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Abstract — Iminoisobenzofuran derivatives have been prepared in moderate
yields by the palladium-catalyzed three-component coupling reaction of arynes,

isocyanides, and cyanoformates.

This paper is dedicated to Professor Ei-ichi Negishi on the occasion of his 77th
birthday.

Arynes are versatile and useful tools in synthetic organic chemistry, notably for the construction of
multi-substituted arenes which are hard to access by conventional methods.! We have reported the
palladium-catalyzed cyanoesterification of norbornene derivatives via carbon-carbon bond cleavage of
cyanoformates.” In the course of our attempts to find a new route for cyanoesterification of benzyne, a
benzyne precursor, 2-(trimethylsilyl)phenyl triflate (1a), was treated with a fluoride ion (KF/18-crown-6)*
in conjunction with a palladium catalyst and 1,1,3,3-tetramethylbutyl isocyanide (2a: ‘OctNC) as a ligand.
Using this system as an approach to ethyl 2-cyanobenzoate by using ethyl cyanoformate (3a), we
observed that N-[3-cyano-3-ethoxy-1(3 H)-isobenzofuranylidene]-2,4,4-trimethyl-2-pentanamine (4a) was
formed as a minor byproduct in 5% yield (Scheme 1). Independent studies by the groups of Yoshida
and Kunai (aldehydes, ketones, and sulfonylimines)4 and Stoltz (phenyl esters)’ in the three-component
coupling reactions of arynes with isocyanides provided the direct synthesis of benzoannulated
iminofurans.® Herein we disclose the use of a variety of cyanoformates as the third coupling partners in
such three-component assemblies with arynes and isocyanides, affording five-membered

iminoisobenzofuran derivatives with structural diversity.
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Scheme 1. Palladium-Catalyzed Three-Component Coupling.

As seen in Table 1, a variety of catalysts and solvents were exploited to improve the product yield of 4a.
We began our study on the three-component coupling by using la, 2a, and 3a in the presence of
potassium fluoride/18-crown-6 in THF without transition metal catalyst at 50 °C for 18 h. However,
none of the desired product 4a was formed (entry 1). This result is in contrast to the results obtained by
Yoshida and Kunai,* and Stoltz,” in which iminoisobenzofuran derivatives were synthesized by adding
only a fluoride ion (KF or TBAT) in the three-component coupling reactions. When PdCIy(PhCN), was
added as the catalyst, the formation of product 4a was observed in 56% GC yield (entry 2). Initial
screening for prospective catalysts revealed that wvarious Pd and Rh catalysts such as
[Pd(7-C3Hs)(cod)]BF4,” [Rh(cod),]BF4, [Cp*Rh(MeCN)s](PFs),,” or [Cp*RhCly]5,'° could catalyze this
reaction to some extent (entries 3-6). Further investigation has shown that the 68% GC yield of the
product 4a was obtained when [Pd(PhCN),(dppf)](BF4),'' was employed as the catalyst (entry 7). We
investigated to use other solvents such as n-butyl ether or benzonitrile (entries 8 and 9), however, lower
yields were generally observed and the reaction would not proceed at all in 1,4-dioxane (entry 10).
Finally, we defined the optimized ratios of the substrates as the standard conditions: 2 equiv of benzyne
precursor 1a and isocyanide 2a to 3a in the presence of 4 equiv of KF/18-crown-6 under 10 mol% of
[PA(PhCN),(dppf)](BF4),. To the best of our knowledge, this synthetic method provides the first
example of an alkoxy- and cyano-substituted iminoisobenzofuran.

Under the optimized reaction conditions, we then employed a variety of isocyanides 2 and cyanoformates
3 in order to examine the scope of this transformation. As described in Table 2, the three-component
coupling reactions proceeded smoothly to form the corresponding cyano-substituted iminoisobenzofurans
4. The reactions of cyanoformates 3b-3f bearing different substituents efficiently occurred to give the
desired products 4b-4f in good yields (entries 2-6)."*  The structure of 4a was unambiguously confirmed
through careful NMR spectroscopy, MS, and X-ray diffraction analysis. As shown in Figure 1, the

imine moiety in the product 4a was found to have the Z configuration."
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Table 1. Three-Component Coupling of Benzyne Precursor 1a, 1,1,3,3-Tetramethylbutyl Isocyanide (2a)

and Ethyl Cyanoformate (3a).”

catalyst (10 mol% NOct
@OTf MC KF/}; 8-£;rown-6 l o
™S " toetNnc) | EOT ON qpe 5000 1gh
NG OEt
1a 2a 3a 4a
entry catalyst solvent yield (%)b
1 none THF 0
2 PdCl,(PhCN), THF 56
3 [Pd(#-CsHs)(cod)|BF4 THF 52
4 [Rh(cod);]BF4 THF 45
5 [Cp*Rh(MeCN);](PFs), THF 47
6 [Cp*RhCl,]» THF 16
7 [PA(PhCN)»(dppf)](BF4)2 THF 68(44)°
8 [PA(PhCN),(dppf)](BF4)2 "Bu,O 31
9 [PA(PhCN)2(dppf)](BF4)2 PhCN 24
10 [PA(PhCN),(dppfh)](BF4)2 1,4-dioxane 0

“The reaction was carried out using 1a (0.15 mmol), 2a (0.15 mmol), 3a (0.075 mmol), KF (0.3
mmol), 18-crown-6 (0.3 mmol), and a catalyst (10 mol%) in a solvent (0.5 mL) at 50 °C for 18
h. ” Yields were determined by GC using tetradecane as an internal standard, based on

cyanoformate 3a. © An isolated yield. Tf = trifluoromethanesulfonyl, TMS =

trimethylsilyl.

