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Abrtmcl: In the preamce of catalytic amounts of optically active amiaoalcohols, the irradiation of a-disubstituted 
hdanmea, tetralottea aad propiopharooes bearing at least me hydrogen in the y-position led to Nonish type II cleavage 
compotmds which were obtained with enantiomeric excesses reach@ 89 I. The infhence of the reaction conditions 
(tempcraaae. wavehgth of the UV light aad nature of the aminoalcohol) has been analyzed. 

INTRODUCTION 

Intensive research work has been devoted to the synthesis and reactivity of enolsl and to the asymmetric 
protonation of enolatesz whereas to date the asymmetric protonation of a simple enol function has not been 
extensively explored?-5In addition, photochemical approaches to asymmetric syntheses in general are relatively 

scarce.6 
During the past few years, we have been largely concerned with the asymmetric protonation of dienols 

produced by a Nonish-type II photorearrangement of a$-unsaturated carbonyl compounds.7-9 The mechanistic 

model that we have proposed to rationalize the geometric constraints responsible for the enantioselective 
discrimination step, involves principally the enol part of the dienolq and could apply equally well to protonation of 
simple prochiral enols. As simple enols could be generated from a Norrish-type II photoelimination,tu we have 
examined the behaviour of 2-methyl-2-isobutylindan-l-one la under irradiation at room temperature with a 
nitrogen laser (L= 337 nm). Thus, we have disclosed the formation of the prochiml enol2a which was stable in 

pure a&on&rile solutions but tautomerized selectively to (&%a in the presence of (-)-ephedrine 4 (Eq. 1).4 

In this work we have tried to determine the scope and limitations of the previous observations, made with 
lad. with various phenylketones and to examine the conditions which might best favour the enantioselective 
tautomerization of the photoenols. 

For these reasons, we have examined the effects of varying the solvent, the temperature, the wavelength 
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and the optically active aminoalcohols on the reaction, using la as substrate. In order to evaluate the effects of 
strain and steric hindrance on the protonation of the photcenol, we studied the photoreactivity of lb and le.11 

The photoreactivity of Sa and 5b leading to an acyclic enol was also examined. The highly efficient 
deracemization of henzdin in the ground stateu3 would involve an enediol. With this purpose we also prepared 
and irradiated Id. 

la n=l,R’=Me,R2=i_BU 3a n=l,R’=Me.~=H 

lb n=2,R’=Me,~=CBu 3b n=2,R’=Me,ti=H 

lc n=2,R’=C~Ph,~=i_Bu 3c n=~R’=CH#h,R2=H 

Id n=l.R’=CH,#=i-6u 3d n=l,R’=CH,~=H 

5a R3=R4=m?r 

5b R3=R4=CBu 

PREPARATION OF THE STARTING KETONES 

As the direct alkylation of indan- and tetral-l-one led to low yields of the monosuhstituted compounds, the 
synthesis of the required ketones was carried out via hydrazones 7. The first alkylation was achieved using 
lithium disopropyl amide as base (Q. 2). The second alkylation was made on the regenerated ketone under phase 

transfer conditions (P.T.C.)f* or by employing sodium hexamethyldisilazanet3 (Eq. 3 and 4). As the 
hydrogenation of the double bond of le or If over PtO2 afforded high yields of la and lb respectively, the 

alkylation of 3a and 3b using 2-methylpropenyl chloride offered another efficient way to prepare these starting 
materials. 

60 n=l 7a n=l(QE%) 

6b n=2 7b n=2(97%) 

8a n=l,R=Me(QO%) 3a n=l,R=Me(84%) 

8b n=2,R=Me(84%) 3b n=2,R=Me(84%) 

8c n=l,R=i-Bu@l%) 3e n=l,R=CBu(92%) 

8d n=2,R=CEU(86%) 3f n=2,R=CBu(96%) 
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3s n=l,R=Me 
3b n=P,R=Me 

Se n=l,R=kBu 

le n=l,R’=Me,F+=iBu(X=I,34) 

le n=i,R’=Me,R’=CH~(MB)=CH~(X=a,83%) 

1 f n = 2, R’ = Me, R* = CH&(Me)=C~ (X =Cl, 57%) 

3b n=2,R=Me 

3f n=P.R=CBu 

lc n=2,Ri=CH,Ph,R2=CBu(X=Br,95%) 

If n=2.R1=Me,~=CH2C1Me)=CH2(X=CI,5~~) 

The a-ketol Id was obtained 

from 3e by oxidation with oxygen 
under P.T.C. in the presence of 

trimethylphosphite as the reductive 
species14 (Eq.5). 3e 1 d (69%) 

The alkylation of propiophenone was carried out sequentially to give 10 then 5 (overall yields: 44% for 5a, 
9% for Sb) or preferentially in one step (overall yields: 70% for Sa, 33% for 5b) (Eq. 6). 

NaH, THF 

&<;. &R3 &+;;:“: ‘gy;(* 

9 1Oe R3=Mr(X=l,82%) 5a Rs=~R(X=I.ovwJ44-70%) 

10bR3=H3u(X=EIr,46?‘o) 5b RS=~~(X=Br,o\rerallS-33%) 

IRRADIATION RESULTS 

1) 2-Methyl-2-isobutylindan-l-one. 

a) (-)-Ephedrine (4) as chiral protic species. The irradiation of a deoxygenated acetonitrile solution 
of la and 4 (0.1 equiv.) carried out at -3°C with a medium pressure lamp filtered by Pyrex induced 84% 
conversion of the starting ketone leading to 3a (50 %), 11 (2 %) and 12 (12 %) (Eiq. 7). No optical activity was 
observed for 11 while 3a was formed with a 37 46 enantiomeric excess (e. e.) and the R configuration was 
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attributed to the major enantiomer from [o]D comparison with literature data.t5 

~:. 3a+ &+ &(7) la d 

11 

Unfortunately, unreproducible e. e.‘s were obtained when irradiations were carried out at temperatures 

inferior to 5°C. As the intermediate enol2a displays high stability at room temperature in acetonitrile in the 

absence of protic species,‘t we envisaged that its rate of tautomerisation by 4 slowed down with the temperature 

and that an undefined percentage of the tautomerization might occur during the workup. Thus, solutions of la 

and 4 were irradiated for 1.25 h at 0, - 27 or - 40°C and kept in the dark at these temperatures for various periods 

before being analyzed. From the results listed in Table 1, it appears that the e.e. depend not only on the nature of 

the solvent but also on the waiting period in the dark. In acetonitrile differences of e.e. up to 10% could be 

observed at -40 or 0°C depending on the waiting period while a smaller effect has been detected in hexane 

solutions at -27°C. These observations suggest that the rate of the tautometization of 2a is higher in hexane than 

in acetonitrile and confirm that the enol can accumulate in a polar solvent even in the presence of protic species. 

