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Abstract: The synthesis of either (R)- or (S)-chiral1,3diketones through asymmetric y alkylation 

reaction of cyclic and acyclic chiral benamino ketones was he.re performed The alkylation takes 

place with good yields and high d.e. in HMP-. Both the pure enantiomers of 1,3diketones 

can be formed by simple hydrolysis of the epimeric p-enamlno ketones obtained with this’method, 

choosing the suitable synthetic strategies. An explanation of the asymmetric induction was 

proposed 

The reaction of enolate ion with carbon electrophile represents the most classical approach to C-C bond 

formation u to a CO group of aldehydes and ketones.1 More recently metallated imines, have been used 

extensively as advantageous reactive enolate equivalents.* This has solved many of the problem associated with 

the classical carbonyl chemistry, such as aldol type self condensation, di- and polyalkylation, control of 

regiochemistry, side reaction of products.3 Among the most important advantages of the imine (and other N 

derivatives of carbonyl compounds) is the ability to introduce a “stereogenlc center” via an enantiomericslly pure 

amine or its derivative, thus enabling diastereoselective control of the C-C bond forming processP5 Meyers el 

al.4a-c reported that a chelatable donor substituent in the chiral amine is essential for an high d.e. in the final 

product through the rigid five membered chelate ring of the lithioimine intermediate. The abllty of lithium cation 

to coordinate the R-X addresses the entering electrophile to attack the azaallylic anion from the same side of the 

lithium atom. Recent works 5 showed that it is not necessary to start from amines having a chelatable 

subs&ems. In fact very satisfactory results can be obtained by using less complex and commercially available 

material such as 1-phenylethylamine or 1-naphtylethylrunine. In these cases it is necessary to carry out the 

reaction in the presence of strong complexing agent of lithium cation such as N,N’-dimethylpropyleneurea 

(Dh4Pl.J) or hexamethylphosphoric triamide (I-&WA). 
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We have recently reported on the highly efficient q&specific functionalization of p-monoalkylatnino- 

a&unsaturated ketones.6 This was obtained by the reaction of the regiospe&ically prep& a’- or @anion of 

@enamino ketones with &ctrophile~. Using the optically pure amine to form the enaminone we have developed 

the stemoselective synthesis of chiml1,3-diketones, through the di astueo&ective yalkylation of the intermediate 

chiral azadienolate. Enantiomerically pure 13-diketones can be obtained by mild acidic hydrolysis of the so 

allcylated enaminones. 

Table 1. Diastereoselective alkylation of enaminone la-e with different alkyl halides. 

Ph Ph 

Me Me 
i. ii 

Ph 
R 

la-e 2aa-ed 

i: 2.5MeLi/2.5HMPA/I’HF,Oto~C,3o’;ii: 1.5-, -lOO“C,30’. 

1 Rl R2 R-X 2 Yield (%)a d.e.b (c0nfig.F 

: mm2 Me-I 2aa 93 27 74 (S) 
Et-I 2ab 

: igg (cH2)2 Bn-Cl Bu-I zz :; 89 g 00 I2 

la (cH2)2 d-1 2ae 75 93 (R) 

::: tg3: Me-I 2ba 77 
Et-I 2bb zi 

lb GH2)3 Bu-I 2bc ;f 98 8 

: H H Me Me Bn-Cl Et-I 2cb 2cd 95 91 92 90 $; 
lc H Me d-1 2ce 88 98 (R) 

:: FI Bn Me-I 
Bn Et-I ;g 

93 
85 ;; $; 

Id H Bn P&I 2de 91 95 (R> 

le H pi Me-I 2ea 87 31 (S) 
le H pr’ Et-I 2eb 84 94 (S> 
le H pr’ Bn-Cl 2ed 89 87 (S> ‘> 

a c0mbii gddhibf both diestaeomers. b determined by HPL.C-MS analysis of purified but unresolved mix=. 
C Confii at the y-cmbon atom of the prevalent dias~. 

Interesting p results have been obtained performing the reaction on chiral cyclic P-[N-(R)-l- 

phenylethyl]amino- saturated ketones as la,b.7 The good yields and high diastereoisomeric excess 

obtained prompted us extend the reaction to acyclic chiral P-enamino ketones lc-e. Lithium dianion was 

prepared by treatment &,enaminone in THF with 2.5 eq. of methyl lithium in the presence of 2.5 eq. of HMPA 
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from 0 to 30 ‘C! for 30’. Then the cooled mixture (-100 “C) was treated with 1.5 eq. Of alkyd halide. Usual work- 

up gave the pure r_alkylated enamino ketone 2aa-ed. As showed in the Table 1 , high yields and good d.e. have 

been obtained for the reaction of enaminones la-e with a large variety of alkyl halides. Using methyl iodide as 

electrophile, only, we have obtained low d.e. because of the small size of the entering methyl group. The d.e. 

increases with increasiug the sterlc hiudrauce of the entering alkyl group. 

We preferred (R)-1-phenylethylamine as chit-al source because is a very cheap and common amine, 

commercially available in both the pure enantiomers; in our system it gives very high d.e. as showed in the Table 

1. We obtained an enhanced reactivity and the best d.e. using HMPA as additive, precisely in equimolecular 

amount to the MeLi. The use of a deficit or an excess of HMPA causes a consistent stereoselectivity decrease. 

Different ligand agents tested (HMPT (hexamethylphosphorous triamide), EtsN, TMEDA) gave less satisfactory 

results as showed in Table 2. 

Table 2. Optimization of methylation of la to h: solvent effects. 

Ph Ph 

Ph 
i, ii 

2a 

i: 2.5 MeLi/additiv~, 0 to +3oOC, u)‘, ii: 1.5 MeVIHF, -100°C 3O’. 

entry zuklitlve molequiv yield(%) d.e. 

1 HMPA 1.25 88 

: HMPA 2.5 
2; 

HMPA 5 ;: 19 

4 HMPA 93 5 HMPT ;.: 82 ;: 
6 Et3N 
7 TMEDA ;:: :; :: 

The absolute configuration of the new chiral y carbon atom in the isolated pure diastereomers was 

previously determined on the basis of lH-NMR spectroscopic experiments and subsequently confirmed by X- 

ray analysis, performed on the enaminone 2aa and 2da (additional material were supplied). In all the 

diastereomeric enaminones examined a strong n.0.e. effect between the benzylic hydrogen of the chiral amine 

(H-benzylic) and H-T or R-y was observed (ROESY). These findings support that the stable conformation in 

CDC13 solution is the same assumed in the crystal (see X-ray structure for 2aa and 2dn depicted in Fig. 1) were 
H-benzylic is located near H-y and R-y. Moreover in the stable conformation the phenyl group of the amine 

exerts a shiekiing effect on the neighboring groups attacked to y carbon atom This shielding effect, obsetved in 

all the diastereomers. is of about 0.3 ppm, with respect to the corresponding signal of the epimers and were used 

for the attribution of the conftguration of all the diastereomers. 
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FigUne 1. X-ray stmchue.s of cyclic (r_S)-2ae and acyclic (y-S)-2da enaminones. 

on of the asymmetric induction can be proposed examining the steric aspect in the 

formation process 0 al enaminone lithium dianion 1”a (see Scheme 1). In this medium the lithium 

enaminones are pms active monomers, coordinated with HMPA and THF.da$ The first coordinated 

lithium ion in the l’a resides in the molecular plane, chelated between 0 and N, constraining the ara- 

ontiguration and providing the conformational rigidity necessary for an high 

asynunetrlc induction nfiguration of the chit-al substituent at the N atom addresses the second metallation 

process to the less hi side (back face of l’a in the case of the (R)-amine). In the dianion 1”a the re face of 

hindered by the second lithium atom strongly coordinated with the bulky an 

powerful ligand, H preventing the attack of the electrophile on the same face. Thus the approach of the 

alkyl halide would place preferentially from the si face. The powerful ligand HMPA, coordinated with 

lithium atom, would i the nucleophilicity of the enaminone system. 

