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Die Chemischen Berichte (zu zitieren als Chem. Ber.) setzen seit 1946 die
Berichte der Deutschen Chemischen Gesellschaft (zu zitieren als Ber.
Dtsch. Chem. Ges.) fort. Die ,Berichte™ enthalten Arbeiten aus dem
Bereich der Anorganischen und Elementorganischen Chemie (Teil A)
sowie der Organischen und Physikalisch-Organischen Chemie (Teil B).
Bei der Organischen Chemie liegt der Schwerpunkt aufl allgemeinen
synthetischen Methoden und mechanistischen Problemen.

. Die ,.Berichte™ erscheinen monatlich; ein Register beschlieBt jeden Jahr-

gang.

. Die Verantwortung fiir ihre Mitteilungen tragen die Verfasser selbst. —

Der Korrespondenzautor ist durch einen hochgestellten Stern hervorge-
hoben. Die Zugehorigkeit der Autoren zu den Instituten ist durch hoch-
gestellte Kleinbuchstaben markiert.

. Es werden grundsiitzlich nur Arbeiten aufgenommen, die vorher weder

im Inland noch im Ausland veroffentlicht worden sind.

. Eine Anweisung zur Abfassung von Manuskripten fiir die ,,Berichte** wird

auf Wunsch zugestellt (siehe auch Heft 1, S. AI).

Manuskripte (in dreifacher Ausfertigung) sind zu senden an Redaktion
der Chemischen Berichte, Dr. R. Temme, Postfach 101161, D-69451
Weinheim: Telefon (06201) 606-255.

. Der Eingang der Abhandlungen wird den Autoren am Tage der Regi-

strierung angezeigt.

. Es werden nur Manuskripte in deutscher oder englischer Sprache aufge-

nommen. Allen Beitrigen ist eine knappe Zusammenfassung in Englisch
voranzustellen.

Der Autor muB das alleinige Urheberrecht besitzen. Mit der Annahme
des Manuskriptes durch die Redaktion tibertrigt er der VCH Verlags-
gesellschaft das ausschlieBliche Nutzungsrecht, insbesondere das Recht
der Vervielfiltigung wie Fotokopie, Mikrofilm — oder mit irgendeinem
anderen Verfahren — oder das Manuskript in eine von Maschinen. ins-
besondere von Datenverarbeitungsmaschinen, verwendbare Sprache zu
ibergeben oder zu lbersetzen (auch in fremde Sprachen).

. Den Autoren werden 25 Sonderdrucke unentgeltlich portofrei zugesandt.

Wiinscht ein Autor mehr als 25 Abziige, so ist dies auf dem Manuskript
oder spitestens bei Riicksendung der Korrektur auf dieser zu vermerken.
Den Autoren werden nur die Selbstkosten fiir die Zahl der die Freiexem-
plare Uberschreitenden Sonderabziige berechnet.

. Anfragen nach dem Verbleib nicht eingetroffener Berichte-Hefte oder Son-

derdrucke sind zu richten an: VCH Verlagsgesellschaft mbH, Postfach
101161, D-69451 Weinheim, Telefon (06201) 606-0.
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. Chemische Berichte (abbreviated Chem. Ber.; until 1946 Berichte der

Deutschen Chemischen Gesellschaft, abbreviated Ber. Dtsch. Chem. Ges.)
publishes articles on studies in inorganic and organometallic chemistry
(Part A) as well as in organic and physical organic chemistry (Part B). In
organic chemistry, emphasis is given to general synthetic methods and
mechanistic problems.

. Chemische Berichte is published monthly; the annual volume concludes

with a List of Authors and a List of Contents.

. Authors are solely responsible for their contributions. — The author to

whom correspondence should be addressed should be indicated by an
asterisk. Different addresses of coauthors should be given in lower-case
letters.

The contents of a manuscript submitted to Chemische Berichte should

not have been published previously, nor submitted to any other journal,
except in the form of brief preliminary communication.

. For the preparation of manuscripts, a copy of the “Instructions for

Authors” is available on request (see also issue 1, p. Al).

Manuscripts should be submitted in triplicate to: Redaktion Chemische
Berichte, Dr. R. Temme, P.O. Box 101161, D-69451 Weinheim (FRG);
Telephone (internat.) +49 6201 606-255.

Acknowledgement of receipt of the manuscript will be confirmed on the
day of registration.

Manuscripts may be submitted in German or in English. All contributions
must be accompanied by a summary in English.

It is assumed that the authors concerned have the necessary authority for
publication. Upon acceptance for publication, VCH Verlagsgesellschaft
acquires all publishing rights including those of reprinting, translating or
reproducing and distributing the manuscript in other forms (e.g. as pho-
tocopy, microfilm or in machine-readable form). Moreover. the provisions
of the copyright law of the Federal Republic of Germany apply.

The author will receive one copy of the galley proofs, together with the
edited manuscript and a reprint order form: the author will receive 25
reprints free of charge and may order additional copies at cost price.

. All inquiries concerning journals or reprints should be addressed to: VCH

Verlagsgesellschaft mbH. P.O. Box 101161, D-69451 Weinheim (FRG).
Telephone (internat.) +49 6201 606-0.
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o=
==

HO,

LiAHg :@<
_30(3 :@< OH (1)
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/ HNR,
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Ph
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R S ke Ry o FC_ CFy OH
f CHO @(\/k CE\/*\’

151

Kuck*, D., Neumann, E., Schuster, A

Benzo-anellierte Centropolyquinane, 14. — Synthese
von Tribenzotriquinacen durch stereokontrollierte
Cyclisierung von Phenyl-substituierten C,-Diindanen
(4ba,9,9aa,10-Tetrahydroindeno[1,2-a]indenen)
Benzoannellated Centropolyquinanes, 14. — Synthesis
of Tribenzotriquinacene by Stereocontrolled Cycliza-
tion of Phenyl-Substituted C,-Diindans (4ba,9,9aa,10-
Tetrahydroindeno(l,2-alindencs)

Hiinig*, S., Klaunzer, N., Wenner H.

Stereoselektive Protonierung von Carbanionen, 2. —
Diastereoselektive Protonierung von Schollkopf-Bis-
lactimether-Anionen

Stereoselective Protonation of Carbanions, 2. — Dia-

stereoselective Protonation of Schollkopf’s Blslactlm
Ether Anions

H
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> 1) nBuli
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R°0 N Me
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QO . QD
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Competition experiments have been performed to determine
the relative reactivities of 23 alkyl chlorides toward allyltri-
methylsilane in the presence of catalytic amounts of
ZnCl,.The k., scale spans over 11 orders of magnitude from
1-adamantyl chloride (least reactive) to bis(p-methoxyphen-
yl)methyl chloride (most reactive compound). A fair correla-
tion between the alkylating ability and the Sy1 reactivity in

solvolysis reactions is found, thus providing a quantitative
basis for our long-standing working hypothesis that Lewis
acid-catalyzed additions of alkyl halides to CC multiple
bonds only yield 1:1 products if the reactants ionize faster
than the products. Trityl chlorides do not follow this correla-
tion and are 10° times less reactive than predicted from their
Sn1 reactivities.

