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ABSTRACT

siface preference

n=3 - 91~100%
OLi n=2-81~92% sitface selectivity

RZ, A o =1 —69-82%
|

Michael addition of various enolates toward y-CHs— Fq-a,f-unsaturated ketones (n = 1-3) was proven to smoothly furnish the 1,4-adducts
with high si face selectivities which monotonously decreased by reduction in the number of fluorines. Although the Felkin—Anh model correctly
anticipates the present stereochemical outcome only with E-acceptors, the hyperconjugative stabilization of transition states by electron
donation from the allylic substituents (the Cieplak rule) successfully explains the s-facial preference of both acceptors at least in a qualitative
level.

Stereoselective construction of organic molecules has bee

one of the central topics in synthetic organic chemistry, and Scheme %

a large number of challenges have been encountered in this

field, especially in the diastereotopicfacial discrimination FC O L4 OTMS cqg FC O

at sg hybridized carbon atormsOne of the most significant A M ——| f\OA”yl —

factors for successfully obtaining a satisfactory outcome is, " \)O PN "Pr)\éH
of course, to fix substrate conformations in an effective ] FsC ) 3, 74% yield
manner so as to attain maximum discrimination between both '88% syn

m faces by the steric and/or electrostatic effects of neighbor-

ing allylic substituents. 2 (a) LDA/THF; (b) TMSCI; (c) 2.5 mol % PdGI(PhCN); (d)

During the course of study on the development of novel reflux.
preparation methods to access fluorine-containing materials

in a stereoselective mannenyve have recently revealed ) )
highly diastereoselective Ireland—Claisen rearrangements(Scheme 1j.When a THF solution of ketene silyl ace
was refluxed fo 6 h in thepresence of a Pd catalysthe

T Tokyo Institute of Technology. carboxylic acid3 was produced with 88%yn selectivity.
# Ibaraki University. _ ) _ Taking into account the fact that the steric size of a CF
(1) Gung, B. W.; le Noble, B. Guest editors for the special thematic
issue on diastereoselecticdbhem. Re»1999,99, 1067.
(2) () Yamazaki, T.; Umetani, H.; Kitazume, [6r. J. Chem1999,39, (3) Yamazaki, T.; Shinohara, N.; Kitazume, T.; SatoJSOrg. Chem.
193. (b) Yamazaki, T.; Shinohara, N.; Kitazume, T.; Sato].Sluorine 1995, 60, 8140.
Chem. 1999 97, 91. (c¢) Yamazaki, T.; Hiraoka, S.; Kitazume, T. (4) The independent reaction demonstrated that&fzeratio of 2 was
Tetrahedron: Asymmetry997,8, 1157. 92:8 in favor of theE isomer. Details will be published elsewhere.
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group is regarded to be betweieRr andi-Bu moieties’ this Emmons (HWE) reaction. For the synthesis of the corre-
relatively highsynpreference should stem from the electro- sponding B molecule, direct reaction of commercially
static environmental difference between twdaces. This available 3,3,3-trifluoro-2-methylpropionaldehyfwith the
intriguing example encouraged us to investigate other same phosphonate produdedcin 64% yield. On the other
systems for confirming its generality, and we at first selected hand, construction of the difluorinated counterggafib was
Michael addition reactions to substrates with fluorine- found not to be straightforward. Our first synthetic plan was
containing methyl groups at their allylic positions. In this to start with the §2'-type substitution of fluorine i® (as
communication were described the experimental results ofthe sodium salt) for the hydridfleand then hydrogenation
enolate-Michael addition tdH)-y-CHs_Fr-a,f-unsaturated  after derivatization into the corresponding ester. However,
ketoness (n = 1—3) as the representative substrates, which because of the detection of an appreciable amount of
as expected showed a clear correlation between the numbeimpurities, we have devised a new route involving depro-
of fluorine atoms and diastereofacial selectivities, mono- tonation of the readily availabtEOcfrom 9 as the key step
tonously decreasing the latter by successive reduction of theClose examination of the reaction conditions proved that slow
former’ addition of LDA in THF to10cdissolved in the same solvent
Preparation of variously fluorinated Michael acceptérs at —78 °C was quite effective in suppressing the possible
was performed as depicted in Scheme 2. Thus, afterformation of undesirable byproducts, and the subsequent
hydrogenolysis with 10% Pd/C under 0.5 MPa pressure of

