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Abstract: The chiral benzylic alcohols 1—6 were prepared and subjected to Sy1-type displacement reactions
with various arene nucleophiles in acidic medium. Under optimized conditions (HBF4-OEt,, CH,Cl,, —78
°C — r.t.) the corresponding 1,1-diarylalkanes 11—18 and 20 were obtained in good chemical yields (48—
99%). The facial diastereoselectivity of the reaction is high (d.r. = 91/9—97/3) when the substrate bears a
stereogenic carbon center —CHtBuMe in the o-position to the electrophilic carbon atom. If the starting
material was enantiomerically pure, no significant racemization was observed (94% ee — 92% ee). The
reactions proceed stereoconvergently as demonstrated by the conversion of the separated diasterecisomers
syn-la and anti-1la in separate reactions to the same product syn-11 (d.r. = 97/3). Further evidence for
long-lived chiral benzylic carbocations as reaction intermediates was obtained from NMR studies in
superacidic medium. The chiral cation 24 was generated in SO,CIF as the solvent at —70 °C employing
SbFs as the Lewis acid and characterized by its *H and 3C NMR spectra. NOE measurements suggest a
preferred conformation in which the diastereotopic faces of the cation are differentiated by the two carbon
substituents R and Me at the stereogenic carbon center in the a-position. The hypothesis is further supported
by the observation that the diastereoselectivity of the substitution reaction decreases if the bulky tert-butyl
(R = tBu) substituent in the substrate 1a is replaced by a smaller ethyl group (2a, R = Et).

Introduction R e Rl mameeeeemmaees -

o _ _ ) R O cHMeR
The cationic carbon atom in a trivalent carbocation (carbe- ® A
Me e .
X A : ’

nium ion) is prostereogenic if its three substituents are different.
In the absence of any chiral information, nucleophilic addition
reactions to free carbenium ions occur stereorandomly, leading
to the known racemization commonly observed il Seac-

tions? In this scenario, the plane defined by the three substituents  Diastereoselective intramolecular reactions (cyclizations) have
at the cationic carbon atom exhibits two faces, which are peen previously reported in which intermediates of tppare
enantiotopic. If the carbocation is chiral and its cationic carbon possibly involved Cyclic 5-substituted 2-methyladamant-2-yl
atom center is prostereogenic, the two faces are diastereotopiations have been studied to elucidate the electronic factors

(Figure 1). A nucleophilic addition reaction consequently leads determining facial selectivity in sterically unbiased substréates.
to diastereoisomers which may be formed in nonequal amounts

In this paper we address the question of facial diastereoselec- (3) (a) Lednicer, D.; Emmert, D. E.; Lyster, S. C.; Duncan, G. WWMed.
Chem.1969 12, 881-885. (b) Khalaf, A. A.; Roberts, R. M. Org. Chem.

Figure 1. Chiral benzylic carbocation of typ& and its two diastereotopic
faces defined by the depicted plane (---).

tivity in chiral a-branched benzylic carbocations of the general 1972 37, 4227-4235. (c) Ziegler, F. E.; Schwartz, J. A. Org. Chem.

structureA. The study includes intermolecular Fried€rafts 1978 43, 985-991. (d) Brown, E.; Loriot, M.; Robin, J.-Pletrahedron

. . . . Y R . Lett. 1979 20, 1389-1392. (e) Ganeshpure, P. A.; Stevenson].”Chem.

reactions, in which ion# are generated as intermediates)d Soc., Perkin Trans. 1981 1681-1684. (f) Taylor, S. K.; Davisson, M.
i i i i i E.; Hissom, B. R., Jr.; Brown, S. L.; Pristach, H. A.; Schramm, S. B.;

NMR experiments, which aimed at structural information on Harvey S, M.J. Org. Chem1987 £2. 425429, () Angle. S. R - Louie,

cations of typeA. M. S.J. Org. Chem1991], 56, 2853-2866. (h) Lindstien, U. M.; Somfai,

P. Synthesisl998 109-117. (i) Medarde, M.; Ramos, A. C.; Caballero,
E.; Lopez, J. L.; Pélez-Lamamiede Clairac, R.; San Feliciano, A.

Technische UniversitaMiinchen. Tetrahedron Lett1998 39, 2001-2004. (j) Elings, J. A.; Downing, R. S.;
* University of Southern California. Sheldon, R. A.Eur. J. Org. Chem.1999 837-846. (k) Nagumo, S.;
(1) For early examples in FriedeCrafts chemistry, see: (a) Price, C. C.; Lund, Miyoshi, I.; Akita, H.; Kawahara, NTetrahedron Lett2002 43, 2223~
M. J. Am. Chem. So&94Q 62, 3105-3107. (b) Burwell, R. L., Jr.; Archer, 2228. (I) Mihlthau, F.; Bach, TSynthesi2005 3428-3436.
S.J. Am. Chem. Sod942 64, 1032-1034. (c) Streitwieser, A., Jr.; Stang, (4) (a) Filippi, A.; Trout, N. A.; Brunelle, P.; Adcock, W.; Sorensen, T. S;
P. J.J. Am. Chem. Sod.965 87, 4953. Speranza, MJ. Org. Chem2004 69, 5537-5546. (b) Kaselj, M.; Chung,
(2) Preliminary communication: Nhithau, F.; Schuster, O.; Bach, J. Am. W.-S.; le Noble, W. JChem. Re. 1999 99, 13871414. (c) Adcock, W.;
Chem. Soc2005 127, 9348-9349. Trout, N. A Chem. Re. 1999 99, 1415-1435.
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HO R! OH Scheme 1
R t Bu 1
O)Y 0 a) NaBH, (EtOH) HO, ;R fBu
Me X Me tBu b)MeMgl (E,0) :
Me
0,
1 R=tBu a R'=H 3 X=MeO 5 X=Cl Me 2)22;’ )
2R=Et b R'=Me 4 X=Me 6 X=CN 7 ) 68% Z)a";’,':: :"'zz;jg
antr- o>
Figure 2. Molecular formula of the secondary and tertiary alcoHbt$ )
which served as precursors for the corresponding chiral benzylic carbo-
cations. o XQMQB, synla 65% d.r.=96/4
H tBu syn-3  58% d.r.=95/5
In addition, there is a host of information about diastereose- Me (Et,0 v THF) syn-5 - 52%  dr.=98/2
. . . . L . syn-6  59% d.r. = 96/4
lective intermolecular reaction of chiral imininand chiral 8

oxoniunf ions. This issue is further related to the addition of
strong nucleophiles to weak chiral carbonyl electrophiles, such

as ketones and aldehydes, which has been extensively studied

Earlier, one of us has investigated the highly enantioselective
addition of indoles to trifluoropyruvates under catalysis by
cinchona alkaloid8.Despite the synthetic importance acyclic
stereocontrol has gained in organic synth@siss remarkable
that the intermolecular reaction of weak nucleophiles with

In our studies, théert-butyl-substituted substratds, 3, 4,
and5 reacted diastereoselectively with various arene nucleo-

philes. The reaction was shown to be stereoconvergent. The

stereochemical integrity of the-stereogenic center was evalu-
ated and the product configuration was established. A previously
postulated hypothesfsyhich explains the diastereoselective
reaction course, has now been confirmed by NMR studies on a
chiral carbocation of type\.’® Full details on this work are

strongly electrophilic carbocations has not been systematically provided in the following account

exploredi® We have started our own investigations with the
chiral alcohols1—6 (Figure 2), which were used as starting
materials for diastereoselective Fried@rafts reactioni!

