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Abstract: Alkyl and aryllanthanum triflates 1 generated in situ from alky! or aryllithium
compounds and anhydrous lanthanum(lll} triflate react with tertiary amides to provide,
in excellent yield, the corresponding alkyl or ary! ketones.

There is much current interest in the use of lanthanide reagents in organic
synthesis since these compounds exhibit modified reactivity by comparison with
traditional reagents allowing their use for chemoselective transformations.? In
particular, alkyllanthanide halides have been shown to function as mild nucleophiles in
their addition to carbonyl compounds and related systems.2 We have been recently
studying the reactivity of analogous species derived from anhydrous lanthanum
triflates3 and alkyl or aryllithium compounds (egn. 1).4 We now report that these

reagents react rapidly and cleanly with aromatic or aliphatic tertiary amides to
Et,0 or THF
RLi + La(OTH), —re— RLa(OTf), eqn. 1
-78°C
1
R = Me, Bu, Ph OTt =~ 0SO,CF,

provide ketones(eqn. 2). Conversion of tertiary, unhindered ary! or alkylamides(esp.
N,N-dimethylamides) to ketones is traditionally effected using Grignard reagents or
alkyllithiums.5 An excess of these reagents is often required and further reaction of the

initially formed ketone with the alkyimetal compound is often observed. In the case
o .78 to 0°C

(o]
)J\ + 1 ————e )L eqn. 2
R’ R

Rv NR“z

of hindered aliphatic or aromatic amides enolization or metalation can be a competing
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and sometimes desirable side reaction.®
The results of this new addition reaction (eqn. 2 ) are summarized in the Table. A

few points are worth noting. Both alkyl and aryllanthanum triflates react cleanly

{(entries 1-3 and 13). Arylamides with ¢ electron-withdrawing substituents or donor
atoms (methoxy) require an excess of the reagent for complete reaction (entries 6-8).
Even in these cases negligible formation of alcohols was observed. Halogen-metal
exchange does not occur under the reaction conditions (entry 6) in line with previous
results.2@ Although ortho substituted N,N-diethylbenzamides and N,N-diisopropyl-
benzamides can be transformed in good yield to the corresponding ketones (entries 8
and 9), N,N-diisopropy! -ortho-toluamide (3) and the highly hindered N,N-diethyi-

biphenylamide 4 failed to react under quite vigorous conditions(entries 10 and 11).
CON(iPr), Et,N o

CH,
CH,0

3 4
This addition process succeeds with aliphatic amides including those that could be
easily enolized by more conventional reagents(e.g. entry 12). In these cases (entries
12 and 13), significant amounts of the corresponding alcohols were also formed.

The following procedure is typical: To a suspension of La{OSO,CF3)5(1.2
mmol) in THF (5 mL) at -78°C under argon was added a solution of MeLi-LiBr in Et,0
(0.60 mL, 2.0 M} via syringe. After 5-10 min the amide(1.0 mmol) dissolved in THF (2

mL) was added to the homogeneous solution. After the reaction was complete, as

judged by TLC, the solution was quenched with saturated NH4Cl and warmed to room
temperature. The mixture was diluted with Et50 and the organic phase washed with

2N HCI, saturated NaHCOg, brine and then dried(MgSQy). Concentration in vacuo

followed by flash Chromatography7 on silica gel provided pure ketone.
The mechanism of this reaction presumably involves initial addition of the
alkyllanthanum triflate to the amide to give a tetrahedral intermediate{eqn. 3). Under

the conditions of the reaction formation of this intermediate is apparently much faster



Tabled
o (o]
JJ\ + RLa(OTf), — )L
R’ NR", R’ R
Entry R’ R" R(equiv.) Solvent Temp(CC) Time(min) YieldP
1 Ph Et Me(1.2) THF -78 30 95
2 Ph Et Ph(2.0) THF -78 30 98
3 Ph Et nBu(1.2) Et,0 -30 30 94
4 m-tolyl Et Me(1.2) Et,0 0 30 92
5 p-toly! Et Me(2.0) THF -78 20 98
6 m-CIPh Et Me(2.0) THF -78 20 95
7 m-MeOPh Et Me(3.0) THF -78 20 96
8 0-MeOPh Et Me(3.0) Et,0 25 20 91
9 Ph iPr Me(1.0) Eto0 -78 30 80¢
10 o-tolyl(3) iPr Me(1.0) Et,O reflux 30 N.R.
11 4 Et Me(3.0) THF reflux 30 N.R.
12 p-MeOCgH4CHo Et Me(3.0) THF -78 20 g2d
13 2-ethylpropy! Et Ph(2.0) Eto0 -30 30 g1d

a. All compounds were identified by their IR and TH-NMR spectra. b. Isolated yield
following chromatography. c¢. The dimethyl alcohol was isolated in 10% yield. d. The
corresponding dimethyl or diphenyl alcohol was formed in 16% yield.

