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Abstract: The reductive opening of chiral oxetanes 1, ent-1, 4 and 7 with lithium 
powder and a catalytic amount of DTBB (5 mol%) in THF at 0°C or -20°C, followed by 
treatment with different electrophiles [H20, D20, ButCHO, PhCHO, Me2CO, (CH2)5CO 
and CO2] at -78°C leads, after hydrolysis with water to functionalised alcohols 3, ent-3, 
6 and 9. Monoprotected diols 6d and 9d give enantiomerically pure 1,2,5-triols 10 and 
ent-lO or spirohydroxyethers 11 and ent-ll under acidic conditions in methanol in almost 
quantitative yield. © 1997 Elsevier Science Ltd 

Introduct ion 

The main advantage of  using functionalised organolithium compounds 1 of  general type I as 
carbanionic intermediates in synthetic organic chemistry is centered on the fact that in the reaction of  
these species with electrophilic reagents polyfunctionalised molecules are formed in only one reaction 
step. Intermediates of  the type I are, in general, unstable compounds due to their decomposition, even 
at low temperature, by elimination processes. 2 For n>l ,  we found some years ago 3 that the existence 
of  a negative charge on the heteroatom (see II), which decreases its ability to act as a leaving group, 
allows the preparation, at low temperature, of  this type of  compound. In the case of  y-functionalised 
organolithium compounds (II, n=3; also called d3-reagents following Seebach's nomenclature 4) 
containing an oxygen, 5 nitrogen 6 or sulfur 7 functionality, they have been prepared by different 
routes: (a) chlorine-lithium exchange, 5a-a'q'6a'Ta (b) reductive heterocyclic ring opening, 5e,f'r,s,6b,Tb 
(c) sulfur-lithium exchange, 5g,h,t,u (d) tin-lithium transmetallation 5i,v and (e) other less general 
methodologies such as direct deprotonation 5j-"'6c or addition of  organolithium compounds to allylic 
systems. 5°,w,x,6d,e,f However, to the best of  our knowledge, chiral ¥-functionalised organolithium 
compounds have been prepared following the routes (a), 5c,q (c), 5u (d) 5v and (e). 5x,6f In this paper we 
describe the preparation of  these type of  intermediates in an enantiomerically pure form by reductive 
opening of  oxetanes 5e'f [route (b)] using lithium and a catalytic amount of  4,4'-di-tert-butylbiphenyl 
(DTBB) as the electron carder. 8 In recent years we have used this methodology for the new preparation 
of  organolithium compounds starting from non-halogenated materials, 9a as well as functionalised 
organolithium compounds (starting from chlorinated materials, 9b heterocyclic precursors, 9c or other 
systems 9d) and polyfunctionalised synthons. 9e 

f This paper is dedicated to Professor E. Winterfeld on occasion of his 65th birthday. 
* Corresponding author. Email: yus@ua.es 
* Ph.D. Student from the Hassan II University of Casablanca (Morocco). 
§ Author to whom the correspondence on X-ray structure should be addressed. 
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Results and discussion 

The reaction of chiral oxetane 1 with an excess of lithium powder in the presence of a catalytic 
amount of DTBB (5 mol%) in THF at 0°C for 6 h, led to a solution of intermediate 2, which after 
reaction with different electrophiles [D20, ButCHO, PhCHO, Me2CO, CO2] at -78°C, followed by 
hydrolysis with water, afforded the expected chiral compounds 3 (Scheme 1, Figure 1 and Table 1, 

entries 1-7). 
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Sdaeme 1. Reagents and conditions: i, Li, DTBB cat. (5 mol%), THF, 0°C; ii, E+=H20, D20, CO2, ButCHO, PhCHO, 
Me2CO, (CH2)5CO, -78°C; iii, HE0, --78 to 20°C; iv, Li, DTBB cat. (5 mol%), THF, -20°C. 

In the case of using prochiral carbonyl compounds as electrophiles a ca. 2:3 and 3:2 (300 MHz 
I H NMR) diastereoisomers mixture was determined for pivaldehyde and benzaldehyde, respectively 
(Scheme 1, Figure 1 and Table 1, entries 2-5), which could be seperated by flash chromatography (silica 
gel, hexane/ethyl acetate), so both enantiomerically pure diastereoisomers 3 and 3' were obtained in 
enantiomerically pure form. When carbon dioxide was used as the electrophile, spirolactone 3e was 
the only reaction product isolated after acidic work-up (Scheme 1, Figure 1 and Table 1, entry 7). To 
prove the validity of this methodology in EPC-synthesis, we performed the same reactions indicated 
above starting from the enantiomeric oxetane ent-1, so through the corresponding intermediate ent-2 
the expected reaction products ent-3 were isolated (Scheme 1, Figure 1 and Table 1, entries 8-12). 
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Figure 1. 