Results and Discussion

Preparation of Starting Materials. Most of the required

Treatment of these substrates with various arenes under acidi|conols were synthesized by nucleophilic addition reactions

conditions should lead to chiral 1,1-arylphenylmethanes.
Previous studies on similar reactiddfad not given a hint

on a possible diastereoselective reaction cotirswever, the

ring opening of a chiral oxazoline under acidic conditions in

to a given carbonyl compound. The two starting materials
and 8 most commonly used for this purpose are depicted in
Scheme 1. Reduction (NaBHor methyl addition (MeMgl) to
ketone7'’ furnished the chiral alcoholsa!® and1b. Theanti-

o-dichlorobenzene had generated a major diastereomeric aryproducts were formed as major diastereoisomers due to Felkin-

lation product (d.r= 93/7), the configuration of which was

Anh control® Arylmagnesium bromide addition to aldehyde

not elucidated? Some stereoselective cyclizations of biomimetic gzo yielded thesynconfigurated benzylic alcoholka2! 3,225,
type have been carried out under either Lewis or Bransted acidange, The relatedp-tolyl-substituted alcohod?2 was prepared

catalysist®

(5) (a) de Koning, H.; Speckamp, W. N. Methods of Organic Chemistry,
Vol. E21h Helmchen, G., Hoffmann, R. W., Mulzer, J., Schaumann, E.,
Eds.; Thieme: Stuttgart, 1996; pp 1953010. (b) Schinzer, D. I®@rganic
Synthesis Highlights jIwaldmann, H., Ed.; VCH: Weinheim, 1995; pp
167-172. (c) Pilli, R. A.; Russowsky, Dirends Org. Cheni997 6, 101~
123. (d) Speckamp, W. N.; Moolenaar, M T&trahedror200Q 56, 3817~
3856. (e) Maryanoff, B. E.; Zhang, H.-C.; Cohen, J. H.; Turchi, I. J.;
Maryanoff, C. A.Chem. Re. 2004 104, 1431-1628.

(6) (a) Schmitt, A.; Reissig, H.-USynlett199Q 40-42. (b) Schinzer, D. In
Organic Synthesis Highlights;IWaldmann, H., Ed.; VCH: Weinheim,
1995; pp 173-179. (c) Shaw, J. T.; Woerpel, K. Aetrahedron1999 55,
8747-8756. (d) Schmitt, A.; Reissig, H.-UEur. J. Org. Chem2001],
1169-1174. (e) Larsen, C. H.; Ridgway, B. H.; Shaw, J. T.; Smith, D. M.;
Woerpel, K. A.J. Am. Chem. So2005 127, 10879-10884 and references
cited therein.

(7) (a) Mengel, A.; Reiser, GChem. Re. 1999 99, 1191-1223. (b) Devant,
R. M.; Radunz, H.-E. InMethods of Organic Chemistry, Vol. E21b
Helmchen, G., Hoffmann, R. W., Mulzer, J., Schaumann, E., Eds.;
Thieme: Stuttgart, 1996; pp 1151334. (c) Eliel, E. L. INnAsymmetric
Synthesis, Vol. 2AVlorrison, J. D., Ed.; Academic Press: Orlando, 1983;
pp 125-155.

(8) Torok, B.; Abid, M.; London, G.; Esquibel, J.;" ok, M.; Mhadgut, S. C.;
Yan, P.; Prakash, G. K. &ngew. Chem., Int. EQ005 44, 3086-3089.

(9) (a) Bartlett, P. ATetrahedronl98Q 36, 2—72. (b) Heathcock, C. Hscience
1981, 214, 395-400. (c) Ngradi, M. Stereoselecte Synthesis2nd ed.;
VCH: Weinheim, 1995.

(10) For diastereoselective addition reactions to a putative allylic cation, see:
Ishikawa, T.; Aikawa, T.; Mori, Y.; Saito, SOrg. Lett.2004 6, 1369
1372.

(11) For recent developments in Frieg€rafts chemistry, see: (a) Sartori, G.;
Maggi, R.Chem. Re. 2006 106, 1077-1104. (b) Sun, Y.; Walsburger,
S.; Tessonier, J.-P.; Louis, B.; SommerAppl. Catal., A2006 300, 1-7.

(c) Choudhury, J.; Podder, S.; Roy,J5Am. Chem. So2005 127, 6162
6163. (d) Komoto, I.; Matsuo, J.-l.; Kobayashi, Bop. Catal.2002 19,
43—47. (e) Kawada, A.; Mitamura, S.; Matsuo, J.-i.; Tuschiya, T.;
Kobayashi, SBull. Chem. Soc. Jpr200Q 73, 2325-2333.

(12) Examples: (a) Hodge, E. B. Am. Chem. S0d.951, 73, 2341-2342. (b)
Malik, M. S.; Tewari, S. C.; Rastogi, S. Md. J. Chem1982 21B 919
922. (c) Alonso, R.; Castedo, L.; Dominguez, D.Org. Chem1989 54,
424—428.

in an anti/syn ratio of 65/35 by a Wittig rearrangement. The
ethyl derivative (R = Et) were obtained by addition skec
butyllithium to benzaldehyde (f&ta) or acetophenone (f@b).

The simple diastereoselectivity in the addition was expectedly
low. The diastereomeric ratio f@a?3 was 50/50 and foRb?*
60/40.

(13) For Friedet-Crafts reactions, which proceed stereospecifically, see: (a)
Nakajima, T.; Suga, S.; Sugita, T.; Ichikawa, Ketrahedron1969 25,
1807-1816. (b) Nakajima, T.; Nakamoto, Y.; Suga, Bull. Chem. Soc.
Jpn. 1975 48, 960-965. (c) Effenberger, F.; Weber, Angew. Chem.,
Int. Ed. 1987, 26, 142-143. (d) Piccolo, O.; Azzena, U.; Melloni, G;
Delogu, G.; Valoti, EJ. Org. Chem1991, 56, 183-187. (e) Toshimitsu,
A.; Hirosawa, C.; Tamao, KSynlett1996 465-467. (f) Branchaud, B.
P.; Blanchette, H. STetrahedron Lett2002 43, 351-353. (g) Okamoto,
K.; Nishibayashi, Y.; Uemura, S.; Toshimitsu, Retrahedron Lett2004
45, 6137-6139.

(14) Klumpp, D. A.; Rendy, R.; McElrea, Aletrahedron Lett2004 45, 7959-
7961.

(15) Vogel, P.Carbocation ChemistryElsevier: Amsterdam, 1985.

(16) Previous studies to resolve stable carbenium ion salts in one of our
laboratories were unsuccessful: Heagy, M. Atropisomerism in Sterically
Hindered Carbocations. Ph.D. Thesis, University of Southern California,
1995.

