Chemische

Gesellschaft
Deutscher Chemiker

Berichte

Founded 1868
January 1994 - Volume 127 - Issue 1 - Pages 1—274

Editorial Board:  Wolfgang Beck
Rolf Gleiter
Klaus Hafner

Henning Hopf

Martin Jansen
Klaus Miillen
Heinrich Noéth
Werner Schroth

Helmut Schwarz
Werner Tochtermann
Heinrich Vahrenkamp

Managing Editor: Robert Temme Administration: Hannelore Holm
Associate Editors: Udo Eberhardt Production: Olga Olivecka
Johannes Strehlow
Editorial Office: =~ Chemische Berichte Publisher: VCH Verlagsgesellschaft mbH

P.O. Box 101161

D-69451 Weinheim

Federal Republic of Germany
Telephone (internat.) +49 6201 606-255
Telefax (internat.)  +49 6201 606-328

P.O. Box 101161

D-69451 Weinheim

Federal Republic of Germany
Telephone (internat.) +49 6201 606-0
Telefax (internat.)  +49 6201 606-328
Telex 465516 vchwhd

Die Chemischen Berichte erscheinen monatlich. Die Bezugsbedingungen fiir
Mitglieder der Gesellschaft Deutscher Chemiker werden auf Anfrage von der
Geschiiftsstelle, Carl-Bosch-Haus, VarrentrappstraBe 40—42, Postfach
900440, D-60444 Frankfurt, mitgeteilt. Bestellungen richten Sie bitte an Ihre
Fachbuchhandlung oder unmittelbar an den Verlag. Abbestellungen nur bis
spétestens 3 Monate vor Ablauf des Kalenderjahres. Die Lieferung erfolgt
auf Rechnung und Gefahr des Empféngers. Gerichtsstand und Erfiillungsort:
Weinheim.

Subscription rates (1994) including postage and handling:

Annual subscription: DM 1590.— (Germany), OS 11468.— (Austria), SFr
1468. — (Switzerland), GB£ 647.— (Great Britain), USS$ 1030.— (USA), DM
1617.— (elsewhere); single issue: DM 152. — (Germany; elsewhere on request).

Back volumes of Chemische Berichte are available on microfilm (further
information and prices on request).

For the USA and Canada: Chemische Berichte (ISSN 0009 —2940) is published
monthly by VCH Publishers, Inc., 303 N.W. 12th Avenue, Deerfield Beach
FL 33442-1788; Telefax (305) 428-8201; Telephone (305) 428-5566 or (800)
422-8824. Second-class postage paid at Deerfield Beach FL 33441. Annual
subscription price: US $ 1030.00, single issue: US $ 107.00 including postage
and handling charges. Reduced rate for individual members of the American
Chemical Society on request. — Printed in the Federal Republic of Germany.

U.S. POSTMASTER: Send address changes to Chemische Berichte, c/o VCH
Publishers, Inc., 303 N.W. 12th Avenue, Deerfield Beach FL 33442-1788.

VCH gé



Autorenregister / Author Index

Abele, H., 145
Amrein, W., 97
Anders, C., 231
Bauer, I, 173
Binger, P., 39

Blaser, D., 73

Bock, H., 55

Boese, R., 73, 173, 191
Boldt, P, 219

Born, D., 173
Braunschweig, H., 91
Buchweitz, J., 23
Bussenius, J., 247
Butenschoén, H., 137
Carell, T., 223
Cremer, D., 173
Dau-Schmidt, J.-P., 205, 213
de Meijere, A., 237
Dohling, A., 223
Déring, D., 219
Eberbach, W., 247
Englert, U., 87, 93
Enk, M., 127
Feucht, C., 113
Fiegenbaum, P., 127
Frey, R., 101

Gabor, B., 39
Gompper, R., 23
Haas, A., 145
Hanack, M., 113

Hansmersmann, U., 127
Haske, S., 73
Heidel, H., 271
Helmchen, G., 271
Herrmann, W. A, 47
Hintze, F.,, 267
Hohla, M., 119
Hiinig, S., 165
Huttner, G., 271
Jeitschko, W., 15
Jones, P. G., 219
Jutzi, P., 107
Kalinowski, H.-O., 191, 201
KarraB, S., 261
Kaschube, W., 127
Kauffmann, T., 127
Klaunzer, N., 165
Kleine, M., 47
Kohler, J. E. H., 119
Konig, W. A. 119
Képper, H., 219
Krieger, C., 231
Kriiger, C., 39
Krynitz, U., 55
Kuck, D., 151

