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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 vnrocesses for 8b. Elimination nrr\duntc came for a great nart from
ntervention CHMCICCUL Pro: caminalon ame are part rom

intermediates formed by hydride and/or methy! shifts. All rearranged products could be explained by plain
sigmatropic rearrangements or by contact ion pair rearrangements. Attention is drawn to the close
resembliance between sigmatropic rearrangements and contact ion pair rearrangements.

© 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION AND BACKGROUND

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, efc.) remains
obscure. In 1958, in order to interpret the special salt effect,” Winstein® distinguished intimate (contact) and

solvent-separated ion pairs as intermediates on the way to the s olvoly51s products He did not fully exclude the

preferred to speak in terms of infermediates, 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 secem to have changed
their views on ion pairs. For instance, the rearrangement of an allylic carboxylate may be regarded as an intimate
ion pair rearrangement or as a pericyclic sigmatropic rearrangement, and as early as 1955 Braude and Turner®
had made a good case for what was not yet classified as a (3,3) sigmatropic rearrangement,” 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
nd stability of carbenium

ions,'® but this does only apply to the gas phase. What happens in a condensed phase has been la rgely neglected
but for a few studies.'" Theoretical calculations tell us I i

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;"

b) internal return, involving intimate ion pairs according to Winstein,® can play a very important role in the
solvolysis of aliphatic secondary tosylates,'* with no hint as to the true i

enium ion pair (MeCH-CHMe*, ArSO3™) can automerize (by
migration) before being trapped by the solvent," a fact which can be interpreted otherwise, i.e. automerization
takes place through a sigmatropic rearrangement of the starting sulfonate ( see '').

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.

4,16

In previous papers™® was reported a detailed study of the acetolysis of p-toluenesulfonates (tosylates) 1b

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

sS4 iy’ 4 ~



M. Audouin et al. / Tetrahedron 54 11008
ia 19 v oL LAk e 3 T (L A0

HLuL e Ui O

a) Inspection of the deuterium content of the olefin 3 obtained from labelled tosylates 1b 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 1b, but was not questionnable in the case of labelled 2b, i.e. a 2 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.

¢) 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 § is expected, and found indeed, as a 4o¢ methy! migration
nroduct from 1b it i< not exnected from 2h where a 4R methv]l mioration ic exnected ta oive & and 7 nrovided
rll\luu\v\. ARNVJILL RAWF, AL 1J LAV VI\kJV\-/l\-/U ALVULLL Aany, YYIIVAW O 'I"J A11nLilyl uusxuuuu 13 \,Ayv\,twu (A El'\.v WOoALINE 7, lJlUVlu\-\.L
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 §, it was suggested that S might arise from the very ion pair leading to 4, by
a double 33 hydride - 40. 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.

RESULTS

Alcohols 8a and 9a had already been described.'” 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* 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.

LiAlID4 reduction of ketone 10 afforded alcohol 9a(2aD), that was converted to tosylate 9b(2aD) as
above. Tosylates 8b(30D) and 9b(3aD) could be obtained from alcohols 8a(3aD) and 9a(3aD).”

Interest in the fate of the 4o methvl or oup durin
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stereospecific synthesis of tosylate 8b(4ocCD3). This was performed by using Stork and Sofia's method® to
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make alcohol 1a. This method eventually led to alcohol 1a{4wCD3), which was transformed through ketones
11(4aCD3) and 10(4aLU3) to alcohol 8a(4aCD3) and then to the tosylate 8b(40cCD3). For the same
reason it was important to understand the origin of the 3-methyl group in olefin 12, a major product from 2b*.
This can be done by labeling one of the two methyl groups linked to the double bond and by inspecting the
proton and "C NMR spectra. Olefin 12(3 CD3) was synthesized according to Beton, Halsall, Jones and
Phillips® from ketone 13 and CD3Mgl, followed by dehydration of the epimeric alcohols 14.

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

: - 23
opportunity to check the assignments of NMR signals for ring A methyl groups proposed in 1966.” The
ecnrrantnoace nf ane Af thaca accionmaeantg ad alraadvy heen confirmed hy neenthal 24 The results from the present
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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 8¢ was straightforward, the separation of olefins 3, 4 and 5, specially
of 4 and § was difficult (chromatography over SiO;-AgNOs3), 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.*

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

olefins were separated as above. The acetates 8¢ and 9¢ were saponified and the alcohols 8a and
a 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 Elimination products Substitution
products
3 4 S 6 7 12 8c 9c
20-OTs 8b [ 55.6+0.2:24.8+0.2¢ 1.2+0.2 { 0.5%0.1 ¢ 1.9£0.5 | 2.4+0.5 | 1.8+£0.2 { 9.240.2
2B-OTs 9b | 72.1+0.2112.2+0.1{ 0.620.1 { 0.2+0.1 { 1.0+0.2 10.9£0.2
Products from monodeuteriated tosvlates
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 13 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(3aD), the NMR data are fairly reproducible (see Table 2).

ucts from tri riated tosylate 8b (4aCD3)

With a view of gaining a knowledee of the extent of 40 methyl eroup migration, acetolysis of tosvlate
Vith a view of gaming a kxnowledge of the extent of 4¢, methy! group mugration, acetolysis of {osy
Qhi A~ Grac narfarma 1imdar tha carma snanditinno MNafin -~ and 12(A0'T.) RA(ANTC TS
ou(4xC3) was performed under the same conditions. Oleiins /7 ang 12(4LU3), 5-4(500C03),
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and 6(4CDj) were obtained and NMR spectra of olefins 12{(4CD3) and 5 and 6 (4CD2)
inspected for the disappearance of signals of CH3 or CH,=C groups. The presence of olefin 5(3a.CD3),
involving a 40, 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 olefin 12, formed from tosylate 8b, is solely formed by 4 methyl migration.
Kinetics

