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Abrkacf: The rcactioa of 2-phmyl-13-dioxol~ la,b with aa excess of lithium powdex in the presence of a 
catalytic amount of naphthabe. (4 mol 96) in tetrahydrofuran at -4VC followed by succcssivc reaction with an 
electmphile aad fd hydrolysis with watex at the same kmpaaue yields the ameapoodiq monoplvtcctcd 1.2-dids 
2aa-2bf. The same pmceas but allowing to rise the tcqaatme to 20°C before the hydrolysis affords alcdrols 3a~ 
3bd. Ihc USA 0f 2.2~diphcnyl-13-diox id. UU~CX similar resdi01100tition~ 88 f0r c0mp0~1d~ 2. oermits the m.r~mp 
isolation of 2f-diphenylalcohols llda-lldc, resulting from the rexticn with two different elcurophiles. A 
mechanistic rationalization for ail processes is given. 

Introduction 

Saturated heterocycles such as oxiranes 1, aziridines2, oxetaness and tetrahydrofurans4 have been recently 

used as starting materials for the preparation of functional&d organolithium compoundss by reductive opening 

using a lithium-arene reagents or more efficiently by an arene-catalysed lithiation using lithium powder7. 

However, to our best knowledge, the same process has not been applied to the reductive opening of 1,3- 

dioxolane& which, on the other hand, have been used as protected carbonyl compounds in the preparation of 

masked lithium g-9, y-7.10 and 8 -enolates7Jt. In the last two cases the dioxolane ring does not suffer reductive 

opening with lithium and a catalytict~ or stoichiometric amount of an arene at -78°C7.1u.11. In the present paper 

we study the naphthalene-catalysed lithiation of different 2-phenyl-1,3-dioxolanes and the application of the 

generated lithiated intermediates in organic synthesis. 

Results and Discussion 

The reaction of 1-phenylketals la,b13 with an excess of lithium powder (1:8 molar ratio) and a catalytic 

amount of naphthalene (1:0.08 molar ratio; 4 mol %) in tetrahydrofumn at -4OW4 followed by treatment with an 

electrophile and final hydrolysis with water at the same temperature led to the corresponding products 2aa-2bf 

(Scheme 1 and Table 1, entries l-7). The maintenance of the reaction temperature is important in order to obtain 

exclusively products 2; thus, when the temperature was allowed to rise to 20°C before the last hydrolysis 

compounds 3aa-3bd were isolated as the only reaction products (Scheme 1 and Table 1, entries 8-12). 
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!kheme 1. Reagettts and condi?ions: i. Li powder (1% mohu ratio), Clas cat. (4 mol %), 
THF, -4O’C. 45 min; ii, E+=H20, 90, MezCO, Et2CO. (C-0, (C-0, 

(C-0, -4OV. 1 h; iii, H&I. -40°C; iv. -40 to 20°C and then H@ or D&J. 

Table 1. Obtention of Compounds 2 and 3 

Starting 
Entry mateaial 

Elechuphile 
E+ no. 

Roduct~ 

R E yield ( 

1 la 

2 lb 

3 lb 

4 lb 

5 lb 

6 lb 

7 lb 

8 la 

9 lb 

10 lb 

11 lb 

12 lb 

(kH2)&0 

Me2co 

M&O 

Et$ZO 

(CZZO 

(C&z0 

2aa H 

2ba Me 

2bb Me 

2bc Me 

2bd Me 

2be Me 

2bt Me 

3aa H 

3ba Me 

3bb Me 

3bc Me 

3bd Me 

Me$IOH 60 

H 81 

D 90 

MeflOH 85 

Et#IOH 55 

(dH$.&OH 60 

(CT&OH 60 

Me&OH 53 

MegOH a( 

Et$IOH 55 

(Cf&OH so 

(C%i$OH 35 

a All isolated compounds 2 and 3 were >95% pure (GLC and 300 Mz 1H NMR). b Isolated y 
after flash chromatography (silica gel, hexane/ethyl acetate) based on the starting material 1. c f 
obtained under Barbier-type reaction conditions (see Scheme 1 and text). 
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A rationalization of the obtained results can be as follows: after the first reductive ring opening an 

intermediate of the type 4 is formed, which under these reaction conditions (MC) is stable and after addition of 

the electrophile reacts to give the alcoholate 5. When the final hydrolysis is carried out at low temperature the 

corresponding compound 2 is obtained. But by warming till ambient temperahue a second ether cleavages yields 

a benzylic organolithium compound of the type 6, which under these reaction conditions takes a proton from the 

reaction medial5 to give the obtained products 3. The proton abstraction before the final hydrolysis with water is 

demonstrated by carrying out a deuteriolysis with deuterium oxide instead of the hydrolysis: no incorporation of 

deuterium was observed, resulting always products 3. 