We will return to this point in the discussion. 

Table 1: Exemplification of the 

low rate of tautomerization of 2a 

by 4. 

a Selectivity is the yield in isolated 

3acalculated on the amount of 

lltueowered la. 

b Not detmnimd 

Solvent 

MeCN 

MeCN 

MeCN 

MeCN 

MeCN 

MeCN 

hexane 

hexane 

tT 

-40 

-40 

-40 

-40 

0 

0 

- 27 

- 27 

Waiting 

period h 

0 

15 

24 

40 

0 

15 

0 

10 

Conversion I 3a 

8 Selectivity %a e. e. % 

90 74 43 

90 82 52 

90 82 53 

90 78 51 
b b 34 
b b 43 

94 50 39 

97 45 41 

As there were no great differences in e. e.‘s but better selectivities in using acetonitrile rather than hexane as 

the solvent (Table I), acetonitrile was mainly used in the following reactions. Based on the preceeding 

observations, it was also decided to maintain the photolyzed solutions at the irradiation temperature for at least 15 

h before carrying out the workup. Thus, reproducible results were obtained between + 60 and - 38°C (Table 2). 

In addition, we observed that the irradiation time did not greatly influence the e. e., even if the selectivity was 

slightly reduced for longer irradiation times (Table 3). At low temperatures, small amounts of 12 (7- 12 %) were 

also obtained. 
At room temperature and while using a high pressure lamp filtered with a Wood glass (h = 366 run) instead 

of a medium pressure lamp filtered by Pyrex, 3a was obtained with higher e. e. and selectivity (Table 4). 

Furthermore acetonitrile seems to remain the solvent of choice for our purpose and we note that the presence of 
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small amounts of water did not lower the e. e.. 

Table 2: Influence of the reaction temxtature on the enantioselectivity of 3a.a 

PC +60 +51 +39 +20 +13 +lO +5 0 -8 -19 -30 -38 

Conversion % 94 97 92 87 97 89 98 92 95 92 89 94 
3aYield % 64 67 59 65 64 67 84 64 80 70 74 67 

3a e. e. % 25 23 12 10 35 35 36 41 43 45 47 49 
a Acetonitrile solutions of la (c = 4 x 1(r3 M) irradiated for 75 mn at 1,290 mn in the presence of 4 (c zz 4 x 10-4 hQ and then 
kept in the dark at the same temperahue for 15-20 h. 

Table 3: Influence of the irradiation Irradiation time h 0.25 0.5 0.75 1.25 2 3 4 

time on the selectivity in 3a.a Conversion 8 6088929494%98 
3a Selectivity 8 82 77 84 71 686668 

a A~tonitrile solutions of la (c 4 10e3 P x M) 3a e. e. 8 51 49 51 51 51 46 47 

irradiatedat-38”Cand)c>2!3O~inthepresenceof4(c=4x 10-4M)andthenkeptinthedarkat-38”Cfor15-20h. 

Table 4: Influence of the solvent on 
the enantiose1ectivity.a 

a Solutions of la (c = 4 x lo3 h4) irradiated at 

room temperahue, )c = 366 mn and for 1.25 h in 

thepreseaceof4(c=4x 1O”M). 

b Irradiation in the presence of water (7 equiv.) for 2 h 

Solvent 

MeCN 

PhMe 
CHCI3 
CH2C12 

MeCNb 

T Conversion 
% 

70 

51 
43 
75 
77 

Selectivity % 

91 

73 

72 

88 

83 

B 

:. e. % 

45 

24 
24 
22 
43 

Conf. 

R 

R 

R 

R 

R 

1 

The modification of the e.e. with the nature of the UV light and the slight decrease in the e. e. of isolated 3a 

when its precursor is subjected to photolysis for long periods (Table 3) might be due to a photoracemisation of 3a 

which could increase at shorter wavelengths. 

Therefore, acetonitrile solutions of optically 
active 3a were irradiated at different wavelengths 
(Table 5). The racemisation was indeed observed and 

furthermore, a ZIE mixture of the cleavage product 13 
was isolated (Eq. 8). 

Table 5: Photoracemisation of 3a in 
acetonitrile solutions (c = 10-2M) 

irradiated at room temperature for 2 h. 

0 

b) Other optically active protic species. It was precedently shown that i) the enantioselective 
tautomerization of dienols derived from esters required a chiraI aminoalcohol as protic catalyst to be efficient, and 
ii) the resulting e. e. was very sensitive to the structure and substitution of the aminoalcohol. Irradiations of la 
led to similar observations: no or very low e. e.‘s when using ( S )-a-methyl benzylamine, ( S )-octan-2-01 or (-)- 
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mandeIic acid while the aminoalcohols 14 to 18 afforded 3a with 24-36 % e. e. (Table 6). 

14 Norephedrine 
15 (+)-cinchonine 
16 (-)-cinchonidine 

Tnble 6: Use of aminoalcohols 1418 for the 

tautomelization of 2a.a 

*A&o&rile solutions of la (c I 4 x 1CF3 M) irradiated 

at_40”Cand7c>290nmfor2hinthe~nceof 14 

to18(c~4x10-4M)aadthenkeptintbedarkbetween40 

and -1O“C for 15 h. b Not determined. 

