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1. Experimental section and compound characterisation

1.1 General information

'H NMR spectra were recorded in CR®@n a Bruker Avance DPX-400 spectrometer with
residual CHGJ as the internal referencéy(= 7.26 ppm):*C NMR spectra were recorded in
CDCl; on a Bruker Avance DPX-400 or DRX-500 spectrometéh the central peak of
CDCl; as the internal referencécE= 77.0 ppm). DEPT 135 was used to aid in the assig

of signals in thé*C NMR spectra. The multiplicity of a signal is indted as: s — singlet, d —
doublet, t — triplet, g — quartet, m — multiplet, b broad, dd — doublet of doubletsc
Coupling constantsJ) are quoted in Hz and reported to the nearestHz1'H NMR
assignments were made according to the numberiplgeddo the compound figure.

Infrared spectra were recorded as a neat thin ditma. Perkin-Elmer Spectrum One FT-IR
spectrometer using Universal ATR sampling accessotietters in the parentheses refer to
the relative absorbency compared to the most iet@esk: w — weak, less than 40%; m —
medium, 40-75%; s — strong, greater than 75%.

Melting points were obtained using an OptiMelt am&bed melting point system available
from Stanford Research Systems calibrated agaiasilm (mp 83 °C), phenacetin (mp
136 °C) and caffeine (mp 237 °C).

High resolution mass spectrometry (HRMS) was cdroiet on a Waters Micromass LCT
Premier spectrometer using time of flight with piosl and negative electrospray ionisation.
All reported values are within +5 ppm of the caited value.

Optical rotation was measured using a Perkin-Elfaetarimeter 343 with the sample
temperature maintained at 25 °Qu]Tss is reported in units of I deg g' cnt.
Concentration is quoted in units of 0.01 g&m

Unless otherwise specified, reagents were obtain@eh commercial sources and used
without further purification. The PE used referghe fraction boiling in the range 40-60 °C.
Laboratory reagent grade solvents .CH, EtO and PE were obtained from Fischer
Scientific. The CHCl, and PE were distilled before use ((CH) over CaH). Unless
otherwise stated, the quoted purity is basedrbiNMR. TLC was performed on Merck 60
F254 silica gel plates and were visualised usingrtsliave ultra-violet light. Column
chromatography was performed with a Biotage SP4fipation system using a 25 g SNAP
cartridge and eluting with 20 CV of the specifienlvent system. The sample was loaded
onto the column by using a Biotage Samplet.
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1.2 LabVIEW Details

1.2.1 LabVIEW Application

An application was written that allowed the peakghevalue read from a specified Excel
sheet to be converted into a flow rate for a Karfiemp, connected to the computer by a
simple RS232 serial connection.

YES

\ 4

Obtain live Multiply by Canresulting flow rate Convertinto a Send
peak height =»| conversion > be delivered by the NO string of type | command
from Excel factor pump? —p| Setflowrateto0 |wmp| FXXXX to pump

or a defined
maximum

N

Repeateveryls

After the peak height value had been read and pfielti by the correction factor (see section
1.2.2), the resulting integer was checked to enthatit was not less than zero or greater
than the maximum flow rate achievable by the pud@0Q0 pL/min for the Knauer 100)
otherwise a zero, or the maximum, flow rate wouddapplied as appropriate. The flow rate
value was then converted to an ASCII command stusggd to control the flow rate of the
pump by appending “F” to the beginning of the numdoed a line feed to the end. This string
was then written to the serial port that the pungs wonnected to. The pump responds with
an “OK” string after the flow rate has been sucfidhsset. This received data was then
cleared from the read buffer to avoid a buffer et after many iterations of the sequence.
This whole process was repeated every second. dauat for occasional variation in the
baseline of the spectrum during the reactions, selbee correction mechanism was
introduced. The baseline was monitored at a wagéhethat was not affected by the
compounds present in the reaction and this valiracted from the peak height of the
intermediate compound of interest, to create anrélasce “threshold”.