In order to compare the rates of acetolysis of tosylates 1b-2b and 8b-9b, a kinetic study was undertaken
proton NMR spe v. In 99,99% CD1CO»D (0.01 molar in CD32CO;Na) it is possible to distinguish

S212 LNAVAIN op LSS A V.V 2 1 S
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the aromatic protons ortho to SO; (7.7 to 7.9 ppm), the meta protons (7.2 to 7.5 ppm) and the CH3-Ar protons
(2.4 t0 2.5 ppm) in the tosylate esters from those in sodium tosylate (a similar technique was used by Paradisi
and Bunnett' in oxygen scrambling experiments run in CF3CO,H, 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.

Table 2
Percentages of deuteriated and undeuteriated 4,4-Dimethyl-50-cholest-2-enes
in the acetolysis products of tosylates 8b(30D), 9b(30D) and 9b(20D)

Subsiraie Percentage (£3)of D Percentage (£5) of Yield % (£2)
in the tosylate 3 3(3D) 32D)| 3+3(3D)+3(2D)
20-OTs 3aD 8b(3aD) 87 27 53 20 56.5
28 56 16
23 57 18
2B-OTs 3aD 9b(3aD) 97 15 74 11 71.9
2B8-OTs 20D 9b(2aD) 98 08 92 72.6
In order to calibrate these experiments with the previous ones, followed by acidimetric titration®, acetolysis
of tosylate 1b 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 1b, 2b, 8b and 9b
Substrate Unimolecular Process Bimolecular Process Temperature Concentration
k; x 106 s-1 k7 x 109 mol.s-!.]-! C (mMolar)
3B-OTs 1b 84.1 £ 8.7 71 7.65
80.2+0.68) 70 8.94
3¢-OTs 2b 199+ 72) 70 1.8
20-OTs 8b 8.9+0.2 55.6+2.2 60 8.56
55 £1.1 346+ 14 8.74
150 £3.0 917 + 37 80 9.23
2B-OTs 9b 1150 £ 150 71 7.3
a) Ret.4

Acelolysis of tosylate 9b was beset with two difficulties, poor solubility of the ester in CD3CO;D and fast

reaction. Assuming that the final part of the reaction is overwhelmingly unimolecular, a rate constant of
1.15x10” was calculated at 71°C, which certainly is very approximative. In the case of tosylate 8b, there is

dafinitelv a himolecular reaction sunarimnosed on the unimolecular one. The activation narameters are nresented
aelinitely a oimoiecular reaction superimposea on the unimolecular one. 1€ aclivaion parameters arc presente

i Talla A Masmamnricmn ~F tha mitmamlaniilar meanaceae im tnculatac Th Yh and Rh chawe that Rh avhihite
i 1aoic 4. Lomparison Of i€ unimoieCuiar processes in tosyiates 10, 40, and o0 SiAO0WS inal oo CXNIDHS
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higher activation enthalpy and entropy. Undoubtedly intramolecular assistance shows up in the data concerning
ib and 2b, but does not in those concerning 8b.

Table 4
Activation parameters for the acetolysis of tosylates 1b, 2b and 8b
Substrate Type of Process AH™ kJ/mol AS™ J/mol.K
3B-OTs 1b Unimolecular 2 113.7+2.5 8.4+6.3
30-OTs 2b Unimolecular &) 110.8 + 3.8 1.3£25
20-0OTs 8b Unimolecular 136.4 + 3 67.4 £ 10
Bimolecular 135.3+6 79.3 £ 20
a) Ref 4
DISCUSSION

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 1b and 2b (8% and
26.5% respectively).* What is perhaps unexpeued is the sizeable amount of rearranged products arising from

e case of 8b, the more so if one takes into

tosylates, which would be regarded as

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 3 face.

Olefinic products

Olefin 3 can be formed through cis (concerted E1) and/or trans (E2) eliminations or through 3o hydride
migration to C-2 (and 28 OTs migration to C-3), i.e. 15 — 16 or 17, followed by elimination.

AY OR(YANN Sivrac 1AL ~AF 2 ~F nindatarminad Arigin (D0 v 79 10\ AA R, Af (I throneh prane ang

d) FUAULS) EIVEDS 1.970 UL vV UL unaeterminea or 1L 270 A 14.170), UU.0J0 Ul J\&L7)] UNMUUEIL e/ UL Qalid

1 a%e Vors -~ N 1 4 an7 pu } o deecam alloildd

¢is eliminations (92% x 72.6%) and 4.4% of 3 through hydride shift from C-3, followed by rrans 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-1a. (see below for the case of 8b).

