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Synthesis of Unsymmetrical Dialkynyl Imines. Stepwise Coupling of N-Phenyl

Phenylthioimidoyl Chloride with Alkynyltin Compounds
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A stepwise introduction of two different alkynyl groups onto the
iminocarbon leading to the synthesis of unsymmetrical dialkynyl
imines was achieved by palladium-catalyzed coupling reaction of N-

phenyl phenylthioimidoyl chloride with alkynyltin compounds.

In the previous paper,!) we reported a palladium-catalyzed coupling reaction of
isocyanide dichloride 1 with alkynyltin compounds 2 to give symmetrical N-phenyl
dialkynyl imines 3 in moderate yields, whose hydrolysis provided the corresponding
dialkynyl ketones. However, all attempts to quit the coupling reaction at the stage

of mono-substitution were unsuccessful.

/CI [Pd] /CECR
Ph—N=C_ + 2BuSnC=CR ————= Ph-N=C_ (1)
Cl C=CR
1 2 3

Herein, we wish to describe a synthetic method for the stepwise introduction of
two different alkynyl groups onto the iminocarbon, leading to the formation of
unsymmetrical dialkynyl imines 6.

Reaction of N-phenyl phenylthioimidoyl chloride (4)2) with alkynyltin compounds
2 was catalyzed by 1 mol% of dichloro[l,1'-bis(diphenylphosphino)ferrocene]-
palladium(II) ([PdClp(dppf)] to afford selectively mono-substituted products, N,S-
diphenyl alkynecarbothioimidates 5 in moderate to good yields (Table 1).3) Use of
palladium catalysts such as tetrakis(triphenylphosphine)palladium(0), dichlorobis-

(triphenylphosphine)palladium(II), and dichlorobis(tricyclohexylphosphine)palladium-
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(II) in the coupling reaction gave a complex mixture of products including
symmetrical N-phenyl dialkynyl imines 3 and N, S-diphenyl alkynecarbothioimidates 5.
The steric bulkiness of 1,1'-bis{diphenylphosphino)ferrocene ligand on palladium may
retard further coupling of 5 with 2.
1 mol% —
,Cl * PdCl,(dppf) _C=CR

Ph—N=C[ + BugSnC=CR >~  Ph—N=C_ (2)
SPh benzene, 80 °C SPh

4 2 5

Table 1. Selective Synthesis of N,S-Diphenyl Alkynecarbothioimidates

Entry R- Product Yield/%
1 Me3Si- 5a 93
2 (MeO) MeC- 5b 76
3 n-Bu- S5c 64
4 Ph- 5d 83
5 CH2=CH (CH2) 30CH2—- 5e 83

The introduction of the second alkynyl groups on 5 was efficiently carried out
by use of 2 mol% of tetrakis(triphenylphosphine)palladium(0) to give symmetrical and

unsymmetrical dialkynylimines 6 in good yields (Table 2).

_LC=CR 2mol% pg(PPhy), ,C=CR
NSPh toluene, 90 °C C=CR'
5 2 6

Takle 2. Synthesis of Unsymmetrical Dialkynylimines

Entry R- R'—- Product Yield/%
1 Me3Si- Me3Si- 6a 75
2 Me3Si- (MeO) MeoC— 6b 81
3 Me3Si- Ph- 6c 80
4 Me3Si- n-Bu- 6d 87
5 (MeQ) MeoxC- n-Bu- 6e 82

Typical experimental procedure for the preparation of unsymmetrical dialkynyl
imines 6 from 4 was exemplified by the synthesis of 6d: A solution of N-phenyl

phenylthioimidoyl chloride (4, 12.0 mmol) and [(trimethylsilyl)ethynyl]ltributyltin
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(13.5 mmol) and dichloro[l,1'-bis(diphenylphosphino) ferrocene]lpalladium(II) (0.12
mmol) in benzene (30 mL) was stirred at 80 °C for 5 h. After removal of benzene in
vacuo, the reaction mixture was diluted with ether, treated with aqueous KF at room
temperature for 10 min, and filtered to remove white precipitate of tributyltin(IV)
fluoride. Extractive workup and filtration through a Florisil column followed by
vacuum distillation afforded diphenyl [ (trimethylsilyl)acetylene]carbothioimidate
(5a)%) in 93% yield. A solution of 5a (0.50 mmol), l-hexynyltributyltin (0.60 mmol)
and tetrakis(triphenylphosphine)palladium(0) (0.0l mmol) in toluene (1.5 mL) was
heated at 90 °C for 5 h. Concentration followed by column chromatography on silica
gel gave 6d5) in 87% yield.

The present coupling reaction is applicable to a general preparation of N-phenyl
alkynyl imines 7. For instance, the reaction of 5a with Grignard reagent (R"MgBr)
was catalyzed by 1 mol% of dichloro[l,l'-bis(diphenylphosphino)ferrocene]-

palladium(II) to produce N-phenyl alkynylimines 7.

/CEC'SiMe3 1 mol% PdCI (dppf) /CEC‘SiMe3
Ph—N=C\ + R"MgBr 2 - Ph""'N:C\
SPh benzene-ether R (4)
5a 50 °C 7 R'=Ph 80%
R'=Et 50%

Unsymmetrical dialkynyl imines 6 thus prepared were hydrolyzed by BF3-OEts in

acetone-H20 to give the corresponding unsymmetrical dialkynyl ketones, as exemplified

below.

C=C-SiMe, BF 4, OEt, C=C-SiMe;
Ph—N=C{ > 0=C (5)
C=C-CMe,(OMe)  acetone-H,0 NC=C-CMe,(OMe)

6b 8 51%

Utilization of the present synthesis of N-phenyl alkynyl imines was demonstrated

by preparation of some other polyacetylenic imines (9, 10,6 and 117)) as shown
below.
Cl _ _
Ph=N=C~ + BusSnC=C C=CSnBug
NsPh PhS{
C=N-
4 2 mOI%PdClg(dppf) CEC—@-CEC’ Ph (6)
>  Ph-N=C/
benzene, 80 °C \SP h

9 62%
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/CEC-SiMea KF /CEC-H
Ph-N=C\ —— Ph-N:C\
SPh DMSO-THF-H.0, rt SPh
5a 86%
PhS\
CU(OAC)Z /C= N'Ph (7)
> ’CEC—CEC
pyridine-MeOH, 0 °C Ph=-N=C
SPh 10 93%
C=C-SiMe4 KF C=C-H
Ph=N=C = Ph-N=C
C=C-R DMSO-THF-H20, rt C=C-R
0,
6b R- = (MeO)Me,C- 92% R-Cc=C
CuCl, Oz C=N=Ph
- C=C-C=C (8)

acetone-TMEDA, rt Ph-N=C
C=C-R 11 68%

Further synthetic transformations of diphenyl alkynecarbothioimidates 5 and

unsymmetrical dialkynyl imines 6 are now in progress in our laboratory.
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