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Abstract: Enaminones has been prepared and submitted to conjugate reduction with LAH and the system 
Al@3/R2NH to give &aminoketones. The latter tandem amination system has also been applied in the Mannich 
reaction, improving the synthesis of several new diary1 fi-arninoketones. Besides, the sequential use of DMFDMA 
and LAH-CuI on deoxybenzoins furnishes a new mute for the synthesis of enones. 

Regarding our investigations on 3-arylisoquinoline alkaloids* we were interested in developing a new’ 

synthetic route to C-4 functional&d 3-arylisoquinoline derivatives 1 through paminoketone intermediates 2. 
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The diary1 f%aminoketones 2 can be made mainly by two ways: applying the Mannich reaction to 

deoxybenzoins 3 and by conjugate reduction of enaminones 4. However, under Mannich conditions 

deamination and deaminomethylation are very common side reactions, specially with diary1 derivatives like 2.2 

On the other hand, in our opinion, the conjugate reduction of enaminone derivatives using the Adams 

catalyzed hydrogenation3 or a complex hydride like LAH4 should be revised as to date, different synthetic 

results have been proposed.2.5.4~-e Furthermore, the reagents usually applied to the selective conjugate 

reduction of enones have never been used on enaminones. 

These facts prompted us to attempt a convenient alternative preparation of enaminones 4 and @- 

aminoketones 2 and we report here the results obtained when adequate deoxybenzoins were used as starting 

material. 
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Results and Discussion 

A. Synthesis and reduction of enaminones. 

Following the Abdulla’s methodPf we made enaminoketone derivatives 4 by reaction of commercial 

ketones 311-c with iV,ZUimethylformamide dimethyl acetal (DMPDMA). Afterwards, we modified the already 

mentioned pmcedute thus obtaining better yields for diary1 enaminones 4d and b.T(Table 1). 
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Table 1. Synthesis of enaminoketones 4. 

Product R’ R2 Yielda 

4a 
4b 

El 
4e 

-KHZ)r 66” 
Ph H 8ob 
p-MeOPh 

:h 
7ob 

Ph 89 
3.4~(MeOkPh 3.4(MeO)zPh 95 

aYield of pure crystallized compound 
hMade accouling to reference 4f 

With enaminoketones 4 in hand, we undertook the corresponding reduction and we obtained the following 

synthetic results. Since the LAH-Cul system has shown selectivity in the conjugate reduction of different 

enones,B-j we applied the latter conditions to enaminones 4b-e thus obtaining C=C bond reduction products, 

but in the tea&on medium the so-formed j&uninoketones 2b-e were very unstable giving rise to the formation 

of enone derivatives. This behaviour was specially observed in the case of 2d and 2e, which suffered 

deamination reaction to afford the corresponding diatylpropenones 5d and Se quantitatively. 
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Consequently, we tried the catalytic hydrogenation over Pd-@h5a for the same purpose but in 

some cases we recovered unreacted material (4b and 4c) and in other cases (4d and 4e), we detected 

formation of hydrogenolysis products like starting deoxybenzoin and a-methylketone derivatives. 

Finally, the use of the complex hydride LAH and hydrogenation over the Adams catalyst (PtO# were 

explored and the obtained results along with those of the LAH-CuI system ate shown in Table 2. 
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Table 2. Attempts for conjugate reduction of enaminones 4. 

Reduction system Enaminone 4 RAminoketone 2(%) Side-products(%) 

4b 

z 
4e 

___ 
___ 

Hydrogenolysis(42) 
Hydrogenolysis(27) 

LAH-011 

LAH 

4b 

z 
4e 

2b (50) 
2c (40) 
___ 
___ 

5b (10) 
5c (5) 

4b 

z 
4e 

From our results, we may propose that the best way to make P-aminoketones implies the use of LAH. 

Nevertheless, the yields of 2d an 2e were still low and formation of a significative amount of deamination 

products was detected. Besides, as we had previously observed, the former compounds were very unstable in 

solution, affording diarylpropenones 5d and 5e. Therefore, we had still the need of a method good enough to 

reduce enaminones to P_aminoketones. 

Taking into account that Al203 (Activity III) had aheady been used as a catalyst in the Michael type addition 

of secondary amines to a&unsaturated ketones,* we explored the addition of dirnethylamine and pyrrolidine 

to diarylpropenone Se under the already mentioned conditions, thus obtaining the expected &aminoketones 2e 

and 2f respectively with quantitative yields. 
OMe 

Me0 
OMe 

Me0 

With these results in hand, we carried out the hydride conjugate reduction of several enaminones 4 using 

alumina as catalyst and we observed that the yields of P-aminoketones from enaminones were largely 

improved. 
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R’ LAHorUW-CuI ) M;&R1 + R2+’ 
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On the other side, it should be pointed out that in spite of the failure of the LAH-CuI system to afford 

regioselectively the target P-aminoketone. nevertheless this system implies a valid alternative to make a$- 

unsaturated ketones 5 starting from the corresponding carbonyl compounds showing considerable advantage 

over other procedures described in the literamre (Table 3). 

