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Catalytic asymmetric cyanation of prochiral ketones provides an Scheme 1. A General Approach for Catalytic Enantioselective
attractive enantioselective approach toward chiral building blocks Construction of Quaterary Stereocenters

containing a quaternary center via optically active tertiary cyano- Synthetic

o NC_oOP elaborations X _OP
hydrins!2 Enantioselective cyanosilylation and cyanocarbonation 1)1\/FG -~ 1X/FG - ,
of ketones with chiral metal-based Lewis aéidlsand organic R R, REGR
baseg, respectively, have been reported. These reactions provide A highly enantioselective A versatile functionality for

and reliable cyanation further synthetic elaborations

useful methods for the enantioselective creation of quaternary
stereocenters bearing two electronically or sterically different
substituents (Rand R).8 However, a broadly applicable catalytic
: - TMSCN 4a: Ry ="CgHy, Ry = CHa, 97%

approach for the construction of quaternary stereocenters, especially DABCO cH T 5T, B2 3

X X 4 ) o} 10 mol%) NC. OTMS  4b: Ry =Bu, Ry = CHj, 94%
those bearing two electronically and sterically analogous substit- (10 mol%) 4¢ R, = Ph. Ro= CH. 93%
uents, remains a desirable yet challenging goal. Herein, we describe R R® Tneat, it R 5 R® 4a R11 = phbH2=CH, FS{Z = Ph, 72%
an advance toward this goal via the realization of the first highly
enantioselective cyanosilylation of ketones with an organic chiral Table 1. (DHQ),AQN-Catalyzed Asymmetric Cyanosilylation of
Lewis base. PhCOCHX; @

Our strategy involves a catalytic enantioselective cyanation of K4

N
i i - 0 TMSCN NC, OTMS HR o0
ketones bearing a versatile functional group, followed by transfor- « (DHQ),AQN X weo_~ 0 ,o
Ph —— ph’* “) &S
X

Scheme 2. DABCO-Catalyzed Cyanosilylation of Ketones

mations of the versatile functional groups into a wide range of other
structures (Scheme 1). For such an approach to become broadly X (DHAGN
useful, ketonesl should be readily accessible and the catalytic

cyanation must be highly enantioselective and extremely general

entry  ketone X cat/mol% T/°C  time/h convi%®  ee/%?

with respect to the Rgroup of ketoné.. These desirable propertes 1 4¢ H 10 —24 16 91 31
should be, ideally, attained with readily available catalysts 2 Ga OcGHu 10 —24 7 100 57
>, laeally, y : ysts. 3 6b OCHCH=CH, 10 -24 7 100 63

Of particular interest to us was to explore this approach via the 4 6c  On-CgHiy 10 —24 7 100 73
development of a metal-free catalytic enantioselective cyanation 5 7a  OEt 10 24 7 100 74
60 7a  OEt 2 —50 19 100 90

of ketones1 with the readily accessible modified cinchona
alkalglds? in light of the ablh.ty of mOdIf.Ied CI.nchona ?l|ka|OIdS to a Unless specified, the reaction was run with 4.0 equiv of TMSCN and
function as broadly effective organic chiral Lewis base and the catalyst in chloroform® Three equivalents of TMSCN was used.
nucleophilic catalyst$19-15 The implementation of the strategy ¢ Determined by GC analysié.Determined by HPLC analysis.
illustrated in Scheme 1 with catalysts based on a cinchona alkaloid
skeleton requires an amine-catalyzed cyanation that is effective for Cyanosilylations of acetal ketonésa—c, 7awith various cinchona
both conjugated and unconjugated ketones. Unfortunately, the alkaloid derivatives were performed, and-24 °C in the presence
recently reported modified cinchona alkaloid-catalyzed cyano- of (DHQ),AQN they were found to proceed with increased rate
carbonation of ketones is ineffective with conjugated ketdnes. and enantioselectivity relative to the cyanosilylation of acetophenone
Although only sporadic examples of amine-catalyzed cyanosilyla- 4c(entries 2-5 vs entry 1, Table 1). Importantly, the cyanosilylation
tions have been reported for cyclohexanéhé,l,1-trifluoro-4- of acetal keton&a at —50 °C was found to proceed in complete
ethoxybut-3-en-2-on¥, and acetophenorié, they nevertheless  conversion and 90% ee with 2 mol % of (DH@RN (entry 6,
indicate that an amine may be able to efficiently catalyze the Table 1).
cyanosilylation of both conjugated and unconjugated ketones. As summarized in Table 2, excellent enantioselectivity and yield
Indeed, our initial catalyst screening studies revealed that is obtained with acetal ketonésbearing a broad range of aryl,
DABCO is an effective catalyst for both conjugated and unconju- alkenyl, alkynyl, and alkyl substituenté Even acetal keton@&m,
gated ketones (Scheme 2). High-yielding cyanosilylation can be in which both theo- and the a'-carbon are disubstituted, is