In the case of using benzonitrile or phenyl isocyanate as electrophilic reagents compounds 3be and 3bf 

were obtained in 40% and 45% isolated yields, respectively, even performing the final hydrolysis at -40°C. We 

think that the easy transformation 5*6 is due, in this case, to the presence of a carbon-nitrogen double bond 

next to the benzylic carbon-lithium bond in the intermediate of the type 6. which stabilizes the carbanionic 

centre. 

Ph 
4f 

Ph 
Ph 

4f 

NHPh 

0 0 

3be 3bt 

When the whole reaction indicated in Table 1, entry 4 was carried out at O’C a mixture of compounds 2ba 

(46%) and 3ba (36%) was isolated. This result would mean that under these reaction conditions the 

intermediate 4b initially formed can take a proton from the reaction media to give another intermediate of the type 

5b with E=H, and finally the product 2ba Another possibility is that the intermediate of the type 5b with 

E=Me#OLi suffers cleavage of the benzylic carbon-oxygen bond to give successively the species 6b with 

E=Me$IOLi and, after hydrolysis, the product 3&m, as it was described above. 

On the other hand a Barbier-type reaction does not improve the results indicated in Table 1. Thus, the 

obtention of compound 3ba (Table 1, entry 9 and footnote c) carrying the lithiation in the presence of acetone as 

electrophile at -40°C afforded only a 44% isolated yield. When the reaction temperature was 0°C this process 

yielded a mixture of 2ba (16%) and 3ba (52%). 
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We tried to prepare a dilithiated intermediate starting from the chloroketal lc. The catalytic lithiation of this 

starting material at -78“C led to the expected masked lithium E-enolate. 7c ii, which is stable at this temperature 

and reacted with benzaldehyde to give the cotresponding alcoholate tk. When the temperature was then allowed 

to rise to -40°C (see above for compound 2) the reductive opening of the dioxolane ring took place yielding the 

trianion 4e, which after hydrolysis afforded the isolated product 2ea in 43% as a cu. 1: 1 mixture of diastereo- 

isomers (75 MI-lx i3C NMR) (Scheme 2). 

P9m.I i-iv 
OWOH 

- Ph+Ph 

lc 2ca 
bH 

Scheme 2. Reagents and condifions: i.. Li powder (1:8 molar ratio), Cl&Is cat. (4 mol %), 

THF, -78°C. 2 h; ii, PhCHO. -WC!, 2 h and then -78 to -40°C 2 h; iii, Hfl, -40°C. 

As it was already described1 t the intermediate 7c decomposes by warming over -78oC. so once this species 

was prepared as above, the temperature was allowed to rise to 20°C: the dianion initially formed 4e’ (see 

Scheme 1) suffered a Wittig-type rearrangement16 to give the dianion 9c (instead of taking a proton from the 

reaction media), which after hydrolysis led to the did 10~ in 42% isolated yield. 

P%Li 

7c 

p$+Ph ph&%+&i+ 

8c 
OLi+ Ph 

4c 

OmLi+ 

Ph 

4c’ 9c 1oc 

The use of the ketal Id as starting material allows the obtention of compounds 1 Ida-lldc following the 

same methodology described in Scheme 1 for compounds 2. except that two diffetent electrophiles El+ and &+, 

were successively added at -4O“C (Scheme 3 and Table 2). It is worthy to note that the reaction worked only 

when water or deuterium oxide were used as second electrophile &+. In this case it seems that the reaction gives 

the same intermediate 6d as for compound 3, which is stabilized by the presence of both phenyl groups and can 

react with water or deuterium oxide to yield compounds 11. 
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E2 

Id lldr-lldc 

Scheme 3. Reagents andconditions: i, Li powder (1:8 molar ratio), 

Cr&& cat. (4 mol9b). THE, -40°C. 45 min; ii, E r+ =PrCHO, BKHO. 

-4CPC. 1 h; iii, Ez+ =Hfi. w. -4ooC; iv, HsO, -40 to 20°C. 

Table 2. Obtention of Compounds 11 

Electrophiles Producta 

&try Et+ Ez+ no. El E1 yield (%)b 

1 WHO Hz0 llda PXHOH H 88 

2 PKHO 90 1 ldb RiCHOH D 86c 

3 ButCHO Hz0 lldc ButCHOH H 45 

&b See footnotes a and b in Table 1. c >95% demerium incorporation by mass spectrometry. 

From the obtained compounds, the corresponding ones containing the structure 2 can be used as starting 

materials for a pinacolinic-type rearrangement. Thus, treatment of compounds 2bc, 2bd and 2bf with 

phosphoric acid in toluene under reflux overnight gave the expected ketones 12be (75%), 12bd (85%) and the 

mixture 12bf (40%)+12bf’ (50%). respectively. 