1.2.2 Relationship between peak height and flow rate

Many factors need to be taken into account to fivk peak height observed in the IR (o

the flow rate of a third stream. The concentrabboomponent C, in the spectrometer can be
calculated bycc = fa-Awherefa is the absorption coefficient ardis the IR absorbance that
is read out in real time (Scheme fl)is predetermined by performing a concentrationestre
of C in the reaction solvent.

3" Stream
D .
Concentration = ¢
A = Absorbance of C Stoichiometry = ngquy. . .
A ( > Nequiv. desired number of equivalents
N Vstream flow rate of reaction stream
c E fa absorption coefficient of C in reaction solvent
) IR ) E cp concentration of standard solution of reactant D
<> DiComp A absorbance of C

B Flow rate = Vgeam foorr correlation factor

Scheme SI1. Parameters required for the calculation of thedtsiream flow rate.
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The required flow rate of the stream of D also aejseupon three other factors: The flow rate
of C exiting the first stepvirean); the concentration of the solution of By) and the desired
stoichiometry between the two reagemis,(y). Taking these parameters into account, the
flow rate of the third streanv{,my is found to be:

- rlequi\z Vstream fA A (1)
Co

= fCOTI’.A\ (2)

Voump

The value offcor is therefore the multiplier used in the LabVIEWbgram to calculate the
required flow rate.
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1.2.3 Screen shot of LabVIEW application
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1.2.4 LabVIEW Block Diagram
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1.2.5 Photograph of reaction set-up
Pressure Gauge  MultiplexIR Flow Cells ~ Pumps for SM
: T = 3
Third Stream N
Pump =
Mixing
Chip ==
Unigsis
PS Reagents FlowSyn
for Purification
Reaction Coil
for Pyrazole
Formation
iC IR Software IR Thermostats PS-Polyol Heating Coll
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1.3 Pyrazole formation

1.3.1 General Procedurefor the preparation of pyrazoles

A solution (2 mL) of Pd(OAg) (4.5 mg, 20.0 pmol) and DIPEA (418 pL, 2.40 mmial)
CH.CI, was loaded into a sample loop (2 mL) on a UnigtmsvSyn. A solution (2 mL) of a
terminal alkyne (2.00 mmol) and an acid chlorided(2mmol) was loaded into a second
sample loop (2 mL). The two sample loops were dweitin-line into streams of GBI, each
flowing at 0.25 mL/min and mixed in a T-piece. Towtput of the T-piece was directed into
the FlowSyn heating coil (20 mL, 80 °C) then intA@mm diameter Omnifit column filled
with PS-Polyol resin (2.24 mmol/g, 3,00 g, 6.7 m)rfollowed by a 250 psi BPR. The flow
stream was then directed through a pressure seioflorved by the Mettler-Toledo
ReactIR™ 45m diamond flow cell and an Aldrich borosilicaiass microreactor. A Knauer
Smartline Pump 100, pre-primed with a solution ettiylhydrazine in EtOH (1.8, 20 mL),
was connected through a 75 psi BPR to the secqnd of the glass mixing chip. Using the
iC IR software, the absorption at the specifieddpiai and baseline (2705 chhfrequencies
were set to output to Microsoft Excel. The Knauemp was controlled through an RS232
serial cable using a LabVIEW VI from the Microsdiikcel spreadsheet to automatically
dispense the methylhydrazine solution. The outpream of the mixing chip was then passed
through a reactor coil (20 mL) held at 40 °C ussnyapourtec R4 heating unit. The stream
was then directed into a series of 10 mm diametani@ columns filled with CaC®@ (3 g,
30 mmol), QP-SA (5 g, 15 mmol), QP-TU (2 g, 6 mmathd silica gel (8 cm). The output
was then passed through a 100 psi BPR followed&wsécond Reactf® 45m flow cell and

a 40 psi BPR. The product was manually collecteérwhR absorption of the product was
detected and the resulting solution left to stand avernight to allow crystallisation of the
product.

1.3.2 Compound characterisation
3-(3-Methoxyphenyl)-1-(4-(trifluoromethyl)phenyl)pr op-2-yn-1-one.

Prepared according to the general procedure, thefiga by column chromatography (4:1
PE/EtO) to give the title compound (389 mg, 64%, >95%itguas yellow crystals.