The unequivocal assignment of the stereochemistry of diols 3b and 3'b was performed by single- 
crystal analysis of compound 3 'b (Figure 2); 1° for diols 3c and 3'c the structure was deduced by 
correlation with the X-ray analysis, the study of their NMR spectra and our previous experience in 
similar diols. 11 

Starting oxetanes 1 and ent-1 were prepared by treatment of ( - ) -  and (+)-menthone, respectively, 
with 6 equivalents of trimethylsulfoxonium ylide in ten-butanol at 50°C for 72 h (45% yield). 12 A 
similar methodology was applied to both protected hydroxyoxetanes 4 and 7,13 which can be used 
as chiral precursors of polyols. Thus, treatment of these chiral oxetanes with an excess of lithium 
powder in the presence of a catalytic amount of DTBB (5 mol%) in THF at -20°C for 3 h led to 
a solution of intermediates 5 or 8, respectively, which by reaction with different electrophiles [H20, 
D20, Me2CO, (CH2)5CO] and final hydrolysis yielded products 6 and 9, respectively (Scheme 1, 
Figure 1 and Table 1, entries 13-20). 
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Table 1. Preparation of compounds 3, 6 and 9 

Starting Electrophile Producta 

Entry material Intermediate E+ No. R.~ or rely: [Gt]o2o (c) a Yield(%)~ 

1 1 2 D20 3a 0.73 +2.1 (1.6) 80 

2 1 2 ButCHO 3b  0.64 -18.4 (1.25) 
59t 

3 3 ' b  139-140 +9.8 (1.4) 

4 1 2 PhCHO 3c 159-160 -19.0 (0.5) 
77g 

5 3 ' e  142-143 +12.8 (0.8) 

6 1 2 Me,CO 3d 0.43 -18.2 (1.3) 65 

7 1 2 CO2 3e 0.57 -43.0 (1.15) 75 

8 ent-I eat-2 ButCHO ent-3b 0.64 +20.4 (0.7) 
6If 

9 ent-3'b 139-140 -10.8 (1.35) 

I0 ent-1 ent-2 PhCHO ent-3e 159-160 +18.8 (0.65) 
808 

11 ent-3'c 142-143 -11.7 (0.65) 

12 ent-I ent-2 Me2CO ent-3d 0.43 +20.1 (1.15) 63 

13 4 5 H20 6a 0.26 +7.6 (1.2) 98 

14 4 5 D20 6b  0.26 +7.3 (1.1) 90 

15 4 5 Me2CO 6c 0.41b -7.1 (1.4) 67 

16 4 5 (CH2)5CO 6d 0.20 -4.4 (1.1) 62 

17 7 $ H20 9a 0.26 -7.8 (1.75) 97 

18 7 8 D20 9b 0.26 -8.0 (0.7) 91 

19 7 8 Me:CO 9c 0.41h +6.1 (1.75) 65 

20 7 8 (CH2)sCO 9d 0.20 +3.8 (1.4) 66 

All products 3, 6 and 9 were > 95% pure (GLC and 300 MHz IH NMR). b Silica gel, hexane/ethyl acetate: 
2/1, unless otherwise stated. ¢ From hexanedchloroform, temperature given in °C. d In dichloromethane, c given 
in g/100 ml. c Global yield based on the starting oxetanes 1, ear-l, 4 or 7. f A ca. 2:3 diasteroaisomers mixture 
(300 MHz lH NMR) was obtained, gAca. 3:2 diastereoisomers mixture (300MHz IH NMR) was obtained. 
b Silica gel, hexane/ethyl acetate: 1/2. 
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Figure 2. Ball-and-stick representation of the solid state structure 3'b. 
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Oxetanes 4 and 7 were prepared by O-protection of  commercially available chiral epoxides (S)- and 
(R)-glycidol respectively with dihydropyran in the presence of  a catalytic amount ofp-toluenesulfonic 
acid 14 followed by reaction with 3 equivalents of  trimethylsulfoxonium ylide in t e n - b u t a n o l  at 50°C 
for 72 h (70% overall yield). 12 

In the last part of  this study we carried out the deprotection of  diols 6d and 9d in methanol under 
acidic conditions in order to prepare enantiomerically pure triols. Surprisingly these reactions showed 
a great dependency on the amount of  p-toluenesulfonic acid. Thus, when the reaction was performed 
in methanol at 25°C in the presence of  5 mg ofp-toluenesulfonic acid, the expected triols 10 and ent-  

10 were isolated almost in quantitaive yield, but when around 15 mg of  p-toluenesulfonic acid was 
used, spirohydroxyethers 11 and e n t - l l  were the main reaction products (Scheme 2, Table 2). 