Sched 1 - Formation process of the chiral enaminone lithium dianion 1”a. 
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The chiral1,3-diketone 3aa is easily obtained by hydrolysis of the corresponding fl-enamino ketone 2aa 

in ZN aqueous HCUlI-IF mixture for 24 hours at r.t. (see Scheme 2). We verif5ed that the chiral P-diketone 

does not racemize during the hydrolysis process. In fact if the 13-diketone 3~4, recovered from the hydrolysis 

pmcess, was treated with an equimolecular amount of (R)-l-phenylethylamineto we obtained, with 98% d.e., the 

same diastenzoisomer 2aa used to perform the hydrolysis. A further demonstration tames from the pokuimetric 

analysis of the same 13-diketone 3aa dissolved in the hydrolytic mixture used for its preparation. The optical 

activity remains unaltered for seweral days, showing that the environnxxt is not racemizing. 

Scheme 2 - Hydrolysis of the enamino ketones to chiral13diketones 

Ptl 

oHbl Me A 
HC12N/THF 

Ph 
rt. Me *’ Ph Me 

3aa 

t (R)-l-Phenylethylamine 

It’s possible to perform the asymmetic synthesis of both the enantiomers of chii 1,34iketones. simply 

changing the chiral amine or the order of the two alkylations when this is possible. For example: it is possible to 

prepare the (R)-kdiketone 3cd from em&none If performing, both in the y position, first the methylation and 

subsequently the benzylation. Invexting the order of alkylation we can obtain the Q-enantiomer 3da. The same 

results could be obtained performing the hydrolysis of the epimeric diistereomers 2ce-2ea and 2de-2ed. 

Scheme 3 - Synthesis of both antipodes of chiral1,3diketones. 

Ovemll yields 69%; ee > 98% 
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Several attempts were made to extend the reaction to enaminone which can be metallated both in yor in 

al-position failed. We studied recently the conditions for a regiospecific metallation: using the MeLmA 

couple in ‘II-IF, we obtained the thermodynamically more stabile dianion (‘y), while using as metallating agent the 

LiTMF’ in THF we obtained mainly the kinetic dianion (a’) that slowly changes in the thermodynamic one 0.6 

Unfortunately the systems we have studied for a maximum of stereoselectivity gave a low regioselectivity 

because the steric factors are prevalent on the electronic ones. The y-position in fact, is strongly hindered by the 

chiral centre, so that the alkylation take place preferentially on the a’ position even if the metalation were 

performed in the optimum conditions to achieve y alkylation. 

In the example reported in Scheme 4 we can alkylate chiefly in a’ position. As expected, EtI gave better 

results than Me1 but lower d.e. were however obtained due to the long distance between the maction center and 

the chiraI source.(the configuration of the prevalent diastereomers were not assigned) 

Scheme 4 - a’ diastereoselective alkylation of enaminone lg lithium dianion. 

a&fMeL ,+JfMe ii ) qcJ(fMe 
Ph Bn Ph Bn 

lfi kinetic a’-dianion 4ga yields 84%; d.e. 27% 

Ph Bn 
thermodynamic y -&anion 

Ph Bn 

4gb yields 87%; d.e. 44% 

i: 2.5 MeLfl.5 HMPA/II-IF. 0 to 3OT, 30’; ii: 1.5 MeI/IHF, -lOO”C, 30’; iii: 1.5 EtVlXF. -lOO”C, 30’. 

In conclusion, y asymmetric alkylation of the chiral enaminone lithium dianion takes place in 

HMP- with good yields and high d.e. In the same conditions the cc’alkylation takes place with low d.e. 

The operational simplicity of this method take advantages in providing a variety of alkylated products in quite 

high steteoi someric purity, wherein the absolute configuration can be predicted with a great grade of confidence. 
Either antipodes of chiml1,3-diketones can be obtained by simple hydrolysis of the epimeric B-enamino ketones 

synthesized choosing the opportune strategies. 
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EXPERIMENTAL SECTION 

tH and 13C-NMR spectra were mcorded with a Varian VXR 360 instrument. Chemical shifts am given in 

ppm downfield from Me4Si in CDCl3 solution. Coupling constants are given in Hertz. IR spectra were recorded 

with a Perkin-Elmer 257 spectrometer. GOMS analyses were performed with an HP 59970 workstation formed 

by an HP-5890 gas chmmatograph equipped with a methyl silicone capiilary column and by an HP-5970 mass 

detector. THP were dried by refhrxing over sodium wires until the blue colour of ~n~phenone ketyl persisted 

and then distilling into a dry receiver under nitrogen atmosphere. Commercial methyllithium and butyllithium 

solutions (Aldrich) were employed under dry atmosphere. Commercial HMPA, TMEDA and TMP (Aldrich) 

were distilled and dried before use. The (R)-(+)-l-phenylethylamine 98% [a]” +38“(neat) were purchased from 

Aldrich and used without further purification. 

Preparation of starting enamioones la-g. 

The enaminone If were prepared from benzoylacetone and (R)-I-phenylethylamine according to Singh 

andTandon’spmcedure.te 

(R)-I-P~nyl~-[N-(I-pheny&~yl)~~o~-but-2~n-~-o~ (R)-lt 
Mp. 70-71 Y! (Hexane) [a]$0 = -803.5 (c 1.0, CHC13). (Found C, 81.41; H, 7.13; N, 5.22. C!&it9NO 

requires: C, 81.48, H, 7.22; N, 5.28 %). tH-NMR 6 1.62 (d, J=6.8,3H, &&-CH), 1.94 (s, 3H, H-y), 4.76 (dq, 

J=7.1,6.8, HI, N-CH). 5.72 (s, H-I, H-a), 7.22-7.48 (m, 8H), 7.88-7.93 (m. 2H), 11.85 (broad d, J=7.1, Hi, NH). 

‘XC-NMR 6 19.80 (q), 24.80 (q), 53.39 (d), 92.54 (d), 125.62 (d), 126.95 (d), 127.30 (d), 128.19 (d), 128.92 (d), 

130.56 (d), 140.29 (s), 144.10 (s), 164.44 (s), 188.01 (s). JR vmax(nujol) 3300 (broad), 1585, 1430, 1280,725, 

6Q0 cm-l. MS m/z (%): 265 (M+,S7), 160 (77), 105 (lo()), 77 (48). 

The enaminones lab,g were prepared from the ap~op~ate esters and the lithium anion of the (R)-l- 

phenylethylimines according to our procedure previously reported9 

(R)-Z-benzoyl-2-[N~ZIN-(Igirenykthyl)]~mi~clo~n&~ (R)-la. 
Oil [a]Dzo = -588.3 (c 1.1, CHC13). (Found: C, 82.57; H, 7.31; N, 4.86. C$$l21NO requires: C, 82.44, H, 

7.26; N, 4.81 %). tH-NMR 6 1.58 (d,J=6.67,3H), 164-1.87 (m, ZH, H-4), 2.30 (ddd, J+7.1,8.7,6.7, lH, H-3), 

2.59 (ddd, J=17,1,8.5,6.4, lH, H-3), 2.72 (t,J=7.0, ZH, H-5),4.66 (dq, J=6.9,7.6, lH, N-CH), 7.20-7.4s (m, 

8H), 7.65-7.75(m, 2H), 10.87 (broad d, J=7.6, lH, NH). t3C-NMR 6 22.56 (t), 24.50 (q), 31.29 (t), 31.68 (t), 

54.61 (d), 104.46 (s), 125.41 (d), 127.00 (d), 127.05 (d), 127.55 (d), 128.56 (d), 129.23 (d). 141.88 (s), 143.93 

(s),169.75 (sl, 188.55 (s). IR vmax@quid film) 3400 (broad), 1600, 1525,1320, 1280,690 cm-l. MS m/z (%): 

291 (M+,68),276 (18), 186 (lOO), 105 (89). 