s hydrogen allowed us to isolate the desifélb in 60% total

yield from 10c. Its transformation int&-6b was attained

Scheme 2 atl o
COM successfully by the similar HWE protocol. In addition to the
Me\rCOzMe 'V'GYCHO 2 three types oE-6 thus obtained, the correspondifighc was
HOH,C FsC CFy also prepared for comparison. Several trials indicated that
4 7 de 9 (diphenyl-phosphono)acetatevas the reagent of choice, and
a c 94% vield . the intermediarya,-unsaturated carboxylic aci@ was
70% yield 64% yield 80% )',ie|d isolated in 86% overall yield as the safeisomer* Z-6¢
Mo COMe (for E-6e) was finally obtained bytert-BuMgCl reaction with the
2 Me.-COR corresponding mixed anhydride in 24% yield.
Me he p g Y/ y
FH.C \(\ FsC With four requisite acceptors-6a—candZ-6¢in hand!®
5 FoC COM 10c enolate-Michael addition reactions were carried out with three
be 8 representative lithium enolates from propiophenone, ethyl
% e tg ki (methylthio)acetaté andN,N-dimethyl-propionamide whose
(for £-62) 26% yield 60% yield . .
(for Z-6¢) results are summarized in Table 1. As a general trend,
Q b chemical yields as well as diastereomeric ratios of products
Me S pyt <—° Me-CO2R have a qualitatively proportional relationship with the number
FoHsnC ‘?f%r/?fg')‘i FoHC of fluorine atoms in the acceptoEs6. Theoretical molecular
10b orbital calculatiof’ of E-6¢ suggested its LUMO level of
—2.055 eV at the B3LYP/6-3tG* level of theory, about
R: PhOH,CHa-, &: =1, b: n=2, c: n=3 0.43 eV lower than the cor.responding nor_n‘luorinated coun-
terpart, would be at least in part responsible for the higher
2 (a) EeNCR,CHFCR/CH,CI;; (b) DIBAL/EL;O; (c) (EtO}P(O)- reactivity of E-6¢c compared to the others.
?:'z:—gg?\l)t-gﬂ./ %B'__Uhl/gtz% Afdg:l(%h(lzﬁzﬁ))c?b(cszgt’ MNaC|:_I|// Although all possible four diastereomers were formed
»\€) Na 20; () AcCl, EGN/CH,Cl, () t-BuMg when E-6 was treated with the amide enolate, only two
THF; (h) GH4(COCl),; (i) PhCHCH,OH, pyridine/CHCIy; (j) 10% isomers were observed for the addutisand 12 fr, m t)é
Pd/C/ MeOH; (k) LDA/THF. Somers were observed for the a om the

ketone and ester enolates, respectively. The isomeric acceptor
Z-6cwas apparently less reactive, possibly as a result of its

fluorination of the hydroxy group i®,2 partial reduction (©) Lanier. M., Haddach, M. Pastor, R, Riess, J Tarahedron Lett
. . . . anier, M.; RHaddach, M.; Pastor, R.; RIesSS, J. rahedron Lett.
followed by in situ condensation of the resultant hemiacetal ;993 34, 2469 and references therein.

intermediaté furnished the monofluorinated accept®ita (10) Distillation with a few drops of BFOEt was required just prior

i 0 i A _ __ to use for reproducible results.
in 30% total yleld by way of the Homer—Wadsworth (11) Fuchikami, T.; Shibata, Y.; Suzuki, Yetrahedron Lett1986,27,

3173.
(5) Overman, L. E.; Renaldo, A. B. Am. Chem. S0d.990,112, 3945. (12) Recently, preparation of 3,3-difluoroacrylate was reported; see:
(6) (a) MacPhee, J. A.; Panaye, A. Dubois, JFEtrahedronl978,34, Botteghi, C.; Paganelli, S.; Sbrogio, F.; ZarantonelloT€trahedron Lett.