0 fast R OLa(OTf), slow

0
/ﬂ\ +1 —> /}( —_— R'/H\R eqgn. 3

R' N R|12 RI NR"2

than subsequent liberation of the free ketone. A competition experiment indicated that
preferential consumption of a ketone occurs under these conditions.8

Finally, we note that this reaction is clearly superior to classical methodology:
treatment of N,N-diethylbenzamide at -789C for 2 h with methyllithium (1.2 equiv.) led
to the formation of acetophenone and 2-phenyl-2-propanol in 26 and 15% yield,

respectively in addition to unreacted starting material (54%).9

Acknowledgements: The authors wish to thank the Natural Sciences and Engineering
Research Council and the Research Corporation for tinancial support of this work. In

addition, we are grateful to Prof. Victor Snieckus for supplying some of the amides

4393



used in this work.

References

1.

2.

For a recent review see Long, J.R. in "Handbook on the Physics and Chemistry of
the Rare Earths", (North Holland Publishing Co., Amsterdam), Ch. 57, 1986.

a) Imamoto, T.;Kusumoto, T.; Tawarayama, Y.; Sugiura, Y.; Mita, T.; Hatanaka, Y.;
Yokoyama, M. J. Org. Chem. , 1984, 49, 3904. b) Johnson. C.R.; Tait, B.D., Ibid.,
1987, 52, 281. c) Denmark, S.E.; Weber, T.; Piotrowski, DW. J. Am. Chem. Soc.,
1987, 109, 2224.

. Prepared from LapOg and CF3S04H in water followed by dehydration according to

Almasio, M.-C.; Arnaud-Neu, F.; Schwing-Weill, M.-J. Helv. Chim. Acta, 1983, 66 ,
1296. See also Forsberg, J.H.; Spaziano, V.T.; Balasubramanian, T.M.; Liu, G.K;
Kinsley, S.A.; Duckworth, C.A.; Poteruca, J.J.; Brown, P.S.; Miller, J.L. J. Org. Chem,
1987, 52,1017.

. The formulation of species 1 as indicated merely reflects the stoichiometry

employed in their preparation.

. See inter alia a) Fleet, G.W.J.; Spensley, C.R.C. Tetrahedron Lett., 1982, 109. b)

Scilly, N.F. Synthesis, 1973, 160. c¢) Staab, H.A_; Jost, E. Ann. 1962, 655, 90. d)
Evans, E.A. J. Chem. Soc., 1956, 4691. For alternative approaches see a)
Yamaguchi, M.; Waseda, T.; Hirao, |. Chem. Lett., 1983, 35. b) Nahm, S.; Weinreb,
S.M. Tetrahedron Lett., 1981, 3815 and references therein.

. For reviews on directed metalation see a)Snieckus, V. Lectures In Heterocyclic

Chemistry,Suppl. J. Heterocyclic Chem., 1984, 21, 95. b) Beak, P.; Snieckus, V.
Acc. Chem. Res. , 1982, 15, 306. c¢) Snieckus, V. Heterocycles , 1980, 14, 1649.
d) Gschwend, H.W.; Rodriquez, H.R., Org. React. , 1979, 26 , 1. For recent studies
on metalation of aliphatic amides see Beak, P.; Kempf, D.J.; Wilson, K.D. J. Am.
Chem. Soc., 1985, 107, 4745 and references therein.

. Still, W.C.; Kahn, M.; Mitra, A. J. Org. Chem., 1978, 43, 2923,
. N,N-diethyl-para-toluamide (1 equiv.) and acetophencne (1 equiv.) were added to 1

equiv. of methyllanthanum triflate in THF at -78°C. Standard work up provided
recovered amide (98%), acetophenone (33%) and 2-phenyl-2-propano! (65%;) after
column chromatography.

- We also note that MeCeClo, prepared according to reference 2a, was not reactive

towards amides under the same conditions as those observed for complete
conversion using compounds 1 (R = Me).

(Received in USA 14 May 1987)



