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Abstract Simply generated (TiCl4, Er N, -78°C) titanium enolates of some thioesters and 

o!-thio substituted esters undergo al ol,condensatlons with achlral and choral aldehydes a 

with low to high stereoselectlvlty. An H-NMR study of the TiCl4/ester complexasion and 

of the enollzatlon process IS presented The relation between the enolate structure and 

the aldol product stereochemistry 1s discussed 

The design of new methods to perform important reactIons is a challenging goal in modern 

organic synthesis. The fundamental role played by the chemistry of enolates spurred the 

search for mild and simple process for their generation Recenrly it was found 
l-3 

that 

addition of Tic14 to a cooled (-78°C) methylene chloride solution of a ketone followed by 

trea:men-c with a tertiary amine led to the direct formation of titanium enolates,4 that 

orherwlse have been obtained only by transmetalation from lithium enolates or sllyl enol 

ethers, 
4 

or by acylation of a titanocene methylene complex.5 The same authors 
l-3 

described the aldol' or Knoevenagel 233 condensation of these directly generated titanium 

enolates with aldehydes. More recently, Evans 
6-8 

extended this convenient methodology to 

other enolate precursors (N-acyloxazolldones and N-acylsultams) that were reacted with 

various electrophlles (including acetals, alkylanng agents, and Michael acceptors), and 

anticlpaced6 chat other carbonyl compounds could undergo this simple enolizarion process 

We here report that readily enolizable esters such as thloester and a-thiosubstituted 

esters can be easily transformed by the TiC14/triethylamine (TEA) protocol into the 

corresponding titanium enolates, and that these compounds react with aldehydes LO afford 

aldol products. 

The reaction of thioesters l-5 with aldehydes 6-8 was Investigated first (Table 1) As 

can be seen from the reported data the aldol condensation occurs ln good yields in 

dichloromethane. The use of different solvents (tested only for the reaction of S-phenyl- 
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Table 1. Diastereoselective aldol condensation of thioesters l-5 with aldehydes 6-8 

0 

R’S 5 1) TClflA 

Me 
2) R2CH0 

&& + 

Me 

l-5 6-8 9a - 19a 9b - 19b 

Ester Aldehyde R' R2 Product Yield % Diastereomericb 

ratio a b 

1 6 

1 6 

1 6 

1 7 

1 8 

2 6 

2 7 

2 8 

3 6 

3 7 

3 8 

4 6 

5 6 

Ph 

Ph 

Ph 

Ph 

Ph 

Bu-t 

Bu-t 

Bu-t 

2-Pye 

2-Pye 

2-Pye 

2-MeOPh 

'gF5 

Ph 9 

Ph 9 

Ph 9 

Pr-n 10 

Pr-i 11 

Ph 12 

Pr-n 13 

Pr-i 14 

Ph 15 

Pr-n 16 

Pr-i 17 

Ph 18 

Ph 19 

70 

50C 
d 

85 15 

84 16 

68 78 22 

65 89 11 

77 86 14 

72 69 31 

75 71 29 

69 48 52 

56 49 51 

69 29 71 

71 a7 13 

40 95 5 

aIsolated yield 
b 
As determined on the crude products by 300 MHz 'H-NMR 'In toluene. 

d 
In Et20, see text e2-Py= 2-pyridyl. 

thloproplonate 1 with benzaldehyde 6 led to a lower yield of aldol adduct in toluene, and 

to the formation of 5-phenylthio-2-methyl-3-oxopentanoate' (1.e the self-condensation 

product of 1) in diethylether (65%) In the case of thloesters 1 and 2 the reaction 
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occurs WI th moderate to good diastereoselectlwty ln favour of the S~J configurated 

compound, as shown by 300 MHz 'ti-NMR analysis of the crude product. The stereochemical 

assignment resided on comparison with the reported values of the chemical shift and of 

the coupling constant for the Me-CH-CH-OH protons of SJIJ and anti lsomers of compounds -- 