Ph& ph& bph 

12bc 12bd 12bf 12bf’ 

Finally, we studied the naphthalene-catalysed lithiation of other saturated heterocycles such as 13. 14 and 

15. In the first two cases, the same process as for compounds 2 indicated in Scheme 1 and using acetone as 

efectrophile and deuterium oxide in the quenching step at -4CPC afforded compound 3ba in 86% and 85% 

isolated yield, respectively; no deuterium incorporation was observed (for mechanistic considerations see 

above). In the case of the starting material 15 the lithiation process at -4O’C did not take place after 7 h, 

compound 15 being the only one product isolated together with decomposition materials. 
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From the results described in this paper we conclude that Zphenyl-1,3dioxolane 1. easily available from 

the corresponding phenones. are suitable starting materials to give, after an arene-catalysed lithiation. 

intermediates of the type 4 or 6 depending on the reaction conditions, which by reaction with elecbophiles yield 

polifunctionalized structures of the type 2 and 3. On the other hand. intermediates of the type 4 schould be 

consider as cil reagents with umpohmg reactivity17 of difficult access by other synthetic route& 

Experimental Part 

GenwaZ.- M.p.s (from hexa&ethyl acetate) am unconected and were measured on a Reichert thermovar 
apparatus. IR spectra were determined with a Pye Unicam SP3-200 spectrometer. rH and W NMR spectra 
were recorded in a Bruker AC-300 wing CDCls as solvent and SiMq as internal standard; chemical shifts are 
given in b (ppm) and the coupling constants (J) are measured in Hz. MS (RI) were recorded with a Hewlett 
Packard EM/CG HP-59SSA spectrometer. The purity of volatile distilled products and the chromatographic 
analyses (CRC) were determined with a Konik Krcmatix KNK 2000 equiped with a RD and a 2 m column (l/8 
inch diam, Chromosorb Q SOIlOO. OV 17.3% stationary phase), using nitrogen (40 ml/mm) as the carrier gas, 

Tinjector=325”C. Tco~um ,,=XPC (3 min) and 80-320 (WC/mitt); retention times (tr) are given under these 
conditions. Thin layer chromatography (TLC) was carried out on Scheleicher & Schnell FlZOOLS 254 plates 
coated with a 0.2 mm layer of silica gel, using a mixture of hexane/ethyl acetate as eluant; Revalues am given 
under these conditions. Microanalyses were performed by the Microanalyses Service of the University of 
Alicante. Solvents were dried by standard procedure@. Lithium powder, naphthaiene, electrophiles and other 
reagents were commercially available (Aldrich, Fluka) and were used as received. Starting compounds la20, 
lbzo, 1~11, ld;?o. 1321, l&z and 1523 were prepared according to the literature procedures. 

Catalytic Mono&hi&ion of Compoundsla, lb and lc. Isolation oj Compounds 2. General Procedure.- 
To a green suspension of lithium (112 mg. 16 mmol) and naphthalene (20 mg, 0.16 mmol) in THP (5 ml) was 
added a solution of the corresponding precursor 1 (2 mmol) in THF (5 ml) at -4OYY4 under an argon 
atmosphere. The reaction mixture was stirred for cu. 45 min at the same temperature. Then the corresponding 
electrophile (2.1 mmol; 0.5 ml in the cases of Hz0 or D20) was added and the mixture was stirred at the same 
temperature for a period of 1 h. Then, it was hydrolyzed with water (20 ml) at -4OY, neutralized with 2 N HCI 
and extracted with diethyl ether (2x20 ml). The organic layer was dried over anhydrous Na$304 and evaporated 
(15 Torr). The resulting residue was then purified by flash chromatography (silica gel, hexanelethyl acetate) to 
sfford the titie compounds. Yields are incmoeo m r ame I anu text. Amuyucar, physicai and spectrai datt folio-w. 

1-(2-Hydroxyethoxy)-2+nethyl-I-phenylpropun-2-o1(2aa): t&3.77 min. Rfo.31 (hexane/ethyl acetate: 4/S). 
m.p. 6S-70°C; vmax (melted) 3440 (OH), 3040,3020,1490 (Ph), 1110 and 1060 cm-t (C-O); 8~ 1.12, 1.17 (6 
H, 2 s, 2xCH3), 2.90,3.10 (2 H, 2 br s. 2xOH), 3.353.45,3.50-3.60,3.70-3.&o (1, 1 and 2 H respectively, 
3 m, CHzCHz), 4.17 (1 H, s, CHO) and 7.20-7.40 (5 H, m, Ph); 8~ 23.95, 26.25, 61.85, 70.75, 73.1, 89.2, 
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127.85, 128.0 (2C). 128.1 (2C) and 138.2; mlz 195 (M+-15, <l%). 152 (63). 107 (lOO), 105 (15). 92 (13). 

