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CH,OH

X=F, Si(CH,),
X

Secondary 5-X-adamant-2-yl catiohs (X = F, Si(CHs)3) have been generated in the gas phase (total
pressure= 760 Torr) from protonation-induced defluorination of epimeric 2-F-5-X-adamantbnasd

their kinetic diastereoselectivity toward GHOH investigated in the 40160°C range. The experimental
results indicate that the facial selectivitylgfis insensitive to the composition of the startibgepimers

as well as to the presence and the concentration of a powerful baseHd){)C This kinetic picture,
supported by B3LYP/6-31G* calculations, is consistent with a single stable pyramidalized structure for
Ix, that is, @)-5-F-adamant-2-ylI¢r) and E)-5-Si(CHs)s-adamant-2-yl cationd §sj). The temperature
dependence of théx diastereoselectivity lends support to the intermediacy of noncovalent adducts
[IxeCH3'80H], characterized by a specific EM™---O¥H)CH; hydrogen bonding interaction. Their
conversion to the covalently bonded O-methylatéd (11 ?x) and €)-5-X-adamantan-2-oldIx; X =

F, Si(CH)3) is governed by activation parameters, whose magnitude depends on the dpefifie
accommodating CK®OH. The gas-phase diastereoselectivityofoward CH*®0OH is compared to that
exhibited in related gas-phase and solution processes. The emerging picture indicates that the factors
determining the diastereoselectivitylgftoward simple nucleophiles in the gaseous and condensed media
are completely different.

Introduction CHART 1

Diastereofacial selectivity in the nucleophilic capture of

R
secondary (R= H) and tertiary 5-substituted (X) adamant-2-yl + v 4R
cations (R= CHgs) (Ix and°lx in Chart 1, respectively) is
markedly dependent on the electronic effect of the remote X e ——_
substituent on the trigonal charged center. Notably, diametrically
X X X

opposite stereochemistry is displayeddeglectron-withdrawing

(EWG) and o-donating substituents (EDG)yn and anti, I, (R=H) 2, (R=H) IE, (R=H)
respectively). Ther-facial selectivity has been ascribed to °l, (R=CH,) °IZ, (R=CH,) °IE, (R=CH,)
differential hyperconjugative effects of the substituents at C5

T Universitadi R and C7 on the relative stability of rapidly equilibrating pyra-
¢ Flindor E‘,n'ive?;?g; midalized syn and anti epimeric ions (e.g.|?x and IEx,
§ University of Calgary. respectively; Chart 1) prior to capture by the nucleophile.
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If the latter is diffusion controlled,then facial selectivity
should essentially reflect the relative stability of the epimeric
ions rather than their relative reactivi§¢ The available
evidence for soméertiary ions°lyx (X = H, Cl, CR)3* points
to a complete’lEx = °1Zx equilibration before irreversible
capture by the nucleophile. The same is truesfcondaryons
Ix with X EDG, such as Si(Ckjs.'®° In contrast, for
secondaryions Ix with X = EWG or H? the IEx = 1%
equilibrium is not complete before nucleophile captifre>

Recently, we have presented extensive studies on the gas-100/0

phase facial selectivity of a number of representative tertiary
ions °1x.57 The results, coupled with theoretical calculations,
highlight that the origin of diastereoselectivity in tertiary ions
is far from being unequivocal. Indeed, many of these ions exhibit
a single pyramidalized structure in the gas phase ¢ya(°l%x)

with X = EWG andanti (°1Ex) with X = EDG). Accordingly,

the intrinsic diastereoselectivity of these cations in the gas phase 30/70

cannot be influenced by the equilibrium population of the two
syn/antiinvertomers, and therefore, the observed facial selectiv-

ity is a direct consequence of the different space available to gg/15

the incoming nucleophile on thsyn and anti faces of the

pyramidalized cations. Furthermore, a comparison of the gas- 30/70
phase results with the solution data suggests that in solution

diastereofacial selectivity of many of the tertiary idthg may
arise in part from the differential solvation of the two faces of
a pyramidalized ion.

In this paper, the gas-phase studies have been extended t

several secondary cations( X = F, Si(CHg)s) with the hope
that understanding the intrinsic factors governing diastereo-
selectivity in the gas phase will be of some help in the

comprehension of the same processes in solution, where

environmental factors may have a dominating effect.

Results

Table 1 reports the relative distribution of th&-labeled
ethereal products2fx and 2%x (X = F, Si(CHs)s), obtained
from they-radiolysis of the gaseous/CH30OH/CH, mixtures
at 760 Torr and in the temperature range of-460 °C (see
also Radiolytic Experiments part in the Experimental Section).