Kiihn, F. E., 47
Laber, N., 247
Langhauser, F., 39
Lieb, M., 145
Lindermeier, T., 107

LinBen, T, 113
Linti, G., 101
Maier, G., 173, 191, 201
Mayr, H., 205, 213
Meuret, J., 55
Meyer, F., 93

Mink, J., 47

Mix, A., 107
Muiiller, T., 247
Mynott, R., 39
Nither, C., 55
Neumann, B., 107
Neumann, E., 151
Neumiiller, B., 67
Niediek, K., 67
Néth, H., 81
Nirnberg, O., 27
Paetzold, P., 87, 91, 93
Papenberg, M., 127
Polborn, K., 23, 101
Raabe, N., 261
Richters, M., 119
Robl, C., 23, 97
Romaio, C. C., 47
Riickemann, A., 231
Sailer, M.-T., 23
Sander, W., 267
Schifer, M., 27
Schmid, G., 73
Schneider, L., 87

Schuster, A., 151
Schwarz, H., 261
Sitzmann, H., 3
Spaniol, T. P, 91
Staab, H. A, 223, 231
Stammler, H.-G., 107
Stolpmann, H., 81
Thomann, M., 81
Toliopoulos, E., 127
Tremel, W,, 11, 15
Trog, R.-S., 219
Untiedt, S., 237
Vogel, R., 271
Vombhof, T., 15
Walsh, R., 237
Wedemann, P., 39
Weigand, W., 23, 97
Welke, S., 127
Wenner, H., 165
Werner, H., 27

Wolf, 1., 27

Wolf, R., 173, 191, 201
Wolmershéuser, G., 3
Wortmann, U, 15
Wiinsch, R., 97
Zaika, D., 73

Zhou, P, 3
Zwingenberger, J., 145

Bemerkungen der Redaktion

1.

o

~

o

b

=

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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Ph
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R S ke Ry o FC_ CFy OH
f CHO @(\/k CE\/*\’
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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 acetals and ethers toward allyltri-
methylsilane in the presence of catalytic amounts of BF; -
OEt,. It is found that acetals R—CH(OMe), and their phenyl-

ogous p-anisyl ethers R—CH(p-MeOCgH,)(OMe) show very
little differences in reactivity. The reactivity scales are em-
ployed to rationalize the results of Lewis acid-catalyzed addi-
tions of acetals and ethers to CC double bonds.

In the preceding article, we have shown that the electro-
philicities of alkyl chlorides in the presence of catalytic
amounts of Lewis acids are proportional to their solvolysis
rates in ethanol!!). This correlation represents a quantitative
basis for our working hypothesis that alkylations according
to eq. (1) can only give 1:1 adducts if the reactants RCI
solvolyze faster than the products. Since solvolysis rate con-
stants for most types of alkyl chlorides are known, the syn-
thetic potential of reaction (1) can easily be predicted.

1 3
R—T—T—a 1)

R}, R? .
(Lewis acid)
R—CQ + H _—
R? R* R? R*

An analogous analysis of the outcome of acetal and or-
tho ester additions is not possible, as their solvolyses require
acid catalysis, and the rate constants for the proton-cata-
lyzed hydrolysis are not only a function of the Lewis acidity
of the intermediate carboxonium ions. We had, therefore,
investigated the relative reactivities of acetals and ortho es-
ters towards methyl vinyl ether in the presence of BF; -
OEt, by competition experiments!?. The reactivity scale,
thus obtained, allowed the rationalization of the large
manifold of alkoxyalkylations of vinyl ethers (eq. 2)P.