OHoH 
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~ O H o H  

6d 11 

 : OHoH Lv/ OH 
ent-lO 

,•OHoH 
91t ent-11 

Scheme 2. Reagents and conditions: i, p-TsOH (5 mg), MeOH, 25°C; ii, p-TsOH (15 mg), MeOH, 25°C, 

From the results described in this paper we conclude that the reductive opening of  chiral oxetanes 
allows the preparation of  enantiomerically pure alcohols after reaction with different electrophiles. In 
the case of  appropriate chiral oxetanes and after reaction with carbonyl compounds 1,4-diols, 1,2,5- 
triols and spirohydroxy-ethers can be obtained in enantiomerically pure forme. Chiral 1,4-diols, which 
are umpoled systems, 4 are interesting ligands for enantioselective catalytic addition of  organometallics 
to carbonyl compound derivatives. 15 

Table 2. Preparation of compounds 10 and 11 

Starting Product, 

Entry material No. Rf [OlD (c) b Yield(%)c 

1 6d 10 0.32d -4.9 (1.45) >95 

2 9d  ent-lO 0.32 d +5.6 (1.2) >95 

3 - 6d I 1 0.33e -11.5 (0.6) >95 

4 9d ent-11 0.33e +12.6 (0.5) >95 

• All products 10 and U were >95% pure (GLC and 300 MHz tH NMR). b In dichloromethane; c given in 
g/100 mL c Global yield based on the starting diols 641 and 9d. d Silica gel, hexane/ethyl acetate : 1/2. • Silica 
gel, I~xane/ethyl acetate : 1/1. 
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Experimental part 

General 

For general information see Ref.  16 Chiral oxetanes 1,12 ent-1,12 412'14 and 712'14 were prepared ac- 
cording to the literature procedures. Yields are given in the text. Physical, analytical and spectroscopic 
data follow. 

(41L 5S, 8R) -5-1sopropyl-8-methyl- 1-oxaspiro[ 3.5 ]nonane 1 

Rf=0.23 (hexane/ethyl acetate, 20/1); Vma~ (film) 1455, 1130 cm-l; 6H 0.87, 0.96, 1.04 [9H, 
3d, J=6.7, (CH3)2CH, (CH3)CH], 1.25-1.51 (4H, m, CH2, 2×CH), 1.67-1.72 (3H, m, CH2, CH), 
2.05-2.24 (2H, m, CH2), 2.39-2.49 (2H, m, CH2), 4.31-4.48 (2H, m, CH20); 8¢ 18.3, 20.35, 
22.2 [(CH3)2CH, (CH3)CH], 23.6 [CH2CHCH(CH3)2], 23.8 (CHCH3), 28.0 [CH(CH3)2], 30.0 
(CHECH20), 34.9 (CHECHCH3), 49.35 (CH2CO), 49.95 (CHCO), 64.3 (CH20), 89.65 (CO); m/z 
182 [M ÷, 1%], 97 (100), 95 (24), 69 (43), 67 (23), 55 (54), 43 (54), 41 (77), 40 (80) (Found: M ÷, 
182.1665. C12H220 requires M, 182.1670). [(X]D25= - 19.8 [C=0.95 (CH2C12)]. 

(4S,5R,8S)-5-lsopropyl-8-methyl-l-oxaspiro[3.5]nonane ent-1 

Physical and spectroscopic data were found to be the same than for 1. Found: M ÷, 182.1663. 
CI2H220 requires M, 182.1670). [0QD25=+21.8 [c=1.05 (CH2C12)]. 