Owing to the simultaneous presencelgfand CH*OH in
these mixtures, the radiolytically generategHg™ (n = 1, 2)
ions can protonate both of them to give eventud{y(+HF)
and CHOH,™. Thus, in principle, the ethereal produ@3s,
and2Zyx may arise from two different pathways: (1) by attack
of external CH3®OH on Ix (path (i) of Scheme 1; the
extracomplexreaction); (2) by CH®OH,"-induced defluori-
nation ofly followed by theintracomplexreaction between the
incipient CHOH andlx cation (path (ii) of Scheme 1).

(1) (a) Kaselj, M.; Chung, W.-S.; le Noble, W.Ghem. Re. 1999 99,
1387 and references cited therein. (b) Adcock, W.; Cotton, J.; Trout, N. A.
J. Org. Chem1994 59, 1867. (c) Adcock, W.; Trout, N. AChem. Re.
1999 99, 1415 and references cited therein.

(2) (@) McCelland, R. ATetrahedron1996 52, 6823. (b) Richard, J.
P.; Amyes, T. L.; Toteva, M. MAcc. Chem. Res2001, 34, 981 and
references cited therein.

(3) (&) Cheung, C. K.; Tseng, L. T.; Lin, M.-H.; Srivastava, S.; le Noble,
W. J.J. Am. Chem. S0d.986 108 1598. (b) Srivastava, S.; le Noble, W.
J.J. Am. Chem. S0d.987 109 5874.

(4) Herrmann, R.; Kirmse, WLiebigs Ann.1995 699.

(5) (@) Adcock, W.; Trout, N. AJ. Org. Chem.1991, 56, 3229. (b)
Adcock, W.; Coope, J.; Shiner, V. J., Jr.; Trout, N.JAOrg. Chem199Q
55, 1411.

(6) Filippi, A.; Trout, N. A.; Brunelle, P.; Adcock, W.; Sorensen, T. S.;
Speranza, MJ. Am. Chem. So@001, 123 6396.

(7) Filippi, A.; Trout, N. A.; Brunelle, P.; Adcock, W.; Sorensen, T. S.;
Speranza, MJ. Org. Chem2004 69, 5537.
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TABLE 1. Products Distribution from the Gas-Phase Protonation
of 1x (X = F, SiMes) in the Presence of MééOH2

1 T CHs®OH N(CoHs)s 2%b 25D
(E2) (°C) (Torr) (Torr) (%) (%) log(ksyrKani)®
10/90 40 1.4 - 95.8 4.2 1.358
10/90 40 1.3 0.4 96.0 4.0 1.383
100/0 60 1.6 0.5 95.5 4.5 1.329
10/90 80 1.4 0.4 92.9 7.1 1.115
10/90 100 1.4 - 92.3 7.7 1.079
10/90 100 1.4 0.5 91.5 8.5 1.032
160 1.3 0.4 84.4 15.6 0.733
si 22gP  28gP
(E/2) (%) (%)
30/70 40 1.7 0.5 83 917 —1.043
30/70 40 1.9 0.5 7.1 929 —-1.114
30/70 60 1.7 0.4 86 914 —1.026
30/70 80 1.9 0.6 10.1 89.9 —0.948
90 1.9 0.5 10.0 90.0 —0.954
30/70 100 2.0 0.4 10.4 89.6 —0.934
30/70 100 2.0 0.4 11.2 88.8 —0.899
100 2.0 — 11.1 88.9 —0.905
100 1.8 0.4 11.0 89.0 —0.907
85/15 100 1.7 0.4 10.8 89.2 —0.918
120 2.3 0.6 12.2 87.8 —0.858

aBulk gas, CH (760 Torr);1x, 0.3-0.5 Torr (X=F, Si(CH)3); Oz, 5
Torr; radiation dose, 2.& 10* Gy for 1 and 1.4x 10° Gy for 1si (dose
rate= 4.0 x 10° Gy h™1). b180-Labeled ethersifO ca. 5%); each value is
the average of several determinations; uncertair@o. ¢ KsyfKani = 2%x/

Zx (X =F, Si(CH)).

However, the latter path can be safely excluded on the basis
of the lack of any2Ex and 22x products from thes-radiolysis
of 1x/H,'80/CHsF mixtures? in which CH'80H,* is generated
in situ and in the absence of methanol moleclilggCHs)F"
methylation of H0.°

The fact that the relative distribution of the ethereal products
2Fx and 2%« in Table 1 does not depend on the presence and
the concentration of the strong base Mg)s (proton affinity
(PA) = 981.5 kJ mot1)19 suggests that their oxonium precursors
Il Zx andll B, generated bgynandanti attack of CH!80OH to
Ix, do not undergo any significant epimerization before neu-
tralization k', andk, in Scheme 1).