R R3 OR OR R? OR
(BF,OEt,)
RIAT—OR'F >=< i A I { T OR (2)
R2 R RS

R? R* RS

Since this reactivity series was restricted to acetals and
ortho esters and did not include ethers, it did not allow
predictions whether Lewis acid-catalyzed reactions of acet-
als with arenes yield benzyl ethers or 2:1 products arising
from reactions with two arene molecules (eq. 3) and
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whether it was possible to produce acetals by reactions of
ordinary ethers with enol ethers (eq. 4).

RI
R / {

. O T
R—T—OR2 -_— (€)]

H MX,

R? MX,
R‘—|—OR+ /\OR —_— or “)

R? polymers
Results

The acetals and ethers listed in Table 1 react with allyltri-
methylsilane in the presence of BF; - OEt; to give 51—88%
(isolated yield) of the expected Sg2’ products, some of
which have been described in ref.['-¥ Competition experi-
ments, as described for alkyl chlorides in the preceding arti-
clel!], have been used to determine the relative reactivities
of acetals and ethers in presence of BF; + OEt, (Scheme 1).

Table 1 shows that aromatic acetals and benzhydryl
ethers possess comparable reactivities. Since not all compe-
tition constants given in Table 1 are linked with each other,
they can not be combined to give a single reactivity scale.
This goal can be achieved by relating these data to the rela-
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Scheme 1
RA\/\
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R,—OMe =—= R} — . b
BF5OEt, AN
Rp—OMe == Rgt kap
 J
RB\/\

tive reactivities of alkyl chlorides from ref.l'l as described
below.

Table 1. Competition constants for the BF; - OEt, — catalyzed reac-
tions of acetals and ethers with allyltrimethylsilane in CH,Cl, at
°C

Reactant A Reactant B Xam
1 (p-McOCgHy) CH(OMe); 2 (p-MeOCgH,), CHOMe 1.5 0.1
1 (p-McOCgHy) CHOMe); 3 (p-MeCgHy) CH(OMe), 3.4+ 0.1
2 (p-MeOCgH,), CHOMe 3 (p-MeCgH,) CH(OMe), 23+ 0.1
3 (p-MeCgH,) CH(OMe), 4 CgHs CH(OMe), 43103
3 (p-MeCgH,) CH(OMe), 4 CgHs CH(OMe), 3.1+ 0.20)
5 (p-CICgH,) CH(OMe), 6 (p-MeCgHy); CHOMe 9.5+ 03
6 (p-MeCgHy); CHOMe 9 (p-MeCgHjy) (CgHs) CHOMe  12.0 + 0.6[8)
7 n-C3H;-CH(OMe), 8 (CHy),-CH=CH-CHOMe 56+ 0.1

[2] Lewis acid ZnCl, - OEt, instead of BF; - OEt,.

Let us assume that the reactions described in Scheme 1
involve a rapid preequilibrium®!. As discussed in ref.['], the
competition constant is then given by eq. (5), where equilib-
rium and rate constants have the meaning defined in
Scheme 1.

_ Kiakaa

)
K 1 BkZB

KAB

Since in several examples the rate constants for the reac-
tions of carbenium ions with 7 nucleophiles (k,4, k2g) have
been found to be independent of the counterion!¥, K, 5 and
K, p are the only quantities in eq. (5) that are leaving group-
dependent. As the ratios of two ionization constants (K A/
K p) have been shown to be leaving group-indepedent if
variable steric or anomeric effects are absent!”), x5 will be
approximately equal for corresponding pairs of alkyl chlor-
ides and methyl ethers. This conclusion is corroborated by
comparison of the entry before last in Table 1 (xag = 12.0)
with the relative reactivity of the corresponding benzhydryl
chlorides (xag = 14.2[!). By assuming the relative reactivit-
ies of (p-MeOC4H,),CHOMe/(p-MeC¢H,),CHOMe and
(p-MeCgH,),CHOMe/3-methoxycyclopentene to be 126
and 22.1, respectively, as determined for the corresponding
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Scheme 2. Relative reactivities of acetals and ethers towards allyltri-
methylsilane (CH,Cl,, —70°C)

Compound krel
o 1 (p-MeOCgH,)CH(OMe), 4.19 x 103
34 F 2 (p-MeOCgH,),CHOMe 279 x 103
23
[ L E 3 (pMeCGH)CHOMe), 127103
poldl 2 4 CHCHOMe), 3.02x 102
l " 5 (CICgH)CH(OMe),  2.08x 102
- € 6 (-MeCgHpoCHOMe  221x 10!
2.1(a] r 7 nC3H;-CH(OMe) 5.60
L ¢ 8 (CH,), CH=CHCHOMe 1

[2] Relative reactivities of the corresponding chloro compounds; see
text.