(17) (a) Chan, T. H.; Paterson, |.; Pinsonnaulf etrahedron Lett1977, 4183-
4186. (b) Ganazer, A.; Fielenbach, D.; Stock, C.; Geich-Gimbel, Alv.
Synth. Catal2003 345 1017-1030.

(18) Marcantoni, E.; Alessandrini, S.; Malavolta, M.; Bartoli, G.; Bellucci, M.
C.; Sambri, L.; Dalpozzo, R]. Org. Chem1999 64, 1986-1992.

(19) (a) CHeest, M.; Felkin, H.; Prudent, NTetrahedron Lett1968 2199~
2204. (b) Anh, N. T.; Eisenstein, Qlow. J. Chem1977, 1, 61-70. (c)
Anh, N. T. Top. Curr. Chem198Q 88, 145-162.

(20) Meyers, A. I.; Walkup, R. DTetrahedron1985 41, 5089-5106.

(21) Arjona, O.; Peez-Ossorio, R.; Rez-Rubalcaba, A.; Quiroga, M. lI. Chem.
Soc., Perkin Trans. 2981, 597-603.

(22) Arjona, O.; Peez-Ossorio, R.; Rez-Rubalcaba, A.; Quiroga, M. L.;
Romero, D.J. Chem. Res., Microfl982 9, 2351-2371.

(23) Al-Aseer, M. A,; Allison, B. D.; Smith, S. GJ. Org. Chem.1985 50,
2715-2719.
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Scheme 2 Table 1. Reaction Conditions, Yields, and Diastereoselectivities in
the Friedel—Crafts Alkylation of Furan with Substrate 1a (see
o Scheme 3)
>’ NaOH OHR furan temp timeb yield¢
o (MeOH) S tBu entry  la? acida (equiv) (°C) (min)  dre (%)
o
o 58% Me 1 anti  RCSQHe 4 25 15 96/4 60
tBu 2 anti  RCSQHe 10 25 15 96/4 68
Me (+)-syn-1a 3 anti  RCSQH® 4 0 15 97/3 63
5 4 anti BR-OEb 4 25 75 95/5 69
9 (94% de) 5 anti  HBFROEb 10 25 15 96/4 59
6 anti  HBR-OEt 4 -78—25 97/13 94
o 7 syn HBR-OEb 4 -78— 25 97/3 91
s NaOH OH
o] (MeOH) A ? tBu a All reaction were conducted at a substrate concentration of 50 mM
o) Me and 1.25 equiv of the corresponding Brgnsted or Lewis acid was used; anti
N 53% refers toanti-1a (d.r. = 94/6) as starting material and synsgnla(d.r.=
- tBu (-)-syn-1a 96/4).P Time required for complete conversionThe diastereomeric ratio
Me of the crude product was determined %y NMR spectroscopy? Yield of
isolated product¢ 0.1 M solution in RCICCFCb. f The acid was added to

10 (96% de)

Compoundsynla was prepared in enantiomerically pure
form by a conventional resolution (Scheme 2). To this end, the
free racemic alcohol was converted into the corresponding
diastereomeric estefsand10 by treatment with {)-camphanyl

chloride in pyridine. The diastereoisomers could be separated
by flash column chromatography and their diastereomeric excess

(de) was determined by HPLC. Saponification of the esters
led to the enantiomerically enriched alcohofs){synla and
(—)-synla The separation of the enantiomeric alcohsys
laon various analytical HPLC columns was not feasible. Their

laat —78°C. After 5 min, furan was added and the mixture was warmed
to room temperature within 15 min.

Scheme 3
=~
O@ acid o __
anti-1a = (CHyClp) :
_______ tBu
syn-1a see Table 1 m

11 (d.r. = synlanti)

Still, it became evident that side reactions occurred both at
0 °C and at ambient temperature. Yields remained moderate to

enantiomeric purity (ee) was therefore deduced from the de Ofgood (entries 5, 59-68%). With RCSQH a significant
the starting materials under the reasonable assumption thajjecrease of the reaction temperature was impossible, however,

saponification does not lead to a racemizatiorboth stereo-
genic centers. The specific rotatiam]§ of the enantiomers was
indeed almost identical in value and opposite in sigdd[=
+45.7 and ¢]p = —45.1,¢c = 1, CH,Cl). The configuration
assignment was based on the specific rotation. The isopropy!
analogues of theert-butyl compoundsynlaare knowr?® Their

as the solution of F£2SQ;H solidified at—35 °C. The handling

of HBF4OEY, at low temperature turned out to be much more

convenient. The reaction could be initiated-at8 °C and went

to completion upon warming to room temperature (entry 6).

This procedure gave superior yields and facilitated the isolation
of clean product simply after workup. The pretreatment of

configuration has been established and the specific rotation has,|conol1a with HBF.-OE® and the subsequent addition of the

been assigned to either enantiomer. TH&ZR)-enantiomer was
found to be dextrorotatory o = +32.3,c = 1, CHCE) and
the (IR,29-enantiomer levorotatory ¢lp = —33.6,¢c = 1,
CHCly).

N-Tosylpyrrole, which was used as one of the arene nucleo-
philes, was prepared from pyrrole bittosylation under phase
transfer conditiong®

Intermolecular Reactions with Arene Nucleophiles.Op-
timization experiments for the addition reactions were conducted
with alcoholla and with the most sensitive arene nucleophile
employed, i.e., with furan. Some of the results are listed in Table
1 (cf. Scheme 3). In all cases (entries@) a major diastereo-
isomer,synll, was formed with high selectivity. The three
depicted acids, £SOH, BF:*OEL,2” and HBR*OEbL, were

best suited to promote the reaction. The reaction was somewha

slower in the presence of BfOEL (entry 4) as compared to
the two Brgnsted acids. The temperature (entries 1 and 3) an
nucleophile concentration (entries 1 and 2) had a minor influence
on the selectivity and yield of the;€SQsH-catalyzed reaction.

(24) Imamoto, T.; Kusumoto, T.; Tawarayama, Y.; Sugiura, Y.; Mita, T.;
Hatanaka, Y.; Yokoyama, Ml. Org. Chem1984 49, 3904-3912.

(25) Cahard, D.; Ferron, L.; Plaquevent, J.8ynlett1999 960-962.

(26) Anderson, H. J.; Loader, C. E.; Xu, R. X.; Le, N.; Gogan, N. J.; McDonald,
R.; Edwards, L. GCan. J. Chem1985 63, 896-902.

(27) For a general treatise on Lewis acid catalysis, see: Yamamoto, H., Ed.;
Lewis Acids in Organic Synthesi/iley-VCH: Weinheim, 2000.
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nucleophile do not necessarily imply a complete carbocation
formation at—78 °C. The protocol allows, however, for the
immediate trapping of any carbocation formed at the lowest
possible temperature (vide infra).

A key issue relevant for further discussion is the observa-
tion that the product distribution did not change upon re-
placing the starting materiaiti-1a by its diastereoisomesyn
la(entry 7, Table 1). In other words, the epimeric composition
anti-la/synla did not influence the stereoselectivity (stereo-
convergent reaction). AN2-type displacement can be clearly
ruled out and the result is in line with the intermediacy of a
carbocation of typé\.

