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BF3 complexes of typical benzylic, allylic and saturated N-methyl tertiary amines were a-lithiated, with lithium 
tetramethylpiperidide (LTMP) or sec-butyllithium, and were treated with electrophiles. 

This Communication describes the concept of facilitating 
a-deprotonation of heteroatom compounds by complexation 
with a Lewis acid, and shows its utility for regioselective 
formation of C-C bonds in some tertiary amines (Scheme 1). $ 
Tertiary amines offer a real test of this idea since nitrogen, 
unlike phosphorus and sulphur, does not provide sufficient 

t Part of this work was presented at the 17th IUPAC International 
Symposium, New Delhi, February 1990; Pure and Appl. Chem. , 1990, 
62, 1397 (seminar lectures). 

$ The dipole generated in the complex should stabilise the carbanion 
3. This strategy does not seem to have been explored systematically in 
spite of the wide interest in a-metallation of heteroatom compounds 
and the established role of Lewis acid complexes in promoting 
nucleophilic a-cleavage. See refs. 2, 3 and 8. 

stabilisation to an adjoining negative chargel-3 and for 
generation of a-carbanions indirect procedures, e.g. displace- 
ment from stannanes4 or sulphides,5 have been resorted to. In 
fact no methodology for direct elaboration of this class of 
compounds (1 -+ 2 -+ 4) seems available6 in spite of obvious 
applicability in total synthesis and in conversion of one amine 
to another of more useful properties7 

The above approach envisages use of a strong base in the 
presence of a complexed strong Lewis acid, and depends upon 
averting reaction between the two, possibly through a steric 
and/or hard soft acid and base (HSAB) mismatch.8 As a test 
case we selected N-methyltetrahydroisoquinoline 5a which is 
deprotonated with n-butyllithium at C(4) (5 -+ 6, Scheme 2) in 
preference to C( 1), as is its chromium carbonyl complex.9~10 In 
contrast, treatment of BF3 complex 7a with lithium tetra- 
methylpiperidide (LTMP) in tetrahydrofuran (THF) at -78"C, 
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Scheme 2 Reagents and conditions: i, BuLi, THF, -78 "C; ii, 
BF3.Et20 (1.05 equiv.); iii, LTMP (1.1 equiv.), THF, -78 "C, 1 h; iv, 
BusLi (1.1 equiv.), THF, -78 "C, 1 h; v, electrophile (1.1 equiv.), 
-78 "C, 30 min, then HC1(5%) 
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Scheme 3 Reagents and conditions: i, BuSLi, THF, -78 "C, 1 h; ii, 
electrophile (1.1 equiv.), -78 to 0 "C, then HC1 (5%); iii, I2 (1.0 
equiv.), then Na2S205 (aq.) 

followed by reaction with benzaldehyde, methyl iodide or 
trimethylsilyl chloride afforded8 the C( 1) substitution pro- 
ducts 8a (50%),11 8b (42%) and 8c (47%) respectively. In the 
case of the methoxy substituted substrate 7b use of sec- 
butyllithium was necessary to get, after reaction with appro- 
priate electrophiles, (+)-alkaloids 9a (cordrastine, 39% ery- 
thro- and 8% threo-isomer), 9b (24% corlumine and 20% 
adlumine) and 10 (41% laudanosine).127 A similar reaction of 
amine 11 withp-methoxybenzyl chloride gave (+)-12 (42%), a 
precursor of the drug metazocine.13 

To find out if aminocarbanions devoid of benzylic or allylic 
stabilisation can also be formed, N-methylpiperidine complex 
13a was exposed to sec-butyllithium.14 Subsequent reaction 
with benzaldehyde gave 15a15 in 79% yield. The alcohols 16a16 
(70%), 17a (68%), 15b17 (68%) and 16b16 (65%) were 
obtained similarly.11 The intermediate 14a also reacted, for 
example, with iodine furnishing 1,4-diamine 18a18 (65%) 
while methyl iodide led to N-ethylpiperidine (51%).19 Reac- 
tion of 14a with ethyl benzoate (0.5 mol) gave the diamino- 
carbinol 19a (72% ) whereas methyl acrylate and benzonitrile 