4 |
p-H3C0-C6I'14'CH(OCH3)2
3 | p-H3C-C¢H,-CH(OCH,),
i ° {GHS-CH(OCHQZ
logkg 2 [ p-Cl-C¢H,-CH(OCHj),

(Allyltrime- i
thylsilane) ! i

H;C-(CH,),-CH(OCH3;),

0 1 2 3 4 s
log ko (Methyl vinyl ether) ———»

Figure 1. Correlation of the relative reactivities of acetals towards al-
lyltrimethylsilane and methyl viny) ether (BF; - OEt,, CH,Cl,, —70°C)

chloro compounds!'], the data of Table 1 can be connected
to give the reactivity scale of Scheme 2.

The relative reactivities of the acetals listed in Scheme
2 can be compared with the relative reactivities of these
compounds toward methyl vinyl ether as reference nucleo-
phile. Figure 1 shows a fairly good correlation between
the two sets of data, and the correlation equation (6) indi-
cates that variation of the acetal has a greater effect on the
reactivity toward methyl vinyl ether than on the reactivity
toward allyltrimethylsilane.

log k. (allyltrimethylsilane) =
0.687 log k.. (methyl vinyl ether) + 0.49 (6)

Equation (6) now allows to adjust von der Briiggen’s re-
activity scale for acetals toward methyl vinyl ether!® to the

Chem. Ber. 1994, 127, 213-217
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scale of Scheme 2. Combination with some additional k.
values for alkyl chlorides!!! as discussed above yields the
electrophilicity scale of Figure 2. Because of the approxi-
mations necessary for its construction, this scale is less pre-
cise than that presented for alkyl chlorides in the preceding
paper!!l. It may be more valuable for the synthetic chemist,
however, because this reactivity order cannot be derived
from readily available data (as solvolysis rates in the case of
alkyl chlorides).

ket
A

100 - OMe .
Q==
o M oMe \\\ — CH(OMe),
N — :__\ CH(OMe),
M:O . —_—
| OMe \\_ @
102 \'/\rom S Ocn(om)z
N Y NN .., Cl
= A
ot P . \/c(ow)z
- MeO @ @ —_— HC(OMe);
o "\—_ . _~_-CHOMe),
O-ome 7 T TN HCCHOMe),
L OMe .
. OMc
o /<))Q A cHome,

102 -

103 b=

Figure 2. Relative reactivities of ethers and acetals towards allyltri-
methylsilane (CH,Cl,, —70°C)

Consequences for Organic Synthesis

The relative reactivities of acetals in Figure 2 have al-
ready been used to explain, why the reactions of benzal-
dehyde acetals and of o,B-unsaturated acetals with alkyl vi-
nyl ethers give better yields of 1:1 products than the corre-
sponding reactions of saturated acetals[?. Similarly, we have
rationalized why only methoxy-substituted benzaldehyde
acetals and a,B-unsaturated acetals had been reported to
give 1:1 products with 1-alkoxy-1,3-butadienes!?.

The reactions of benzaldehyde dimethyl acetal with iso-
butene or styrene give products which incorporate a tert.
alkyl ether and/or an o-phenyl alkyl ether substructure
(Scheme 3). The isolation of such products is possiblel®
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since tert. alkyl ethers and a-phenyl alkyl ethers are even
less reactive than the least reactive compounds depicted in
Figure 20!, For the same reason, homoallylic ethers are pro-

duced in high yields from acetals and allylsilanes by the
Hosomi-Sakurai reaction!),

/ Oi/k
F;-OEt,

& o e

Figure 2 suggests dianisylmethyl- and ditolylmethyl
methyl ether to be more reactive than saturated acetals.
Consequently, we have now succeeded to combine these
ethers with methyl vinyl ether to produce the acetals as
shown in Scheme 4.

