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Abstract : Synthesis of p-toluenesulfonates 8b and 9b and of labelled analogs is described and previous 
assignements of proton NMR signals for quaternary methyl groups are confirmed. Acetolysis of these p- 
toluenesulfonates in the presence of NaOAc gave both substitution and elimination products. Substitution 
could be accounted for by bimolecular processes (SN2 on carbon, SAN on sulfur). Kinetics confirmed the 
intervention of bimolecular processes for 8b. Elimination products came for a great part from 
intermediates formed by hydride and/or methyl shifts. All rearranged products could be explained by plain 
sigmatropic rearrangements or by contact ion pair rearrangements. Attention is drawn to the close 
resemblance between sigmatropic rearrangements and contact ion pair rearrangements. 
© 1998 Elsevier Science Ltd. All rights reserved. 

I N T R O D U C T I O N  A N D  B A C K G R O U N D  

In spite of  an enormous amount of  work, both experimental and theoretical, the nature of  the intermediates 

involved in the solvolysis of  organic compounds R-X ( X being halide, sulfonate, carboxylate, etc.) remains 

obscure. In 1958, in order to interpret the special salt effect, s Winstein 6 distinguished intimate (contact) and 

solvent-separated ion pairs as intermediates on the way to the solvolysis products. He did not fully exclude the 

possibility that what he called intimate ion pairs might be transition states in intramolecular rearrangements, but 

he preferred to speak in terms of intermediates, i.e. of species in a potential well. All organic chemists followed 

suit, and the advent of  the principle of conservation of orbital symetry in 1963 7 does not seem to have changed 

their views on ion pairs. For instance, the rearrangement of an allylic carboxylate may he regarded as an intimate 

ion pair rearrangement or as a pericyclic sigmatropic rearrangement, and as early as 1955 Braude and Turner 8 

had made a good case for what was not yet classified as a (3,3) sigmatropic rearrangement, 9 where an intimate 

ion pair had involved an allylic cation. 

Another matter of  discussion obtains, when the cation is actually a pair of equilibrating rearranging plain 

cations. A great amount of theoretical work has been devoted to calculating the shape and stability of  carbenium 

ions) ° but this does only apply to the gas phase. What happens in a condensed phase has been largely neglected, 

but for a few studies) ~ Theoretical calculations tell us what a cation such as cyclohexylium '2 may look like, but 

we have no assurance that this ion have any existence in a condensed phase, i.e. of the influence of the nature 

and the geometrical position of the anionic partner in a contact ion pair. A few important and recent experimental 

works imply that: 
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a) tertiary aliphatic carbenium ions in solution are equilibrating between two ion pairs, with the anionic 

partner on one or the other face of the cation, so that the carbocation in solution is different from the carbocation 

in the gas phase; a~ 

b) internal return, involving intimate ion pairs according to Winstein, 6 can play a very important role in the 

s~lv~lysis~faliphatics~c~ndaryt~sylates~'4withn~hintast~thetruenature~fth~transf~rmati~n~via ion pair 

or transition state; 

c) a secondary aliphatic carbenium ion pair (Me2CH-CHMe +, ArSO3-) can automerize (by methyl 

migration) before being trapped by the solvent, j5 a fact which can be interpreted otherwise, i.e. automerization 

takes place through a sigmatropic rearrangement of the starting sulfonate ( see H). 

It is hoped that the foregoing discussion makes it clear that the option between intimate ion pair or 

sigmatropic rearrangement is still an open question. Now, work from this laboratory has dealt for many years 

more or less consciously with this problem, and this paper reports our latest findings. 

In previous papers 4'~6 was reported a detailed study of the acetolysis of p-toluenesulfonates (tosylates) I b 

and 2b. The conclusions drawn for this study were that each tosylate reacted stereospecifically through a 

sequence of contact ion pairs, with no leak from one sequence to the other. There were however a few points 

which deserved further examination. 
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a) Inspection of the deuterium content of the olefin 3 obtained from labelled tosylates l b  and 2b led to 

suspect hydride migrations from C-2 to C-3. This migration was within the limit of the experimental error in the 

case of labelled lb ,  but was not questionnable in the case of labelled 2b, i.e. a 213 hydride shift to C-3. 

b) A visible proof of this hydride migration was the presence of olefin 4 in the solvolysis products from 

2b, a presence which can only be rationalized by an ion pair, where the positive charge is at C-2, provided that 

olefin 3b does not isomerize in the reaction medium; this isomerization was conclusively excluded. 

c) The only apparent break in the separation of the two sequences of ion pairs was the presence of the 

olefin 5 in the products arising from 2b. Whereas 5 is expected, and found indeed, as a 4o~ methyl migration 

product from lb ,  it is not expected from 2b, where a 4 9 methyl migration is expected to give 6 and 7, provided 

there is no solvent separated ion pair nor free carbenium ion. Indeed 6 and 7 are found, but 5 is found too. In 

order to account for the presence of 5, it was suggested that 5 might arise from the very ion pair leading to 4, by 

a double 313 hydride - 4et methyl migration. 

Now it is possible to generate this ion pair by solvolysing tosylate 8b. This paper reports the results 

obtained from the study of the acetolyses of tosylate 8b and of its epimer 9b, which was undertaken to clarify 

these points. 

R E S U L T S  

Synthesis of the starting materials 

Alcohols 8a and 9a had already been described. ~7 Preparation of tosylate 8b from 8a and tosyl chloride 

was straightforward, but this method could not be used with alcohol 9a, as the reaction is very slow. As for 

tosylate 2b a it turned out to be necessary to first make the p-toluene sulfinates (epimeric at sulfur) and then to 

oxidize the mixture with m-chloroperbenzoic acid to tosylate 9b. 

LiAID4 reduction of ketone 10 afforded alcohol 9a(2t~D), that was converted to tosylate 9b(2t~D) as 

above. Tosylates 8b(3czD) and 9b(3~D) could be obtained from alcohols 8a(3ctD) and 9a(3o~D)/9 

Interest in the fate of the 4o~ methyl group during acetolysis of tosylates 2b and 8b required the 

stereospecific synthesis of tosylate 8b(4ctCD3).  This was performed by using Stork and Sofia's method 2° to 

make alcohol la .  This method eventually led to alcohol I a (4~CD3) ,  which was transformed through ketones 

l l ( 4 c t C D 3 )  and 10(4t~CD3) 2~ to alcohol 8a(4ctCD3) and then to the tosylate 8b(4~CD3) .  For the same 

reason it was important to understand the origin of the 3-methyl group in olefin 12, a major product from 2h 4. 

This can be done by labeling one of the two methyl groups linked to the double bond and by inspecting the 

proton and t3C NMR spectra. Olefin 12(3 CD3) was synthesized according to Beton, Halsall, Jones and 

Phillips 22 from ketone 13 and CD3MgI, followed by dehydration of the epimeric alcohols 14. 

