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Experimental Section 
 
 
 
1) A General procedure of the water-mediated ‘step-by-step rapid mixing and heating’ microfluidic reaction system 
 
 The mixture of each substrate (0.5 mol) was charged into a syringe pump (ISCO 100DX). The high-speed (68 cm s-1 as the linear velocity) 
flow of the palladium chloride aqueous solution (the mixture of 9.0 mmol/L PdCl2 and 2.0 mol/L NaOH aq.) at ambient temperature and at 16 
MPa was first struck against a stream (6.8 cm s-1 as the linear velocity) of substrate in the micromixer (7) of the microflow made of SUS 316 
(i.d.=0.5 mm). After a given flow duration within 0.5 s, the reaction mixture was further struck against the high-speed flow of HPHT-H2O (408 cm 
s-1 as the linear velocity) at 310°C and 16 MPa in the micromixer (11) made of Hastelloy C-276 (i.d. = 0.5 mm). The HPHT-H2O was generated 
by flowing through the tubular coil (length= 10 m, i.d. = 1.7 mm) made of Hastelloy C-276 heated in an electric furnace (Maximum 2200W). The 
aqueous reaction mixture was consequently heated up to 250°C at 16 MPa within 0.01 s, in which fluctuations in temperature and pressure 
were controlled to within ±1°C and ±0.1 MPa, respectively. Immediately after the quick heating the reaction mixture was introduced into a 
reactor ranging from 3.5 to 1178 µL made of Hastelloy C-276, in which the reaction times were adjusted to be shorter than 4 s with the length of 
tube reactor. The reaction temperature was kept by an electric furnace and was monitored with thermocouples (Type K, OMRON cooperation) 
at the inlet, middle and outlet of the tube reactor. After passing through the tube reactor, reactants were cooled down quickly to 10°C within 0.5 s 
by heat exchanger at a cooling part (15), and then the pressure was released with a back-pressure regulator (16, TESCOM back-pressure 
regulator 26-1764) equipped with an electric pressure controller. The reaction products were first obtained as a suspension in water, but were 
completely separated from the aqueous solution in about 10 min. The reactants were extracted with diethyl ether and 1,2-diphenyl acetylene 
and other by-products were identified by GC-MS/MS (Varian CP-3800-1200L). The yields and selectivities were determined by GC (Varian CP-
3800) with tridecane as a standard. We also confirmed that there is no difference in the yields obtained between the reactor made of SUS 316 
and that of Hastelloy C-276. 
 All chemicals were purchased from Wako Pure Chemical Industries, Ltd. or Tokyo Chemical Industry Ltd. We confirmed the Cu element 
was not detected from aqueous solution of PdCl2 with NaOH aq. by ICP measurement. 
 
2) Batch reaction procedure of the Sonogashira coupling under HPHT-H2O 
 
 The Sonogashira coupling was carried out for comparison by using a batch reactor with an internal volume of 10.2 cm3 fabricated from 
SUS 316. 3.7 mmol of ethynylbenzene, 3.7 mmol of iodobenzene, and 8.3 mL of aqueous PdCl2 solution (the mixture of 9.0 mmol/L PdCl2 and 
2.0 mol/L NaOH aq.) were loaded into a batch reactor. The reactor was immersed in a molten salt bath at 250°C and vigorously shaken. The 
heating-up time to raise the reactor temperature up to 250°C was within 45 s and the elevated temperature was controlled within ±2 °C. In 2 min 
after the temperature reached 250°C, the reactor was removed from a molten salt bath, and cooled down with an ice/water bath to quench. All 
products were extracted and identified by the same manner described above.  
 
3) Particle size measurement and IR measurement of substrates in water 
 
 The particle size of substrate suspended in aqueous solution at 50°C and 16 MPa on the ‘step-by-step rapid mixing and heating’ condition 
was measured by a dynamic light scattering method (OHTSUKA Electronics Co., Ltd., DLS-6000) equipped with a high-pressure cell, which was 
attached immediately after the micromixer (7) in Figure 2. The IR spectra in HPHT-H2O were measured by JASCO FT-IR 620 equipped with a 
high-pressure and high-temperature IR cell, and the spectrum of pure water at 50°C and 16MPa was used as the background. 
 
 


