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Lithium Enolate Formation Using a Chiral Tetradentate
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Abstract

Enantioselective alkylation of lactams and lactones can be realized up to 98% ec by deprotonation with a chiral

tetradentaie lithium amide
alkylating agents in non-ch
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Stereoselective carbon-carbon bond formation by aikylation of enolates provides one of the most important
methodologies in organic synthesis. Although many diastereoselective alkylation reactions have been developf:d,l
only limited examples of highly enantioselective reactions are known to date.? This is especially the case in
enantioselective alkylations of amides and esters. In this paper, we report new asymmetric transformations of
lactams and lactones by enantioselective alkylation of lithium enolates using a chiral tetradentate ligand in the
presence of lithium bromide.
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make an effective asymmetric induction system for cyclic ketones.2 We then tried to use a chiral tetradentate
ligand in the alkylation of 1a. Several reaction conditions were examined and the results are summarized in Table
1. When a tetradentate lithium amide (4b) was used instead of 3b, the desired adduct was obtained in 24% ee
(run 2). Furthermore, it was found that an addition of lithium bromide dramatically improved the
enantioselectivity (run 3). These results suggest that lithium enolate, lithium bromide, and 4a should form an
appropriate chiral environment around the 7 face of the lithium enolate. Several solvents were examined, and

2,2,5,5-tetramethyltetrahydrofuran (Tl\./!TH!*'“)5 was found to give the highest enantiomeric excess (runs 3~10) 6
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was observed in the benzylation of 1-benzyl-2-piperidone (Ib
much lower chemical yield (run 16).

Ph Ph
AL RL I ~ ~
N ono )
N/\ 1) Base (1.0 equiv) -20 °C, 30 min N/\/ N \ N N
¢/ ¢/ t
In ) R2X (1.2 equiv) -78 °C, 10 min n X Bu ﬂ X > "
1a:n=2R'=Me 2a;n=2,R1=Mp R2 =Bn g::-))((i":i M N-Me
1b:n=2,R' =Bn 2b:n=2,R! =MeH =CH,C=CHPh T N/
1c:n=1,R' =Me 2c:n=2,R' = Me, R? = CHp(2-Naphthyl) e/
2d:n=2,ﬂ‘:5n,ﬁ2_a.. M
2e:n=1,R"=Me, R?=Bn 4a:X=H
4b: X =Li
Table 1. Alkylation of Lactam Lithium Enolates
Run  Substrate Base Solvent R2X Product?  Yield (%)® E.e.{(%)°
1 1a 3b toluene PhCHoBr 2a 47 0
2 1a 4b toluene PhCHoBr (R)-2a 42 24
3 1a 4b-LiBr toluene PhCH,Br (R)-2a 5 94
4 1a 4b-LiBr cumene PhCH.Br {R)-2a 64 85
5 1a 4b-LiBr 'BuOMe PhCH4Br (R)-2a 64 93
6 1a 4b-LiBr Et,O PhCH2Br (R)-2a 26 91
7 1a 4b-LiBr THF PhCH2Br (R)-2a 72 42
8 1a 4b-LiBr MMTHF PhCH,Br (R)-2a 52 75
9 1a 4b-LiBr DMTHF® PhCH2Br (R)-2a 62 88
i0 ia 4b-LiBr TMTHF PhCHoBr (R)-2a 64 98
119 1a 4b-LiBr toluene PhCH,Br (R)-2a 65 73
129 1a 4b-LiBr TMTHF! PhCH,Br (R)-2a 74 89
13 1a 4b-LiBr TMTHF' PhCH=CHCH,Br 2b 55 96
14 1a 4b-LiBr TMTHF! (2-Naphthyl)CHoBr 2¢ 55 97
15h 1b 4b-LiBr toluene PhCH,Br 2d 76 75
16 1c 4b-LiBr toluene PhCHoBr 2e 7 68

aFor the absolute configuration, see Ref 11. b Isolated yield. € Determined by HPLC analyses.
d 2-Methyltetrahydrofuran e 2 5-Dimethyltetrahydrofuran. 2,2,5 5-Tetramethyltetrahydrofuran.

9 Alkylation time: 16h. "Aikylation time: 2h.
A typical experimental procedure (run 10) is as follows. Under an argon atmosphere, a solution of MeLi-

LiBrin ether (1.14 N for MeLi and 1.25 N for LiBr) (0.49 mL, 0.56 mmol for MeLi and 0.61 mmol for LiBr)
was added to a solution of 4a in TMTHF (5.5 mL}) at -20 °C. After 30 min, a solution of 1a (62 mg, 0.55 mmol)

in TMTHF (2 mL) was added. After stirring at -20 °C for 30 min, the mixture was cooled to -78 °C. A solution
Aflanrul heamaida /N NQ enT N AT mmaly in TRMTLEIE (9 ml Y wag addad and tha raantinn mivhira vwae ctirrad at _
Ul ucC lla.y.l uviviiuge \U.UO 111, J. I/ uuu\,u] 1L 1ivii il \L .LILLA} YWAD AUULAL, ALIU LIV 1UVALLUIULL A LULL W ad dlilivu av

78 °C for 10 min. The reaction was quenched with 0.1 N aqueous citric acid (5 mL) and the aqueous layer was
extracted with ethyl acetate (20 mL x 3). The organic extracts were combined, washed with saturated aqueous
NaHCO, (10 mL) and brine (10 mL), and dried over Na,SO,. Evaporation of the solvents gave the crude
product, which was purified by column chromatography (silica gel, hexane-acetone) to give (R)-2a (71 mg, 64%
yield, 98% ee by HPLC analysis) as a colorless oil. [at],> +84.7 (c 1.06, CHCI,).

