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Tris(pentaﬂuorophenyl)boron-Catalyzed Table 1. B(CgFs)s-Catalyzed Hydrosilation of Aromatic
Hydrosilation of Aromatic Aldehydes, Ketones, and Aldehydes, Ketones, and Esters
_ _ n {O)L Ry Hsiphy o 3 R
Daniel J. Parks and Warren E. Piets* 1-4%
Department of Chemistry, Uggrsity of Calga %, ton®  koped Y€
P 2500 {Jn'versit;/Drive ’\?V\r/y EOR X ca ™ gy " x10%) (%)
Calgary, Alberta, T2N 1N4, Canada la. H H 19 6.0(1) 81
_ 1b H CH3 , 4  1.21(3) 82
Receied May 7, 1996 1c H CI 11 -- 81
o _ ) 1d H NO, 308 92(4) 96
Hydrosilation of carborroxygen double bonds is a mild 3a Me TH VR YO
method for selective reduction of carbonyl functions. Although 2b Me CH3 , ; 12 3.61(7) 84
the reaction is exothermic, a catalyst is generally required to 2¢ Me C1 67 20.1(5) 80
achieve adequate rates; consequently, many catalysts have been 2d _Me NOj 470 135(3) 91
developed for this important reacti@nNucleophilic/electro- 3a OEt H 6377 goh
philic hydrosilation catalysis is characterized by a synergic g‘: gg: Célls 2 1 s72f
mechanism in which a nucleophile polarizes the Sibond of 3d OEt NO, -8
the silane reagent, while a Lewis acid electrophile activates the =B
carbonyl by binding to oxygen. Among the nucleophiles that ; ;g 26' 705((16)
have been employed are amifiesd halide iond,and Lewis 4 H H 3 1 5 9:2(2;
acids used include Zn@land BR-Et,0.8 4 21 12.5(2)
Tris(pentafluorophenyl)borahés a convenient, commercially 1 12.3(2)
available Lewis acid of comparable strength to;BEt without 2 10.3(2)
the problems associated with reactive-B bonds. Although $ Me H 2 2 ;";(g)
its primary commercial application is as a cocatalyst in 10 4:122;

metallocene mediated olefin polymerizatidits potential as a & Mol : : N —

catalyst for organic transformations is beginning to be appreci- . " Mole percent of catalyst based on {BIH]. ® Forn = 1, concentra-
3 . . . - tion = 0.385 M.°¢Turnover frequency? First-order rate constant.

ated” Herein we report its use as a catalyst for mild addition e sqjateq yield Reaction done at €C. § Reactions too fast to follow

of PhSiH to aromatic aldehyde, ketone, and ester carbonyl py GC." Yield of benzaldehyde.

functions and the evidence we find for an unusual nucleophilic/

electrophilic mechanism by which the reduction takes place. acetophenone benzaldehyde. Since it is generally assumed
Aromatic aldehydes, ketones, and esters were hydrosilylatedthat coordination of the carbonyl oxygen to the electrophile is
at room temperature in the presence ef4lmol % B(GFs)s the means by which Lewis acids activate carbonyl substrates,
and 1 equiv of P¢SiH; data for a selection of substrates are this observation is surprising given that the strength of substrate
shown in Table 2 For the aromatic substrates employed in binding to B(GFs)3 is in the opposite order.’H NMR
this study, B(GFs)s compares favorably with the best hydrosi-  experiments show that, in solution, binding of these substrates
lation catalysts in terms of conversion rates and selectivity. tg B(CsFs)3 is reversible and exchange between bound and free
Limitation of the silane reagent to 1 equiv was essential for sypstrate is rapiéﬁ- the equilibria, however, strongly favor the

clean reactions since further reduction of the silyl ether or silyl adducts1. Equilibrium constant@ for eq 1 are 2.1(1)x 10%
acetal products was observed when excess silane was present.

So limited, isolated yields of the silyl ethers were excellent, B(CeFs)a
reflecting the>98% selectivity for product as determined by (o] K o”
gas-liquid chromatography. Ester reductions were extremely R eq |

rapid and were>90% selective for the acetal products; these + B(CeFs)s T R ()
could subsequently be converted to aldehydes in synthetically

useful isolated yields. R = H, Me, OEt 1-H; 1-Me; 1-OEt

For the unsubstituted substrates£XH, entries 1a, 2a, and
3a, Table 1), the order of reactivity was ethyl benzoate 1.1(1) x 103 and 1.9(1)x 1@ for R = H, Me, and OEt,
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Table 2. Selected Metrical and Spectroscopic Data for Adddcts Scheme 1

A »B(CeFs)3
(@) k4 (0]
AR + BCsFss ™= o Lp 4
ke
Property 1-H 1-Me 1-OEt O,B(Cst)e orsio. H
ki 3
C=0,A 1.241(7) 1.242(5) 1.253(5) T 4 HsiPhy 2 ArBLFi + B(CeFs)a
0-B,A 1.610(8) 1.576(5) 1.594(5) Ar=R
6,° 126.7(5) 133.6(3) 221.8(4) B
o, ° 4.6 4.2 15.6 0" B(CeFs)3 K o
¥C-B-C) 3402 3377 3393 e 1 T A X, + BCeFs)a
vCO,cm-l 1620 1603 1669 r K4
313Co, ppm 1994 2128 1753 ko
vCO, free 1702 1686 1718 PhaSiH + B(CgFs)3 “— PhaSiHB(CeFs)3
813Co, free 1921 1970 1662 k2