Table 3. Preparation of a.$-unsaturated ketones 5. 

Enone 5 Method Yield (%) Refemnce 
R’ R2 

CH3 
Z 

Mannich/Hoffmann 60 
2 Man&h 70 

Ph DMPDMA&AH/Hoffmann 80 
E El TAMAB 95 

DMPDMA/LAH-CUl 
3,4-(MeO)$h 3,4-(MeO)$h DMFDMALAH-CuI ;; 

2 

$ 
9 
Ins Paper 
ThiSpaper 

aTAMA: N-methylaniKum trifluoroacetate. 

B. Direct synthesis of ~aminoketones. 

When we applied the Mannich conditions to several diarylketones we observed the formation of the 

expected p-aminoketones but in very low yields, probably due to typical side reactions like 

deaminomethylation and deamination.2 Besides, the already mentioned undesired transformations became more 

important as the substitution on the aromatic rings increased. 

However, addition of A1203 to the reaction mixture furnished B-aminoketones 2d-j with fair to good yields 

nable 4), thus providing a good method to make the objective compounds 2 directly from the corresponding 

deoxybenzoins 3. 

R2 
R’ MQ~(HCHO) 
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Et;H “* M;&R1 + R2hR1 

0 0 
3 

i A1203/Me2NH ‘1 
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Table 4. Synthesis of &aminoketones 2. 

2259 

&Aminoketones 2 Yield (%) 
R’ R2 

2d Ph Ph 
2e 3.4(Met&Ph ;: 

;i 
z@E$E 4-Bn-3-MeOPh 

2-Br-4.5(MeO)2Ph z 

$ 
$z$$ 
2:3-(MeO)$h 

3.4.5~(Me0)3Ph 
3.4(MeOhPh 2 

2k 2,3,4-(MeOhPh 3.4(MeO)2Ph 65 

Only in the case of phenolic ketone 31 we observed a special behaviour, since we obtained the isoflavanone 

6 as the major product (92%). A similar result had been previously reported by our group’s when applying the 

classical Mannich conditions to derivative 31, although a smaller amount of 6 was then isolated (21%). 

To sum up, synthetic yields of enaminones from deoxybenxoins and DMPDMA have been improved by 

changing experimental conditions. Besides, &aminoketone synthesis by conjugate reduction of enaminones 

has been efficiently carried out by using LAH or LAH-CuI along with Al&. On the other hand, due to the 

fact that the former derivatives can be conveniently prepared submitting the corresponding deoxybenxoins to 

Mannich reaction conditions using Al203 as a catalyst, unwanted side reactions like retro-Mannich or 

deamination processes are avoided. Finally, the sequential use of DMPDMA and LAH-CuI on 1,2- 

diarylketones constitutes an advantageous route for the preparation of o&msaturated ketones. 

Reagents: (a) Me&H.,(CH20), ;(b) Mez$lI-I~HCL(CHzO)a i(c) DMFDMA ;(d) LAH ; 
(e) LAH-CuI ; 0 Me2NHN203. 
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Experimental 

Solvents were either purified according to methods described by Penyn et cd.,10 or used as received 
from the manufacturers, depending on their purity. Neutral alumina Merck (XI-230 mesh ASTM) was used. 
Thin layer chromatography (tic) was performed on plates coated to a thickness of 0.2 mm with Merck 
Kieselgel60 FW using UV light (254 nm) and Dragendorffs magenttt as developing agents. Evaporation of 
solvents under reduced pressure was performed in a Heidolph VV 60 rotatory evaporator. Melting points were 
measumd in a Btichi apparatus and are uncorrected. Infrared spectra were recorded on a Perkin-Ehner R- 1430 
infrared spectrophotometer as KBr plates, as neat liquid or in CHC13 and peaks am reported in cm-t. NMR 
spectra were recorded on a Bruker ACE-250 (250 MHz for lH and 62.83 MHz for 1sC). Chemical shifts (a) 
were measured in ppm relative to tetramethylsilane (8 0.08) or chloroform (8 7.26 for tH or 77.00 for 1X!) as 
internal standards.Multiplicities are indicated by s (singlet), b s (broad singlet) d (doublet), t (triplet), m 
(multiplet), or dd (doublet of doublets). Coupling constants, J. are reported in hertz. tsC DEPT experiments 
were used to assist with the assignation of the signals.Mass spectrum (EI) was obtained on a MS902 model 
Kratos apparatus. Data are reported in the form m/z (intensity relative to base =lOO). Combustion analyses 
were performed on a Perkin-Elmer 2400 CHN apparatus. 