4 17 R5=H 

la RS=i-R 

19 Fis=Me 
NHf? 

OH 29 R5=CH#I 

Yield Q 

68 

70 

67 

6.5 

b 

3a 

e. e. % 

24 

27 

26 

36 

26 

Conf. 

R 

R 

S 

R 

R 

2) 2-Methyl-Zisobutyl-(3,4)-dihydronaphthalen-f-one. 

Preliminary experiments carried out with lb in MeCN and followed by circular dichroism showed that the 
enol2b was much more stable than Za in the presence of protic species. For example, 2a was fully tautomerized 
to 3a in less than 1 minute by adding 0.1 equiv. of 4 at room temperature while the complete transformation of 
2b to 3b required 2.5 h under similar conditions. Therefore, irradiations of lb at -40°C were followed by a 
waiting period of 3 days at -40°C in the dark before proceeding to the workup. For reactions realized at room 
temperature, the workup was carried out after 20 h in the dark. From results reported in Table 7, it appears that 
the irradiations at 366 nm and a low temperature gave better results. Furthermore, we were delighted to observe 
e. e. as high as 89 % in using the aminobomanol derivative 18. 

Table 7: Influence of the 
experimental conditions on 

the formation of 3b.a 

a Acetooitrile solutions of lb 

(c f 4 x lo3 M) irradiated in the 

pwzlce of aminoalcohois 

cz4to5x10-4M)andtben 

kept in the dark (see text). 

b ~etennined from [a]~ 

Aminoalcohol 

4 
4 
4 

17 
17 
18 
19 
20 

h 

mn 

>290 
366 

366 
366 

366 
366 
366 
366 

Irradiation Zonversion 
% 

98 
69 
64 

86 
73 
60 
79 
d 

Yield % 

69 
60 
52 

66 
57 
40 
56 
47 

3b 

:. e. %b 

42 
41 
54 

63 
71 

89c 
76 
83 

:onf.b 

R 

R 

R 

R 

R 

R 

R 

R 

comparison with literature dataf5 c Also determined from IH NMR in the presence of Eu(bfch. d Not determined. 

3) 2-Benzyl-2-isobutyl-(3,4)-dihydronaphthalen-l-one. 

Based on the results obtained from la and lb, the irradiation of lc was carried out in MeCN in the presence 
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of 0.1 equiv. of 17, 18 or 20 (Table 8). The best e. e. was obtained with the latter aminoalcohol. 

Table 8: Influence of the nature of the aminoalcohol on the e. e. Aminoalcohol 

0f 3c.a 

a Acetonitrile solutions of lc (c - 4 x 1(r3 h4) irradiated at - 40°C aad 

h>29Onmfor1.5hinthepreseweof17.18or20(cz4x10-4h4) 

~ 

and then kept in the dark for 3 days at -40°C. b Determined from [ah, comparison with literatme data.16 

4) 2-Hydroxy-2-isobutylindan-l-one. 

Irradiation of acetonitrile solutions of Id in the presence or absence of 4 at h > 290 nm did not afford 3d 

but led to diol21 and ketoaldehyde 22 (Eq.9 and Table 9), therefore the study of the reactivity of this particular 

ketol was shortened. 

Id 21 

Table 9: Irradiation of acetonitrile 

solutions of Id (c 5 4 x 10-3 M) 

atL>29Onm. 

aN0t &tennilled 

Irradiation 

time h 

2 

8 

8 

Conversion 

8 

19 

59 

70 

21 22 

Yield % Yield 8 

6 6 
a 14 

34 34 

5) Linear arylketones: 1-pbenyl-2-methyl-2-propylpentan-l-one and 1-phenyl-2-isobutyl-2,4- 

dimethylpentan-l-one. 

The linear ketones 5a and 5b irradiated at h > 290 nm and -40°C in the presence of (+)-ephedrine (0.1 

equiv.) led to the expected ketones 10a and lob but with too low yields or e. e.‘s (Table 10) to envisage 

developing their study. 

Table 10: Irradiation of acetonitrile Ketone Solvent Irradiation Conversion I I lo, 
solutions of Sa and Sb (c = 4 x 1 O-3 M). % Yield % 

a Not determined. b Determined from 

lH NMR in the presence of Eu(bfc)3. 

Sa Hexane 

5a CH2Cl2 

5a MeCN 

5a Et20 

5b Hexane 

timeh 

0.5 

0.5 

0.5 

0.5 

68 lOa, 5 

48 10a. 13 

87 10a. 17 

81 lOa, 5 

1 I 93 1 lob, 47 

e. e. 9% 

a 

a 

a 

,“b 
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DISCUSSION 

The ketones 3a-3c, lOa, lob and cyclobutanols l&21 are usual Norrish type II photoproducts,t” while 

the aldehydes 12,13 and 22 are formed by the well known Norrish type I cleavaget7 (scheme 1). The complete 
quenching of the photoreactivity of la by phenanthrene t8 indicates that these reactions pass via an excited triplet 
state as shown precedently for aromatic ketones. lobJg Although a-aIky1 substitution usually enhances a- 

cleavage,20 and cyclobutanol formation,21 it is interesting to point out that the Norrish type II photoelimination 
remains the main observable process for la, lb, lc and Sb. No photoelimination is detected from Id; 

cyclobutanol formation and a-cleavage remain here competitive pathways although the benzoin structure generally 
favours an efficient a-cleavage producing radical species which induce free radical polymerisation.~ 

These remarks do not exclude the possibility that part of the photon energy could be lost by unproductive 
reactions from excited states of the substrates. Furthermore, the formation of biradicals from Norrish reactions is 
reversible.*‘-k Since the main objective of the present work was the study of the asymmetric protonation of enols, 
we did not measure the quantum yields. 

Scheme 1 

The photoracemization of Seheme 2 0 
(R)-3a is easily explained by a 
Norrish type I affording a 
biradical which cyclizes to give a 
l/l mixture of the two enantio- 

&J.___z &A &J- 

M-3 a (d 3a 
rners*k.s (Scheme 2). 