(2R)-2-(Tetrahydro-2H-2-pyranyloxymethyl)oxetane 417,18 

Rf =0.3617 (hexane/ethyl acetate, 3/1); Vmax (film) 1435, 1095 cm-l; 6H 1.19-1.93 (6H, m, 
3×CH2), 2.41-2.75 (2H, m, CH2), 3.38-3.69 (2H, m, OCHCH20), 3.82-3.92 (2H, m, CH2CH2CH20), 
4.54--4.73 (3H, m, CHECHCH2, CHECH2CH20), 4.93--4.99 (1H, m, CHO2); 8c 19.2, 19.3, 23.55, 
23.7, 25.35, 30.35, 30.5 (CH2), 61.95, 62.05 (CH2CH2CH20), 68.8, 68.85, 70.05, 71.0 (CH20), 80.9, 
80.95 (CHO), 98.85, 98.9 (CHO2); m/z 143 (5%), 101 [M+-CH2(C3H70), 67%], 85 (C5H90, 100), 
84 (78), 83 (22), 71 (37), 70 (38), 67 (54), 57 (80), 56 (39), 55 (69), 54 (21), 44 (16), 43 (85), 42 
(46). let]D25=--3.4 [C=1.2 (CH2C12)]. 

( 2 S )- 2-( Tetrahydro- 2 H- 2-py ran y loxymethyl )o xetane 7 l z l s 

Physical and spectroscopic data were found to be the same than for 4. [Or]DE5=+2.5 [c= 1.6 (CH2C12)]. 

DTBB-Catalysed lithiation of chiral oxetanes 1, ent-l, 4 and 7, and reaction with electrophiles. 
Isolation of compounds 3, ent-3, 6 and 9. General procedure 

To a cooled (0°C for compounds 1 and ent-1 or -20°C for compounds 4 and 7) blue suspension 
of lithium powder (0.10 g, 14.0 mmol) and a catalytic amount of 4,4'-di-tert-butylbiphenyl (0.040 g, 
0.15 mmol) in THF (10 ml) was added the corresponding oxetane (1.5 mmol) under argon and the 
mixture was stirred at the same temperature for 6 h in the case of compounds 1 and ent-1, or for 3 h in 
the case of compounds 4 and 7. Then, the corresponding electrophile (1.6 mmol; 0.5 ml in the case of 
water or deuterium oxide; CO2 was bubbled for 30 min) was added at -78°C and the temperature was 
allowed to rise to 20°C overnight. The resulting mixture was hydrolysed with water and extracted with 
ethyl acetate. The organic layer was dried over anhydrous sodium sulfate and evaporated (15 mmHg). 
The resulting residue was purified by column chromatography (silica gel, hexane/ethyl acetate) and/or 
recrystallised to yield pure products 3, ent-3, 6 and 9. Yields and physical data (mps or RI values and 
specific rotations) are included in Table 1; analytical and spectroscopic data follow. 

(1S,2S,5R )- l-( 2-Deuterioethyl)-2-isopropyl-5-methylcyclohexanol 3a is 

Vmax (film) 3700-3200 (OH), 1420, 1100 cm -l ; 6H 0.87, 0.90, 0.96 [9H, 3d, J=6.4, 7.0, (CH3)2CH, 
(CH3)CH], 1.25-1.78 (10H, m, 4×CH2, 2×CH), 2.01-2.29 (3H, m, CH, CH2), 3.46 (1H, br s, OH); 
~ic 8.1 (t, JCD=19.2, CH2D), 18.15, 20.5, 22.45 [(CH3)2CH, (CH3)CH], 23.6 [CH2CHCH(CH3)2], 
25.35 (CHCH3), 27.95 [CH(CH3)2], 33.55, 35.2 (2xCH2), 46.05 (CHECO), 47.1 (CHCO), 75.4 (CO); 
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m/z 167 [M+-H20, 1%], 155 (31), 137 (149), 100 (100), 99 (59), 85 (25), 81 (55), 69 (27), 58 (33), 
57 (35), 55 (41), 44 (22), 43 (64), 41 (71). 

( • S•2S•5R )- •-[ ( 3S )- 3•Hydr•xy-4• 4•dimethylpentyl ]- 2-is•pr•pyl- 5-methylcycl•hexan•l 3b is 