9-l4.g-11 On the other nand, the condensation of the titanium enolate of E-pyridylthlo- 

propionate 3 
12 

with 6-8 were stereorandom or showed moderate anti-stereoselectlvlty. 
13 

In order to deiermlne lf there was a correlation between the stereochemlcal outcome of 

these aldol condensations with the titanium enolate geometry, we performed the reactlon 

of esters 1 and 3 with 6 in CD2C12 at -78"C, and we monitored It by 'H-NMR spectroscopy 

at low temperature Upon addition of TlCl4 to ,.he 0.1 M solution of the thiophenyl 

derivative 1, two sets of signals In approximately 90 10 ratio appeared for the methylene 

and methyl protons of 1, at 3 18 and 1 40 ppm (maJot- and at 2.63 and 1.00 ppm (mlnorl, 

respectively When TEA was added, these signals disappeared, the enolate formation being 

complete in less than 15 mln, to give rise to two quartets at 6 53 and 5 85 ppm and to 

LWO doublets at 2.03 and 2.15 ppm in 55 45 ratio This ratio did not change within 2 

hours from the addltlon of TEA (while minor traces of the self-condensation product of 1 

could be observed in the spectrum) Finally, addition of benzaldehyde led to the 

simoultaneous and comple:e disappearance of the enolate signals. 

In the case of the 2-pyridyltnloester 3, the adclitlon of TlC14 
14 

resulted in the 

formation of TWO sets of signals in 66 34 ratio at 2 70 and 1 01 (maJorI, and at 3.05 and 

1.37 ppm (minor), respectively. When TEA was added, two quartets at 5 32 and 4 93 ppm 

(20 80 ra:io) and two doublets at 1.81 and 1.76 ppm (80 20 ratio) appeared in the 

spectrum As before, this ratlo did not change over a period of 2 hours and the enolate 

signals disappeared simoultaneously and completely upon benzaldehyde addition 

A tenta"Live lnterpretailon of these results IS as follows a) there are different bindlng 

modes for TiCl 
15 

4 
wirh thioesters, as clearly indicated by the behavlour of 1 and 3, 

although we have the only evidence of a change in the colour of the solution, 
14 

it seems 

reasonable that in the case of 3 the complex features an intramolecular chelation between 

the pyriciine nitrogen and the titanium atom b) Enolate formation 1s not a 

stereoselective process for rhloester 1, while it IS fairly stereoselecrlve in the case 

of 3. Since attempts 'co generate stereoselectlvely these enolates from the E or Z 

trimethylsilyl ketene acetals 
11 

of 1 and 3 by reaction with TlCl 
47 

resulted in extensive 

decompoSicion of the starting material, 
16 

we cannot firmly assign any configuration to 

the observed enolates However it 1s evident that tne stereochemlcal outcome of the 

condensation of 1 and 3 with aldehydes does no; correlate with the enolate geometry, in 
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Table 2. Diastereoselectlve aldol condensation of a-thiosubstltuted esters 20-23 with 

aldehydes 6-8. 

0 

R’O 
1) TQ / TEA 

2) R’CHO R10k;R4 + R’ogR4 

20 - 23 6-8 24a - 34a 24b - 34b 

Ester R1 R2 R3 R4 Product Y?eld%a Dlasterelsomenc 

ratio a bb 

20 Et Ii Bu-n Ph 24 80 94 6 

20 Et H Bu-n Pr-n 25 74 76 * 24 

20 Et H Bu-n Pr-i 26 73 84 16 

21 Et H Ph Ph 27 76 90 10 

21 Et H Ph Pr-n 28 66 79 21 

21 Et H Ph Pr-i 29 64 84 16 

22 Bu-t H Bu-n Ph 30 54 75 25 

22 Bu-t H Bu-n Pr-n 31 42 57 43 

23 Et Me Bu-n Ph 32 90 95 5 

23 Et Me Bu-n Pr-n 33 71 88 12 

23 Et Me Bu-n Pr-i 34 76 88 12 

aIsolated yields. 
b 
As determined on the crude 

28a 

products by 300 MHz 'H-NMR 

32a 

SBu-n 

34 
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contrast to the aldol reactlon of the dialkylboron enolates of thioesters 1 and 2, 
10.18 a 

process that IS more stereoselectlve than the one here described. 
7,19 

It must also be 

noted that we do not observe any StereOCOnVergenCy ln the reaction of these titanium 

enolates, and therefore our method IS less stereoselective than the aldol condensation of 

the dialkoxyboron enolates of thioesters.' 