This photoracemization seems to be less important when using the longer wavelength (table 5). This 
observation can be explained by examination of the absorption coefficients in acetonitrile at 3 13 and 366 nm 
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(wavelengths which correspond to the main emission of the lamps with the filters used) of the starting material 
(la) and the photoproduct (3a) giving for la: 76 and 4, and for 3a 63 and 2 respectively. The differences of the 
e ratios (Ela/Ej&13= 1.2 and (E~~/EJ.)~M= 2 indkatC that the photoracemization Of 3a can Start at a lower 

concentration of this ketone, when a medium pressure mercury lamp is used. 
The apparent less important tacemization of 3a observed when la was irradiated at low temperatures, is 

assigned to the slower tautomerization of the enol 2a under these conditions. Thus the concentration of 2a 
gradually increases in the medium and the appearance of 3a as its photocleavage product is minimized. 

Concerning the enantioselective tautomerization step, we recall here to our preceeding reports concerning 
photodieno1s.o A g-membered ring intermediate was thus suggested. Scheme 3 represents the two approaches of 
the dienol2b by (-)-ephedrine. Less steric constraints from the Si face than the Re face privilege the formation of 
the (R)-isomer. This model however does not rationalize the influence of the substituent of the amino group on 
the e. e. of 3. 

We need also to comment on the 
comparison of the tautomerization 
of enols and dienols. The 

asymmetric deconjugation of an 
a&unsaturated ester involves the 

intermediate formation of a Z- 
dienol. In contrast, the irradiation 

of lb led to the E-enol 2b. 

Nevertheless, the preferred 

approach of (-)-ephedrine to both 
Z-dienol and E-enol is on the Si 

face leading in each case to the (I?)- 
enantiomer. Besides, the unfavored 
approach seems to be due to 
interactions either with the acyl 
chain (mainly the g-substituent) in 

the case of the Z-dienol,o or with 
the aromatic group located in the 

a’-position in the case of 2b. 

Further work would be required 
before being able to rationalize 
these unexpected observations. 

(a) Scheme 3 

H 
K 05 l 1 d \ i a + PI?* 

2b G-(~) Ho NHMe 
:: :r 

(R)- 3 b 

EXPERIMENTAL, 

(Sk 3 b- 

Geneml in&cations. Solvents were distilled under an argon atmosphere before use, THF and diethyl ether 
over Na/benzophenone, toluene and hexane over CaH2 and acetonitrile over YzOS and CaH2 successively. 

Literature methods were used to prepare 1724 and its derivatives 18,25 19 and 20.26 NMR spectra were 
recorded in CM313 on CW 80-, AC 250-, AC 300-Bruker or Jeol (400 MHz) spectron.eters. IR spectra were 
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recorded on a SP3-300-Philips spectrometer and UV spectra on an UV 5240-Beckman spectrometer. Optical 

rotations were measured on a 241-Perkin-Elmer polarimeter. Melting points were determined using either a 

Kofler or a BUchi apparatus. Mass spectra were recorded on aD 300-JEOL apparatus at the U.F.R of Pharmacy 

of this University. Elemental analysis were performed on a CHN 2400 Perkin Elmer machine. Merck silica gels 

(60 PF254+3& or 60 40-63 pm) were used for chromatography. 

Prepmarion of the starting ketones 

Hydmzone synthesis. A toluene solution of ketone (6a or 6b) containing l,l-dimethylhydr (3 equiv.) 

andptoluenesulfonic acid (0.1 equiv.) was heated under reflux for 16 h, the water formed was removed with a 

Dean Stark trap. After evaporation of the solvents, flash-chromatography of the residue eluting with 

AcOEt/petroleum ether (15/85) led to the hydrazone. 

- indan-l-one N,N-dimethylhydrazone 7a: Yield: 98 %. 1H NMR (80 MHz): 2.8 (6 H, s), 3.0 (4 H, m), 

7.3 (3 H, m), 8.8 (1 H, m). t3C NMR (63 MHz): 28.7,47, 121.9, 125.3, 126.8, 130.4, 138.7, 148.2, 168.6. 

IR (CC14): 2960,2860, 1740, 1630. 

- (3,4)-dihydro(2 H)-naphthalen-l-one N,N-dimethylhydrazone 7b: Yield: 97%. tH NMR (300 MHz): 

1.8 (2 H, tt, J= 6. 6), 2.5 (6 H, s), 2.70 (2 H, t, J= 6), 2.74 (2 H, t, J= 6), 6.95-7.17 (3 H), 8.06 (1 H, dd, J= 

6.8, 1). 13C NMR (63 MHz): 22.5, 27.2, 29.5, 47.2, 124.9, 126, 128.5, 129.2, 132.9, 139.5, 160.9. IR 

(CC4): 2%0,2860,2810, 1740. MS, m/e (%): 89 (15), 126 (22), 144 (14), 173 (17), 188 (100). 

Monoalkylation of hydrazones. A THF solution of the hydrazone was added dropwise to a THF/hexane 

solution of LDA (1.15 equiv.) cooled to -40°C. After stirring for 3 h the alkyl iodide (1.07 equiv.) was added. 

Stirring was maintained for 18h and the mixture was allowed to reach room temperature. Usual workup was 

followed by flash-chromatography of the residue eluting with AcOEt/petroleum ether (10&Q). 

- 2-methyl-indan-l-one N,N-dimethylhydrazone 8a. Yield: 90 8. 1H NMR (80 MHz): 1.3 (3 H, d, J= 8) 

2.55 (1 H, m), 2.5 (6 H, s), 3.0-3.6 (2 H), 7.3 (2 H, m), 7.8 (1 H, m), 8.5 (1 H. m). IR (CHCl3): 2960, 2860, 

1700,1600,1460. 

- 2-methyl-(3,4)-dihydronaphthafen-l-one N,N-dimethylhydrazone 8b. Yield: 84 %. tH NMR (80 MHz): 

1.1 (3 H, d, J= 7), 1.52.30 (2 H), 2.5 (6 H, s), 2.7-3.05 (2 H), 3.7 (1 H, m), 7.2 (3 H, m), 8.1 (1 H, m). IR 

(CHCl3): 2%0,2860, 1730, 1610, 1460, 1450. 