3553. (b) Kitazume, T.; Yamazaki, Experimental Methods in Organic 1999,40, 8435 and references therein.
Fluorine Chemistry; Kodansha, Gordon, and Breach Science Publisher:  (13) Ando, K.J. Org. Chem1999, 64, 8406.
Tokyo, 1998; Chapter 1. See also: Béguin, C. G.; Schlosser, M. In (14) Initial E:Z ratio was 3:97 at the HWE step (determined'#fy NMR)

Enantiocontrolled Synthesis of Fluoro-Organic Compourfisloshonok, while the minor isomer was removed after hydrolysis.
V., Ed.; John Wiley and Sons: New York, 1999; pp 601 and 613, (15) Throughout the text, the configuration of the £HF,-attached
respectively. carbon in6 is conveniently fixed asS for the simpler stereochemical

(7) For the discussion of the number of fluorines and stereoselectivity, discussion despite employment of their racemic forms except for the case
see: Soloshonok, V. A.; Kacharov, A. D.; Avilov, D. V.; Ishikawa, K.;  of E-6a.
Nagashima, N.; Hayashi, D. Org. Chem1997,62, 3470. (16) This donor was selected because no 1,4- or 1,2-adducts were
(8) O’'Hagan, D.J. Fluorine Chem1989,43, 371. provided when ethyl propionate was used.
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Table 1. Enolate-Michael Addition Reactions towaéd Scheme 3
Me.5,.CF Me..CF.
Me _,\CHs.nFp, 0 03 A )ij 03
0 RZCH=C(OL)R' @ 9 E10" 5+ Byt e yea E07 Byt
Me gyt 4’_&”:’ 780 Rl But 123';42‘392'8 15¢ (single isomer)
FaH3nC g R? e (G 92:8) \ be
90% vield
11 (R': Ph, R%: Me) Me.CFs e
12 (R': EtO, R SMe) )\IJ)L L Me._.CF3
a:n=1, b: n=2, ¢: n=3 13 (R": MeoN, R Me) Ph Bueewyei |  Q )OL R
17¢ (G2 73:27) EtO " "Bu
n R? R2  product yield (%) diastereomeric ratio® Me..CFs 16¢ (G2 74:26)
9] d.g.h
3 Ph Me 11c 95.0 2.8:97.2 B G L.
2 11b 80.5 7.6:92.4 Me2N Bu” 86% yeld
1 1la 76.3 17.6:82.4 18¢ (C% 68:32)
3 0d
) . a(a)n-BugSnH, cat. AIBN/PhH; (b) LDA/THF; (c) HMPA, Mel;
OEt  SMe  12c guant  7.7:92.3 [1 isomer] (d) LIOH/THF—H,0;, (e) DAST; (f) PhMgBr/THF: (g}-BuC(O)Cl,
2 12b 86.0 15.1:84.9 [16.7:83.3] pyridine/ CHCl,; (h) 50% HNMe ag.
1 12a 76.3 30.9:69.1 [26.3:73.7]
3 12¢ 45.9 <1.0:>99.0
2 NMe; Me igg 3;-2 2-gflg-;fgg-‘9‘fgg-g At the next stage, methylation of the ketoedtBcobtained
1 132 78'8 1'5 6-16 '3_3;1 '0_3;1 1 above was carried out, ardsc was produced as a 74:26
30 142 876 29:16.6:28.4:52.8 diastereomer mixture, which without further purification was

independently converted int@7c and 18c with almost

aTwo equivalents of an enolate, prepared from a carbonyl compound ; i i ; ; ;
and LDA in THF at—78 °C, was reacted with an acceptor-a¥3 °C for complete retention of the original stereochemical integrity

2 h.b In the bracket is shown the diastereomeric ratid ®bbserved after ~ (Scheme 3). Spectroscopic comparison 1&c with the

removal of the methylthio group froh2. © Z-acceptor was employedNo Michael adductl3c demonstrated that the major and minor

reaction occurred The corresponding 1,2-adduct was obtained as sole . .