~R)_lasnzol1l3-IN-(I-p~nyk~h~)3~~ek~~~ (R)-lb. 
oil blDzo = -388.2 (c 1.0, CHCl3). (Found: C, 82.73; H, 7.73; N, 4.54. C2tH23NO W@ES C, 82.59; H, 

7.59; N, 4.59 $6). *H-NMR 6 1.58 (6 5=6.8,3H, Ph-CH-&), 1.40-2.60 (m, 8H), 4.75 (dq, J=7.1,6.8, H-I, N- 

CH), 7.20-7.60 (m, 8H), 7.85-7.95(m, W), 11.25 (broad d, J=7.1, lH, NH). l3C-NMR S 23.95 (t), 25.35 (9). 

27.22 (t),2g.87 (t), 29.90 (t).54.68 (d), 102.67 (s), 127.75 [d), 128.76 (d), 129.19 (d), 129.88 (d), 130.37 (d), 

130.92 (d), l4S.00 (s), 146.71 Is), 166.03-(s), 196.33 (s). JR v~(nujo1) 3350 (broad), 1580,1445,1275, 1135, 

695 cmt. MS m/z (%): 305 @vf+.16). 200 (100), 105 (81), 77 (29). 
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(R)-1,6~p~nyl4-[N~X-phenylellryl)]~mino-~x-3-en-2~ne (R)-lg. 

Oil [alD”, = - 322.8 (c 1.7, CHC13). (Found: C, 84.72; H, 7.48; N, 3.62. &I-I27NO requires: C. 84.51; H, 

7.37; N, 3.79 a). IH-NMR 6 1.48 (d, J=6.7, 3H, Ph-CH-&), 2.26-2.47 (m, 2H), 2.55-2.77 (m, 2H), 3.64 (s, 

X-I, CH2-CO, 4.59 (dq, J=7.1,6.7, lH, N-CI-I), 5.60 (s, lH, H-a), 6.95740 (m, 15I-I),11.40 (broad d, J=7.1, lH, 

NH). 13C-NMR 6 24.94 (9). 33.78 (t), 34.41 (t), 49.14 (t), 52.87 (d), 94.13 (d), 125.58 (d), 126.28 (d), 126.36 

(d), 127.28 (d), 128.21 (d), 128.31 (d), 128.43 (d), 128.51 (d), 128.65 (d), 128.87 (d), 128.95 (d), 129.42 (d), 

137.31 (s), 140.25 (s), 144.39 (s), 166.25 (s), 195.28 (s). IR v,,(ftim) 3300 (broad), 1575, 1555, 1300, 1110, 

750,710,695 cm-l. MS m/z (46): 278 (M+-91,74), 174 (65). 105 (lOO), 91 (26). 

The enaminone lc,d,e were prepared by y alkylation of enaminone If according to our procedure 

previously reported.~ 

(R)-I-Phenyl-3-[Nil-p~nyleUlyl)snrinoJ~ne (R)-lc. 

Oil blD20 = -722.4 (c 1.1, CHCl3). (Found: C, 81.59; H, 7.73; N, 5.14. CtgH2tNO requires: C, 81.68; H, 

7.58; N, 5.01 95). rH-NMR 6 1.10 (t, J=7.6,3H. Me-S), 1.61 (d, J=6.7,3I-I, CH-I!&), 2.17 (dq, J=l4.9,7.6, HI, 

H-y), 2.33 (dq, J=14.9,7.6, lH, H-y), 4.78 (dq, J=7.3, 6.7, lH, N-CH), 5.73 (s, lH, H-a), 7.24-7.48 (m, 8H), 

7.86-7.96 (m. 2H). 11.95 (broad d, J=7.3. lH, NH). 13C-NMR 6 12.23 (q), 25.02 (q), 25.48 (t), 52.78 (d), 90.33 

(d). 125.59 (d), 126.93 (d), 127.27 (d), 128.17 (d), 128.87 (d), 130.49 (d), 140.56 (s), 144.32 (s). 169.44 (s), 

188.32 (s). IR v,,(liquid film) 3300 (broad), 1570, 1265,725,680 cm-l. MS m/z (96): 279 (M+,33). 174 (71), 

105 (loo), 77 (40). 

(R)_l~-D~p~ny~-33_-p~nylethyl)smino]-psnt-2-en-l-ons (R)-ld. 

oil [a]D20 = -596.1 (c 1.0, CHC13). (Found: C, 84.41; H, 6.93; N, 3.82. C25H25NO requires: C. 84.47; H. 

7.09; N, 3.94 95). IH-NMR 6 1.59 (d, J=6.9, 3H, &-CH), 2.49 (ddd, J=14.0, 9.8, 6.1, lH, H-g), 2.57 (ddd, 

5=14.0,9.2,6.8, 1H. H-6), 2.73 (ddd, J=13.4,9.2,6.1, lH, H-y), 2.85 (ddd, 1=13.4,9.8.6.8, lH, H-d, 4.70 (dq, 

J=7.6, 6.9, lH, N-CH), 5.78 (s, lH, H-a), 7.09-7.50 (m, 13H), 7.88-7.96 (m, W), 12.02 (broad d, J=7.6, lH, 

NH). l3C-NMR 6 25.02 (q), 34.28 (t), 34.67 (t), 53.08 (d), 91.67 (d). 125.64 (d), 126.45 (d), 126.97 (d), 127.38 

(d), 128.21 (d), 128.29 (d), 128.60 (d), 128.97 (d), 130.60 (d), 140.27 (s), 140.43 (s), 144.40 (s), 167.29 (s), 

188.29 (s). IR vmax(liquid film) 3300 (broad), 1570, 1430, 1300,1120,735,685 cm-l. MS m/z (96): 355 @I+, 

18), 264 (68), 250 (64). 105 (lOO), 91(31), 77 (46). 

(R)-l-Phenyl-3-[N~~-~y&~yl)~~‘no]-3-methy~-~x-2-en-l~ne (R)-le. 

M.p. 85-87 T (Hexane) [a]D20 = -682.5 (c 1.0, CHC13). (Found: C, 82.21; H, 8.03; N, 4.42. C21H25NO 

requires: C, 82.04, H, 8.20; N, 4.56 96). lH-NMR 6 0.92 (d, 5=6.6,3H, i-Pr), 0.98 (d. J=6.6,3I-I, i-Pr), 1.61 (d, 

5=6.7,3H, N-CH-&), 1.89 (none& J=6.8, lH, i-Pr), 2.02 (dd, J=13.6,7.6, lH, HAY), 2.19 (dd, J=13.6,6.8, lH, 

Hgy), 4.79 (dq, J=8.5,6.7, lH, N-CH). 5.70 (s, lH, H-a), 7.22-7.50 (m, 8I-I.). 7.86-7.96 (m, 2H). 12.01 (broad d, 

J=8.5, lH, NH). 13C-NMR 6 22.41 (q), 22.77 (9). 24.98 (q), 27.86 (d), 41.54 (t), 52.95 cd), 92.64 (d), 125.54 

128.12 (d), 128.82 (d), 130.43 (d), 140.48 (s), 144.24 (s), 167.21 (s), 187.77 (s). IR 

1575,1560,1435,1275,740,685 cm-l. MS m/z (96): 307 (M+. 29), 202 (32), 188 
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Lithiun~ dimion was prepwed follming the next typical pr~edum. A solution of mr&yllitbium (12.5 

mmol)was dropped into e stirred sohuion of the suitable en~n~e la-q (5 mmol) and HMPA (12.5 mmoi) in 

