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ract: “Parallel recognition”, a new concept for compacting synthetic processes in which different
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nations are performed simuliancously on separaie reaction sites, has been advanced. Ketones/o,B-enones and
aldchydes/acetals are able to react selectively with different silyl nucleophiles in parallel The subtle differentiation

between the substrates possessing similar reactiviti
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“Paraliei recognition™ is a novel, versatile concept for compaction of muiti-step synthetic processes. As
shown in Scheme 1, when manifold transformations are required on separate reaction sites in a substrates, the
protection-deprotection process is usually invoked. Namely, the initial protection of B is followed by
conversion of A to A-X and, then, B-Y is generated after deprotection of B. *“Parallel recognition” stemmed
from the idea that if these transformations could be exercised simultaneously, a highly expeditious and
convenient process is achieved to arrive at the final goal in one-pot and one-step. The protection-deprotection

Scheme 1. "Parallel Recognition”
A B X+Y . ‘?-X ?'Y
L i ' | I— |

1 protection I

For this concept to be realized (eq. 1), unique chemoselectivities needs to be explored. A should react with X in
. o T ol 1 o il Voo e foinnnn tn W (o 2) aand T +1
preference to Y (eq. 2) while B should react with Y in preference to X (eq. 3) under the same reaction

conditions. It is not easy to satisfy these demands because the simultaneous reaction in the same pot requires A
and B to be similar in reactivities. We have already communicated the realization of such processes with
recourse to the unique reactivities of ketene silyl acetals in (C,F,),SnBr,-catalyzed Mukaiyama-aldol reaction.”
In this paper, we describe a full account of this type of recognition.

A+ B + X + Y AX + BY (H
A + X + Y m——— aAX (+ A-Y) (2)
B + X + Y B-Y (+ B-x) (3)
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allel recognition” between ketone 3 and acetal 4 with enol silyi
ethers 1 and 2 derived from esters and ketones, respectively.” Besides (C,F,)SnBr,” (entry 1), various Lewis
acids were screened for reaction of acetophenone (3a) and benzaldehyde dimethylacetal (4a) with 1a and 2a.
TMSOTS worked effectively as well (entry 2) while the reactions with TiCl,, SnCl,, and BF,OEt, were not so
straightforward due to the contamination by the cross aldol product derived from 1a and 4a (entries 3-5).
Sc(OTH), afforded an excellent yield of 6 but a poor yield of 7 (entry 6). When acetals of aliphatic aldehyde 4b
and ketone 4c constituted the substrate array, (C,F.),SnBr, failed to afford 7ab and 7ac in good yields (entries
7 and 8) whereas a satisfactory outcome was obtained with TMSOTS (entry 9). Other various combinations of

aromatic/aliphatic ketones and acetals gave rise to the exclusive recognition (entries 10-14). Replacement of 2a

,..l B O R Ry § catrafn st
1) .I.y]. CtllCl CvCil 4D d.llU "IL dJJUlUCU \df.l\ldbtuly

Table 1. Parallel Recognition between Ketone and Acetal with Ketene Silyl Acetal and

Enol Sily Ether.?)
0 qTBS OTMS LA QTBS OMe O
) JVL .+ RR'COMe), + ZNgps + A ——— R;/iycozRﬁ LI N N
R "R2 }|{5 < ~R7 Rll'is R R4 K
3 4 1 2 6 7
Yield(%)?
Entry 1 2 3 4 LA 6 7
1 la 2a 3a 4da (CgFs),SnBr, 6aa 89 7aa73
2 la 2a 3a  4a TMSOTf 6aa 96 7aa77
3 1a 2a 3a 4a TiC1,% 6aa 559 7aa 30°
4 1a 2a 3a  4a onCL{‘ 6aa 62 7aa 72"
5 ia 2a 3a  4a BF,0Et," 6aa 908 7aa 67
6 1a 2a 3a 4a Sc(OTH), 6aa 98 7aa 3
7 1a 2a 3a. 4b  (CeFs)SnBry  6aa85 7ab24
8 1a 2a 3a  dc (CsFs5),SnBr,  6aa 85 7ac 21
9 1a 2a 3a  4c TMSOT 6aa 98 7ac 95
10 1a 2a 3b d4a  (CeF5),SnBr;  6ab79 7aa 63
11 1a 2a 3d 4a (CeFs),SnBr,  6ad 75 Taa77
12 1a 2a 3¢ da (C¢Fs),SnBr,  6ae 74 7aa 85
13 1a 2a 3¢ 4b  (CgFs),SnBr;  6ae 84 7ab 24
14 1a 2a 3f da (C¢Fs),SnBr,  6af 74 7aa 80
i5  1ia 2b 3a 4da  (CeFs)SnBr, 6aa83 7ba62
16 1a 2b 3a 4b  (CFs)SuBr,  6aa83 7bb 83
17 1a 2b 3a  4c (CgF5),SnBr;  6aa 84 7bc83
18 1a 2b 3b da  (CgFs),SnBry  6ab 80 7ba 64
19 1a 2b 3b 4b  (C¢Fs),SnBr,  6ab 83 7bb 65
20 1 2b 3b 4dc (C4Fs),SnBry;  6ab 76 7be 75
21 la 2b 3d da  (CgFs5):SnBr,  6ad 78 7ba 57
22 1a 2b 3d 4b (CgF5),5nBr, 6ad 81 7bb 78
23 1a 2b 3d 4 (C¢Fs5),SnBr,  6ad 86 7bc 82
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(Table 1 continued)