This view is confirmed by the results of ancillapyradiolytic
experiments (Table 2), carried out at the same overall pressures
and temperatures of those of Table 1, on gaseoug-(CHH;Cl
mixtures containing alcoholB®y or 3%x (X = F, Si(CH)s, or
their admixtures; path (iii) in Scheme 1). In fact, the distribution
of the 160 products2?x and2Ey in Table 2 essentially reflects
the composition of the startir@fy or 32« alcohols, as expected
from the lack of any appreciablefy = Il Zx interconversiort!
Further confirmation arises from B3LYP/6-31G* calculations
which place the transition structures involved in the relevant
Il Ex = 11 Zx epimerization, 76.8TSFF) and 39.9 TS%s) kJ
mol~1, above the least stable oxonium epimékr§g andll Zg;,
respectively (Figures 1 and 2). From the above, it can be safely
concluded that the?y/2Fy distributions of Table 1 closely
reflect those of their parent oxonium iorsZx/1l Ex and,

(8) Probably due to the endothermicity of the proton transfer from
CH3OH,* to the fluorine ofly (see ref 10) or side reactions.

(9) Contrary to (CH)2F", (CHs).Cl* is almost unable to methylate;&.

See also refs 6 and 7 and literature cited therein.

(10) Lias, S. G.; Hunter, E. P. L1. Phys. Chem. Ref. Datk99§ 27,
413.

(11) The lack of'80 neutral product2Fx and 22« in these ancillary
experiments rules out the operation of £8H," (*O = 160 or 180) as an
effective intermediate, pointing to path (iii) in Scheme 1 as the only route
to 1%0 products (see also Radiolytic Experiments in the Experimental
Section).
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SCHEME 1
H
Hy, oF
(i) +
+CnH,
1, — Ix
-ChH, -HF
X X
+CH 0|-|2 _HF ('> +CH;OH
(0= O
[ CH;0H }
anti
ksynl kantl
H OCH, H OCH, H
H
kb kz >
-BH* -BH+
X x Ke=z X
22, 112, 2,
(iii) (O— O)
+(CH,),CI" ' -CH,CI +(CH,),C CH cl
TABLE 2. Epimerization of lons Il Ex and Il %« in the Gas Phase ature (Figure 3). The relevant Arrhenius equations and the
3 T H,180 N(CoHs)s 27.b 2Eb corresponding differential activation parameters calculated at
(E/12) (°C) (Torr) (Torr) (%) (%) 25 °C are reported in Table 3, together with those concerning
100/0 60 3.2 03 49 95.1 the same reaction on the tertiafyr and °ls; congeners.
100/0 80 3.2 0.3 3.2 96.8 Accordingly, the observed preference for thenface oflg is
100/0 100 3.2 0.3 33 96.7 determined by a favorable activation enthalpAH* = AH*s,
100/0 120 31 0.3 4.3 95.7 — AH*3ni = —13.8 £ 1.3 kJ mot?) partially mitigated by an
07100 120 2.9 0.3 98.9 11 adverse entropy contributiohASF = AS'gyn — ASfani = —17.1
3si 22gP 2EgP + 3.3 Jmott K1), In contrast, the preference for thati face
(E2) (%) (%) of lgis essentially due to a favorable activation enthalpd*
100/0 40 3.1 0.2 0.0 100.0 = AH¥qyn — AH*3pi = 6.3 £ 0.4 kJ mof?), with the activation
40/60 40 2.8 0.2 61.2 38.8 entropy term playing only a negligible rolAAS" = AS
40/60 80 31 03 58.5 415 AS Fy: "0 4piyl 7@] J m)é,rl K—gl)g & o
100/0 100 3.1 0.2 2.0 98.0 ant ' : '
40/60 100 3.0 0.3 58.9 411 _ .
3/97 120 3.0 0.2 95.4 4.6 Discussion
40/60 120 3.1 0.3 59.1 40.9 H ) ectivitthe ivity of the |
2Bulk gas, CHE/CHCI = 10/1 (760 Torr)3x, 0.3-0.5 Torr (X = F, Gas-Phase Diastereoselectivityl.he insensitivity of the log-

Si(CHg)3); Oz, 5 Torr; radiation dose, 2.& 10* Gy for 3 and 5.0x 10*
Gy for 3s; (dose rate= 4.0 x 10° Gy h™1). b180 < 1%; each value is the
average of several determinations; uncertaingfo.

therefore, represent a measure of the relekgkang ratios in
Scheme 1. Their values indicate that the attack o§'@PH on

I+ andl sj proceeds with opposite predominant stereoselectivities,

that is,synandanti, respectively (Table 1). Linear correlations
are observed between ldg/kani) and the inverse of temper-