THF (5 ml) at OT under nitrogen and then warmed to 30 ‘T for 30’. The ceased evolution of methane showed 

the complete formation of dianion. The mixture was cooled at -100 ‘C and then treated with alkyl halide (7.5 

mmol) in THF for 30’. The temperature was allowed to rise to 20 ‘C then the sohrtion was poured into saturated 

aqueous ammonium chloride and extracted with diethyl ether. The organic layer was dried, evaporated under 

reduced pressure and the residue obtained was submitted to HPLC-MS analysis for the dete~nation of the 

yield of conversion and the diastemomeric excess. Column chromatographic separation of crude material (n- 

hexane/ethyl acetate, 9O:lO) furnished the pure diastemomem 

~3S)-~-~~~l*Z~~-l ‘{~~~~ny~~yl)~~-3-~~yl~y~~~n~~~ (Sk2aa. 
Mp. 94-95 T (Hexane) [a]$0 = -459.4 (c=l.l, CHCi3). (Found: C, 82.41; H, 7.73; N, 4.72. C21H23NO 

requires: C, 82.59; H, 7.59; N, 4.59 96). lH-NMR 8 1.26 (d, J=7.4 Me-31, 1.48 (dd, J=7.0, 12.2, fH), 1.61 (d, 

J--6.72, Ph-CH-J&), 1.70-1.86 (m, lH), 2.72 (quint., J=7.3, H-3), 2.94 (ddd. J=7.0, 10.4, 13.1, lH), 4.75 (dq, 

J==6.7, 8.8, Ph-C&Me), 7.20-7.45 (m, 8H), 7.65-7.75 (m, 2H), 1090 (brd, J=8.8, NH). r3C-NMR 8 17.61 (q), 

24.74 (q). 29.01 (t&31.49 (t), 37.59 (d), 53.77 (d), 103.40 (s), 125.28 (d), 127.03 (d) 127.20 (d), 127.64 (d), 

128.68 (d), 129.33 (d), 142.01 (s), 144.48 (s), 173.65 (s), 188.40 (s). JR vtnax(nujol~ 3300 (broad), lS90, 1515, 

1315, 1265, 750, 690 cm-l. MS m/x f%): 305 (M+, 43), 290 (9), 200 (80), 105 (100). 

(3R)-l-benwyl-2-(N-1 ‘OR)-pheny~yl)-aminoS-meU?ylcyclopentenc (3R)-2aa. 
oil [a]~20 = -596.1 (c 1.0, CHC13). (Found: C, 82.63; W, 7.70; N, 4.66, C21H23NO requires: C, 82.59; H, 

7% N, 4.59 %I. lH-NMR 8 0.96 (d, J=7.3,3H, Me-3),1.57 (dd, J=l2.2,6.7, lHf, 1.62 (d, J=7.0,3H. Ph-C!H- 

&), 1.92-2.07 (m, lH), 2.50-2.60 (m, lH), 2.96 (ddd, Y-13.1,10.7,6,7, lH), 3.06 (quint.. J=7.3, H-3) 4.77 (dq, 

J=9.8,6.7, Pha-Me), 7.20-7.43 (m, SH), 7.65-7.75 (m, 2H), 11.20 (broad d, J-9.8, NH). 13C-NMR 8 17.35 

(q), 25.46 (q), 29.03 (t), 31.91 (t), 37.55 (d), 54.26 (d), 102.98 (s), 125.42 (d), 127.10 (d) 127.22 (d), 127.63 (d), 

128.62 (d), 129.33 (d), 141.92 (s), 143.76(s), 173.48 (s), 189.02 (s). IR vtnax(nujol) 3350 (broad), 1585, 1515, 

1315,1265,685 cm-r, MS m/z (%): 305 (M+. 54). 290 (ll), 200 (83),105 (100). 

t3S)-Z-bensvyl-2-iN-I ‘tR~p~~y~yl)smino-3~~y~~~n~ne US)-2ab. 
Oil ht]~~ = -440.1 (c 1.0, CHCl3). (Found C, 82.91; Hi 7.73; N, 4.32. C2fi25NO requires: C, 82.72; H, 

7.89; N, 4.38 %). JH-NMR 8 0, 1.03 (t, J=7.3,3H, Et), 1.50-1.73 (m, 4H), 1.60 (d, J=6.9,3H, Ph-CH-&&), 

2.45-2.55 (m, 2H), 2.87 (dt, J=13.4,8.8, lH), 4.70 (dq, J=8.7,6.9, lH, Ph-C&Me), 7.24-7.46 (m, 8H), 7.66-7.74 

(m, 2HI,lO.86 (broad d, J=8.7, lH, W. J3C-NMR 8 12.20 (q), 24.43 (t), 24.55 (q), 27.65 (t), 29.27 (t), 44.56 

(d), 53.73 (d), 103.80 (s), 125.15 (d), 126.86 (d), 127.02 (d), 127.46 (d), 128.51 (d), 129.15 (d), 141.88 (s), 
144.37 (s), 172.44 (s), 189.18 (s). JR vn&liquid film) 3300 (broad), 1580,1515, 1310,745,685 cm-r. MS m/z 

($6): 319 &I+; 24), 214 (56), 105 (lOO), 77 (25). 

(3S)-J-b6ns@-2_(N-I *(R)-phcnylethyl)mmino3_buthylcyclopentene (3S)-2ac. 
al ]a]D20 = -420.1 (c 2.4 CHCJ3). (Found: C, 82.81; H, 7.53; N, 4.14. C24HzgNO requires: C, 82.95; H, 

8.41; N, 4.03 %). IH-NMR 8 096 (t, J=7.5,3H. Buf, 1.27-1.53 (m, 4H), 1.53-1.73 (m, 4H), 1.64 (d, J=6.9,3H, 

Ph-CH-W, 2.47-2.64 (m, 2H), 2.84-2.99 (m, Hi), 4.72 (dq, J=8.7,6.9, 1H. Ph-C&Me), 7.22-7.46 (m, 8H), 

7.68-7.76 (m, 2H& 10.91 (broad d, J==8.7,1H. NW. tw-NMR 8 13.89 (q), 22.55 (t), 24.67 (q), 28.16 (t}, 29.30 
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(t), 30.05 (t). 31.07 (t), 42.99 (d), 53.81 (d), 103.84 (s), 125.24 (d), 126.97 (d), 127.14 (d), 127.57 (d), 128.63 (d), 

129.26 W, 142.00 (s), 144.53 (s), 172.89 (s), 189.22 (s). IR ~-(nu~~) 3300 (broad), 1600, 1530, 132Q, 745, 

685 cm-l- MS m/z (46): 347 @I+, 29), 242 (37), 186 (47), 105 (I’JO), 77 (21). 

{3R)=~=~~yl=~~N-l”(R)=plrenylcUiyl}~mino=3=~~~yclopcn (3R)-2ad. 

Oil b]D2’ = -275.4 (G 1.0. CHC13). (Foundz C, 84.84; H, 7.05; N, 3.60. C27H27NO requires: C, 85.00, H, 

7.13; N, 3.67 WI. lH-NihR 6 1.54 (d, 3=6.9,3H, Ph-CH-kf&, 1.56-166 (m,2H), 2.40-2.50 (m, II-I, H-3), 2.70- 

2.90 @, 3Hk 3.02 (dd, jl=l3.0,4.4, lH), 4.57 (dq, J=8.4,6.9, lH, Ph-ckjl-Me), 7.20-7.45 (m, 13H), 7.64-7.72 

(mt 2H), 10.85 (bmaddi J=8.4, lH, Nk& l3C-NMR 6 24.61 (cl), 28.36 (t), 28.97 (t), 37.68 (t>, 44.78 (d), 53.88 

(d), 104.36 (s). 125.12 @I, 126.25 (d), 126.95 (d), 127.11 (d), 127.57 (d), 128.26 (d), 128.64 (d), 128.82 (d), 

129.35 W. 139.23 (s), d41.82 (s). 144.58 (s), 171.78 (s). 189.50 (s). IR v-(nujol) 3350 (broad), 1585, 1510, 

I314 740,685 cm-l. MS m/z (%,): 381 (M+, 26). 290 (67). 105 (100). 77 (22). 

f3R)-I=BenzoyC_t~N-~‘(tR)=glreApletlipl)~~~=3=~s~~~~~~~~e~ (3R)-2ae. 

