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Abstract: The reductive homocoupling of carbonyl compounds and heterocoupling of a carbonyl
compound with an alkoxysilane were both effected smoothly with triethylsilane in the presence of a
catalytic amount of bismuth bromide (1-3 mol%) under mild conditions. This ether-forming reaction was
successfully applied to the single-step preparation of novel crownophanes with olefinic or acetylenic
linkages. © 1997 Elsevier Science Ltd.

In the preceding paper,” we have shown that bismuth bromide can efficiently catalyze the cyanation and
allylation of carbonyl compounds and acetals. Herein, we describe the catalytic utility of this salt for the
reductive homocoupling of carbonyl compounds (eq. 1) and heterocoupling of a carbonyl compound with an
atkoxysilane (eq. 2) to afford the corresponding symmetrical and unsymmetrical ethers, respectively. Using this
coupling methodology, a series of novel crownophanes with multiple bonds (1,,, and 2,) were prepared in a one-
pot procedure.

Ether linkage has been formed almost exclusively by the Williamson method in laboratory practice.  The
present reductive coupling procedure has an advantage over the classical method in that the reaction proceeds
under non-basic conditions to form no elimination products. A few examples of this type of Lewis acid-
catalyzed coupling reactions have been reported.” As compared to those catalysts, bismuth bromide was found
to work more efficiently; 1-3 mol% of the catalyst was sufficient to complete the coupling reactions.
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The general experimental procedure is quite simple as follows: To a stirred suspension of bismuth
bromide* (0.02-0.06 mmol), dried in vacuo prior to use, in dry acetonitrile (5 mL) were added successively a
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carbonyl compound (2.0 mmol) and, in a case of heterocoupling alkoxysilane (1.2 equiv) in addition, then
triethylsilane (1.2 equiv) via a syringe at room temperature under an argon atmosphere. The resulting mixture
was stirred for an appropriate time, while the progress of the reaction was monitored intermittently by GLC.
After usual work-up, the crude product was chromatographed on silica gel to give the corresponding symmetrical
or unsymmetrical ether in the yields summarized in Tables 1 and 2.

Table 1. Synthesis of symmetrical ethers via the BiBr,-catalyzed homocoupling reaction (eq.1).

Run R R' Time Yield (%)
1 Ph H < 5 min 84
2 p-CICH,- H < 5 min 93
3 p-BrCH,- H < 5 min 89
4 0-MeOCH,- H 8h 83
5 p-MeO,CCH,- H < 5 min 85
6 p-Me,NCH,- H 20h o
7 Me(CH,),- H 2h 88
8 -(CH,),- 2h 72
9 PhCH,CH,- Et 2h 61
Ph Me 20h trace®
11 Ph Ph 24 h trace ¥

a) Substrate was mostly recovered.

As shown in Table 1, the homocoupling reaction of benzaldehyde (run 1) and derivatives bearing an electron-
withdrawing substituent at para position (runs 2, 3 and 5) was complete within five minutes, while the reaction of
aliphatic aldehyde (run 7) and ortho-substituted benzaldehyde (run 4) needed longer time. The amino-substituted
Alicyclic and aliphatic ketones afforded the coupling
products in moderate yields (runs 8 and 9), but phenyl ketones resulted in almost no reaction (runs 10 and 11).

benzaldehyde (run 6) did not give the desired product.

Table 2. Synthesis of unsymmetrical ethers via the BiBr,-catalyzed heterocoupling reaction (eq.2).

Run R R’ R" Time Yield (%)
1 Ph H PhCH,- <5 min 84
2 Me(CH,),- H < 5 min 86
3 trans-MeCH=CH- H 2h 76
4 t-Bu H < 5 min 58
5 p-MeO,C-CH,- H lh 83
6 -(CH,),- < 5 min 89
7 Ph Me 20h trace
8 Me(CH,),- Me 1h 96
9 HOCH,- Et 1h b)
10 CH,=CH- Me 20h trace”
11 Ph H Ph 1h o
12 Ph H 2-octyl 1h 81
13 PhCH, - Et 1h 88

a) Substrate was mostly recovered. b) A complex mixture resulted.

¢) Dibenzyl ether was the only product obtained.
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Table 2 shows that benzyl and 2-octyl trimethylsilyl ethers coupled smoothly with various aldehydes (runs 1-
5, and 12), and alicyclic and aliphatic ketones (runs 6, 8, and 13), while acetophenone was mostly recovered
intact (run 7). A similar trend was observed in the homocoupling reaction as mentioned above. These marked
contrasts indicate that BiBr, can discriminate phenyl ketones from alicyclic and aliphatic ones, which is
characteristic of BiBr, as compared with the previously reported Lewis acids, TMSOT( and trityl perchlorate.

As an extension of this coupling methodology, we have tried to prepare novel macrocyclic ethers with
multiple benzyl allyl or benzyl propargyl ether linkages in a single step.” The coupling of isophthalaldehyde
with (Z)-1,4-bis(trimethylsiloxy)-2-butene (3) and 1,4-bis(trimethylsiloxy)-2-butyne (4) (eq. 3) led to a series
of crownophanes (1, and 2) in the yields listed in Table 3. Pure macrocycles were obtained by subjecting the
crude product successively to silica gel column chromatography and gel permeation chromatography, and were
identified by MALDI-TOF-MS spectra coupled with conventional analyses.® The structures of the 2:2 coupling
products 1,, and 2, were elucidated by X-ray analyses (Fig. 1).” Interestingly, the 2:1 and 3:2 coupling
products 1,, and 1,; were obtained along with the 2:2 and 3:3 coupling products in run 2, indicating that the
homocoupling occurred in parallel with the heterocoupling during the macrocycle construction. Trimethylsilyl
trifluoromethanesulfonate (TMSOTY) was superior to BiBr, as catalyst for the synthesis of 1 . In the coupling
with 4, however, a larger macrocycle was obtained in somewhat better yield with BiBr,, which might be
attributed to the template effect of the bismuth atom.®

cHO TMSO TMSO EsiH o0l ne2o)
l l I catalyst (10 mol%) or 3)
* or solvent 2, (n=2~3)
CHO TMSO 3 TMsO” 4 -30—0°C
Table 3. Synthesis of crownophanes (1, and 2,) via the BiBr, or TMSOT{ catalyzed
heterocoupling reaction (eq.3).
Run Silyl ether Catalyst Solvent Product (yield (%))
1 3 BiBr, CH,Cl, + MeCN 1,
2 3 TMSOTS CH,Cl, 1,4) 1,38 1,03 1,03
3 4 BiBr, CH,Cl, + MeCN 2, 2,(3)
4 4 TMSOTS CH,Cl, 2, (10) 2, (D

Figure 1. ORTEP perspective views of 1,, (left) and 2, (right).
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