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ABSTRACT

1) base, THF R
(tBUO)PM,SICH,CN  —————— » CN g ON
2) RCHO, -78 °C e £

The Peterson reaction between ( t-BuO)Ph,SiCH,CN and various aldehydes furnishes the corresponding

cyanides with high  Z selectivity ( Z.E = 92:8 to >98:2).

Z:E=92:8~>98:2

p-monosubstituted o, B-unsaturated

Sincea,3-unsaturated carbonyl compounds are multifunc- size of the substituent allows for chemistry of its otvAs
tional, they are considered to be versatile building blocks in for methods for the selective preparation @f-¢,3-unsatur-
organic synthesis. For the efficient preparation of the ated cyanides, there are a few based upon phosptidtus
thermodynamically less stable disubstituté@t¢lefins from and silicort>12 chemistry and there are interesting reports
aldehydes, a few methods based upon Wittig-typand that describe the use of cross-metath&si€@ther than
Peterson-tygde® reactions have been reported. The cyano multistep method&® however, reactions involving aromatic
group functions similarly to carbonyls, but the inherent small aldehydes have been less successful, giving products with
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only up to ca. 3:1 selectivity.

Previously, we reported that-triphenylsilylacetamides
(PhsSICH,CONR ;) were useful reagents for the preparation
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of (Z2)-f-monosubstituted:,S-unsaturated amides, whereas
a reagent bearing a less electronegative trimethylsilyl group
either exhibited (E)-selectivity or gave no olefinic prodéict.
Based upon this finding, we investigated the reactionbkaof
and1b with various aldehydes. Here the silyl group is even

more electronegative than a triphenylsilyl due to the presence

of the alkoxy groups in the place of the phenyl groups. We
have found that the reagents bearing the electronegative sily
groups also produceZj-olefination products with high
selectivity from various aldehydes. Even aromatic aldehydes
give (Z2)-a,p-unsaturated cyanides with good levels of
selectivity, with1a being the better of the two. Herein we
describe our results.

Reagentdaandlb were prepared in moderate yields (62
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and 53%, respectively) as chromatographable compounds byhe same two aldehydes. It was found that for the aromatic

the reaction ofttBuO),Phs_SiCI*® with the lithium enolate
of acetonitrile. The two starting halides were prepared from
Phs_SiCl,+; andt-BuOH (Scheme 1). The preparations of
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(MeO)PhSICH,CN and (i-PrO)PSICH,CN were also at-
tempted. However, these compounds were prone to decom
position and difficult to purify. Therefore, these compounds
were not pursued any further.

All the reactions were carried out in THF at78 °C

(Scheme 2). Benzaldehyde and 3-phenylpropionaldehyde

were the first aldehydes examined using readientvith
KHMDS (which was the optimal base for the reactions of
previously investigated B8iICH,CONRY) (Table 1, entries
1 and 7). Both substrates gave the expecBeb(efin with
selectivity as high as 96:4.

With the (3-selective PESICH,CONR’; we had observed
a countercation effect, i.e., selectivity in the order of K
Na" > Li*. To see whether a similar tendency could be
observed, NaHMDS and-BuLi were also examined with

(15) (-BuO)PhSICl: Gillard, J. W.; Fortin, R.; Morton, H. E.; Yoakim,
C.; Quesnelle, C. A,; Daignault, S.; Guindon, X.Org. Chem1988,53,
2602—2608.
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aldehyde and the aliphatic aldehydeBuLi (entry 5) and
NaHMDS (entry 9) gave the best results, respectively.
However, the differences in selectivity upon changing the
countercation were minute compared with the reactions of
PhSICH,CONRY%. Other commonly used bases such as
t-BuOK led to lower yields and selectivity. Reagdttwas
similarly surveyed (even-numbered entries), and it was found
to furnish comparable selectivity. However, reduction in
yields was observed. Thus, we decided to focus on reagent
lafor ensuing investigations.