OiI falDm = -480.1 (d 2.0, CHC13). (Found: C, 82.73; H, 7.98; N, 4.32. C23H27NO requires: C, 82.84, H, 

8.16; N, 4.20 %). lH-NNR 6 0.97 (d,J=6.7,3H, i-Pr), 1.03 (d, J=6.9, 3H, i-I+), 1.50-1.65 (m, lH), 1.59 (d, 

J+.7,3H, Ph-CH-&&A 11.68-1.77 (m, lH), 2.17 (quint d, J=6+7,3.6, lH, i-Pr), 2.49 (ddd, J=13.6,9.3, 1.1. 1H). 

2.58 (dd, J=8.5,3.6, lH$, 2.79 (ddd, J=13.6.9.8,7.8, lH), 4.74 (dq, J=9.0,6.9, IH, Ph-C&Me), 7.20-7.45 (m, 

8W, 7.65-7.67 (m, 2I&[ 11.02 (broad d, J=9.0, lH, Nfl). I3C-NMR 6 16.76 (q), 21.70(q), 2354(t), 24.59(q), 

30.42(d). 31.05(t), 48.$1(d), 53.79(d), 105.09(s), 125.21(d), 126.87(d), 127.02(d), 127.50(d), 128.55(d), 

129.17(d), 142.06(s), 14k45(s), 171.42(s), 189.28(s). IR vmax(nujol) 3300 (broad), 1585, 1520, 1310,745,690 

cm-l. MS m/z (%): 333 @vi+, 36), 290 (26), 228 (36). 186 (20). 105 (lOO), 77 (23). 

(3S)~l~~~y~~2~N-~~~)~p~ny~~y~)~mi~~~~~o~p~py~cyc~~n~ne (3S)Ae. 

Oil [a]D20 = -417.4 (o! 1.0, CHC13). (Found: C, 82.92; H, 7.94; N, 4.26. C23H27NO requires: C, 82.84; H, 

8.16; N, 4.20 %). *H-N@ 6 0.75 (d,J=6_7,3H, i-P+, 0.95 (d, J=7.0,3H, i-P@, 1.61 (d, J=6.7,3H, Ph-CH-&&), 

1.80-1.89 (m. 3H), 2.527.61 (m, lH), 2.78-2.90 (m. II-I), 2.94-3.00 (m, lH), 4.76 (dq, J=10.4,6.7, lH, W-C& 

Me), 7.20-7.40 (m, 8H),17.64-7.67 (m, 2H), 11.30 (broad d, J=10.4, lH, NED. 13C-NMR 6 16.22 (q), 21.70(q), 

23.53(t), 25.79(q), 30.&d). 31.38(t), 48.91(d), 54.19(d), 104.70(s), 125.23(d). 127.03(d), 127.16(d), 127.64(d), 

128.56(d), 129.28(d), 142.16(s), 143.62(s), 171.21(s), 189.08(s). IRv,,,&nujol) 3300 (broad), 1585,1520,1310, 

745,690 cm-l. MS mlz @): 333 (M+, 34), 290 (25). 228 (311,186 (20). 10.5 (100). 

(3S)=Z=benzoyl=2=(N=lt )=p~~y&~yl)~mi~=3=me~y&ycZo~~e~ (3!S)=2ba. 
M.p. 129-131 OC! (Hex i e) [U]Dzo p -381.5 (c 1.7. CIiCl3). (Pound: C, 82.61; H. 7.73; N, 4.42. C&I25NO 

requires: C, 82.72; H, fi89; N, 4.38 96). IH-NMR 6 1.33 (d, J=7.2, 3H, Me-3), 1.35-1.63 (m, 4H), 1.59 (d, 

J=6.7, Ph-CEI-&), 2.15-2.40 (m, 2H), 2.57-2.69 (m, H-3). 4.82 (dq, J=8.7,6.9, Ph-C&Me), 7.20-7.45 (m, 

lOH), 12.40 (broad d, J+8.7, Nff). 13C!-NMR 6 18.49 (t), 20.66 (q), 24.93 (q), 27.49 (t), 28.80 (t), 29.11 (d), 

52.06 (d), 99.75 (s), 125j40 (d), 126.43 (d), 126.93 (d), 127.78 (d), 128.21 (d), 128.74 (d), 143.05 (s), 145.17 (s), 

167.90 (s), 195.14 (s). I$2 vmax(nujol) 3350 (broad), 1570, 1430, 1260,690 cm-! MS m/z (Z): 319 (M+,l7), 

302 (lo), 215 (lQ), 214 (100). 105 (74), 77 (18). 
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(3R)-1-benzog1-2~N-1’(R)-plrenylcll?y1)~i~-3-meulylcyclol (3R)-2ba. 

Oil [a]Dzo = -272.8 (c 1.0, CHC13). (Found: C, 82.69; H, 7.82; N, 4.48. C22H2sNO requires: C, 82.72; H, 

7.89; N. 4.38 %). tH-NMR 6 1.03 (d, J=7.2,3H, Me-3), 1.10-1.80 (m, 4H). 1.58 (d. J=6.7, Ph-CH-W. 2.18- 

2.40 (m. 2I-Q 291-3.02 (m, lH), 4.90 (dq, J=9.5.6.7, Ph-cIj[-Me). 7.20-7.50 (m, lOHI, 12.90 (broad d, J=9.4, 

1H. NII). 13C-NMR 6 18.74 (t). 20.35 (9). 2627 (9). 27.28 (t), 28.97 (t), 29.36 (d), 52.15 (d), 98.94 (s), 125.72 

(d), 126.51 (d), 127.11 (d), 127.74 (d). 128.13 (d), 128.73 (d), 143.11 (s), 143.95 (s), 167.66 (s)? 194.30 (s). IR 

v-(nujol) 3300 (broad), 1565, 1435,1265,750,695 cm-t. MS m/z (%): 319 (M+, 17), 302 (9), 215 (18), 214 

(loo), 105 (91), 77 (22). 

(3S)_l-~nzOyr.2~N-l’(R)-pheny~~y~)~i~o-3~thy~~c~~xe~ W-2bb. 

Oil [@Dzo = -434.6 (c 3.9. CHC13). (Found: C, 82.73; H. 7.98; N. 4.31. C23H27NO requires: C, 82.84; H, 

8.16; N, 4.20 %). tH-NMR 6 1.03 (t. J=7.5,3H, Et), 1.21-1.87 (m, 6H). 1.58 (d, J=6.9,3H, Ph-CH-&), 2.14- 

2.36 (m, 3H), 4.72 (dq, J=8.5,6.8, lH, Ph-Q&Me), 7.20-7.64 (m, lOH), 11.35 (broad d, P8.5, lH, W. l3C- 

NMR 6 12.45 (q), 18.84 (t), 24.15 (t). 25.01 (q), 26.93 (t), 27.32 (t), 36.52 (d), 52.40 (d), 100.68 (s), 125.54 (d), 

126.60 (d), 127.00 (d), 127.80 (d). 128.31 (d), 128.80 (d), 143.30 (s). 145.30 (s). 168.10 (s), 194.80 (s). IR 

v,,(nujol) 3350 (broad), 1560.1430, 1255,1130,745,685 cm-t. MS m/z (96): 333 (M+, lo), 228 (79), 200 

(17), 105 (lOO), 77 (26). 

(3S)-l-~nroyl-2~N-l’(R)-p~nyletlrp)~~no-3-bu~y~c~~xe~ (3S)-2bc. 