The foregoing preparation of compounds containing a fully deuteriated 4tx methyl group gave an 

opportunity to check the assignments of NMR signals for ring A methyl groups proposed in 1966. 23 The 

correctness of one of these assignments had already been confirmed by Rosenthal.24 The results from the present 

study confirm the previous assignments (see experimental section, Table 5). 
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Acetolysis  study 

Products from 9 b 

Acetolysis of 0.047 molar solution of tosylate 9b in boiling acetic acid containing sodium acetate (0.44 

molar) for 2.5 h gave an acetate fraction and an olefin fraction. The percentages of the products can be found in 

Table 1. Whereas the isolation of acetate 8c was straightforward, the separation of olefins 3, 4 and 5, specially 

of 4 and 5 was difficult (chromatography over SiO2-AgNO3), but the composition of the various 

chromatographic fractions could be readily estimated from the proton NMR spectra, by using authentic samples 

from the previous study. 4 

Products from 8 b 

Under the same conditions, acetolysis for 1.5 h of tosylate 8b again gave an acetate fraction and an olefin 

fraction. The olefins were separated as above. The acetates 8c and 9c were saponifed and the alcohols 8a and 

9a separated by chromatography. The percentages of the products can be found in Table 1. 

Table 1 

Percentages of products formed in the acetolysis of tosylates 8b and 9b 

Substrate 

2o~-OTs 8b 

213-OTs 9b 

Elimination products 

55.6+0.2 

72.1+0.2 
i 248±°2i 12_+02 
i 12.2_+0.1 i 0.6_+0.1 

! 

i 0.5+0.1 

i 0.2+0.1 

i :" i 7 i 12 

... i 1'9+0"5 i 2"4+0"5 

i 1.0+0.2 i 

Substitution 

products 

8c i 9c 

1.8_+0.2 i 9.2+0.2 

10.9+0.2! 

Products from monodeuteriated to~ylates 

In order to gain some insight about the stereochemistry of the elimination reaction leading to the olefin 3, 

deuteriated analogs 8b(D) and 9b(D) of tosylates 8b-9b were acetolysed under the same conditions. The 

results can be found in Table 2 and come from NMR data based on: 

a) a comparison between the areas of the 0.6 ppm peak of the 131] methyl group, which is well separated 

from the rest of the aliphatic protons, and of the signal of the olefinic protons; this gives the number of olefinic 

protons; 

b) a comparison between the areas of the signal of the H-2 proton at 5.43 ppm and of the signal of the H-3 

proton at 5.35 ppm. As shown for tosylate 8b(3~D), the NMR data are fairly reproducible (see Table 2). 

Products from trideuteriated tosylate 8bt4ctCD3). 

With a view of gaining a knowledge of the extent of 4or methyl group migration, acetolysis of tosylate 

8b(4~tCD3) was performed under the same conditions. Olefins 7 and 12(4CD3), 3-4(4otCD3), 

5(3~CD3) and 6(4CD2) were obtained and NMR spectra of olefins 12(4CD3) and 5 and 6 (4CD2) 

inspected for the disappearance of signals of CH3 or CH2=C groups. The presence of olefin 5(3~CD3),  

involving a 4t~ CD3 migration was confirmed (see experimental section). On the other hand olefin 12(4CD3) 

within experimental error (proton and 13C NMR spectra) was different from olefin 12(3CD3) synthesized 

above. This is taken to mean that olefn 12, formed from tosylate 8b, is solely formed by 4[3 methyl migration. 

Kinetics 

In order to compare the rates of acetolysis oftosylates lb-2b and 8b-9b, a kinetic study was undertaken 

using proton NMR spectroscopy. In 99,99% CD3CO2D (0.01 molar in CD3CO2Na) it is possible to distinguish 
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the aromatic protons or tho  to SO2 (7.7 to 7.9 ppm), the meta  protons (7.2 to 7.5 ppm) and the CH3-Ar protons 

(2.4 to 2.5 ppm) in the tosylate esters from those in sodium tosylate (a similar technique was used by Paradisi 

and Bunnett ~4 in oxygen scrambling experiments run in CF3CO2H, using only the CH3-Ar proton signal to 

follow the reaction). By taking advantage of these features, it is possible to run an acetolysis in a NMR tube with 

only 2 to 3 mg of tosylate ester and to acquire 3 sets of data in a single experiment. The rate constants presented 

in Table 3 are average values over 3 sets of data. 

Substrate 

2ot-OTs 3ctD 8b(3otD) 

Table 2 

Percentages of deuteriated and undeuteriated 4,4-Dimethyl-5ct-cholest-2-enes 

in the acetolysis products of tos,'lates 8b(3otD), 9b(3otD) and 9b(2t~D) 

Percentage (+5) of 

2l]-OTs 2o~D 9b(2o~D) 

Percentage (+3)of D 

in the tosylate 

87 

Yield % (+2) 

3 3(3D)  3(2D) 3+3(3D)+3(2D)  

56.5 

2[~-OTs 3~D 9b(3txD) 97 

98 

27 

28 

23 

15 

08 

i 53 
! 56 

i 57 
i 74 

! 

i 2O 

i 16 
i 18 
i 11 
i 92 i 

71.9 

72.6 

In order to calibrate these experiments with the previous ones, followed by acidimetric titration 4, acetolysis 

of tosylate lb  was also followed by NMR. Barring solvent isotope effect, it can be seen from Table 3 that there 

is a good agreement between the previous and the present data. 

Table  3 

Rate constants for the acetolysis of tosylates lb ,  2b, 8b and 9b 

Substrate Unimolecular Process Bimolecular Process 

kl x 106 s -1 k2 x 106 mol.s'l.1-1 

313-OTs l b  84.1 ± 8.7 

80.2 --- 0.6 a) 

3t~-OTs 2b 199 + 7 a) 

2ct-OTs 8b 

2B-OTs 9b 

8.9 + 0.2 

55 +1.1 

150 + 3.0 

1150 ± 150 

55.6 + 2.2 

346 + 14 

917 + 37 

Temperature 

~C 

71 

70 

Concentration 

(mMolar) 

7.65 

8.94 

70 1.8 

60 8.56 

71 8.74 

80 9.23 

71 7.3 

a) Ref.4 

Acetolysis of tosylate 9b was beset with two difficulties, poor solubility of the ester in CD3CO2D and fast 

reaction. Assuming that the final part of the reaction is overwhelmingly unimolecular, a rate constant of 

1.15x10 -3 was calculated at 71°C, which certainly is very approximative. In the case of tosylate 8b, there is 

definitely a bimolecular reaction superimposed on the unimolecular one. The activation parameters are presented 

in Table 4. Comparison of the unimolecular processes in tosylates l b ,  2b, and 8b shows that 8b exhibits 
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higher activation enthalpy and entropy. Undoubtedly intramolecular assistance shows up in the data concerning 

l b  and 2b, but does not in those concerning 8b. 