This approach was then applied to the alkylation of lactone enolates. The results of asymmetric alkylation
of lactones using 4b are summarized in Table 2. The lithium enolate of 5,5-dimethyl-6-valerolactone (Sa)7
eacted with benzyl bromide in TMTHF to afford the alkvlated adduct in 63% yield with 90% ee (run 1). The
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valaralantane (&hY the reactian niroceaded tno oive the dacired nradnet in 479 viald with 740, aa althanoh came
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hluﬂ rcdbu()nb occurred,” wnicin were auc to instaiill y Ol tne uuuulﬂ CHOId[ Ol oD (Irun 11i) 4,4-plneinyl-y-
i0 3 4 -~ N
butyrolactone (5¢)** gave a lower yield (run 12), while no reaction occurred employmg Y-butyrolactone (5d).

R R
5a:n=2,R'=Me 6a:n=2, R!'=Me, R2=Bn 6e:n=2,R'=H,R2=Bn
55:n=2R'=H 6b:n=2,R! = Me, Pz—f‘HfH—f‘th 6f:n=1R"=Me RZ2=8n
5¢:n=1,R'=Me 6c:n=2 R'=Me, R? CH2(2 Naphthyl)
S5d:n=1,R'=H 6d n=2,R1=Me R2 = (CH2)3Ph
Table 2. Alkylation of Lactone Lithium Enolates
Run  Substrate Solvent R2X Product? Yield (%) E.e. (%)°
1 5a TMTHF PhCH,Br (R)-6a 63 90
2 5a toluene PhCHoBr (Rj-6a 79 91
3 5a THF PhCHBr (R)-6a 91 22
4 S5a DME PhCH2Br (R)-6a 86 54
5 5a 'BuOMe PhCH,Br (R)-6a 71 88
8 5a Et,0 PhCH_Br (R)-6a 74 90
74 5a toluene PhCH,Br (R)-6a 74 90
8 5a toluene PhCH=CHCH.Br 6b 64 85
9 5a toluene (2- Naphthy!)c 15810 6c 63 80
10 Sa toluene Ph(CH2)a i 6d 14 76
11 5b toluene PhCH,Br (R)-6e 47 74
12 5¢ toluene PhCH,Br 6f 28 &8
AP o dl e b oo B o Kt AAA FIAE A4 Dioatatad iatd G Madasaina by IO A mmaliramne O AlLadndiam dirmme.
QT 1ne dbDS0IULe COnngurdlorn, see nel. 1i. I5VIdied yieiu. UUleIHIIHBU Uy nriv diidlysts RIRYIalIUN uinie.
1h. ©1.2 equiv was used. " Alkylation condition: -45 °C, 5 h

In conclusion, highly enantioselective alkylation reactions of lactam and lactone enolates using a
stoichiometric amount of a chiral tetradentate ligand have been developed. Further investigations to apply this

methodology to catalytic enantioselective alkylation reactions=° are now in progress.
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1) The absolute configuration of 2a was confirmed by chemical correlation from 6e, whose absolute
configuration is known. 12
o 1) MeNH; in MeOH ﬁ 1) Nal, acetone ]"I
(P/ \i\Ph i, 2h "A'e\H/ ‘\Ph reflux, 5h 98% 'k"e\l‘ll/ Y\Ph
N 2) MsCl, EtgN, CHCl MsO” " 2) KH, 18-crown-6 N
6e 0°C, 30 min 22 THF, 0 °C, 10 min 2a
~1.23_ .can Q79 fnr 2 etone [O!.]D =-28.9 anns ~1.23 _ .00
{£ID = 1TU0.9 L ERRA L B S 1 01 CHCI Y /0 1D - TJuc.U
(c 3.26, MeOH) (c1.01, CHCl) (c 1.04, CHCly)
74% ee (R) 122.0 59% ee (R)

The absolute configuration of 6a was also confirmed by chemical correlation to 7 whose absolute

. . . 172
configuration is known.™~

N LDA{1.1eq), -78°C. 1 h R TFA rt R
}LUH\I»IV\«U, TQ W, 11 y
then HO Ph 84% Ph [a]p24 = +60.1
ﬂ ji prenyl bromide (3.0 eq) / {c 1.06, CHCl3)
AN —_— P ]
" "N~ ™~ “Ph -78 °C ~ i THF 98% | ' 6Ba 94% ee (R)
({_/ AN — 0
""'—Ph 2) LiOOH in THF-H50 " \
then NagS0O; 88% [a]p™* =+3.3 HO Ph [¢)p?2 = -26.8
{c 1.04, CHCl3) 1) O3/MeOH  HO. (c 1.45, ACOE)
96% ee (R) 2Y HoOp / HCOLH VY
At A g S A A AR O
51% 7
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