Oil [a]~20 = -466.3 (c 3.6, CHC13). (Found: C, 82.93; H, 8.73; N, 3.76. C25H3tNO requires: C, 83.06; H, 

8.64; N, 3.87 %). tH-NMR 6 097 (t, J=6.9.3H, Bu). 1.26-1.70 (m, lOH), 1.58 (d, J=6.7,3H, Ph-CH-Me), 2.15 

2.44 (m, 3H), 4.74 (dq, J=8.4,6.9, U-I, Ph-C&Me), 7.24-7.46 (m, lOH), 11.38 (broad d, J=8.4, lH, mA. t3C- 

NMR 6 14.10 (q), 18.82 (t), 22.73 (t), 24.58 (t), 25.00 (q), 27.25 (t), 30.02 (t), 33.65 (t), 34.80 (d), 52.30 (d), 

100.29 (s), 125.51 (d), 126.59 (d), 127.00 (d). 127.80 (d), 128.29 (d). 128.80 (d), 143.14 (s), 145.33 (s), 168.10 

(s), 194.87 (s). IRv,(nujol) 3350 @road), 1560,1430,1255, 1130,745,685 cm-t. MS m/z (%): 361 (M+, 4), 

256 (36). 200 (63). 105 (100). 

(4R)-I-Phemyl-2-(N-I ‘(R)-phcnyiethyl)~m~o~-meulyl-~x-2-en-l~~ (4R)-2cb. 

Oil 1~1~~ = -186.5 (c 1.0, CHC13). (Found: C, 82.13; II, 8.23; N, 4.47. QlH25NO requires: C, 82.04; H, 

8.20; N, 4.56 46). lH-NMR 6 0.85 (d, J=6.7,3H, Me-4), 0.96 (t, J=7.3,3H), 1.48-1.65 (m, 2H), 1.63 (d, J=6.9, 

3H, Ph-CH-&&$2.50 (sext, J=6.8, lH,H-4), 4.85(dq, J=7.2,6.9, lH, Ph-C&Me), 5.76 (s, lH, H-2), 7.20-7.45 

(m. 8HL 7.88-7.98 (m, 2H). 12.35 (broad d, J=7.2, lH, N&& *3C-NMR 6 11.84 (q), 18.79 (q), 24.80 (q), 29.44 

(t), 35.94 (d), 52.46 (d), 87.70 (d), 125.39 (d), 126.64 (d), 127.01 (d), 127.91 (d), 128.60 (d), 130.13 (d). 140.61 

(s). 144.37 (s), 173.71 (s), 187.98 (s). IR vmax(nujol) 3350 (broad), 1575, 1270,735,685 cm-t. MS m/z (a): 307 

(M+, 38),2Q2 (43). 188 (25). 105 (100). 77 (29). 

~4R~-lS-Diplrenyl-3~N-l’~R)-plrenylehyll)~onrho4-~thyZ-~nt-2~n-l~ne (4R)-2cd. 

Oil [alD2o = -505.6 (c=2.4. CHC13). (Found: C, 84.57; H, 7.49; N, 3.71. C&I27NO requires: C, 84.51; H, 

7.37; N. 3.79 %I. IH-NMR 6 0.98 (d, J=6.1,3I-i, Me-Q), 1.41(d, J=6.7,3H, Ph-U-I-&& 2.78 (dd, J=11.7,5.8, 

lH, H-5). 2.88 (sext, Jz6.6, lH, H-4), 2.97 (dd, J=11.7,7.3, lH, H-5), 4.43 (dq, J=7.2, 6.7, lH, Ph-C&Me), 

7.21-7.52 (nz 13HL 7.99-8.09 (111,2I-I), 12.29 (broad d, J=7.2, lH, WA. W-NMR 6 18.85 (q), 24.31 (q), 36.59 

(d). 43.01 (t),52.21 (d), 87.86 (d). 125.10 (d), 126.22 (d), 126.58 (d), 126.85 (d), 127.87 (d). 128.17 (d), 128.49 

(d). 128.57 (d), 130.13 (d), 138.93 (s),140.44 (s), 144.26 (s), 172.65 (s), 187.77 (s). IRv,,&liquid film) 3350 

(broad), 1565,1430,1265,1055,1740,685 cm-l. MS m/z (%): 369 @I+, 151,278 (22). 264 (ll), 120 (19), 105 

(loo), 77 (21). 
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WR)-l-PhenyZ-2-(N-1 ‘(R)-phenyZethyl)~%zo4,5dZmethyZ-hex-2-e+l-one (4R)dce. 

Oil hlD2o = -642.4 (c 2.6, CHC13). (Found: C, 82.33; H, 8.51; N, 4.31. QzH27NO requires: C, 82.20; H, 

8.47; N, 4.36 %). lH-NMR 6 0.81 (d. J=6.7,3H, Me-4), 0.96 (d, J=6.7.3H, i-R),099 (d, J=6.7,3H, i-R), 1.63 

(d, J=6.7,3H. Ph-CW!!U, 1.76 (d sept, J=8.7,6.7, lH, i-R). 2.25 (dq, J=8.7,6.7, lH, H-4), 4.86 (dq, J=7.2,6_7. 

lH, W-C&-Me), 5.72 (s, HI, H-2), 7.20-7.48 (m, 8H), 7.867.95 (m, 2H), 12.36 (broad d, J=7.2, lH, luy). 13C- 

NMR 6 16.61 (q), 19.78 (q), 21.48 (9). 24.85 (9). 33.42 (d), 41.49 (d), 52.78 (d), 88.60 (d). 125.59 (d), 126.81 

(d), 127.15 (d). 128.08 (d), 128.77 (d), 130.28 (d), 140.76 (s), 144.61 (s), 174.05 (s). 187.94 (s). IRv,,&liquid 

film) 3350 (broad), 1570,1270, 1055,735,685 cm-l. MS m/z (96): 321 (M+, 8), 306 (2), 278 (4), 216 (14), 202 

(14), 174 (23), 105 (100). 77 (24). 

W)-Z,5-DZph~ryZ-3-(N-l ‘(R)-phonyZethyZ)smo4-rne~yz-~~~~n-l -one (4S)-2da. 

oil [CC]Dzo = -545.0 (~1.0, CHCl3). (Found: C, 84.59; H, 7.42; N, 3.81. C&-I27NO requires: C. 84.51; H, 

7.37; N, 3.79 96). lH-NMR 6 1.20 (d, J=6.9,3H, Me+, 1.66 (d, J=6.9,3H, Ph-CH-&), 2.49 (dd. J=l3.3,9.3, 

lH, H-5), 2.67 (dd, J=l3.3,5.0, H-I, H-5). 2.78-2.90 (m, lH, H-4), 4.80 (dq, J=7.1,6.9, lH, Ph-=-Me), 5.87 (s, 

H-I, C-2), 6.64-6.72 (m, 2H), 7.13-7.52 (m, llH), 7.92-8.00 (m, 2H), 12.24 (broad d, J=7.1, lH, luy). 13C- 

NMR 6 19.31 (q), 25.02 (q), 36.42 (d). 41.39 (t), 52.76 (d), 88.41 (d), 125.60 (d), 126.06 (d), 126.83 (d), 127.28 

(d), 128.10 (d), 128.13 (d). 128.80 (d), 128.90 (d), 130.38 (d), 139.05 (s), 140.68 (s), 144.73 (s), 173.26 (s), 

189.39 (s). IR vnra&mjol) 3350 (broad). 1570, 1265,1055,735,685 cm-t. MS m/z (%): 369 @I+. 11). 278 (34). 

264 (16), 120 (21), 105 (KIO), 77 (20). 

(4S)-lPhenyZ-3_(N-l’(R)-phenyZethyZ)smino4-~~Z-hex-2-en-l-one (4S)-2db. 

Gil [aID*’ = -495.4 (cr1.4, CHC13) (Found: C, 84.53; H, 7.52; N, 3.56. C27H29NO requires: C, 84.56; H, 

7.62; N, 3.65 %).. lH-NMR 6 0.98 (t. J=7.3,3H, Me), 1.49-1.75 (m, 2H, H-5), 1.66 (d, J=6.9,3H, Ph-CH-&), 

2.55 (dd, F13.3, 8.8, lH, Bn), 2.61 (dd, J=13.3,5.0, lH, Bn), 2.61-2.76 (m, lH, H-4), 4.84 (dq, J=7.2,6.9, lH, 

Ph---Me). 5.88 (s, 1H. H-2), 6.60-6.68 (m. 2H), 7.10-7.18 (m, 3H), 7.26-7.52 (m, 8H), 7.95-8.03 (m, 2I-I). 