Under optimized conditions (HBFOEL, CH,Cl,, —78 °C
— r.t.) several other arene nucleophiles were employed in the
treaction of alcoholla The diastereoselectivity was extremely

dhigh in all cases investigated (Figure 3). The diastereomeric

ratio exceeded 94/6 and product yields were satisfactory to
excellent. All arenes (furan, 2-methylthiophehktosylpyrrole,
resorcindimethyl ether, and benzofuran) are comparably nucleo-
philic. The N value for three of the five arenes is tabulated on
Mayr’s scale of nucleophilici§? with resorcindimethyl ether

(28) (a) Mayr, H.; Kuhn, O.; Gotta, M. F.; Patz, M. Phys. Org. Chenl998
11, 642-654. (b) Mayr, H.; Kempf, B.; Ofial, A. RAcc. Chem. Re2003
36, 66—77.
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Ar Scheme 4
o, Ar:
tBu
1 = OMe
M S
© Sé Ts—N:j /@ HBF, - OEt, S __
12: 92%, d.r. = 95/5 = T MeO O 87 (CHCl) Y
13: 48%, d.r. = 94/6 ' : ! 36 see Table 2 :
. - Me
14: 93%, d.r. = 97/3 12 13 14 15 X
15: 62%, d.r. = 95/5

Figure 3. Structure and yield of the arylation produdt®-15 obtained in
diastereoselective reactions of alcolial

tBu

2 tBu
Me H Ar H
A—H ) uzsonz  Me H

Figure 4. Preferred conformation (according to a crystal struéucé
compoundssyn11—15 in sawhorse representation (left) and in Newman
projection (right).

(N = 2.48) being the most nucleophilic followed by furax (
= 1.36) and 2-methylthiophendN(= 1.26). The two arenes
(N-tosylpyrrole, benzofuran) not tabulated should exhibit similar
nucleophilicity (N > 1). Less nucleophilic arenes such as
mesitylene or thiopheneN(= —1.01) failed to undergo a
reaction withla. Elimination products were observed, indicating
that the carbocation was formed but not trapped effectively to
avoid the intramolecular side reaction.

The configuration assignment for compouritls-15 rests
on an X-ray crystallographic study conducted with single crys-
tals of productL3.2 The synclinal relationship (Figure 4) between
H-1 and H-2, which was established by the crystal structure,
was corroborated for all compounds in solution by a coupling
constanfJyy = 5.0 Hz. In the major syn diastereoisomers the
hydrogen atom H-1 and the protons at the C-2 methyl group
are deshielded by 0.3®.32 ppm relative to théH NMR
signals of the minor diastereoisomers. The observation is in line
with the crystal structure data, which revealed that the deshield-
ing is likely due to the spatial proximity of the phenyl group
and the relevant hydrogen atoms (H-1, Me). Vice versa, the

configuration assignment for related products can be based on

theH NMR chemical shifts provided that the coupling constant
3Jun (H-1/H-2) confirms a preferred synclinal conformation.
Thermodynamic product control was ruled out by subjecting
diastereomeric mixtures of compoud@ (d.r. = syn/anti=
75/25 to 80/20) to the optimized reaction conditions previously
mentioned (4 equiv of 2-methylthiophene, 1 equiv of HEFED,
CH.Cl,, =78 °C — r.t.). There was no indication for a change
of the d.r. in favor of the major diastereoisonsgn12. In other
words, while the syn compourgyn12 was formed with excel-
lent diastereoselectivity in the intermolecular Fried€rafts
reaction (d.r= 95/5), this diastereomeric ratio was not observed
upon attempted thermodynamic equilibration. The diastereo-
meric mixtures with low d.r. (d.r= 75/25 to 80/20) had been
isolated from reactions conducted under nonoptimized condi-
tions using other acids and running the reactions at higher tem-
perature [e.g., Yb(OT#)at 100°C]. The results indicate a kinetic
product control in the currently studied Frieg€lrafts reactions.
The influence of a para substituent in the benzyl alcoho
substrate was probed by the reaction of alcol®t®H with
2-methylthiophene (Scheme 4, Table 2). With the reaction that
took place (entries-13), yields and diastereroselectivities were

16-19 (d.r. = syn/anti)

Table 2. Yields and Diastereoselectivities in the Friedel—Crafts
Alkylation of 2-Methylthiophene with Substrates 3—6 (See
Scheme 4)

entry? substrate X product drb yielde (%)
1 3 MeO 16 91/9 99
2 4 Me 17 94/6 87
3 5 Cl 18 97/3 91
4 6 CN 19 - -

aHBF,-OEt% was added to the corresponding alcoBel6 at —78 °C.
After 5 min, 2-methylthiophene was added and the mixture was warmed to
room temperature within 15 mif.The diastereomeric ratio (d.r.) of the
crude product was determined Hy NMR spectroscopy: Yield of isolated
product.

Scheme 5
/@ HBF, - OEt, s
s~ (CHyCl) ~
(+)-syn-1a tBu
95%
94% ee Me 950 e
(-)-syn-12

excellent. The electron-withdrawing cyano grougafa= 0.71y°
precluded a reaction presumably because the formation of the
carbocation cannot be promoted by the comparably weak
Brgnsted acid HBFOE®. The minor diastereoselectivity in-
crease that was detected going from=MeO to X = Cl can
be rationalized by the most reactive carbocation £XCl)
reacting at a lower temperature than the more stable carbocations
X = Me < X = MeO). The syn configuration was assigned to
the major product&6—18 obtained in these experiments based
on analogy and based on the NMR data for major and minor
diastereoisomer. As for the major diastereoisomers obtained in
the reaction ofla, the major productsyn16—18 exhibited a
coupling constantJyy = 5.0 Hz (H-1/H-2) and théH NMR
signals for H-1 and for the methyl group in the major diastereo-
isomer were deshielded relative to the minor diastereoisomer.
The question whether the stereogemicarbon atom retains
its stereochemical integrity was addressed by subjecting the
enantiomerically enriched alcohols)-synlaand )-synla
to the reaction conditions of the arylation (Scheme 5). A slight
decrease of enantiomeric excess (94%-—ee92% ee) was
observed for the corresponding product){synl2 in the
reaction of alcohol<)-synla Similar observations were made
for the other enantiomer—)-synla The product ee was
determined by chiral HPLC. While the slight ee change may
be associated with uncertainties in the determination of the
substrate ee (vide supra), it became evident that racemization
of starting material is indeed an issue by monitoring the
pretreatment of the alcohaynla with HBF,-OEbL. The ee
decrease became more significart80% ee for product

(29) Exner, O.Correlation Analysis of Chemical Datdlenum Press: New

York, 1988.
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Figure 5. Diastereoselective attack of an arene nucleophile ArH at the

preferred conformatiorA’ of cation A and structure of producsyn20
obtained by arylation of alcohda

87%
d.r. = 68/32

Scheme 6

SbFs - FSOzH
, =70 °C(SOCIF) ®
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(—)-syn12) upon prolonging the time for the pretreatment. The

ppm 250 200 150 100 50

Figure 6. 13C NMR spectrum of carbocatio®4 (acetoneds as external
standard).

