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ABSTRACT

Pentafluorophenylammonium O O©
, QTMS triflate (PFPAT) R ]
RNA RS (5 mol %) R
o " R2 R3 R4
1 R 12 exarrples; 62 - 92%
R cl or
R2 \ OTMS O O
1
RN e R NXRS
R4 R2 R3 R4
X=0,8) 38 examples; 60 - 92%

A pentafluorophenylammonium triflate (PFPAT) catalyst (5 mol %) successfully promoted C-acylation of enol silyl ethers with acid chloride to
produce various B-diketones (12 examples; 62 —92% yield). Similarly, C-acylation of ketene silyl acetals or ketene silyl thioacetals (i.e., crossed

Claisen condensation) proceeded smoothly to provide not only

(less accessible) o, o-dialkylated S-keto (thio)esters in good to excellent yield (38 examples; 60

a-monoalkylated p-keto (thio)esters but also thermodynamically unfavorable

—92% vyield).

Regio- and chemoselective C-acylation of thgosition of

reactions using enol silyl ethers, ketene silyl acetals (KSAS),

carbonyl compounds is recognized as a fundamental andand ketene silyl thioacetals (KSTAs), such as the aldol,

useful C—C bond forming reaction for obtaining 1,3-

dicarbonyl compounds in organic syntheseghere are a
number of useful catalytic carbeitarbon bond forming
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Scheme 1. PFPAT-Catalyzed C-Acylation of Silyl Enolates
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there are very few reported methods for the relevant catalytic
C-acylation using enol silyl ethers and KSAs or KSTAs

Table 1. Screening of Acid Catalysts
Acid catalyst

cl o+
8 1 CHoCly, reflux, 1h 8
1 2a (1.5 equiv) 3a
Entry Acid catalysts Yield / %°
1 None Trace
2 H,SOy4 Trace
3 CSA Trace
4 PPTS Trace
5 TMSOTf 58
6 PhNH;**OTf (DPAT) 88
F
NHz"sOTF
7 92

F (PFPAT)

F.
F
F

a Determined by*H NMR.

(crossed Claisen-type condensations). Dubac and co-workers

reported the first catalytic C-acylation of enol silyl ethers
with AcCl promoted by BiCj—3Nal® This method is not
general, however, because it is limited to C-acetylation.
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S.J. Am. Chem. So@006,128, 11232. Other references cited therein.

(4) (a) Gnaneshwar, R.; Wadgaonkar, P. P.; SilvaranTe®ahedron
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(e) Kozmin, S. A.; Rawal, V. HJ. Org. Chem1997, 62, 5252. (f) Kozmin,
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Simonsen, K. B.; Svenstrup, N.; Roberson, M.; Jorgensen, Chiem.—
Eur. J.2000,6, 123. (h) Amii, H.; Kobayashi, T.; Terasawa, H.; Uneyama,
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Table 2. C-Acylation of Enol Silyl Ethers2 with Acid
Chlorides Using the PFPAT Catalyst

o OTMS . O 0
1 )J\ . RZ. - PFPAT (5 mol %) 4 -
R °Cl 53 / CHoCl, reflux, 1.5 h rR?R®
2a-d 39
(1.5 equiv)
/OTMS OTMS oTMS OTMS
#>Ph Ppp
2a 2b 2¢ 2d
o 0 o O
/\/\/\/\)%H/ /\/\/\/\)%kph
3a 3b
o O o O
3c 3d
o O o O
DY e
6a 6b
o o0 cl o 0
7a 9a
selected product structure
Entry . . Enolsilyl ~ Product  Yield
Acid chloride ether /o
1 2a 3a 91
2 O 2b 3b 80
3 WC] 2¢ 3¢ 62
4 2d 3d 70
[¢)
5 O/KCI 2a 4a 70
6 O 2a Sa 82
7 S 2b 5b 80
8 O 2a 6a 90
9 CI/\AACI 2b 6b 85
[¢)
10 e~ 2a 7a 84
MeO,C cl
o)
11 WCI 2a 8a 92
cl %
12 c1>=\x)km 2a 9a 85
a |solated.

Recently, catalytic enantioselective C-acylation of KSAs with
acid anhydrides was developed by Fu and co-workers.