Lewis acid-promoted alkylations of alkenes (eq. 1) yield
products 3 which have electrophilic properties like the reac-
tants 1, and it depends on the relative electrophilicity of 1
and 3 whether the products 3 can be isolated or whether
they will react further to give higher adducts or polymers.
A high ratio [3)/[1] can only develop in the reaction mixture
if product 3 is less reactive than reactant 1 under the reac-
tion conditions.

| |

R-—Cl+>=< . R| |Cl )

1 2 3

Relative reactivities of diarylchloromethanes have been
determined by competition experiments, and it has been
shown that in the presence of catalvtic amounts of Lewis
acids the reactivity of ArsCHCI grows with increasing stabi-
lization of the carbenium ion Ar,CH™ (the situation is op-
posite under conditions of complete ionization!)'], This re-
sult had been anticipated by the postulate that Lewis acid-
catalyzed additions of alkyl halides to CC multiple bonds
can only lead to 1:1 products (eq. 1) if the reactants 1 ionize
faster than the products 312,

We have now investigated the quantitative relationship be-
tween relative electrophilicities of alkyl chlorides and their
ionization rates as expressed by their Sy! reactivities. In con-
trast to the related study in ref.l'! which was restricted to
benzhydryl chlorides, we now report on electrophilicities of
alkyl chlorides of large structural variety. Since alkylations
of allyltrimethylsilane (4) selectively yield the Sg2’ products
S which unlike 3 cannot undergo sequential electrophilic re-
actions, compound 4 has been selected as the reference nucle-
ophile for determining relative electrophilicities of alkyl
chlorides by competition experiments (Scheme 1).
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Scheme 1
RamC ] o~ SMey [ RS
4 Sa
ZnCl,
Rg—Cl > Rps X
Sp

Reaction Products

Compounds la—y (Table 1) react with allyltrimethylsil-
ane (4) to give compounds 5, i.e., the chlorine atom in la—y
becomes substituted by an allyl group. In general, the reac-
tions proceed almost quantitatively, but in few cases the iso-
lated yields of products are relatively low. This is mostly
due to losses during workup, since repeated microdistilla-
tions are necessary to separate compounds with low boiling
points (molecular formula < Cy) from hexamethyldisilox-
ane (b.p. 101°C), which is formed as a byproduct during
workup. In order to avoid this problem, allyltrimethylsilane
(4) has been replaced by allyltripropylsilane for the syn-
thesis of compounds Sp, s, and v (Table 1).

Compound 1p is employed as a mixture containing 19%
of an isomer (4-chloro-4-methyl-2-pentene) that ionizes
with formation of the same allyl cation. When this mixture
is combined with allyltripropylsilane in the presence of
ZnCl, - OEt,, compound Sp is formed as the major prod-
uct, and only 5% of 4,4-dimethyl-1,5-heptadiene, its allylic
isomer, is detected by GC-MS. Analogously, 5u is produced
along with 6% of its regioisomer [6-methyl-4-(trimethylsil-
yl)-1,4,5-heptatriene]. Due to decomposition during distil-
lation the yield of Ss is very low.

0009-2940/94/0101 0205 $ 10.00+.25/0
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When 1w, 4, and TiCl, were combined at 20°C as de-
scribed in ref.[), a viscous oil was formed, which solidified
at 20°C to give a glassy material. Compound Sw was ob-
tained in 34% yield, however, when the reactants were com-
bined with ZnCl, - OEt, at —28°C for 6 days.

Table 1. Zinc chloride/ether-catalyzed reactions of allyltrimethylsilane
(4) with compounds la—y

RCl T/°C Time/h isolated yield/ %

a  (p-MeOCgHy), CH-CI -78 1 74
b (p-MeOCgHy) (p-MeCgHy) CH-CI 78 1 95
¢ (p-MeOCgHy) (CgHs) CH-CI -78 1 87
d  (p-MeCgHy), CH-CI -8 1 92
e (p-MeCgHy) (CgHs) CH-Cl -78 1 91

f  (CgHs); CH-CI -78 1 87
g  (p-CICgHy), CH-Cl -78 3 89
h  (CgHs)3 C-Cl 25 68 8olal
i (p-MeCgHy) Me,C-Cl -78 2 92
i (CgHs)Me,C-Cl -8 60 90
k  (p-MeOCgHy) MeCH-CI -78 2 86

1 (p-MeCgH,) MeCH-Cl -78 24 86
m  (CgHs) MeCH-Cl -28 65 79
n  (p-MeOCgHy) CHy-Cl -78 1.5 85
0 (CgHs) (MeO) CH-Cl -78 15 92
p  Me,C=CH-CHMe-Cl -78 2 58b,c]
q  (CHy),-CH=CH-CH-Cl -78 1 50
r  (E)-Me-CH=CH-CHMe-Cl -78 3 37

s (E)-H,yC=CH-CH=CH-CH,-C! -40 67 7Mb.dl
t  CgHs-C=C-CMey-Cl -78 2 91
u  Me3Si-C=C-CMey-Cl -8 20 73]
v Me-C=C-CMe,-Cl -78 48 50lb)
w  1-Adamantyl-Cl -28/0 144748 34
X MeC-Cl 0 48 40
Yy  MeO-CH,-Cl -78 10 24

[aI SnCl,. — ™ Allyltripropylsilane instead of allyltrimethylsilane (4).
— I¢l Includes 5% of 4,4-dimethyl-1,5-hePtadiene (GC), 1p employed
is a mixture with 19% allylic isomer. — Y1 Includes 10% of impurities
(GC). — I Includes 6% of 6-methyl-4-(trimethylsilyl)-1,4,5-hepta-
triene (GC).

Competition Experiments

Formal Analysis: Previous work on the mechanism of
these reactions suggests the kinetic formalism outlined in
Scheme 2.

For the reactions of carbenium ions R* with allyltrimeth-
ylsilane (4) second-order kinetics (eq. 2) have been ob-
served!l,

diPa] _ _dRZA]_, .
TR kaa[R](4] (2)

If the Lewis acid MCIl, is used in catalytic amounts, a
stationary carbenium ion concentration can be assumed,
and [R}] is given by eq. (3).

J.-P. Dau-Schmidt, H. Mayr

Scheme 2
+4
kaa
kia + _
R,—Cl + MCl, =—= Ry + M(,,
kia
le + -
RB_CI + MCln ‘k_ RB + MCllH-l
-1B
- e\
Rpne X Py

[Ri] = klA[RAFl][MC]:r] 3)

Kk A[MClLs ] + koal4]

Eq. (3) implies complete ion pair dissociation, i.e.,
v_i1a = k- A[RAIMCI;; . ). If the carbenium ions were par-
tially paired, an additional, first-order ion-pair recombina-
tion term had to be considered. As this modification does
not affect the general conclusions, it will be neglected in
the following.