- 2-isobutylindan-l-one N,N-dimethylhydrazone &. Yield: 81 8. tH NMR (80 MHz, CC14): 0.91 (3 H, 

d, J= 6). 0.97 (3 H, d, J= 6), 1.1-2.1 (3 H, m), 2.5 (6 H, s), 2.6-3.4 (3 H, m), 7.2 (2 H, m), 7.7 (1 H, m), 8.4 

(1 H, m). IR (CHCl3): 2%0,2860, 1700, 1600, 1460. 

- 2-isobutyl-(3,4)-dihydronaphthalen-l-one N,N-dimethylhydrazone &I: Yield: 86 46. 1H NMR (80 

MHz): 0.87 (3 H, d, J= 6). 0.96 (3 H, d, J= 6), l.l- 2.0 (5 H, m), 2.5 (6 H, s), 2.7- 3.0 (2 H. m), 3.71 (1 H, 

m), 7.16 (1 H, m), 8 (1 H, m). IR (CHCl3): 2950.2860, 1725, 1600, 1460, 1450. 

Deprotection of hydrazones. A mixture of the hydrazone (3 g) and aqueous 10% sulfuric acid( 10 ml) was 

refluxed for 18 h. After cooling to room temperature, extraction with ether, neutralisation using aq. NaHCO3, 

drying over MgS04 and evaporation of solvent, flash-chromatography of the residue eluting with 

AcOEt@troleum ether (3197) led to the ketone. 

- 2-methylindan-l-one 3a. Yield: 84 %. tH NMR (300 MHz): 1.3 (3 H, d, J= 7.3), 2.60-2.76 (2 H), 3.38 

(1 H, dd, J= 17.8, 8.6), 7.35 (1 H, t, J= 7.5), 7.43 (1 H, d, J= 7.5), 7.56 (1 H, t, J= 7.5), 7.73 (1 H, d, J= 

7.5). 13C NMR (75 MHz): 16, 34.7, 41.8, 123.7, 126.4, 127.1, 134.5, 136.1, 153.2, 209.1. IR (CHC13): 
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3000,2960,2920,2860,2840, 1700. 1600, 1465, 1436, 1370, 1325, 1290. UV (MeCN): Lax= 222 nm, E= 

600, hax= 298 nm, I 230, hmax= 322 nm, s= 45. 
- 2-methyl-(3.4)-dihydronaphthalen-l-one 3b. Yield: 84 96. tH NMR (300 MHz): 1.25 (3 H, d. J= 6.7). 

1.86(1 H, m), 2.17 (1 H. ddd, J= 13.2, 8.8,4.4), 2.55 (1 H, m), 3 (2 H, m), 7.25 (2 H, m), 7.45 (1 H, dt, J= 

7.2, 1). 8.03 (1 H, dd, J= 7.2, 1). 13C NMR (75 MHz): 15.3, 28.7, 31.2, 42.5, 126.4, 127.2, 128.6, 132.2, 

132.9, 144, 200.5. IR (CHCl3): 2930, 1675, 1600,145O. UV (MeCN) : h max= 222 nm, a= 610, bax= 300 

nm, E= 280, Lmax= 3 15 nm, E= 52. 

-2-isobutylindan-l-one 3e. Yield: 92 8. tH NMR (250 MHz): 1.0 (6 H, d, J= 6). 1.3 (1 H, m), 1.84 (2 

H. m). 2.60- 2.76 (1 H), 2.80 (1 H. dd, J= 17, 4). 3.35 (1 H, dd, J= 17, 7.5) 7.2-7.8 (4 H). 13C NMR (63 

MHz): 21.6. 23.4, 26.5, 33.3, 40.5, 45.8, 123.8, 126.4, 127.2, 134.5, 136.6, 153.6. 209.3. IR (CC4): 2%0, 

1705,1600, 1460. UV (MeCN): hmax= 222 nm, a= 860, hax= 298 nm, s= 300, Amax= 322 nm, E= 74. 

- 2-isobutyl-(3,4)-dihydronaphthalen-l-one 3f. Yield: % 8. lH NMR (300 MHz): 0.92 (3 H, d, J= 5.5) 

O.% (3 H, d, J= 6.7), 1.32 (1 H, ddd, J= 13.5, 8, X4), 1.7-1.9 (3 H), 2.24 (1 H, ddd, J= 13.5, 11.2, 4.5), 

2.54 (1 H, m), 2.98 (2 H, q, J= 4.9). 7.22 (1 H, d, J= 9), 7.3 (1 H, dt, J= 9, 2), 7.45 (1 H. dt, J= 9, 2), 8.03 

(1 H, dd, J= 9, 2). 13C NMR (75 MHz): 21.7, 23.3, 25.3, 28, 28.3, 38.3, 45.3, 126.4, 127.4, 128.6, 132.5, 

133, 143.8, 200.7. IR (CHC13): 2930, 2860, 1670, 16or), 1450. MS, m/e (%): 77 (13), 90 (49), 115 (28), 118 

(20), 131 (32), 146 (100) 203 (15, M+l). UV (MeCN): ii max= 220 nm, E= 794, hmax= 298 nm, F,= 316, 

hax= 325 nm, E= 63. 

Procedure for alkylation of3a, 3b and3e under P.T.C. A mixture of aq. 50% sodium hydroxide (3 

ml/mmol), ketone, alkylating reagent (6-7 equiv.), triethylbenzylammonium bromide (in the case of 3s: 0.7 

equiv., 3Ix 0.3 equiv., 3e: 1.2 equiv.), sodium iodide (only in the case of 3a: 2 equiv.) in methylene chloride or 

toluene (15 mllmmol) was vigorously stirred for 3 to 11 days. Usual workup followed by flash-chromatography 

of the residue eluting with AcOEt/petroleum ether (3197) afforded la, le or If. 

