AUTOMATED FLOW REACTION INCUBATION & CONTROL APPARATUS

This application note describes the optimisation of a Passerini reaction. The objective was
to optimise a literature procedure to reach the highest yield of desired product with a

maximum of 1hr reaction time.

The reaction was optimised from an original 60 hour batch reaction with a yield of 62% to a

1 hour flow reaction with a yield of 91%.

DCM NO
PN O 2
Ph/COZH + + CN Ph - )J\ H Ph
NO, 60hrs H,C 0 ~
= Room temp
(o) O
leq 2eq leq 62%

The batch reaction in the literature® was part of a library of compounds and the reaction
conditions were 60hrs at room temperature. These conditions were repeated at Syrris and
generated a yield of 62% (determined by HPLC with calibrated internal standard).

# $ %
A design of experiment was carried out to investigate the following four variables within the
specified ranges.
Time: 15, 30 & 60mins
o Due to the unacceptably long time for the literature batch reaction, a
maximum of 1 hour was decided upon for the flow reaction.
Temperature: 80°C & 100°C
0 To reduce the reaction time to below 1hour, the minimum temperature
chosen was 80°C. The maximum of 100°C was defined due to the capacity
of the AFRICA system with DCM. Note that the temperatures are greater
than the atmospheric boiling point of DCM.
Equivalents of isonitrile (vs. acid): 0.7, 1 & 1.3 eq
0 It was decided that a very large equivalent of any reagent would not be
investigated due to the poor efficiency of using large excesses.
Equivalents of aldehyde (vs. acid): 0.7, 1 & 1.3 eq
0 It was decided that a very large equivalent of any reagent would not be
investigated due to the poor efficiency of using large excesses.
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The following experiments were selected using a design of experiment approach.

Rxn # Eq. Eq. Eq. Temp Time

CO:H CHO RNC (°C) (m)
1 1 1 1.3 80 15
2 1 1.3 0.7 100 15
3 1 1.3 0.7 80 30
4 1 1 1 100 30
5) 1 0.7 1.3 80 60
6 1 0.7 1.3 100 30
7 1 0.7 1.3 80 30
8 1 1 0.7 80 60
9 1 0.7 1.3 100 60
10 1 1.3 1 80 15
11 1 1.3 0.7 100 60
12 1 1.3 1.3 80 60
13 1 0.7 0.7 100 60
14 1 1 0.7 100 15
15 1 1.3 1.3 100 15
16 1 0.7 0.7 80 15

Three 1M stock solutions were made as shown below.

Material Volume MolWt _ MolRat. Moles Molarity Wt
A |benzoic acid 122.1 1 12.0000 1.0000| 1465.44
S |dichloromethane 12 | 84.9| 13.6442 163.7304| 13.6442| 13905.62
B | 2-nitro benzaldehyde 151.1 1 12.0000 1.0000| 1813.44
S ldichloromethane 12 | 84.9] 13.1935 158.3217| 13.1935| 13446.26
C |benzyl isocyanide 117.2 1 12.0000 1.0000| 1405.80
S |dichloromethane 12 | 84.9] 13.6495 163.7942| 13.6495| 13911.04

The AFRICA system was set up as shown in the software screenshot below

Butfer Benznic Acid
1A =

1A
Buffer Aldehpde Passetini AFRICA HPLC Callectian
1B = 1B

H“Hh

Buifer Isonitrile
":ﬁL IIZ:—”~~.\g
A 3 input, 1ml chip was used with 10ml sample loops in the Reagent Store and yellow
syringes on the Reagent Pumps. The output of the reactor chip was connected to the
AFRICA analysis modules and a 5m sample was taken from the flow stream of each
reaction and analysed using the following method.
HPLC Method:

Column Alltech 53x7mm Platinum EPS18 Rocket

Mobile phase ACN/ Water (0.1% formic acid)

Gradient 20%>70% @ 8min, 1ml/min 220nm
Detector 220nm

The AFRICA system performed the synthesis and analysis automatically.
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Below is a peak table of the relevant components and a sample chromatogram showing
peak separation & retention time.

Peak Cpd RT (Sec)

1 Unknown 1 105 A sample chromatogram

2 Benzoic acid 119

3 NO2PhCHO 165

4 BnNC 193

5 Unknown 2 282 . E

6 Unknown 3 338 '
Passerini A e

! Product 350 i

8 BIBenZyI (IS) 414 0.00 30.00 60.00 90.00 12000 15000 18000  210.00 24000 270.00 300.00 33000 36000 390.00  420.00

Full list of chromatograms (screen shot from AFRICA Analysis)
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Peak areas:

Rxn # Eqg. Eq. Eq. Temp Time % of total
CO.H CHO RNC (°C) (m) peak
area
1 1 1 1.3 80 15
2 1 1.3 0.7 100 15
3 1 1.3 0.7 80 30
4 1 1 1 100 30 56.1
5 1 0.7 13 80 60 68.7
6 1 0.7 1.3 100 30 62.5
7 1 0.7 1.3 80 30
8 1 1 0.7 80 60
9 1 0.7 13 100 60 62.4
10 1 1.3 1 80 15 55.6
11 1 1.3 0.7 100 60
12 1 1.3 1.3 80 60
13 1 0.7 0.7 100 60
14 1 1 0.7 100 15 64.1
15 1 1.3 13 100 15 53.3
16 1 0.7 0.7 80 15
' %

It would have been possible, in the simplest sense to assume that experiment 5 was the
best possible combination of conditions. However, from the results above, the effect of
time, temperature and stoichiometries were calculated by stepwise multiple regression
analysis to predict the highest yielding reaction conditions. The predicted optimum
conditions within the ranges set out at the beginning were found to be the same as
experiment 5 and were calculated to give an area of 70.4% (c.f. actual area 68.7%)
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For information on the stepwise multiple regression analysis, please see application note

No. 9.
Rxn # Eq. Eq. Eq. Temp Time Predicted
COH CHO RNC (°C) (m) % of total
peak
area
Opt 1 0.7 1.3 80 60 70.4

The optimum conditions were repeated 3 times with an internal standard to accurately

assess the quantity of product.

Rxn # Eq. Eq. Eq. Temp Time % of total
COzH CHO RNC (°C) (m) peak
area
5a 1 0.7 1.3 80 60 70.0
5b 1 0.7 1.3 80 60 70.6
5c 1 0.7 1.3 80 60 69.9

A known concentration of pure product was also run with the internal standard for calibration
purposes. The average of these results equates to a 91.1% yield of product based on
benzoic acid.

(

The Passerini reaction was optimised from a batch reaction of 62% (60hr reaction) to 91%

yield (1 hour reaction) using the AFRICA system and a DoE approach.

(1) Colour Encoded Parallel Synthesis, Lorenzo Williams, The 3rd International Electronic
Conference on Synthetic Organic Chemistry
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