12.40 (broad d. J=7.2, lH, Nm. *SC-NMR 6 11.75 (q), 25.06 (q), 26.88 (t), 40.54 (0, 43.56 (d), 52.89 (d), 

88.60 (d), 125.66 (d), 125.99 (d). 126.80 (d), 127.24 (d), 128.07 (d), 128.25 (d), 128.86 (d), 129.02 (d), 130.33 

(d), 139.05 (s), 149.67 (s), 144.59 (s), 172.33 (s), 188.08 (s). IR v max(nujol) 3350 (broad), 1570,1270,740,685 

cm-l. MS m/z(%): 383 (M+, 4), 292 (20), 250 (14), 120 (16), 105 (lOO), 77 (19). 

(4R)-1PhenyZ-2-(N-1 ‘CR)-phenyZethyZ)amino4-ben~Z-S-methyZ-hex-2-en-l~~ (4R)-2de. 

Gil [U]Dzo = -274.0 (c 3.0, CHC13) (Found: C, 84.71; H, 7.94; N, 3.70. C28H5lNO requires: C, 84.59; H, 

7.86; N, 3.52 %).. lH-NMR 6 1.09 (d, J=6.7, 3H, i-Pr), 1.10 (d, J=6.7,3H, i-Pr), 1.57 (d. J=6.9.3H, Ph-CH- 

&), 1.94 (octet, J=6.7, lH, i-Pr), 2.61-2.74 (m, W), 2.81-2.93 (m, lH), 4.67 (dq, J=7.2,6.9, lH, Ph-C&Me), 

5.80 (s, lH, H-2), ,6.68-6.75 (m, 2H), 6.95-7.09 (m, 5H), 7.19-7.30 (m, 3H). 7.39-7.50 (m, 3H), 7.89-7.96 (m, 

2H), 12.36 (broad d, J=7.2, lH, NHH. 13C-NMR 6 20.28 (q), 20.87 (q). 25.03 (q), 32.00 (d), 36.86 (0.48.06 (d). 

52.67 (d), 90.14 (d), 125.63 (d). 125.89 (d), 126.86 (d), 127.04 (d), 128.14 (d), 128.18 (d), 128.71 (d), 128.77 

(d), 130.34 (d), 139.18 (s), 140.86 (s), 144.02 (s), 170.68 (s), 187.44 (s). IR vrnax(nujol) 3350 (broad), 1570, 

1270.1055.735.685 cm-l. MS m/z (%): 397 (M+. 10). 354 (S), 306 (15). 250 (27). 105 (100). 77 (17). 

(4S)-I-PhenyZ-2-(N-1 ‘(R)-phenyZethyZ)-amino-4,5-dimethyZ-hex-2-en-l-one (4S)-2~. 

Oil [CC]D20 = 478.4 (c 1.4, CHC13) (Found: C, 82.33; H, 8.56; N, 4.31. C22H27NO requires: C, 82.20; II, 

8.47; N, 4.36 a).. tH-NWR 6 0.50 (d, J=6.6.3H, i-R), 0.84 (d, J=6.6,3H, i-R), 1.21 (d, J=6.9,3H, Me-4). 1.62 

(d, J=6.7,3H, Ph-CH-Mg), 1.66 (d sept, J=9.2,6.6, lH, i-R). 2.28 (dq, J=9.2,6.9, lH, H-4), 4.80 (dq, J=7.2,6.7, 

lH, Ph-Q&Me), 5.72 (s, lH, H-2), 7.18-7.24 (m, 8H), 7.85-7.94 (m, 2H), 12.40 (broad d, J=7.2, IH, WA. 13C- 
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NMR 6 18.28 (q), 19.81 (q), 21.21 (q), 25.07 (q). 32.23 (d), 41.49 (d), 52.64 (d), 88.14 (d), 125.92 (d), 126.78 

(d), 127.26 (d), 128.04 (d), 128.68 (d), 130.21 (d), 140.82 (s), 144.36 (s), 173.88 (s), 187.99 (s). IR vmax@ujol) 

3350 (broad), 1570,1270,1055,735,685 cm -1. MS m/z (%): 321 @I+, 29), 278 (10). 216 (21), 202 (19), 174 

(28), 105 (100). 77 (29). 

(4R)-Z-P~nyl-2~N-Z’(R)-phenylctly~)~ino~~~yl-S-methyi-~x-2-en-Z-one (4R)-2eb. 

Oil [a]~$0 = -604.2 (c 3.0, CHC13) (Found: C, 82.44, H, 8.79; N, 4.06. C23H29NO requires: C, 82.34; H, 

8.71; N, 4.17 %).. tH-NMR 6 0.42 (d. J=6.7,3H, i-R), 0.85 (d, J=6.7, 3H, i-R), 0.98 (t, J=7.3. 3H, Et), 1.47 

(dqd, J=13.7, 10.6, 7.3, lH, Et), 1.56-1.70 (m, 1H. i-Pr), 1.63 (d, J=6.7,3H, Ph-CH-&), 1.84 (dqd, J=13.7,7.3, 

4.0, H-I, Et), 4.89 (dq, J=7.2,6.7, lH, Ph-C&Me). 5.70 (s, lH, H-2), 7.22-7.46 (m, 8H). 7.86-7.92 (m, 2H), 

12.66 (broad d, J=7.2, lH, W>. 13C-NMR 6 11.67 (q), 20.27 (q), 21.17 (q). 25.19 (q), 25.33 (t), 31.94 (d), 

48.22 (d), 52.77 (d), 88.44 (d), 126.05 (d), 126.77 (d), 127.24 (d), 128.04 (d), 128.68 (d), 130.18 (d). 140.85 (s), 

144.29 (s), 172.47 (s), 187.59 (s). IR vtna&tujol) 3350 (broad), 1570,1310,1270,105.5,735,685 cm-l. MS m/z 

(%): 335 (M+, 15). 292 (9), 230 (15). 188 (39), 105 (lOO), 77 (23). 

(#S)-Z-Phenyl-2-(N-Z ‘(R)-phenyZethyl)-amino4-benqvl-S-methyl-hex-2-en-Z-one (4S)-2ed. 

Oil [a]~~ = -717.3 (c= 1.8, CHC13) (Found: C, 84.67; H, 7.97; N, 3.77. C28H3tNO requires: C, 84.59; H, 

7.86; N, 3.52 96). IH-NMR 6 0.41 (d, J=6.6,3H, i-Pr), 1.01 (d, J=6.6,3H, Ph-CH-&), 1.04 (d, J=6.7,3H, i- 

Pr), 1.81 (d septet, J=9.5,6.6, lH, i-Pr), 2.42 (ddd, J=11.3.9.5,3.4, lH, H-4), 2.68 (dd, J= 12.7, 11.3, 1H. Bn), 

3.20 (dd, J=12.7, 3.4, HI, Bn), 3.90 (dq, J=7.2,6.6, lH, Ph-Q&Me), 5.90 (s, lH, H-2), 7.18-7.52 (m, 13H), 

7.90-8.04 (m, 2H), 12.44 (broad d, J=7.2, lH, NH&I. t3C-NMR 6 20.55 (q), 20.59 (q), 23.97 (q), 31.69 (d), 

30.47 0). 50.10 (d), 52.17 (d), 92.26 (d), 125.67 (d), 126.12 (d). 126.43 (d). 126.74 (d). 127.77 (d), 128.12 (d), 

128.20 (d). 128.73 (d), 129.91 (d), 139.11 (s), 140.47 (s), 144.16 (s), 171.75 (s), 186.95 (s). IRva,a&tjol) 3350 

(broad), 1570,1270,1055,735,685 cm-t. MS m/z (96): 397 (M+, 9), 354 (8). 306 (15), 250 (25), 202 (9), 105 

(loo), 77 (19). 