24 ia Zb 3¢ 4a (CgF5),SnBt;  6ae 81 7ba 60
25 1a 2b 3¢ 4b (C¢Fs),SnBry  gae 82 7bb 80
26 1a 2b 3¢ 4c (C¢Fs)2SnBr,  6ae 83 7bc 83
27 ia 2b 3f 4a (C¢Fs),SnBr,  6af82 7ba 64
28 1la 2b 3f 4b  (CgFs),SnBr,  6af83 7bb 83
29 1la 2b I 4 (C4F5),SnBr,  6af86 7bc 78

36 ib 2a 3a 4a (CeFs),SnBr,  6ba 83 7aa2i
31 ib 2b 3a 4a (C¢Fs),SnBr,  gba 64 7ba 65

%) Reaction Conditions: 1:2:3:4:LA = 1.0:1.3:5.0:1.0:0.1; CH,Cly; -78 °C, 5 h. ® Determined by
GLC. 9 LA = 1.0 equiv. to 1. 9 A mixture of hydroxy ester (7%) and silyl ether (48%). © An aldolate
from 1a and 4a was formed in 36% yield. ¥ An aldolate from 1a and da was formed in 4% yield.

£ A mixture of hydroxy ester (58%) and silyl ether (32%). % An aidolate from 1a and 4a was formed

lll _7 /U _yxclu.

OTBS

] OTMS 0]
%ORZ )\R Rl)LRz
R! ¢ 3a:R!=Ph;RZ=Me
la:R'=H; R =Bt 2a:R = Bu b: R! = 4-MeOCH,; R? = Me
b: R’ = Me; R* = Me ‘ ¢: R'=2,4-(Me0),C¢H;; R* = Me
R'RZC(OMe), [RCHO d: R' = n-C,Hy; R? = Me
- 1 ~ T 2 RA
4a:R'=Ph;R*=H 5a:R=n-CsH, e K =n-Ceh 3 K" =Me
b:R' = n-C;H;5; R =H b: R =n-C7H;5 f: R R™ = (CHy)s
¢: R' = n-C.H,5; R? = Me ¢ R=FPh ————
5 o 9
T

Rl/N/CC)zR CRE T
R2R3 7aa: R' = Ph; R = H; R® = Bu
— 2_ g »3
6aa: R! = Ph; R2 = Me; RO = H; R* = Et ab: R' =n-C;H,5; R>=H; R* = 'Bu
ab: R' = 4-MeOC(H,; R? = Me; R® = H; R* = Et ac: R' = n-CeH;5; R? = Me; R* = 'Bu
ac: R! =2,4-(Me0),C¢Hyz; R =Me; R*>=H; R* =Bt pa: R' =Ph; R2=H; R® = Ph
.l -, 2 Mo RI—H RY = o . o .
ad. R - lb-\'q", p = Mv’ R = H, R = Et Db: Rl. - n‘C7H15; K2 - H; K3 - Ph
ae: Rl = n-C6H13; Rz = IV{E: R3 = H: R4 = Et bc: Ri - n-C6H13; R2 =Me; R3 - Ph
af: R', R? = (CH,); ; R> =H; R*=Et
ba: R! = Ph; R? = Me; R® = Me; R* =Me OTBS N

A

OH O g~ COE Ph/iM\/u\Ph
(+]

Rl R2 9aa: R= n-C5H“ 10ba

8ab: R! = n-C;H;5; R“="Bu bb: R' =n-C;H;5; R”*=Ph  ab: R=n-C;Hs

ac: R! = Ph; R? = 'Bu be: R! = Ph; R = Ph ac: R
ba: R! = n-CsH,; R = Ph

= Ph

8413
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The dirert veononitinn twasn nnnentantad Latana nmAd aldahoda that 10 orrmthatiaaller smnmsn frvvsamsdasd Iasd
2LV ULV VA URILIIULL ULV LAGLL WU WA ALLULIL allu aldellydo utat 1> dSyuuicucaily nol §1319,0)1 Lo
AFE Aale 2o Anbhiacralils nn cleciae T LI A PRy JR— e
annicunt 1S acnievaoi IOWIL 11 1 a0IC 2. Anlung the Lewis acids screened here, omy (A"

«F'5),SnBr, worked
for the present purpose (entry 1). TMSOTf and Sc(OTf), gave undesired cross aldol 9ab (entries 2 and 3)
while a considerable amount of 10ba was formed with TiCl, and SnCl, (entries 4 and 5). BF,OEt, failed to
drive the reaction between aldehyde and enol silyl ether (entry 6). Satisfactory results were obtained with

(C4Fy),SnBr, for other combinations of ketone and aldehyde (entries 7-11) although slight yields of 9aa were
detected in some cases.