were conducted at70 °C with SbFs or with FSQH:SbFs in
SO,CIF as the solvent. The secondary carbocations derived from
the alcoholsla and2a were not sufficiently stable under these
conditions. Decomposition was observed and Bétland13C
NMR spectra were not conclusive. Similarly, the tertiary
carbocation derived from alcohdb did not live sufficiently

results strongly suggest an addition of the arene nucleophile|Ong enough for meaningful NOE experiments. In this case,

immediately after addition of HBFOEY if enantiomerically
pure starting materials are employed.
Since we speculated that the racemization occurs-dgpro-

however, the formation of the stable carbocatin(Scheme
6) was clearly indicated at low temperature and a peak assign-
ment was possible in tHéC NMR spectrum (see Experimental

tonation and subsequent reprotonation of the carbocation, wesection). In addition, the decomposition process could be

used the putative intermediatéstert-butyl-5-methyl styrene,
as starting material in the FriedeCrafts reaction. Under

identical conditions no reaction was observed with 2-methyl-

thiophene, which clearly proves that this styrenedsan inter-

followed by13C NMR spectroscopy. Both thert-butyl catior#®

and the tertiary benzylic catid?8%4 were detected, proving that
af-elimination is the dominating consecutive reaction. Release
of the tert-butyl cation leads to styren@2 which upon

mediate in the racemization process. The alternative hypothesisrotonation provides the observed carbocafidriThe observa-

namely, that the release otext-butyl cation and its subsequent

tion lends support to the earlier mentioned hypothesis that the

reactior’ with S-methyl styrene causes the racemization, was reyersibles-elimination of atert-butyl cation is responsible for

later supported by NMR studies (see Scheme 6).
Carbocation Conformation and NMR Studies. The high

facial diastereoselectivity of the reactions discussed in the

the racemization observed in the formation of 1,1-diarylalkane
(—)-synil2
Since theg3-elimination of the ethyl cation should occur with

previous chapter has been explained by a kinetic product controly gjgnificantly lower rate than the elimination of tret-butyl

in addition to a chiral carbocation of typ®e? The carbocation
conformation should be determined by 1,3-allylic stfaiand

cation, the chances to observe the tertiary cafidrderived
from alcohol2b appeared to be good. With Shé&s the Lewis

the preferred conformation should therefore resemble structureeiq and SGCIF as the solvent, clean NMR spectra were

A’ (Figure 5). Attack from a nucleophile ArH at the prostereo- yecorded at-70 °C. The 3C NMR spectrum is depicted in
genic center occurs from the bottom face of the plane defined igyre 6. It exhibits 12 carbon signals, the most deshielded

by thea-substituent, by the aryl (Xg1,—) substituent, and by
the substituent R For the carbocation derived from alcohol
(—)-synla this face is the “re” face. The preferred transition

signal being observed at 262.2 ppm relative to acetiynes
the external standard. The aromatic region shows all six carbon
atoms of the phenyl ring. They are magnetically nonequivalent

state for this attack should correlate to the preferred conforma-pecayse the rotation around the phergarbocation bond is

tion of the carbocation. According to this model, if the size of

restricted. The!3C NMR chemical shift values for the four

substituent R is reduced, the diastereoselectivty of the arylation .onon atoms of theecbutyl group and for the methy! group

should decrease. Indeed, benzyl alcabmivhich differs from

la by the smaller ethyl substituent (R Et) at thea-carbon
atom furnished in the reaction with 2-methylthiophene the
corresponding produ@0 in a diastereomeric ratio syn/anti
68/32. The diastereoselectivity for R tBu was 95/5.

are in line with the expected values.

TheH NMR spectrum of carbocatiod4 was equally well-
resolved and allowed for the projected NOE experiments.
Significant information with regard to its confirmation was
expected from the isolated pseudo sextet (3.41 pgre; 6.4

Studies were undertaken to elucidate the conformation of Hz) of the hydrogen atom at the stereogenic center and from

carbocation#\ by 'H NMR spectroscopy (NOE). Generating a

chiral carbocation under superacidic conditions was attempted,

which in turn should stabilize the short-lived intermediate to
allow for NOE studies at low temperatuteThe experiments

(30) The addition of a@ert-butyl cation to an olefin is known to be reversible:
Saunders, M.; Lloyd, J. RI. Am. Chem. S0d.977, 99, 7090-7091.
(31) Review: Hoffmann, R. WChem. Re. 1989 89, 1841-1860.
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the isolated doublet (0.72 pprd,= 6.4 Hz) of the methyl group

(32) For reviews, see: (a) Olah, G. A, Prakash, G. K. S., Bdsbocation
Chemistry Wiley: Hoboken, NJ, 2004. (b) Saunders, M.; Jirae-Vaquez,
H. A. Chem. Re. 1991, 91, 375-397.

(33) Olah, G. A.; Kuhn, S. J.; Tolgyesi, W. S.; Baker, E.BAm. Chem. Soc.
1962 84, 2733-2740.

(34) Olah, G. A,; Spear, R. J.; Forsyth, D. A. Am. Chem. Sod 977, 99,
2615-2621.
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94%) of productll, which was obtained as a yellowish oil in a
diastereomeric ratio of syn/anti 97/3. In cases in which the product
was not sufficiently pure, a subsequent flash column chromatography
was conducted.

R: 0.19 (pentane). IR (film):» 3084 cnt! (W), 3024 (w), 2960 (s),
1803 (m), 1450 (s), 798 (m), 729 (s), 710 ()L NMR (360 MHz,
CDCls, 297 K): 6 0.83 (s, 9 H), 0.94 (d®J = 7.2 Hz, 3 H), 1.93 (qd,
8J=7.2 Hz,3) = 4.4 Hz, 1 H), 4.39 (d3J = 4.4 Hz, 1 H), 6.08 (d,

3) = 3.1 Hz, 1 H), 6.30 (dd3] = 3.1 Hz,3) = 1.5 Hz, 1 H), 7.13
7.30 (m, 5 H), 7.37 (83 = 1.5 Hz, 1 H).**C NMR (90 MHz, CDC},
o . . 297 K): 6 11.5 (q), 28.2 (q), 34.2 (s), 45.9 (d), 49.5 (d), 107.9 (d),
at the same position. The most important NOE connections are. ;o3 (d), 126.0 (d), 128.3 (d), 140.9 (d), 144.6 (s), 156.5 (S), tWO