achieved even with the sterically hindered pinacolodd).( converted to the corresponding ketone cyanohydrin in 94% ee (entry
Moreover, cyanosilylation of chalcondd) afforded exclusively 17, Table 2). Interestingly, (DH@)QN in chloroform and
the corresponding 1,2-addition product. (DHQD),PHAL in ethyl acetate afford the highest ee for the

We next focused on the cyanosilylation of ketones with modified formation of the two enantiomers of the produ8}, (respectively
cinchona alkaloids. We were especially interested in the asymmetric (entries 3-4, 6—7, 10-11, 13-14, Table 2). The cyanosilylation
cyanosilylation of the readily accessibtga-dialkoxy ketones of acetal keton&’j was performed on a 0.10 mol scale (Scheme
(acetal ketones® We reasoned that, in addition to serving as a 3). Both the isolation of produ@j (92% ee) and the recovery of
versatile handle for synthetic elaborations of the product, ketone the (DHQYAQN were achieved in quantitative yield using a simple
cyanohydrin, the acetal group should also enhance the activity of extractive procedur&. These results were duplicated with the
the ketone toward the nucleophilic enantioselective cyanosilylation. recovered (DHQAQN.
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Table 2. Modified Cinchona Alkaloid-Catalyzed Asymmetric
Cyanosilylation of Acetal Ketones?

TMSCN

versatility of the acetal functionality, this reaction provides a new,
practical, and broadly applicable approach toward chiral building

) NC_OTMS blocks bearing quaternary stereocenters. Although, to our knowl-
)'\(OR Catalyst OR? edge, previously unexplored in asymmetric synthesis, acetal ketones
7 g OR’ 7 demonstrate unusual reactivity and selectivity toward the enan-
oo P tioselective cyanosilylation, thereby suggesting that they may be
Entry Ketone Catalyst (mol%) (°I:) “(fr?)eYi(e/'?C ee? interesting substrates for other catalytic enantioselective reactions.
%) (%)
1 Q ot 7a (DHQ)L,AQN (2) 50 19 98 90 Acknowledgment. We are gratefgl for the generous financial
2 . Okt 7b  (DHQ),AQN (2) -50 18 94 o7 support from NIH_ (GM-61591), Daiso, and an Alfred P. Sloan
3 7a R=H 7c (DHQ)L,AQN (2) 50 18 96 98 research fellowship (L.D.).
b 7b R =0OMe N . . . .
4 7c R=Cl 7c (DHDQ)LPHAL (10) -50 40 99 o4 Supporting Information Available: Experimental procedures and
5 /\)\ro Pr 7d  (DHQ),AQN (2) -50 16 93 91 characterization of the products (PDF). This material is available free
s N O"Pr 7e (DHQ),AQN(2) -50 18 92 90 of charge via the Internet at http://pubs.acs.org.
7° 7d R=Ph 7e (DHDQ),PHAL (10) -30 21 96 92
8 ;:' E = p-l(\:/l%OSGH‘t 7f  (DHQ)LAQN () -50 18 95 92 References
= p-
9 7gR= 3_pyrigin§,| 79 (DHQ)AQN(2) 50 18 97 93 (1) For reviews on the enantioselective construction of quaternary stereo-
o) centers, see: (a) Christoffers, J.; Mann,Akgew. Chem, Int. EQ001,
10 " OEt 7h  (DHQ),AQGN(2) -50 19 93 9B 40, 4591. (b) Corey, E. J.; Guzman-Perez, Angew. Chem., Int. Ed.
b OEt B 1998 37, 388. (c) Fuji, K.Chem. Re. 1993 93, 2037. (d) Martin, S. F.
! 7h R=pn |1 (DHDQLPHAL(10) -30 21 96 03 Tetrahedron198Q 36, 419.
12 7i R="Bu 71 (DHQ),AQN(2) -50 18 94 95 (2) For reviews on the preparation and application of cyanohydrins, see: (a)
] . Gregory, R. J. HChem. Re. 1999 99, 3649. (b) Effenberger, Angew.
13 R OR' 7j (DHQ)AQN(2) -50 48 97 92° Chem., Int. Ed. Engl1994 33, 1555. (c) North, M.Synlett1993 807.
140 OR' 7j (DHDQ),PHAL (5) -50 88 95 96 (3) Deng, H.; Isler, M. P.; Snapper, M. L.; Hoveyda, A. Aingew. Chem,
—_— von 0 Int. Ed. 2002 41, 1009.
15 71 R=Me R = T oy (DHQAQN (20) 50 24— 96 97 (4) (a) Hamashima, Y.; Kanai, M.; Shibasaki, M. Am. Chem. S0@00Q
8 ;I ; :,‘,BE’;E"":{Z, = £t Prai (DHQ),AQN (5) -50 18 92 90 122 7412. (b) Yabu, K.; Masumoto, S.; Yamasaki, S.; Hamashima, Y.;
17 7TmR =Pr, R' = Et 7m (DHQ),AQN (20) 40 94 81 94 Kanai, M.; Du, W.; Curran, D. P.; Shibasaki, Nl.. Am. Chem. So2001,