Vmax (film) 3580-3080 (OH), 1470, 1130 cm-1; 5H 0.82-0.91 [9H, m, (CH3)2CH, (CH3)CH], 0.92 
[9H, s, (CH3)3C], 0.95-1.24 (2H, m, CH2), 1.25-1.46 (4H, m, 2×CH2), 1.50-1.87 (6H, m, 2×CH2, 
2×CHCH3), 1.56 (2H, br s, 2×OH), 2.04-2.17 [1H, m, CH(CH3)2], 3.20 (1H, dd, J=10.2, 1.3, CHO); 
6c 18.15, 20.6, 22.45 [(CH3)2CH, (CH3)CH], 23.65 [CH2CHCH(CH3)2], 25.35, 25.45 [CHCH3, 
CH(CH3)2], 25.75 [(CH3)3C], 28.1, 35.05 (2×CH2), 35.1 [C(CH3)3], 38.45 (CH2), 46.6 (CH2CO), 
48.75 (CHCO), 70.15 (CO), 80.5 (CHO); m/z 252 [M+-H20, 2%], 167 (13), 123 (14), 95 (16), 83 
(12), 69 (19), 57 (23), 55 (22), 44 (28), 43 (31), 41 (37), 40 (100). 

( • S•2S•5R )- •-[ ( 3R )• 3-Hydr•xy-4• 4-dimethylpentyl ]- 2-is•p r•pyl- 5-methylcyc l•hexan•l 3' b 

Vmax (KBr) 3580-3080 (OH), 1470, 1130 cm-I; 8H 0.81-0.89 [9H, m, (CH3)2CH, (CH3)CH], 0.91 
[9H, s, (CH3)3C], 0.93-1.26 (5H, m, CH, 2×CH2), 1.26-1.79 (7H, m, 2×CH2, 2×OH, CH), 1.90-2.00 
(2H, m, CH2), 2.05-2.17 [1H, m, CH(CH3)2], 3.14 (1H, d, J=ll .2,  CHO); 6c 18.15, 20.7, 22.45 
[(CH3)2CH, (CH3)CH], 23.7 [CH2CHCH(CH3)2], 25.4, 25.45 [CHCH3, CH(CH3)2], 25.75 [(CH3)3C], 
28.0, 35.05 (2×CH2), 35.1 [C(CH3)3], 38.6 (CH2), 46.55 (CH2CO), 48.8 (CHCO), 74.85 (CO), 80.9 
(CHO); m/z 252 [M+-H20, 3%], 167 (15), 123 (16), 95 (10), 83 (19), 69 (21), 57 (25), 55 (24), 44 
(34), 43 (36), 41 (41), 40 (100) (Found: C, 75.37; H, 12.79. CI7H3402 requires C, 75.50; H, 12.67). 

( IS,2S,5R)-l-[(3S)-3-Hydroxy-3-phenylpropyl]-2-isopropyl-5-methylcyclohexanol 3c 

Vmax (KBr) 3505-3150 (OH), 1430, 1100 cm-l; 6H 0.86, 0.92, 0.98 [9H, 3d, J=6.4, 6.7, (CH3)zCH, 
(CH3)CH], 0.96-1.11 (2H, m, CH2), 1.24-1.44 (2H, m, CH2), 1.49-1.68 (5H, m, 2×CH2, CH), 
1.71-1.84 (3H, m, CH, CH2), 2.06-2.13 [1H, m, CH(CH3)2], 2.19 (2H, br s, 2×OH), 4.69--4.73 (1H, m, 
CHO), 7.27-7.37 (5H, m, ArH); 6c 18.1, 20.5, 22.4 [(CH3)2CH, CH3)CH], 23.6 [CH2CHCH(CH3)2], 
25.45, 28.0 [CHCH3, CH(CH3)2], 33.4, 35.0, 36.8 (3×CH2), 46.5 (CH2CO), 48.3 (CHCO), 74.8 (CO), 
74.59 (CHO), 125.8, 127.5, 128.45, 144.75; m/z 272 [M÷-H20, 15%], 211 (22), 187 (96), 107 (22), 
105 (25), 104 (29), 95 (22), 91 (54), 81 (36), 79 (21), 69 (65), 55 (68), 44 (100), 43 (71) (Found: C, 
74.42; H, 9.94. CI9H3oO2.H20 requires C, 73.98; H, 10.46). 

