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Abstract

Herein we report a machine-assisted and scaled-up synthesis of propofol, a short-acting drug used in procedural sedation, which
is extensively in demand during this COVID-19 pandemic. The continuous-flow protocol proved to be efficient, with great
potential for industrial translation, reaching a production up to 71.6 g per day with process intensification (24 h-continuous
experiments). We have successfully telescoped a continuous flow approach obtaining 5.74 g of propofol with productivity of
23.0 g/day (6 h-continuous experiment), proving the robustness of the method in both separated and telescoped modes.
Substantial progress was also achieved for the in-line workup, which provides greater safety and less waste, also relevant for
industrial application. Overall, the synthetic strategy is based on the Friedel-Crafts di-isopropylation of low-cost p-
hydroxybenzoic acid, followed by a decarboxylation reaction, giving propofol in up to 84% overall yield and very low

by-product formation.
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Introduction

The synthesis of active pharmaceutical ingredients (APIs)
using enabling technologies has become an active field of
research [1]. The use of continuous flow technologies for this
purpose [2—6] is now prominent in both academia and indus-
try, showing great advantages over the traditional batch pro-
cesses. This is especially true in terms of sustainability, effi-
ciency, safety, and fine reaction control, thus being a disrup-
tive and modern frontier technology [7-9].

We are currently experiencing the COVID-19 pandemic,
and this has brought to the forefront a worldwide problem,
which is the low capacity to support demanding peaks for
specific APIs. For example, during this current pandemic,
the sudden and large increase of patients requiring ventilation
caused a propofol shortage in several countries resulting in
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serious hospital treatment breakdowns, e.g. in Brazil [10].
Propofol is marketed, for example, as Diprivan®
(AstraZeneca). It is a fast-acting intravenous anesthetic agent
with worldwide demand, being applied for the induction and
maintenance of anesthesia and sedation for medical proce-
dures in adult and pediatric patients [11, 12]. Propofol has
also been used to avoid cardiopulmonary complications in
patients maintained under mechanical ventilation during
long periods, as this drug minimizes the natural resistance
of the body to this invasive procedure [13, 14]. The mech-
anisms of action involve several neurotransmitter receptors,
especially the GABA 4 receptor, and is considered a distinct
sedative drug with low toxicity and rapid onset and
metabolization [15]. In addition, evidence indicates that
propofol can potentialize the antitumor effect of chemo-
therapy drugs, and studies of its application as a synergistic
drug are under investigation [16, 17]. Old uses and the
recent needs justify the recognition of this drug as an es-
sential medicine by the WHO since 2013 [18].

In general, the strategies for obtaining propofol involve
direct syntheses from phenol [19-23], or by using the
protected 4-position of phenol such as 4-hydroxybenzoic acid
[24-26] or 4-chlorophenol [27, 28]. The Friedel-Crafts alkyl-
ation between phenol and propylene gas (Scheme 1 — Method
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CO,H 60 °C CO,H 200 °C Propofol

X 45% more H,SO,4

X tR=40min

X intermediate in up to 37.3 g-scale X 86% NMR-yield, 58% isolated yield
X' 0.2 molar processed solution x 1.5 g/day per mL-reactor

X Propofol obtained in only 52 mg-scale

X tR=30min
X no scale up

D) Our Continuous Flow Process (2022)

OH ‘PrOH H,0
H,80,
CO,H  60°C
& 45% less H,SO,

@ 0.3 molar processed solution @ intermediate in up to 43.8 g-scale

@ different and improved
reaction flow setup

@ 24 h process intensification
@ 2.7 g/day per mL-reactor

OH
)\@* decarboxylation )\@/k
CO,H 150 °C Propofol
& *=30min & Propofol obtained in 71.6 g-scale

& 87-95% isolated yields
& 7= 16 min

@ 24 h process intensification

& telescoped continuous flow synthesis:

*in-line work up
* without intermediate isolations

A) [19-23] requires dramatic reaction conditions (high pres-
sures), and several by-products are obtained, such as 2,4-
diisopropylphenol, 2,5-diisopropylphenol and 2,4,6-
triisopropylphenol. A resulting concern is how to purify
propofol fulfilling the regulatory standards for medicinal ap-
plication, as these by-products have similar physical proper-
ties. On the other hand, from the substituted phenols
(Scheme 1 —Method B) [24, 25, 29], isopropanol in a strongly
acidic medium is an option for the in-situ generation of pro-
pylene gas, which, followed by alkylation and removal of the
para-substituent group of the phenol, also provides propofol.
Attempts to improve the industrial isolation process of
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*23.0 g/day
* 84% overall yield

propofol have been reported with simplification of the extrac-
tion step, validation, and batch kilogram scale [24]. However,
there is no doubt at all that continuous processing can intro-
duce fast and improved control in propofol manufacturing,
delivering a fine temperature control and minimizing by-
products formation. Up to now, only the recent publication
from the Poisson [30] group has reported a synthetic route to
propofol using continuous flow conditions, with the solution
of some problems, but still requiring optimizations of the
H,S0, equivalents, starting material concentration, continu-
ous scale-up demonstration of the last synthetic step and other
variables (Scheme 1 — Method C) [30].
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In Big Pharma, synthetic routes for different intravenous
anesthetics such as Cipepofol are currently being planned, but
the necessity for several reaction steps, high temperatures and
stoichiometric organometallics (n-butyl lithium or Grignard
reagents) raise new problematic synthetic issues, especially
related to the safety of a large-scale process and drug purifi-
cation [31].