Substitution of eq. (3) into (2) and combination with
analogous equations for Py and Ry yields eq. (4).

d[P,] _ kyalaa[RACH (K Z g [MCIL ] + koy(4])
d[Py]  kyukop[RuCl(kZ  AIMClo (] + kan[4])

Three different cases have to be considered:

Cuase 1: The ionization equilibria described in Scheme 2
are rapidly established, i.e. k_ o [MCl; ] > kia[4] and
k_g[MCl, ;] > k,[4]. Now the second terms of the sums
in eq. (4) can be omitted, and the resulting quotients i/
k_a and kg/k _ 3 can be replaced by the equilibrium con-
stants K, and K,g, respectively, to yield eq. (5) (Curtin-
Hammett situation).

d[Pa] _ Kiakaa[RACH]

(5)
d[Ps]  Kipkap[RpCl]
The competition constant k is then given by eq. (6)
K= KIAkZA (6)
KlBkZB

Case 2. If the reaction of R* with the nucleophile 4 is
much faster than ion recombination, i.e., k_j4[MCl; ] <
koa[4] and k_ g[MCI;1 ] < kyp[4], the first terms of the
sums in eq. (4) can be omitted to give eq. (7), and the re-
sulting competition constant reflects the ratio of the ioniza-
tion rate constants (eq. 8).
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d[Pa] _ k1a[RACI]

)
d[Pg]  ki[RpCl]
k!A
=-la 8
K *in ®)

Cuse 3: If the ion combination (R* + [MCIl;;,]) and the
reaction of R* with 4 have similar rates, a simplification of
eq. (4) is not possible, and eq. (9) shows that k, defined as
above, is not constant but depends on the concentrations
[MCI;4] and [4]. Since, on the other hand, [MCl;, ] de-
pends on the concentrations [RACl]y and [RgCl]y, the value
of ¥ may depend on the concentrations of the reactants.

_ kiakaa(k—1g[MCl7y ] + kap[4])
kipkap(k—1a[MCL ] + kaald])

®

An alternative reaction mechanism, attack of allyltri-
methylsilane (4) at RCl - ZnCl, complexes was not taken
into consideration, since in a case where ionization equilib-
ria and the rate constants k,, and k,p could be indepen-
dently determined, the observed competition constants
were in accord with those calculated from eq. (6)!']. It is
conceivable, however, that this reaction mechanism is oper-
ative in cases, where the relative reactivities were found to
depend on the reactants’ ratio (see below).

Results

Determinations of the relative reactivities of 1¢/1f and of
1d/1e with BCl; (15%) as the Lewis acid gave values be-
tween 7 and 12, depending on the reactant ratios?®. Ad-
dition of BnEt;N™* BCly increased the 1e/1f ratio to 16—19.
Obviously, case 3 is realized under these conditions: BCly
is a kinetically stable anion, and chloride transfer from
BCl; to Ph-CH* and TolPhCH™ is not much faster than
the reaction of these carbenium ions with 4. When these
experiments were performed with the weaker Lewis acid
ZnCl; - OEt,, the less stable counterion ZnCl3 is produced,
and v_;s (or v_ ) grows relative to v,o (0or v,g) (Scheme
2). Consequently, case 1 becomes realized, and the k values
derived from eq. (6) are competition constants, independent
of the reactant ratio. All competition experiments have,
therefore, been carried out with ZnCl, - OEt, as the Lewis
acid.

Table 2 in the Experimental Section shows that the x va-
lues determined in this way are independent of the reactant
ratios. Exceptions are the chloro ethers 1o and 1y. While
the x values determined for 1o were dependent on the reac-
tant ratios. chloro ether 1y and allyltrimethylsilane (4) gave
only a very low yield of 5y under the conditions of the
competition experiments.

A poor reproducibility was also found for the relative re-
activities of 1g and 1h. Since in this case no relationship
between reactivity ratio and ratio of the reactants was ob-
served, the averaged value given in Scheme 3 can be con-
sidered to represent the approximate reactivity of trityl
chloride (1h).
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The logarithms of the competition constants give an
overdetermined set of linear equations which is solved by
the method of least squares to yield the k.. values shown
in Scheme 3.

Scheme 3. Competition constants and relative reactivities of the alkyl
chlorides 1a—x towards allyltrimethylsilane (4) (CH,Cl,,

—-70°C)lal
kel kgonl®
r 1a  1.45x 1011 57.54
4.8
L ib  3.03x1010 537
sE £ 0.1 ,
260 £ 0.7 I_ lc  550x109 050
9 -2
W sos 1P 136x10° 3.26x10
17,106 .l: 14 115x10°  2.00 x 102
01 0.
O 00 115x109  200x 102
142 + 0.2
I: L le 8.07x107 1.23x103
304 + 0-I7_ 1q 520x107 6.76x 103
196+08 1i  438x107 1.78x102
|_ 1651 0.1
_ L II: If  265x106 537x10°5
|_ A0 126x106 275x 10°
11.2+ 05 1.93 + 0.03
®67) L In  126x106 1.66x 10°
126+ 0.2 S -4
Ly e 1j 7.44x105 3.89x10
227+ 04 84 + 0.1
(29.6) 48 +0.1 1h  4.48x105 5.62
(5.35)
- Ir  3.08x105 4.57x105
5.2 2.1
L 11 235x105  9.12x 106
13.3%205
L (103) - 1g 897x 104 8.13x 106
23 0.1
r (3.01) v 299x104 7.59x106
s 's_ Im 893x102 1.66x 1077
26 0.1
= lu  3.44x102 1.95x 107
|- 21 02 2 7
@8y - Is 1.64x102 1.58x10
520+ 09
Gay L Ix 71 8.51x 108
321+ 13 7.7 £06
L (7.14) w 1 2.51x 011

l2lCalculated competition constants that deviate from experimental
ones by more than 4% are given in parentheses. — [°l Solvolysis rate
constants in 100% ethanol at 25°C. Literature data converted to these
conditions according to ref.!!?l. See also ref.!

The range of relative reactivities shown in Figure 1 covers
more than eleven orders of magnitude. It is easily recog-
nized that those precursors which form the best stabilized
carbenium ions are the most reactive electrophiles in pres-
ence of catalytic amounts of ZnCl, - OEt,.

A more detailed discussion of the relationship between
structure and reactivity is superfluous since Figure 2 reveals
a linear relationship between the &, values determined in
this work and the ethanolysis rate constants of these sub-
strates. The same arguments, which have been used to
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Figure 1. Relative electrophilicities of alkyl chlorides towards allyltri-
methylsilane (4) (cat. Zn Cl,, CH,Cl,, —70°C)

rationalize the relative Sy1 reactivities of alkyl chlorides!
can, therefore, be employed to explain the reactivity order
of Figure 1.

The slope of 1.036 calculated for the correlation in Figure
2 reduces to 0.7 when the different reference temperatures
are taken into account (assumption: AS® and AS* are equal
for all reactions). One can conclude, therefore, that the car-
benium character at the 1* fragment is more developed in
the ethanolysis transition states of 1a—y than in the tran-
sition states of the Lewis acid-catalyzed reactions of 1
with 4.

Triphenylmethyl chloride (1h) spectacularly deviates from
the correlation shown in Figure 2. Its alkylating ability is
approximately 100000 times smaller than expected on the
basis of its Sy1 reactivity. The steric strain which is built up
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Figure 2. Correlation of the relative reactivities of alkyl chlorides

la—x towards allyltrimethylsilane (4) (CH,Cl,, —70°C) with their

ethanolysis rate constants (25°C). — The value for Ph;CCl has not

been used for calculating the correlation equation log k. = 1.036 log
keon + 10.1 (r = 0.971)

during electrophilic attack of the trityl cation at 4 is obvi-
ously so great that 1h shows an anomalously low electro-
philicity. In accord with this finding, we have previously
reported that the absolute rate constants for the attack of
trityl cations at CC double bonds are 5000 times smaller
than those of diarylcarbenium ions of the same pKy*
valuel”l. Since other tertiary chlorides follow the same cor-
relation as secondary and primary derivatives (Figure 2,
tBuCl also deviates somewhat!), we have to conclude that
trityl chlorides are exceptional in this respect. Steric effects
are certainly not absent for the other compounds, but their
magnitude appears to be small compared to the electronic
effects which predominantly control the 10'' reactivity
range, considered in Figure 2.