Synthesis of enaminoketones. 

2-[(Dimethyiamino)methylenlcyclohexanone 4a. Typical procedure. This was prepared using the method of 
Abdulla4r. DMFDMA (7.7 ml, 0.05 mol) was added dropwise to neat cyclohexanone 3a (5 g. 0.05 mol) 
under nitrogen at room temperature and the mixture was mfluxed under nitrogen for 12 h. After cooling, 
methanol was removed in vacua and the residue distilled in a Kugehohr apparatus to afford the enaminone 4a 
(5.1 g, 66%) as an amber oil (13O%Q.3 mmHg), (Lit.4f 9O”C!I0.03 mmHg), Rr(hexane-EtOAc, 1:l) 0.3, vmex 
1660 (GO); 6B 1.60-1.70 (4H, m, H-S and H-4), 2.29 (2H. t, J 6.2, H-6 or H-3). 2.64 (2H, t, J 6.2, H-3 or 
H-6). 3.04 (6H. s. NMe2) and 7.46 (lH, s, =CH-N)(Found: C, 70.65; H. 9.6; N, 9.3. CoHt50N requires C. 
70.55; H, 9.85; N, 9.15%). 

3-(N,N-Dimethyiamino)-1-phenyl-2-propen-l-one 4b. This was prepared as above using DMFDMA (11 
ml, 0.1 mol) acetophenone 3b’(10 g, 0.08 mol) and dry toluene (100 ml). After removing the solvent the 
residue crystallized from diethyl ether to give the enaminone 4b (11.8 g, 80%) as needles, m.p. 87- 
9O”C(diethyl ether)(Lit.l* 90°C(ethanol)), R&exane-EtDAc, 1:1) 0.1, vmax 1650 (GO); & 2.93 (3H, b s, 
NMe), 3.07 (3H. b s, NMe), 5.69 (IH, d, J 12.4. W-CO), 7.34-7.46 (3H, m, H-3arom. H-4,, and H- 
5arem). 7.74 (1H. d, J 12.4, =CH-N) and 7.87 (2H, dd. J 7.5 and J 1.9. H-2,,. H-6arom. ); k 37.1 
(NMe), 44.9 (NMe), 92.1 (CH-CO), 127.3, 128.0, 130.7 (Cam,,,-H), 140.5 (Cam,,,-C), 155.1 (=CH-N) and 
188.5 (CO)(Found: C, 75.25; H. 7.6; N, 8.3. CJlH130N requires C, 75.4; H, 7.5; N, 8.0%). 

3-(N,N-Dimethylamino)-1-(4-methoxyphenyl)-2-propen-l-one 4c This was prepared as above using 
DMFDMA (0.7 ml, 6.2 mol), commercial ketone 3c (1.1 g, 5 mol) and dry toluene (25 ml). 0.77 g of 
enaminone 4c.70% were obtained as a yellow solid, m-p. 94-96”C(diethyl ether)(Lit.ls 92-93°C(ethanol)), 
Rf(hexane-EtOAc, 1:l) 0.1; SC 37.4 @We), 45.0 (NM& 55.2 (MeO) 91.6 (CT-I-CO), 113.2, 129.3, (Can,,,,- 
H), 133.0 (Cam,-C), 155.0 (=CH-N). 161.8 (C arom-O) and 187.3 (CO)(Found: C, 70.45; H, 7.6; N, 6.6. 
Ct2Hts@N requires C, 70.2; H, 7.35; N, 6.8%). 

1.2-Diphenyl-3-(N,N-dimethylaminoJ-2-propen-l-one 4d. DMFDMA (4 ml, 0.03 mol) was added 
dropwise to a stirred solution of commercial benzyl phenyl ketone 3d (5 g, 0.025 mol) in dry toluene under 
nitrogen at room temperatum. After 12 h DMFDMA (0.1 ml, 0.8 mmol) was added and the mixture heated to 
50°C for another 24 h. Then, during five days DMFDMA (0.1 ml, 0.8 mmol) was added and the heating 
temperature increased about 15°C everyday. The fifth day, as the reaction fmished (tic monitoring), the solvent 
was removed in vacua. and the residue was crystallized from diethyl ether to afford the enaminoketone 4d (5,6 
g, 89%) as a yellow solid, m.p. 124-126°C(diethyl ether)(Lit? 124-126”C(methanol)), Rr(hexane-EtOAc, 1:l) 
0.1; vmax 1635 (C=O); SB 2.75 (6H, s, NMe), 7.14-7.28 (8H. m, H am&. 7.34 (lH, s, =CH-N) and 7.42 
(2H, dd. 36.1. J 1.6, H-;lamru, H-6arc,m)(Found: C, 81.05; H. 7.0; N, 5.6. C17H170N requires C. 81.25; H, 
6.8; N, 5.55%). 