(ksyrkant)) Of Table 1 to the stereochemical composition of the
starting substratek; indicates that either a single stable structure
is associated with theiry daughter species (eith&fy or 12x)

or, alternatively, bothlBx or 12x are formed which rapidly
interconvert before reaction with GHOH (I1Ex <= 12x). The
results of B3LYP/6-31G* calculations speak in favor of the first
hypothesis. At this level of theory, only a single minimum was
located on the potential energy surface (PES) of the 5-S)$H
adamant-2-yl cation corresponding to ttfg; structure, while
two minima are recognized on the PES| pf corresponding to

J. Org. ChemVol. 72, No. 11, 2007 4079
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(kI mol™) \' i %;:%

fl J
d g
H & 4 &5 23
=] 4 L,
?c : sigee - a
1
L}

ﬁ‘ 785 TS 78.5 TS
(-194.1)  (-37.46)

{ (-39.76) 624 [I%+O(H)CH;]

1.7 1%
0.00 11%;

FIGURE 1. The 25°C enthalpy profile for thé?r + MeOH system (imaginary frequencies (cthare in parentheses).

AH
(kJ mol™)

[

43.7 TS
(-155.80)

37.6 [I"sO(H)CH;]

3.8 1%

0.00 I
FIGURE 2. The 25°C enthalpy profile for thdEs; + MeOH system (imaginary frequencies (cthare in parentheses).

the 12 and | B¢ structures (see also Table 1S in Supporting 1.383 to 1.115 for X= F and from—1.114 t0o—0.948 for X=
Information). However, after thermal correctioh%; is the only

Si(CHg)s (Table 1), while for tertiary cation x, l0g(Ksyr/Kanti)
stable structure at 1 atm and 26. The same situation is met  ranges from 0.286 to 0.356 for X F and from—0.115 to
with the tertiary 5-X-2-methyladamant-2-yl analoguég (X —0.100 for X = Si(CHg)3.6 The origin of such a different
= F, Si(CH)3), the only structural difference being their less

diastereoselectivity deserves some considerations. The dif-
evident C2 pyramidalization relative to that in the secondary ferential activation parameters of Table 3 reveal that the

IEs; and IZ¢ cations (Table 4§.This difference is due to the  prevailingsynattack of CH®OH on the secondaryr, observed
greater hyperconjugative effect of the X substituent on the more in the 40-160°C range, is mainly determined by the favorable
electron-demandingC2—H center ofl x relative to thetC2— AAH factor, partly moderated by the adverSAS contribu-
CHs one of °ly.1b:5a12 tions. In contrast, in the 2680 °C range, the predominasyn

We observe that the greater the pyramidalization of the C2 selectivity of the same nucleophile toward the tertiaryr
center, the greater the diastereoselectivity of the 5-X-adamant-

2-yl cation toward CH'®OH. Indeed, in the 4680 °C temper- (12) Dutler, R.; Rauk, A.; Sorensen, T. S.; Whitworth, S.IMAm. Chem.
ature range, lodykani) of secondary systems ranges from Soc.1989 111, 9024 and references cited therein.

4080 J. Org. Chem.Vol. 72, No. 11, 2007
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2.0 mol~%; Figure 2), relative to that of the analogolS®¢ structure
(AH* = 16.1 kJ mot?; Figure 1), is attributed to assistance to
a the anti — syn C2" distortion by partial C2---O¥H)CHs;

bonding on the grounds of the specific motions associated with
the imaginary frequency of $%g; (—155.8 cntl). The cor-

3 respondence between the B3LYP/6-31G*-calculatetH* =

< 051 AH*syn — AH*ang values (-14.2 kJ mot? for 14 and 3.6 kJ

& 00 | mol~! for I1Egj)) and the experimental ones 3.8+ 1.3 kJ mot?

P for 12 and 6.3+ 0.4 kJ mot™ for |1Eg;; Table 3) supports the
05 4 above mechanistic interpretation.

A similar mechanistic pattern is involved in the gas-phase

1.0 M attack of CH'®OH on the tertiary’lx cations® Preliminary
coordination of the nucleophile to the positively charged;CH

15 : : , , , hydrogens oflx leads to the formation of the corresponding
0.45 0.50 0.55 0.60 0.65 0.70 075 proton-bound {l xe180(H)CH;] adducts. Here, differently from
1000/2.303RT their [I xe'80(H)CHs] congeners, the G2CH; torsion may drive

the CH;®0OH moiety closer to thanti side of C2 than to the
FIGURE 3. Temperature dependence of the lag{kan) ratios synside. Therefore, Ck18OH can attack thenti C2 side of
concerning the gas-phase addition of£89H to I (solid circles) and °1Zy without losing its weak interaction with the €ZH;