Sum_mar'zeq in Figure 7. aromatic carbon signals are superimposed. MS (Bl (%) 242 (4),
Diagnostic NOE contacts were observed between the methyl157 (100). Anal. Calcd for GH,,0 (242.356): C, 84.25; H, 9.55.
group at the cationic carbon atom and an aromatic ortho proton Foyund: C, 84.20: H, 9.10.
as well as between the hydroggn atom.at.the stereogenic cerjter syn-2-(Methyl-5-2,3,3-trimethyl-1-phenylbutyl)thiophedg) ( The
and an ortho proton. The spatial proximity of these atoms is compound was prepared from benzylic alcoba{96.2 mg, 50Q«mol)
perfectly in line with a conformationally restricted intermediate and 2-methylthiophene (196 mg, 2.00 mmol) in £H (10 mL).
such asA’ and it is support for the model presented earlier. To Column chromatography (pentane as eluent) yielded 125 mg.#58
the best of our knowledge, cati@4 is the first acyclic chiral 92%) of the desired produd as colorless liquid in a diastereomeric
carbocation, the preferred conformation of which has been ratio of syn/anti= 95/5: R; 0.26 (pentane). IR (film):5 3058 cn*
elucidated. (w), 3022 (w), 2959 (s), 1493 (s), 1449 (s), 794 (m), 698%3)NMR

: ) .. (500 MHz, CDC}, 297 K): 6 0.87 (s, 9 H), 0.99 (8] = 7.1 Hz, 3
It was r_lot pOSS|bI_e to tr_ap the carbocation gnder t_he condmons H), 2.02-2.10 (m, 1 H), 2.43 (s, 3 H), 4.45 (@) = 5.0 Hz, 1 H),
of stable ion fqrmat|on with carbon nucle_ophlles. Slde_reactlons 6.54-6.59 (M, 1 H), 6.656.68 (m, 1 H), 7.17 (t2J = 7.2 Hz, 1 H),
were predominant. Methyl ether formation was feasible upon 7 g (1 33 = 7.6 Hz, 2 H), 7.35 (d2J = 7.7 Hz, 2 H).2*C NMR (90
guenching the superacidic solution of cat@hwith methanol. MHz, CDCk, 297 K): 6 12.7 (q), 15.4 (q), 28.6 (q), 34.6 (s), 48.8 (d),
In line with the preparative FriedelCrafts experiment leading  49.0 (d), 124.4 (d), 125.8 (d), 125.9 (d), 128.2 (d), 128.3 (d), 138.1
to 20, the reaction proceeded with low diastereoselectivity (d.r. (s), 144.5 (s), 146.5 (s). MS (Elywz (%) 272 (2), 215 (2), 187 (100).

= 60/40). In the latter case, however, a thermodynamic Anal. Calcd for GgH24S (272.448): C, 79.35; H, 8.88. Found: C, 79.37;

Figure 7. Major nonvicinal'H NMR NOE contacts observed in carbocation
24.

equilibration cannot be ruled out. H, 8.90.
) Enantiomerically enriched product}-syn12 (92% ee) was obtained
Conclusion in a similar fashion from starting materiatj-syn1a The enantiomeric

excess (ee) was determined by HPLC (Chiralcel-OJ-H, 23506, tr

In summary, chiral benzylic cations have been shown to be ; i
= 14.7 min; n-hexane/2-propancE 70/30, flow rate= 1 mL/min;

crereocontol. Facial disstorecselectuiios can be igh fr, 2541} bl +02 €= 0.89, CHCI). (+)syn12 (30% o) was
>91/9) des N . 2 AT obtained from €)-synla HPLC: tr = 11.6 min (Chiralcel-OJ-H, 250

: pite the fact that the chiral _eleCtrOph'le |s. hlghly x 4.6, n-hexane/2-propanct 70/30, flow rate= 1 mL/min). [o]p?%:
reactive. The steric outcome of the reactions can be rationalized_q 7 ¢ = 1.23, cHcl,).
by a conformational restriction in the benzylic cation, which syn-2-(2,3,3-Trimethyl-1-phenylbutyl)-1-tosyl-1H-pyrral@) The
makes the two diastereotopic faces of the prostereogenic cationiccompound was prepared from benzylic alcoha(96.2 mg, 50Q:mol)
carbon atom distinguishable. Evidence for such a conformational and tosyl-H-pyrrole (221 mg, 1.00 mmol) in C4€l, (10 mL). Column
preference was provided by NMR studies on a stable chiral chromatography (pentanefex90/10 as eluent) yielded 94.0 mg (238
benzylic cation under superacidic conditions. The reaction «mol, 48%) of the desired produt8 as white solid in a diastereomeric
medium and the nucleophilic strength of the carbon nucleophile ratio of syn/anti= 94/6: R 0.34 (pentane/&D 90/10). mp 118C. IR
have to be adjusted to comply with the reactivity of the (KBN): © 3148 cm® (w), 2974 (m), 2866 (w), 1491 (s), 1362 (vs),
intermediate and to avoid side reactions. Nonetheless, given the;;;4K§YS§'Olngz d(r;j])‘_ 7:7)’82(;)2’ %7&0(\/(?);3’\](':'% (3)601 'g'lzéf'()mck’l
variety of weak nucleophiles available and given the_numl_oer H), 2.24 (s, 3 H), 5.02 (€% = 5.0 Hz, 1 H), 6.27 (t3] = 3.5 Mz, 1
of stru_ctural par_ameters to be altered at a_chwgl benzylic cation, H), 6.37-6.41 (M, 1 H), 6.846.96 (m, 4 H), 6.99.7.06 (m, 3 H),
there IS extensive room for further work in this area. From & 754 (433 = 8.4 Hz, 2 H), 7.347.39 (m, 1 H).1*C NMR (90 MHz,
synthetic point of view, the method appears to be extremely cpcy, 297 K): 6 12.0 (q), 21.6 (q), 28.7 (g), 34.5 (s), 42.4 (d), 51.6
well-suited for the construction of chiral 1,1-diarylalkanes. (d), 111.4 (d), 115.2 (d), 122.6 (d), 125.3 (d), 126.8 (d), 127.9 (d),

128.7 (d), 129.4 (d), 136.0 (s), 136.1 (s), 144.1 (s), 144.3 (s); MS (EI):

Experimental Section mz (%) 395 (2), 310 (100), 154 (23). Anal. Calcd fob#:NO.S
Representative Procedure for the Diastereoselective Friedel (395.558): C, 72.87; H, 7.39; N, 3.54; S, 8.11. Found: C, 72.84; H,

Crafts Alkylation. A solution of 96.2 mg (50Q:mol) of the alcohol 7.35; N, 3.39; S, 8.00.

lain 10 mL of dry dichloromethane was cooled t6/8 °C. After syn-1-(1-(2,4-Dimethoxyphenyl)-2,3,3-trimethylbutyl)benzéde (

addition of 102 mg (63@mol) of HBF,-OEt and stirring of the solution The compound was prepared from benzylic alcaten(96.2 mg, 500
for 5 min, 136 mg (2.00 mmol) of furan was added and the solution umol) and 1,3-dimethoxybenzene (276 mg, 2.00 mmol) inClH(10
was warmed to ambient temperature over 15 min. The reaction was mL). Column chromatography (pentanefgt95/5 as eluent) yielded
stopped by adding 10 mL of saturated aqueous Nak&@t@r 1 min at 145 mg (464umol, 93%) of the desired produtd as colorless oil in
room temperature. The reaction mixture was diluted with 20 mL of a diastereomeric ratio of syn/anti 97/3: R 0.30 (pentane/ED 95/
diethyl ether. The organic layer was washed with 10 mL of saturated 5). IR (film): ¥ 3054 cn1? (w), 2957 (s), 1611 (s), 1586 (s), 1504 (s),
aqueous NaHC@and with 10 mL of saturated aqueous NaCl. After 1292 (s), 1038 (s), 924 (w), 834 (m), 756 (m), 700 {&).NMR (500
drying with NaSQ concentration in vacuo yielded 114 mg (47®ol, MHz, CDClk, 297 K): 6 0.79 (d,3J = 6.9 Hz, 3 H), 0.84 (s, 9 H),