product in the diastereomeric ratio depicted above. 18ccorresponded to the major and the second major isomers
of 13c, respectively. On the other hand, ready chromato-

severe steric congestion, and complete recovery of thedraphic separation of the majp8cenabled us to determine
starting material was observed for the reaction with the ItS relative stereochemical relationship aR{BR*,55*) by
propiophenone enolate. On the other hand, high regioselecthe Crystallographic techniqué.These data led to the
tivity was noticed for the amide enolate, leading to the conclusion that the major and the second major isomers of
formation of the undesired 1,2-adduct in high yield. The ester 13¢ Should possess R2,3R*,55*) and (25*,3R*,55*) ste-
enolate, different from other two enolates, realized the '€0chemistries, respectively, and the minor two isomers
conjugate addition to affordl2c basically as a single Should be (385S%). On the other hand, while the majaic
diastereoisomer, which was proven to be identical to the Was Proven to be identical to the majblc the correspond-

major isomer prepared frorE-6¢ by spectroscopic com- ing minor isomers were different from each other, suggesting
parison. that two isomers ofl1c were yielded as the result of the

Stereochemical clarification was carried out as shown in OPPOsite diastereofacial selection. .
Scheme 3. At firstn-BusSnH-mediated removal of a MeS The unambiguous stereochemical assignment for the CF

group was performed for obtaining direct information on the adductsl1c—13cand analogous consideration for the others

n-facial selectivity. This procedure fdcyielded15cas a demonstrated a good to excellent levelspface selection
single stereoisomer, while the corresponding mono- and in every instances. These results are summarized in Table 2

difluorinated adducts]2aand 12b, furnishedl5aand15b along with some parameters of interest in regard to fluorine-
as diastereomeric pairs with the same isomeric ratios, POSS€ssing methyl groups.
respectively. Thusl2ccontained two epimeric stereoisomers __For the reactions wittE-6 where R = t-BuC(O) and

at C2, but two isomers df2aand12b were formed as the R = H, the Felkin-Anh (FA)-type transition state models
result of the differentr-facial selection. are usually employed for the explanation of the product
- — - stereochemistry. As shown in Figure 1, because of the
G Gaussian 98, Revision AT; Frisch, M. )., Tiucks, G, W.; Sehlegel, “yndesired steric repulsive  interaction between incoming
Monté;omery,J.yA.,Jr.;’Stratnllann, R. E.; Burant, J. C. 5apprich,S.; Millam,, nucleophiles and the allylic substituen®S-FA-si is re-

J. M.; Daniels, A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.;  garded to be more preferable th&8-FA-re. Moreover, an

Barone, V.; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; . . . .
oliford. S Ochterski 3. Petersson & A+ Ayala e o increase in the number of fluorine atoms increases the steric

Morokumal, K. IIz/lalick. D.K,; Rabuckt,) A.ID.; Raghav?chari, K.; Foresman, size of CH_,F, groups as well as their electron-withdrawing
J. B.; Cioslowski, J.; Ortiz, J. V.; Baboul, A. G.; Stefanov, B. B.; Liu, G.; e CA_ci

Liashenko, A.; Piskorz, P.; Komaromi, |.; Gomperts, R.; Martin, R. L,; ability (see Table 2), and thdsS-FA-si preference becomes
Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.;
Gonzalez, C.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; Chen, W.; (18) Crystallographic data for the major diastereomef®¢ has been
Wong, M. W.; Andres, J. L.; Gonzalez, C.; Head-Gordon, M.; Replogle, deposited at the Cambridge Crystallographic Data Center and allocated the
E. S.; Pople, J. A. Gaussian, Inc.: Pittsburgh, PA, 1998. deposition number CCDC 166764.
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to play a central role in stabilizing transition states by electron
donation from the allylic substituents to the incipient
antibonding orbitaf>-?2In connection to the fact that Michael
additions have been reported to be generally exothéfmic
and their TSs should be early and reactant4tkéhe two

Table 2. Relationship between Steric Bulkiness of £kF,
Groups vs Diastereofacial Selectivities

si face selectivity (%)4

n steric factor® pKg® 3Jy-n (Hz)® ketone ester amide major models to be considered would B8-C-si and-re,