91(26). 79 (33). 77 (15), 59 (19) and 43 (10). Anal cald. for Ctfit&: C, 68.55; H. 8.63. Founds C, 68.4; 

H. 8.5. 

2-(I-Phenylethoxy)ethanol(2J~)Y t+.37 min, R,&.34 (hexane./ethyl acetate: 40); v,, (film) 3400 (OH), 
3080,3060, 3020, 1600 (Ph) and 1100 cm-t (C-O); & 1.43 (3 H, d, J=6.5, CH3). 3.20-3.45, 3.55-3.80 (3 

and 2 H respectively, 2 m, C!&CH2OH). 4.41 (1 H. q, J=6.5, CHO) and 7.00-7.50 (5 H, m, Ph); bc 23.7, 

61.55. 69.6, 78.2, 125.9 (2C). 127.3, 128.25 (2C) and 143.2; m/z 166 (M+. 13%). 151 (37), 121 (16). 107 

(30), 105 (100). 103 (lo), 79 (27) and 77 (17). 

2-(I-ocuterio-l-pheny~~~~~l@bb): t,=8.37 min, R,=KM (hexaneIethy1 acetate: 4/l); vm, (film) 3400 

(OH), 3080,3060,3020, 1600 (Ph) and 1100 cm-t (C-O); & 1.42 (3 H, s. CH3). 3.20-3.50.3.55-3.75 (3 and 

2 H respectively. 2 m, CH2CH20H) and 7.15-7.45 (5 H. m, Ph); 8~23.5, 61.4, 69.5, 77.65 (t, J=21.7). 

125.85 i2C). 127.2, 128.15 (2C) and 143.1; m/z 167 (M+. 11%). 152 (38), 122 (lo). 108 (27). 107 (12), 106 
(100). 105(11).80(21),78(11)and77(11). 

3-(2-Hydroxyethoxy)-2-methyl-3-phenylbukan-2-o1(2bc): e10.42 min. Rfl.34 (hexaneIethy1 acetate: 4/5), 

m.p. 94-%T; v,, (melted) 3320 (OH). 3060,3020,1590 (Ph), 1120 and 1060 cm-l (C-O); &H 1.08.1.20 (6 

H, 2 s, CH$XCH,). 1.65 (3 H. s, PhCOCH3). 2.58 (2 H, br s, 2xOH). 3.253.40,3.40-3.55.3.70-3.85 (1. 

1 and 2 H respectively, 3 m, CH2CH2) and 7.25-7.45 (5 H. m, Ph); k 19.15. 24.8, 24.9, 62.45, 63.85, 

75.35, 83.75, 127.05, 127.6 (2C). 128.1 (2C) and 141.05; m/z 191 (M+-33, <l%), 166 (40), 165 (28). 151 

(IO), 121 (lOO), 105 (15) and 43 (45). Anal cald. for&H& C, 69.61; H, 8.98. Found: C, 69.3; H, 9.0. 

3-Ethyl-2-(2-hydroxyethoxy)-2-phenylpentan-3-o1(2bd): t,=ll.24 min, RfW6 (hexanelethyl acetate: 4J5); 

v,, (film) 3460 (OH), 3080.3040 (Ph), 1110 and 1060 cm-1 (C-O); 8H 0.79,0.87 (6 H, 2 t, J=7.6 and 7.5 

respectively, 2xCH$H3), 1.46. 1.56 (4 H, 2 q. J=7.6 and 7.5 respectively, 2xC&CH3), 1.65 (3 H. s, 

CH&O), 2.30 (2 H, br s, 2xOH). 3.20-3.30, 3.40-3.50, 3.70-3.85 (1, 1 and 2 H respectively, 3 m, 

CHzCH20) and 7.20-7.45 (5 H, m. Ph); 8~ 8.65. 8.95, 19.8, 26.5, 26.6, 62.4, 63.4, 78.0, 84.7, 127.0, 

128.15 (2C). 128.2 (2C) and 141.5; m/z 205 (M+-47, <l%), 166 (43). 165 (20). 161 (15), 151 (17), 121 
IlflfN 1iX 110) 91 II?\ St7 I1931 57 (ln\ AT131\ mu-l A? IfiR) \A”“,, a”_ \*s,, _a \--,, -* \*-,,-n \A_,, .- \-, -_ ._ \-..,. 

l-[I-(2-Hydro~ethoxy)-l-phenykthyl]cyclopentcuwl(2be): Gll.88 min, Rfl.33 (hexandethyl acetate: 4/5), 

m.p. 103-105°C; vmax (melted) 3360 (OH), 3040,150O (Ph), 1100 and 1070 cm-1 (C-O); S, 1.20-2.00 (8 H. 