Procedure for akylation of 3b and 3f in using NaHMDS. A THF solution (2 ml) of ketone (1 mmol) was 

added dropwise to a stirred THF solution of sodium 1,1,1,3,3,3-hexamethyldisiiisane (1 M, 1.3 ml) cooled to 

0°C. After 3 h, this mixture was added to a THF solution (10 ml) of the aikyl halide (10 mmol) cooIed to -78°C. 

The mixture was heated slowly to room temperature and stirring was maintained for 4-7 days. The mixture was 

added to saturated aq. ammonium chloride. After separation of the organic phase and drying over MgSO4 the 

product was isolated by flash-chromatogtaphy eluting with AcOEt@troleum ether (2/98). 

- 2-benzyl-2-isobutyl-(3,4)-dihydronaphthalen-l-one le. Yield: 95 8 (from 3b + PhCH2Br). tH NMR 

(400 MHz): 0.81 (3 H, d, J= 6.4), 0.87 (3 H, d, J= 6.8), 1.50 (1 H. dd, J= 14,6), 1.60-2.02 (4 H), 2.76 (1 H, 

d, J= 13.4) 2.95(2 H, m), 3.24(1 H,d, J= 13.4),7.13-7.25(7 H),7.29(1 H, t,J=7.8), 8.05(1 H,d, J= 

7.8). ‘3C NMR (75 MHz): 24.2, 24.5, 24.7, 25.3, 30.4, 41.2, 43.5, 49.4, 126.2, 126.6, 127.8, 128, 128.6, 

131, 132.5, 137.8, 142.8, 201.7. IR (CHCl3): 3000, 2920, 1670, 1600, 1450, 1200, 930. MS, m/e (a): 91 

(lOO), 118 (47), 131 (42), 148 (92). 160 (27). 236 (lOO), 292 (<I). Anal. calcd for CztH240, C 86.26 H 

8.27, Found C 86.07 H 8.75. 

- 2-methyl-Z-isobutenylindan-I-one le. Yield: 83% (from 3a + CICH2C(Me)=CH2). tH NMR (250 

MHz): 1.06 (3 H, s), 1.42 (3 H, s), 2.2 (1 H, d, J= 14). 2.39 (1 H, d, J= 14) 2.68 (1 H, d, J= 17.2), 3.16 (1 

H, d, J= 17.2), 4.5(1 H, wide s), 4.6 (1 H, wide s), 7.39-7.47 (3 H), 7.61 (1 H, d, J= 7.8). t3C NMR (63 

MHz): 23.8, 25.5, 39.3, 45.6, 48.6, 114.4, 124.2, 126.6, 127.3, 134.7, 135.6, 142.5, 152.7, 210.6. IR 

(CHCI3): 3000,2960,2920, 1700, 1600, 1445, 1425, 1290, 1275, 1190,970,895. MS, m/e (%): 91 (18) 115 
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(36), 144 (100). 145 (61), 185 (lo), 200 (12, M), 201 (13, M+l). 

- 2-methyl-2-isobuteny1-(3,4)-dihydronaphthaien-l-one If. Yield: 57 % (from 3b + ClCH2C(Me)=CH2). 

tH NMR (250 MHz): 1.18 (3 H, s). 1.62 (3 H, s), 1.85 (1 H, dt. J= 13.9, 6), 2.10 (1 H, dt, J= 13.9, 6) 2.21 

(1 H, d, J= 13.5). 2.63 (1 H, d, J=13.5), 2.93 (2 H. t, J= 6), 4.65 (1 H. wide s), 4.8 (1 H. wide s), 7.18 (1 H, 

d, J= 7.8). 7.28 (1 H, d, J= 7.8). 7.42 (1 H, dt, J= 7.8, 1.5). 8 (1 H, dd, J= 7.8, 1.5). t3C NMR (63 MHz): 

16.4, 23.2, 24.4, 25.4, 33.5, 44.7, 44.9, 111.9, 114.9, 126, 128, 128.6, 131.8, 132.9, 142.4, 143.1, 202.1. 

IR (CHCl3): 2910. 1665, 1595. 1450, 1370, 1190,890. 

Hydrogenation of le and If. Hydrogen was bubbled at room temperature for 2 h through an ether solution 

(3 ml) of the ketone (1 mmol) containing PtCQ (0,l eqiv.). After evaporation of the solvent, the residue was 

purified by flash-chromatography eluting with AcOEt@ettoleum ether (5/95). 

- 2-isobutyl-2-methylindan-l-one la. Yield: 96 %. tH NMR (300 MHz): 0.84 (3 H, d, J= 6.3), 0.9 (3 H, 

d, J= 6.3), 1.2 (3 H, s), 1.50-1.77 (3 H), 2.87 (1 H, d, J= 18). 3.22 (1 H, d, J= 18), 7.37 (1 H, t, J= 7,2), 

7.44 (1 H, d, J= 7.2). 7.6 (1 H, t. J= 7,2), 7.72 (1 H, d, J= 7.2). 13C NMR (75 MHz): 23.6, 24.7, 25.1, 

25.3, 40.4, 46.4, 49, 124.3, 126.5, 127.3, 134.7, 135.9, 152.6, 211.5. IR (CHCl3): 2960, 1700, 1600, 1460, 

1370. MS, m/e (a): 91 (15), 105 (15), 131 (23), 146 (lOO), 159 (4), 203 (5, M+l). UV (MeCN): hmax= 240 

mt& E= 12260, hmax= 285 nm, E= 2580. hmax= 2% MI, &= 2530. h max= 324 nm, E= 65. Anal. calcd for 

Cl&I@. C 83.12 H 8.97, Found C 83.25 H 9.33. 