Table 4 

Activation parameters for the acetolysis of tosylates lb ,  2b and 8b 

Substrate Type of Process AH n kJ/mol 

a) Ref.4 

AS n J/mol.K 

3~-OTs l b  Unimolecular a) 113.7 + 2.5 8.4 + 6.3 

3a-OTs 2b Unimolecular a) 110.8 + 3.8 1.3 + 2.5 

2a-OTs 8b Unimolecular 

Bimolecular 

136.4 + 3 

135.3 + 6 

67.4 + 10 

79.3 + 20 

D I S C U S S I O N  

In the following paragraphs, all reactions are depicted by using formulae of covalent tosylates for sake of 

simplicity, but formulae of intimate ion pairs could be used as well. As expected, acetolysis of 8b and 9b shows 

much more unrearranged products (91.4% and 95.4% respectively) than acetolysis of l b  and 2b (8% and 

26.5% respectively). 4 What is perhaps unexpected is the sizeable amount of rearranged products arising from 

tosylates, which would be regarded as "normal", specially in the case of 8b, the more so if one takes into 

account the percentage of olefins 3 and 4 formed after hydride shift (see below). 

Tosvlate 9 b 

The case of the tosylate 9b is simpler and the discussion, which is summarized in Scheme 1, can first 

begin with it. The NMR signal of the H-2 proton in 9b is a regular quintet (J=3.7Hz), showing that the 

predominant conformation of the ring A is the chair 15, possibly slightly distorded in a symetrical way by the 3 

diaxial interactions on the 13 face. 

Ol¢fini¢ products 

Olefin 3 can be formed through cis (concerted El)  and/or trans (E2) eliminations or through 3a  hydride 

migration to C-2 (and 2130Ts migration to C-3), i.e. 15 ~ 16 or 17, followed by elimination. 

Table 2 shows that: 

a) 9b(2aD) gives 1.4% of 3 of undetermined origin (2% x 72.1%), 66.8% of 3(2D) through trans and 

cis eliminations (92% x 72.6%) and 4.4% of 3 through hydride shift from C-3, followed by trans elimination 

(8% x 72.6% - 1.4%); 

b) 9b(3aD) gives 2.2% of 3 of undetermined origin (3% x 72.1%), 8.6% of 3 through trans elimination 

(15% x 71.9% - 2.2%), 53.2% of 3(3D) through cis elimination (74% x 71.9%) and 7.9% of 3(2D) through 

deuteride shift from C-3 followed by elimination (11% x 71.9%). 

Olefin 4 can be formed in the same way as 3, except that it is not possible to know the extent of hydride 

shift from C - l a  (see below for the case of 8b). 

Formula 17, which is l b  in a boat conformation, explains the small amount of olefin 5; a 4 a  methyl-shift 

to C-3 would afford 18, which is the precursor of both 5 and 12, olefins which were found in 10% and 3% 

yield respectively in acetolysis of l b J  12 may have escaped detection (0.2% based on 0.6% of 5). In this case 

0.8% of 18 could be formed from 17 and lead to 5 and 12, and 12.3% of 15 (7.9% + 4.4%) would lead to 3 
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and 3(2D) (barring isotope effects), through 17, the total amount of 9b (15) undergoing a 3~ hydride shift 

would be 13. 1%. 

Scheme I 
E 2 12,3% Me shift 0,6% 

17 ~ 18 
0'8% 

3 - 16 _" 

~ Hshiftl 13,1% 
59'8% ~ i.~.~ 

El+E2 I 

4 " I 9b chair 
12,2% I 15 

tritropic ~ 

S ] ,2% 

19 

6 7 

9b boat 
=23 _ = 24 

SN2 

10,9% 

5 

12 

8c 

15 H 16 

OR 

17 18 

19 20 

N O ~ "  ) R O ~  

23 24 

® 
25 26 

15-20 and 22-24 R=Ts 

Such hydride shifts have long been ignored in solvolysis studies of "normal" sulfonates, 25 but are now 

taken into account 26 leaving some doubts about the interpretation of published kinetic isotope effects. 
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There are traces of olefins 6 and 7, that would not be expected to appear in the solvolysis, unless is called 

into play a tritropic rearrangement: 27 15 ~ 19; of course 19 is the precursor of 6 and 7. This tritropic 

rearrangement has not been detected in the acetolysis of l b ,  but this is no surprise, as it occurs to such a low 

extent (1.2% from 9b), and it was shown earlier that 9b was formed from l b  to the extent of 1% only. 4 

Finally it must be emphasized that there is no product arising from a rearrangement of l b  with ring A in 

the chair conformation, i.e. 20, as there is no trace of ring A contracted products such as 21, which are 

characteristic of the solvolysis of l b  in the chair conformation 4'28 viz. 20 ~ 22 ~ 21, though these products 

were purposedly looked for. 

Substitution nroducts 

Although kinetics could not give evidence for the occurence of bimolecular processes (see above), there are 

certainly some, as shown by the trans, assumedly bimolecular, eliminations leading to 3 and 4. The formation of 

the acetate 8c with inversion of configuration, without any detectable trace of epimeric acetate 9c, also is in 

favour of a SN2 process. A SN1 process calling into play a free carbenium ion can be dismissed under the 

present conditions (acetic acid has a dielectric constant as 6.3 at 25°C). 29 A SNI process, through a solvent- 

separated ion pair, can be excluded on the following basis. 

In the chair conformation 15 of 9b, for the SN2 reaction as well as for ion pair formation, the axial C-213- 

O bond must be tilted towards the 41] and 1013 methyl groups. This is most improbable because it increases the 

non bonded interactions, so that these transformations must occur on boat conformations such as 23 or 24. The 

corresponding conformations of the carbenium ion, 25 and 26, used here to denote the solvent separated ion 

pair for sake of simplicity, are either accessible from both faces (26) or from the 13 face only (25), and should 

give a mixture of acetates, with 9c predominating. As only 8c is obtained, the reaction is SN2 and there is no 

solvent separated ion pair. 3° 

To summarize this part of the discussion, the products of acetolysis of 9b can be explained by E2 and 

SN2 processes (3, 4, 8c), by stereospecific E1 processes (3, 4) and by stereospecific rearrangements, either 

through contact ion pairs or through pericyclic reactions, dyotropic (3, 5, perhaps 25a) and tritropic (6, 7). The 

dyotropic rearrangements only call up the boat conformations 16 or 17 of tosylate l b  and not the conformation 

20. There is no need to call up tosylates 2b, 8b or their transformation products. 

Tosvlate 8 b 

In this case, the discussion is summarized in Scheme 2. The NMR signal of the H-2 proton in lib is a 

regular triplet of triplets (J l--11.4 Hz; J2=4.1 Hz), again showing that the predominant conformation of ring A is 

a slightly distorded chair 27. 

Olefinic prod0cts 

Olefin 3 can, as from 9b, be formed by cis (concerted El)  and/or trans (E2) eliminations or by hydride 

shifts followed by elimination. 