3 ~1.90 023 8.5¢ 97.2 100 91.3 both stemming from the energetically most favorable con-
2 —1.47 1.24 7.4 >024 849 <812 formation with the smallest hydrogen atom located at the
1 —-1.32 2.59 7.0 >82.4  69.1 <681 inside position. Then'S-C-si, where the electron-donating
0 —-1.12 4.76 6.9' methyl group occupies the antiperiplanar position with
He 000 375 6.5' respect to the incoming nucleophiles, would be more

2 The larger negative value expresses its bulkier steric requirement. Seepreferable tham'S-C-re, almost identical in appearance to
o e, oo i/, % TS-FAe, with an electron-withdrawing fluorine-containing
b The values for ChiF,COH as an index for estimation of the electron- Methyl groupanti to the nucleophiles. Moreover, increasing
sihaens Sty 5 e Kee s ol gmusionin, - the umber of fuoines wilincrease the gap in eecton-
since the relative ster)(/eochemistries were not dgterm);ne% petalue of donating ability between Me and GHF, groups, which also
9.7 Hz was observed for the correspondii§c.  See ref 199 H instead reasonably dictates the observed diastereoselectivity varia-
of a Chg—nFn group. tion. The3J,_y values shown in Table 2, coupling constants
between vinylic HfS to the carbonyl group and the allylic
H, demonstrated a quite interesting trend, and constant
addition of fluorine affects the monotonic increase of the
3Ju—n values. This is understood as the result of the larger
population of such conformations with inside hydrogen as
TS-FA-re, TS-C-re, andTS-C-si, and considering that the
transition states really resemble the substrates, it is the

more pronounced to attain the better diastereoselectivity. This
is totally in accord with the experimental results discussed

Ry, gy g / CHs Rl, Cieplak rule, at least in the present system, which consistently
RC \,:' RZF@HF RzﬁQgHs_nFn explains the observed-face selective nucleophilic attack
rorn T&FA_:-” n oo of enolates from the face where bulkier F-containing methyl
TS-C-re groups are locatet?.

Supporting Information Available: Experimental pro-
cedure for the preparation of accept&r$a—candZ-6c, as
well as their reactions with enolates to yield the correspond-
above. However, this is not the case for the correspondinging adductsl1—13. This material is available free of charge

Figure 1. The Felkin-Anh and Cieplak models.

Z-6¢: significant steric disturbance betweeh(RBuC(O))
and the allylic Me moiety allowsTS-FA-re to be the
alternative route, resulting in the erroneous prediction of the
diastereoisomers actually obtained if nucleophiles are as-
sumed to approach from the less hindered %ide.

In constrast, instead of the the FA model, the Cieplak (C)
rule is also applicable where hyperconjugation is considered

(19) Oare, D. A.; Henderson, M. A.; Sanner, M. A.; Heathcock, CJ.H.
Org. Chem.1990,55, 132.

(20) In the case of nonfluorinated systems, the Felkin-Anh model for
the E-acceptors and the 1,3-allylic strain concept for Zhacceptors have
been successfully employed for the explanation of the product stereochem-
istry; see, Mengel, A.; Reiser, @hem. Re»1999,99, 1191.
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(21) Cieplak, A. SChem. Re»1999,99, 1265.

(22) Cieplak, A. S.JJ. Am. Chem. S0d.981,103, 4540.

(23) (a) Wong, S. S.; Paddon-Row: M. N.; Li, Y.; Houk, K. Bl. Am.
Chem. Socl1990,112, 8679. (b) Tatsukawa, A.; Kawatake, K.; Kanemasa,
S.; Rudzinski, J. MJ. Chem. Soc., Perkin Trans.1D94, 2525. See also:
Bernardi, A.; Capelli, A. M.; Cassinari, A.; Comotti, A.; Gennari, C;
Scolastico, CJ. Org. Chem1992,57, 7029.

(24) Seeman, J. Chem. Re»1983,83, 83.

(25) One reviewer suggested that-tF chelation is also applicable for
the explanation of the present results, but this was ruled out here because
of our previous experience on diastereoselectivity independent from the
number of fluorines; see: Yamazaki, T.; Ando, M.; Kitazume, T.; Kubota,
T.; Omura, M.Org. Lett.1999,1, 905.
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