- 2-isobutyl-2-methyl-(3,4)-dihydronaphthalen-l-one lb. Yield: 84 8. 1H NMR (250 MHz): 0.88 (3 H, 

d, J= 6.3), 0.91 (3 H, d, J= 6.3), 1.23 (3 H, s), 1.5 (1 H, dd, J= 16, 7.8) 1.70-1.84 (lH), 1.94 (1 H, ddd, J= 

13. 7, 5.7), 2.16 (1 H, ddd, J= 13, 7, 5.7) 2.90-3.34 (2 H), 7.26 (1 H, dd, J= 7.6, 0.8), 7.32 (1 H, dt, J= 

7.6, 0.8), 7.47 (1 H, dt, J= 7.6, 1.2), 8.06 (1 H, dd, J= 7.6, 1.2). 13C NMR (63 MHz): 23.2, 24.4, 24.5, 

24.6, 25.4, 34.1, 44.9, 45.3, 126.5, 127.9, 128.5, 132, 132.8, 143, 202.8. IR (CHCl3): 3010, 1670, 1600, 

1450, 1375, 1310, 1200, 975. MS. m/e (%): 90 (21), 118 (31) 131 (14), 145 (31) 160 (RX), 217 (3, M+l). 

Anal. c&d for C15H200, C 83.29 H 9.32, Found C 83.28 H 9.56. 

- 2-hydroxy-2-isobutylindan-l-one Id. A solution of the ketone 3e (1.06 g, 5.64 mmol), 

trimethylphosphite (1.43 ml, 12.1 mmol) and tetrabutylammonium iodide (0.21 g) in toluene (68 ml) was added 

to stirred aq. 50% sodium hydroxide (20 ml). Oxygen was bubbled into the mixture for 16 h. After conventional 

workup, flash-chromatography eluting with AcOEt/petroleum ether (10190) led to Id (1.02 g). Yield: 89 ‘%. 

m.p.: 66 “C. 1H NMR (300 MHz): 0.88 (3 H, d, J= 6.6), 0.96 (3 H, d, J= 6.6), 1.55 (1 H, dd, J= 14, 6.6). 

1.70 (1 H, dd, J= 14, 6.6) 1.83 (1 H, m), 2.85 (1 H, s), 3.19 (1 H, d, J= 17), 3.37 (1 H, d, J= 17) 7.38 (1 

H, t, J= 7.6), 7.44 (1 H, d, J= 7.6). 7.62 (1 H, t, J= 7.6). 7.77 (1 H, d, J= 7.6). ‘3C NMR (75 MHz): 24.1, 

24.3, 24.5, 40.4, 46.6, 80, 124.7, 126.6, 127.8, 134.2, 135.7, 151.5, 208.2. IR (CHCl3): 3544, 3440, 2960, 

1710. 1610, 1475, 1300, 1220, 1150, 1030,940. MS, m/e (a): 57 (100) 65 (15). 77 (12) 85 (55), 91 (75), 

105 (22), 115 (14), 120 (17), 130 (18). 148 (88), 161 (77). 187 (<3), 204 (<4). UV (MeCN): hmax= 222 nm, 

e= 870, hmax= 302 nm, E= 440. Anal. calcd for Cr3Ht60, C 76.44 H 7.9, Found C 76.76 H 7.86. 

General procedure for mono alkylation of 9, 1Oa and lob. A THF solution (25 ml) of the ketone (80 

mmol) was added to a THF slurry (35 ml) of sodium hydride (81 mmol). After the gaseous emission has 

stopped, alkyl halide (81 mmol) was added dropwise. The mixture was heated at 60°C for 18 h, cooled to room 

temperature, acidified with 2 M HCl to neutral pH and then extracted as usual. The ketone was isolated by flash- 

chromatography eluting with AcOEt/petroleum ether (2/98). 

For direct dialkylation, the reaction was carried out at room temperature using an excess of both sodium 
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hydride and alkyl halide (4 equiv. each). 
- 1-phenyl-2-methyl-2-propylpentan-l-one 5a. Yield: 54 96 from 10a or 71 % from 9. tH NMR 

(3OOMHz): 0.85 (6 H, t, J= 6.7). 1.25 (3 H, s), 1.05-1.4 (4 I-I), 1.57 (2 H, dt, J= 13.5.4.5), 1.85 (2 H, dt, J= 
13.5, 4.5), 7.4(3 H, m), 7.65 (2 H. m). ‘3C NMR (75 MHz): 9.5, 14.3, 14.7, 17.8, 22.6, 42, 51.7, 127.2, 

128, 130.6, 139.7, 209.3. IR (CHCl3): 2950, 1665, 1465. Anal. calcd for Ct5H220. C 82.52 H 10.16, Found 
C 82.61 H 10.15. 

- I-phenyl-2-isobutyl-2,4-dimethylpentan-l-one 5b. Yield: 19 % from 10b or 33 % from 9. lH NMR 
(300 MHz): 0.7 (6 H, d, J= 5.5), 0.9 (6 H, d, J= 5.5), 1.3 (3 H, s), 1.5 (2 H, dd, J= 13.5, 5.5) 1.65 (2 H, 
octet, J= 5.5). 2 (2 H, dd, J= 13.5, 5.5) 7.45 (3 H, m), 7.76 (2 H, m). *3C NMR (75 MHz): 23.3, 23.9, 24.1, 
24.9, 50.1, 51.9, 128, 128.4, 130.9, 139.4, 208.5. IR (CHC13): 2950, 1670, 1590, 1470, 1080, 1040, 975. 
MS, m/e (%): 57 (lOO), 77 (36), 105 (93), 140 (24). 190 (lo), 230 (9), 247 (6). 247 (6, M+l). Anal. calcd for 
Cl7H2eO. C 82.87 H 10.64, Found C 83.05 H 10.95. 

- 1-phenyl-2-methylpentan-l-one 1Oa. Yield: 82 %. IH NMR (3OOMHz): 0.90 (3 H, t, J= 8.5). 1.20 (3 
H, d, J= 6.7), 1.25-1.50 (3 I-I), 1.85 (1 H, m), 3.50 (1 H, sextet, J= 6.7), 7.47 (1 H, m), 7.55 (1 H, m), 7.96 
(2 H, m). *SC NMR (75 MHz): 14.1, 17.1, 20.5, 35.8, 40.2, 128.2, 128.5, 132.7, 136.7, 203.4. IR (CHC13): 

2950, 1665,1595, 1465, 1075,1040, %5. 