Mp 60-64 °C. R0.35 (4:1 PE/ED). 'H NMR (400 MHz, CDCJ): 5 =8.32 (2 H, dJ = 8.2
Hz, H-2), 7.79 (2 H, dJ = 8.2 Hz, H-1), 7.38-7.27 (2 H, m, H-3 and H-42d (1 H, d,
J=2.3 Hz, H-6), 7.06 (1 H, ddd,= 8.2, 2.5, 0.9 Hz, H-5), 3.85 (3 H, s, H-7) ppfic NMR
(125 MHz, CDC}): & = 172.62 (C), 159.45 (C), 139.27 (C), 135.09 (CJ) g 32.7 Hz),

Supplementary Material (ESI) for Chemical Science
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129.85 (CH), 129.74 (CH), 125.64 (CH, §,= 3.7 Hz), 125.63 (CH), 123.49 (C, §,=
272.9 Hz), 120.49 (C), 117.85 (CH), 117.65 (CH),384(C), 86.18 (C), 55.34 (GHppm. IR
(ATR): V max = 2970 (w, C—H), 2194 (m,=C), 1637 (s, C=0), 1574 (m, C=C), 1320 (s, C—
F), 1233 (s, C—0) cim. HRMS (ESI): calculated for GH1,F30,, [M + H]*, 305.0789; found
305.0802A = 4.3 ppm.

0,16
0,14 -
0,12 -

y=0,5579x%
R?=0,9978

0,10 -
0,086 -
0,06 -

Absorbance / A.U.

0,04 -
0,02 -
0,00

0,00 0,05 0,10 0,15 0,20 0,25 0,30

Concentration/ M

Figure SI1. Determination of the correlation factor for 3¥Bthoxyphenyl)-1-(4-
(trifluoromethyl)phenyl)prop-2-yn-1-one.

5-(3-M ethoxyphenyl)-1-methyl-3-(4-(trifluor omethyl)phenyl)-1H-pyrazole (5a)

Prepared according to the general procedure usethyhylanisole (254 pL, 2.0 mmol) and
4-(trifluoromethyl)benzoyl chloride (501 mg, 2.4 rmh The ynone intermediate was
monitored at 1648 cm The title compound (459 mg, 69%, >95% purity) waflected as
orange crystals.

Mp 71-73 °C. R0.10 (4:1 PE/ED). *H NMR (400 MHz, CDCJ): 8 = 7.94 (2 H, d,J = 8.2
Hz, H-2), 7.66 (2 H, dJ = 8.2 Hz, H-1), 7.40 (1 H, dd,= 8.9 and 7.6 Hz, H-6), 7.04 (1 H,
ddd,J = 7.6, 1.5 and 1.0 Hz, H-5), 7.01-6.98 (2 H, m7 ldnd H-8), 6.65 (1 H, s, H-3), 3.95
(3 H, s, H-4), 3.87 (3 H, s, H-9) ppriC NMR (125 MHz, CDGJ): 5 = 159.68 (C), 148.86
(C), 145.20 (C), 136.75 (C), 131.41 (C), 129.78 JCH9.25 (C, g,) = 32.3 Hz), 125.51
(CH), 125.50 (CH, gJ = 3.8 Hz), 124.27 (C, gl = 271.9 Hz), 120.96 (CH), 114.50 (CH),

Supplementary Material (ESI) for Chemical Science
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114.02 (CH), 103.57 (CH), 55.23 (GH37.62 (CH) ppm. IR (ATR): V max = 2837 (w, C—
H), 2549 (w, C-H), 1693 (s, C=N), 1583 (m, C=C)2&84m, C=C), 1321 (s, C-F), 1286
(s, C-0) cm*. HRMS (ESI): calculated for &HigFsN,O, [M + HJ', 333.1215; found
333.1221A = 1.8 ppm.

1,3-Diphenylprop-2-yn-1-one*

Prepared according to the literature proceduren theified by column chromatography (4:1
PE/EtO) to give the title compound (247 mg, 60%, >95%tguas a brown solid.