~~ 

9 All compounds were characterised by lH NMR spectroscopy and 
mass spectrometry. M.p.s of known compounds, or their derivatives, 
corresponded with literature values. The identity of phthalide 
alkaloids was further confirmed by direct comparison with samples 
obtained by known routes. Selected data for 8a: m.p. 103-104 "C 
(EtOAc); lH NMR (CDC13) 6 6.8-7.3 (m, 7H, ArH); 6.53 (d, ZH, 
ArH); 5.06 (d, 1 H, ArCHOH, J4 .0  Hz); 3.83 (d, lH, CH-N, 14.0 
Hz); 3.78 (s, lH ,  OH,  D20 exchangeable); 2.45-3.15 (m, 4H, 
Ar-CH2-CH2-N); 2.6 (s, 3H, NCH3); mlz (relative intensity), 146 
[(M+, -107), 1001, 106 [(M+ -147), 101. For 16: m.p. 58-59 "C 
(EtOH); hydrochloride m.p. 228-230 "C; 1H NMR (CDC13): 6 
7.2-7.8 (m, 10H, ArH); 4.9 (s, lH ,  O H ,  DzO exchangeable); 3.3 (s, 
2H, N-CH2); 2.3 [m, 4H, -N-(CH2)2]; 1.4 [m, 6H, -(CH2)3]; mlz 
(relative intensity), 263 [(M+ - 18), 21, 98 [(M+ - 183), 1001. 

7 Reported yields are for pure compounds isolated through chromat- 
ography and/or crystallisation. Based on recovered starting materials 
yields from 7a and 7b are 20-25% higher. TLC of crude basic fractions 
does not reveal formation of any major by-products. Use of n- and 
tert-butyllithium as the base or BC13, BH3 and Me3A1 as the Lewis acid 
gave inferior results. Lithium-fluorine bridging may be involved in the 
case of BF3 complex. 
1 )  The reasons for better yields from 13, in comparison to 7, are not 
clear. Lower regioselectively in metallation of the latter could be a 
factor. 
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afforded the ketones 20a (69%) and 21a20 (50%), respec- 
tively. Metallation was successful even in the presence of a 
competing allylic site, as shown by the synthesis of alcohol 23 
(65%) from the complex 22. 

Lewis acid promoted metallation can have many synthetic 
applications in tertiary amines and, possibly, in other hetero- 
atom compounds.21 

Received, 1st November 1990; Corn. 01049283 

References 
D. J. Peterson and H. R. Hays, J .  Org. Chem., 1965, 30, 1939, 
D. J.  Peterson, J .  Organomet. Chem., 1967, 9, 373. 
( a )  P. Beak and D. B. Reitz, Chem. Rev., 1978, 78, 275; (b)  D. 
Seebach, Angew. Chem., Int. Ed. Engl., 1979, 18, 239; ( c )  A. 
Krief, Tetrahedron, 1980,36,2531; ( d )  P. Beak, W. J. Zajdel and 
D. B. Reitz, Chem. Rev., 1984,84,471; (e)  A. R. Katritzky and S. 
Sengupta, Proc. Indian Acad. Sci., 1988, 100, 187; v> P. v. R. 
Schleyer, T. Clark, A.  J. Kos, G. W. Spitznagel, C. Rohde, D. 
Arad, K. N. Houk and N. G. Rondan, J .  Am.  Chem. SOC. ,  1984, 
106, 6467. 
Deprotonation of phosphonium boranes has been carried out, 
although trialkyl phosphines can be directly metallated under 
similar conditions; H.  Schmidbaur, E. Weiss and B. Zimmer- 
Gasser, Angew. Chem. Int. Ed. Engl., 1979,18,782; T. Imamato, 
T. Kusumoto, N. Suzuki and K. Sato, J.  Am. Chem. SOC. ,  1985, 
107, 5301. 
B. Ellisondo, J. B. Verlhae, J.-P. Quintard and M. Pereyre, 
J. Organomet. Chem., 1988, 339, 267. 
C. A. Broka and T.  Shen, J .  Am.  Chem. SOC., 1989, 111,2981. 
Two commonly used protocols require prior oxidation to N-oxide 
or imines and often afford unsatisfactory overall yields; D. H. R. 
Barton, R. Beugelmans and R. N. Young, N o w .  J .  Chim., 1978, 
2, 363, H. Lau and U. Schollkopf, Liebigs. Ann. Chem., 1981, 
1378, N. Tokitoh and R. Okazaki, Tetrahedron Lett., 1984, 25, 