On these bases any ratlonallzatlon of the stereochemical result of the reaction can be 

purely speculative, and more work IS required to propose a reasonable explanation. The 

possibilities that these tltanlum enolate can exist as aggregates in solutlon7 IS likely 

to make this task more difficult However, we can anticipate that the different behaviour 

observed in the case of the 2-pyrldylthlo derivative 3 IS not due solely to the 

possibility of intramolecular chela-clon or to the electron poor nature of the pyrldlne 

ring Indeed (Table 1) the reactlons of 2-methoxyphenylthlo ester 4 or of 

pentafluorophenylthlo ester 5 with 6 gave the z aldols, 18a and 19a as largely 

predominant products 

We next examined the possibility of generating the tlianlum enolare of other esters tnat 

are activated enough to be enollzed in these conditions Therefore we selected the cu-thlo 

substituted esters 20-23 that were tested in the reacrlons collected in Table 2. 20921 As 

Can be seen from the reported data the reaction occurs in good yields with a-thioacetate 

and cY-thiopropionate derivatives The diastereoselectlvlty ranges from moderate to good 

and increases on passing from butyraldehyde to iso-butyraldehyde to benzaldehyde. SJJ 

products are always obtalned as predominant isomers over their ant1 counterparts, as 

determined by 300 MHz 'H-NMR spectroscopy. The stereochemlcal assignment was based on the 

conversion21Y22 of compounds 28a to the corresponding 2 ,2-dimethyl-1,3-dloxane derlvarlve 

35, and on the observation that the HC-4/HC-5 coupling constant value for rhls compound 

was 2.2 Hz Tnis IS in line with the values of coupling constants reported 
21 

for syn 

isomers of compounds very similar to 35. 
23 

The configuration of compound 32a was 

established by conversion to the 1,3-dloxane denvatlve 36 and NOE experiments. 

A comparison between these reactlons and those of dlalkylboron enolates of related o- 

thlo substituted esters2' indicates that also in this case titanium enolates give rise to 

lower degree of stereocontrol in the formation of the aldol adducts. However, in contrast 

with the results of thioester 2 (mainly SJIJ aldols with tltanlum enolates, mainly anti 

aldols with dlalkylboron enolates 
10 

1. &nd in agreement wirh those of thioesrer 1 
18 , 

tltanlum and boron enolates reacrlons of cu-thlo substituted esters afford z 

configurated producrs. Since the reasons of this puzzling behaviour were unclear, an 
1 
H-NIYR study analogous to that described above for the enolates of 1 and 3 was undertaken 
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with 20 and 23 

In the case of acetate 20 a single complex was formed upon addition of TlC14 at -78"C, a 

peculiar feature of this adduct was the diastereotopicity of the protons of the two CH2 

groups flanking the sulphur atom. 
24 

The fornatlon of a rigid five-membered titanium 

chelate lnvolvlng the sulphur atom and the carbonyl oxygen can account for this 

observation.25 TEA addition resulted in the fast and complete formation of a single 

enolate, as indicated by the appearance of a sharp singlet at 4.38 ppm 
26 

The spectrum 

remained unchanged when the sample was warmed-up to -4O"C, while at 0°C the enolate began 

to decompose. 

By addition of TlC14 at -78°C to propionate 23 two complexes were formed in a 73 27 

ratio. The maJor adduct displayed a quartet at 4 15 ppm for the methane proton and a 

doublet at 1.84 ppm for the methyl group. The minor adduct showed these signals at 4.76 

and 1 68 ppm, respectively TEA addition generated a single enolate, featuring the methyl 

signal as a sharp singlet at 1.98 ppm. 
26 

No change in the spectrum was observed upon 

warming the sample up to 0°C 

I: must be noted that despite the presence of a single titanium enolate for both 20 and 

23, their reactions with aldehydes 6-8 occurred with different degrees of 

stereoselection. Therefore, as ln the case of thloesters 1-5, it seems unlikely that a 

straightforward correlation between the stereochemlcal outcome of the aldol condensation 

and the geometry of the enolates ofcu-thlo esters 20-23 can be established 

Finally, the reaction of the titanium enolates of t-butylthiopropionate 2 and of ethyl 