m, 4xCH2 ring), 1.69 (3 H, s, CH3). 2.10. 2.55 ( 2 H. 2 br s, 2xOH), 3.29-3.36, 3.45-3.55,3.70-3.85 (1, 1 

and 2 H respectively, 3 m, OCH2CH20), 7.25, 7.33 and 7.40 (1, 2 and 2 H respectively, t, t and d 

respectively, J=7.1, Ph); 8~ 19.75, 23.3, 23.6, 34.4, 34.85, 62.35. 63.65, 82.95, 87.15, 127.05, 127.7 

(2C), 128.0 (2C) and 141.55; m/z 166 (M+-84,31%), 165 (15). 151 (16), 121 (100). 105 (U), 77 (17), 45 

(ll), 43 (89) and 41 (11). Anal cald. for C&&&g C. 71.97; H, 8.86. Found: C, 71.0; H, 8.7. 

1-[1-(2-~droxyethoxy)-l-phenylethyl/cyclohexanol(2bf): tF12.51 min, Rfl.32 (hexanelethyl acetate: 4/5). 

m.p. l10-112°C; vmax (melted) 3410 (OH), 3040,149O (Ph) and 1060 cm-1 (C-O); S, 1.20-1.80 (10 H, m, 

5xCH2 ring), 1.62 (3 H. s. CH3), 2.30, 3.00 (2 H, 2 br s, 2xOH). 3.20-3.30,3.40-3.50.3.70-3.80 (1. 1 and 

2 H respectively, 3 m, OCHgH20) and 7.20-7.40 (5 H, m. Ph); k 18.9, 21.55, 21.65, 25.65. 31.05, 31.3, 

62.3, 63.6, 75.6, 84.15, 126.8, 127.4 (2C). 128.3 (2C) and 141.15; m/z 166 (M+-98. 49%). 165 (12). 151 

(16). 121 (lOO), 105 (18), 99 (21). 81 (20). 77 (10) and 43 (58). Anal cald. for Cl&I2403: C, 72.69; H, 9.15. 

Found: C, 72.6; H, 9.1. 
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6-(2-Hydroxycthoxy)-I,6-diphenylhexan-I-01 (ka): ~19.23 minq Rfl.25 (hexane/ethyl acetate: 3/Z)%; 

Vmu (film) 3400 (OH), 3080.3040,1600 (Ph). 1120 and 1060 cm-t (C-O); &H 1.25-1.95 (8 H. m, (CH&), 
2.80 (2 H, br 8. 2xOH). 3.18-3.30. 3.50-3.55 (4 H. 2 m, OCH2CH20). 4.05-4.15, 4.45-4.55 (2 H, 2 m. 

2xCHO) and 7.10-7.50(10 H, m. 2xPh); ik 25.35.25.45.25.6, 26.15.37.75.37.8.38.7, 38.75.61.75 (2C), 

69.75 (2c), 74.1, 74.25, 82.55. 82.65, 125.7 (2C). 125.75 (2C), 125.8 (2C), 126.46 (2C), 126.9, 127.05. 

127.25 (2C). 127.45 (2C). 127.8, 128.2. 128.25 (2C), 128.3 (2C). 138.25. 139.0, 142.25 and 144.8; m/z 

252 (M+-62). 151(100). 146 (14). 117 (13), 107 (n), 104 (12). 91(28). 79 (34) and 77 (18). 

Catalytic Dilithiation of Compound5 la, lb and lc. Isolation of Compounds 3 and 10~. General 
Procedure.- Once the intermediate of the type 4 was prePared as it was above described for compounds 2 (2 

mmol), the corresponding electrophile (2.1 mmol)27 was added and the mixture was stirred at the same 
temperature for a period of’ 1 ha. Then, the temperature was allowed to rise to 20°C overnight. The resulting 
mixtme was then worked up as for compounds 2 to give the title compounds. Yidds a~ included in Table 1 and 

text. Physical and spectral data follow. 

2-Methyl-1-phmyl-2-propawl (3m)29: t&84 min. +0.48 (hexane/ethyl acetate: 4/l); vma (film) 3480 

(OH), 3060.3020,1600 (Ph) and 900 cm-t (C-O); &-I 1.14 (6 H, 8,2xCH3), 1.30 (1 H. br 8, OH), 2.68 (2 H, 

8, CH2) and 7.10-7.30 (5 H. m, Ph); k 29.1 (2C), 49.7.70.7, 126.4 (20. 128.1, 130.4 (2C) and 137.7; m/z 

150 (M+, 2%). 135 (lo), 92 (100). 91(51) and 59 (37). 