3-(N~-Dimethylamino)-1.2-bis-(3,4-dimetho~phenyl-2-propen-l-one 4e. Thii was prepared as above 
using DMFDMA (4.3 ml, 32 mol) ketone 3e14 (11 g, 0.03 mol) and dry toluene (25 ml), 10 g of enaminone 
4e (90%) were obtained as a yellow powder, m.p. 153-154T(diethyl ether); (Lit.” 153-154°C(methanol)), 
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Rt(hext+tu+EtOAc, 1:l) 0.1; vmax 1635 (GO); 6~ 2.77 (6H, S. NMe), 3.77 (3H. S, OMe), 3.79 (3H, 51 
OMe), 3.89 (6H, s, OMe), 6.68-6.80 (4H, m, H-2”sren,, H-5”arorn, H-S-, H-6”-), 7.05-7.10 (2H, m, 
H-2’arern, H-6’-) and 7.41 (lH, s, =CH-N); & 43.1 (NMe), 55.5 (MeO). 109.4, 110.3 (Csrorn-H). 111.0 
(&-CO). 112.1. 115.1. 122.3, 124.2 (Carom-H). 130.1, 133.9 (C--C). 152.8 (&H-N), 193.3 
(CO)(Foundz C, 68.05; H. 7.0; N, 3.6. C2tH250sN requires C 67.9; H, 6.8; N. 3.75%). 

Catalytic conjugate reduction with the Adams catalyst. 

I-Phenyl-3-(NJWimethylaminoJpropan-l-one 2b. Typical procedure. A mixture of enaminoketone 4b (1 
g, 5.7 mmol) and prereduced Adams catalyst (from 0.03 g of platinum oxide) in 20 ml of glacial acetic acid 
was hydrogenated for 4 hours (PH2=3atm). The mixture was filtered, the filtrate basified with a sodium 
hydroxide solution and extracted with dichloromethane. The extract was dried over anhydrous sodium sulfate 
and evaporated to afford p-aminoketone 2b (0.7 g. 70%) as a colourless oil, (Lit-15 31-33”C(ethanol)), 
Rr(CH$l2-EtOAc, 91) 0.15; vmax 1690 (GO); SH 2.29 (6H. S, NMe). 2.77 (2H. t, J 7.3, CH2-N), 3.16 
(2H, t., J 7.3, CH2-CO), 7.40-7.59 (3H, m, H-3arom. H-4aretn and H-San& and 7.94-7.98 (2H, m, H-2arem, 
H-6su& 8~ 30.3 (CHpN), 45.4 (NMez), 54.3 (CHz-CO), 128.0. 128.6, 133.1 (Carom-H), 136.9 (C&n- 
C) and 199.1 (CO)(Found: C, 74.35; H, 8.7; N, 8.1. CllH150N requires C, 74.55; H. 8.55; N, 7.9%). 

3-(N,N-Dimethylamino)-l-(4-methoxyphenyl)propan-l-one k. This was prepared as above using 0.08 g 
(0.4 mmol) of enaminoketone 4c, Adams catalyst (0.005 g) and 10 ml of glacial acetic acid. Hydrogenation 
(PH2=3atm) for 4 h afforded 0.06 g of ketone 2c (60%) as a colourless oil, (Lit.16 32-33”C(ethanol)), 
Rf(CH$Zl2-EtOAc. 91) 0.15; vmax 1690 (GO); 5~ 2.29 (6H. s, NMe), 2.76 (2H, f J 7.3, CH2-N), 3.11 
(2H, t, J 7.3, CHz-CO), 3.85 (3H. s, MeO). 6.92 (2H, dd, 18.9, J 2.1. H-3arem, H-Sarem) and 7.93 (2H, 
dd, J 8.9, J 2.1, H-2amn,, H-6arom)(Found: C, 69.3; H. 8.5; N, 6.9. QH1702N requires C, 69.55; H, 8.25; 
N, 6.75%). 

Conjugate reduction with LAH. 

1-Phenyl-3-(NJ+dimethyfamino)propan-l-one 2b. Typical procedure. Solid enaminone 4b (0.23 g, 1.3 
mmol) was added to an ice-cooled stirred suspension of LAH (0.15 g. 4 mmol) in dry THF (50 ml). After 
stirring overnight, ethyl acetate (7 ml) was added slowly, followed by water (7 ml). The mixture was filtered, 
and the filtrate evaporated under reduced pressure. The residue was acidified with HCl 1M solution, washed 
with hexane, the aqueous layer baaif& to_ pH 9 with ammonium hydroxide solution and extracted with 
~ii)orornethane, dried over anhydrous s&urn sulfate and evaporated to afford g-aminoketone 2b (0.14 g, 

The same procedure on enaminoketone 4c (0.09 g, 0.44 mmol) gave a 65% of 3-(N,N-dimethylamino)-l- 
(4+nethoxyphenyl)propan- l-one 2c. 