J. AM. CHEM. SOC. = VOL. 128, NO. 30, 2006 9673
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2.32-2.42 (m, 1 H), 3.77 (s, 3 H), 3.81 (s, 3 H), 4:52.64 (m, 1 H),

6.40-6.46 (m, 2 H), 7.087.16 (m, 2 H), 7.23 (t3J = 7.6 Hz, 2 H),

7.37 (d,%) = 7.6 Hz, 2 H).*C NMR (90 MHz, CDC}, 297 K): 6

14.4 (q), 29.0 (q), 34.8 (s), 45.4 (d), 55.3, 55.5, 98.5 (d), 104.2 (d),

125.3 (d), 126.7 (s), 128.1 (d), 128.8 (d), 130.3 (d), 147.5 (s), 157.8

(s), 158.5 (s), one aliphatic signal is superimposed. MS (E¥k (%)

312 (2), 255 (2), 227 (100). HRMS (EI) calcd fopEl,50,, 312.2089;

found, 312.2084.
syn-2-(2,3,3-Trimethyl-1-phenyl-butyl)-benzofurd®)( The com-

pound was prepared from benzylic alcolal (96.2 mg, 500umol)

and benzofuran (236 mg, 2.00 mmol) in @4 (10 mL). Column

chromatography (pentane as eluent) yielded 90.0 mg 4808, 62%)

of the desired product5 as white solid in a diastereomeric ratio of

syn/anti= 95/5: Ry 0.10 (pentane). mp 6&. IR (KBr): © 2961 cntt

(s), 2868 (m), 2359 (w), 1581 (m), 1493 (m), 1454 (s), 1380 (m), 1257

(s), 946 (m), 803 (s), 7411 (vs), 700 (v&)l NMR (500 MHz, CDC},

297 K): 6 0.91 (s, 9 H), 1.06 (8 = 7.2 Hz, 3 H), 2.12 (qd3J = 7.2

Hz, 3 = 4.9 Hz, 1 H), 4.46 (d3J = 4.9 Hz, 1 H), 6.48 (s, 1 H),

7.16-7.25 (m, 3 H), 7.30 (881 = 7.7 Hz, 2 H), 7.38 (d¥J = 7.7 Hz,

2 H), 7.45-7.52 (m, 2 H).2*C NMR (90 MHz, CDC}, 297 K): ¢

12.3 (q), 28.4 (q), 34.4 (s), 46.9 (d), 49.1 (d), 104.8 (d), 111.1 (d),

120.5 (d), 122.6 (d), 123.3 (d), 126.3 (d), 128.4 (d), 128.8 (s), 144.0

1232 (w), 1091 (s, €CI), 1014 (s), 813 (m), 796 (s), 740 (WAH
NMR (360 MHz, CDC}, 297 K): ¢ 0.85 (s, 9 H), 0.96 () = 7.2
Hz, 3 H), 1.99 (qd3) = 7.2 Hz,3) = 5.4 Hz, 1 H), 2.42 (s, 3 H), 4.40
(d,%J=5.4Hz, 1 H), 6.536.57 (m, 1 H), 6.64 (d?J = 3.4 Hz, 1 H),
7.20-7.29 (m, 4 H).:3C NMR (90 MHz, CDC}, 297 K): 6 12.6 (q),
15.3 (), 28.6 (), 34.6 (s), 48.3 (d), 49.0 (d), 124.5 (d), 125.9 (d),
128.5 (d), 129.6 (d), 131.7 (s), 138.4 (s), 143.9 (s), 145.0 (s). MS (E):
m/z (%) 308 (<1), 306 (<1), 223 (36), 221 (100). Anal. Calcd for
C1sH23CIS (306.89): C, 70.45; H, 7.55; CI, 11.55. Found: C, 70.46;
H, 7.49; Cl, 11.64.
syn-2-Methyl-5-(2-methyl-1-phenyl-butyl)thiophe@6)( The com-
pound was prepared from benzylic alcofaal (82.1 mg, 500umol)
and 2-methylthiophene (196 mg, 2.00 mmol) in £ (10 mL).
Column chromatography (pentane as eluent) yielded 106 mg.q#ha4
87%) of the desired product as a colorless oil in a diastereomeric ratio
of syn/anti= 68/32: R 0.26 (pentane). IR (film):v 3061 cm* (w),
3026 (w), 2961 (s), 2919 (m), 2873 (m), 1600 (w), 1494 (m), 1452 (s),
1379 (m), 1032 (w), 793 (m), 740 (m), 700 (vs), 635 (W). NMR
(360 MHz, CDC}, 297 K): ¢ 0.79 (d,) = 6.6 Hz, 0.9 H, [anti]), 0.84
(t, 3= 7.3 Hz, 2.1 H, [syn]), 0.91 (8J = 7.4 Hz, 0.9 H, [anti]), 0.95
(d,3J=6.6 Hz, 2.1 H, [syn]), 0.941.06 (m, 0.7 H, [syn]), 1.061.19
(m, 0.3 H, [anti]), 1.32-1.46 (m, 0.7 H, [syn]), 1.531.66 (m, 0.3 H,

(s), 154.7 (s), 160.2 (s), one aromatic carbon signal is superimposed.[anti]), 2.03-2.20 (m, 1 H), 2.40 (s, 3 H), 3.743.79 (m, 1 H), 6.56-

MS (El): mVz (%) 292 (4), 208 (23), 207 (100), 178 (39). HRMS (EI)
calcd for GiH240, 292.1827; found, 292.1828.
syn-2-[1-(4-Methoxy-phenyl)-2,3,3-trimethyl-butyl]-5-methylthio-
phene 16). The compound was prepared from benzylic alcdh@11
mg, 500 umol) and 2-methylthiophene (196 mg, 2.00 mmol) in
CH.CI, (10 mL). Column chromatography (pentane as eluent) yielded
150 mg (496umol, 99%) of the desired product as a colorless oil in a
diastereomeric ratio of syn/arnti 91/9: R 0.08 (pentane). IR (film):
D 2958 cn1? (s), 1609 (m), 1583 (w), 1510 (vs), 1463 (m), 1301 (w),
1247 (vs), 1179 (s), 1047 (s), 822 (m), 797 ($J.NMR (360 MHz,
CDCls, 297 K): 6 0.86 (s, 9 H), 0.96 (¢8J = 7.2 Hz, 3 H), 2.00 (qd,
3) = 7.2 Hz,3) = 5.3 Hz, 1 H), 2.41 (s, 3 H), 3.77 (s, 3 H), 4.38 (d,
8J = 5.3 Hz, 1 H), 6.526.56 (m, 1 H), 6.63 (d3J = 3.4 Hz, 1 H),
6.81 (d,) = 8.7 Hz, 2 H), 7.24 (d3J = 8.7 Hz, 2 H).13C NMR (90
MHz, CDCl, 297 K): 6 12.7 (q), 15.4 (q), 28.6 (q), 34.6 (s), 48.0 (d),
49.1 (d), 55.3 (q), 113.7 (d), 124.4 (d), 125.6 (d), 129.1 (d), 138.0 (s),
138.8 (s), 145.0 (s), 157.8 (s). MS (Elivz (%) 302 (<1), 245 (2),
217 (100). Anal. Calcd for gH260S (302.47): C, 75.45; H, 8.66; S,
10.60. Found: C, 75.40; H, 8.45; S, 10.64.
syn-2-Methyl-5-(2,3,3-trimethyl-1-p-tolyl-butyl)thiophed&) The
compound was prepared from benzylic alcoh¢lL03 mg, 50Q:mol)
and 2-methylthiophene (196 mg, 2.00 mmol) in £1 (10 mL).
Column chromatography (pentane as eluent) yielded 124 mg.#88