I'si (open circles). hydrogens. The same is prevented tos&8H when attacking
. . thesynC2 side of|Zx. Thereby, the “abnormal” positiv& AH*

analogue is largely due to the favoratd\S' overbalancing  — AH¥g, — AHa = 4.6 + 0.4 kJ mot* difference, flanked
the adverse\AH* term® _ o by the pronounced positivBAS = ASfsyn — ASani = 20.5+

A similar dichotomy is not met with thés; and °ls; ions. 2.5 J mot! K1 entropy difference, measured for the
Indeed, the favore@nti attack of CH!®OH on these ions is CH380H/°IZ reaction (Table 3.
essentially governed bgAH* factors with very minorAAS' Comparison with Related Condensed Phase Studies.
contributions. Th_erefore, the increased hyperconjugzatlve effect gecause of their elusive nature, secondary adamant-2-yl cations
OEf the 5-X substituent on the secondary C2 center“pfand cannot be spectroscopically investigated in condensed ridia.
IEsi cannot be the only factor responsible for the greater gas- Nevertheless, they are thought to be involved as intermediates
phase facial seolezctlwty oofEthese ions toward £10H, relative in the solvolysis and nucleophilic substitution of many ada-
to their tertiary®l“r and°I®s; analogues. Certainly, the nature  antane derivatives:s Strictly related to the present work is
of the R group offx and°Ix (Ta*ble 4) plays a role as well. the fluorination of epimeric alcoholBr and3%¢ with diethyl-

According to B3LYP/6-31G* calculations, the [GH-- aminosulfur trifluoride (DAST) in dichloromethari&Sawhich
O'%H)CHa]* hydrogen bonding in thel {+'50(H)CHy] inter- leads to the following products distributioZ/E = 98/2 from

mediate is worthy of 45.4 (%= F; Figure 1) and 36.0 kJ mol the Z-alcohol,Z/E = 88/12 from theE-alcohol, andZ/E ~ 92/8

(X = Si(CHg)s; Figure 2). Itis plausible that the formation of  from the Z/E = 41/59 mixture of the alcohols. Similarly, the
the covalently bondedI ®x and Il ?x epimers involves the 7z — 14/g6 distribution was always obtained in the same
preliminary coordination of CEt*OH by the acidic C2H reaction with various startingFsi/3%s; mixtures. As pointed out
hydrogen of secondary ions (Il x of Scheme 1 identified as  for the gas-phase systems, these findings are consistent with
[1x+**O(H)CHg]). Their evolution toll & and Il “x proceeds  the occurrence of either a predominant structure fofeither

through different transition structures, that "« (or TS'%x IEx or 1Zx) or two interconverting epimeric forms&y = 1Zy)

for X = F) anT_SZX- Indeed, thel more exothem;lbz[:-_lgo- in competition with their trapping by the nucleophile. In this
(H)CHs] — 11 ¢ (Figure 1) andIFse'*O(H)CHs] — Il ¥s; (Figure  connection, B3LYP/6-31G* calculations of monosolvated
2) paths 1|nvar|ably |vacl)lve the lowest agtlvann egth.’illpms‘(- lg--*OHY (Y = H, CHy) systems reveal the existence of two
(kJ mol™) - 19 ([ #re**O(H)CH] — 11 F); 2.5 ([I Fspe**O(H)- stable structures on the corresponding PES, with the less stable
CHg] — IIs)). Their very similar values reflect the close [1E_.O(H)Y] one easily converting to the absolutédsO(H)Y]
similarity of the corresponding transition structures (iTeSZg minimum (Table 1S in Supporting Information). The results of

andTSFs)), wherein the MeOH moiety shifts from the H to the  ese calculations provide strong support to the hypothesis that
C2 of the cation with no or minimal re-adjustment of the {ne distorted Z ion, namely, the only stable structure in the
a(;ar?antyl skeleton. '2 contrast, the competllng, less exothermicyags phase, may split in solution into a pair of interconverting
[1”pe *O(H)CHs] — 11 %¢ (Figure 1) and [Fse**O(H)CHj| n epimers in proportions which reflect their relative stability and
Il #si (Figure 2) paths involve transition structures, thalS%r lifetime, which in turn are determined by the nature and the
(or TS'®) and TS’s;, respectively, placed higher in energy nycleophilicity of the reaction mediu. In this view, the
because of involving inversion of configuration at the'C2  measyred overall stereoselectivity of g/ Zx pair in solution
center. This conclusion IS supported by 1(') the analysis of the js the result of the combinedynanti reactivity of each
imaginary frequency of S (—194.1 cm*) associated to its  jndividual epimer and, therefore, it critically depends on the
syn— anti C2" distortion; and (ii) the close correspondence npatyre of the solvent. This, in fact, determines not only the
between the B3LYP/6-31G*-calculated activation barrier for the g|ative abundance of thEx/1Zx epimers but also their facial