Table 3 shows that: 

a) 8b(3t~l))  gives 7.2% of 3 of undetermined origin (13% x 55.6%), 7.5% of 3 through a cis 

elimination (26% x 56.5% - 7.2%), presumably from the chair conformation 27, and 31.6% of 3(3D) through 

a trans elimination (56% x 56.5%), necessarily from the boat conformations 28 or 29; 

b) 8b(3~tD) gives 10.2% of 3(2D) (18% x 56.5%) by a deuteride shift to C-2, but 3(21)) cannot arise 

from a plain dyotropic shift, as D and OTs are cis to each other in 8b(3~D) .  Nevertheless the presence of 

3(21)) can be explained in the following way: 
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i) a 113 hydride shift to C-2 (and migration of 2(~ OTs to C-l)  from 28(3(zD) to afford 30; 

ii) a tritropic rearrangement from 30 to 31, with a deuteride shift from 3(~ to 2(z; 

iii) a trans elimination to 3(2D). 

This explanation implies that some of the olefin 4 may come from 30, and not directly from 27 or 28.  

There is no reason why a 1-2 shift should only take place toward C-3 and not toward C- 1. This experiment tends 

to prove that 1-2 shifts also take place toward C-1. 

Scheme 2 

8C 2,4% " 1 2  

1,8% 

3 5  
q 

8b chair '~ 8b boat 

= 2 7  = 2 8  _ " 2 9  

0,5* 
6 = 3 2  

3 1  
lO,2% 

1-H shift 30 

tntropic 
shitt 

1,2% 
3 3  " 5 

tritropic 
shift 

9C 

27 
OR 

28 29 30 31 

RO 

32 

27 - 33 R=Ts 

RO 

33 34 

®O O~O ~ | 

35 
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Olefin 4 can be formed through cis and trans eliminations, not only from 28, but also from 30 after a 

hydride shift. 

The boat conformations 28 and 29 are also well suited for a 313 hydride shift to C-2 giving 31(2txH), i.e. 

2b in the chair conformation. Acetolysis of 2b is known to afford 7%, 15% and 46.5% of 6, 7 and 12 

respectively through 32. 4 These proportions are approximately reproduced in the values of Table 1, taking into 

account the necessarily higher errors made on such small values. 

The presence of olefin 5 in the reaction products confirms the earlier suggestion 4 that, in the acetolysis of 

2b, the 1% of 5 come indeed from 8b, since 8b generates 1.2% of 5. Again this can be explained by a tritropic 

rearrangement 29 ---> 33. Of course 33 is the precursor of 5 but not of 12, as experiments with 8b(4ctCD3) 

reported above exclude this possibility. 

Substitution oroducts 

Table 2 shows that 8b leads to 1.8% of 8c (retention of configuration) and to 9.2% of 9c (inversion). If 

the reaction takes place through a solvent separated ion pair (again denoted by the carbenium ion for the sake of 

simplicity), there is no reason to call up boat conformations such as 25 and 26. The chair conformation 34 

shows that attack on the tx face is easier (because of the 413 and the 1013 methyl groups) and one expects more 8c 

and less 9e. It is obviously not the case and this disposes of the solvent-separated ion pair. 

Since the kinetic study shows that there are bimolecular processes, it is reasonnable to assume that 

formation of acetate 9c is one of these, another being the previous mentionned trans elimination, the SN2 

process taking place on 28 or 29.30 Finally there remains to be explained the 1.8% formation of acetate 8e with 

retention of configuration. 

It seems appropriate to suggest here two possible bimolecular processes, which could account for the 

formation of 8c from 8b. Both begin with attack of ROSO2Ar by AcO- on sulphur. This bimolecular process 

has ben encountered several times with alkaline alkoxides 3~ and might become visible here because the Walden 

inversion on C-2 is hampered by the presence of the 413 and 1013 methyl groups of 27. In the present case, this 

process would generate 35. This could then undergo a pericyclic rearrangement to 8c and TsO ° as shown, or a 

fragmentation to RO- and TsOAc, which would further react to 8c and TsO- .  On thermodynamic grounds, the 

first process seems much more likely): 

To summarize this part of the discussion, the products of acetolysis of 8b can be explained by bimolecular 

processes (E2, SN2, SAN on sulphur, for 3, 4, 9c, 8c respectively), by stereospecific rearrangements, either 

through contact ion pairs or through pericyclic reactions, dyotropic (4, 6, 7, 12) and tritropic (3, 5). The 

rearrangements invoked to explain the acetolysis products of 2b are confirmed, namely the intermediacy of 

tosylate 8b or of the corresponding contact ion pair. There is no need to call upon tosylates l b ,  9b or their 

transformation products. 

CONCLUDING REMARKS 

The experiments described in the present and the two preceeding papers 4'~6 show that acetolysis of 

secondary tosylates in a buffered, i f  not basic, medium (excess sodium acetate) proceeds along a wide variety of 

reactions. If one is prepared to accept the intermediacy of 35, then there are bimolecular processes (SN2, SAN 

on sulphur, E2) and stereospecific unimolecular ones (concerted 6-centers elimination, dyotropic and tritropic 
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rearrangements), even with a tosylate as "normal" as 8b. Isomeric tosylates, in which the C-O bonds are on the 

same face of the molecular skeleton, i.e. l b  and 9b or 2b and 8b, share some reactions in common; isomeric 

tosylates, in which the C-O bonds are on different faces of the molecular skeleton, i.e. l b  and 2b or 8b and 9b.  

have no reaction in common. These facts are hard to reconcile with solvent separated ion pairs. A decision as to 

the nature of the pathways followed in the rearrangements cannot be reached from the present data. It should 

only be emphasized that: 

a) these rearrangements exhibit both stereospecificity and unimolecularity (linked with concertedness), 

which are both criteria of sigmatropic reactions; 

b) the decision amounts to distinguishing between a transition state between two isomeric tosylates and a 

transition state between two isomeric contact ion pairs i.e. to assessing the extent of ionic character of the C-O 

bond in a solvated tosylate and in a solvated contact ion pair. The extent of ionic character probably varies with 

substrate and solvent, and there may be a continuum of possible transition states, but the likelihood of 

sigmatropic reactions cannot be underestimated. This would rationalize the automerization of 3-methyl-2-butyl 

arenesulfonates L~ mentioned in the introduction. 

EXPERIMENT A L  SECTION 

The usual work up and the presentation of most spectroscopic data are outlined in ref. 16 All rotations are 

recorded in CHC13 solution. Further particulars for NMR are qua for quartet, qui for quintet, all spectra recorded 

in CDC13 (CHCI~ for deuterium) at 200 MHz for proton, at 50.29 MHz for carbon and 61.4 MHz for deuterium. 

Microanalyses were performed by the Central Analytical Service of CNRS and the Microanalytical Service of P. 

et M. Curie University. 

Starting materials 

Tosylate 8b 
To a solution of alcohol 8a 17 (0.7g; 1.7 mmol) in pyridine (10 ml) was added dropwise at (PC a solution 

ofp-toluenesulfonyl chloride (l.5g; 7 retool) in pyridine (5 ml). After 24h the mixture was worked up to afford 

a crude product (0.89g; 93%), which was purified by thin layer chromatography, mp 94-95°C, Found C, 75.78; 

H, 10.12; S, 5.78%; C36HssO3S requires C, 75.74; H, 10.24; S, 5.62%; 6H 2.40 (s., 3H, para CH3), 4.69 (tt, 

J~=l 1.4, J2=4.1 Hz, 2-H), 7.32 (d., J=8.0 Hz, 2H meta), 7.78(d., J=8.0 Hz, 2H ortho), 5¢ 79.3 (2-C), 33.32 

(4~-CH3). 