6.54 (m, 1 H), 6.6+6.67 (m, 1 H), 7.137.22 (m, 1 H), 7.237.32

(m, 4 H). ¥C NMR (90 MHz, CDC}, 297 K), syn20: 6 11.3 (q),
15.4 (q), 17.7 (q), 27.5 (t), 40.3 (d), 54.4 (d), 124.0 (d), 124.4 (d),
126.3 (d), 128.2 (d), 128.5 (d), 137.9 (s), 144.4 (s), 146.6G)NMR

(90 MHz, CDC}, 297 K),anti-20: 6 11.4 (q), 15.4 (q), 17.6 (q), 27.8
(t), 40.4 (d), 54.1 (d), 123.9 (d), 124.5 (d), 126.3 (d), 128.3 (d), 128.5
(d), 137.8 (s), 144.4 (s), 146.7 (s). MS (Eliwz (%) 244 (5), 187
(100). Anal. Calcd for @H20S (244.39): C, 78.63; H, 8.25. Found:
C, 78.53; H, 8.14.

NMR Studies. 2-Phenyl-3,4,4-trimethyl-pentane-2-carbeniumion
(21). The benzylic alcohollb (22.0 mg, 106umol) was mixed with
SOCIF at —78 °C in a NMR tube. A solution of ShfFin SOCIF
precooled to—78 °C was added and the deep green solution was
properly mixed. After addition of the precooled external standard
acetoneds the mixture was inserted into the NMR, which was already
cooled t0—90 °C. 3C NMR (100 MHz, SQCIF, external standard
acetoneds, 183 K): 0 13.8 (q,%Jc-n = 130.0 Hz), 27.4 (qNc-n =
125.4 Hz), 28.9 (0iJc—n = 144.1 Hz), 42.2 (S), 58.2 (&Jc—n = 133.0
Hz), 131.1 (dXJc_n = 173.3 Hz), 131.7 (d}Jc_n = 174.0 Hz), 138.9
(d, YJc-n = 165.5 Hz), 139.2 (dc-y = 167.9 Hz), 141.1 (s), 154.0
(d, Jc-n = 169.1 Hz), 262.7 (S).

3-Methyl-2-phenyl-pentane-2-carbeniumidd). The benzylic al-
cohol 2b (30.0 mg, 168:/mol) was added to SLCIF at—78°C in a

87%) of the desired product as a colorless oil in a diastereomeric ratio test tube and mixed to yield a homogeneous solution. The solution of

of syn/anti= 94/6: R 0.31 (pentane). IR (film):? 3047 cn1t (w),

2960 (s), 1512 (vs), 1479 (s), 1469 (s), 1396 (m), 1378 (s), 1364 (s),

1233 (m), 1118 (w), 1034 (m), 796 (vs), 728 (Wl NMR (500 MHz,
CDCls, 297 K): 6 0.86 (s, 9 H), 0.98 (8] = 7.2 Hz, 3 H), 2.03 (qd,
3] =7.2 Hz,3 = 5.3 Hz, 1 H), 2.31 (s, 3 H), 2.42 (s, 3 H), 4.41 (d,
3) = 5.3 Hz, 1 H), 6.53-6.58 (m, 1 H), 6.64 (d3 = 3.3 Hz, 1 H),
7.09 (d,2J = 8.0 Hz, 2 H), 7.23 (d3J = 8.0 Hz, 2 H).*3C NMR (90
MHz, CDCl, 297 K): 6 12.7 (), 15.4 (9), 21.1 (q), 28.7 (q), 34.6 (s),
48.4 (d), 49.0 (d) 124.4 (d), 125.7 (d), 128.1 (d), 129.0 (d), 135.4 (s),
138.0 (s), 143.6 (s), 144.9 (s). MS (Elw'z (%) 286 (1), 229 (2), 201
(100). Anal. Calcd for GH2S (286.47): C, 79.66; H, 9.15. Found:
C, 79.68; H, 9.02.
syn-2-[1-(4-Chlorophenyl)-2,3,3-trimethyl-butyl]-5-methylthio-
phene 18). The compound was prepared from benzylic alcdh(@13
mg, 500 umol) and 2-methylthiophene (196 mg, 2.00 mmol) in
CH.ClI, (10 mL). Column chromatography (pentane as eluent) yielded
139 mg (453umol, 91%) of the desired product as a colorless oil in a
diastereomeric ratio of syn/anti 94/6: R 0.36 (pentane). IR (film):
? 3060 cnt? (w), 2961 (vs), 2867 (m), 1490 (vs), 1396 (m), 1365 (m),
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the alcohol was added quickly at78 °C to an analogously prepared
solution of Sbk in SO,CIF. The deep red mixture was transferred to
a NMR tube at—78 °C and a precooled external acetahestandard
was inserted. The sample was than transferred into the precooled NMR
(—=70°C).*H NMR (400 MHz, SQCIF, external standard acetodg-
203 K): 6 0.20 (1,33 = 7.6 Hz, 3 H), 0.72 (d3J = 6.4 Hz, 3 H),
1.00-1.26 (m, 2 H), 2.55 (s, 3 H), 3.41 (virt seX] = 6.4 Hz, 1 H),
7.10 (virt 9,33 = 7.7 Hz, 2 H), 7.69 (t3J = 7.1 Hz, 1 H), 7.91 (virt

t, 3J = 9.8 Hz, 2 H).13C NMR (100 MHz, SQCIF, external standard
acetoneds, 203 K): 6 11.5 (q,%c—n = 128.5 Hz), 19.2 (qNc—n =
131.1 Hz), 26.2 (qNc-n = 131.6 Hz), 32.1 (t1Jc-n = 131.5 Hz),
50.4 (d,"Jc-+ = 135.8 Hz), 131.8 (ddJc-1 = 170.0 Hz2Jc-n = 7.0
Hz), 132.0 (dd}c-n = 171.5 Hz,2Jc—yy = 6.8 Hz), 139.1 (dXc—n =
166.7 Hz), 139.3 (s), 140.8 (#)c-n = 167.3 Hz), 154.7 (d\Jc—n =
166.1 Hz), 262.2 (s).
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