Scheme 3

@l/cm(owle)2

\

Scheme 4
Rl
BF;-OEt,
OMe ——————>
Q ZoMe CH(OMe),

R2

2 R‘-R2 OMe yield: 51 %

6: R1=R2=Me 62 %

In contrast, the corresponding reaction of methyl phenyl-
p-tolylmethyl ether with methyl vinyl ether gave polymeric
vinyl ether predominantly (‘H NMR). In accord with Fig-
ure 2, the resulting saturated acetals are more reactive than
methyl phenyl-p-tolylmethyl ether, and the 1:1 products are,
therefore, not isolable.

The reaction of p-anisaldehyde acetal with anisole gives
a benzhydryl ether which is predicted by Figure 2 to possess
a similar reactivity as the reactant acetal. The correspond-
ing reaction gave only tris(p-anisyl)methane, and we have
not been able to isolate the intermediate bis(p-anisyl)methyl
methyl ether. On the other hand, Figure 2 predicts that a
benzhydryl ether should be isolable from the reaction of
benzaldehyde acetal with toluene. Our attempts to realize
this reaction failed, however; disproportionation of the ace-
tal turned out to be faster than the electrophilic aromatic
substitution, probably because of the low nucleophilicity
of toluene.
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Conclusion

The reactivity scale shown in Figure 2 may serve as a
guide for rationalizing and designing acetal and ether ad-
ditions to CC double-bonded compounds. It should be
noted, however, that it is not applicable to reactions with
silylated enol ethers since in these cases rapid desilylation
of the 1:1 adducts prevents sequential reactions and the for-
mation of higher adducts.

We thank Dr. B. Dogan for critical comments and Dipl.-Ing. M.
Hartnagel for experimental assistance. Financial support by the
Deutsche Forschungsgemeinschaft and the Fonds der Chemischen In-
dustrie is gratefully acknowledged.

Experimental

General: See ref.l'l. — Reaction products: The products obtained
by reaction of diarylmethoxymethanes and allyltrimethylsilane are
identical to those formed by the analogous reactions with diaryl-
chloromethanes and have been described in ref.!']

For the reactions of aromatic acetals with allyltrimethylsilane,
the procedure described in ref.’) has been used: A solution of the
acetal (2.00 g) in CH,Cl, (4.5 ml) was added dropwise (15 min) to a
cooled (—78°C, N, protection) mixture of allyltrimethylsilane (1.5
equivalents), CH,Cl, (1 ml), and trimethylsilyl triflate (0.15 equiv-
alents). After completion of the reaction the mixture was washed
with an equal volume of concd. aqueous ammonia. The phases
were separated, the organic layer was dried with CaCl, and evapor-
ated.

Reaction with benzaldehyde dimethyl acetal (4): See ref.119],

p-Anisaldehyde Dimethyl Acetal (1) (2.00 g, 11.0 mmol) and allyl-
trimethylsilane (1.88 g, 16.5 mmol) reacted within 2 h under the
conditions described above to give 1.38 g (65%) of 4-methoxy-4-(4-
methoxyphenyl)-1-butene with b.p. 58°C (bath)/0.15—0.2 mbar. —
'H NMR (90 MHz, CDCl;): 8 = 2.47 (mc, 2H, 3-H), 3.20 (s, 3H,
4-OCH3;), 3.82 (s, 3H, Ar-OCHs), 4.12 (t, J = 8 Hz, 1H, 4-H),
4.88—5.18 (m, 2H, =CH,), 5.51-6.03 (m, | H, =CH-), 6.86, 7.22
(AA'BB’ system, Jog = 8 Hz, 4H, aromatic H). — The 'H-NMR
spectrum is in accord with the data in ref.['),

p-Tolylaldehyde Dimethyl Acetal (3) (2.00 g, 12.0 mmol) and al-
lyltrimethylsilane (2.05 g, 18.0 mmol) reacted within 2 h under the
conditions described above to give 1.70 g (80%) of 4-methoxy-4-(4-
methylphenyl)-1-butene with b.p. 60—63°C (bath)/l mbar. — 'H
NMR (90 MHz, CCl,): 8 = 2.30 (s, 3H, CHj3), 2.37 (mc, 2H, 3-
H, superimposed by the singlet at 2.30), 3.12 (s, 3H, 4-OCH3), 4.00
(t, J = 8 Hz, 1H, 4-H), 4.78—5.12 (m, 2H, =CH,), 5.43—5.96 (m,
1H, =CH-), 7.05 (s, 4H, aromatic H).

