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The quest for new catalytic methods to accelerate chemical ML, OH LA
reactions is of utmost importance to expand substrate scope or to R‘\%\F/d’ JC])\’/R\ ML
allow control of the absolute stereochemistry of products. Equally m2 R - R“% - R4 H %\/ "

crucial to this endeavor is an understanding of the mechanisms by R' R R?
which these catalysts operate. Such information allows the design Typel Type !

of improved chiral catalystligand complexes, as well as applica-
tions to other reaction processes. eand othershave recently aldehyde; R = PhCHCH,) that confirmed the Type Il stereo-
reported the first examples of Lewis acid-catalyzed additions of chemical behavior of Sc(OTfcatalyzed crotylations witi3 and

Figure 1. Postulated mechanisms for Type | and Il allylation reagents.

allylboronates onto aldehydes (eq 1). 4, an outcome clearly distinct to that of crotylboronates (eq 2). Thus,
it is most likely that a Type | mechanism is operative in additions
R o L.A. HO R® of allylboronates catalyzed by Lewis acids such as Sc(9Tf)
R‘TZ\/B(ORM + AJLH — 4% (1)
R R > 1
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Further to the remarkable rate enhancement observed, it is

significant that this novel catalytic manifold preserves the dia- ; mtﬁgggggzv 21=2H ';z=g"'s 9§f§8
r ificity of un lyz llylborations. These findin Vi n= 2, =V TS :
stereospecificity of uncatalyzed allylborations. These findings paved 3 ML =SnBu, R'=H, R=CH, g8 :2

the way to more effective methods to access aldol-like adducts with
high stereocontrdland may unveil similar opportunities for cata-
lyzing other reactions involving organoboronates. Here, we report  The next important issue concerns the exact role of scandium.
our investigation on the intriguing mechanism of this novel Lewis Control reactionsE-crotylboron pinacolat& and PhCHCH,CHO)
acid-catalyzed allylboration reaction with the best catalyst found, with Bu,NOTf, and with Sc(OTf)in the presence of an acid scav-
Sc(OTf), and we provide substantial evidence to explain the nature enger ([1,8-bis(dimethylamino)-naphthalene]), ruled out the pos-
of the activation provided by the metal ion. sibility that either triflate ion or adventitious TfOH are promoters.
Foremost, the general mechanistic nature of this allylation These experiments confirm that the activation is provided by the
reaction, that is, Type | (closed transition structure) or Type Il metal ion. Transmetalation of the allylboronate to a reactive allyl-
(open)}®*must be addressed (Figure 1). Allyl boranes and boronates scandium specie§Yis highly improbable. Otherwise, the Sc(OFf)
react with aldehydes to give homoallylic alcohols through a highly catalyzed additions of camphor-based allylboronates, which provide
diastereoselective Type | mechanism (Mt BRz, B(OR),), which homoallylic alcohols with>95% ee’s, would not be enantio-
involves a closed six-membered chairlike transition state character-selective? Thus, the allyl transfer agent is truly a boronate.
ized by internal activation of the aldehyde by the boron céhter. To gain more information on the nature of the rate acceleration
This “self-activation” mechanism, which is at the origin of the observed, we performed low-temperature NMR spectroscopic
earlier perception that allylboronates were not suited to catalysis studies. At the temperature of the reactieri7 °C), and also at
by external Lewis acids, contrasts with the type Il reagents higher temperatures, no complex betweemnd Sc(OTf) was
exemplified by the popular allylsilane and allylstannane analogues observed by*H and !B NMR in all solvents examine#l.These
(ML, = SiRs, SnRy).®> These reagents react with aldehydes under results undermine the possible formation of a stable allylborenate
the activation of an external Lewis acid catalyst and proceed by Sc(OTfl complex of putative structur@ in the rate-limiting step.
way of open transition structures that tend to provide lower It also makes less probable an activation mode involving dioxa-
diastereoselectivity in the case of 3-substituted reagents. borolane opening and formation of a highly electrophilic boron
The fact that the diastereospecificity of noncatalyzed additions triflate of type9.
with Z- andE-crotylboronatesiand?2 in eq 2) is preserved under

Sc(OTfy catalysid® gives a strong indication that a Type | O‘Q CI)Tf (TfO)5Sc |
: 5
0

4 ML,=SnBus, R'=CH, R2=H (80% E) 98:2

mechanism may be at play. The corresponding crotylstannanes, for ¢y B. 1 o
example, show the expected Type Il behavior by reacting with 3%\/ o j/\/SC“OTf CHg _~_-B-
aldehydes in a stereoconvergent fashion in the presence f BF R 2 ;ng R? 7 8
OE®b.” Surprisingly, crotylstannations were never reported under e

Sc(OTfy catalysis. It was necessary to rule out the remote (TfO)ZSCO%O A
possibility that this particular Lewis acid could be an intrinsic oH é CHS%\/B
promoter of Type | stereoselectivity regardless of the allylmetal 3NN ot CHs
reagent. To this end, we ran test reactions (with hydrocinnam- 9 10
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7 observed in the case &D. These results indicate that the boronate

L e 2equiv boronate 5 m = 0.0024) * oxygens are required for the activation, which is consistent only

E» 2 cquiv, adehyde (m - 00025 ,/}. with transition structure A® As it is unlikely that the two oxygens
R / each coordinate with a molecule of Lewis acid, one leftover question
£, B A Referene 1:1) reacion (m = 0.0011) is “which oxygen?”: the more accessible pseudoequatorial one, or
E\ /X / the more basic (anomeric) pseudoaxial one (as shown in A, Figure
£ ‘W 3)? Future high level calculations may help unravel this last issue.
%: > Nonetheless, a possible interpretation comes from the enantio-
g ¢ selective Sc(OTfrcatalyzed allylation with camphordiol boron-

- Time (s) ates? From the accepted stereoinduction model based on a

Trpheny—7T* c=o attractiont® proposed structure C (Figure 3) impli-
cates coordination of Sc(lll) to the least hindered lone pair (syn to
H) of the pseudoequatorial oxygen, thereby suppressiigps
conjugation and maximizing borercarbonyl bonding.

] A0 L0 LS00 2000 2500 000

Figure 2. Graph of initial reaction rates betweérand p-tolualdehydée®

" LA, HRgiRO This study sheds light on the mechanistic intricacies of the Lewis

R! RO’ \ /&\pr 0 acid-catalyzed manifold for additions of allylboronates to aldehydes.
R“/&-%él R o_l—B\ R/ H‘/B\o Strong evidence points to electrophilic boron activation by coor-

O—F|32 “oR ) :ARz OR —-#O/ ‘-,.H dination of the metal ion to one of the boronate oxygens in a closed

A ’ 'B R2 R* c S'c-(“'I) bimolecular transition state. Future work will address the nature of

this boronate-metal interaction and its implications in enantio-
Figure 3. Possible closed transition structures with Lewis acid activation. gg|active catalysis.
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The last but perhaps the most fundamentally important question
to address concerns the binding site of the metal ion in a putative
Type | transition structure. Electrophilic boronate-activation via
coordination of the oxygen atom(s) (A) or double complexation of
the aldehyde carbonyl (B) both appear as reasonable possibilities (1) *ffgg?dyv

Supporting Information Available: Experimental details and
spectral reproductions for all experiments (PDF). This material is
available free of charge via the Internet at http://pubs.acs.org.
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