(bucyl:hlo)acetate 20 with two representative choral aldehydes was investigated (Scheme) 

Condensation of 2 with 2-phenylpropanal gave a 70 30 mixture of two products 37a,b in 71% 

yield. On the basis of their 
13 

C-NMR spectra 
11 

the 2,3-~-3,4-z configuration was 

assigned to the maJor isomer 37a, and the 2,3-anti-3,4-w configuration to the minor 

one, 37b. Thus, ln line with the result of the reaction of 2 with P-methylpropanal, that 

gave 14a, 14b ln a ratio 71 29, the "simple" dlastereoselectlon 1s moderate, while the 

dlasiereofaclal preference ln favour of the Cram 
27 

product IS complete. 

The reaction of 2 wltn (Sl-0-benzyllactaldehyde gave the four possible products 38a,b.c.d 

(44 26 24 6 a b c d ratio by 'H-NMR) in 80% yield. The configurational assignment was 

based on the comparison of the 
13 

C spectra of the products with those reported in the 

literature l1 

In this case, while the moderate "simple" dlastereoselectlvlty of the reaction of ester 2 

1s main‘ained (2,3-c 2,3-anti ratio 70 301, the dlastereofaclal control is compleLely 

lost (3.4-x 3,4-anti ratio 50 501. 
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Me Me 

a, b 

* fiv 
COSBu-t 

OH 

37a 

h-0 Me 
L 

a, c = 
* Me 

+ 
COSBu-t 

OH 

38a 38b 

Ph-0 Me 

Mew COSBu-t 
iH 

20 

Me SBu-n 

a, b 

* PhV 
COOEt 

OH 

39a 

20 

Ph-0 SBu-n I = a, c 
- Me 

+ 
COOEt 

OH 

40a 

MeMe : 
Z 

+ Ph 
+ 

COSBu-t 

OH 

37b 

Ph-0 Me : : 

+ Me+%OSBu-t 

6H 

Ph-0 I$e 

&j&OSBu-t 

OH 

Me SBu-n L = 
Ph 

+ 
COOEt 

OH 

39b 

Ph-0 SBu-n : z 

+ MevCOOEt 

6H 

40b 

Scheme. Reagents a, TQ, TEA, b, 2-phenylpropanal, c, (S)-0-benzyllactaldehyde 
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Table 3. Relevant 'H and 13C-NMR data of compounds 10. 15-19. 

Compound H-C2 H-C3 Me-C2 
'2,3 

c-2 c-3 Me-C2 

10a 2 82 3.99 1.31 38 52.9 71 6 11.6 

lob 2 a7 3.76 1.33 80 53.5 73.6 15 2 

15a 3 07 5.21 1.25 4.0 55.5 73.6 11.2 

15b 3 13 4 86 1.07 8.7 56 0 76.6 15.2 

16a 2.83 4.03 1.31 3.5 54 4 71.0 11.2 

16b 2 87 3.79 1.33 5.8 53 7 73.5 14.9 

17a 2.96 3 68 1.29 39 51 8 77.0 11.1 

17b 2 98 3.49 1.30 6.8 51 3 78.5 15.4 

18a 3 10 5.20 1 33 3.7 56.0 73.7 11 2 

18b 3 13 4.83 1.11 8.5 55.4 76 9 15 3 

19a 3 12 5.10 1.32 50 55 6 74.0 11 8 

19b 3 29 5.10 1 35 8.0 54.0 76.3 13 0 

methane (2 ml/nnnol) was added dropwise After 30 mln stirring at 0°C the reaction mixture 

was poured into cold water The organic phase was separated and washed with a 5% aqueous 

solution of sodium hydroxide and with water, dried, and concentrated under reduced 

pressure The products were obtained as 011s and were generally pure enough to be used as 

such. Samples for elemental analysis were prepared by flash chromatography with 

hexanes dlethylether mlxcures as eluant 

S-(2-Pyridyllpropanethioate 3 was obtained in 92% yield with a 70 30 hexanes diethylether 

mixture as eluant Found C, 57 39, H, 5 36, N, 8.41 C8HgNOS requires C, 57.46, H, 

5.42, N, 8.38. 'H-NMR d 7.15-8.60 (m, 4H1, 2 70 (q, 2H, J= 7 0 Hz), 1 15 (t, 3H, J= 7 0 