Conclusion

The formation of 1:1 products according to eq. (1) is
possible, if the reactants 1 are more electrophilic than the
products 3. Figure 2 now corroborates our earlier working
hypothesis?*8] that solvolysis rates of reactants 1 and prod-
ucts 3 (or suitable model compounds) can be used to predict
relative electrophilicities of alkyl halides in the presence of
catalytic amounts of Lewis acids. This simple relationship

Chem. Ber. 1994, 127, 205-212
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has long been masked by the fact that cationic tritylations
are not easily performed, though trityl halides undergo Sy1
reactions very rapidly. Since trityl cations are among the
most intensively investigated carbenium ions, their behavior
was misleading. It is now clear that trityl chlorides are ab-
normally poor electrophiles, and there are probably only
few other types of bulky electrophiles that show similar be-
havior. In general, Sy1 reactivities provide a reliable index
for designing Lewis acid-catalyzed alkylations (eq. 1).

The authors gratefully acknowledge support of this work by the
Deutsche Forschungsgemeinschaft and the Fonds der Chemischen In-
dustrie.

Experimental

'H NMR: EM 390 (Varian) and XL 200 (Varian). — *C NMR:
XL 200 (Varian). — MS: 70—250E (VG Instruments). — HPLC:
Knauer HPLC pump 64 with Rheodyne 7125 injection valve, LDC/
Milton-Roy spectroMonitor D, and Hitachi-Merck D2000 inte-
grator. 250 X 4.5-mm columns packed with Nucleosil RPyg, 3 or §
um particles. — GC: Carlo Erba GC 6000 Vega Series 2 with 50 m
SE-30 column.

Reactants: Commercially available allyltrimethylsilane (4) was
distilled over LiAlH, before use. Allvitripropylsilane was synthe-
sized in analogy to a procedure described in ref.l4l: A solution of
allyl chloride (19.1 ml, 17.9 g, 0.23 mol) in THF (200 ml) was
added dropwise (2 h) to a mixture of magnesium (8.5 g, 0.35 mol),
chlorotripropylsilane (25 g, 0.13 mol), and THF (100 ml) kept in
an ultrasound bath at 0°C. The mixture was then stirred at 40°C
(2 h) at ambient temp. (15 h). After addition of a saturated, solu-
tion of NH,Cl in 2 M aqueous ammonia (150 ml), the layers were
separated, and the aqueous layer was extracted with three 50-ml
portions of ether. The combined organic layers were dried with
Na,SO, and distilled to give 20.8 g (81%) of allyltripropylsilane
with b.p. 56—57°C/1.7 mbar (ref.1’l 216—217°C/748 Torr). — 'H
NMR (90 MHz, CDCl;): 8 = 0.38—0.68 (m, 6 H, CH,Si), 0.95 (t,
J = 7 Hz, 9H. CH3), 1.11-1.47 (m, 6H, CH,CH,CHs), 1.53 (br.
d, J = 8 Hz, 2H, CH,CH=), 4.68—5.00 (m, 2H, =CH,),
5.53—-6.06 (m, 1H, =CH-).

Alkyl chlorides 1 are either commercially available or have been
obtained by treatment of the corresponding alcohols or alkenes
with HCI (conc. aqueous or gaseous). For details see ref.[*)

General Procedure for the Reactions of 1a—y with Allyltrimethyl-
silune (4): Compounds 1 and 4 (1.5 equivalents) were dissolved in
CH,Cl, (20 ml per gram of 1). The solutions were cooled at —78°C
(N, protection), before the catalyst ZnCl, - (OEt,), 3!'? (0.2 equiv.)
was added. After a certain period (see Table 1), the mixture was
washed with an equal volume of conc. aqueous ammonia. The
phases were separated, and the organic layer was dried with CaCls,,
filtered, and evaporated.

4,4-Bis(4-methoxyphenyl )-1-butene (5a): Chlorobis(4-methoxy-
phenyl)methane (1a) (2.00 g, 7.60 mmol) and 4 (1.30 g, 11.4 mmol)
reacted within 1 h to give 1.50 g (74%) of 5a with m.p. 38—39°C
(from pentane) (ref® 36.5-37.5°C). — 'H NMR (90 MHz,
CDCl,): 6 = 2.75 (br. t, J = 8 Hz, 2H, 3-H), 3.76 (s, 6H, OCH;),
392 (t,J = 8 Hz, 1 H, 4-H), 4.83-5.17 (m, 2H, =CH,), 5.50—-6.0
(m, 1H, =CH-), 6.82, 7.13 (AA'BB’ system, Jo3 = 9 Hz, 8H,
aromatic H).

4-(4-Methoxyphenyl )-4-(4-methylphenyl )-1-butene (5b): Chloro-
(4-methoxyphenyl)(4-methylphenyl)methane (1b) (2.50 g, 10.1
mmol) and 4 (1.73 g, 15.1 mmol) reacted within 1 h to give 2.43 g
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(95%) of 5b as a viscous oill''l. — "H NMR (90 MHz, CDCl,): § =
2.32 (s, 3H, CH;), 2.76 (br. t, J = 8 Hz, 2H, 3-H), 3.75 (s, 3H,
OCHa,), 3.93 (t, J = 8 Hz, 1 H, 4-H), 4.80—5.16 (m, 2H, =CH,),
5.46—5.97 (m, 1H, =CH-), 6.78, 7.08 (AA'BB'-system, Jog = 9
Hz, 4H, C4H,OCHa), 7.05 (s, 4H, C¢H,CHs, superimposed by the
AA’'BB’ system).

4-(4-Methoxyphenyl)-4-phenyl-1-butene (5¢): Chloro(4-methoxy-
phenyl)phenylmethane (1¢) (4.70 g, 20.2 mmol) and 4 (3.47 g, 30.4
mmol) reacted within 1 h to give 4.19 g (87%) of 5b, colorless
needles with m.p. 63.5—64°C (from pentane) (ref. 62.5—63.5°C).
— 'H NMR (90 MHz, CDCl3): § = 2.78 (br. t, J = 8 Hz, 2H, 3-
H), 3.76 (s, 3H, OCH,), 3.97 (t, J = 8 Hz, 1H, 4-H), 4.83-5.17
(m, 2H, =CH,), 5.50—-6.0 (m, | H, =CH-), 6.82, 7.12 (AA'BB’
system, Jag = 9 Hz, 4H, C¢H,OCHs), 7.26 (br. s, SH, C4Hs, super-
imposed by the AA’BB’ system).

4,4-Bis(4-methylphenyl )-1-butene (5d) see ref.l'”l For conditions
used in this work, see Table 1.

4-(4-Methylphenyl )-4-phenyl-1-butene (Se)!'3: Chloro(4-methyl-
phenyl)phenylmethane (1¢) (2.20 g, 10.2 mmol) and 4 (1.71 g, 15.0
mmol) reacted within 1 h to give 2.05 g (91%) of 5e with b.p. 120°C
(bath)/4 - 1073 mbar. — 'H NMR (90 MHz, CDCls): § = 2.27 (s,
3H, CH;), 2.78 (br. t, J = 8 Hz, 2H, 3-H), 3.95 (t, / = 8 Hz, | H,
4-H), 4.80—-5.15 (m, 2H, =CH,), 5.46—5.97 (m, | H, =CH-), 7.10
(s, 4H, C¢H,CH3), 7.22 (mc, SH, C¢Hs).