4-Chlorobenzaldehyde Dimethyl Acetal (5) (2.00 g, 10.7 mmol)
and allyltrimethylsilane (1.83 g, 16.0 mmol) reacted within 3 h un-
der the conditions described above to give 1.84 g (88%) of 4-(4-
chlorophenyl)-4-methoxy-1-butene with b.p. 76°C (bath)/1.5 mbar.
— 'H NMR (90 MHz, CDCls): § = 2.48 (mc, 2H, 3-H), 3.25 (s,
3H, 4-OCH,), 4.18 (t, J = 8 Hz, 1H, 4-H), 4.90—5.20 (m, 2H,
=CH,), 5.51-6.03 (m, | H, =CH-), 7.28 (mc, 4H, aromatic H).

4-Methoxy-1-heptene was synthesized from butyraldehyde di-
methyl acetal (7) and allyltripropylsilane (instead of allyltrimethyl-
silane) to facilitate distillative workup of the reaction mixture (see
ref.1!l): After dropwise addition (15 min) of 7 (1.14 g, 9.65 mmol)
to a cooled (—78°C, N, protection) solution of TiCl, (1.07 ml, 9.76
mmol) in CH,Cl, (30.0 ml), a mixture of allyltripropylsilane (2.12
g, 10.7 mmol) and CH,Cl, (15 ml) was added dropwise within 1 h.
The mixture was allowed to react for 3 h and was then washed with
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5 N HCI (60 ml). The phases were separated, and the organic layer
was dried with CaCly/K,CO; and evaporated. Twofold distillation
yielded 680 mg (55%) of 4-methoxy-1-heptene with b.p. 65°C
(bath)/91 mbar. — 'H-NMR (200 MHz, CDCl;): § = 0.86—0.99
(m, 3H, 7-H), 1.26—1.57 (m, 4H, 5-H, 6-H), 2.22—2.34 (m, 2H,
3-H), 3.14-3.31 (m, 1H, 4-H), 3.35 (s, 3H, OCHj,), 5.02-5.13 (m,
2H, =CH,), 5.72-5.94 (m, 1H, =CH-). — '3C NMR (50 MHz,
CDCl,): 8 = 14.21 (q, C-7), 18.52 (t, C-6), 35.63, 37.78 (2 t, C-3,
C-5), 56.55 (q, OCH3), 80.27 (d, C-4), 116.73 (t, =CH,), 135.00
(d, =CH-). — MS (70 eV), m/z (%) = 87 (56), 85 (19), 55 (30), 45
(100), 41 (29). The M* peak could not be detected.

Methoxybis(4-methoxyphenyl)methane (2) and Methyl Vinyl
Ether: Compound 2 (260 mg, 1.01 mmol) was dissolved in anhy-
drous CH,Cl, (10 ml) and the solution cooled at —78°C (N, pro-
tection). After addition of BF; - OEt, (50 pul, 0.4 mmol), a solution
of methyl vinyl ether (92.8 mg, 1.65 mmol) in CH,Cl, (25 ml) was
added dropwise within 30 min. After 24 h the mixture was washed
with an equal volume of dil. aqueous ammonia. The phases were
separated, the organic layer was dried with CaCl, and the solvent
evaporated in vacuo. Filtration over Al,O; (neutral) with hexane/
ether (80:20) and removal of solvents (0.1 mbar) yielded 160 mg
(51%) of 3,3-bis(4-methoxyphenyl)propionaldehyde dimethyl acetal
as a viscous oil. — 'H NMR (300 MHz, CDCl,): § = 2.27 (dd,
Ji2 = 5.9, J»3 = 8.0 Hz, 2H, 2-H), 3.27 (s, 6H, 1-OCH3;), 3.72 (s,
6H, aryl-OCHj,), 3.99 (t, J,; = 8.0 Hz, 1H, 3-H), 4.15 (t, J,», =
5.9 Hz, 1H, 1-H), 6.80, 7.14 (AA'BB’ system, Jop = 8.7 Hz, 8H,
aromatic H). — '3C NMR (75 MHz, CDCls): § = 37.61 (t, C-2),
44.02 (d, C-3), 51.67 (q. OCH3;), 54.13 (q, aryl-OCH,), 101.84 (d,
C-1), 112.88 (d, C,,), 127.59 (d, C,), 135.93 (s, C)), 156.96 (s, C,).
— C9H5404 (316.4): caled. C 72.13, H 7.65; found C 71.75, H 7.58.