Formula 17, which is 1b in a boat conformation, explains the small amount of olefin §

tn .2 wenld affard 1R which ic the nrecnirear nf hath & and 12 nlefine which were foun

W L~J WUUIU allviu 10, WilILL 15 UiV PIVUVIOUL UL UULLL o GIIY X dry ViVEIHO Yriddels VA AV uas i AT
JUCTE TRCSIPE S ST § T SRy S Lo commmmed datantinn NNV lhacad an N A0 ~Ff BN In thig fraca

erl(.l reprLl VEly In aCClOLysis O 1D. 14 Mdy 1n1dve CSCdplu UCCCUO (V.2 70 Da>tU LIl V.U70 UL o). 1 Ulis Lase
o : o o e 1 4 1 roam sy oy A AT\ oo | PRI DR i §

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 10 3
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and 3(2D) (barring isotope effects), through 17; the total amount of 9h (185) undergoing a 3¢ hydride shift
would be 13.1%.
Scheme 1
E2 12,3% Me shift 0.6%
3 = 16 == 17 18 Al 5
\ f 0.8% \
N 02%
EEp H shift | 13,1% ™~ 12
59,8% \ I
E1+Eg SNQ
4~ 9b chair 9bboat |—— 8¢
12,2% | =15 =23 24 10,9%
tritropic
shift /
7 12%
e
19
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al" sulfonaies,” bui are now

Lo,

Such hydride shifts
taken into account™ leaving some doubts about the interpretation of published kinetic isotope effects.

dride shifis have long been ignored in soivolysis studies of "norm
.l
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7, that would not be expected to appear in the solvolysis, unless is calied
into play a tritropic rearrangement:” 15 — 19; of course 19 is the precursor of 6 and 7. This tritropic
rearrangement has not been detected in the acetolysis of 1b, 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 1b to the extent of 1% only.*

hiere are traces of olefins 6 and 7
7

Finally it must be emphasized that there is no product arising from a rearrangement of 1b 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 1b in the chair conformation*? viz. 20 — 22 — 21, though these products
were purposedly looked for,

nolecular processes (see above), there are

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

r
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5
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the acetate 8¢ with inversion of configuration, without any detectable trace of epimeric acetate 9¢, 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).” A SN1 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-2[3-
O bond must be tilted towards the 48 and 108 methyl groups. This is most improbable because it inc

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

caorrecnnnding confarmatinneg of tha carhaninm inm 28 and 24& cad lhara ¢t damemta tha cnlirant camnrntad fom

LULIVOP UL S VURTULTLIAUIULLS UL UIC Lal ULLHULLL 1ULL, &o dlll &4 U, USCU LITIC WU UCLIVC UiC SULVEIIL Sbpdlatcd ull

i fae calba A€ cirmmliaity ara atthas anmcracciik] Al Lo 1% T4 1 15 T4

pdir 101 SaKkC O SIMPHCILY, ar€ €iner aCCessiniC rom ootn 1aces (Lo) or from the p face only (4£9), and snouia

give a mixture of acetates, with 9¢ predominating. As only 8c¢ is obtained, the reaction is SN2 and there is no
30

solvent separated ion pair.

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 1b and not the conformation
8b or their transformation products.

; O U § A9 12101114 AOLULLY.

In this case, the discussion is summarized in Scheme 2. The NMR signal of the H-2 proton in 8b is a

regular triplet of triplets (Jj=11.4 Hz; Jo=4.1 Hz), again showing that the predominant conformation of ring A is
a slightly distorded chair 27.

Olefinic products

Olefin 3 can, as from 9b, be formed by cis (concerted E1) and/or trans (E2) eliminations or by hydride
shifts followed by elimination.

Table 3 shows that:

a) 8b(3aD) 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
nnnnnnnnnnnnn (REOL. v RE O narnaccarily fram tha hant caanfarmatinne I8 Ar 20
d llu”.) Cuuuuauuu \VU /WU A JV.I/0), ICL«CDDNII)’ 11ULLL UIU UUal CULIIVILLLIAUULLY &0 Ul b7,

b) 8b(3aD) gives 10.2% of 3(2D) (18% x 56.5%) by a deuteride shift to C-2, but 3(2D) cannot arise
from a plain dyotropic shift, as D and OTs are cis to each other in 8b(3aD). Nevertheless the presence of

3(2D) can be explained in the following way:
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i) a 1P hydride shift to C-2 (and migration of 2o OTs to C-1) from 28(3aD) to afford 30;

ii) a tritropic rearrangement from 30 to 31, with a deuteride shift from 3o, to 20

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
0,5% 2,4%
8c 6 = 32 Z 12
’ 4+ No/s / 1
1, Y70
Mo
| 1,8% 7 - ohit
l
3 = 31
35 SAN y o~ 10,2% A
A E1 " 46.3% "\ Ez o
\ / ~— \ 3-H shift tritropic
shift

w
o

8b boat 1-H shift

TN
’ 9¢
\4)(

tritropic
\ shift
\\ 1,2%
N

OR an
27 28 29 30 24
27 - 33 R=Ts
/ 1 ! ! @ O K(')
H @, Jv o+
A WA Oy Al
ca 7 ma 7 TN a LA/
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Olefin 4 can be formed through cis and frans eliminations, not only from 28, but aiso from 30 after a
hydride shift.

The boat conformations 28 and 29 are also well suited for a 3 hydride shift to C-2 giving 31(2aH), 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.* 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 su

5 g

2b, the 1% of 5 come indeed from 8b, since 8b generates 1.2% of 8. Acain this can be exnlained hv a tritronic
5 5 ¢ 8D generales 1..70 oI o, Again s can pe expiamed dy a uropic
rearrangement 29 —> 33, Of course 33 is the nrecursor of & hut not of 12 2¢ exneriments with QhiA~ D)
SV ALY S L VUMLOL Jo 1S WL PIVVULOUL UL o UUL UL UL 14, ad CAPULHLCH Wil OU UL/ 3)

reported above exclude this possibility.