2-Methyl-3-phmyl-2-butanol (3ba)W t&.76 min. RF.58 (hexane/ethyl acetate: 4/l); vmu (film) 3420 

(OH), 3080.3060,3020,1600 (Ph) and 930 cm-t (C-O); &.I 1.17 (6 H. s,2xCH3CO), 1.34 (3 H, d, k7.2. 

CH3CH). 1.57 (1 H. br 8. OH). 2.79 (1 H. q, C7.2. WPh) and 7.15-7.35 (5 H, m. Ph); & 15.75. 26.9, 

28.0,50.35. 72.6, 126.45, 128.0 (2C). 128.95 (2C) and 143.3; m/z 164(M+, 1%). 149(10), 106(94), 105 

(17). 91(100). 78 (10). 77 (12). SB (44) and 43 (12). 

3-Ethyl-2-phenyl-3-pmtanol (3bb): t#.23 min, R’.57 (hexane!ethyl acetate: 4/l); v,, (film) 3460 (OH). 

3060,3040,3020, 1600 (Ph) and 95Ocm-1 (C-O); &.t 0.82,0.67(6 H, 2 t, k7.3, 2xCH3CH2). 1.07 (1 H. br 

8. OH), 1.28 (3 H, d, 5=7.1. CH3CH), 1.37. 1.57 (4 H, 2 q. k7.3, 2xCH2). 2.85 (1 H, q. k7.1. CHph) 

and 7.15-7.35 (5 H, m, Ph); k 7.6, 7.95, 15.2, 27.25, 29.0, 45.4. 75.8, 126.25. 127.95 (2C). 129.1 (2C) 

and 143.6; m/z 163 (M+-29.35%). 107 (13), 106 (55), 105 (30), 91 (53). 87 (lOO), 79 (12). 77 (15), 69 (13), 

57 (20), 45 (42) and 43 (15). 

I-(I-Phenykthy~)cyclopenkWtol (3be)31: t&86 min. Rfl.61 (hexandethyl acetate: 4/l); v- (film) 3440 

(OH), 3060,3040,3020,1600 (Ph) and 910 cm-t (C-O); &.j 1.10 (1 H, br s. OH), 1.36 (3 H, d, 5=7.1, CH3), 

1.55-1.85 (8 H. m, 4xCHz). 2.81 (1 H, q. k7.1. CHph) and 7.15-7.35 (5 H, m, Ph); &C 16.1. 23.45, 23.65, 

37.8, 39.5, 48.75, 84.45, 126.4. 128.1 (2C). 128.25 (2C) and 144.1; m/z 190 (M+. <I%), 106 (100). 105 

(29), 91 (63). 85 (59). 79 (13). 78 (10). 77 (22). 67 (30). 57 (12), 55 (11). 43 (12) and 41 (16). 

1-(I-Phcnylethyljcyclooctanol (3bd): ell.26 min. RfO.59 (hexane/ethyl acetate: 4/l); v,, (film) 3440 

(OH). 3040, 3020. 1600 (Ph) and 950 cm-1 (C-O); &H 1.29 (3 H. d, 5=7.2, CH3), 1.25-1.80 (14 H, m, 

7xCH2). 1.86 (1 H. br s, OH). 2.81 (1 H. q. k7.2. CHph) and 7.15-7.35 (5 H. Ph); h 15.5, 22.0. 22.3, 
25.15, 27.5, 28.85, 32.65, 36.75, 46.95, 76.0, 126.1. 127.9 (2C), 129.0 (2C) and 144.05; m/z 232 (M+, 

<I%). 127 (100). 109 (28). 106 (22). 105 (30). 91 (23). 79 (13), ‘77 (16), 67 (35), 57 (10). 55 (26). 43 (17) 
and 41 (20). 
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2-Phenylpropiophenone (3be)% fr=10.50 min, Rfl.48 (hexanelethyl acetate: 9/l); Y,- (film) 3060,3020, 

1590 (ph) and 1680 cm-t (C=O); bH 1.50 (3 H, d, J=6.8. CH3). 4.65 (1 H, q, J=6.8, CHCO). 7.0-7.25 (5 H. 
m, PIICH), 7.29, 7.38 and 7.92 (2. 1 and 2 H respectively, t, t and d respectively, 5=7.0, PhCO); S, 19.3, 
47.65, 126.7. 127.7 (2C). 128.25 (2C), 128.55 (2C). 128.75 (2C), 132.55. 136.3, 141.3 and 200.05; m/z 
210 (M+, 3%). 105 (100) and 77 (21). 