123 9908. (c) Hamashima Y.; Kanai, M.; Shibasaki, Mtrahedron Lett
2001, 42, 691. (d) Masumoto, S.; Kazuo, Y.; Motomu, K.; Shibasaki, M
Tetrahedron Lett2002 43, 2919. (e) Shibasaki, M.; Masumoto, S.; Suzuki,
M.; Kanai, M. Tetrahedron Lett2002 43, 8647. (f) Yabu, K.; Masumoto,
S.; Kanai, M.; Du, W.; Curran, D. P.; Shibasaki, Meterocycle2003
59 369. (g) FUJII K Makl K. Kanal M Shlbasakl MDrg. Lett.2003

5, 733.

aUnless specified, the reaction was performed by treatment of the ketone
(0.20 mmol) with TMSCN (3.0 equiv) and the catalyst in chloroform (0.20
mL). P The reaction was run with 2.0 equiv of TMSCN in ethyl acetate.
¢ Isolated yield.d Determined by HPLC or GC analysis as described in the
Supporting Information® The absolute configuration is determined to be

| ] I ) (5) Chen, F.; Feng, X.; Bo, Z.; Zhang, G.; Jlang O’rg Lett 2003 5, 949.
R as described in the Supporting Information.

(6) Belokon, Y. N.; Green B Ikonnlkov N. S.; North, M.; Parsons, T.;
Tararov, V. I.Tetrahedron2001 57, 771.

(7) Tian, S.-K.; Deng, LJ. Am. Chem. So2001, 123 6195.

(8) For other recent examples of catalytic enantioselective nucleophilic
addition to ketones, see: (a) Evans, D. A.; Burgey, C. S.; Kozlowsky, M.

Scheme 3. Catalytic Enantioselective Synthesis of Amino Alcohols
Bearing Quaternary Stereocenters

. NHZ C.; Tregay, S. WJ. Am. Chem. S0d.999 121, 686. (b) Evans, D. A;;
TMSCN CN oTMs 1) LiAH, OH Johnson, JAcc. Chem. Re00Q 33, 325. (c) Denmark, S. E.; Fan, Y.
, (DHQ),AQN opr  2) ZCl NEt; O"Pr J. Am. Chem. So@002 124, 4233. (d) Waltz, K. M.; Gavenonis, J.;
(PO E—— o > Walsh, P. J. Angew. Chem, Int. Ed2002 41, 3697. (e) Garcia, C.;
O cale .., OPr  Bo%@sters) - orer LaRochelie, L. K.; Walsh, P. 3. Am. Chem. So@002, 124, 10970. ()
' 8j (92% ee) 9j (92% ee) DiMauro, E. F.; Kozlowski, M. CJ. Am. Chem. So@002 124, 12666.
| (g) DiMawro, E. F.; Kozlowski, M. COrg. Lett 2002 4, 3781.
1) 3N aq. HCI 1) 3N aq. HCI 1) 3N aq. HCI (9) For the structures of the commercially available modified cinchona
2) KOH, lp, MeOH 2) NaBH, 2) PhaP=CHCO,Et alkaloids, see the Supporting Information.
3) KOH (43%, 3 steps) (64%, 2 steps) (63%, 2 steps) (10) For recent reviews, see: (a) Yoon, T. P.; Jacobsen, BSciknce2003
OH 299, 1691-1693. (b) Kacprzak, K.; Gawronski, $ynthesi001, 961.
ZHN s ZHN/>£E ZHN/>3H/\ (11) (a) Chen, Y.-G.; Tian, S.-K.; Deng, . Am. Chem. So200Q 122, 9542,
COOH _OH CO,Et (b) Chen, Y.-G.; Deng, LJ. Am. Chem. So@001, 123 11302. (c) Hang,