O ks PhySiO. H

. . _ _ PhaSiH*B(CeFs)3 +, M. — + B(CeFs)
complexesl1!® was possible; Table 2 gives pertinent physical s ® Ar”=R Ar”"R (Ca6ls

data for these compounds. Upon borane coordination, the
chemical shifts of the carbony! carbons shift to lower field and Scheme 2

thevco stretches decrease by 49 thfor 1-OEt and~80 cnt! 8 _B(CeFs)3 5 _B(CeFs)s
for 1-H and1-Me versus that of the free substrateOEt differs H

from the other two compounds in that the borane bonds to the & / Ph -— ! Ph

lone pairtransto OEt}” rather than the phenyl group. Adduct Ph—s||'\ R Ph—sl'l R

1-OEt also has a significantly larger angle Finally, the B-O Ph O=C\Ph Ph 0_5?\%

bond distance is slightly longer trOEt than inl-H and1-Me,

which are identical within experimental error. These differences dence of ko,s on [substrate] is given in Scheme 1B. In

support the notion that ester carbonyl binding is weaker than accordance with this rate law, plots ks vs [B(CsFs)slo and

in 1-H and1-Me but do not suggest an explanation for the much  1/k,,< vs [acetophenone] were found to be liné&rln this

higher turnover numbers in the ester reductions. scenario, the substrate which binds the Lewis acid least
The hydrosilations were followed quantitatively by GLC  effectively should be reduced the most rapidly, since more “free”

([substrate}= [PhgSiH] = 0.385 M). Plots of In [PESiH] vs borane is available. Thus, the paradoxical observation that the

time were linear for several half-IiVég,indicating that the least basic substrates are reduced more rap|d|y is accom-
reaction is first order in silan¥. Other experiments (see entry  modated?
4, Table 1) indicate thaktoss is proportional to the amount of The basicity of the substrate is, however, relevant in competi-

added Lewis acid catalyst. Within each series, the reactionstjve reactions. When a 1:1 mixture of benzaldehyde and ethyl
were more rapid as X became more electron withdrawing. penzoate was subjected to standard hydrosilation conditions,
Hammett plots usingons ando™* gavep values of 1.7(2) and  penzaldehyde was seleely reducedat a turnover rate 020
1.39(5) for the aldehyde and ketone seffesgspectively; for -1 Discriminitive reduction of the more basic substrate
R = OEt, the rates of hydrosilation were too fast to measure syggests that coordination of the carbonyl oxygen to silicon is
by this method for X= ClI or NO,. ' . _ important in the third step of mechamism B (Scheme 2). Thus,
~ These kinetic experiments are consistent with a mechanismin an unusual variant of nucleophilic/electrophilic catalysis, the
involving carbonyl activation through Lewis acid complexation  sybstrate itself serves to nucleophilically activate thetsbond,
followed by reaction with silane to give the products (Scheme \while hydride transfer is facilitated by the borane Lewis &8id.
1A). For this mechanisrkonsis equivalent tde[1].2* Depend- e are currently exploring the scope and synthetic utility of
ing on the relative magnitudes of the individual rate constants, this unique hydrosilation reaction.

this mechanism predicts thij,s should show first order or no
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benzaldehyde reductions. This key observation leads to the . . . o .
conclusion that the role of the Lewis acid in this reaction is not ,_SuPPorting Information Available: Listings of crystallographic

t tivate th bonvl substrat d that liberati f “free” data and ORTEP diagrams fafH, 2-Me, and1-OEt, experimental

0 activate the carbony! substraté an atliberation of "Ire€™ yotaiis and representative kinetic plots (9 pages). See any current
B(CeFs)3 is required for productive reaction. A mechanism agthead page for ordering and Internet access instructions.

which yields a rate la# consistent with the observed depen- JA961536G

(16) The structures of-H, 1-Me, 1-OEt will be published elsewhere;
spectroscopic details and ORTEP diagrams are included as supporting (21) Rate law derived for mechanism A: ratek;[1][silane]. Rate law
information. derived for mechanism B: rate (k—2ks/Keg)([ 1][silane])kz + ks[substrate]).

(17) There is a well-documented electronic preference for Lewis acids  (22) A stepwise mechanism involving hydride abstraction frorsSith
to bind carbonyl lone pairtsansto electron donating groups. Shambayati, to form [PhSi|"[HB(CeFs)3]~ followed by borohydride reduction of a

S.; Crowe, W. E.; Schreiber, S. Angew Chem, Int. Ed. Engl. 199Q 29, carbonyt-silyl cation complex is also consistent with the observed rate
256. behavior. However!H NMR spectra of P§SiH/B(CsFs)s mixtures are
(18) These plots were linear for only-3 half-lives for ester reductions, identicalto the spectrum of R8iH and observed rates of hydrosilation are

at which point the observed rate of silane consumption declined. We believe slowerin the more polar solvent Gi€l,, arguing against such a stepwise
this is due to a poisoning of the reaction due to production of small amounts process.

of aldehydes dide infra). (23) If there is significant transfer of positive charge to the carbonyl
(19) Second order plots of 1/[BBiH] vs time were nonlinear. carbon in the transition state of the third step in mechanism B, the energy
(20) This may be attributed to the effect of X on the magnitud&gf will be lower for more electron releasing Re. OEt> CHs; > H, so in

for eq 1: For R= Me, Keq for X = CHg, 1.50(1)x 10% X = Cl, 3.40(5 addition to rate enhancements due to a decrealggifor eq 1, transition

x 10% X = NOg, 6.0(1) x 10 state effects may reinforce observed reactivity trends.