Substitution products

Table 2 shows that 8b leads to 1.8% of 8¢ (retention of configuration) and to 9.2% of 9¢ (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 o face is easier (because of the 4P and the 10 methyl groups) and one expects more 8¢
and less 9¢. 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 9¢ 15 o of these. another bheino the nrevioug mentionned frane elimination the SN?
aormahon o6 acelale FcC 1s one Of these, another peing the previous menfionned frans eimunation, the SNz
nroceace taling nlara Aan I8 Ar 20 30 Einally thara ramaine ta ha avmlainad tha 1 Q0L Ffarmntinm ~f apratata €4 writh
PIUVWAS WaRHE Pidve ULl &0 UL 7. Litldally tivie 1Uiidiils (U Ue CApLaliicd Ui 1.0 /0 101HauUVil UL avtuaic oo il

retention of configuration.

It seems appropriate to suggest here two possibie bimolecuiar processes, which could account for the
formation of 8¢ from 8b. Both begin with attack of ROSO;Ar by AcO~ on sulphur. This bimolecular process
has ben encountered several times with alkaline alkoxides’ and might become visible here because the Walden
inversion on C-2 is hampered by the presence of the 4f3 and 10f methyl groups of 27. In the present case, this
process would generate 35. This could then undergo a pericyclic rearrangement to 8¢ and TsO™ as shown, or a
fragmentation to RO~ and TsOAc, which would further react to 8¢ and TsO~ . On thermodynamic grounds, the

first process seems much more likely.*

To cummarize thic nart of the dicenccinn the nraducte of acetalvgic aof 8h can he evnlained hv himolecular

AWV OV Lo VLD yml Wi AW AMIODWUWOOIVLL,y LW Pluuu‘itﬂ i “\IULUIJ D10 UVl URF willil U \f{\r’lmllv“ VJ V1il1iVivwiiica
mpmmnmsccma R ORI Q. N ~e crilecbie.on £ 2 A N Q. onnnt N P A ctmmamom i fia pranseanaamiante atthha
PIOCOIICD (4L, 2INL, DALY ULL SULPHIUL, 101 O, 4, JC, OUC ICOPULLIVCLY ), DY SIWITLOPCCHIIL ICdalldligTHITHLS, Tiuict

- -

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 1b, 9b or their
transformation products.

CONCLUDING REMARKS

6

The experiments described in the present and the two preceeding papers*'® show that acetolysis of

secondary tos tate) proceeds along a wide variety of
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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



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. 1b 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. 1b 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;

hY tha dAaricinn amnaninte ta Aictimariching hativasns n trancitimn cfata hatizranin f1xrm semtaric facyulntac and
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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'® mentioned in the introduction.

EXPERIMENTAL SECTION

The usual ‘v‘v’Ork un z\unld thc nrecentatinn of mogt enectraocennic data are antlined in ref 16 All rotationg are

Prestiiiduuil Ul HUSL SPLLUUSLUPIL Uatd Al ULl il 1l A AVWGRUIVILS a
mmmadad tea LI caliabiaee it linn et lane £mn ATRATY nn s fimse scirosdon b o £ ~r11mtat All conanten pran~medad
ICLLIUCU 11 IV 1 DUIULIVIL TTULUICT palibuldls 101 INIVIN dI€ (Uuda 101 udlict, Ul 101 {Ulliet, dil spoiia ictuiucu
in CDCl3 (CHCI for deutenum) at 200 MHz for proton at 50.29 MHz for carbon and 61.4 MHz for deuterium.

et M. Curie University.

Starting materials

To a solution of aicohol 8a' (0.7g; 1.7 mmol) in pyridine (10 ml) was added dropwise at 0°C a solution
of p-toluenesulfonyl chloride (1.5g; 7 mmol) 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%; C,4H4,0,S requires C, 75.74; H, 10.24; S, 5.62%; 0,; 2.40 (s., 3H, para CH,), 4.69 (tt,
J,=11.4, I,=4.1 Hz, 2-H), 7.32 (d., J=8.0 Hz, 2H meta), 7.78(d., J=8.0 Hz, 2H ortho), 6. 79.3 (2-C), 33.32
(4a-CH3).

Tosylate 9b

To a solution of alcohol 9a'® (1.3g; 3.1 mmol) and pyridine (0.5 ml) in anhydrous ether (20 ml) was
added dropwise at 0°C p-toluenesulfinyl chloride (1.3 ml) and the mixture was stirred for 2 h at room
temperature. Usual work up gave a crude product, which was flash chromatographed over SiOy. The mixture of
epimeric p-toluene sulphinates was separated as an oil (1.39g; 80%), &, 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., ]=8.0 Hz, 2H ortho).

g: 2.5 mmol) in CH,Cly (22.5 ml) was added at 0°C a

AICIRL ol pA 1A A TEs JRRERY )

2
in CH,Cl; (22.5 ml). After stirring for 24 h, the usual

L3728 \LLs diady. A Usiidl

.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%; C,;H,,O,S requires C, 75.74; H, 10.24, S, 5.
(qui., J=3.7 Hz, 2-H), 7.31 (d., J=8.0 Hz, 2H meta), 7.61(d., I=8.0

20.-Deuterio-4,4-dimethyl-S5ca-cholestan-23-0l 9a(2aD)

A solution of ketone 10 (1.8g; 4.3 mmol) in anhydrous ether (450 ml) was refluxed for 3h with LiAID,
(0.7g; 16.7 mmol). After usual work up, the crude product was chromatographed over SiO; to afford alcohol
9a(2aD) (1.66g; 92%), mp 140-141 °C, [a], +36 (¢ 0.34) lit."® mp 140-141°C, [alp +37; &, the signal at
4.13 vanished, 6. 67.7 (t., J=20 Hz, 2-C).