[1 2¢+**0(H)CH] — Il ¢ process AH* = 16.1 kJ mot™; Figure  gelectivity owing to “differential face solvation” phenomeha.
12 and_ that_ esqmatede at the same Ievlel of theor_y forl fhe— In summary, secondaty (X = F, Si(CH)3) ions exhibit similar

|=F epimerization AH™ = 16.5 kJ mol™) proceeding through  t5cia| selectivity toward nucleophiles in both the gaseous (Table

the samesyn— anti C2" distortion (Table 1S in Supporting 3 and the condensed phd8&2Despite such a close similarity,
Information). Extensive adamantyl skeleton re-adjustment is

involved in the [Fse!8O(H)CHg] — II Z_Si transition structure (13) Adcock, W.; Trout, N. A.; Vercoe, D.; Taylor, D. K.; Shiner, V. J.,
TS%si as well. Its lower energy requirememi* = 6.1 kJ Jr.; Sorensen, T. Sl. Org. Chem2003 68, 5399.

J. Org. ChemVol. 72, No. 11, 2007 4081
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TABLE 3. Differential Arrhenius Parameters for the Formation of Il Ex al
5-X-Adamant-2-yl Cations (X = F, Si(CHzs)s)

Fraschetti et al.

nd I1Zx from the Gas-Phase Attack of CH80OH on

correction coefficient AAH* AAS
cation Arrhenius equatién r2 (kJ mol?) (kJ moi1)
Ie 10g(KsyrKant) = (—0.9 4 0.2) — (—3.34 0.3) 0.968 —-13.8+1.3 -17.1+3.3
Isi log(KsyrfKans) = (—0.03 £ 0.05) — (1.5 0.1 0.932 6.3£ 0.4 —04+£1.7
°|gb log(ksyrfKang) = (1.1 0.1)— (1.14 0.2) 0.965 46+04 20.5+ 25
°lgP log(ksyfkant) = (0.1 0.2) — (0.4 + 0.4) 0.328 1.7+1.7 21+71

ax = 1000/2.30RT.  Tertiary cation (from ref 6).

TABLE 4. Geometrical Parameters of Bare and Monosolvated Secondary (R H) and Tertiary (R = CHg) 5-X-Adamant-2-yl Cations

Calculated at the B3LYP/6-31G* Level of Theory
Nu—__o\®

o
.

®
fg .
> X
y4 E
C1-C8 C1-C9 C2-R R—Nu C5—-X 0 @ ®
symbol ) A A A ) (deg) (deg) (deg)

12¢ 1.646 1.541 1.092 - 1.385 20.914 12.545 -
°|Za 1.611 1.546 1.471 - 1.387 14.565 6.226 -
[1ZeeO(H)CH] 1.631 1.541 1.095 2.080 1.387 21.821 14.747 143.646
[1EreO(H)CHg] 1.543 1.624 1.096 2.091 1.388 21.094 13.385 139.135
[1ZreOHy] 1.633 1.541 1.096 2.055 1.387 21.835 14.606 146.235
[IEceOH,] 1.546 1.612 1.095 2.101 1.388 20.777 13.137 137.899
IEg; 1.544 1.677 1.091 - 1.995 17.201 12.403 -
°|Eg@ 1.551 1.632 1.477 - 1.979 12.722 6.528 -
[IEseO(H)CHg] 1.541 1.676 1.092 2.199 1.984 18.562 14.581 136.623

aTertiary cation (from ref 6).

completely different key factors determine the measured selec-
tivity, including the influence of the reaction medium on the
occurrence of a single epimet&g or 12x) or two rapidly
interconverting epimerd §x = 1%x).

Experimental Section

Materials. Methane, methyl fluoride, and oxygen were high-
purity gases from UCAR Specialty Gases N.V. and were used
without further purification. H?®0O (180 content, >97%),
CH3'0OH (180 content, 95%), and N({Els); were purchased from
ICON Services and Aldrich Co., respectively. TH8-(and ©)-
2,5-difluoroadamantanes and 1%, respectively) as well as
mixtures of the difluorides1fs/1%¢ = 10/90), 2-fluoro-5-trimeth-
ylsilyladamantanes1fs/1%s; = 85/15), 5-fluoro-2-methoxyada-
mantanes F¢/2%2 = 60/40 and 100/0), and 5-trimethylsilylada-
mantan-2-ols FFs/3%s; = 40/60 and 3/97) were available from
previous studie&1415The synthesis of a biased mixture of the
silyl fluorides favoring theZ-isomer (s/1%s; = 30/70) is given
below. The secondary fluoro alcohol mixturg&g/3% = 60/40),
which was prepared as previously describedias separated by
preparative GLC (2.5 m long, 4.6 mm i.d., 10% Carbowax 20 M
on Chromosorb 80-100 mesh operating at 285 to obtain the
pure epimeric alcohols. Their physical properties were in accord
with those reported in the literatu?@® A pure sample of
(E)-trimethylsilyladamantan-2-o3fs)) was obtained as described
below.

