asymmetric

The extent and sense of asymmetric induction were highly 9eneration of the aldol product. .
dependent on silyl substituents, counterighsteric bulk of R Two independent lines of evidence led to the exclusion of
groups, substitution pattern on the pending aromatic rings, andthe _Iast mechanistic scenario. First, instead of obser\_/lng any
reaction time. The use of trimethylsilyl (TMS) ketene acetal O-trityl ketene acetal formation, only trace amount®trityl
consistently led to a lower level of asymmetric induction in the acetatel3 was produced whe-ethyl SKA was mixed Wl"gh
aldol process as compared with teet-butyldimethylsilyl (TBS) @ equal amount of chiral trityl perchlorat®aat —78 °C.
analog. Best results were achieved by the employment of trityl The C't”t_yl acetate formation becam_e more significant when
perchlorates{0ab) and hexafluorophosphat2@q). The free the reaction Waslwarmed to the ambient temperature. Second,
B-hydroxy esterl1 was obtained with enantioselectivities of ~reatment of the independently prepat@drityl acetate,12 (R
up to 38%. A significant drop in enantioselectivity (entries 1 ~ H) or 13 (R = Et), with benzaldehyde (1 equiv) In the
and 9) was observed in the triflat®a) and hexachloroanti- ~ Presence of TBSOTf or TBSClinder similar aldol conditions
monate 10d) presumably due to the facile intervention of silyl Provided no trityl alcohols or aldol products. This result rules
and SbCJ catalysis, respectivefl3 Both 10,11-dimethyl- and out any poss_|ble electrophile-promoted-€0 trityl transfer to
-diethyl-substituted trityl perchlorate8p and 103, effectively reform the trityl ketene acetal. .
catalyze the aldol reaction leading 1d in >92% yields with In conclusion, we have documentéke first example of
a similar magnitude of enantiocontrol. However, a complete asymmetric .Muk_a|yama _ald.ol qdd!t!ons med|ate<_j by chiral
reversal in the sense of asymmetric induction was observedtriarylcarbenium ionsalbeit with significant intervention of the
(entries 2 and 5¥15 Trityl salts containing the dert- unproductive silyl catalysis. Searches for a better chiral trityl

butylphenyl group uniformly led to higher enantioselectivities ion .cgndidate that can adopt a more rigid conformation and
as compared with the parent (& Ph) analogs (entries 3, 7 exhibit a more reactive carbenium ion center are currently
and 8). It should be pointed out that gradual decoloration of untAJIekrwayI.d W il 1o Prof. Scott E. D .
triarylcarbenium ions was observed in most instances. However,  A¢knowledgment. We are grateful to Prof. Scott E. Denmar

. . - "(University of lllinois) for his support and advice during the early stages
upon addition of extra SKA, the aldol reaction still proceeded of this work. We thank Prof. Edwin Vedejs for enlightening suggestions

with prolonged reaction time (6 h) (entries 8). The chemical | eyarding mechanistic aspects of this system. The National Science
yield was increased by 47% (from 52% to 99%) with & cCouncil (NSC 86-2113-M-003-001 and NSC 86-2732-M-003-001) of
concomitant drop in the enantiomeric excesslbfto half of the Republic of China for a generous support of this research is greatly
its original value (from 24% to 11%). These results indicate acknowledged.

that trityl ions were gradually consumed presumably due to slow  Supporting Information Available: Preparation and full spectro-
(12) Stoochnofr, B. A.; Benoiton, N. LTetrahedron Leti1973 21 scopic characterization &6, 7a—c, 8b—c, 9b, 10a and11-13 (23
oochnoff, B. A.; Benoiton, N. LTetrahedron Le . i
(13) For selected §BiOTF-mediated aldols: () Mukai. C.. Hashizume, ip:]e;gt;reusgt.ioige any current masthead page for ordering and Internet access
S.; Nagami, K.; Hanaoka, MChem. Pharm. Bull199Q 38, 1509. (b) '
Murata, S.; Suzuki, M.; Noyori, RTetrahedron1988 44, 4259. JA9709000
(14) The absolute configuration of tjffehydroxy ested 1 was determined
by comparison of the optical rotation of the corresponding acid with the (16) (a) We surmise that the attack of silyl ketene acetal at the para
literature value. Boaz, N. Wi. Org. Chem1992 57, 4289. position of the phenyl grom(J)% in trityl ion8b and 10amay be responsible
(15) X-ray crystallographic analysis @t shows highly inhomogeneous  for their gradual consumptiot® This presumption can explain the uniformly
packing of both conformers (unpublished results). This unexpected opposite better performance observed with théedt-butylphenyl analogs. (b) Zaugg,
sense of asymmetric induction may be attributed to a facile equilibration H. E.; Michaels, R. J.; Baker, E. J. Am. Chem. S0d.968 90, 1800.
between two trityl ion conformations with the 10,11-dimethyl substituents (17) C-Tritylation of silyl enol ethers with trityl chloride in the presence
diaxially and diequatorially disposed. See also: Vedejs, E.; Erdman, D. of Lewis acids has been documented, see: Reetz, M. T.; Stepharehigs
E.; Powell, D. RJ. Org. Chem1993 58, 2840. Ann. Chem198Q 4, 533.