Tosylate 9b 
To a solution of alcohol 9a Is (1.3g; 3.1 retool) and pyridine (0.5 ml) in anhydrous ether (20 ml) was 

added dropwise at (PC p-toluenesulfinyl cbloride (1.3 ml) and the mixture was stirred for 2 h at room 

temperature. Usual work up gave a crude product, which was flash chromatographer over SIO2. The mixture of 

epimeric p-toluene sulphinates was separated as an oil (1.39g; 80%), ~a 2.5 (s., 3H, para CH3), 4.7 (qui., 

J=3.8 Hz, 2-H), 7.3 (d., J=8.0 Hz, 2H meta), 7.6 (d., J=8.0 Hz, 2H ortho). 

To a solution of the epimeric sulphinates (1.4g; 2.5 mmol) in CH2C12 (22.5 ml) was added at (PC a 

solution of m.chloroperbenzoic acid (1.0g; 5.8 mmol) in CH2C12 (22.5 ml). After stirring for 24 h, the usual 

work up gave a product (1.37g; 95%) purified by thin layer chromatography, mp 104-107°C, Found C, 75.70; 
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H, 10.17; S, 5.48%; C36H5803S requires C, 75.74; H, 10.24; S, 5.62%; •H 2.40 (s., 3Hg~ara CH3), 4.80 

(qui., J=3.7 Hz, 2-H), 7.31 (d., J=8.0 Hz, 2H meta), 7.61(d., J=8.0 Hz, 2H ortho), ~c 81.82 (2-C). 

2~-Deuterio-4,4-dimethyl-5cz-cholestan-2~.oi 9a(2ccD) 
A solution of ketone 10 (1.8g; 4.3 mmol) in anhydrous ether (450 mi) was refluxed for 3h with LiAID 4 

(0.7g; 16.7 mmol). After usual work up, the crude product was chromatographed over SiO2 to afford alcohol 

9a(2~D) (1.66g; 92%), mp 140-141 °C, [~]D +36 (c 0.34) lit. ~8 mp 140-141°C, [~]D +37; 6,: the signal at 

4.13 vanished, 5c 67.7 (t., J=20 Hz, 2-C). 

Tosylate 9b(2~D) mp 105-107°C; 8N: the signal at 4.70 vanished. 

Mono- and dideuterio-4,4-dimethyl-5~-cholestan-213-ols 9a(3c~D) (or dl) and 9a(2~,3czD2) 
(or d2) 

Reduction of 2,3[3-epoxy-4,4-dimethyl-5cx-cholestane according to ref? 8 gave a mixture of alcohols 

9a(3ctD) and 9a(2tx,3ctD2) (along with deuteriated alcohol la), mp 138-140°C (lit. ts mp 140-141°C), 5H 4.12 

(qua., J=5Hz, 2-H, 49% d,, 51% d2), St) 1.37 (3-D), 4.06 (2-D, 48% d I, 52% d2), ~c 68.08 (s., 2-C of d 0, 

67.62 (t., J=20Hz, 2-C of d2), 46,63 (t., J=18Hz, 3-C of dl), 46.50 (t., J=20Hz, 3-C of d2). 

3ct-Deuterio-4,4-dimethyl-5tx-cholestan-2-one 10(3ctD) 

A solution of alcohols 9a(3txD) and 9a(2cx,3ctD2) (0.72g; 1.7 mmol) in acetone (10 ml) was treated at 

0°C for 15 mn with Jones's reagent 33. Usual work up gave ketone 10(3~D) (0.66g; 92%), mp 129-131°C 

(lit. js mp 124-125°C), 6H 2.10 (s., 3-H), 5c 212 (2-C). 

3cx-Deuterio-4,4-dlmethyl-5cx.cholestan-2[3-ol 9a(3cxD) 
To a solution of ketone 10(3~D) (l.2g; 2.9 mmol) in anhydrous THF (12 ml) was added at -75°C L- 

Selectride (LiBH(s-Bu)3, 3.6 mi; 16 inmol). After 2h the reaction mixture was neutralized by 5% HCI. Usual 

work up gave a crude product, chromatographed over SiO2 to afford alcohol 9a(3ctD) (1.15g; 95%), mp 138- 

140°C, lot] o +33 (c 0.85) (lit. Is mp 140-141°C, [~]t~ +34; ~i x 4.18 (qua., J=5.0Hz, 2-H)), 5c 68.15 (2-C). 

Tosylate 9b(3otD) mp 105-107°C; fiH 4.80 (qua., J=3.7Hz, 2-H), 8 c 81.15 (2-C). 

3cc-Deuterio-4,4-dlmethyi-5~-cholestan-2cx-oi 8a(3cxD) 
To anhydrous liquid NH3 (65 ml) were added simultaneously a solution of ketone 10(3cxD) (195mg; 

0.47 retool) in a mixture of EtOH (1 ml), t-BuOH (1 mi) and THF (8 ral) and sodium pellets (0.11 g; 4.7 rnmol). 

The mixture was stirred for another 30 mn and worked up to afford a crude product, which was 

chromatographed over SiO 2. Along with some epimeric alcohol 9a(3cxD) alcohol 8a(3¢xD) was obtained 

(98mg; 50 %) mp 123-125°C (lit. 17 mp 124-127°C), ~H 3.80 (dt., Jn=10.8, J2=4.0Hz, 2-H), ~5 c 65.58 (2-C), 52 
(t., J=19Hz, 3-C). 

Tosylate 8b(3otD) mp 93-95°C, 8, 4.62(dt., J~=l 1.0, J2=4.2Hz, 2-H), ~c 79.25 (2-C). 

4¢x-Trideuteriomethyi-4[3-methyl-5cx-cholestan-3[~-ol la(4cxCD3) 
Treatment, according to Julia and Lavaux 34 of cholest-4-ene-3-one (6.5g; 17 retool) and CD3I(3.0g; 20.7 

mmol) gave 4cx-trideuteriomethyl-cholest-4-ene-3.one (4.34g; 64%), mp 97-99°C (1it.34 nap 101-102°C), 

[¢x] o +85 (c 0.98), Found C, 83.43; H, 11.43%, C2sH43D30 requires C, 83.72; H, 11.54%, 5c 199 (3-C), 
164.0 (5-C), 127.8 (4-C). 

A solution of this ketone (4.74g; 11.8 nunol) in anhydrous ether (190 ml) was added to a solution of 

LiAIH 4 (l.9g; 4.50 retool) in anhydrous ether (150 ml) and stirred for lh at room temperature. Usual work up 
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and chromatography over SiO 2 gave, along with the epimeric alcohol, 4~-trideuteriomethyl-cholest-4- 
ene-3[3-ol (3.67 g; 77 %), mp 149°C (lit. ~ mp 151-152°C), [t~]D +54 (c 2.01), Found C, 83.37; H, I 1.68 %, 

C2sH4~DsO requires C, 83.30; H, 11.98; 8 H 3.98 (t., J--6.SHz, 3-H), 8 c 141.5 (5-C). 125.8 (4-C), 71.4 (3-C). 