Methoxybis(4-methylphenyl) methane (6) (230 mg, 1.02 mmol)
and methyl vinyl ether (92.8 mg, 1.60 mmol) were combined anal-
ogously to yield 180 mg (62%) of 3,3-bis(4-methylphenyl)propion-
aldehyde dimethyl acetal as a viscous oil. — '"H NMR (300 MHz,
CDCl,): 6 = 2.27 (s, 6H, CH3), 2.30 (dd, partially masked, J;> =
5.9, J>3 = 8.0 Hz, 2H, 2-H), 3.27 (s, 6H, OCHs), 4.02 (t, J»; = 8.0
Hz, 1H, 3-H), 4.17 (t, J;» = 5.9 Hz, 1H, 1-H), 7.06, 7.13 (AA’BB’

Table 2. Determination of the competition constants in CH,Cl, (10 ml)

at —70°C

RoOMe  RgOMe ASla) [LAY[RAOMcolt] [PA)/(Pg] Time Standard(®] kpp

/mg /mg /mg  (molarratio) (molar ratio)
1359 2 240 57 0.60 3.00 6lmin  PPR 1.4
23.9 51.6 57 0.60 1.02 6lmin  PPR 1.6
1213 3 192 57 0.84 3.75 6lmin  PPR 3.45
20.7 39.6 57 0.84 134 61min  PPR 3.35
2222 3 745 57 1.46 0.40 61min  PPR 23
23.5 168.6 57 1.46 0.18 6lmin  PPR 22
3 236 41041 57 112 0.65 6lmin  PPT 40
24.3 1613 57 112 0.51 6lmin  PPT 45
3 216 4 1186 5.7 1.60[de) 0.46 63h PPT 29
222 204.1 5.7 1.60[d.] 0.32 63h PPT 33
5212 6 220 57 1.22 8.30 6lmin  PPT 92
20.4 84.1 57 1.22 2.35 6lmin  PPT 100
25.7 167.8 57 1.22 1.42 6lmin  PPT 92
6 236 9 1068 5.7 1.60(del - 90h PO 114
24.0 195.1 5.7 1.60(de] - 90h PO 126
7171 8 159 358 5.50 5.02 60 min [o 5.8
18.6 35.0 358 5.50 2.50 60 min C 5.5
16.0 61.6 358 5.50 1.16 60 min c 5.5

(2] AS = allyltrimethylsilane. — [®} Lewis acid (LA) is BF; - OEt,. —
[c] HPLC analysis apart from the 7/8 couple which was analyzed by
GC. Standards: C = cumene, PO = 1-phenyloctane, PPR = 1-phenyl-
propane, PPT = 1-phenylpentane. — (91 5 ml of CH,Cl,. — €] Lewis
acid is ZnC12 . (OEtz)Log.
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system, Jag = 8.1 Hz, 8H, aromatic H). — '3C NMR (75 MHz,
CDCl3): 8 = 21.11 (q, CH3), 38.45 (t, C-2), 46.05 (d, C-3), 52.81
(9, OCH3), 102.92 (d, C-1), 127.85 (d, C,), 129.35 (d, C,,), 135.78
(s, Cp), 141.81 (s, C)). — C5H340, (284.4): caled. C 80.24, H 8.51;
found C 80.12, H 8.63.

Competition Experiments have been performed as described in
ref.l!! by using BF; - OE, instead of ZnCl,.
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