Tahle 7 Parallal Rononitinn hatwaon Katana and Aldahuda with Watana Qilul Aaatal and BEasl Qo Hiha a)
Lauiv 4. 1 dlaiivi NUUEHTUULL DAMWLREH DWVIIC alil ALUCyUt willl [Cicilic Silyl Alet aly C1vl ouyl Luuct.
TBS
9 . T QTMS LA
+  RICHO + =~ +
Rl A S = “OEt A~ -
3 s la 2b
Rl Ly COZE[ + D3U pr. T R?’ COzEl + ‘h Ph
R" FLN rit - A Rz i &2
r's ) n 1mn
6 -] 9 v
Vialdroz\b)
p s IUIU\ 70 )
Entry 3 5 LA 6 8 9 10
1 3a 5a (CgFs)SnBr, 6aa 72 8ba 61 0 0
2 3a 5b TMSOT{ 6aa74 8bb73 9ab 7 0
3 3a 5b S(_:(O'I;f)g. 6aa 66 8bb37 9ab 7 0
4 3a Sa TiClS 6aa4798ba34 0  10ba 33
Vel ~ rd oV __ M 4\ - - ~D —~w - ~ PR S
5 33 Sa SnCL® 6aa 139 8ba 16 0  10ba 25
6 3a S5a BF0Ey" 6aa 94" 8ba 0 0 0
7 3b 5a (C4Fs)SnBr, 6ab82 8ba70 0 0
8 3¢ 5Sa (CgFs)SnBr 6ac73 8ba74 9aal O
9 3d S5a (C4Fs),SnBr, 6ad59 8ba54 9aa3 O
10 3f 5a (CeFs)SnBry 6af73 8ba70 922 2 0

4

................. =5 o/ hy_

2 Reaction Conditions: 1:2:3:5:LA = 1.0:1.3:1.0:1.0:0.1 (or 0.2 for (CgF5)28nBry); CH,Cly; -78 °C, 5 h. “Determined by
GLC for 6 and 1H NMR (Ph3CH as an internal standard) for 8. LA = 1.0 equiv. relative to 1. 9 A mixture of hydroxy
ester (35%) and cx]vl ether (12%). €) A mixture of hvdrnxv ester (3%)

(89%) and silyl ether (5%).

and «lvl ether (10%). D} A mixture of hvdrn;tv ester

The parallel recognition was highlighted by intramolecular versions (Scheme 2). Exposure of a mixture of
iy ~ o I gt | a < pivs Ruiguny, B 7o FIPpEeRppiri. P I SRS B I L g N < O T Y=
KC nc b y.l aColdl l dﬂu €n ) y CUKCT & O KCLO dCCLdIy 11 dild 1.4 11 UIC pl CIICC U1 d Cdldiyul daillvulil vl

(C(F,),SnBr, furnished sole products 16 and 17, respectively: ia was incorporated in the carbonyl function
whereas 2 reacted with the acetal moiety exclusively. The clean recognition also holds for keto aldehydes 13-
15 and a sole product emerged in each case. Particularly noteworthy is the high yields obtained with 13 and 14
in which the two carbonyls are intervened by the aromatic ring so that the intramolecular interaction between
them could not take place. Thus, the possible mechanism that involves the initial attack of 1a on the aldehyde
moiety followed by the intramolecular transfer of the incorporated ester fragment to the ketone moiety is
ruled out.

unambiguously Apparently, 1a and 2b separately attack on the remote carbonyl functions in an
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Scheme 2.
OMe O OTRS OTMS i (0] OMe OTBS
5 G (e o
McOM OEt gy 73% 'Bu OzEt
11 kP Lo 12
i ia A 10
OMe 0 OTBS OTMS i o OMe 0TBS
MeO Ph OEt Ph  s29 P Ph
12 1a 2b 17

13 1a 2h OH 18
0] TBS
e i TBS TMS iv Z | COyEt
+ + —
(\/‘\/‘ Z OFt ZPh  68% PhYYW =
|
0 14 1a 2b O OH
TBS
e PR PR PN P
X XMD v CUpEt
+ + —_—
Ph
) OBt Ph  58% M
hd OH O
15 1a 2b 20
Reaction conditions: (1) i1:1a:2Za:(CgFs)2SnBry = 1.0:1.0:4.0:0.3; CH;Cly; -78°C; 7 h
(i1) 12:1a:2b:(CgFs)7SnBray = 1.1:1.0:4.0:0.4; CH,Cly; -78°C; 7 h. (iii) 13:1a:2b:(C¢Fs),SnBr, =
1.0:1.3:2.0:0.2; CHyCly; -78°C; 6 h. (iv) 14:1a:2b:(CgFs),SnBry = 1.0:1.3:2.0:0.2; CH,Cly; -78°C; 6 h
(v) 15:1a:2b:(CgF5),SnBry = 1.0:1.3:3.0:0.4; CH,Cl,; -78°C; 6 h.
“Parallel recognition” can be applied to the competition between the Michael vs aldol reactions (Scheme
3). Under the catalysis of (C(F;),SnBr,, ketene silyl acetal 1a suffered Michael addition with 21 while enol
silyl ether 2a reacted with acetal 4a. No crossover reactions were observed. The same recognition holds in

case of intramolecular versions as well (Scheme 4). Substrates 23 and 24 that have both an o,-unsaturated

enone moiety and an acetal function exhibited the explicit recognition of 1a and 2a to afford single products 25

and 26 resnectivelv
and 26, respectively,

0 ?TB‘S ?WS
i + PhCH(OMe); + _z ;
P S ph # Ot Sy
21 4a la 2a
TBS Ph O Me
(CgFs5)28nBr, M
—_— Y oBt T pg ‘Bu
22, 60%" 7aa, 61%°

) Reaction conditions: 21:4a:1a:2a:(CgFs),SnBr; = 1.0:1.0:1.3:2.0:0.2; CH,Cly; -78°C; 6 h.
b Determined by 'H NMR. © Determined by GLC.