Mp 44-46 °C. R0.36 (4:1 PE/ED). '"H NMR (400 MHz, CDCJ): & = 8.23 (2 H, dd,
J=8.4 and 1.3 Hz, H-3), 7.69 (2 H, dii= 8.3 and 1.4 Hz, H-4), 7.64 (1 H, dt= 7.4 and
1.3 Hz, H-1), 7.54-7.46 (3 H, m, H-2 and H-6), 7440 (2 H, m, H-5) ppm-*C NMR (100
MHz, CDCk): & = 177.95 (C), 136.88 (C), 134.06 (C), 133.02 (CH30.75 (CH), 129.53
(CH), 128.65 (CH), 128.58 (CH), 120.11 (CH), 93(@, 86.87 (C) ppm. IRV max = 3069
(w, C-H), 2202 (s, EC), 1641 (s, C=0), 1600 (m, C=C), 1581 (m, C=C)958.4m, C=C)
cm ™. HRMS (ESI): calculated for £H100Na, [M + Na, 229.0635; found 229.064X% =

2.6 ppm.

0,18 -
0,16 -
0,14 -
0,12 -
0,10 -
0,08 -
0,06 -
0,04 -
0,02 -
0,00 : : : : : |

0,00 0,05 0,10 0,15 0,20 0,25 0,30
Concentration/ M

v =0,6802x
R?=0,9919

Absorbance / A.U.

Figure SI2. Determination of the correlation factor for 1,8Benylprop-2-yn-1-one.

1. R. Baxendale, S. C. Schou, J. Sedelmeier, $eY,Chem. Eur. J 2010,16, 89-94.
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1-M ethyl-3,5-diphenyl-1H-pyr azole (5b)*

Prepared according to the general procedure udiegypacetylene (220 uL, 2.0 mmol) and
benzoyl chloride (279 pL, 2.4 mmol). The ynone iintediate was monitored at 1640 tm
The title compound (337 mg, 72%, >95% purity) wallected as pale brown crystals.

Mp 56-58 °C. R0.12 (4:1 PE/ED). *H NMR (400 MHz, CDCJ): 5= 7.84 (2 H, dJ = 8.4
Hz, H-3), 7.52-7.38 (7 H, m, H-1, H-2, H-6 and H-7)31 (1 H, t,J = 7.4 Hz, H-8), 6.62
(1 H, s, H-4), 3.95 (3 H, s, H-5) ppiC NMR (100 MHz, CDGJ): & = 150.44 (C), 145.03
(C), 133.34 (C), 130.60 (C), 128.69 (CH), 128.6H)C128.58 (CH), 128.51 (CH), 127.58
(CH), 125.48 (CH), 103.19 (CH), 37.53 (@Hpm. IR (ATR): I/ max = 3061 (W, C—H), 2562
(w, C—H), 1687 (s, C=N), 1484 (m, C=C), 1451 (m,Q}=1274 (s, C-N) cil. HRMS
(ESI): calculated for GH1sN», [M + H]", 235.1270; found 235.1273;= 1.3 ppm.
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1.5 Reduction and crotylation

A solution (1 mL) of §-methyl 3-(fert-butyldimethylsilyl)oxy)-2-methylpropanoate (1
mmol) in toluene was loaded into a sample loop (3 on a Vapourtec R2+/R4. A solution
(2 mL) of DIBAL-H (1 mmol) in toluene () was loaded into a second sample loop (1 mL).
The two sample loops were switched in-line inteatns of toluene each flowing at 0.15
mL/min and mixed in a cooled T-piece within a Vagea low temperature coil held at —78
°C. The output of the coil was then directed inttGamm diameter Omnifit column filled
with PS-Polyol resin (2.24 mmol/g, 2.5 g, 5.60 mjraoid a 1 cnplug of silica gel. The flow
stream was then passed through the Mettler-Tolesac®R " 45m diamond flow followed
by a 75 psi back pressure regulator into the iimgtit of a second cooled T-piece. A Knauer
Smartline Pump 100, pre-primed with a solution ofdmate7 in toluene (1.5m), was
connected through a 75 psi BPR to the second wipile T-piece. Using the iC IR software,
the absorption at the specified product (1737 ¢rand baseline (2705 ¢h frequencies
were set to output to Microsoft Excel. The Knauemp was controlled through an RS232
serial cable using a LabVIEW VI from the Microsdiikcel spreadsheet to automatically
dispense the boronate solution. The output strefatheoT-piece was then passed through a
second cooled coil held at —40 °C. The stream Wwas tlirected into a 10 x 15 mm diameter
Omnifit column filled with PS-Polyol resin (2.24 natg, 5 g, 11.2 mmol) The output was
then passed through the second Redtt®m flow cell and a 40 psi BPR. The product was
manually collected when IR absorption of the praduas detected.

