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Summary Chlrdl amidocupratcs, formed from Cul, n-butyl or methyl lithium and (S)~N~methyl-l-phenyl-2- 

(I-plperldlnyl)ethanamlne, (S-MAPP, react enantloselecnvely with 5. 6,7 and Z-membered cyclic enones to 

give prodults with up to 97% c e The synthesl$ of (&)-IMAPP IS also reported. 

Recently, we reported a study 111 which we screened a number of choral amdocupratea, denved from CUT, n- 

butyl or phenyl lltluum and several new choral ammes, relative to their ability to react enantloselectively with 2- 

cyclohexenone (eq l).l The best &and we found m this study IS the clnral diamine, (S-N-methyl-I-phenyl-2- 

(l-pipendinyl)ethanarnme, 3, to which we have given the acronym (S)-MAPP. Clural amidocuprates formed 

usq this hgand gave 3-phenylcyclohexanone In 97% ee and 3-n-butylcyclohexanone ln 83% ee. At that time, 

few studies on enantloselcctlvc cuprate conJugate adti~non had been done on substrates other than Z- 

cyclohexenone 2 In prlnclple. enantloselzLtlve conlupatc addltlon to 2-cycloheptenones and 2-cyclooctenone5 

and other medium and large ring r~ B-unsaturated ketones IS valuable In the yynthe\li of a variety of chiral, 

phyalologlcally acnve substances mcludlng phorbol e\terh-‘, gualanohdes4, pseudogualanolldes5, dictyopterenes 

6, tdxanes7, dnd ophlobohnss We repott hcrc the react:on of this reagent with cychc enones of varymg nng 

s]Le. We also report an efficient synthesis of (S)-MAPP dnd a general synthetic protocol for performmg the\e 

reactions. 

0 0 

R,[ (S)-MAPP]CuLl 
(1) 

dimethyl sulfide and/or ether, -78°C 
R, 

WC synthesized (,S)-MAPP as shown ln ca 64% overall yield. We observed ~2% racemlzatlon with this 

procedure although we observed up to 10% racernizatlon dunn, (7 attempts to scale up this reactjon The 

enantiomerlc purity of armde 2 can be upgraded to >997~ ee by recrystalhzatlon. The ee of the 2 and 3 were 

checked by HPLC u\mg a Dalcel Ch1racel OD column (10% lsopropanol/hexanes) 
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Cbz, lso-butylchloroformate Cbz, 

-15°C. N-rl-icthylmorphohne, r;J 
plperldme, 94% H 0 

1 2 

1. LAH or Red-Al 

THF, reflux 

2 OH-&O 

-i- Me=.+ 
NLNQ 3, 64%, 98% ee. 

I 
H 

The cuprare reagent 1s formed usmg the Lame protocol reported III our orIgina commumcat~on. Addition of 

1.0 cquiv of enone to 1.0 equ~v of Luprate recults III a rapld reaction to yield the desired product. The 

using chnal GC columns or by converting the ketones to the correspondmg ketals with (+)-dlethyl tartrate or 

(R,K)-2,3-kutaned~ol and analyzmg the product\ by GT OF kv 131‘ NMR. As shown m Table I, the 

enanrlomeric purity of the products vnnes considerably with ?-methyl- and 3-n-butylLycloheptenone 

manifesrlng the highest ees, Surpnsmgly, the predommant enantromer of 3-methylcyclopentanone is the R 

enannomer. 

Table 1. Ennntioselective Cun,jugntr 4rldition crf K[(.S)-MAPP]CuLi with Cyclic Enoncs 

Methods for determmatlon of efi and ahcolutc ~onf~gurauon a iOm Chxaldex APH Lolumn, Astrc Inc Whlppany, NJ, b 30m 

We have made an observation with Important mezhamstlc mlpllcatlons When (n-butyl)[ (S)-MAPP]CuL1 IS 

torn-& 4~~111g (S)-MAPP wh~_~_ch 1-5 84% ctl md reListed wlrh ?=cycloheptenone, 3- n-butylcyc!oheptanone IS 

obtained In 94% ee. Thea suggests that at $omc point in the reactlon pathway, a dimeric complex10 is 

Involved. We are continuing to investigate the synthetic scope and mechamsm of this reaction 
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E:xperimental 

Synthesis of (S)-N-Methyl-l-phenyl=2-(l-piperidinyl)ethanamine, (5’).MAPP. 