R
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Scheme 4, .
Vi€ ‘ﬁ'
! gL e Y
Z + + —
Pl)k/\CGH@H(OMc)g OFt By 3% O =
i
o U
COyEL
23 la 2a 25
/\/ﬁ\/[co2Et
~ =~ - L
O TBS OTMS i, ii J\ U plk
” p + -+ ] —— t‘SI__ o~ ‘§/
(MeO),CHCgH{ Ph Z “OEt A gy 82% hhd
(0] OMe
24 1a 2a 26
3 Reaction conditions: (i) 23 1a:2a:(CeFspSnBry = 1.0:1.3:5.0:0.2; CH,Cly; -78°C; 8 h. (ii) BuyNF; THF/H,O, rt
(11124 1220 (C. R A-SnRra = 1 -1 3:§ 0N 2 CH.O1.: TR Q h
) &5 AR ARG 5200007 eV 1 D00V Vey LGy S0, Ol

Another type of “parallel recognition” was realized between ketene silyl acetal and allylsilane (Scheme 5).
In parallel with the exclusive reaction of 1a with acetophenone, allyltrimethylsilane (27) furnished a quantitative
yield of allylation product 28 upon reaction with acetal 4a.

Scheme 5.2
T™MS LA OTBS OMe
PhCOMe + PhCH(OMe); + l1a + A i~ . . /k/\
Ph COQEt Pk SN
2!‘ = -~
- da 27
6aa, 95% 28, 100%

) Reaction conditions: 3a:4a:1a:27:TMSOTf = 1.0:1.0:1.3:2.0:0.1; CH,Cly; -78 °C; 9 h.

Finally, employment of benzaldehyde in placc of ketone should be mentioned. Since the reactivity of
benzaldehyde is, in general, higher than ketones in the aldol reaction of ketene silyl acetal, it is postulated that
perfcct rccognmon between benzaldehyde (Sc¢) and its dimethyl acetal counterpart 4a. The reason for the lower
yields in the same reaction with (C.F,),SnBr, is not apparent at the moment. Employment of allyisilane 27 in
place of Za also induced the complete selectivity with TMSOTI.

Scheme 6.2 o , \
Me
PhCHO + PhCH(OMe), + 1a + 2a (or 27) _I-_'_L ji'fCO _— /([)\/Ll\ / /(?i/[e/\\
Ph 2t Ph By t’r Ph S )
Se 4a 9ac 7aa \ 8 /
LA = TMSOTf 96% 97%
97% 98%
LA = (C¢F5),SnBr, 59% 35%
) Reaction conditions: S¢:4a:1a:2a:(CgF5)SnBry = 1.0:1.0:1.3:2.0:0.1 or 5c:4a:1a:2a: TMSOTS =
1.0:1.0:1.1:2.0:0.1 or 5¢:4a:12:27:TMSOTf = 1.0:1.0:1.3:2.0:0.1; CH,Cly; -78 °C; 8-12 h
In SLu.mary, the unique reactivity of ketene silyl acetal has enabled us to conduct various kinds of

reactions in parallel with high selectivity. The subtle differences between the substrates that are s
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acetals. Particularly significant is the direct differentiation between naked ketone and aldehyde that is otherwise
difficuit to achieve.” In this process, no protection-deprotection is needed. This is advantageous for not only
simplifying the process but also shortening the reaction time, which is, in particular, of economic significance in
practical processes. The successful use of various silyl nucleophiles exemplifies the wide applicability of the
present method. Accordingly, “parallel recognition™ is of great promise for compaction of synthetic processes.®

EXPERIMENTAL SECTION

Parallel Recognition between Ketone and Acetal with Ketene Silyl Acetal and Enol Silyl
Ether (Typical Procedure). To a CH,CI, solution (1 mL) of (C «F5),SnBr, (61 mg, 0.1 mmol) was added a

CH,Cl, solution (2 mL) of 3a (610 mg, 5. 0 mmot) and 4a (152 mg, 1.0 mmol) at -78 °C followed by 1a (202

mg, 1.0 mmol) and 2a (224 mg, 1.3 mmol) in CH,Cl, (2 mL). After 5 h, aqueous workup followed by
cvaporatxon afforded a crude product that was analyzed by GLC (25 m capillary column packed with CBP-5).
The otner reactions were carried out anaiogousiy.

6aa: '"H NMR (CDClL,) & -0.11 (s, 3H), 0.08 (s, 3H), 0.93 (s, 9H), 1.09 (t, 3H, J = 7.1 Hz), 1.83 (s, 3H),
2.69,2.82 (AB, 2H, J,, = 134 Hz), 3.95 (q,2H, J =7.1 Hz), 7.23-7.34 (m, 3H), 7.44-7.49 (m, 2H). This

compound was confirmed by desilylation to give the known alcohol.”