2-Phenylpropioanilide (3bf)W tel2.37 min. R,4M4 (hexanelethyl acetate: 312). m.p. 125127°C; vmax 
(melted) 3300 (NH), 3040,3020, 1600 (Ph), 1650 and 1530 cm-1 (O=C-N); 5t-t 1.59 (3 H, d, .J=7.2, CH3). 
3.71 (1 H. q, J=7.2, CHCO). 7.13 (1 H. s, NH), 7.05. 7.25. 7.41 (1, 2 and 2 H respectively, t, t and d 
respectively, fi7.3. PhN), 7.45 (5 H. s. PhC); 6c 18.55, 48.05, 119.65 (2C), 124.2. 127.55, 127.65 (2C), 
128.85 (2C). 129.1 (2C). 137.8. 140.9 and 172.25; m/z 225 (M+, 34%), 132 (24), 120 (13), 119 (10). 106 
(60). 105 (100). 104 (14), 103 (15) 93 (53). 92 (13), 91 (31) 79 (20), 78 (11). 77 (43). 65 (15) and 51 (14). 

3-PhenyZ-1.3~hepranediol (ilk): r,=l2.40 min, R,=O.60 min (hexane/ethyl acetate: 2/3); v,, (film) 3390 
(OH), 3080.3060, 3040, 1600 (Ph), 1060 and 1040 cm-t (C-O); 6t.t 0.80 (3 H. t, 5=7.2, CH3). 1.10-1.40, 
4.70-2.20 (8 H, 2 m, (CH&S!CH2), 3.35-3.70 (2 H. m. CHzO), 4.10 (2 H, br s. 2xOH) and 7.10-7.40 (5 H. 
m, Ph); & 13.85, 22.9, 25.1, 42.7, 43.35, 59.75, 78.05, 125.2 (2C), 126.15, 127.94 (2C) and 145.75; m/z 
208 (M+. -A%), 163 (33). 151 (100). 133 (28). 105 (71) and 77 (23). 

Catalytic Dilithiation of Compound Id Isolation of Compounds 11. General Procedure.- To a green 
suspension of lithium (112 mg, 16 mmol) and naphthalene (20 mg, 0.16 mmol) in THP (5 ml) was added a 

solution of the ketal precursor Id (2 mmol) in THP (5 ml) at XK under an argon atmosphere. The reaction 
mixture was stirred for ca. 1.5 h at the same temperature. Then the corresponding aldehyde (2.1 mmol) was 
added and the mixture was stirred at the same temperature for a period of 1 h. Then, the second electrophile 
(Hz0 or Da. 0.5 ml) was added, the mixture was neutralized with 2 N HCI and extracted with diethyl ether 
(2x20 ml). The orgauic layer was dried over anhydrous Na$SOdand evaporated (15 Torr). The resulting residue 
was then purified by flash chromatography (silica gel, hexane/ethyl acetate) to afford the title compounds. Yields 
are included in Table 2. Physical and spectral data follow. 

l,l-Diphenyl-3-methyl-2-butanol (1lda)W f,=ll.24 mitt, R,=OSO (hexane/ethyl acetate: 4/l); vmax (film) 

3440 (OH), 3060,3040,3020,1590 (Ph) and 990 cm-1 (C-O); &H 0.93,0.99 (6 H, 2 d, J=6.8.2xCH3), 1.47 
(1 H, br s. OH), 1.60-1.75 (1 H, m, CZXHs), 4.01 (1 H, d, JS.7, CHPh). 4.15(1 H, dd.B.7, 3.8, CHO) 

and 7.10-7.45 (10 H, m. 2xPh); S, 15.15, 20.45, 29.7, 55.9, 78.1, 126.4, 126.7. 128.2 (2C), 128.6 (2C). 

128.7 (2C), 128.85 (2C), 141.65 and 142.45; m/z 240 (Mt. <l%). 168 (49). 167 (NW), 165 (28). 152 (13). 
71(10) and 43 (17). 

l-Deuterio-l,I-diphenyl-3-methyl-2-butanol (Ildb): tFll.24 min. R,=OSO (hexane/ethyl acetate: 4/l); V_ 

(film) 3440 (OH), 3060,3040,3020,1590 (Ph) and 990 cm-1 (C-O); 8H 0.93.0.99 (6 H, 2 d, k6.8, 2xCH3). 
1.58 (1 H, br s, OH), 1.60-1.80 (1 H, m, CHCO), 4.15 (1 H, d, k3.8, CHO) and 7.10-7.45 (10 H, 2xPh); 

s, 15.15, 20.45, 29.7, 55.45 (t, kl9.4). 78.05, 126.4, 126.7, 128.2 (2C). 128.6 (2C), 128.7 (2C), 128.85 

(2C), 141.65 and 142.45; m/z 199 (Mt-42, cl%), 170 (43). 169 (RIO), 168 (75), 167 (22) 166 (39) 165 
(14) 154(12), 153(19), 105(11),92(19),77(11).55(14)and43(11). 