4,4-Diphenyl-1-butene (5f) see ref.l!2] For conditions used in this
work, see Table 1.

4,4-Bis(4-chlorophenyl)-1-butene (5g)!'3: Chlorobis(4-chlorophe-
nyl)methane (1g) (2.00 g, 7.40 mmol) and 4 (1.27 g, 11.1 mmol)
reacted within 3 h to give 1.84 g (90%) of 5g as a viscous oil. —
'H NMR (90 MHz, CDCl3): § = 2.73 (br. t, J = 8 Hz, 2H, 3-H),
3.95(t,J = 8 Hz, 1 H, 4-H), 4.82—5.15 (m, 2H, =CH,), 5.42-5.92
(m, 1H, =CH-), 6.95-7.33 (m, 8H, aromatic H).

4,4,4-Triphenyl-1-butene (Sh) see ref.] For conditions used in
this work, see Table 1.

4-Methyl-4-(4-methylphenyl)-1-pentene (5i): 2-Chloro-2-(4-meth-
ylphenyl)propane (1i) (0.84 g, 5.0 mmol) and 4 (0.86 g, 7.5 mmol)
were combined for 2 h to yield 800 mg (92%) of 5i with b.p. 70°C
(bath)/1 mbar. — '"H NMR (200 MHz, CDCl;): 8 = 1.28 (s, 6H,
CHs;), 2.32 (s, 3H, aryl-CH;), 2.35 (br. d, J = 7.2 Hz, 2H, 3-H),
4.89-5.03 (m, 2H, =CH,), 5.45-5.68 (m, | H, =CH-), 7.11, 7.24
(AA'BB’ system, Jog = 8 Hz, 4H, aromatic H). — '3C NMR
(CDCly): § = 20.85 (q, aryl-CH3), 28.59 (q, CH3), 37.22 (s, C-4),
48.83 (t, C-3), 116.77 (t, C-1), 125.69 (d, C,), 128.72 (d, C,,), 134.85
(s, C,), 135.65 (d, C-2), 147.55 (s, C). — MS (70 eV), mlz (%): 174
(0.7) [M™*], 159 (0.6), 133 (100), 105 (32), 93 (10). — C,3H g caled.
174.14085; found 174.13798 (MS).

4-Methyl-4-phenyl-1-pentene (5§)U'4): 2-Chloro-2-phenylpropane
(1j) (3.10 g, 20.0 mmol) and 4 (3.42 g, 30.0 mmol) reacted for 60
h to yield 2.87 g (90%) of 5j with b.p. 50°C (bath)/1.2 mbar (ref.('
38—-39°C/0.7 mbar). — '"H NMR (200 MHz, CDCl;): 6 = 1.30 (s,
6H, CH;), 2.36 (br. d, J = 7 Hz, 2H, 3-H), 4.90—-5.03 (m, 2H, =
CH,), 5.45-5.70 (m, 1H, =CH-), 7.12—7.42 (m, 5H, aromatic
H). — 3C NMR (CDCl;): § = 28.50 (q, CH3), 37.56 (s, C-4), 48.84
(t, C-3), 116.88 (t, C-1), 125.50 (d, C,), 125.78 (d, C,), 128.01 (d,
C,,), 135.51 (d, C-2), 149.15 (s, C;). — MS (70 eV), m/z (%): 160
(0.5) [M*], 145 (0.7), 119 (100), 91 (48), 79 (8). (ref.l'¥l MS: 160
M*], 145, 119 (100)).

4-(4-Methoxyphenyl)-1-pentene (5k): 1-Chloro-1-(4-methoxy-
phenyl)ethane (1k) (0.80 g, 4.7 mmol) and 4 (0.80 g, 7.0 mmol)
reacted for 2 h to yield 710 mg (86%) of Sk with b.p. 40—45°C
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(bath)/0.15 mbar. — '"H NMR (200 MHz, CDCl;): § = 1.22 (d,
J = 7 Hz, 3H, CH,), 2.16—2.45 (m, 2H, 3-H), 2.74 (sext, J = 7
Hz, 1 H, 4-H), 3.77 (s, 3H, OCH3), 4.91-5.04 (m, 2H, =CH,),
5.60—5.83 (m, 1| H, =CH~-), 6.84, 7.11 (AA'BB’ system, Jo5 = 8.8
Hz, 4H, aromatic H). — 3*C NMR (CDCl,): § = 21.71 (q, CH3),
3891 (d, C-4), 42.87 (t, C-3), 55.16 (q, OCHs), 113.62 (d, C,,),
115.78 (t, C-1), 127.80 (d, C,), 137.27 (d, C-2), 139.13 (s, C,), 157.22
(s, C,). — MS (70 eV), m/= (%): 176 (5.2) [M*], 161 (0.3), 135 (100),
105 (11), 91 (5). — C;,H;60: caled. 176.12012; found 176.12152
(MS).

4-(4-Methylphenyl)-1-pentene (51): 1-Chloro-1-(4-methylphenyl)-
ethane (11) (2.00 g, 13.0 mmol) and 4 (2.22 g, 19.3 mmol) reacted
for 24 h to yield 1.79 g (86%) of 51 with b.p. 43°C (bath)/l1 mbar.
— '"H NMR (90 MHz, CDCl,): § = 1.20 (d, J = 7 Hz, 3H, CH,),
2.28 (s, 3H, aryl-CH3), 2.04—2.45 (m, 2H, CH,, superimposed by
singlet of aryl-CH3), 2.70 (sext, J = 7 Hz, 1 H, 4-H), 4.76—5.06 (m,
2H, =CH,), 5.40-5.9 (m, 1 H, =CH-), 6.98 (s, 4 H, aromatic H).

4-Phenyl-1-pentene (Sm) see ref.!”) For conditions used in this
work, see Table 1.

4-(4-Methoxyphenyl)-1-butene (Sn): 4-Methoxybenzyl chloride
(1n) (1.00 g, 6.40 mmol) and 4 (1.09 g, 9.53 mmol) reacted for 1.5
h to yield 880 mg (85%) of 5n with b.p. 55—60°C (bath)/0.9 mbar.
— '"H NMR (200 MHz, CDCl): § = 2.26—2.43 (m, 2H, 3-H),
2.61-2.74(m, 2H, 4-H), 3.78 (s, 3H, OCH;), 4.93-5.17 (m, 2H. =
CH.»), 5.75-6.00 (m, 1H, =CH-), 6.83, 7.11 (AA'BB’ system,
Jap = 8.8 Hz, 4H, aromatic H). — '*C NMR (CDCls): § = 34.44,
35.76 (2 t, C-3, C-4), 55.21 (q. OCHs), 113.66 (d, C,,), 114.82 (t,
=CHa,). 129.27 (d, C,). 133.93 (s. C)). 138.17 (d, =CH~-), 157.70
(s, Cp). — MS (70 eV), m/z (%): 162 (10.5) [M*], 121 (100), 91 (6),
78 (16), 77 (12).

4-Methoxy-4-phenyl-1-butene (50)1'%): u-Methoxybenzyl chloride
(10) (2.00 g, 12.8 mmol) and 4 (2.19 g, 19.2 mmol) reacted for 15
h to yield 1.91 g (92%) of S0 with b.p. 38°C (bath)/l mbar (ref.l']
75°C/2.5 Torr). — '"H NMR (90 MHz, CDCl;): § = 2.18-2.78 (m,
2H, 3-H), 3.23 (s, 3H, OCHy), 4.15 (t. / = 8§ Hz, 1H, 4-H).
4.86—5.17 (m, 2H, =CH,), 5.51-6.03 (m, | H, =CH-), 7.31 (s.
SH, aromatic H).