6ab: '"H NMR (CDCl,) 8 -0.14 (s, 3H), 0.05 (s, 3H), 0.91 (s, 9H), 1.11 (t, 3H, J = 7.1 Hz), 1.81 (s, 3H),
2.66, 2.79 (AB, 2H, J,5 = 13.5 Hz), 3.80 (s, 3H), 3.98 (q, 2H, J = 7.1 Hz), 6.83 (d, 2H, /= 9.0 Hz) 7.37
(d, 2H, J = 9.0 Hz). This compound was confirmed by desilylation to give the known alcohol.®’

vy wve P R ~w ~ PR

6ad: 'H NMR (CDCl,) & 0.07 (s, 6H), 0.84 (s, 9H), 0.90 (t, 3H, J = 7.5 Hz), 1.25 (t, 3H, J = 7.1 Hz),
1.22-1.36 (m, 4H), 1.34 (s, 3H), 1.53-1.62 (m, 2H), 2. 45 (s, 2H), 4.10 (q, 2H, J=7.1 Hz). This compound
was confirmed by desilylation to give the known alcohol.” .
6ae: '"H NMR (CDCl,) 6 0.07 (s, 6H), 0.84 (s, 9H), 0.88 (t, 3H, J = 6.2 Hz), 1.25 (t, 3H, J = 7.1 Hz), 1.21-

1.37 (m, 8H) 1.34 G, 3H), 1.53-1.58 (m, 2H), 2. 45 (s, 2H), 4.09 (q, 2H, J = 7.1 Hz). This compound was
confirmed by desilylation to give the known alcohol. 9

6af: '"H NMR (CDCL,) § 0.09 (s, 6H), 0.86 (s, 9H), 1.25 (t, 3H, J = 7.1 Hz), 1.32-1.80 (m, 10H), 2.50 (s,

2H), 4.12 (q, 2H, J = 7.1 Hz). This compound was confirmed by desilylation to give the known alcohol.”

6ba: '"H NMR (CDCl,) 8 -0.34 (s, 3H), -0.05 (s, 3H), 0.85 (d, 3H, /= 7.1 Hz), 0.88 (s, OH), 1.74 (s, 3H),

291 (q, 2H, J = 7.1 Hz), 3.63 (s, 3H), 7.20-7.48 (m, 5H). This compound was confirmed by desilylation to
D

give the known alcohol.
7aa'”:'H NMR (CDCl,) 8 1.07 (s, 9H), 2.61, 3.11 (ABX, 2H, J,;= 16.3, J,, = 4.5, Jy, = 8.3 Hz), 3.20 (s,
3H), 4.72 (dd, 1H, J = 4.5, 8.3 Hz), 7.26-7.38 (m, 5H).

7ab'?: 'H-NMR (CDCI3)6088 (t 3H,J =6.7 Hz), 1.14 (s, 9
7

m

), 1.20-1.51 (m, 12H), 2.44, 2.81 (ABX,

2H, Jp=17.0, J,x = 5.4, J3= 7.0 Hz), 3.31 (5, 3H), 3 0-3 75 (m, 1H, CH).

7ac: '"H-NMR (CDCl,) 6 0.90 (t, 3H, J = 6.6 Hz), 1.16 (s, 9H), 1.27 (s, 3H), 1.25-1.75 (m, 10H), 2.72 (s,
2H), 3.18 (s, 3H); PC-NMR {CDCL,) & 14.02, 22.59, 22.68, 23.29, 26.42, 29.66, 31.84, 35.91, 43.77,
44.87, 48.43,76.24, 213.88; HRMS: calcd for C H, O, (M"+H) 2432324, found 243.2277.

7},212) 'H NMR (CDCL,) § 3.24 (s, 3H), 3.08, 3.60 (Au_--, 2H, J, 3= 165, J,x= 4.3, Jgy = 8.5 Hz), 4.89
(dd, 1H, J,y = 4.3, Jgx = 8.5 Hz), 7.26-7.59 (m, 8H), 7.93-7.98 (m, 2H).

7bb'Y: '"H NMR (CDCl,) § 0.88 (t, 3H, J = 6.6 Hz), 1.23-1.65 (m, 12H), 2.93, 3.29 (ABX, 2H, J,; = 16.2,
Jux =34, Jgx = 6.8 Hz), 3.34 (s, 3H), 3.87 (m, 1H), 7.42-7.60 (m, 3H), 7.94-8.00 (m, 2H).
7bc”’ 'H NMR (CDC13) 5 0.88 (t, 3H, J = 6.6 Hz), 1.20-1.78 (m, 13H), 3.07, 3.20 (AB, 2H, J,; = 14.8

.~

Hz), 3.19 (s, 3H), 7.42-7.62 (m, 3H), 7.95-8.02 (m, 2H).