3,3-Dimethyl-l,l-diphenyl-2-butanol (lldc): el1.36 min. Rfl.55 (hexanejethyl acetate: 4/l); v,, (film) 

3560 (OH), 3060.3040.3020, 1600 (Ph) and 1000 cm-1 (C-O); 8~ 0.84 (9 H, s. 3xCH3). 1.57 (1 H, s, OH), 

4.08 (1 H, d, Sa.5, CHPh), 4.13 (1 H, d, k6.5, CHO), 7.05-7.30 and 7.30-7.45 (10 H. 2 m, 2xPh); & 
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27.0 (3C). 36.15, 54.75. 80.9, 126.2, 126.6. 128.25 (2C). 128.45 (2C), 128.6 (2C). 129.45 (2C), 141.95 

and 144.3; mlz 15’7 (M+-57.2%), 169 (12), 168 (100). 167 (59). 166 (17). 165 (51). 153 (15). 152 (25). 105 

(1~,91(30).87(11),77(11),59(15),57(18)and41(30). 

Treatment of DioLr tbc, tbd and tbf with Phosphoric Acid. Isolation of Compoundr 12. General 
Procedure.- To a mixture of phosphoric acid (2.0 mmol) in toluene (10 ml) was added the corresponding 

purified diol(l.0 mmol) and the cormsponding solution was refluxed for 14 h. After cooling the mixture was 

neutralized with a satumted solution of Na2Ca and extracted with diethyl ether (2x20 ml). The organic layer 

was dried over anhydrous Na2SO4 and evaporated (15 Torr). The resulting residue was then purified by flash 

chromatography (silica gel. hexanddiethyl ether) to afford the title ketones. Yields are included in the text. 

Physical and spectral data follow. 

3-MethyZ-3-phenyl-2-butanone (12be)W &=6.72 min. Rfl.37 (hexane/ethyl acetate: 9/l); v,, (film) 3060. 

3040; 3020, 1590 (Ph) and 1700 cm-r (C=O); & 1.48 (6 H. s. 2xCHsC), 1.91 (3 H. s, CH3CO) and 7.20- 

7.40 (5 H, m, Ph); 8~ 25.1 (2C). 25.5, 52.45. 125.9 (2C). 126.8, 128.7 (2C). 144.05 and 211.15; m/z 162 

(M+, 2%). 120 (12). 119 (100). 91(87), 79 (10) and 77 (10). 

4-Methyl4-phenyl-3-hexarwne (12bd)q &=8.01 min, Rfl.74 (hexane./ethyl acetate: 9/l); v,, (film) 3040. 

3020, 1590 (Ph) and 1700 cm-r (C=O); 8~ 0.64 (3 H, t, 5~7.5, CH3CH2C), 0.82 (3 H, t. 5=7.3. 

CZf3CH@O), 1.34 (3 H, S, CH3C). 1.89 (2 H, 9, 3=7.5. CH&), 2.07 (2 H, 9.3~7.3. CH2CO) and 7.05 

7.40 (5 H, m, Ph); a, 8.55. 8.65, 20.7, 29.9, 30.85, 55.84, 126.35 (2C). 126.6, 1285 (20. 143.2 and 

213.7; m/z 190 (M+. <l%). 133 (72). 105 (18). 92 (10). 91(100) and 77 (11). 

I-Acetyl-1-phenykyclohexzue (12blt)37: e.18 min. Rfl.70 (hexane/ethyl acetate: 911); v, (film) 3060, 

3040.3020, 1590 (Ph) and 1700 cm-r (C=O); S, 1.25-1.65, 1.80-1.90 (10 H, 2 m, 5xCH2). 1.89 (3 H. 8. 

CH3) and 7.10-7.40 (5 H, m, Ph); bc 23.15 (2C), 25.5, 25.85. 33.55 (2C). 56.35, 126.45 (2C), 126.8. 

128.75 (2C). 142.6 and 210.4; m/z 202 (M+, 6%). 160 (IO). 159 (94), 117 (14). 115 (12). 91 (100) and 81 

(16). 

2-Methyl-2-phenylcycloheptanone (12bf’)W t&G3 min, Rfl.67 (hexaneJethy1 acetate: 9/l); v,, (film) 

3060,3040,3020,1590 (Ph) and 1700 cm1 (C=O); bH 1.20-1.60, 1X0-2.35 (8 H, 2 m. C(CH&), 1.34 (3 H. 

s, CH3). 2.55 (2 H, dd. 5=11.3, 9.6, CHzCO) and 7.15-7.40 (5 H, m, Ph); & 24.35, 26.5, 26.95, 30.6. 

36.6,40.9,55.8, 125.9 (2C). 126.6, 128.65 (2C). 144.9 and 215.0; m/z 202 (M+, 36%). 159 (14). 131 (100). 

118 (54). 117 (26). 115 (16), 105 (21). 103 (14), 91(28) and 77 (14). 
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