Various aromatic aldehydes were now examined (Table
2). Since the differences in selectivity with the various bases
used were small fo2a, all three bases (KHMDS, NaHMDS,
andn-BulLi) were surveyed for typical aromatic aldehydes.
For all the substrates examined)-selectivity exceeded 9:1.
Again, the countercation effect was found to be minimal and
no particular trend could be deduced from the results. Where

Table 1. Reaction ofla and 1b with Aldehydes2a and2i@

(BuQO)Ph,SiCH,CN R
1a 1) base, THF, -78 °C
or 2) RCHO 2ai NN R
(+BuO),PhSICH,CN 4 E
1b 3a,i
_Entry Aldehyde Reagent Base Product Z:E° Yield®
1 1a KHMDS 96: 4 74
2 @—CHO 1b KHMDS ©\/CN 95:5 39
3 2a 1a NaHMDS 3a 98: 2 79
4 1b NaHMDS 97:3 54
5 1a n-BuLi 99: 1 93
6 1b n-Buli 97:3 49
7 1a KHMDS 96: 4 99
8 1b KHMDS 97:3 37
[¢] 1a NaHMDS CN  >98:2 88
10 _cHo  1b  NaHMmDs A 97:3 53
11 2 1a  nBuli 3i 96:4 99
12 1b n-BuLi 66:34 24

2In all the reactions, the aldehyde (0.34 mmol) was dissolved in THF
(3 mL) and the reactions were runrfd h at—78 °C. ® Determined by*H
NMR (500 MHz) measurement of the crude mixtut€ombined isolated
yield of (Z)- and (E)-olefins.
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Table 2. Reaction ofla with Aromatic Aldehydes2b—h?

1) base, THF, -78 °C R
_—_— -

Table 3. Reaction ofla with Aliphatic Aldehydes2j—o0?

1) base, THF, -78 °C R
—_——

t-BuO)PhySICH,CN CN g~ XCN #-BuO)PhySICH,CN CN R~ XCN
(+Bu0) :Z 2" 2)RCHO 2b-h NN g (£BuO) :i 2" 2)RCHO 2j-0 NN R
z E z E
3b-h 3j-0
Entry  Aldehyde Base Product Z:E® Yield® Entry Aldehyde Base Product Z:E Yield®
MeO.
1 MeO—@—CHO KHMDS  © \©\)CN 96:4 94 <:>—CHO O\/CN By
-BuLi F . 1 KHMDS Z >98:2  (quant)
Bull
2 b n-Buli b 98:2 79 2 3
QCHO O\)CN 2 KHMDS >98:2 20
3 KHMDS o0 # 97:3 79 3 NaHMDS 96: 4 55
MeO
2¢ 3c 4 CHO L 97:3 72
5 2k n-BuLi? >08: 2 60
CN
Qrew ) .
4 o KHMDS 96: 4 91 6 +CHO KHMDS w 88:12 (quant)
e
2d Me% d 7 2l nBuli 94:6  52(quant)
5 Cl—@—cm KHMDS C[\©\)CN 975 3 68 8 KHMDSY 86:14 93
6 2% NagML?S - 7 32 i gi 9 ©_|_CH° NaHMDS? 95: 5 85
7 e : 10 om neBuLF 95:5 &7
2 CHO :?:AZSS CN 32 ; ;:' 11 KHMDS 93:7 83
2 aB ” Z 87.13 63 12 @CHO NaHMDS ©\/\/I 94:6 85
Cl n-suli cl N g . 2-
11 2f nBuLP 3f 89:11 78 13 2n e 928 8
14 KHMDS 94: 6 75
KHMDS : —
2 My gy %2 62 15 TMS=="CHO \iips \) 937 98
13 o~ "CHO NzHMDS o 94:6 85 16 2 } 05 5 03
14 29 n-BuLi 3g 97:3 90 Bk
2In all the reactions, the aldehyde (0.34 mmol) was dissolved in THF
15 KHMDS 92:8 88 (3 mL) and the reactions were run for 3 h (expect where noted otherwise)
16 | o~ NaHMDS | N CN 9010 75 at—78°C. P Determined byH NMR (500 MHz) measurement of the crude
NZ~CHO ] NE N : mixture. ¢ Combined isolated yield o)- and E)-olefins with NMR yields
17 2h n-BuLi 3h 87:13 63 in parentheses. TMEDA was used as an additiveCould not be separated
18 n-BuLi® 91: 9 71 from toluene, the solvent of the commercial KHMDS used hiRein using

aIn all the reactions, the aldehyde (0.34 mmol) was dissolved in THF
(3 mL) and the reactions were runrfd h at—78 °C. ® Determined by*H
NMR (500 MHz) measurement of the crude mixtut€ombined isolated
yield of (Z)- and (E)-olefins TMEDA was used as an additive.