4,6-Dimethyl-1,5-heptadiene (Sp): 4-Chloro-2-methyl-2-pentene
(1p) (2.00 g, 16.9 mmol, including 19% of 4-chloro-4-methyl-2-pen-
tene) and allyltripropylsilane (4.36 g, 22.0 mmol) reacted for 2 h to
yield 1.21 g (58%) of Sp with b.p. 60°C (bath)/79 mbar. — '"H NMR
(200 MHz, CDCl): & = 0.92 (d, J = 6.8 Hz, 3H. 4-CHj;). 1.61 (d,
J = 1.4 Hz, 3H, cis-CH,). 1.68 (d, J = 1.4 Hz, 3H, trans-CH,),
1.96-2.04 (m, 2H, 3-H), 2.33-2.46 (m, 1 H, 4-H), 4.89-5.04 (m,
3H, =CH,, 5-H), 5.66—5.87 (m, 1 H, 2-H). — '*C NMR (CDCls):
8 = 17.96 (q, cis-CHj3), 20.75 (q, 4-CH;), 25.76 (q, trans-CHjy),
32.50 (d, C-4), 42.01 (t, C-3), 115.23 (t, C-1), 130.05 (s, C-6), 130.69
(d, C-5), 137.65 (d, C-2). — GC-MS (70 eV), m/= (%): 124 (1.3)
[M*], 109 (1), 83 (100), 67 (10), 55 (64), 41 (46). — The product
contains 5% of the isomeric 4,4-dimethyl-1,5-heptadiene, detected
by the following NMR signals: '"H NMR (200 MHz, CDCl3): § =
0.95 (s, CH3), 5.35—5.40 (m, 5-H, 6-H). — '*C-NMR (CDCl;): § =
27.06 (q, 4-CH3). — GC-MS (70 eV), m/= (%): 109 (1.4), 83 (100),
67 (9), 55 (62), 41 (38). — CyH;4: caled. 124.12520; found
124.12535 (MS).

3-Allyl-1-cyclopentene (5q): 3-Chloro-1-cyclopentene (1q) (8.20 g,
80.0 mmol) and 4 (9.70 g, 85.0 mmol) reacted for 1 h to yield 4.34
2 (50%) of 5q with b.p. 88—89°C/400 mbar. — '"H NMR (200 MHz,
CDCl,): 8 = 1.35—1.54, 1.96—2.36 (m, 6H, 3 CH>), 2.64—2.84 (m,
I H, 3-H), 4.95-5.09 (m, 2H, =CH,), 5.65—5.89 (m, 3H, =CH-).
— 13C NMR (CDCl;): § = 29.18 (t, C-4), 31.98 (t, C-5), 40.21 (t,
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CHy,, allyl part), 45.10 (d, C-3), 115.27 (t, =CH,), 130.60 (d, C-1),
134.62 (d, C-2), 137.55 (d, =CH-—, allyl part). — MS (70 eV), m/z
(%): 108 (1.6) [M*], 77 (2), 67 (100), 66 (10), 41 (15).

4-Methyl-1,5-heptadiene  (5r)!'7):  (E)-4-Chloro-2-pentene (1)
(9.00 g, 86.1 mmol) and 4 (10.7 g, 93.6 mmol) reacted for 3 h to
yield 3.49 g (37%) of Sr with b.p. 66—72°C/397 mbar. — 'H NMR
(200 MHz, CDCl3): 8 = 0.96 (d, J = 6.4 Hz, 3H, 4-CH3), 1.65 (d.
J = 4.8 Hz, 3H, 7-H), 1.97-2.26 (m, 3H, 3-H, 4-H), 4.90-5.05
(m, 2H, =CH,), 5.25—-5.52 (m, 2H, 5-H, 6-H), 5.65—5.90 (m, 1 H.
2-H). — *C NMR (CDCl3): § = 17.94 (q, C-7), 20.09 (q, 4-CH3),
36.43 (d, C-4), 41.54 (t, C-3), 11545 (t, C-1), 123.02 (d. C-6),
136.82, 137.47 (2 d, C-2, C-5). — MS (70 eV), m/z (%): 110 (1.2)
[M™]. 95 (5), 69 (100), 53 (5), 41 (68).

1,3,7-Octatriene (5s): 2.00 g (19.5 mmol) of (E)-5-Chloro-1,3-
pentadiene (1s) and allyltripropylsilane (5.02 g, 25.3 mmol) reacted
for 67 h at —40°C to yield 140 mg (7%) of 5s with b.p. 25°C (bath)/
0.8 mbar. The product contains 10% of impurities (GC). — 'H
NMR (200 MHz, CDCly): § = 2.14—2.25 (m, 4H, 5-H, 6-H).
4.94-5.16 (m, 4H, =CH,), 546—6.42 (m, 4H, =CH-). — 3C
NMR (CDCl;): 6 = 31.93, 33.34 (2 t, C-5, C-6), 114.84, 115.00 (2
t, C-1, C-8), 131.29 (d, C-3), 134.43 (d, C-4), 137.18, 138.08 (2 d.
C-2, C-7). = MS (70 eV), miz (%): 108 (13.3) [M™], 93 (14), 67
(100), 41 (57).

4,4-Dimethyl-6-phenyl-1-hexen-5-yne (5t): 3-Chloro-3-methyl-1-
phenyl-1-butyne (1t) (2.00 g. 11.2 mmol) and 4 (1.92 g, 16.8 mmol)
reacted for 2 h to yield 1.87 g (91%) of 5t with b.p. 40°C (bath)/
0.1 mbar. — '"H NMR (200 MHz, CDCls): § = 1.27 (s, 6H, 4-
CH3), 2.25 (dt, J3, = 7.2, J3; = 1.2 Hz, 2H, 3-H), 5.05-5.15 (m,
2H, =CH,), 5.90-6.13 (m, | H, =CH-), 7.23-7.38 {m, 5H, aro-
matic H). — 3C NMR (CDCly): § = 28.87 (q, 4-CHa). 31.45 (s,
C-4), 47.7 (t, C-3), 80.63 (s, C-6), 96.87 (s, C-5), 117.37 (t, C-1),
123.95 (s, C;), 127.45 (d,C,), 128.11 (d, C,,), 131.56 (d, C,), 135.29
(d, C-2). = MS (70 eV), m/= (%): 184 (5.9) [M*], 169 (2), 143 (100),
128 (21), 115 (6). — C4H ¢ caled. 184.12520; found 184.12568
(MS).