Hz1 IR v 2980, 1695, 1560, 1415, 1080, 1010, 915, 765, 700 cm 
-1 

S-(2-Methoxyphenyllpropanethioate 4 was obtained in 57% yield with a 90 10 

hexanes dlethylether mixture as eluant Found C, 61.27, H, 6 22. C10H1202S requires C, 

61.20, H, 6 16 ’ H-NMR 6 6.85 - 7.45 (m, 4H1, 3.85 (s, 3H1, 2 60 (q, 2H, J= 7.3 Hz), 
-1 

1.15 (t, 3H, J= 7.3 Hz). IR Y 2960, 1680, 1580, 1450, 1230, 940, 750 cm . 

S-(PentafluorophenylIpropanethioate 5 was obtained in 79% yield with a 95 5 

nexanes diethylether mixture as eluant. Found C, 42.21, H, 2 00. CgH5~50~ requires C, 
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Compound H-C2 H-C3 
J2,3 

c-2 c-3 C-C* 

24a 

24b 

25a 

25b 

26a 

26b 

27a 

28a 

28b 

29a 

29b 

30a 

30b 

31a 

31b 

32a 

32b 

33a 

33b 

34a 

34b 

39a 

39b 

40a 

40b 

3.40 

3.48 

3.14 

3.22 

3.29 

3 36 

3 83 

3 60 

3.64 

3.73 

3.77 

3 32 

3.43 

3.03 

3 13 

2 97 

3.15 

3.53 

3 47 

4.89 

4.91 

3.87 

3 88 

3 65 

3 67 

5 01 

3 98 

3.92 

3 70 

3 68 

4.85 

4.91 

3 83 

3.82 

5.18 

5 12 

3.91 

3 96 

3 87 

3.98 

4.10 

3.95 

3.81 

3.73 

8.1 

8.6 

7.0 

7.0 

70 

75 

7.5 

60 

70 

60 

68 

83 

79 

70 

75 

4.0 

6.0 

88 

94 

55.8 72.1 

53.4 74.7 

53.6 69.5 

52 1 71 5 

51 5 74.1 

49.6 76.3 

60.1 72 8 

58 0 70 5 

56.3 71 6 

56 0 75 2 

53 9 76 6 

56 7 72 3 

54 0 74 7 

54 7 69 6 

53 0 71 7 

57 4 73 0 

55 8 76 7 

56 5 71.1 

55 2 73 8 

56.5 74 6 

55.1 79.4 

50.6 74 8 

48.9 77 0 

50.5 74 3 

49.4 75 0 

16 5 

17 6 

16 1 

17.0 

15.8 

19.1 

42.19, H, 1.97 'H-NWR 15 2 80 (q, ZH, J= 7.0 Hz), 1 20 (t, 3H, J= 7 0 Hz) IR v 2960, 
1725, 1640, 1485, 1090, 970, 920 cm -1 

Ethyl-(2-butylthlo)propanoate 23 was prepared from ethyl-2-bromopropanoate by halogen 
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displacement with sodium butylthiolate in EtOH at RT. The product was obtained ln 84% 

yield as an oil by flash chromatography with a 90.10 hexanes-diethylether mixture as 
. 

eluant Found C, 56.91, H, 9.56 CgH,802S requires C, 56.80, H, 9.53. 'H-NMR 6 4.30 

(q, 2H, J= 7 0 Hz), 3 55 (q, lH, J= 7 0 Hz), 2 65-2 90 (m, 2H); 1.40-l 90 (m, 4H), 1.60 

(d, 3H), 1 45 (x, 3H), 0 95-1.10 (m, 3H). IR v 2940, 1720, 1440, 1320, 1250, 1155, 1060 
-1 

cm 

Aldol condensation of titamum enolates with aldehydes. General procedure. 