(1 S,2S,5R)- l-[( 3R)-3-Hydroxy-3-phenylpmpyl]-2-isopropyl-5-methylcyclohexanol 3'c 

Vmax (KBr) 3600-3100 (OH), 1470, 1120 cm-1; 6H 0.85, [6H, d, J=6.7, (CH3)2CH], 0.87 (3H, d, 
J=6.4, CH3CH), 0.99-1.10 (2H, m, CH2), 1.07-2.03 (10H, m, 4×CH2, 2×CH), 2.05-2.10 [1H, m, 
CH(CH3)2], 2.47 (2H, br s, 2×OH), 4.64-4.65 (1H, m, CHO), 7.22-7.36 (5H, m, ArH); 6c 18.1, 20.6, 
22.4 [(CH3)2CH, (CH3)CH], 23.6 [CH2CHCH(CH3)2], 25.4, 28.0 [CHCH3, CH(CH3)2], 33.6, 35.0, 
37.35 (3×CH2), 46.5 (CH2CO), 48.4 (CHCO), 74.8 (CO), 75.3 (CHO), 125.9, 127.55, 128.45, 144.8 
(ARC); m/z 272 [M+-H20, 7%], 211 (17), 187 (90), 107 (34), 105 (29), 104 (15), 95 (43), 91 (50), 
81 (30), 79 (61), 69 (62), 55 (28), 44 (100), 43 (59) (Found: C, 76.20; H, 9.69. C19H3oO2.1/2H20 
requires C, 76.21; H, 10.43). 

(1S,2S,5R)-l-( 3-Hydroxy-3-methylbutyl]-2-isopropyl-5-methylcyclohexanol 3d Is 
Vmax (film) 3630-3150 (OH), 1430, 1090 cm-l; /SH 0.87, 0.89, 0.91 [9H, d, J=6.7, (CH3)ECH, 

CH3CH], 0.94-1.21 (3H, m, CH2, CH), 1.23, 1.24 [6H, 2s, (CH3)2C], 1.26-1.35 (2H, m, CH2), 
1.37-1.78 (7H, m, 3xCH2, CH), 2.06-2.17 (1H, m, CH(CH3)2], 2.21 (2H, br s, 2×OH); 8c 18.1, 
20.5, 22.45 [(CH3)ECH, (CH3)CH], 23.6 [CHECHCH(CH3)2], 25.45, 28.0 [CHCH3, CH(CH3)2], 28.9, 
29.7 [(CH3)2C], 35.05, 35.25, 37.6 (3×CH2), 46.6 (CH2CO), 48.05 (CHCO), 70.8 [OC(CH3)2], 74.95 
(CHCO); m/z 224 [M+-H20, 2%], 155 (20), 139 (76), 95 (27), 81 (48), 69 (79), 59 (24), 55 (66), 43 
(100), 41 (90), 40 (17). 
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(5S,6S,9R)-6-1sopropyl-9-methyl-l-oxaspiro[4,5]decan-2-one 3e 18 

Vmax (film) 3650-3090 (OH), 1770 (CO), 1455, 1140 cm-1; ~SH 0.83, 0.87, 0.95 [9H, 3d, J=6.7, 
7.0, (CH3)2CH, (CH3)CH], 1.00-1.32 (4H, m, 2×CH2), 1.42-1.60 (2H, m, CH2), 1.74-1.86 (3H, m, 
CH, CH2), 1.95-2.04 (IH, m, CH), 2.27-2.38 (1H, m, CH), 2.55 (2H, m, CHxCO); ~5c 17.8, 21.7, 
22.0 [(CH3)2CH, (CH3)CH ], 23.8 [CH2CHCH(CH3)2], 26.3, 28.6 [CHCH3, CH(CH3)2], 29.0, 31.2, 
34.6 (3xCH2), 49.3 (CH2CO), 49.8 (CHCO), 89.4 (CHCO), 177.1 (CO2); m/z 210 [M ÷, 2%], 153 
(10), 125 (100), 97 (11), 94 (10), 81 (17), 69 (15), 56 (15), 55 (44), 44 (34), 43 (22), 41 (50), 40 (62). 

( •R•2IL 5S )-•-[( 3R)-3-Hydr•xy-4• 4-dimethylpentyl]-2-is•pr•pyl-5-methylcycl•hexan•l ent-3b 18 

Physical and spectroscopic data were found to be the same than for 3b. 

(1R•2R•5S)-1-[(3S)-3-Hydr•xy-4•4-dimethylpentyl]-2-is•pr•pyl-5-methylcycl•hexan•l ent-3'b 

Physical and spectroscopic data were found to be the same than for 3'b. Found: C, 75.36; H, 12.74. 
C17H3402 requires C, 75.50; H, 12.67. 

(1R,2R,5S)-l-[(3R)-3-Hydroxy-3-phenylpropyl]-2-isopropyl-5-methylcyclohexanol ent-3c 

Physical and spectroscopic data were found to be the same than for 3e. Found: C, 74.39; H, 9.96. 
C19H3oO2"H20 requires C, 73.98; H, 10.46. 