4,4-Dimethyl-6-( trimethylisilyl)-1-hexen-5-yne (5u): 3-Chloro-3-
methyl-1-(trimethylsilyl)-1-butyne (1u) (2.00 g, 11.4 mmol) and 4
(1.90 g. 16.7 mmol) reacted for 20 h to yield 1.52 g (74%) of 5u with
b.p. 70—80°C (bath)/40 mbar. — 'H NMR (200 MHz, CDCl): § =
0.10 [s, 9H, Si(CHs3)3]. 1.14 (s, 6 H, 4-CH3), 2.12 (br. d. J = 7.3 Hz,
2H, 3-H), 493-5.08 (m, 2H, =CH,), 5.78-6.02 (m, 1 H, 2-H). —
13C NMR (CDCl,): & = 0.32 (q. SiCH,), 28.78 (g, 4-CH3), 31.59
(s, C-4), 47.60 (1, C-3), 83.54 (s, C-6), 114.22 (s, C-5), 117.22 (1, C-
1), 135.21 (d, C-2). — GC-MS (70 eV). m/z (%): 180 (0.8) [M™*],
165 (2), 139 (25), 123 (12), 97 (100), 73 (27). — The product con-
tains 6% of the isomeric 6-methyl-4-(trimethylsilyl)-1,4,5-heptatri-
ene (GC): '"H NMR (200 MHz, CDCls): § = 1.62 (s, CHj3) terminal
methyl groups. — GC-MS (70 eV), m/= (%): 180 (6.8) [M™], 165
4), 139 (4), 123 (9), 97 (42), 73 (100). — C, HySi: calcd.
180.13343; found 180.13345 (MS).

4,4-Dimethyl-1-hepten-5-yne (5v): 4-Chloro-4-methyl-2-pentyne
(1v) (2.20 g, 18.8 mmol) and allyltripropylsilane (4.84 g. 24.3 mmol)
reacted for 48 h to yield 1.15 g (50%) of 5v with b.p. 80°C (bath)/
87 mbar. — '"H NMR (200 MHz, CDCl3): 8 = 1.15(s. 6 H. 4-CH;).
1.79 (s, 3H, 7-H), 2.13 (br. d. J = 7.2 Hz, 2H. 3-H). 4.98-5.11
(m, 2H, =CH,), 5.83-6.07 (m, 1H. =CH-). — '*C NMR
(CDCly): 6§ = 3.48 (q, C-7), 29.14 (q, 4-CH,), 30.80 (s. C-4), 47.88
(t, C-3). 75.35 (s, C-6), 86.29 (s, C-5), 116.97 (t, C-1), 135.62 (d, C-
2). — MS (70 eV), mi=z ("6): 122 (1.1) [M*]. 107 (28). 81 (100), 79
(30), 53 (41), 41 (47).

1-Allyladamantane (Sw): 1-Adamantyl chloride (1w) (2.00 g, 11.7
mmol) and 4 (2.00 g, 17.5 mmol) reacted for 6 d at —28°C and 48
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h at 0°C. The product contained 7% of 1w (GC) and was heated
under reflux in acetone/water (1:1) for 60 h to hydrolyze 1w. The
resulting 1-adamantanol was removed by filtration through silica
gel using pentane as the eluent. Distillation yields 700 mg (34%) of
Sw with b.p. 50—~55°C (bath)/0.8 mbar. — 'H NMR (200 MHz,
CDCl3): 6 = 1.22-2.02 (m, 15H, adamantyl-H), 1.94 (br. s, 2H,
CH,, allyl part, superimposed by adamantyl-H), 4.85—5.05 (m,
2H, =CH,), 5.69-5.91 (m, 1H, =CH-). — '3C NMR (CDCl,):
§ = 28.75 (d, C-3), 32.66 (s, C-1), 37.14 (t, C-4), 42.40 (t, C-2),
49.06 (t. CH,, allyl part), 116.47 (t, =CH,), 134.94 (d, =CH-). —
MS (70 eV), m/z (%): 176 (0.9) [M™*], 135 (100), 107 (5). 93 (13),
79 (15), 67 (7).

4.4-Dimethyl-1-pentene (5x): Unlike the other reactions, which
were performed according to the general procedure, this reaction
has been carried out without a solvent. rers-Butyl chloride (1x)
(10.4 ml, 94.4 mmol) was dropped to a suspension of 4 (10.4 g,
91.0 mmol) and dry ZnCl, (7.00 g, 51.2 mmol) at 0°C within 3 h.
The mixture was kept at this temp. for 48 h. After workup with 50
ml 5 N HCI, distillation yielded 3.56 g (40%) of 5x with b.p. 73°C.

Table 2. Determination of the competition

211

— 'H NMR (90 MHz, CDCl;): § = 0.90 (s, 9H, CH3), 1.95 (br. d,
J = 8 Hz, 2H, 3-H), 4.82-5.12 (m, 2H, =CH,), 5.58—6.10 (m,
1H, =CH-).

4-Methoxy-1-butene (Sy)!'8); Unlike the other reactions, which
were performed according to the general procedure, this reaction
has been carried out without a solvent. Chloromethyl methyl ether
(1y) (11.0 ml, 145 mmol) was dropped to a suspension of 4 (14.3
g, 125 mmol) and dry ZnCl, (8.80 g, 64.3 mmol) at —78°C within
2 h. The mixture was kept at this temp. for 10 h. After washing
with 50 ml of a half-saturated aqueous ammonium chloride solu-
tion, drying with CaCl,, and filtration, distillation yielded 2.60 g
(24%) of 5y with b.p. 68°C (ref.['81 68—69°C/760 Torr). — 'H NMR
(90 MHz, CDCly): 8 = 2.26 (mc, 2H, 3-H), 3.26 (s, 3H, OCH,;),
3.35(t, J = 7 Hz, 2H, CH,0, superimposed by singlet of OCHj),
4.87—-5.18 (m, 2H, =CH,), 5.50—6.03 (m, | H, =CH-).

Competition Experiments: In order to determine the relative reac-
tivity of two electrophiles, the competition constant k, as defined
by egs. (6) and (8) is introduced into eqs. (5) and (7) to give (10)