Parallel Recognition between Ketone and Aldehyde with Ketene Silyl Acetal and Enol Silyl
Ether ( Typwal Procedure) To a CH,Cl, solution (1 mL) of (C FS)ZSnBr2 (122 mg, 0.2 mmol) was added a

CH,Cl, solution (2 mL) of 3a (' 0 mg, 1 .0 mmol) and 5a (100 mg, 1.0 mmol) at -78 °C followed by 1a (263
mg, 1.3 mmol) and 2b (384 mg, 2.0 mmol) in CH,Cl, (2 mL). After 5 h, aqueous workup followed by
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evaporatxon afforded a crude product that was analyzed by GLC and NMR. The other reactions were carried

out an legOUSly

6ac: 'H NMR (CDCl,) 8 0.08 (s, 3H), 0.19 (

s, 3H), 0.96 (s, 9H), 1.04 (t, 3H, J= 7.1 Hz), 1.74 (s, 3H,),
2.83,3.20 (AB, 2H, J,; = 13.7 Hz), 3.79 (s, 6H), 3.92 (g, 2H, J=7.1 Hz), 6.43-6.49 (m, 2H), 7.52 (4, 1H,
J=18.2 Hz). This compound was confirmed by desilylation to give the alcohol: '"H NMR (CDC13} & 1.09 (t,
3H, J = 7.1 Hz), 1.60 (s, 3H), 2.82, 3.23 (AB, 2H, J,; = 15.0 Hz), 3.79 (s, 3H), 3.83 (s, 3H), 3.99 (q, 2H,
J=17.1 Hz), 451 (s, 1H), 6.44-6.49 (m, 2H), 747 (d, 1H, J = 8.2 Hz); *C-NMR (CDCI)S 13.96, 27.63,
45.16, 55.21 160.’21 72.29, 99.12, 103.76, 126.41, 127.32, 156.79, 159.93, 172.78; HRMS: calcd for
C,H, 0, (M'+H) 269.1389, found 269.1348; Anal.: caled for C,H, O, C, 62.67; H, 7.51. found: C,
62.80: H, 7.38.
8ba'>: '"H NMR (CDC1,) § 0.90 (t, 3H, J = 6.8 Hz), 1.25-1.70 (m, 8H), 3.04, 3.18 (ABX, 2H, J,,= 17.7,
Jux= 2.5, Jgx = 9.0 Hz), 3.28 (br. 1H), 4.22 (m, 1H),743763( m, 3H), 7.90-8.00 (m, 2H).

8bb’°) 'H NMR (CDCl,) 6 0.88 (t, 3H, J 6.8 Hz), 1.20-1.66 (m, 12H) 3.04, 3.18 (ABX, 2H, J,z=17.7,
Jax= 2.5, Jgx= 9.0 Hz), 3.28 (br. 1H), 4.21 (m, 1H), 7.42-7.63 (m, 3H), 7.92-8.00 (m, 2H).
9aa: 'H NMR (CDCl,) § 0.03 (s, 3H), 0.06 (s, 3H), 0.86 (s, 9H), 0.88 (t, 3H, J = 6.5 Hz), 1.25 (t, 3H, J =

7.1 Hz), 1.20-1.54 (m, 8H), 2.40- 244 (m, 2H), 4.08-4.15 (m, 3H). This compound was confirmed by
desilylation to give the known alcohol."”

0ah!'®. ' NMR (CDC1IY S 0.02 (5. 2H). 0.05 (5 3H). 0.86 (s. 9H). 088 (t. 3. J = 6.5 Hz). 125 (t. 3H. J
EL ANAIVAIN {0z ) U ULUD (D, Jl.l.} MLUU Dy JI1), V.OU D, 711}, V.00 \L, JI3, J = U.J 11L), L.40 \L, JI1, J
=7.1 Hz), 1.21-1.52 (m, 12H), 2.40-2.43 (m, 2H), 4.08-4.15 (m, 3H)

10ba'”: '"H NMR (CDCL,) & 1.60 (s, 3H), 3.34, 3.80 (AB, 2H, J,, = 17.5 Hz), 3.54 (s, 3H), 7.21-7.58 (m,
8H), 7.90 (m, 2H).

PRanntinm ~F Tas Anntal wiéh LWatama Qil.l A,.A‘.-.I P | 4 ST Do diiez) T
ncasiivu Ul ACID Aceétar wWilnli A@iene DIYE ALCldal 411U DllUl Dllyl I‘Jl.llcl (Iy[}l(.(ll rroceaure). 1

mer C AATTITIAITN wwag otirra 1" enlitinm ot ranme tammaratiiea fan giral wwae
IATS) QqW\ Ths A +1 Asn /O N Ty £, vl 1-. TT 1
\«~1iv 1115 VL V) kS LlJD \/Ullll]\lullu YAD OLLILIVAL 111 1R177 XA 1Y DUlullUll at Luuill lCLuPGAaLulU iUl /7 11. Udlual wuilhl

up and column chromatography on silica gel (EtOAc/hexane 1:4) quantitatively furnished the desilylation

product (ethyl 8-benzoyl-3-hydroxy-7-methoxy-3-phenyloctanoate): 'H-NMR (CDCL,) 8 1.07 (t, 3H, J = 7.1
Hz), 1.42-1.85 (m, 6H), 2.75-3.24 (mm, 4H), 3.25, 3.26 (1:1 mixture of diastereomers; s, 3H), 3.78 (m, 1H),

4.00 (q, 2H, J = 7.1 Hz), 4.40 (br. 1H), 7.20-7.57 (m, 8H), 7.89-7.94 (m, 2H); "C-NMR (CDCl,) 3 13.85,
19.01 (19.07), 34.35 (34.35), 42.99 (43.06), 45.28 (45.33), 57.11, 60.62, 74.88, 77.28, 124.92, 126.67,
192 05 (198 N8y 1798 47 123708 127 18 14€ 15 148 10 179 77 108 00 LIDMG.  cnlad far T O
LLO. VI \(140.U0 ), LLO.™f, 1J&.70, 1J/.10, A%J.}J, 19%J.17, 1/14&L.ily 170.7U, 11INIVLOD. CaiCa 101 113 Us

(M*+H) 399.2171, found 399.2188; Anal.: calcd for C,,H,,0,: C, 72.34; H, 7.59. found: C, 239 H,
7.34.