The same procedure on enaminoketone 4d (1 g, 4 mmol) afforded the following products: 

1,2-Diphenyl-3-(N,N-dimethylamino)propan-l-one 2d (55%), m.p. of hydrochloride 164-165Y! 
(ethanol)(Lit.t7 165168’C(ethyl acetate)), Rf(CH2Cl2-EtOAc. 9:1) 0.1; vmax 1690 (GO); 6~ 2.29 (6H, s, 
NMe), 2.64 (lH, dd, J 12.3, J4.6, cHa&-N), 3.44 (1H. dd, J 12.3, J9.0. WaHh-N). 4.93 (lH, dd. J 
9.0, J 4.6, CH-CO), 7.17-7.55 (8H, m, Ham,,,) and 7.99 (2H, d, J 7.3, H-6’arom, H-2’arom); k 46.6 
(NMe2). 51.0 (CH-CO), 62.5 (CH2-N), 127.5. 128.2, 128.3. 1128.6, 129.1 (Care,-H). 132.0 (Care,-C), 

-H) 137.5 (Car,,,-c> and 198.0 (CO); m/z 254.2 (M+. 37). 208.1(66). 196.1(69), 178.1(21), 
::&!$i?8 li45) 133 1(38) 118 0(44) 105 O(55) 91.1(30) 77.0(50) 58.1(100), 51.9(29), 
42.&O)(Founh: C, 8’0.3; i, 7.7: bI, 5.7: C~~H’I~ONH requks C, 8O.g H, 7.95; N, 5.5%). 

1,2-Diphenyl-2-propen-l-one Sd (43%). m.p. 28-29T (diethyl ether)(Lit.t* 28-3OT(ethanol)), Rdhexane- 
EtoAc, 1:l) 0.95. 

The same procedure applied to enaminoketone 4e (5 g, 4.1 mmol) afforded the following products: 
3-(N,N-Dimethylamino)-l,2-bis-(3,4-dimethoxyphenyl)propan-l-one 2e (35%). m.p. of hydrochloride 

214-216°C(ethanol). Rf(CH$I&EtOAc. 9:l) 0.1; v ttrr,x 1690 (GO); 5~ 2.26 (6H, s, NMe). 2.53 (lH, dd./ 
12.3, J4.6. CHaHh-N, ), 3.32 (lH, dd, J 12.3, J 9.0. cH$lh-N), 3.81 (3H, S, MeO), 3.85 (3H. S, MeO), 
3.88 (6H. s, MeO). 4.74 (lH, dd, J 9.0. J 4.6, CH-CO), 6.76-6.89 (4H. m, H,,,,,,), 7.53 (lH, d, J 1.9, H- 
2’arom) and 7.65 (IH, dd, J 8.4, J 1.9, H-6 hrom); SC 45.9 (NMez), 50.9 (CH-CO), 55.4, 55.5, 55.6, 55.7 
@Me), 63.2 (CH2-IV), 109.6, 110.4. 110.5, 111.1, 120.2, 122.9. (C arom-H). 129.9. 131.0 (C&rem-C), 
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147.8, 148.6, 148.9, 152.8 (Csm,a-O) and 197.5 (CO)(Found: C 67.3; H, 7.5; N, 3.9. C’LIHZIOSN requires 
C. 67.55: H. 7.3: N. 3.75%). 

1,2-bis-i3,4:Dimcrho;yphenyl)-2-propen-l-~~e 5e (55%). m.p. 8587”C(ethanol)(Lit.7a 85 
87“C(methanol)). RAhexane-EtOAc, 1:l) 0.9; vmpx 1650 (GO); SH 3.86 (3H, S. McO), 3.88 (3H, S, McO) 
3.89 (6H. s. MeO) 5.47 (IH. s. =C&Hb), 5.91 (lH, s, =CH&), 6.82 (lH, d. J 8.1, H-Sam,,,). 6.84 (lH, 
d, J 8.4, H-5”amm). 6.% (lH, dd, J 8.4, J 1.8, H-6”amm), 6.99 (lH, d. J 1.8, H-2”am,,,), 7.51 (lH, d, J 
2.1, H-2’arc,,,)and7.55 (lH,dd,J8.1.J2.1. H-6 ‘pro,,,); 8~ 55.9, 56.1 (MeO), 109.6, 109.8, 111.1. 111.3 
(C~,,,-H). 117.3 (=CHz), 119.7. 125.7 (Carom-H), 129.9, 130.0 (Can,,,,-C), 147.9. 148.9, 149.4 (C,,- 
0). 153.5 (C=CH2), 196.6 (CO)(Found: C!, 69.3; H, 6.1. Ct9H2& requires C, 69.5; H, 6.15%). 