In connection with our continuing studies on the develop-
ment of Ti (or Zr) Claisen condensatiénand related

(6) Roux, C. L.; Mandrou, S.; Dubac, J. Org. Chem1996,61, 3885.
(7) (@) Mermerian, A. H.; Fu, G. Cl. Am. Chem. So2003,125, 4050.
(b) Mermerian, A. H.; Fu, G. CJ. Am. Chem. So@005,127, 5604.
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Table 3. PFPAT-Catalyzed C-Acylation between KSAS or Table 4. PFPAT-Catalyzed C-Acylation of KS&6 with Acid
KSTAs 11 and Acid Chlorides Chlorides
OTMS
1)?\ » R __PFPAT (5mol%) MXR )J\ . Me\g)\o PFPAT (5mol%)  TBAF 1)058(1
R Cl 2R3 1
R / CH,Cly, reflux, 1.5 h R? R R Sras 1 CH,Cly, reflux, 1.5 h R e oHOMe
(1.5 equiv) 1225 " S
7 - 34
OTMS OTMS OTMS oTMS i
(1.5 equiv)
Mej/\OMe Etﬁ/\OMe E'%OMe n_Bu/\OMe
Me 10a Me 10b Ph o0 10d
oTMS OTMS OTMS /\/\/\/\)%OMe WOMe
Me\H\SPh Me%S(Odyl) j)\S(c Hexy) OTBS OTBS
Me 11a Me 41p
o 0 g 0
OMe
oM /\/\/\/%OMe /\/\MOMG
12a 12b
o 0 o 0
WOM o /\/\/\/\MOM o selected product structure
PH n-Bu
12¢ 12d
o o o 0 Entry Acid chloride Product Yield / %°
0]
/\/\/V\)%sph /\/\/\/\MS(OCM) 1 /\/\/\/\)J\Cl 27 88
13a 13b

0
? 9 ? 9 2 cl 28 88
CIM&OMe CIN\%S(OCMJ
18b 19b [e}
o 0 al o 0 3 A/j)km 29 78
MeOzCWMOMe dwo""e 5

20c 2 4 \/\/\/\/\)I\m 30 74
a
selected product structure 5 0 1 75
KSA or Yield e ’
Entry Acid chloride KSTA Product [ %@
1 9 102 12a Ep) 6 W cl 32 87
2 A~y 10b 12b 87
3 10¢ 12¢ 86 cl o}
4 10d 12d 80° 7 o’ cl 33 74
5 11a 13a 60°
6 11b 13b 80° 5
7 1l¢ 13¢ 72° 0 4 65
8 g 10 14a 84 @C' 3
9 O)k(” 10b 14b 84
10 10¢ 14¢ 66
i 74 2 Isolated.
11 /\/))kCI 10a 15a (trace)’
12 \/\/\/\/\/ICJ)\ 10a 16a 91
E S . . . .
" o 1 o reactions, we present here a mild and efficient pentafluo-
15 10d 16d 76! rophenylammonium triflate (PFPAP} catalyzed C-acylation
1 lle 17¢ 8 between enol silyl ether®a—d and acid chlorides (Scheme
17 0 10a 18a 76
18 o~~~ 10b 18b 85 1). The present protocol was successfully extended to a
19 10¢ 18¢ 77
b
20 1b 19b U (8) (a) Tanabe, YBull. Chem. Soc. Jpri989,62, 1917. (b) Hamasaki,
21 /\/\/\j\ 10a 20a 92 R.; Funakoshi, S.; Misaki, T.; Tanabe, Yetrahedron2000,56, 7423. (c)
22 MeQ,C cl 10¢ 20¢ 79 Crane, S. N.; Corey, E. Drg. Lett. 2001, 3, 1395. (d) Tanabe, Y.;
I 102 T1a 7 Hamasaki, R.; Funakoshi, Shem. Commur2001, 1674. (e) Tanabe, Y.;
0 Makita, A.; Funakoshi, S.; Hamasaki, R.; KawakusuA@ly. Synth. Catal.
24 ©/\)\0| 10¢ 21c 4 2002,344, 507. (f) Tanabe, Y.; Manta, N.; Nagase, R.; Misaki, T.; Nishii,
25 10d 21d 89’ Y.; Sunagawa, M.; Sasaki, Adv. Synth. Catal2003 345, 967. (g) Misaki,
26 L1a 22a 65 T.; Nagase, R.; Matsumoto, K.; Tanabe, X Am. Chem. So®005,127,
27 O 't 10a 23a 91 2854. (h) lida, A.; Nakazawa, S.; Okabayashi, T.; Horii, A.; Misaki, T
28 mwm 10 23 %0 Tanabe, Y Org. Lett.2006,8, 5215. (i) lida, A.; Nakazawa, S.; Nakatsuiji,
N ¢ H.; Misaki, T.; Tanabe, YChem. Lett2007,36, 48.
29 Bnoﬁ 10a 24a 63 (9) (a) Tanabe, Y.; Matsumoto, N.; Funakoshi, S.; ManteSlett2001,
Cl 1959. (b) Tanabe, Y.; Mitarai, K.; Higashi, T.; Misaki, T.; Nishii, €hem.
9 Commun2002, 2542. (c) Tanabe, Y.; Matsumoto, N.; Higashi, T.; Misaki,
30 dc‘ 10a 25a 79 T.; Itoh, T.; Yamamoto, M.; Mitarai, K.; Nishii, YTetrahedron (Sympo-
sium)2002,58, 8269. (d) lida, A.; Takai, K.; Okabayashi, T.; Misaki, T