Photograph of set-up (temperatures displayed ar€ th® reaction temperatures):
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(S)-3-(tert-Butyldimethylsilyloxy)-2-methylpr opanal®

5
\S_/ 4 Q
i 2
>F O%H
7 4

Prepared according to the general procedure willeatmn after the first column of PS-
polyol resin and silica gel to yield the title cooynd as colourless oil. (176 mg, 88%)

'H NMR (400 MHz, CDCJ): 8 = 9.72 (1 H, d,J = 1.6 Hz, H-1), 3.84 (1 H, dd,= 5.2, 10.2
Hz, H-4y), 3.79 (1 H, dd,) = 6.3, 10.2 Hz, H+), 2.55 — 2.46 (1 H, m, H-2), 1.07 (3 H, Xk
7.0 Hz, H-4), 0.86 (6 H, s, H-5), 0.04 (9 H, s, HBpm.

1,2 -

vy =8,3799x
1,0 7 R2=0,9989

0,8 -
0,6 -

0,4 -

Absorbance [/ A.U.

0,2 A

0,0 -
0,00 0,02 0,04 0,06 0,08 0,10 0,12 0,14

Concentration / M

Figure SI3. Determination of the correlation factor f&@){3-(tert-butyldimethylsilyloxy)-2-
methylpropanal.

(2S,3R,49)-1-(tert-Butyldimethylsilyloxy)-2,4-dimethylhex-5-en-3-ol (8) 3

9
VAP
>ﬁ)8l\0/\6‘/5\j/\1

11 7 2

Prepared according to the general procedure angoeated to dryness to give olefthas
colourless oil (202 mg, 78%).

2J. A. Marshall, B. A. Johng, Org. Chem.1998,63, 7885-7892.
% P. V. Ramachandran, A. Srivastava, D. Ha@na. Lett, 2007,9, 157-160.
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[a]p® = +6.4 € 2.00, CHC})."H NMR (500 MHz, CDGJ): & = 5.84 (1 H, dddJ = 7.3, 10.4,
17.5 Hz, H-2), 5.05-5.02 (2 H, m, H-1), 3.82 (1dl, J = 3.9, 9.9 Hz, H-), 3.61 — 3.55
(1 H, m, H-8), 3.38 (1 H, dtJ = 4.6, 6.7 Hz, H-5), 2.35 — 2.27 (1 H, m, H-3B82A - 1.73
(1 H, m, H-6), 1.03 (3 H, d] = 6.8 Hz, H-4), 0.89 (3 H, d,= 7.1 Hz, H-7), 0.87 (9 H, s, H-
11), 0.05 (6 H, dJ = 2.1 Hz, H-9) ppm*C NMR (125 MHz, CDGJ): 5 = 142.47 (CH),
113.88 (CH), 79.60 (CH), 67.98 (Ch), 41.26 (CH), 36.62 (CH), 25.85 (C), 18.14 ({iH
14.10 (CH), 13.40 (CH), -5.61 (CH), -5.64 (CH) ppm. IR (ATR): V max = 3510 (br,
O-H), 2929 (w, C—H), 2858 (w, C—H), 1463 (m, C=0353 (m, C-0), 1075 (s, Si-0O) chm
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