Conjugate addition with R$W/Ahunina. 

3-(N~-Dimethylamino)-1,2-bis-(3,4-dimethoxyphenyl)propan-l-one 2e. Typical procedure. Neutral 
alumina (0.2 g) and 40% aqueous dimethylamine (5 ml) were added to a stirred solution of enone Je (1 g, 3 
mmol) in toluene at room temperature. After stirring overnight the solvent was removed in vucuo and the same 
work-up reported above for LAH reductions was applied to afford the g-aminoketone 2e (1.12 g, 99%) as a 
colourless oil. 

When the same procedure was performed on enone 5e (1 g. 3 mmol) now employing 40% aqueous 
pyrrolidine (5 ml) as reagent and 0.2 g of neutral alumina, 1.21 g (99%) of l,2-bis-(3,4-dim&oxyphenyf)-3r 
(N,N-pyrrolidifiyl)propan- l-one 2f was isolated as a colourless oil, Rf(CH#l2-EtOAc, 9: 1) 0.1; vraax 1690 
(GO); SH 1.70-1.74 (4H, m, 2xC&CH@), 2.49-2.52 (4H, m, 2xCH&I-I2N), 2.77 (1H. dd, J 12.3, J 
4.6, CH-WaHh-N), 3.50 (lH, dd, J 12.3, J 9.0, CH-C&&-N). 3.82 (3H, s, MeO). 3.86 (3H, s. MeO), 
390 (6H, s, MeO), 4.82 (lH, dd, J 9.0, J 4.6, CH-CO), 6.75-6.91 (4H. m, Hsrc,,,), 7.57 (lH, d, .I 1.9, H- 
;,,,) and 7.78 (lH, dd. J 8.4, J 1.9, H-6 ‘arc& SC 23.3 (C-2 yrmttdiae), 51.7 (CH-CO), 54.4 (C- 

tiGac) 55 7 55.8, 55.9 (OMe), 59.3 (CHz-N). 109.4. 110.6, Pll.2, 117.2, 120.4, 123.2 (Carom-H). 
1SE 131.6 (c’ ’ amm-C). 148.0, 148.8, 149.1, 153.1 (Carom-O) and 197.5 (CO)(Found: C, 69.2; H. 7.3; N, 
3.7. C23H2905N rquires C. 69.15; H, 7.3; N, 3.5%). 

Conjugate reduction with WAlka 

1,2-Diphenyl-3-(NJ6dimethylamitw)propan-l-one 2d. Solid enaminoketone 4d (0.23 g, 0.9 mmol) was 
added to an ice-cooled stirred suspension of LAH (0.15 g, 4 mmol) in dry THF (5Oml) under nitrogen. After 
stirring overnight, neutral alumina (0.4 g) was added, followed by 40% aqueous dimethylamine (0.25 ml). 
Stirring at room temperature continued for 3 days, the mixture was cooled to OT, ethyl acetate (7 ml) added 
dropwise and then water (7 ml). The same work-up reported above for LAH reductions afforded the g- 
aminoketone 2d (0.22 g, 96%). 

The same procedure performed on enaminoketone 4e (1.5 g. 4.1 mmol) gave a 97% of 3-(N.N- 
dimethyiamino)- 1,2-his-(3,4-dimethoxyphenyl)propan- l-one 2e. 

Conjugate reduction with LAH-CM. 

1.2-his-(3,4-dimethoxyphenylj-2-propen-l-one 5e. Typical procedure. LAH (0.08 g, 2 mmol) was added 
to a stirred slurry of Cul (O.lg, 0.5 mmol) in dry THF (50 ml) at 0°C under nitrogen and a deep black colour 
was immediately observed with gas evolution. After stirring for 3 minutes, enaminoketone 4e (0.2 g, 0.5 
mmol) was added and allowed to react for 5 minutes. Then. ethyl acetate (5 ml) was added slowly, followed by 
water (5 ml). The mixture was filtered and the solid was washed with diethyl ether. The fitrate and the 
combined diethyl ether solutions were dtied over anhydrous sodium sulfate and evaporated to afford propcnone 
5e (0.17 g. 99%). 

The same procedure on enaminoketone 4d (0.2 g, 0.8 nunol) gave a 98% of 1,2-diphenylpropen-l-one 5d. 

Conjugate reduction with LAH-CuI / Alumina. 