Tanabe, Y.Chem. Commur005, 3171. (e) Katayama, M.; Nagase, R.;
2 Isolated.” 2.0 equiv of KSA or KSTA was used.NaOH-catalyzed Mitarai, K.; Misaki, T.; Tanabe, Y Synlett2006, 129. (f) Nagase, R.;
method using the corresponding methy! ester. Matsumoto, N.; Hosomi, K.; Higashi, T.; Funakoshi, S.; Misaki, T.; Tanabe,
Y. Org. Biomol. Chem2007,7, 151.
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closely related C-acylation of KSAKa—d, 26, or KSTAs Claisen condensation generally predominat€ke present
11a,bwith acid chlorides. method was powerful enough to provide a varietyood-

The initial attempt was guided by the reaction between dialkylated 5-keto esters and thioesters. (iii) The reaction
decanoyl chloridd and enol silyl etheRa (1.5 equiv) using using KSA10b,cbearing ethyl and/or phenyl groups in the
several acid catalysts (Table 1). The major problem of metal- a,a-positions proceeded smoothly to give the desired highly
catalyzed C-acylation using enol silyl ethers lies in the stereocongestegiketo esters in good yield. (iv) Compared
difficulty in controlling competitive O-acylation. Acid or-  with NaOH-catalyzed Claisen condensat®rthe present
ganocatalysts (5 mol %) were screened to overcome thismethod had much higher reactivity (entry 11). In addition,
problem. Conventional Brgnsted acids, 8@, CSA) and KSA equivalents were significantly reduced to 4240,
PPTS resulted in no reaction (entries-4). Although whereas the NaOH-catalyzed method required ca. 3.0 equiv.
TMSOTTf is a representative Lewis acid catalyst for the (v) Several functionalities in the acid chloride were tolerated
Mukaiyama aldol and Michael reactions, more stable and under the reaction conditions. By way of contrast, methyl
easy to handle solid ammonium triflate catalysts such as esters were not compatible with the NaOH-catalyzed method
diphenylammonium triflate (DPAT}® and PFPAT2 had (entries 21 and 22 (vi) KTSAs 1la—c underwent the
unexpectedly apparent higher reactivity than TMSOTf desired reaction to give the desir8eketo thioesters.

(entries 6 and 7). In addition, undesirable O-acylation was The reaction between KSA&6, derived from methyl
completely suppressed. Thus, we chose the PFPAT catalystactate, and acid chlorides was investigated (Table 4). Despite
for the present method. the utility of thea-oxy functionalized product, neither NaOH-

Table 2 lists the successful results of the present PFPAT-catalyzed nor powerful Ti Claisen condensations can be
catalyzed C-acylation using a variety of enol silyl ethers applied to26 (no reaction). Similar to the reaction using
2a—d and acid chlorides under optimized conditions. Various KSAs 10a—d, a variety ofa-hydroxy{3-keto esters were
p-diketones were obtained in good to excellent yield. Several successfully obtained in good to excellent yield (8 examples;
functionalities in acid chloride, such as a terminal double 65—88%).
bond, ad-chloro, a methyl ester, and a cyclopropane, were  In conclusion, we have developed a regioselective C-
tolerated (entries 6—12). acylation of both enol silyl ethers and KSAs (or KSTASs)

Next, we investigated PFPAT-catalyzed C-acylation, i.e., with acid chlorides, promoted by the PFPAT catalyst (total
Claisen-type condensation between KSAs—d or KSTAs of 50 examples). The present mild and general method is a
1la—cand acid chlorides. Table 3 lists the successful results. new avenue for the synthesis of a variety3ediketones and
The salient features are as follows. (i) Although stereocon- 3-keto esters.
gested electrophiles tend to resist Claisen condensation, less
reactive branched as well as reactive linear acid chlorides Acknowledgment. This research was partially supported
smoothly underwent the present reaction to give the corre- by Grant-in-Aids for Scientific Research on Basic Areas (B)
sponding 5-keto esters in good to excellent yield (30 “18350056”, Priority Areas (A) “17035087” and “18037068",
examples; 66:92%). (ii) Traditional C-acylation cannot be and Exploratory Research “17655045” from MEXT.
applied too,a-dialkylated ester derivatives because the retro-
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