To a cooled (-78°C) 0 1 M solution of ester (0.5-5 mm011 in dry dichloromethane, a 'H 

solution of TiCl 4 In dichloromethane (1 mol equiv) was added dropwlse After 2 min. 

stirring at -78"C, triethylamine (1 mol equlv) was added dropwise and the mixture kept a 

-78°C for 30 min The aldehqde (1 mol equiv) was then added and stirrIng was continued at 

-78°C for a period ranging from 2 to 12 h without relevant changes in yield and 

stereoselectivlty. The reaction was quenched by addltlon of 5% aqueous NaHC03, the 

mixture was filtered tnrough celite, the organic phase was separated, washed with water, 

dried, and concentrated to give the crude product that was analyzed by 
1 
H NMR. The 

product was then purified by flash chromatography with hexanes diethylether mixtures as 

eluant. Yields are lndlcated ln Table 1 and 2 and in the text, relevant NMR data are 

collected in Tables 3 and 4 

Compound 10 was obtained with a 70 30 hexanes diethylether mixture as eluant. Found C, 

65 39, H, 7 56 C,3H,802S requires C, 65 61, H, 7 61 IR v 3500, 2960, 1710, 1455, 
1 

1380, 960 cm-' 

Compound 15 was obtained with a 50 50 hexanes 

65 79, H, 5 60, N, 5 19 C,5H,5N02S requires 

2960, 1700, 1550, 1430, 1130, 750 cm-'. 

Compound 16 was obtained with a 50 50 hexanes 

60.31, H, 7.24, N, 5.80. C,2H,7N02S requires 

2940, 1690, 1560, 1420, 1120, 760 cm 
-1 

Compound 17 was obtained with a 50 50 hexanes 

60 33, H, 7 24, H, 5 91 C,2H,7N02S requires 

diethylether mixture as eluant 

C, 65 91, H, 5 53, N, 5 12 IR 

dlethylether mixture as eluant 

C, 60.22, H, 7.16, N, 5 85 IR 

diethylether mixture as eluant. 

C, 60.22, H, 7.16, N, 5.85 IR 
-1 

2940, 1695, 1560, 1440, 1420, 1120, 940, 760 cm 

Compound 18 was obtained with a 70 30 hexanes diethylether mixture as eluant Found C, 

Found C, 

v 3400, 

Found C, 

v 3400, 

Found C, 

v 3400, 

67 41, H, 5 97 C H 0 S 17 requires C, 67.52, H, 6 00 IR " 3450, 2940, 1670, 1580, 

1450, 1230, 950, 750 18-j cm . 

Compound 19 was obtained with a 80 20 hexanes diethylether mixture as eluant Found C, 

52 91, H, 2.96 C16H,,F502S requires C, 53.04, H, 3 06 IR v 3400, 2940, 1680, 1660, 
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-1 
1450, 1310, 1240, 950, 760 cm . 

Conpound 24 was obtained with a 70 30 hexanes diethylether mixture as eluant. Found C, 

63.70, H, 7.79 C15H2203S requires C, 63.80, H. 7.85. IR Y 3450, 2940, 1720, 1445, 1260, 
-1 

1140. 1030, 760 cm . 

Compound 25 was obtained with a 70 30 hexanes diethylether mixture as eluant. Found C, 

57.91, H, 9 68 C12H2403S requires C, 58.03, H, 9.74. IR Y 3400, 2950, 1720, 1440, 
-1 

1255, 1140, 1030, 760 cm . 

Compound 26 was obtained with a 70 30 hexaaes diethylether mixture as eluant. Found C, 

58.11; H, 9.77 C12H2403S requires C, 58.03, H, 9.74. IR Y 3450, 2960, 1720, 1445, 
-1 

1260, 1140, 1030, 750 cm . 

Compound 27 was obtained with a 70 30 hexanes diethylether mixture as eluant. Found. C, 

67.63, H, 5.91. C17H1803S requires C, 67.52, H, 6.00. IR Y 3400, 3000, 2960, 1720, 
-1 

1445, 1260, 1140, 1040, 750 cm . 

Compound 28 was obtained with a 70 30 hexanes diethylether mixture as eluant. Found C, 

62.54, H, 7 48 C14H2003S requires: C, 62 66, H, 7.51. IR y 3400, 2940, 1720, 1450, 
-1 

1260, 1130, 1030, 750 cm . 

Compound 29 was obtained with a 70 30 hexanes diethylether mixture as eluant. Found C, 

62.71, N, 7 60 C14H2003S requires C, 62.66, H, 7 51. IR u 3400, 2960, 1720, 1450, 
-1 

1255, 1140, 1030, 750 cm . 