Tosylate 9b(2aD) mp 105-107°C; §,;: the signal at 4.70 vanished.

Mono- and dideuterio-4,4-dimethyl-5c.-cholestan-23-0ls 9a(3aD) (or d,) and 9a(2a,30D2)
(or d,)

Reduction of 2,3B-epoxy-4,4-dimethyl-5o-cholestane according to ref.'® gave a mixture of alcohols
9a(3aD) and 9a(2c,30D,) (along with deuteriated alcohol 1a), mp 138-140°C (lit."® mp 140-141°C), §,, 4.12
(qua., J=5Hz, 2-H, 49% d,, 51% d,), &, 1.37 (3-D), 4.06 (2-D, 48% d,, 52% d,), 5. 68.08 (s., 2-C of d,),
67.62 (t., J=20Hz, 2-C of d,), 46,63 (t., J=18Hz, 3-C of d,), 46.50 (t., J=20Hz, 3-C of d,).

3o-Deuterio-4,4-dimethyl-5o-cholestan-2-one  10(3aD)

A solution of alcohols 9a(3aD) and 9a(2a,3aD2) (0.72g; 1.7 mmol) in acetone (10 ml) was treated at
0°C for 15 mn with Jones's reagent™. Usual work up gave ketone 10(3a.D) (0.66g; 92%), mp 129-131°C
(lit."* mp 124-125°C), §,, 2.10 (s., 3-H), 8. 212 (2-C).

3a-Deuterio-4,4-dimethyl-5a-cholestan-23-0l 9a(3aD)

To a solution of ketone 10(3aD) (i.2g; 2.9 mmol) in anhydrous THF (12 mil) was added at -75°C L-
Selectride (LiBH(s-Bu)j, 3.6 ml; 16 mmol). After 2h the reaction mixture was neutralized by 5% HCI. Usual
work up gave a crude product, chromatographed over SiO; to afford alcohol 9a(3aD) (1.15g; 95%), mp 138-
140°C, [a]  +33 (¢ 0.85) (lit."* mp 140-141°C, [a]  +34; 3, 4.18 (qua., J=5.0Hz, 2-H)), 5. 68.15 (2-C).
Tosylate 9-b(30tD) mp 105-107°C; §, 4.80 (qua., .i=3.7Hz, 2-H), 5.81.15 (2-C).
Ja-Deuterio-4,4-dimethyl-Sc-cholestan-2a-0l  8a(3aD)

To anhydrous liquid NH3 (65 ml) were added simultaneously a solution of ketone 10(3aD) (195mg;
0.47 mmol) in a mixture of EtOH (1 ml), t-BuOH (1 ml) and THF (8 ml) and sodium pellets (0.11g; 4.7 mmol).
The mixture was stirred for another 30 mn and worked up to afford a crude product, which was
chromatographed over SiO,. Along with some epimeric alcohol 9a(3aD) alcohol 8a(3aD) was obtained
(98mg; 50 %) mp 123-125°C (lit."” mp 124-127°C), §,, 3.80 (dt., J,=10.8, 1,=4.0Hz, 2-H), 5, 65.58 (2-C), 52
(t., J=19Hz, 3-C).

Tosylate 8b(3aD) mp 93-95°C, §,, 4.62(dt., J,=11.0, J,=4.2Hz, 2-H), §; 79.25 (2-C).

4o.-Trideuteriomethyl-4f-methyl-5c.-cholestan-3p-o0l 1a(4aCD,)

Treatment, according to Julia and Lavaux *, of cholest-4-ene-3-one (6.5g; 17 mmol) and CD,I(3.0g; 20.7
mmol) gave 4o-trideuteriomethyl-cholest-4-ene-3-one (4.34g; 64%), mp 97-99°C (lit.* mp 101-102°C),
[OL]D +85 (¢ 0.98), Found C, 83.43; H, 11.43%, C,H,,D;0 requires C, 83.72; H, 11.54%, d. 199 (3-C),
164.0 (5-C), 127.8 (4-C).

IQ-

A solution of this ketone (4.74g; 11.8 mmol) in anhydrous to a solution of

SVl L1115 AvUsa 12,0 i

ether (190 ml) was adde
LiA1H, (1.9g; 4.50 mmol) in anhydrous ether (150 ml) and stirred for 1h at room temperature. Usual work up
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o at 1

graphy over SiO, gave, along with the epimeric alcohol, 4c-trideuteriomethyl-cholest-4-
.67 g: 77 %), mp 149°C (iit.** mp 151-152°C), [a] +54 (¢ 2.01), Found C, 83.37; H, 11.68 %,
C,;H,;D,0 requires C, 83.30; H, 11.98; 8, 3.98 (t., J=6.5Hz, 3-H), 8. 141.5 (5-C), 125.8 (4-C), 71.4 (3-C).