2,7-Diplrenyl-5-~~R)-l-phenylethyl]-amino-~pt~~n-3-onc 4ga. 

Oil ktl~~ = - 402.6 (c= 1.9, CHCl3) (Found: C, 84.67; H, 7.80; N. 3.75. C~~HBNO requires: C, 84.56; H, 

7.62; N, 3.65 %).. tH-NMR 6 1.51 (d, J=6.7,3H, Ph-U-I-&), 1.53 (d, J=7.1,3H, Me-a’), 2.22-2.47 (m, 2H), 

2.50-2.75 (m, 2H), 3.71 (q, J=7.1, lH,H-a’), 4.60 (dq, J=7.1,6.7, lH, Ph-Q&Me), 5.04 (s, lH, H-a), 6.95-7.04 

(m, 2H), 7.18-7.40 (m. 13H), 11.30 (broad d, J=7.1, lH, w. 13C-NMR 6 18.20 (q), 24.88 (q), 33.67 (t). 34.25 

(t), 51.26 (d), 52.74 (d), 93.84 (d), 125.48 (d), 126.19 (d), 126.21 (d), 127.15 (d), 127.63 (d), 128.09 (d), 128.31 

(d), 128.35 (d), 128.77 (d), 140.16 (s), 143.41 (s), 144.47 (s), 165.91 (s), 198.26 (s) IR v,,&ilm) 3300 (broad), 

1570,1330,1115,755,710, 695 cm-*. MS m/z (%): 383 @I+, l), 278 (65), 174 (56), 105 (100) 

Z,6-Diphenyl-3-[N_-Z-phenyleU?yl]anri 4gb. 

Oil [a]Dm = - 289.5 (c= 1.3, CHC13) (Found C, 84.43; H, 7.81; N, 3.76. CaH31NO requires: C, 84.59; H, 

7.86; N, 3.52 %).. ‘H-NMR 6 0.92 (t, J=7.3,3H, Me), 1.51 (cl, J=6.7,3H, Ph-CH-&&), 1.75-1.95 (m, lH, H-p’), 

2.05-2.22 On, H-I, H-p’), 2.22-2.46 (m, 2I-Q 2.502.80 (m, 2H), 3.39 (t, J=7.5, lH, Ha’), 4.58 (dq, J=7.2,6.7, lH, 

Ph-G&Me), 5.07 (s, lH, H-u), 7.00-7.06 (m, 2H), 7.20-7.40 (m, 13I-I). 11.30 (broad d, J=7.2, lH, NH). 13C- 

NMR 6 12.47 (q), 24.83 (q), 26.14 0). 33.67 (t), 34.30 (t), 52.70 (d), 59.57 (d), 94.50 (d). 125.43 (d), 126.17 (d), 

127.06 (d), 127.97 (d), 128.07 (d), 128.18 (d), 128.34 (d), 128.47 (d), 128.68 (d), 140.17 (S), 141.84 (S), 144.33 

(s), 165.78 (s). 197.81 (s). IR VIII&Y@ 3300 (broad). 1570,1330, 1115,750,715, 690 cm-t. MS m/z (%): 397 

&I+, 1). 278 (94), 174 (52). 105 (100). 
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Hydrolysis of the enaminones 2aa,cd,da; synthesis of opticaily pure l&diketones 3aa,cd,da. The 

enaminone (2 mmol) dissolved in THF (4 ml) was treated with aqueous 2N HCl(4 ml) and stkr cd at room 

temperature for 24 h. The mixture was neutralized with natrium carbonate and extracted with dichloromethane. 

The organic layer was dried, evaporated under reduced pressure and the residue obtained, submitted to 

chtomatographic purifiation (n-hexandethyl acetate, 9X5), furnished the optically pure 13-dihetone in almost 

quantitative yields (95-98 96). NMR experiment showed that the 1.3 diketones 3aa,cd,da in CDc13 solution 

appear as a mixtum of ,tautomers were the enol form is present at 70 %. For the diketones 3aa the 30 96 ketonic 

form is present as a mixture of epimexs (1&3S) and (l&3$) in the ratio of ld:l.The spectroscopic data of the 

more abboundant tautomer follows. 

oil (Found C, 76.98; H. 6.82. C13Ht402 requires: C, 77.20, H. 6.98 S). [aJ$o = +14.9 (c- 0.9. CHC13). 

lH-NMR 8 -1.20 (d, J=7.02,3H, Me), 1.40-2.90 (m, SH), 7.40-7.50 (m, 3H), 7.70-7.80 (m, 2H), 14.40 (broads, 

1H). 13C-NMR 8 14.91 (q), 26.49 (t), 30.61 (t), 42.98 (d), 108.93 (s), 128.05 (d), 128.30 (d), 130.87 (d), 134.50 

(s), 168.05 (s), 212.50 (s) . IR vtnax(film) 3400 (broad), lS90, 107S,7SO,700 cm-l. MS m/z (%): 202 (M+, 43), 

145 (8), 132 (13). 105 (IOO), 77 (35). 

fjR)-l~-~~p~nyt4-~yl-~nran_13_dione (R)-3cd. 
Mp = 77 “C (hexane) (Found: C, 80.95; H, 6.89. C&I&& requires: C, 8i.17; H, 6-81 95). [t&m = - 90.7 (c= 

1.9, CHC13). lH-NMR 6.1.22 (d, J=6.7,3H, Me), 2.68-2.84 (m, 2H. Ph-CHZ), 3.03-3.16 (m, Hi, H-yf, 6.10(s, 

lH, H-U), 7.16-7.25 (m, 3H),7.25-7.35 (m, ZH), 7.41-7.59 (m, 3H), 7.82-7.92 (m, 2H). 16.38 (broads. lH, OH) 

13C-NMR 8 17.29 (q), 40.04 (t), 45.12 (d), 95.42 (d), 126.24 (d), 126.98 (d), 128.34 (d), 128.55 (d), 129.01 (d), 

132.20 (d), 135.05 (s),.139.57 (s), 183.79 (s), 199.48 (s) . IR v,,,&film) 3400 (broad), 1595, lWS, 770,745,695 

em-l. MS m/z (96): 266 (M+, 25). 147 (lOO), 118 (la), 91(30). 

(S)-l~~~~yl4-~e~yl-l~-~~~ne C93da. 

Mp = 77 ‘C (hexsne) [u]D~ = +91.6 (c= 1.5. CHC13). 

X-ray data collections and structure refinement. 
Diffraction data for compounds (yS)-2ae and (yQ2da were collected on a Siemens R3ti automatic 

four-circle diffractometer, using a graphite-monochromated MoKa radiation. Lattice parameters were obtained 

from least-squares retinement of the setting angles of 25 reflections in the 16 28130’ range. Lorentz- 

polarization corrections were applied to the intensity data. The structures were solved by standard direct methods 

and subsequently completed by Fourier recycling. Non-hydrogen atoms were refined anisotropically. All 

n calculated positions and refined as riding atoms, with a common thermal parameter. 
ThefinalRvahr 041 [(y.Y)-Zae] and 0.050 f(@)-2da], Rw= 0.048 [(ys)-2&e] and 0.053 [(rs)-2dal. The 

weigthiig scheme u n the last refinement cycles was w =lIXlOO/[o~o)-tq(Po)~] were q~.OOlS and 0.0020 

da] respectively. Solution and refinements were performed with the SHELXL-PLUS 

nal geometrical calculations were performed with the PARSTlz program. Additional 

material is available the Cambrid8e Crystallographic Data Cents comprises H-atom coordinates, thernial 

pWameters, relevant squares planes, possible H bonds and remaining bond lengths and angles. 
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