To a solution of this alcohol (0.3g; 0.74 mmol) in CH2CI _, (5 ml) were added first a solution of Et3N (0.5 

ml) and of 4-dimethylamino-pyridine (3mg) in CH2CI 2 (4.5 ml), then after l0 mn a solution of M%SiCI-CH2Br 

(0.14g; 0.75 mmol) in CH2CI 2 (5 ml). The mixture was stirred for lh and worked up as usual to afford, after 

filtration over SiO 2, the silyl ether (0.4g; 93 %), mp 87-89°C, [0t] o +36 (c 1.48). Found C, 66.92; H, 10.13 

%, C3~Hs2D3OSiBr requires C, 67.11; H, 10.05, 8 H 0.30 (6H, s., M%Si), 2.50 (2H, s., SiCI-I2Br), 4.12 (t., 

J=7Hz, 3-H), 8 c 2.30 (M%Si), 73.0 (3-C), 15.8 (4-C), 141.0 (5-C). 

A solution of this silyl ether (0.9g; 1.6 mmol), of NaBHsCN (0.2g; 3.2 mmol), of azohis isobutyronitrile 

(26rag; 0.16 mmol) and ClSnBu~ (0.52g; 3.2 mmol) in t-BuOH (80 ml) was refluxed for 6 h. Usual work up 

and chromatography over SiO 2 gave the cyclic silyi ether (0.46g; 60%), mp 135-137°C, [0t]D +22 (C 4.29), 

Found C, 77.94; H, I 1.74%, C3~H53DsOSi requires C, 78.04; H, I 1.86, 8 H 0.21 (s., 6H, Me2Si), 3.17 (dd., 

J~=l 1.5, J2=5.5Hz, 3-H), 8 c 1.30 and 2.90 (MeSi), 13.9 (CH2Si), 85.3 (3-C). 

To a solution of this cyclic silyl ether (0.92g; 1.9 mmol) in anhydrous HCONMe 2 (75 ml) was added at 

room temperature a 1 M solution of Bu4NF in THF (5.0 g; 19.4 mmol). The mixture was stirred for 5 h at 70°C 

and worked up as usual. The crude product was chromatographed over SiO,- to afford alcohol la(4t~CDs) 

(0.67g ; 83 %), mp 156-157°C (lit. -'8 155-156°C), [Ct]D +13 (C 2.76) (lit. ~s [~]D +12), Found C, 82.66; H, 

12.42%; C,gH49D~O requires C, 82.98; H, 12.49, 8 c 79.10 (3-C). 

4t~-Trideuteriomethyl-4[3-methyl-5c~-cholestan-3-one l l ( 4 a C D  3) 

It was prepared by oxidizing alcohol la(4etCDs) (5.2g; 12.4 mmol) with Jones's reagent. 33 Usual work 

up gave ketone l l (4~CDs)  (4.92g; 95%), m.p. 104-105°C, [~]D +2 (C 0.79) (lit. z'- rap. 100-102°C, lot] D +4) 

Found C, 83.09; H, 12.08%, C29H47D30 requires C, 83.39; H, 12.06%, 8 c 217.4 (3-C). 

4~-Trideuteriomethyl-4[3-methyl-5ct-cholestan-2-one 10(4ctCD s) 

To a solution of ketone l l (4~CDs) (4.0g; 9.7 mmol) in AcOH (275 ml) containing 5 drops of conc. HBr 

and 5 drops of Ac20 was added dropwise over 8h at 15°C under vigorous stirring a solution of bromine (1.52g; 

9.5 mmoles) in AcOH (12 ml). After usual workup, the crude product was chromatographed over SiO 2, to 

afford the 2-bromoketone (4.62g, 97%), mp 73-74°C, [ct] D -6 (c 1.3), (lit. s5 mp 70-71°C, [~]D -8). 

A solution of the 2-bromoketone (1.8g; 3.65 mmol) and of anhydrous KOAc (7.3g; 74.5 retool) in AcOH 

(36 ml) was refluxed for 35h. After usual workup the crude product was chromatographed over SiO 2 to afford a 

mixture of acetoxyketones (1.36g; 79%). To a solution of calcium (2.7g; 67.5 mmoles) in anhydrous liquid 

NH s (650 ml) was added dropwise under stirring over 40 mn a solution of the mixture of acetoxyketones (3.6g; 

7.6 mmol) in toluene (170 ml), and stirring was continued for 20 mn. The blue colour was discharged by adding 

a 1:1 mixture of toluene and methanol and, after usual workup, the crude product was chromatographed over 

SiO,-, affording ketone 10a(4CDs) (1.96g; 62%), mp 129-130°C (lit. [8 mp 124-125°C), ~i c 211.8 (2-C), 33.4 

(4t~CHs), along with ketone lla(4t~CDs) (379mg; 12%), alcohol l a ( 4 ~ C D  s) (507rag; 16%) and alcohol 
8a(4o~CD s) (135mg; 4%). 

4~-Trideuteriomethyl-4~-methyl-5ct-cholestan-2~-ol 8a(4t~CD s) 
It was prepared from ketone 10(4t~CDs), in a 75% yield (along with some epimeric alcohol 9a(4t~CD s) 

as decribed for alcohol 8a(3t~D) from ketone 10(3t~D), mp 125-126°C, [tx] D +14 (c 1.27) (lit. ~7 mp 124- 
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126°C, [o~] o +13), Found C, 82.68; H, 12.55, C29H49D30 requires C, 82.98; H, 12.49, 5 a 3.86 (tt., Jt=l 1.5, 

J2=4. IHz, 2-H), 5 c 65.62 (2-C); the signal at 33.66 (4ocCH3) vanished. 

Tosylate 8b(4o~CD3), mp 93-95°C, [o~] D -24 (c 2.6), 5 H 4.69 (tt., Jt=l 1.8, J2=4.1Hz, 2-H), 5c: the signal at 

33.32 (4txCH3) vanished. 

313-Trideuteriomethyl-4~-methyl-5ct-cholestan-3ct-ol  14a 

To a solution of CD3MgI made frome CD.~I (0.1 ml) and Mg turnings (0.2g) in anhydrous ether (3 ml) was 

added a solution of 4o~-methyl-5o~-cholestan-3-one 22 (80mg; 0.20 mmol) in anhydrous ether (10 ml). The 

mixture was stirred for 24 h and worked up as usual. The crude product was chromatographed over SiO 2 and 

gave, along with some of the epimer 14h, alcohol 14a (62mg; 74%), mp 132-134°C, [ix] D +10.5 (c 0.85) 

(lit. 22 mp 133-134°C, [or] D +13.5, 5H: the signal at 1.17 (s., 313CH 3) vanished, 5c: the 25.98 signal (3~CH3) 

vanished. 