J.-F.; Tian, S.-K.; Tang, L.; Deng, U. Am. Chem. So2001, 123 12696.
(d) McDaid, P.; Chen, Y.-G.; Deng, lAngew. Chem, Int. E®002 41,
338. (e) Tang, L.; Deng, L1. Am. Chem. So2002 124, 2870. (f) Hang,

10j (92% ee) 11j (92% ee) 12 (91% ee)

TMSCN CN OTMS 4 iap, N”gﬁz J-F.; Li, H.-M.; Deng, L.Org. Lett.2002 4, 3321.

(DHQ),AQN N Pr 2) CbzCl, NEt; (12) (a) Taggl A. E.; Hafez, A. M.; Wack, H.; Young, B.; Ferraris, D.; Lectka,

— * L Ph y = PhATY P C0,Et Am. Chem. So@002, 124, 6626. (b) Taggi, A. E.; Hafez, A. M.;
93% O"Pr 3)3Naq. Hel 12d (90% ee) Wack H.; Young, B.; Drury, W. J.; Lectka, T. Am. Chem. So200Q

122 7831. (c) Wack, H.; Taggi, A. E.; Hafez, A. M.; Drury, W. J.; Lectka,
T.J. Am. Chem. So@001, 123 1531.

(13) (a) Cortez, G. S.; Tennyson, R. L.; Romo, D.Am. Chem. SoQ001,
123 7945. (b) Wynberg, H.; Staring, J. Am. Chem. Sod 982 104,
166.

(14) Calter, M. A.J. Org. Chem1996 61, 8006.

(15) Iwabuchi, Y.; Nakatani, M.; Yokoyama, N.; Hatakeyama].SAm. Chem.
Soc 1999 121, 10219.

8d (91% ee) 4) (EtO),POCH,COzEt 662 (4 steps)
* The absolute configurations of 8d and 12d are assigned by analogy.

We have applied this cyanosilylation to the synthesis of several
optically active multifunctional chiral building blocks bearing a
quaternary stereocentel(—12j, 12d, Scheme 3). Especially : ) ,

(16) Kobayashi, S.; Yoshikazu, T.; Mukaiyama, Ghem. Lett1991, 537.

noteworthy is the synthesis df2d, which contains a quaternary (17) Kruchok. I. S.: Gerus, 1. I.. Kukhar, V. Fetrahedror200q 56, 6533.
stereocenter bearing two substituents that are highly analogous to (18) Choi, M. C. K.; Chan, S.-S.; Chan, M.-K.; Kim, J.-C.; Matsumoto, K.

HeterocycIeQOOZ 58, 645
each other in terms of both steric and ?IeCtr_omc prope_rtles. ) (19) As described in the Supporting Information, a wide variety,of dialkoxy
In summary, we have developed the first highly enantioselective ketones 6&—% 7a—rg) Iian be prepalred fr?nlw Conrmercwr‘1||)21 avallablde
H : H H reagents such asa-dialkoxyacetonitrile, arylglyoxal monohydrate, an
cyan95|lylat|on of ketones cgtalyzed py a chiral Lewis base. The 1.3-dihydroxyacetone dimer in one or two steps.
reaction employs commercially available and fully recyclable (20) Simple ketones afford generally modest enantioselectivity {696 ee).
catalysts, involves a simple experimental procedure, and is exceed- (21) For experimental details, see the Supporting Information.
ingly general for acetal keton&. Coupled with the synthetic JA036222P
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