In the case of the aromatic cyanoformate 3g, the desired product 4g was not generated because the

cationic Pd catalyst gave diphenyl carbonate as a by-product (entry 7).

Except for 2a, the aliphatic

substituted isocyanides such as fert-butyl isocyanide (2b) participated in the three-component coupling

reaction to afford 4h in 42% (entry 8). In all cases, the unidentified by-products showed the same

molecular weight as 4, indicating structural isomers; these products were observed by GC-MS.

Figure 1. Structure of complex 4a determined by X-ray crystallography with 30% thermal ellipsoidal
plotting. Hydrogen atoms are omitted for simplicity.
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Table 2. Pd-Catalyzed Three-Component Coupling of 1a, Isocyanides 2, and Cyanoformates 3.

OTf [Pd(PhCN)(dppf)I(BF4)2 (10 mol%) NR'
@[ o KF/18-crown-6
+ RINC + J\ o)
™S R? "CN THF, 18 h, 50 °C
NC R
1a 2 3 4
entry isocyanide cyanoformates product yield (%)b
R'=) R*=)

1 CMe,CH,'Bu (‘Oct) (2a) OEt (3a) 4a 44
2 2a OMe (3b) 4b 47
3 2a O"Pr (3¢) 4c 44
4 2a O'Pr (3d) 4d 46
5 2a O"Bu (3e) 4e 40
6 2a OBn (3f) 4f 51
7 2a OPh (3g) 4g 0
8 ‘Bu (2b) 3a 4h 42

“ The reactions were carried out using 1a (I mmol), 2 (1 mmol), 3 (0.5 mmol), KF (2 mmol) and
18-crown-6 (2 mmol), Pd catalyst (10 mol%) in THF (3.3 mL) at 50 °C for 18 h. ” Isolated yields, based

on cyanoformate 3.

To understand the effect of substituents on the benzyne moiety in the present reaction, substituted
benzyne precursors 1b and l¢ were tested (Scheme 2).
compound 1b, containing 4,5-dimethyl substitution, reacted smoothly with 2b and 3a to give the
three-component coupled product 4i in 18% yield. When 1-(trimethylsilyl)naphth-2-yl triflate (1¢) was
subjected to the reaction, a 72:28 mixture of isomers 4j was obtained in 48% combined yield. We

presume that the major product was formed by the attack of the isocyanide on the 2-position due to the

. . 4
steric congestion.*’

Me ™S
PO
Me OTf

1b

TMS
T

OTf
1c

NBu
[PA(PhCN)2(dppf)1(BF4)2 (10 mol%) Me
KF/18-crown-6 0
Zb + 3a THF, 18 h, 50 °C M
e
’ ’ NCc OEt
4i: 18%
t
N!Oct O NfOct
as above O 0 + O )
2a + 3a

Nc OEt

NC OEt
4j 48% (72:28)

Scheme 2. Three-Component Coupling with Arynes (1b and 1c).

Under the optimized reaction conditions,
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The reaction was also found to be applicable to benzoyl cyanide (§). As shown in Scheme 3, benzoyl

cyanide (5) reacted with 1a and 2a to afford product 6 in 20% yield.

PACI,(PhCN), (10 mol% N‘Oct
™S o 2 2 (10 mol%)
@ v+ 1 KF/18-cown-6 o
OTf NC  Ph THF, 18 h, 50 °C Ph
20% NC
1a 5 6

Scheme 3. Three-Component Coupling of Benzyne, Benzoyl Cyanide, and 1,1,3,3-Tetramethylbutyl
Isocyanide.

The desired final products 4 can be used as intermediates to generate products containing functionality via
further reaction with the cyano group. A simple transformation for an amide prepared by the treatment
of 4a with potassium hydroxide to form 7 in 91% yield, while leaving the C=N bond intact, is shown in

Scheme 4.

NfOct NfOct
KOH
o) > 0
'BuOH
NC OEt 60 OC, 6 h H2NCII OEt
91% 0
4a 7

Scheme 4. Transformation of 4a into the Corresponding Amide 7.

Arynes are known to exhibit high electrophilic character, and even neutral nucleophiles facilely add to
arynes to produce zwitterions, which act as key intermediates in the construction of complex organic
molecules.'* Thus the use of a suitable combination of nucleophiles and electrophiles allows arynes to
serve as connectors between these two components, leading to a variety of three-component coupling
reactions of high synthetic significance.”” We propose a mechanism for this reaction which is presented
in Scheme 4. First, the nucleophilic attack of the carbon atom of isocyanide 2 to the aryne, formed from
1 occurs to generate zwitterions I.  Meanwhile, a cationic palladium(Il) complex activates
cyanoformates 3 (or benzoyl cyanide (5)). The resulting zwitterions I then adds to the cyanoformate
activated by cationic palladium species II, and a subsequent intramolecular cyclization affords the
product 4 (or 6). Because the amides derived from the protonation of I were observed in some cases,
the reaction between I and IT would be the rate-determining step. We suspect that the added cationic

palladium catalyst might have an interaction with 3 or 5 to increase their electrophilicity. However,
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other Lewis acids such as BPh; and BF;-OEt, did not promote the reaction, resulting in the recovered

starting materials.

o
- . M

“~
N _Pd(ll @
4\ j'\ W ) C=N-R'
2
O~pain NC | R? l
R? CN R’

Scheme 4. A Plausible Reaction Pathway of the Palladium-Catalyzed Three-Component Coupling.

In conclusion, we have demonstrated that arynes can be utilized in a three-component coupling reaction
with a suitable combination of isocyanides and cyanoformate to produce iminoisobenzofuran derivatives.
Further studies on the new three-component coupling via carbon-carbon bond cleavage of cyanoformates

using arynes are now in progress.
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