16: 'H-NMR (CDCL,) § 0.07 (s, 3H), 0.08 (s, 3H), 0.83 (s, 9H), 1.12 (s, 9H), 1.24 (t, 3H, J = 7.1 Hz),
1.43 (s, 3H), 1.68, 1.91 (ABX, 2H, J,, = 14.3, J,, = 4.1, J,, = 7.4 Hz), 2.49, 2.55 (AB, 2H, J,; = 14.0
H2Y 284 72 /ARY Y211 T — 170 T - &Q I — A2 HaY 224 (¢ ALY 220_.2072 fen 1THIY AN (A~
TLL ), L. 00U, £.04 \NDN, LXL, JpAp ™ LiUy Jpaxy— J.7, Jpy — U.J L4, J.L57 \D, JI1j, J.0F-J.77 \1l, iXi), T.UO ({4,
2H, J = 7.1 Hz); PC-NMR (CDCL,) & -2.08, (-1.96), 14.16, 18.05, 25.75, 26.08, 27.40, 42.34, 44.30,
47.10, 48.57, 56.58, 60.08, 73.99, 74.46, 170.94, 214.16; HRMS: caled for C,H,0.Si (M*-CH,
387.2567, found 387.2558; Anal.: calcd for C, H,,0,Si: C, 62.64; H, 10.51. found: C, 62.87; H, 10.68

Reaction of Keto Aldehy i ! and Enol Sily! 1
To a CH,Cl, solution (1 mL) of (CF )ZSnBr2 61 mg, 0.1 mmol) was added a CH 2Cl
(88 mg, 0 5 mmol) at-78°C followed by 1a (131 mg, 0.65 mmol) and 2b (192 mg, 1.0 mmol) in CH Cl 2

mL). After 6h, aqueous workup followed by column chromatography on silica gel (EtOAc/‘nexane' 1/4) o give

i8 (179 mg, 72%): 'H-NMR (CDCl,) & -0.05 (s, 3H), 0.13 (s, 3H), 0.99 (s, 9H), 1.15 (t, 3H, J = 7.1 Hz.),
1 Q7 {e¢ AHN lQK’)M/m 2€2HY 273 286 (AR 2H I = IQAI—I-:\ 774Qm{m 9”\ 212 323 (ARX

.07 (0, JEL), 1.0UL. \1lly dukd ]y kvl o)y &asO\J \QiRdFy wdily o — LJST kAL FTATO WU \dddy il fy e hdmy Johd A RASER,

2H, J,5=17.7, J,x= 3.4, Jy= 8.5 Hz), 3.49 (br. 1H), 4.03 (q, 2H, J= 71Hz) 425435 (m, 1H), 7.21-

7.68 (m, 7H), 7.99-8.02 (m, 2H); "C-NMR (CDCl,) & -2.55, -2.05, 14.00, 18.33, 25.94, 28.34, 31.34,
38.03, 45.00, 51.11, 60.01, 67.10, 75.51, 125.40, 127.84, 128.04, 128.67, 133.55, 136.69, 140.31,

145.02, 170.35, 200.84; HRMS: caicd for C,,H,,0,Si (M'-CH,) 483.2567, found 483.2578; Anal.: caicd for
Si: C

2
C21H3404”‘ C, 69.84; H, 8.49 found: C, 69.78; ’I»T RA’7 The other reactions were carried out analogously.

6 und: reactions were carried out analo
19: '"H-NMR (CDC ,)5002 (s, 3H), 0.09 (s, 3H), 0.79 (t, 3H, J = 7.2 Hz) 0.94 (s, 9H), 1.03 (t, 3H, J =
71Hz)17 -2.19 (m, 4H), 2.68-2.91 (m, 2H), 2.81, 2.92 (AB, 2H, J,,= 14.3 Hz), 3.05, 3.17 (ABX, 2H,
Jap=17.8, T, = 3.

(m b
()J x= 8.7 Hz), 3.34 (br. 1H), 3.91 (q, 2H, J = 7.1 Hz), 4.21-4.29 (m, 1H), 7.15-7.6
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(m, 7H), 7.91-7.98 (m, 2H); "C-NMR (CDCL,) & -2.42, -2.25, 8.51, 13.82, 18.58, 26.00, 31.25, 34.03,
37.98, 44.96, 47.50, 59.87, 67.10, 78.62, 125.88, 127.65, 127.97, 128.32, 128.56, 133.43, 136.62,
139.92, 142.61, 170.05, 200.71; HRMS: calcd forC Hﬂo Si (M" -CH,) 497.2723, found 497.2724; Anal.:

caled fo.r CZ,HMO‘SL C, 70.27; H, 8.65. found: C, 70.03; H, 8.51.