selectivity was somewhat low usingBuLi, the effect of
TMEDA as an additive was examined (entries 11 and 18).
In these runs, a slight increase in selectivity was seen.

As for aliphatic aldehydes other than 3-phenylpropional-
dehyde, examinations were carried out in connection with
steric bulka to the formyl group (Table 3). With cyclohex-
anecarboxyaldehyde, the formation of th®-6lefin was
exclusive using KHMDS (entry 1). 2-Phenylpropionaldehyde,
which did not give any olefinic product due to enolization
in the case of PISiCH,CONRY, was also found to give the
desired ©)-olefin exclusively with KHMDS, although in low
yield (entry 2). However, changing the base to NaHMDS
and then ton-BuLi led to a progressive increase in yield
with only a small decrease in selectivity (entries 3 and 4).
Applying TMEDA to the reaction using-BuLi as the base
led to a small decrease in yield. However, tAg-dlefin was
the exclusive product.

This difference in reactivity compared with the corre-

t-BuOK allowed isolation in 51% (96:4) yield.Reaction was run for 6 h.

in size between the cyano group and an amide group, allow-
ing the reagent with the former group to react more readily.
The propensity for aliphatic aldehydes (without too much
steric hindrance, vide infra) to give (Z)-olefins with higher
selectivity than aromatic aldehydes parallels that of previous
examinations with phosphorus- and silicon-based reagetts.

The reactions of the aldehydes with a quaternary carbon
o to the formyl group were found to be somewhat sluggish,
and in the case of 2-methyl-2-phenylpropionaldehyde, longer
reaction times were required (entries 8—10). The selectivity
dropped notably upon using KHMDS (entries 6 and 8) but
increased to an acceptable level upon using NaHMDS or
n-BuLi. The propensity for the less bulky aliphatic aldehyde
to give higher selectivity is opposite to what has been
observed with the correspondin@){selective Horner—
Wadsworth—Emmons reagehit.

Conjugated aliphatic aldehydes were also found to give
good results, furnishing the corresponding products from
trans-cinnamaldehyde and 3-trimethylsilylprop-2-yn-1-one
with selectivity up to 94:6 and 95:5, respectively. Therefore,
this reagent should be useful for the preparation of extended

sponding amide-type reagent is probably due to the differenceconjugated alkenes of defined geometry.
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Although the {-BuO)PhSi group worked extremely well ~ on substituent effects involving the silyl moiety and mecha-
for the acetonitrile-derived reagent, the same could not benistic studies of the reaction are currently underway.
said for the ethyl acetate derivative. In this case, yields and
selectivity were low. Since there is no reason to believe that  Acknowledgment. This work was supported in part by
the small perturbation in the electronic nature of the enolate Grants-in-Aid for Scientific Research (Nos. 14540497 and
of the silyl compound, from carbonitrile-stabilized anion to  16550098) from the Japan Society for the Promotion of
ester-stabilized anion, should change the electronic reactivity science. We also acknowledge the Natural Science Center

of the reagent, we believe the cause of this difference o gasic Research and Development of Hiroshima Univer-
between the two reagents could be attributed to the Ster'csity for machine time on analytical instruments.

bulk of the reagent. The fact that the presumably bulkier
(t-BuO)xLPhSICHCN (1b) was less effective in the reaction
also supports this notion.

In summary, we have developed a Peterson reagent, (
BuO)PhSiICH,CN (1a), that has generality for the prepara-
tion of (2)-4-monosubstituted.,S-unsaturated cyanides from
both aromatic and aliphatic aldehydes. Further investigationsOL0486728
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cedures and characterization data for the proddgt/s¢
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