3-Trideuter iomethyl-4-methyl-5t~-choles t -3-ene 25c 12(3CD 3) 

Dehydration of alcohol 14a (35mg) with POCI 3 (3.5 ml) in anhydrous pyridine (15 ml) and usual work up 

gave, after chromatography olefin 12(3CD3) (20mg ; 59%), mp 109-110°C (lit. 22 mp 110-112°C), 5a: the 

1.58 signal (s., 3-CH.0 vanished, 5 c 127.2 and 124.4 (3-C and 4-C), the signal at 19.5 (3-CH 3) vanished. 

Acetolysis 

Acetolysis of tosylate 8b: Tosylate 8b (l.5g ; 2.6 retool) in anhydrous AcOH (55 ml) containing NaOAc 

(2.0g; 24.4 mmol) was refluxed for 1.5h. After usual work up the crude product (1. lg) was chromatographed 

over SiO 2. Petroleum ether eluted the hydrocarbon fraction (0.93g); petroleum ether-Et20 (96:4) eluted the 

acetate fraction (0.135g). The acetate fraction in MeOH (5 mi) containing KOH (20mg) was refluxed for i h. 

After usual work up, the crude product was chromatographed over SiO 2, affording successively 4 ,4 -  

dimethyl-5o~-cholestan-2~-ol  9a (101mg, 9.2%), mp 140-141°C (lit. '8 mp 140-141°C, 5 H 4.14 (qui., 

J---I 1.4Hz, 2-H), 5 c 68.15 (2-C), then 4,4-Dimethyl-5o~-cholestan-2~-oi  8a (19.6rag; 1,8%), mp 125- 

126°C (lit. 2' mp 124-126°C), 5. 3.85 (tt., J,=l 1.4, J2=4Hz, 2-H), 5 c 65.6 (2-C). The hydrocarbon fraction 

was chromatographed over AgNO3-SiO 2 (10:90). Petroleum ether eluted successively a mixture of 7 and 12 

(45mg, 4.3%) which was analyzed by proton NMR spectroscopy into 3[3,4-Dimethyl-cholest-4-ene 7 

(1.9%), 5 H 0.67 (3H, s., 13[~-Me), 1.00 (3H, d., J=7Hz, 3[3-Me), 1.58 (3H, s., 4-Me), 5 c 138.1 and 127.6 

(4-C and 5-C), and 3 ,4-Dimethyl .5~-choles t -3-ene  12 (2.4%), 5. 0.65 (3H, s., 13[~-Me), 1.54 (3H, 

s., 4-Me), 1.58 (3H, s., 3-Me), then 4,4-Dimethyl-5o~-cholest-2-ene 3 (582mg, 55,6%), mp 88-90°C, 

[o~]D +38 (c 3.6)(lit. ~s mp 89-90°C, [o~] D +38), 5H 5.35 (dd., Jl=10.1, J2=2.1Hz, 3-H), 5.43 (ddd., Jl=10.1, 

J2=5.7, J3=l.6Hz, 2-H), 5 c 138.1 and 128.1 (2-C and 3-C), m/z = 398 (100%), 397 (0.8), 399 (30.8), 400 

(2.5), then a mixture of 4,5 and 6 (278mg, 26,5%) which was analyzed by proton NMR spectroscopy into 

4 ,4 -Dimethy l -5~-cho les t - l - ene  4 (24.8%), 5a 5.46 (ddd., J~=10.0, J2=5.0, J3=2.5Hz, 2-H) 5.78 (br. 

d., J=10Hz, l-H), 5 c 135.9 and 123.1 (I-C and 2-C), 3ct-Methyl-4-methylene-5oc-cholestane 5 

(1.2%), 5 H 1.08 (3H, d., J=7Hz, 3~Me), 4.40 and 4.74 (2H, two hr. s., C=CH2), 5 c 155.8 and 105.6 

(C=CH2), and 3[3-Methyl-4-methylene-5~-cholestane 6 (0.5%), 5 H 4.50 and 4.68 (2H, two d., 

J=0.SHz, C=CH2), 5 c 155.6 and 103.0 (C=CH2). 

Acetolysis of Tosylate 9b: Tosylate 9b (1.5 g; 2.6 mmol) was treated in anhydrous AcOH, NaOAc as 

described for tosylate 8b. The acetate fraction (0.13g) was pure 2~-Acetoxy-4 ,4-d imethyl -5c~-  
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cholestane 8c (10.9%), mp 66-67°C, [~]D -12 (c 0.48) (litJ 7 mp 65-67°C, [c~] D -6) 36, ~H 2.00 (3H, s., 

MeCO), 5.00 (tt., J,=l 1.8, J_,=4.1Hz, 2-H), 8 c 170.8 (CO) 69.5 (2-C). 

The hydrocarbon fraction (0.95g) was chromatographed over AgNO3-SiO 2 (10:90). Petroleum ether eluted 

successively 3[3 ,4-Dimethyi-choles t -4-ene  7 (10mg, 1%), mp 90.5-91°C (lit. n mp 90°C), 8 H 0.67 (3H, 

s., 1313-Me), 1.00 (3H, d., J=7Hz, 3[3-Me, 1.58 (3H, s.,4-Me), then 4,4-Dimethyl-5c~-eholest-2-ene 3 

(755mg, 72.1%), mp 90°C, [at] ° +35 (c 0.60) (lit. '8 mp 89-90°C, [~]D +38), 8H 5.35 (dd., J~=10.1, J2=2.1Hz, 

3-H), 5.43 (ddd., J~=10.1, J2=5.7, J3=l.6Hz, 2-H), 8 c 138.1 and 121.7 (3-C and 2-C) then a mixture of 4, 5 

and 6 (195mg, 13%) which was analyzed by proton NMR spectroscopy into 4 , 4 - D i m e t h y i - 5 c t - e h o l e s t - 1 -  

ene 4 (12.2%), 8 H 5.46 (d., J=10Hz, I-H), 5.78 (ddd., Jl=10, J2=5, J3=2.5Hz, 2-H), 8 c 135.9 (I-C),  123.1 

(2-C), 3~ -Me thy l -4 -me thy l ene -50 t - cho l e s t ane  5 (0.6%), 6 H 1.08 (3H, d., J=7Hz, 30t-Me), 4.40 and 

4.75 ( 2H, two br. s.,C=CH2), 8 c 155.8 and 105.6 (C=CH2), and 3 [3 -Methy l -4 -methy lene -5~-  

cholestane 6 (0.2%), 6 H 4.50 and 4.68 (2H, two d., J=0.8Hz, C=CH2). 