20: 'H NMR (CDCl, ;) 6 0.08 (s, 3H), 0.11 (s, 3H), 0.89 (s, 9H), 1.25 (¢, 3H, J=7.1 Hz), 1.10-1.78 (m,
17H), 2.35, 287 (AB 2H, J,5 = 12.9 Hz), 3.04, 3.18 (ABX, 2H, J,,= 17.8, J,, = 2.6, Joy=8.9 Hz), 3.25
(br. 1H), 4.09 (q, 2H, J = 7.1 Hz), 4.17-4.26 (m, 1H), 7.44-7.60 (m 3H), 7.92-7.99 (ir , 2H); BC-NMR
(CDCIB) 6 -2.14, -1.73, 14.22, 18.76, 21.75, 25.74, 26.05, 26.79, 27.41, 27.47, 29.48, 29.52, 36.59,
38.04, 43.76, 4497 46.29, 60.22, 67.78, 76.72, 128.05, 128.63, 133.45, 136.81, 170.86, 201.00; HRMS
caled for C,H, O Si (M*+H), 505.3349, found 505.3398 caled for C,,H,.0.Si (M*-CH,) 489.3036, found

489.3016; Anaf caled for C”H“O Si: C, 69.00; H, 9.58. found: C, 69.10; H, 9.47.

Parallel Recognition between Enone and Acetal with Ketene Silyl Acetal and Enol Silyl
Ether. To a CH,Cl, solution (1 mL) of (C.F,),SnBr, (122 mg, 0.2 mmol) was added a CH,Cl, solution (2

1805 SURRUIVL 11827 O A&& limy Ve LIULOL QS QUL & digioidy SUanuva (&

mL) of 21 (208 mg, i ,0 mmol) and 4a (152 mg, 1 .0 mmol) at 78 °C followed by 1a (263 mg, 1 3 mmol) and
silyl enol ether 2a (344 mg, 2.0 mmol) in CH,Cl, (2 mL). After 6 h, aqueous workup followed by evaporation

afforded a crude product that was analyzed by GLC and NMR. 22: '"H NMR (CDC},) § -0.17 (S, 3H), -0.13
(s, 3H), 0.94 (s, 9H), 1.08 (t, 3H, J = 7.1 Hz), 2.64 (d, 2H, J = 7.7 Hz), 3.96 (q, 2H, J = 7.1 Hz), 4.33 (m,
1H), 5.21 (d, 1H, J = 9.9 Hz), 7.10-7.40 (m, 10H). This compound was confirmed by desilylation to give the
known alcohol. %

! Daraogni ftinm of Dnama Asatal withh Kadamn Qo] Aaadnd oo . Ve LU |
1 ROCOENNRIVIE O LIIONE ACCwa WwWidl Adiene oSiiy1 Adeial and Enol Dllyl ILIIICI' (1ypicai

edure). To a CH,Cl, solution (1 mL) of (CF),SnBr, (61 mg, 0.1 mmol) was added a CH,Cl, solution (2

of 23 (141 mg, 0. 5 mmol) at-78 °C followed by 1a (131 mg, 0.65 mmol) and 2a (430 mg, 2 5 mmol) in
Cl, (2 mL). After 8 h, aqueous workup followed by evaporation afforded a crude product that was treated
Ru
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2 Hz): ”(,~NMR (CDCI 5 14.0, 25.
, 128.5, 136.3, 143.2, 147.2, 171.8,
3.95; H, 7.81. found: C, 74.16; H, 7.9
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0.5 mmol) and 4a (76 mg, O 5 mmol) at -78 °C followed by 1a (131 mg, 0.65 mmol) and 27 (114 mg, 1.0
mmol) in CH,Cl, (2 mL). After 9 h, aqueous workup followed by evaporation afforded a crude product that

was analyzed by GLC. 28°": '"H NMR (CDCIy) § 2.34-2.45 (m, 1H), 2.52-2.62 (m, 1H), 3.22 (s, 3H), 4.17

(dd, 1H, J = 5.8, 7.5 Hz), 5.00-5.09 (m, 2H), 5.70-5.84 (m, 1H, CH), 7.28-7.35 (m, 5H).

K tone and Acetal with Ketene Silyl Acetal and Allylsilane. To a
1

—~

Parallel Recognition of Aldehyde and Acetal with Ketene Silyl Acetal and Enol Silyl
Ether( Typzcal procedure) To a CH,Cl, solution (1 mL) of TMSOTf (11 mg, 0.05 mmol) was added a CH,Cl,

solution (2 mL) of 5¢ (53 mg, 0.5 mmou and 4a (76 mg, 0.5 mmoi) at - /zs C followed by 1a (i11 mg, 0.5
mmol) and 2a (114 mg, 1.0 mmol) in CH, Fl (2 mL). After 12 h, aqueous wnrknn followed bv Pvannmhnn

afforded a crude product that was analyzed by ‘GLC o

Parallel Recognition of Aldehyde and Acetal with Ketene Silyl Acetal and Allylsilane.
To a CH,Cl, solution (1 mL) of TMSOT( (11 mg, 0.05 mmol) was added a CH,Cl, solution (2 mL) of

5¢ (53 mg, 0.5 mmol) and 4a (76 mg, 0.5 mmol) at -78 °C followed by 1a (131 mg, O. 65 mmol) and 27 (172
mg, 1.0 mmol) in CH,Cl, (2 mL). After 12 h, aqueous workup followed by evaporation afforded a crude

mendiat that vwag ana hmaA k oy r
Pioduit uiat wabd aiiairy Z&l uy L 1
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