- 1-phenyl-2,4-dimethylpentan-l-one lob. Yield: 46 8. IH NMR (250 MHz): 0.85 (3 H, d, J= 6.6), 0.89 
(3 H, d, J= 6.6). 1.14 (3 H, d, J= 6.6), 1.18-1.33 (1 H), 1.50-1.80 (2 H), 3.52 (1 H, sextet, J= 6.6). 7.55- 
7.36 (3 H), 7.87 (2 H, d, J= 9.7). 13C NMR (63 MHz): 17.5, 22.3, 23, 25.9, 38.4, 42.7, 128.2, 128.6, 132.7, 
136.7.204.5. IR (CHC13): 2950, 1670, 1590, 1580, 1440, 1070, 1030,970. 

Zrradiations 

General orocedure. Pyrex glass was used. The 
ketone and aminoalcohol (0.1 equiv.) were diluted in 
the solvent. Argon was bubbled into the solution for 
30 mn. Irradiations were carried using either a HOQ 
4OOW-(h>29Onm)oraHPW 125W-T-(A=366 

nm) Philips lamp. With the first lamp, the reactor 
shown in scheme 4 was used. With the second lamp, 

the solution was contained in tubes which were placed 
around the reflux condenser of the lamp. For 

irradiations carried out at low temperatures, the 
temperature of the cooled bath was homogenized by 
stirring. Purifications of the irradiated mixtures were 
carried out using preparative thin layer 
chromatographic plates eluting with EtOAcl petroleum 
ether and taking precautions to preclude enantiomer- 
differentiation of the isolated compoundsn 

- 2-benzyl-(3,4)-dihydronaphthalen-l-one 3c. *H NMR (250 MHz): 1.64-1.95 (1 H), 2.00-2.25 (2 H), 
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2.56-2.86 (2 H). 2.86-3.09 (2 H), 3.40-3.60 (1 H), 7.10-7.38 (7 H), 8.07 (1 H, m), 7.44 (1 H, m). IR 

(CC4): 1700,1535. 

- 5,7,7-trimethyl-2,3-phenylbicyclo[3.2.0]heptan-l-oI 11. NMR tH (300 MHz): 0.75 (3 H, s), 1.25 (1 H, 

d, J= 11.3), 1.35 (6 H, s). 1.67 (1 H, d, J= 11.3), 1.90 (1 H, wide s), 2.75 (1 H. d, J= 15.7), 2.88 (2 H, d, J= 

15.7), 7.15-7.40 (4 H, m). 13C NMR (65 MHz): 18.4, 21.6, 24.3, 26.8, 41.4, 44, 44.2, 47.3, 47.4, 87.3, 

125.5, 125, 126.5, 128.3, 143.2, 145.4, 178.9. IR (CC14): 3580,3450, 2940, 2920, 1480, 1210, 1120, 1085. 

- 2-[2’.4’-dimethylpent-l’-enyI] benzaldehyde 12. 111 mixture of E and Z isomers. 1H NMR (300 MHz): 

0.73 (3 H. d. J= 7.5), O.% (3 H, d, J= 7.5), 1.62 (3 H/2, d, J= 1.4), 1.92 (3 H/2, d, J= 1.4). 1.72-1.90 (2 H), 

1.88 (2 H/2, d, J= 8). 2.12 (2 I-I/2, d, J= 8). 6.56 (1 H/2, wide s), 6.60 (1 H/2, wide s), 7.18-7.40 (1 H). 7.50- 

7.58 (1 H). 7.85-7.91 (1 H). 10.24 (1 H/2. d, J= l), 10.25 (1 H/2, d. J= 1). 1% NMR (64 MHz): 17.6, 22.3, 

22.5, 23.2, 26.3. 41.5, 49.6, 122, 122.4, 127.6, 127.8, 130.8, 130.9, 133.5, 192.6, 192.7. IR (CC14): 3400, 

2960, 1700, 1600, 1210. MS, ml e (a): 91 (70), 124 (29). 131 (42), 145 (100). 159 (20). 186 (S), 202 (3). 

Anal. caIcd for CI4Hl80, C 83.12 H 8.97, Found C 82.70 H 9.07. 

- 2-propenylbenzaldehyde 13.65/35 mixture of E and Z isomers. 1H NMR (250 MHz): Z isomer: 1.70 (3 

H, dd, J= 6, 1). 5X0-6.35 (2 H), 7.00-7.70 (3 H), 7.91 (1 H, d, J= 7), 10.24 (1 H, s). E isomer: l.% (3 H, 

dd, J= 6. l), 5.80-6.35 (2 H), 7.00-7.70 (3 H), 7.80 (1 H, d, J= 7). 10.30 (1 H, s). 

- 7,7-dimethyl-2,3-phenylbicyclo[3.2.0]heptan-1,5-dioI 21. 1H NMR (300 MHz): 0.80 (3 H, s), 1.47 (3 

H,s), 1.54(1 H,d, J= 13.5), 1.92(1 H,d, J= 13.5),2.00-2.70(2H),2.%(1 H, d,J= 18),3.13 (1 H,d, J= 

18), 7.17-7.37 (4 H). 13C NMR (63 MHz): 23.9, 25.6, 41, 44.9, 45.9, 78.9, 84.3, 126.2, 126.8, 127.6, 

128.6, 135.9, 141.3, 143. IR (CHC13): 3560,3000, 2960, 2930, 1600, 1080, 1040. 

- 2-[4’-methyl-2’-oxopentyl]-benzaldehyde 22. 1H NMR (300 MHz): O.% (6 H, d, J= 8). 2.20 (1 H, m), 

2.50 (2 H, d. J= 8), 4.15 (2 H, s), 7.21 (1 H, m), 7.43-7.60 (2 H), 7.85 (1 H, dd, J= 7.3, 1.6), 10.04 (1 H, 

s). 13C NMR (63 MHz): 22.5, 24.3, 47.8, 51.7, 127.5, 132.5, 133.5, 134.2, 134.8, 136, 193.2, 206.7. IR 

(CHCl3): 3600,2960, 1690, 1465, 1380. 
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