Acetolysis of tosylate 8b(3~D): Tosylate 8b(3~D) containing 0.87 + 0.03 D atom/molec. (600mg, 1.05 

mmol) was treated as for tosylate 8b, giving an acetate fraction and a hydrocarbon fraction. From the 

hydrocarbon fraction, among other olefins, was isolated a mixture of 4 , 4 - D i m e t h y l - 5 a - e h o l e s t - 2 - e n e s  3 ,  

3(3D) and 3(2D) (241mg, 56.5%) mp 89-91°C (lit. '8 mp 89-90°C), m/z 399 (100%), 398 (77.5), 400 (28.5), 

401 (3.8). The ratios of NMR,proton intensities are (2-H+3-H/13-Me) = 1.27/3, 1.28/3 and 1.23/3 and (2-H/3- 

H) = 63/37, 66/34 and 67/33 (three different spectra of the same product). 

Acetolysis of tosylate 9b(2~D): Tosylate 9b(2o~D) containing 0.98 + 0.03 D atom/molec. (760mg, 1.30 

mmol) was treated as for tosylate 9b, giving an acetate fraction and hydrocarbon fraction. From the hydrocarbon 

fraction, among other olefins, was isolated a mixture of 4 , 4 - D i m e t h y l - 5 ~ - c h o l e s t - 2 - e n e s  3 and 3(2D),  

(385mg, 72.6%), mp 89-90°C (lit.~8 mp 89-90°C) m/z 399 (100%), 398 (2.5), 400 (30.2), 401 (3.1). The ratios 

of NMR proton intensities are (2-H+3-H/13-Me) = 1.08/3 and (2-H/3-H)= 8/92. 

Aeetolys ls  of tosylate  9b(3~D):  Tosylate 9b(3c~D) containing 0.97 + 0.03 D atom/molec. (300mg, 

0.525 mmol) was treated as for tosylate 9b, giving an acetate fraction and a hydrocarbon fraction. From the 

hydrocarbon fraction, among other olefins, was isolated a mixture of 4 , 4 - D i m e t h y l - 5 c t - c h o l e s t - 2 - e n e s  

3(3D) and 3(2D) (151mg, 71.9%), mp 89-91°C (lit. TM mp 89-90°C) m/z 399 (100%), 398 (31.2), 400 (28.1), 

401 (9.3). The ratio of NMR proton intensities are (2-H+3-H/13-Me) = 1.15/3 and (2-H/3-H) = 77/23. 

Acetolysis  of tosylate  8b(4c~CD3): Tosylate 8b(4~CD3)  (1.4g, 2.44 mmol) was treated as for tosylate 

8b, giving an acetate fraction and a hydrocarbon fraction. From the hydrocarbon fraction were isolated 

successively a mixture of 7(4CD 3) and 12(4CD3), (53mg 5.4%), which was analyzed by proton NMR 

spectroscopy into 3[3-Methyl -4- t r ideu te r iomethyl -choles t -4-ene  7(4CD~) (2.2%), 6 H 0.67 (3H, s., 

1313-Me), 0.99 (3H, d., J=7Hz, 3~-Me), ~D 1.59 (3D, s., 4-CD3) and 3 - M e t h y l . 4 - t r i d e u t e r i o m e t h y l - 5 ~ -  

choles t -3-ene 12(4CD 3) (3.2%), 8 H 1.58 (3H, s., 3-Me), 8 D 1.55 (3D, s., 4 CD3), then 4 ~ - T r i d e u t e  

r i ome thy l -4~-me thy l -5~-cho le s t -2 -ene  3(4~CD3) (539mg, 55%), mp 89-90°C (lit. ~8 mp 89-90°C), 8 H 

5.35 and 5.43 (2H,m., 2-H and 3-H), see acetolysis of 8b, 8 D 0.92 (3D, s., 4e~CD3), then a mixture of 

4(4otCD3), 5 (3~CD 3) and possibly 6(4CD2) (255mg, 27.0%), which was analyzed by proton NMR 

spectroscopy into 4 ~ - T r l d e u t e r i o m e t h y l - 4 ~ - m e t h y l - 5 0 t - c h o l e s t - l - e n e  4(4~CD3) (25.9%), 5, 5.45 

and 5.77 (2H, m., 1-H and 2-H, see acetolysis of 8b), 8 D 0.87 (3D, s., 4~-CD3), 30 t -Tr ideu te r iomethy i -  

4 .methylene-5ct-cholestane 5(3ctCD3) (1.1%), 5 H 4.40 and 4.74 (2H, two br. s., C=CH2), 6 D 1.07 (3D, 
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broad s., 3~-CD3),and 3~-Methyi-4-dideuteriomethylene-5~-cholestane 6(4CD 2) (traces ?) fix: No 

doublets at 4.50 and 4.68. 

Formula 

l l a  

2a 

la  

lOa 

8a 

8c 

9a 

9c 

3 

4 

Table 5 

Proton NMR signals of methyl groups at C-4 and C-10 

in some 4,4-dimethyl-5o~-cholestane derivatives (200 Mhz in CDCI3) 

Functional 

~roup 

3 one 

3(~ OH 

3~ OH 

2 one 

2~ OH 

2a OAc 

213 OH 

2[30Ac 

2 ene 

1 erie 

Undeuterated compounds 

1.02 

0.86 

0.86 

0.86 

0.89 

0.93 

1.09 

1.04 

0.87 

0.96 

4t~ 413 

1.03 1.02 

0.92 0.86 

0.94 0.77 

1.02 0.86 

0.88 0.86 

0.89 0.86 

0.86 1.01 

0.86 0.98 

0.93 0.87 

0.87 0.87 

4~t-Trideuteriomethylated 

compounds 

1013 4~ 

1.02 1.02 

0.86 0.86 

0.86 0.765 

0.855 0.855 

0.90 0.86 

0.93 0.86 

1.09 1.01 

1.04" 0.97 

0.875 0.875 

0.96 0.87 

Kinetics 

All experiments were run in NMR tubes using 0.5 ml of CD3CO2D (99.99%), 0.01M in CD3CO2Na. The 

tubes were sealed and kept in liquid nitrogen before the beginning of the experiment. Time zero was taken as the 

time when the sealed tube was dipped into a beaker containing water at the temperature chosen for the 

experiment; the tube was then transferred after l0 nan into the NMR instrument (Bruker 500 Mhz). 

The weighed masses were 

for lb: 2.18 mg at 7 l°C : 0.00765 molar solution for 8b: 2.41 mg at 60°C : 0.00846 molar solution 

for 9b: 2.08 mg at 71°C : 0.0073 molar solution 2.49 mg at 71°C : 0.00874 molar solution 

2.63 mg at 80°C : 0.00923 molar solution 

The dissolution of the solid tosylate into the solvent was usually very fast, except for 9b, whose 

dissolution was only achieved at the end of the 10 inn period of dipping in water. 

Evaluation of the percentage of labelled compounds 

Proton NMR spectral evaluation of olefins 3(3D) and 3(2D) produced from acetolysis of tosylates 

8(3txD), 9(3otD) and 9(2ocD): 

Let a be the molar fraction of 3, b that of 3(3D) and c that of 3(2D). In the acetolysis of 9b(3txD), one 

can write: a+b+c = l, 2a+b+c = 1.15 and (a+b)/(a+b) = 77/23. Hence a = 0.15, b= 0.74, c = 0.11. 
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