4677; T. Shono, Y .  Matsumura and K. Tsubata, J .  Am.  Chem. 
SOC. ,  1981, 103, 1172. 

7 For metallation of primary and secondary amines a large number 
of activating groups have been developed; see refs. 2a-e and P. 
Beak and W.-K. Lee, Tetrahedron Lett., 1989, 30, 1197; R. E. 
Gawley, G. C. Hart and L. Bartolotti, J .  Org. Chem., 1989, 54, 
175; A.  R. Katritzky and S.  Sengupta, J .  Chem. SOC., Perkin 
Trans. 1 ,  1989, 17. 

8 Y. Yamamoto, Angew. Chem., Int. Ed. Engl., 1986, 25, 947. 
9 Y. Ito, M. Nakatsuka and T. Saegusa, J .  Am.  Chem. SOC. ,  1982, 

104, 7609. 
10 J. Blagg, S.  J. Coote and S.  G. Davies, J .  Chem. SOC. ,  Perkin 

Trans. 1 ,  1987, 689. 
11 The erythro configuration was assigned to 8a on the basis of 4 Hz 

coupling between C-1 and C-a methine protons in the NMR 
spectrum: T. Kametani, H. Matsumoto, Y. Satoh, H. Nemoto and 
K .  Fukumoto, J .  Chem. SOC., Perkin Trans. 1,  1977, 376. 

12 C. E. Slemon, L. C. Hellwig, J .  P. Ruder, E. W. Hoskins and 
D. B. Maclean, Can. J .  Chem., 1981,59,3055; N. S.  Narasimhan, 
R. R.  Joshi and R. S. Kusurkar, J.  Chem. SOC., Chem. Commun., 
1985, 177. 

13 A. I. Meyers, D.  A. Dickman and T. R. Bailey, J .  Am. Chem. 
SOC. ,  1985, 107, 7974. 

14 Some N-methyl tertiary amines have been metallated ( 5 % )  under 
neat conditions with sec-butyllithium-potassium-fert-butoxide, 
but the reaction failed when equimolar quantities were used in a 
solvent; H. Ahlbrecht and H.  Dollinger, Tetrahedron Lett., 1984, 
25, 1353. 

15 N. B. Chapman, N. S. Isaacs and R. E. Parker, J .  Chem. S O C . ,  
1959, 1925. 

16 H.  E. Zaugg and R. J. Michaels, J. Org. Chem., 1968, 33, 2167. 
17 W. B. Wheatley, W. E. Fitzgibbon, W. F. Minor, R. S.  Smith and 

18 A. Lablenburg, Berichte, 1892, 25, 2792. 
19 J. Wollensak and R. D. Clossen, Org. Synth., 1963, 43, 45. 
20 P. Rabe and W. Schneider, Berichfe, 1908, 41, 874. 
21 For example direct formation of a-lithioethers for reaction with 

electrophiles remains a challenging synthetic problem; T. Cohen 
and M.-T. Lin, J .  Am. Chem. SOC., 1984, 106, 1130. 

L. C. Cheney, J .  Org. Chem., 1958, 23, 1360. 