(14) Adcock, W.; Trout, NMagn. Reson. Chenl998§ 36, 181.

(15) Adcock, W.; Head, N. J.; Lokan, N. R.; Trout, N. A.Org. Chem.
1997 62, 6177.

(16) Xie, M.; le Noble, W. JJ. Org. Chem1989 54, 3836.
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2-Fluoro-5-trimethylsilyladamantanes (Fsf/1%s; = 30/70).A
mixture [E/Z = 59/41) of 5-bromoadamantan-2-ols (600 mg, 2.60
mmol), prepared as previously descri¥édjas treated with DAST
(2 equiv) in CHCI, to afford a mixture E/Z = 22/78) of 5-bromo-
2-fluoroadamantanes (450 mg, 77%). The fluoride mixture was
unambiguously characterized B3z NMR. A solution of the bromo
fluoride mixture (450 mg, 1.93mmol) in hexamethylphosphoramide
(HMPA) was added dropwise to a freshly prepared suspension of
MesSiNa (3 equiv) in HMPA (5 mL) as previously described for
the synthesis of 5-trimethylsilyladamantan-2-6ad&he residue
obtained by a standard workup was carefully Kugelrohr distilled
to yield the aforementioned silyl fluoride mixtur&/ = 30/70;

150 mg, 34%). Thé*C NMR data were in complete agreement
with those previously reported.

(E)-5-Trimethylsilyladamantan-2-ol (3Fs;). A solution of the
silyl alcohol mixture 8%s/3%s; = 50/50; 70 mg, 0.31 mmdBunder
N in trifluoroacetic acid (5 mL), maintained at°C, was treated
dropwise with trifluoroacetic anhydride (5 mL), and the mixture
was allowed to stir overnight. Evaporation in vacuo to dryness
afforded a mixture of the corresponding trifluoroacetate derivatives.
The mixture was separated by chromatography on silica gel (3%
diethyl ether/hexane as eluent) to provide piEeg-trimethylsilyl-
2-trifluoroacetoxyadamantane (40 mg, 40%C NMR (CDCE,
relative to M@Si) 6 156.9 (q,J = 41.5 Hz), 114.7 (gqJ = 285.9
Hz), 82.4, 36.6, 36.2, 31.3, 31.1, 26.4, 20-().4. The trifluoro-
acetate (40 mg, 0.13 mmol) was dissolved in 1% ethanolic KOH
and allowed to stir fo5 h before the reaction mixture was quenched
with water. Extraction with dichloromethane afforded a white solid
which on sublimation provided the pukesilyl alcohol @Fs;; 25
mg, 89%): mp 142143°C (lit. 143—145°C).16 13 NMR spectral
data were clearly in accord with known literature valBes.



Diastereoselectity of 5-Substituted (X)-Adamant-2-yl

JOC Article

performed under similar conditions by using alcoh@fg or 32«
(or their admixtures) as substrate,'#D as a nucleophile, and GH
CH5CI (10/1 mixture; 760 Torr) instead of GHrradiation of CHF/

5-Trimethylsilyl-2-methoxyadamantanes (Zs/2%s; = 18/82).
A mixture of 5-trimethylsilyladamantan-2-ol85s/3?%s; ~ 50/50;
200 mg, 0.89 mmo?¥)was placed under reflux overnight undes N
with thionyl chloride (2 equiv, 13@L) in dry CH,CI, (3 mL) in CHsClI mixtures leads to the formation of stationary concentrations
the presence of anhydrous®Qs;. The mixture was then cooled, of the (CH),CI* ions, which act as Lewis acids by O-methylating
filtered, and the volatiles were removed in vacuo to afford a residue 38« and/or 3%x (X = F, Si(CH)s) to give the corresponding
which, on passage through a short silica column (10% diethyl ether/ oxonium ions (Scheme 1, path (iii)). In this way, the extent of any
hexane), gave the silyl chloride mixture as a colorless oil (150 mg, conceivablell Bx = 1l 2x epimerization can be readily estimated
69%): 13C NMR (CDCk, relative to MgSi), E-Isomer, 68.6, 38.1, from the relative amount of th®O neutral product@Fy and 27y
37.2,35.2, 30.8, 26.8, 20.8,5.5; Z-Isomer, 68.3, 38.0, 37.2, 35.0, measured by GC-MS as described above for @-labeled
30.4, 26.2, 20.5;-5.6. The spectra were assigned by additivity analogues. In this second set of experiment$’®iwas introduced
methodology-” E-Isomer (calcd): 35.1 (C1,3), 67.6 (C2), 37.2 in the gaseous mixtures to check the operation of*CHi," ions
(C4,9), 19.4 (C5h), 36.8 (C6), 26.8 (C7), 30.7 (C8,1D)somer (eventually generated by (GHCI™ methylation of ubiquitous kO
(calcd): 35.1 (C1,3), 67.6 (C2), 30.1 (C4,9), 20.0 (C5), 36.8 (C6), (*O = 160) and added K80 (*O = 180)) in the reactior8&Zy +
26.2 (C7), 37.8 (C8,10). Methanolysis (MeOH/AghOf the silyl CHg*OH,t — *II B2y 4+ H,O as an alternative to path (iii) in
chloride mixture (150 mg, 0.61 mmol) gave a residue which was Scheme 1 to produc®yx and 2%y.°
chromatographed on silica (10% diethyl ether/hexane) to afford the  Finally, 1x/H,80/CHsF (X = F, Si(CHs)3) gaseous mixtures were
desired ethers2fs/2%s; = 18/82) as a colorless oil. The mixture  submitted toy-radiolysis with the aim of investigating the facial
was unambiguously characterized B¢ NMR.*® selectivity in theintracomple®’ processly + CH380H,™ — Il BZy