1,2-Diphenyl-3-(N,N-dimethylamino)propan-l-one 2d. In the same manner as described above, 
enaminoketone 4d (0.13 g. 0.5 mmol) was added to a stirred slurry of CuI (0.1 g, 0.5 mmol) and LAH (0.08 
g, 2 mmol). After 30 minutes, neutral alumina (0.26 g) and 40% aqueous dimethylamine (0.25 ml) were added 
and allowed to react at mom temperature for 3 days. The same work-up reported above for LAH reductions 
afforded the g-aminoketone 2d (0.12 g. 97%). 
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The same procedure applied to enaminoketone 4e (0.2 g, 0.8 mmol) afforded a 98% of 3-(N,N- 
dimethylmnino)-l~-bls-(3,4~~t~~~nyl)pr~-lsnc 2~. 

Mannich reaction with the tandem Me$W /Alumina. 

3-(N~-dimethylamino)-2-(3.4-dimethoxyph-l-(2.3,4-trimethoxyphenyl)propan-l-one 2k. Typical 
procedure. Pamformaldehyde (0.02 g, 0.19 mmol) and dimethylamine hydrochloride (0.015 g, 0.19 mmol) 
were added to a stirred solution of deoxybenxoin 3k14 (0.05 g, 0.14 mmol) in ethanol (50 ml). The mixture 
was refluxed for lh, and 40% aqueous dimethylamine (0.5 ml) added dropwise. After refluxing for 2h and 
cooling. neutral alumina (0.1 g) and 40% aqueous dimethylamine (0.25 ml) were added and allowed to react at 
mom temperature for 3 days. The mixture was filtered and the fdtrate evaporated under reduced pressure. The 
same work-up reported above for LAH reductions afforded the 8-aminoketone 2k (0.04 g, 65%) as a 
colourless oil. Rt(CH2Clz-EtOAc, 9: 1) 0.1; v mm 1685 (C=O); SH 2.26 (6H. s, NMe). 2.54 (1H. dd.J 12.3,J 
4.6, WaHb-N). 3.25 (lH, dd, J 12.3, J 9.0, CHa&-N). 3.81 (3H. s. MeO), 3.82 (3H, s. MeO). 3.83 (3H. 
s. MeO). 3.84 (3H. s. MeO). 3.85 (3H. s, MeO), 4.85 (1H. dd, J9.0, J4.6. CH-CO). 6.60-6.9 (4H, m. 
Harem) and 7.3 (lH, d, J 8.8, H-6’an-,m)(Found: C, 65.3, H, 7.6; N. 3.3. C22H2gC6N requires C, 65.5; H, 
7.55; N, 3.45%). 

The same procedure on diarylketones 3d,e,g,h,i and j14 ( 0.5 mm01 scale reactions) gave the following & 
aminoketones Zd,e,g.h,i and j: 

1,2-diphenyl-3-(NJV-dimethylaminojpropan-l-one 2d (87%). 
3-(N~-dimethyromino)-12-bis-(3,4-dimet~~phenyl)propan-l-one 2e (70%). 
2-(4-ben~l-3-methoxyphenyl)-3-(N~-~methylamino)-l-(3.4-dimethoxyphenyl)prop~-l-one 2g (60%: 

as a brown oil, R&!H$&EtOAc. 91) 0.1; v max 1680 (GO); 6x-1 2.28 (6H. s, NMe). 2.55 (1H. dd. J 12.3, 
J 4.6, WaHb-N), 3.30 (1H. dd, J 12.3, J 9.0, CH$lb-N), 3.86 (3H. s, MeO), 3.89 (3H, s. MeO), 3.90 
(3H. s. MeO), 4.80 (lH, dd, J 9.0, J 4.6, CH-CO), 5.08 (2H, s, C&-Ph). 6.79-7.00 (4H, m, Harem), 7.30- 
7.48 (5H. m. Ham,,,-Bn), 7.55 (IH. d, J 1.9. H-2 ‘au& and 7.64 (lH, dd, J 8.4, J 1.9, H-6amm)(Found: C!. 
74.6; H. 7.2; N, 3.3. C27H3tOqN requires C. 74.8; H, 7.2; N, 3.25%). 

2-(2-bromo-4,5-dimethoxyphenyl)-3-(N~-di~thylamiho)-l-(3.4-dimethoxyphenyf)propan-l~~one 2b 
(25%) as a brown oil, Rf(CH2Cl2-EtOAc, 91) 0.1; v m8x 1675 (GO); SB 2.31 (6H, s, NMe). 2.45 (lH, dd, J 
12.3. J4.6, MaHuN). 3.19 (1H. dd. J 12.3, J9.0. CHa&N), 3.77 (3H, s, MeO). 3.80 (3H, s, MeO), 
3.82 (3H. s, MeO), 3.84 (3H, s, MeO), 5.24 (lH, dd, J 9.0, J 4.6, CH-CO). 6.75-7.12 (3H, m, Harem), 
7.58 (1H. d, J 1.9, H-2’an,,,,) and 7.71 (lH, dd, J 8.4, J 1.9. H-6 ‘am&(Found: C, 55.6; H, 5.8; N, 3.3; Br, 
17.5. C2tH2605NBr requires C, 55.75; H, 5.8; N, 3.1%). 