(1R,21L 5S )- l -[  ( 3S )- 3-Hydroxy-3-phenylpropyl ]- 2-isopropyl-5-methylcyclohexanol ent-3'c 

Physical and spectroscopic data were found to be the same than for 3'e. Found: C, 76.40; H, 10.05. 
CI9H3002.1/2H20 requires C, 76.21; H, 10.41. 

(1R,21L5S)-l-(3-Hydroxy-3-methylbutyl]-2-isopropyl-5-methylcyclohexanol ent-3d Is 

Physical and spectroscopic data were found to be the same than for 3d. 

(2R)-l-(Tetrahydro-2H-2-pyranyloxy)-2-butanol 6a t7'm 

Vmax (film) 3680-3100 (OH), 1460, 1200 cm-l; ~iH 0.97 (3H, t, J=7.5, CH3), 1.21-2.05 (8H, m, 
4xCH2), 2.77 (1H, br s, OH), 3.21-3.95 (5H, m, OCHCH20, CH2CHCH2, CH2CH2CH20), 4.56-4.65 
(1H, m, CHO2); tic 9.85, 9.9 (CH3), 19.8, 19.85, 25.15, 25.2, 25.95, 26.1, 30.6, 30.7 (CH2), 61.85, 
63.0 (CH2CH2CH20), 71.8 (CHO)H, 72.5, 73.45 (CHCH20), 99.9, 100.0 (CHO2); m/z 143 (2%), 85 
(C5H90, 100), 84 (36), 67 (21), 59 (42), 57 (36), 56 (37), 55 (76), 43 (70). 

(2R)-4-Deuterio-l-(tetrahydro-2H-2-pyranyloxy)-2-butanol 6b 17,1s 

Vmax (film) 3685-3120 (OH), 1450, 1180 cm-l; 8H 0.96 (2H, t, J=7.6, CH2D), 1.22-2.11 (8H, m, 
4×CH2), 3.01 (1H, br s, OH), 3.23-3.99 (5H, m, OCHCH20, CH2CHCH2, CH2CH2CH20), 4.53-4.62 
(1H, m, CHO2); tic 9.6, 9.65 (2t, JCD=19.2, CH2D), 19.9, 19.85, 25.2, 25.3, 25.95, 26.2, 30.65, 30.7 
(CH2), 61.9, 63.1 (CH2CH2CH20), 71.9 (CHOH), 72.55, 73.6 (CHCH20), 99.8, 99.95 (CHO2); m/z 
145 [M÷-CH2CH2D), 0.8%], 85 (100), 84 (66), 79 (19), 67 (41), 60 (55), 59 (30), 58 (22), 57 (59), 
55 (76), 44 (38), 43 (77), 42 (41). 

(2R)-5-Methyl- 1-(tetrahydro-2H-2 -pyranyloxy) -2, 5-hexanediol 6c 17, is 

Vmax (film) 370(03040 (OH), 1430, 1130 cm-l; fiH 1.23 [6H, s, (CH3)2C], 1.26-1.85 (10H, m, 
5xCH2), 2.62 (2H, br s, OH), 3.36-3.92 (5H, m, OCHCH20, CH2CHCH2, CH2CH2CH20), 4.55-4.63 
(1H, m, CHO2); ~ic 19.8, 19.9, 25.1, 25.15, 26.85 (CH2), 29.4, 29.45 [(CH3)2C ], 30.55, 30.7 (CH2), 
39.6, 39.65 (CH2COH), 62.9, 63.2 (CH2CH/CH20), 70.2, 70.25 (COH), 70.9 (CHOH), 72.7, 73.8, 
99.95, 100.1 (CHO2); m/z 159 (3%), 99 (30), 85 (93), 84 (28), 81 (33), 59 (46), 55 (81), 43 (100). 