To a solution of this alcohol (0.3g; 0.74 mmol) in CH,Cl, (5 ml) were added first a solution of Et;N (0.5
ml) and of 4-dimethylamino-pyridine (3mg) in CH,Cl, (4.5 ml), then after 10 mn a solution of Me,SiCI-CH,Br
(0.14g; 0.75 mmol) in CH,Cl, (5 ml). The mixture was stirred for 1h and worked up as usual to afford, after

filtration over Si0,, the silyl ether (0.4g; 93 %), mp 87-89°C, [Oﬂ +36 (¢ 1.48). Found C, 66.92; H, 10.13

%, C;;Hy,D;08iBr requires C, 67.11; H, 10.05, §,; 0.30 (6H, s, Me Si), 2.50 (2H, s., SiCH,Br), 4.12 (1.,
Y:7H—; _H) R 220 (Ma Sy 720 (3 Y 18R (ALY 1A D (S.CY
=ik, 5-1k}, O¢ £.0U un\.zu Jy 1.0 {1, 171U (J= )

A soluuon of this silyl ether (0.9g; 1.6 mmol), of NaBH,CN (0.2g; 3.2 mmol), of azobis isobutyronitrile

(26mg; 0.16 mmol) and CiSnBu, (0.52g; 3.2 mmol) in -BuOH (80 ml) was refluxed for 6 h. Usual work up
and chromatography over SiO, gave the cyclic silyl ether (0.46g; 60%), mp 135-137°C, [ ]D +22 (¢ 4.29),
Found C, 77.94; H, 11.74%, C,,H,,D,08i requires C, 78.04; H, 11.86, §, 0.21 (s., 6H, Me,Si), 3.17 (dd.,
J,=11.5, J,=5.5Hz, 3-H), . 1.30 and 2.90 (MeSi), 13.9 (CH,Si), 85.3 (3-C).

To a solution of this cyclic silyl ether (0.92g; 1.9 mmol) in anhydrous HCONMe, (75 ml) was added at
room temperature a 1 M solution of Bu,NF 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 1a(4aCD;)

(0.67g ; 83 %), mp 156-157°C (lit.”® 155-156°C), [o]  +13 (c 2.76) (lit."® [a]  +12), Found C, 82.66; H,
s ’ D

12 AN, NN ramirac £ R702-H 1740 § 70 10 (A_0)

L2770, \qgllygld V) 1CHULICY oy 0L.70, 1L, 145947, Ue /71U (J70 ).

4o-Trideuteriomethyl-43-methyl-50.-cholestan-3-one 11(40.CD,)
It was prepared by oxidizing alcohol 1a(4aCD,) (5.2g; 12.4 mmol) with Jones’s reagent.” Usual work
up gave ketone 11(4aCD,) (4.92g; 95%), m.p. 104-105°C, fOL]U +2 (¢ 0.79) (lit.> mp. 100-102°C, (o, +4)
Found C, 83.09; H, 12.08%, C,;H,,D,0 requires C, 83.39; H, 12.0 06%, Sﬁ 217.4 (3-C).

4o.-Trideuteriomethyl-4f3-methyl-5a-cholestan-2-one 10(40CD,)

To a solution of ketone 11(4a.CD,) (4.0g; 9.7 mmol) in AcOH (275 ml) containing 5 drops of conc. HBr
and 5 drops of Ac,0 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 Si0O,, to
afford the 2-bromoketone (4.62g, 97%), mp 73-74°C, [Ot]U -6 (¢ 1.3), (lit. 3 mp 70-71°C, [oc] 8).

; 3.65 mmol) and of anhydrous KOAc (7.3g; 74.5 mmol) in AcOH

A solution of the 2-bromoketone (1.8g; T
(A m) wae rafliived far 28h A frar nenal waorkun the crude nroduet was chromatoeranhed o an to ﬂffﬂrd a
\ U lu} YWAS 1VIIUAVAL 1UL U1, 3l uoual W\Jll\utl LUV Wi UUL PIVUULLE WHO Vi Vilidliu gl dp/iaee o (4B AW S

mixture of acetoxyketones (1.36g; 79%). To a solution of calcium (2.7g; 67.5 mmoles) in anhydrous liquid
NH, (650 mi) 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
Si0,, affording ketone 10a(4CD,) (1.96g; 62%), mp 129-130°C (lit."* mp 124-125°C), §. 211.8 (2-C), 33.4
(40.CH,;), along with ketone 11a(40CD,) (379mg; 12%), alcohol 1a(40CD;) (507mg; 16%) and alcohol

8a(40.CD,) (135mg; 4%).
40-Trideuteriomethyl-43-methyl-5a-cholestan-20.-0l 8a(40.CD,)

It was prepared from ketone 10(4aCD,), in a 75% yield (along with some epimeric alcohol 9a(daCD,)
as decribed for alcohol 8a(3aD) from ketone 10(3aD), mp 125-126°C, [oc]D +14 (¢ 1.27) (lit."” mp 124-
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H,,D,0 requires C, 82.98; H, 12.49, &, 3.86 (tt., J,=11.5,

the 31gna1 at 33.66 (40.CH,) vanished.
4 (c 2.

65.6: )
-95°C, [a] 6), 8, 4.69 (1t., J|=11.8, J,=4.1Hz, 2-H), §.: the signal at

(2-
Tosylate 8b(4OLCD3), mp 9
33.32 (40CH,;) vanished.