constants in CH,Cl, (10 ml) at —70°C

RAC1 RgQ 4 [LAVIRACIGI! [PA)IPg]  Time Standardld)  Kplf) RACI RgQ 4 [LAVIRACIgl2) [PAVIPg]  Time Standard/®l K,py!fl
/my /mg  /mg (molar ratio)  (molar ratio) /mg /mg /mg (molar ratio)  (molar ratio)
lu 189 Ib 355 5746 0.20lc! 3.46 20 min PPT (74) | 1p 237 le 860 1.4 0.1514] 7.05 1 min PHX 17.1
19.2 720 5746 0.20lc) 1.26 20min  PPT 6.0) 26.1 1715 1.4 0.15ld! 4.47 Imin  PHX 18.2
18.6 1058 5746 0.20l¢) 0.71 20 min PPT 48 25 262.5 11.4 0.159) 2.12 1 min PHX 16.0
Ib 251 ¢ 473 5.7 0.20 3.16 75s PD 66) | tqg 236 If 828 205 0.20 6.97 1 min PPT 18.2
25.2 94.6 5.7 0.20 1.30 75s PD 5.4 21.3 165.5 19.4 0.20 3.86 ) min PPT 19.5
27.1 1823 5.7 0.20 0.75 75 PD 5.6 246 2724 217 0.20 2.81 1 min PPT 21.1
le 234 14 468 57 0.20 2.43 3 min PHX 53 | 1f 643 1t 195 5.7 0.176! 5.40 2min  HMB 1.9
25.0 101.3 5.7 0.20 0.98 3 min PHX 4.1 136.3 20.0 5.7 0.08lc} 132 2min  HMB 22
26.4 157.6 5.7 0.20 0.76 3 min PHX 48 192.7 20.2 57 0.06(c] 23.7 2 min HMB 23
14 700 le 2938 17.1 0.30 2.73 Smin PO 146 | If 264 1r 1132 5.7 0.50 1.32 2min PHX 122
70.5 4728 17.1 0.30 1.69 Smin PO 138 25 110.2 57 0.50 0.93 2min  PHX 10.0
711 570.0 17.1 0.30 1.58 Smin PO 14.1 26.1 168.5 5.7 0.50 0.81 22min  PHX 110
le 709 1f 3681 170 030 440  Smin  PHX 292 279 242 57 0350 067  22min  PHX 1.6
70.3 5517 17.1 0.30 2.96 Smin PHX 303 | 1g 270 1v 458 358 0.88 0.45 16min  PHP 22
76.5 7532 17.1 0.30 2.53 Smin PHX 317 276 960 358 0.88 0.22 16min  PHP 22
28. . 3 ) 1 i PHP 24
I 98 lg 3267 170 050 5.25 Smin  PHX 2.1 &1 147.4 358 088 015 16min
609 5742 17.1 0.50 2.77 S min PHX 226 [lo 245 1b 1548 5.7 0.50 7.40 25min  PHX 338
62.7 8227 17.1 0.50 211 Smin PHX 235 206 224.1 5.7 0.50 1.82 25min PHX 15.4
i 1
Ih 275 1g 281 716 0.0819! 194 34d  PHP 206 23 3059 57 030 059 25min  PHX 3
56.5 295 716 0.08ld! 7.87 34d PHP 434 | 1Ir 942 1v 1079 358 0.10 1.6 8 min E 14.2
28.5 560 716 0.08l¢) 4.73 34d PHP 921 929 2120 358 0.10 5.07 8 min E 13.3
i 4
o230 1 g 7 050 4.94 3min  HMB 16.5 943 4189 358 0.10 283 8min E 12
215 140 5.7 0.50 2.70 3min HMB 165 | 1v 102 1u 1278 716 4.00 7.35 10 min 10 89.9
25.8 207 5.7 0.50 2.18 3min  HMB 16.3 9.6 2619 716 4.00 3.45 10 min 10 87.9
: 409. 4. 34 i I 847
j 247 g 123 57 050 300 12min PO 8.4 97 099 716 00 23 0min 10
25.6 170.8 57 0.50 2.13 12 min PO 85 | Im 155 tu 193 716 7.30 2.57 31min  PPT 27
245 249.5 57 0.50 1.33 12 min PO 8.2 9.9 14.6 716 7.30 1.20 31min  PPT 25
159 Ik 989 46 050 459  16min  PHX 253 142 51716 7.30 058 3lmin  PPT 26
14.1 174.8 4.6 0.50 1.24 16min  PHX 267 | lu 179 Is 417 716 18.0 0.62 31min  PPT 25
120 248.8 4.6 0.50 0.61 16min  PHX (20.5) 20.1 837 716 18.0 0.30 31min  PPT 2.
238 Ik 182 57 050 093 4min  PPT 0.96 175 1221 716 180 044 3lmn  PPT 17
235 389 5.7 0.50 0.48 4 min PPT 108 | lu 183 Ix 1872 716 14.0 2.42 20 min T 52.5
577 19.4 57 0.50 217 4 min PPT 0.99 211 3744 716 14.0 1.58 20 min T 533
2 ' 5
I 22 I 157 57 050 200 2imin PPT 1.98 18.5 5532 716 140 079 0min T 302
211 49.4 57 0.50 0.60 21min  PPT 1.87 | lu 187 1w 5111 716 27.0 9.40 20min  PPT 297
222 97.4 57 0.50 034 21 min PPT 1.94 175 10144 716 270 5.36 20min  PPT 341
§ 27. 2. i 3
If255 0 9sy 57T 050 224 42min HMB 124 186 1537.0 M6 0 94 0min  PPT 25
26.1 1459 57 0.50 1.61 42min  HMB 129 | Ix 287 w108 1432 18.01d 318 27 min E 6.5
27.4 2003 s7 0.50 1.19 42min  HMB 125 REW) SIS 1432 13.01d) 8.52 27 min E 8.4
2 Y1432 8.0l 4. 27 mi 2 8.1
IS0 0 23 W5 020 370 30min PPT 47 7 1019143 18.08 19 Tmin - E
16.1 535 28s 0.20 1.8 30 min PPT 47
300 182.1 RA 0.20 0.69 30 min PPT 5.0

Il Lewis acid (LA): ZnCl, -

(OEt); g3. — " HPLC analysis for the first three quarters of competition experiments (including 10/1b); GC

analysis for the last quarter (starting with 1r/1v). Standards: 10 = isooctane, T = toluene, E = ethylbenzene, PPT = 1-phenylpentane, PHX
= l-phenylhexane, PHP = 1-phenylheptane, PO = 1-phenyloctane, PD = 1-phenyldecane, HMB = hexamethylbenzene. — 1! 50 ml of CH,Cl,.

—ld

used for the calculation of the averaged competition constants.
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5 ml of CH.Cl,. — €1 =50% of RpCl. — !fl Because of inaccurate integration (unsymmetrical peaks) the values in parentheses are not



212
d[Pa] _ 3 [RaC) __ d[RACl) (10)
d[Py] [ReC]] d[RCl)

which can be transformed and integrated to yield (11)

<= In[RACl]y — In[RACI], an
In[RCl]p — In[RpCl].
Since [RCI], = [RCl}, — [P], eq. (I1) can be rewritten:

_ In[RACl]o — In([RACllo — [PA]) (12)

In[RgCllo — In([RgCl)o — [Pg])

According to eq. (12), the calculation of k requires knowledge of
the product concentrations [P,] and [Pg] in addition to the initial
concentration of the competing electrophiles. Their determination
is described by the following:

Typical Procedure: Compounds 1f (22.5 mg, 0.111 mmol), 1q
(100.2 mg, 1.05 mmol), and 1-phenylhexane (internal standard,
21.5 mg, 0.13 mmol) were placed into a 25-ml round-bottom flask
(N, atmosphere) and dissolved in CH,Cl, (10 ml, freshly distilled
from P,Os). The flask was sealed with a septum and cooled at
—70°C. After 10 min, 16 ul of a 3.52 M solution of ZnCl, -
(OEt,); 3 in CH,Cl, was injected and 1 ml of a 0.05 M solution of
4 in CH,Cl, was added within 2 min. After 20 min, methanol (5
ml) and K,CO; (ca. 0.1 g) was added, the solid was separated by
centrifugation, and the solution was analyzed by HPLC. In cases,
where the product analysis was performed by GC, the Lewis acid
was removed from the reaction mixture by washing with an equal
volume of half-concentrated aqueous NH;. The organic solution
was then dried with K,COs, filtered and directly injected for GC
analysis.

The chromatographic analysis was based on the relative peak
areas of products (P, Pp) and internal standard (1-phenylpro-
pane, -pentane, -hexane, -heptane, -octane, -decane, or hexamethyl-
benzene), which were determined by HPLC (detection of the ab-
sorbance at 254 nm or refractive index) or GC (FID). Calibration
curves based on three of four artificial mixtures of 5§ = P,, Py and
internal standard allowed the calculation of [P5] and [Pyg].

Each competition experiment has been performed at least three
times with variable ratios [RACl]y/[RgCl]y. Usually, the quantity of

J.-P. Dau-Schmidt, H. Mayr

4 was less than half of the quantity of each of the competitors in
order to avoid almost complete consumption of the more reactive
electrophile. In cases of very slow reactions, however, the nucleo-
phile 4 and the Lewis acid have been used in excess to speed up
the reaction, and the mixtures have been worked up prior to com-
pletion of the reactions.
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