1718 ( 2 R )-4-(1- Hydro xy c y c lo hexy l )- l -( tetrahy dro- 2 H- 2-p y ran y lo xy )- 2-butano l 6d ' 

Vmax (film) 3700-3100 (OH), 1400, 1120 cm-1 ; 8H 1.25--1.82 (22H, m, IOxCH2, 2×OH), 3.34-3.95 
(5H, m, OCHCH20, CH2CHCH2, CH2CH2CH20), 4.56---4.65 (1 H, m, CHO2); tic 19.85, 19.95, 22.2, 
22.25, 25.8, 25.85, 26.35, 26.6, 29.6, 29.65, 30.6, 30.8, 38.15 (CH2), 63.0, 63.5 (CH2CH2CH20), 70.8, 
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70.9 (COH), 72.55, 73.6 (CHCH20), 72.85, 74.1 (CHOH), 100.05, 100.2 (CHO2); rrdz 252 (0.61%), 
199 (1.6), 139 (17), 121 (19), 99 (12), 95 (12), 85 (63), 84 (30), 83 (21), 81 (22), 79 (15), 67 (27), 57 
(28), 56 (25), 55 (100), 54 (22), 53 (17), 44 (15), 43 (41), 42 (13). 

( 2S )- l-( Tetrahydro- 2H- 2-pyranyloxy )-2-butanol 9a 17"18 

Physical and spectroscopic data were found to be the same than for 6a. 

( 2S )-4-Deuterio- l-( tetrahydro-2H-2-pyranyloxy )- 2-butanol 9b 1z18 

Physical and spectroscopic data were found to be the same than for 6b. 

( 2S )- 5-M ethyl- l-( tetrahydro- 2H-2-pyranyloxy )- 2,5-hexanediol 9c 17'18 

Physical and spectroscopic data were found to be the same than for 6e. 

( 2S )-4-(1-Hydroxycyclohexyl)- l-( tetrahydro- 2H-2-pyranyloxy )-2-butanol 9d I7'18 

Physical and spectroscopic data were found to be the same than for 6d. 

Deprotection of diols 6d and 9d. Isolation of  triols 10 and hydroxyspiroethers 11. General procedure 

To an ethanol solution (10 ml) of the corresponding diol (60 mg, 0.2 mmol) was added a 
catalytic amount of p-toluenesulfonic acid (5 mg when triols 10 were isolated and 15 mg when 
hydroxyspiroethers 11 were isolated) at 25°C for 5 h. After that the solvent was evaporated (15 mmHg). 
The resulting residue was hydrolysed with aqueous sodium bicarbonate solution and extracted with 
ethyl acetate. The organic layer was dried over anhydrous sodium sulfate and evaporated (15 mmHg) 
to give in quantitative yield and without further purification the title compounds 10 and 11. Yields 
and specific rotations are included in Table 2; analytical and spectroscopic data follow. 

(2R)-4-(1-Hydroxycyclohexyl)-l,2-butanedio110 Is 

Vmax (film) 3720-3020 (OH), 1070, 1035 cm-l; ~H 1.22-1.57 (17H, m, 7×CH2, 3XOH), 3.48 (1H, 
dd, J=l  1.0, 7.0, CHHO), 3.61-3.68 (2H, m, CHHO, CHO); tic 22.25, 25.8, 26.3, 36.95 (CH2), 66.5 
(COH), 71.25 (CHEOH), 72.6 (CHOH); m/z 170 [M+-H20, 3.5%], 139 (27), 127 (35), 121 (46), 99 
(64), 98 (16), 96 (10), 95 (31). 

(2S)-4-(1-Hydroxycyclohexyl)-l,2-butanediol ent-lO Is 

Physical and spectroscopic data were found to be the same than for 10. 

( 2 R )- 2 -Hydroxymethyl- 1-oxaspiro [ 4. 5 ]decane I1 

Vmax (film) 3580-3110 (OH), 1120, 1015 cm-I; 8H 1.23-1.96 (15H, m, 7×CH2, OH), 3.46 (1H, dd, 
J=11.3, 5.5, CHHO), 3.68 (1H, dd, J=l  1.3, 3.4, CHHO), 4.05-4.15 (1H, m, CHO); 6c 23.7, 24.05, 
25.6, 27.05, 36.0, 37.3, 38.3 (CH2), 65.2 (CHEOH), 78.05 (CHO), 83.4 (CO); m/z 170 (M ÷, 6.5%), 
139 (81), 12 7(53), 121 (100), 95 (47), 93 (37), 83 (58), 81 (73), 79 (44), 71 (37), 67 (56), 57 (56), 
55 (90), 53 (25), 43 (56), 42 (25) (Found: M +, 170.1308. C10H1802 requires M, 170.1307). 

( 2S )-2-Hydroxymethyl- l-oxaspiro[4.5 ]decane ent-l l  

Physical and spectroscopic data were found to be the same than for 11. (Found: M ÷, 170.1310. 
C10H1802 requires M, 170.1307). 
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