3B-Trideuteriometh

[Y
P
[

and Mg turnings (0.2g) in anhydrous ether (3 ml) was
e \8u1ng, 0.20 mmol) in anhydrous ether (10 mi). The
mixture was stirred for 24 h and worked up as usual. The crude product was chromatographed over SiO, and
gave, along with some of the epimer 14b, alcohol 14a (62mg; 74%), mp 132-134°C, [a], +10.5 (c 0.85)
(lit.>? mp 133-134°C, [o], +13.5, &, the signal at 1.17 (s., 3BCH,) vanished, .: the 25.98 signal (3BCH,)

vanished.

701 ) Y
W)

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

gave, after chromatography olefin 11(3CD3) (20mg ; 59%), mp 109-110°C (lit. = mp 110-112°C), OH the
1.58 signal (s., 3-CH,) vanished, & 127.2 and 124.4 (3-C and 4-C), the signal at 19.5 (3-CH,) vanished.

Acetolysis

fh (1 8
S .J

e YT A mm
Qi 4.0

g,
(2.0g; 24.4 mmol) was refluxed for
over SiO,. Petroleum ether eluted the hydrocarbon fraction (0.93g); petroieum ether-Et,0 (96:4) cluted the
acetate fraction (0.135g). The acetate fraction in MeOH (5 ml) containing KOH (20mg) was refluxed for 1 h.
After usual work up, the crude product was chromatographed over SiO,, affording successively 4,4-
dimethyl-5a-cholestan-2p-0l 9a (10lmg, 9.2%), mp 140-141°C (lit.'"®* mp 140-141°C, §,, 4.14 (qui.,
J=11.4Hz, 2-H), 8. 68.15 (2-C), then 4,4-Dimethyl-5a-cholestan-2c-ol 8a (19.6mg; 1,8%), mp 125-
126°C (lit.*' mp 124-126°C), , 3.85 (tt,, J,=11.4, J,=4Hz, 2-H), 8. 65.6 (2-C). The hydrocarbon fraction

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

4 A =

H €

5-C), and 3,4-Dimethyi-5a-cholesi-3-ene 12 (2.4%), 6, 0.65 (3H, s., 1
s., 4-Me), 1.58 (3H, s., 3-Me), then 4,4-Dimethyl-5a-cholest-2-ene 3 (582mg, 55,6%), mp 88-90°C,
[o] +38 (¢ 3.6) (lit."* mp 89-90°C, [a], +38), 8, 5.35 (dd., J,=10.1, J,=2.1Hz, 3-H), 5.43 (ddd., J,=10.1,
J,=5.7, J,=1.6Hz, 2-H), §. 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-Dimethyl-50.-cholest-1-ene 4 (24.8%), §, 5.46 (ddd., J,=10.0, J,=5.0, J,=2.5Hz, 2-H) 5.78 (br.
d., J=10Hz, 1-H), 6. 135.9 and 123.1 (1-C and 2-C); 30.-Methyl-4-methylene-5c-cholestane 5
J=7Hz, 30Me), 4.40 and 4.74 (2H, two br. s., C=CH,), §. 155.8 and 105.6
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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 20-—Acetoxy-4,4-dimethyl-5c-
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cholestane 8¢ (10.9%), mp 66-67°C, [a]  -12 (c 0.48) (lit."" mp 6
MeCO), 5.00 (tt., J=11.8, J,=4.1Hz, 2-H), 8. 170.8 (CO) 69.5 (2-C).
The hydrocarbon fraction (0.95g) was chromatographed over AgNO,-SiO, (10:90). Petroleum ether eluted
successively 33,4-Dimethyl-cholest-4-ene 7 (10mg, 1%), mp 90.5-91°C (lit.** mp 90°C), 8,, 0.67 (3H,
s., 13B-Me), 1.00 (3H, d., J=7Hz, 33-Me, 1.58 (3H, s.,4-Me), then 4,4-Dimethyl-5c.-cholest-2-ene 3
(755mg, 72.1%), mp 90°C, [o]  +35 (c 0.60) (lit."* mp 89-90°C, (o], +38), o, 5.35 (dd., J,=10.1, J,=2.1Hz,
3-H), 5.43 (ddd., J,=10.1, J,=5.7, J,=1.6Hz, 2-H), 8. 138.1 and 121.7 (3-C and 2-C) then a mixture of 4, §

and 6 (195mg, 13%) which was analyzed by proton NMR spectroscopy int

v < ~TY

475 ( 2H, two br. s. th,nz), 0o 155.8 and 105.6 (C= LHZ), and 3
cholestane 6 (0.2%), &, 4.50 and 4.68 (2H, two d., J=0.8Hz, C=CH,).

Acetolysis of tosylate 8h(3aD): Tosylate 8b(30D) containing 0.87 + 0.03 D atom/molec. (600mg, 1.05

mmol) was treated as for mevlate Sh mvmg an acetate fraction and a hvdm(':arhnn fraction. From the

1 LOATR AW

.8). The ratios of NMR proton intensities are (2-H+3-H/13-Me) = 1.27/3,
H) = 63/37, 66/34 and 67/33 (three different spectra of the same product).