Cunpound 30 was obtained w1t.h a 75 25 hexanes dlethylether mixture as eluant Found C, 

65.75, H, 8 54 C17H2603S requires C, 65.77, H, 8.44 IR v 3400, 3000, 2940, 1720, 

1450, 1255, 1140, 1035, 760 cm-l. 

Compound 31 was obtained with a 75 25 hexanes diethylether mixture as eluant. Found C, 

60.90, H, 10.17. C14H28 O._$ requires C, 60.83, H, 10 21. IR c 3400, 2960, 1720, 1455, 

1255, 1140, 1040, 760 cm- . 

Compound 32 was obtained with a 70 30 hexanes diethylether mixture as eluant. Found C, 

64 66, H, 8.01. C16H2403S requires C, 64.83, H, 8.16 IR u 3400, 2960, 1720, 1455, 

1260, 1130, 1035, 760 cm-' 

Compound 33 was obtained with a 70-30 hexanes diethylether mixture as eluant Found C, 

59 69, H, 10.06. C H 0 S requires 
13 26-q 

C, 59.50, H, 9 99 IR v 3450, 2940, 1715, 1450, 

1255, 1140, 1040, 760 cm . 

Compound 34 was obtained with a 70 30 hexanes diethylether mixture as eluant. Found C, 

59.61, H,9.93 C,3H 603S requires 
-? 

C, 59 50, H, 9 99 IR Y 3400, 2940, 1720, 1450, 1240, 

1100, 1035, 720 cm . 

Compound 39 was obtained with a 70 30 hexanes diethylether mixture as eluant Found C, 
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65.58, H, 8.55. C,7H2603S requires C, 65.77, H, 8.44. IR v 3450, 2940, 1720, 1445, 

-1 
1260, 1140, 1030, 760 cm . 

Conpound 40 was obtained with a 65 35 hexanes dlethylether mixture as elUant Found C, 

63 63, H, 8.31. C18H2804S requires C, 63.50, H, 8 29 IR v 3450, 2950, 1720, 1450, 

-1 
1260, 1140, 1040, 750 cm . 

Synthesis of ketals 35 and 36. General Procedure. 
21 

To a stirred suspension of LlAlH4 (2 m01, 0.076 mg) ln dlethylether (10 ml1 cooled at 

O°C, a solution of aldol 27a or 32a (0.5 rmnol) in diethylether (5 ml) was added dropwise 

over a 5 mln period The cooling bath was removed and the mixture stirred on RT for 4 h. 

Usual work-up gave the crude dlols ln virtually quantltatlve yields. These were dissolved 

ln a 50.50 mixture of acetone 2,2-dlmethoxypropane (3 ml), a catalytic amount of 

e-toluenesulphonlc acid was added and the mixture stirred overnight at RT. The products 

were isolated as 011s by flash chromatography with a 80 20 hexanes dlethylether mixture 

as eluant 

Compound 35. Found C, 67.87, H, 8 21. C15H2202S requires C, 67 63, H, 8.32 'H NMR 6 

7.21-7.46 (m, 5H), 4.21 (dd, lH, J= 2 5, 11 0 Hz), 4 13 (dt, lH, J= 2 2, 6 0 Hz), 3.96 

(dd, lH, J= 2.3, 11.0 Hz), 3.04 (ddd, lH, J= 2.2, 2.3, 2 5 Hz), 1 67-1.79 (m, 2HI, 

1.58-1.65 (m, 2H), 1.46 (s, 6H), 1 30-1.42 (m, 2H1, 0.91 (t, 3H, J= 7 3 Hz). 

Conpound 36. Found C, 72 91, H, 9 86 C17H2702S requires C, 73 06, H, 9.74 
1 
H NMR 13 

7 28-7.45 (m, 5HI, 4.79 Is., lH), 3 98 (d, lH, J= 11 5 Hz), 3.72 (d, lH, J= 11.5 Hz), 

1 70-2 25 (m, 2HI, 1.57 (s, 3H), 1 52 (s, 3H), 1.17-l 31 (m, 4HI, 1 15 (s, 3HI, 0 79 (t, 

3H, J= 7 0 Hz). 
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