4-Methylmorpholme (14.4 g, 142 mmol) and lsobutyl chloroformate (19 4 g, 142 mmol) were added to a 

solution of (S)-N-carboben~oxypherlylglyclne 11 (40 6 g, 0.142 mol) in THF (350 mL) at -15 “C with stnnng 

for 5 min. A THF solution of plperldme (12 1 g, 142 mmol) was added to the reaction mixture at -15 “C 

yleldlng a where preclpltate. After 1 hr at -15 ‘C’ and 4 bra at RT, the rcact~~n mixture was concentrated and 

dissolved in ethyl acetate (650 mL) and water (100 mL). The two-phase mixture was partitIoned and the 

orgamc layer was washed with 1 N HCl (2 X 2.50 mL). water (100 mL), 5% NaHC03 (2 X 250 mL), water 

(250 mL) and saturated NaCl (200 mL) The organic layer was dried (Na2SOd) and cuncenuated to afford the 

crude carbobenzoxyamide as an 011 which crystallizes on standmg (47.2 g, 134 mmol, 94%). The product can 

bc.plr~!f;.cd. by ~~WYY~V.~ZY WY. 6 (~J~.v_:I. ~~I.,_ ? 1. l~~~,u~p,v-et.t~.yl. ar_et;ue) r~. h.y rrx~:,v~t;~JJkarjnn. (,eth.yl. acer;~tr- 

hexanes) giving white crystals (mp 76 5-77 5 “C) IR (neat) 3306, 1724, 16.50 cm-t, 111 NMR (200 MHz, 

CDC13) 6 1 52 (m, 6, C-CH2-C), 3.50 (m, 4, N-C’II2-C), 5.04 (dd, 1. CGH~CH)), 5.59 (d, 1, C6H5CH), 

6.46 (d, 1, NH), 7.40 (m, 10, CbH5) 

The crude carbobenzoxyamide (47 2 g, 134 mmol) wab dissolved m dry THF (250 mL) and added dropwlse 

to a suspension of LiAlH4 (40 8 g, 1.08 mol) 111 THF (350 mL) at O*C under Ar. The suspension was 

rcfluxcd for 12 hrs, cooled to 0°C and trzillcd with THF (300 mi,) and water (SO mL) followed sequentially by 

51) mL of 15% NaOH and 30 mL of water I he resulting suspension was flltered and the solid residue 

washed with 200 mL of THF The THF washings and filtrate were combmed and concentrated to afford an 

oily Iesldue whch was dmolved III 1 h HCI (?XO mL) Andy washed with ether (2 X 400 mid). ‘The waler layet 

was treated with 5N KOH and extracted with ether (2 X 400 ml,) The ether layer was dned (MgSOd), 

concentrated and the residue vacuum dl\tllled (9X-100 “C, 0.05 mmHg) to afford 19.9 g (91.3 mmol, 68% 

yield, 98% ee) of a colorless oil. [~]2$) +109 lo (c 1.88, CHCl$, IR (neat) 3329 cm-l; 1H NMR (200 MHz, 

CDCIs) 6 1 40 (m, 2. CmCH2-CI, I 58 (rn, 4, C-CII?-C), 2 37 (\_ 3, CH;-N), 2 20~2.65 (m, 7, CH2-N and 

NH), 3.60 (dd, 1, C6H5CW), 7.35 (m. 5, CbH5), MS m/z (rclatlve mtenslty) 219 (M++l, 0.2). Anal. Calcd 

for C141122N2~ C, 77 01, H, 10 16, N, 12.83 Found* C, 77 24; H, 10.23. N, 12.94, 

General Procedure for the Formation and Use of (S)-MAPP-Cuprates 

(S)-MAPP, 3, (348 mg, 1 6 mmol) was dissolved in ether (12 mL, distilled from Na/benLophenone) and n- 

butyl llth~um (2.5 M m hexanes, 0.61 mL, 1 53 mmol) was added to the solution at -65°C The solution was 

stmed for 5 mm at -65 “C and warmed gradually to 0°C In a Eeparate flask. n-butyl lithium (0 51 mI,, 1 28 

mmol) was added to a CuI (254 mg, 1 33 mmol) m ether (10 mL) at -70°C formlng a suspension of n- 

butylcopper The Ilthlum amide solution was cooled to -35 “C and added via canula to the cuspenslon of n- 

BuCu also at -35°C. After several minutes. the resulting solution was cooled to -78°C After 30 mm, 2- 

cycloheptenone (141 mg, 1 28 mmol) wds added dropwlre via syrmge The reactlon mixture wab quenLhetl 
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after 1 hr by adding 4 N NH&l (15 mL) and extracted wtth 20 mL of ether The extract was washed with 15 

mL of 1 N HCI, dned (NazSOd) and concentrated. The oily restdue was chromatographed (silrca gel, IO:! 

hexanes-ethyl acetate) to afford (S)-3-n-butylcycloheptanone (136 mg, 63%, 96% ee.). [a]~ = -33.0 (c 3.20, 

CHC13); IR (neat) 1701 cm-t: 1H NMR (200 MHz, CDCls) 6 0 88 (t, 3, CHs), 1.16-1.98 (m, 13, CH7, and 

CH), 2.47 (m, 4, CH2). HRMS calcd for CltHzttO (M+) 168 1514, found 168 1514. 
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