3(3D) and 3(2D) (241mg, 56 5%) mp 89-91°C (lit."* mp 89-90°C), m/z 399 (100%), 398 (77.5), 400 (28.5),
401 (3 pd

Acetolysis of tosylate 9b(2aD): Tosylate 9b(2aD) 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-Dimethyl-5c.-cholest-2-enes 3 and 3(2D),
LAQE o TN LN e QO OONO™ /12, 18 ____ on aNor /- 200 71NNOZY 200 1) €Y ANN AN I ANT 72 1N Tha enti~c
(20omg, /2.0%), mp oY-U"C {it. ™ mp 69-5U L) MVZ 5397 (1UU%0), 5370 (2.9, 4UU (JU.2), 4U1 {D.1). 11I€ [alios

Acetolysis of tosylate 9b(3aD): Tosylate 9b(3aD) 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-Dimethyl-50.-cholest-2-enes

2T and WM (151me 71 QF) mn RO.01°C (it 18 mn 0.00°CY m/z 309 (1009%) 308 (31.2). 400 (28.1)
S NJES ) QI O el \LJLLE, F1.770), P 07571 o U HIP OZ7=2VU N\ ] UL 377 \1UW U}, I70 \J1l.&]y TUV (&U. 1),
ANT 70y AN L ot O ORTRATY o hm e tala o e 7Y DT ) ATV ORAN 1 V&Y A Y TIT/2 YIN 7777402
4ul (¥.0). 101C Idtlo OI NIVIK pr tOI INICNSIICS dIC (L-I1+I2-T1/10-VIC) = 1.1/ dllU | 4-TVO-I) = [ 140,

Acetolysis of tosylate 8b(40CD,): Tosylate 8b(4aCD3) (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;) and 12(4CD,), (53mg 5.4%), which was analyzed by proton NMR
spectroscopy into 33-Methyl-4-trideuteriomethyl-cholest-4-ene  7(4CD;) (2. 2%) SH .67 (3H,

12R _Ma) N0Q (2H 4 1=7TH7 2R Ma)y & 150 (2N ¢ 4-CD.) and 3-Methv t

lJP VAT )y .7 7 i1y My I LRL, JPT L'll— I UD L7 \JLs 5., T Asg) Al UTivaviidy “e aza aa

P T DR, PP 1414ﬂn AN Ze ] mx e 1 £Q /LT 2 NALY R 1 &8 M2 o A MY shanm Ay Treidamnta

cnoiest-o-ene La(@U,) (0.270), Oy 1.00 (211, 8., 3-IVI€), Op 1.00 (O, 5., 4 LJ,), Ul SU~iliucuc
. o Ao~ 1. 1R on NNor+w £

riomethyi-43-methyi-Sa-cholest-2-ene 3(40.CD;) (539mg, 55%), mp 89-90°C (lit.”™ mp 89-90°C), o,

5.35 and 5.43 (2H,m., 2-H and 3-H), see acetolysis of 8b, &, 0.92 (3D, s., 4aCD,), then a mixture of
4(40.CD,), 5(30CD;) and possibly 6(4CD,) (255mg, 27.0%), which was analyzed by proton NMR
spectroscopy into 4c-Trideuteriomethyl-43-methyl-5a-cholest-1-ene  4(40.CD;) (25.9%), 8, 5.45
and 5.77 (2H, m., 1-H and 2-H, see acetolysis of 8b), §, 0.87 (3D, s., 40.-CD,), 3a-Trideuteriomethyl-
4-methylene-Sc-cholestane 5(30CD,) (1.1%), 3, 4.40 and 4.74 (2H, two br. s., C=CH,), &, 1.07 (3D,



5302 M. Audouin et al. / Tetrahedron 54 (1998) 52875304

broad s., 30-CD;),and 3B-Methyl-4-dideuteriomethylene-5c.-cholestane 6(4CD),) (traces ?) 3,: No
doublets at 4.50 and 4.68
Table §
Proton NMR signals of methyl groups at C-4 and C-10
in some 4,4-dimethyl-Soi-cholestane derivatives (200 Mhz in CDCl,)
Formula Functional Undeuterated compounds 4a-Trideuteriomethylated
group compounds
10B 401 4P 10p 4p
11a 3 one 1.02 1.03 1.02 1.02 1.02
2a 3o OH 0.86 0.92 0.86 0.86 0.86
la 38 OH 0.86 0.94 0.77 0.86 0.765
10a 2 one 0.86 1.02 0.86 0.855 0.855
8a 20.OH 0.89 0.88 0.86 0.90 0.86
8c 20 OAc 0.93 0.89 0.86 0.93 0.86
9a 23 OH 1.09 0.86 1.01 1.09 1.01
9¢ 2B OAc 1.04 0.86 0.98 1.04 0.97
3 2ene 0.87 0.93 0.87 0.875 0.875
4 1 ene 0.96 0.87 0.87 0.96 0.87
Kinetics
All experiments were run in NMR tubes using 0.5 mi of CD,CO,D (99.99%), 0.01M in CD,CO,Na. The

ot

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 10 mn into the NMR instrument (Bruker 500 Mhz).

The weighed masses were

for 1b: 2.18 mg at 71°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, whos e
Jh SRR R PR | mmalatocad b tlaa nm A AF ey T mnin samri A A Al e 1rntAan
AISS0IULON wds Ofly dClIcved at Uic €11a 01 the iU mn PErioa O1 Aippilig 1il waiki

Evaluation of the percentage of labelled compounds

Proton NMR spectral evaluation of olefins 3(3D) and 3(2D) produced from acetolysis of tosylates
8(3aD), 9(3aD) and 9(2aD):

Let a be the molar fraction of 3, b that of 3(3D) and c that of 3(2D). In the acetolysis of 9b(3aD), one
can write: a+b+c = 1, 2a+b+c = 1.15 and (a+b)/(a+b) = 77/23. Hence a = 0.15, b= 0.74, ¢ = 0.11.
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