3-(N~-dimethyramino)-1-(3,4-dimethoxyphe~l)-2-(3,4,5-~~et~~~nyl)propan-l-one 2i (60%) as an 
amber 0% Rf(CH$lZ-EtOAc, 91) 0.1; vmax 1690 (GO); gB 2.26 (6H, s. NMe), 2.53 (lH, dd, J 12.3, J 
4.6, c&&-N). 3.36 (IH, dd, J 12.3. J 9.0, CH$lb-N), 3.77 (3H, s. MeO). 3.80 (3H. s, MeO), 3.83 (3H, 
s, MeO). 3.89 (3H, s. MeO), 3.98 (3H, s, MeO), 4.72 (lH, dd, J 9.0, J 4.6, CH-CO), 6.53 (lH, s, H- 
2”a1~ or H-6”a~&, 6.54 (lH, s, H-6”auxn or H-2”annn), 6.84 (1H. d, J 1.9. H-2’arcm), 7.58 (lH, d, J 8.4, 
H-San& and 7.65 (lH, dd, J 8.4, J 1.9, H-6’arem)(Found: C, 65.6; H, 7.5; N, 3.3. C22H2gO6N requires C, 
65.5; H, 7.25; N, 3.45%). 

3-(N~-dimethylamino)-1-(2,3-dimethoxyphenyl)-2-(3,4-dimetho~phenyl)propan-l-o~ 2j (61%) as a 
colourless oil, Rt(CH$&EtOAc, 9: 1) 0.1; v mas 1680 (GO); SH 2.25 (6H, s, NMe), 2.53 (1H. dd,J 12.3, J 
4.6, WaHb-N), 3.32 (IH, dd, J 12.3, J 9.0. CH&-N), 3.80 (3H, S, MeO), 3.84 (3H. s, MeO), 3.88 (6H, 
S, MeO), 4.72 (lH, dd, J 9.0, J 4.6, CH-CO), 6.73-6.89 (4H, m, Haron,). 7.53 (lH, d, J 8.3, H-Cam,,, or H- 
5’amuJ and 7.63 (1H. dd, J 8.4, J 1.9, H-6’sn&(Found: C, 67.6; H, 7.5; N, 3.7. C21H2705N requires C, 
67.55; H. 7.3; N, 3.75%). 

The same procedure on phenolic ketone 3114 gave a 92 96 of 3-(N,N-dimethylaminomethylj-7,8,3’,4’- 
tetrametho~isoflovatwne 6, m.p. 126-127“C (ethanol)(Lit.‘a 125-127OC), Rt(CH$&-EtOAc, 91) 0.3; vtnax 
1670 (GO); 6B 2.12 (6H, S, NMe). 2.65 (lH, d, J 13.7, WaHb-N), 3.18 (lH, d, J 13.7. CH;Jlb-N), 3.80 
(6H, s. MeO). 3.84 (3H, s, MeO), 3.85 (3H, s, MeO), 4.74 (1H. d, J 12.4, H-2 ), 5.21 (lH, d, J 12.4, H- 
2ax). 6.56 (lH, d, J 8.9, H-6arom). 6.76 (IH, d, J 8.4, H-5’aro,,,), 7.01 (lH, d, .?2.2, H-2’,,), 7.11 (lH, 
dd, J 2.2. / 8.4, H-6’aro,) and 7.66 (lH, d, J 8.9, H-5 WI& SC 47.6 (NMe2). 52.3 (C-3). 55.7, 55.8, 56,1, 
61.0 (MeO), 64.5 (C-2). 71.8 (CH2-N), 105.5, 110.3, 110.9 (C~KWH), 115.4 (Ca,,-C), 119.1 (Csr,,,-H), 
123.9. 129.2 (Carom-C), 136.3, 148.4. 148.8, 154.7 (Carom-O). 158.3 (C&,-H). 192.4 (CO)(Found: C, 
65.6; H, 6.8; N, 3.7. C22H27O@J requires C, 65.8; H, 6.8; N. 3.5%). 
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When the same procedure was performed on diarylketone 3et4 (1 g, 3.2 mmol) using 40% aqueous 
pyrrolidine as reagent, 0.89 g (70%) of 1,2-bis-(3,4-dimet~~hoxyphcnyl)-3-(N-py~olidinyf)pr~an-l-one 2f 
was isolated as a colourless oil. 
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