Radiolytic Experiments. The experimental procedure employed + HF (path (i) in Scheme 1), in which G#OH,* is produced in
has been described elsewhere in dét&itiefly, 135 mL of pyrex situ by (CHy),F" methylation of H*0.°
bulbs was filled up with different admixtures of the epiméFg Computational Details. Theoretical calculations were carried
and1Zy as substrate (¥= F, Si(CHy)s; 0.3—0.5 Torr; Scheme 1), out using the Gaussian 03 suite of progrétvsstalled on dual
1.3-2.3 Torr of CHOH as a nucleophile, up to 0.6 Torr of processor Opteron workstations. The calculations were carried out
N(C.Hs)s as a powerful base, 5 Torr of,@s an effective radical at the B3LYP/6-31G*° level of theory. Trial input geometries for
scavenger, and enough G obtain a total pressure of 760 Torr  epimericly (X = F, Si(CH)s) ions were constructed based on the
at the temperature of the experiment{460°C). The bulbs were  facially selective G-C hyperconjugation model previously found
submitted to continuoug-radiolysis £%Co source, 4< 10° Gy h™2). for the parent 2-adamantyl cation (elongate¢@bonds on one
Under such conditions, stationary concentrations ¢f£ (n = 1, face of the cation and appreciable bending of-€Rtoward this
2) were generated and rapidly equilibrated with the gaseous densesame face}? At the same level of theory, frequency calculations
CH, atmosphere before their proton transfeflfg and1Ex (X = were performed for all of the optimized structures to ascertain their
F, Si(CH)3) to yield predominantly the corresponding 5-X-adamant- minimum or transition state nature. Thermal contribution to enthalpy
2-yl cation Ix and HF (Scheme 1, path (j.After collisional at 298 K and 1 atm, which includes the effects of translation,
thermalization with the bulk gas, ions react with CHOH rotation, and vibration, was evaluated by classical statistical
producing the oxonium intermediatd$y andll Zx, whose relative ~ thermodynamics within the approximation of ideal gas, rigid rotor,
amount reflects the facial diastereoselectivikg,{ and Kani in and harmonic oscillator behavior and using the recommended scale
Scheme 1). The final®O-labeled neutral product&)- (2x) and factor (0.98) for frequencies and zero-point energy correcfion.
(2)-2-methoxy-5-X-adamantang?), obtained by N(GHs); depro-
tonation ofll Ex and Il Z, respectively K, andk, in Scheme 1),
were analyzed by GC-MS using chiral columns (MEGADEX
DACTBS (30% 2,3-diO-acetyl-6O-(tert-butyldimethylsilyl){3-
cyclodextrin in OV 1701, 25 m long, 0.25 mm i.d., df 0.25;
CHROMPACK CP-Chirasil-Dex CB, 25 m long, 0.25 mm i.d., df
0.25) and authentic standard compounds for their identification.
Their yields were determined from the areas of the corresponding d
eluted peaks, using benzyl alcohol as the internal standard and
individual calibration factors to correct for the detector response.
Blank experiments were carried out to exclude the occurrence of
thermal decomposition and isomerization of the starting substrates,JO0702140
as well as the epimerization of their ethereal products within the
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temperature range investigated. The exteAt®fincorporation into

the radiolytic products was determined by setting the mass analyzer
in the selected ion mode (SIM). The molecular ions were monitored
to analyze the epimerig®yx and2?y ethers:m/z 184 (¢0) andm/z

186 (®0) for X = F; m/z 238 (°0) andm/z 240 (80) for X =
Si(CHg)s.
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