Considering the industrial process and the academic litera-
ture, several gaps remain unsolved for the synthesis of
propofol, such as less waste generation and purifications, less
dependence on acids, better productivity, identification of by-
products, process intensification and modernization of the
scale up process, among others.

Aiming at improving propofol production and following
on our previous results in continuous flow chemistry
[32-38], we now report a scaled-up and telescoped synthesis
of propofol under continuous-flow conditions in 2 reaction
steps, via Friedel-Crafts alkylation followed by a decarboxyl-
ation reaction. The synthesis of 4-hydroxy-3,5-
diisopropylbenzoic acid and then 2,6-diisopropylphenol
(propofol) was carried out individually, with a comprehen-
sive screening of the reaction conditions in both batch and
continuous flow, also demonstrating 24-hour experiments,
additional advantages and the delivery of propofol in up to
71.6 g-scale. Then the telescoped continuous flow process
intensification was developed as described below
(Scheme 1 — Method D).

Results and discussion

Initially, the optimization of the synthesis of 4-hydroxy-3,5-
diisopropylbenzoic acid (2) was performed in batch condi-
tions to explore initial reaction conditions which are com-
patible with microflow reactors, which mean the highest
possible concentration with no evidence of precipitation.

Table 1  Optimization for the synthesis of 2 in batch.™
OoH oH
0t0 60 °C
CoH CoH
1 2
Ent 1 ‘PrOH:H,0 H2S04 Time  Yield
Y (mmol)  (molL") (mL) (mL) m ()
1 6.5 13 4.2,0.8 (85:15) 3.6 2 43
2 6.5 13 4.2,0.8 (85:15) 3.6 6 39
3 6.5 13 4.2,0.8 (85:15) 3.6 24 18
4 6.5 13 3.75,1.25 (75:25) 3.6 24 16
5 4.5 0.9 4.2,0.8 (85:15) 3.6 2 46
6 4.5 0.9 4.2,0.8 (85:15) 7.2 2 44
7 4.5 0.9 4.2,0.8 (85:15) 1.8 24 18
8 4.5 0.9 5.0, 0 (100:0) 3.6 6 23

[a] 4-hydroxybenzoic acid 1, ' PrOH:H,O and H,SO,. [b] Isolated by
column chromatography.

Despite the methodology for the synthesis of 2 (Table 1)
having been described previously in the literature by
Pramanik et al. [24], these batch reaction conditions were
not planned to be promptly adapted in flow. Additionally,
the seminal flow methodology reported by the Poisson
group [30] was not optimized, remaining the use of exces-
sive H,SO4 (45% more), starting material 1 processed at
0.2 M, intermediate 2 processed in only a few milligrams,
a less-efficient tube reactor, among others, as pointed out in
Scheme 1 — Method C.

Thus, isopropanol was carefully added to a cooled mixture
of 4-hydroxybenzoic acid (1), water and concentrated sulfuric
acid (from 0 °C to 60 °C) in different concentrations and
solvent proportions (Table 1). We observed that with longer
reaction times, the yield decreased with major by-products
formation, possibly due to parallel and/or subsequent reac-
tions from 2 (Table 1, entries 1-3). An increase in water con-
centration was not fruitful, as a lower solubility of 1 was
observed with evident precipitation (Table 1, entry 4) whereas
a lower concentration of 1 gave better solubility (Table 1,
entry 5). The increase of the H,SO,4 concentration did not
improve the transformation (Table 1, entry 6). With less
H,SO, the reaction required more time to consume the
starting material in batch, providing more by-products (evi-
denced by TLC) (Table 1, entry 7). In the absence of water
(Table 1, entry 8), several by-products were also observed,
showing that water plays a fundamental role, probably pre-
venting the formation of the corresponding isopropyl ester of
2 and controlling the bis-alkylation. Therefore, our best reac-
tion condition (Table 1, entry 5) in batch allowed us to obtain
2 in 46% yield. Importantly, this condition presented a lower
by-product formation and no precipitation during the 2 h re-
action time.

After the orientational studies in batch, it was possible to
prospect the best initial conditions for the continuous flow
experiments. A high-precision flow pump coupled to a con-
tinuous flow PFA tubing reactor was used (ASIA® modules
from Syrris). Initially, the temperature of 80 °C was chosen to
prevent clogging and allow us to increase the flow rate as
much as possible. The optimization with longer residence
times yielded 2 with low yields (Table 2, entries 1-4). At
80 °C, the best condition was achieved with 30 min residence
time, delivering product 2 in 75% isolated yield, and up to
38.6 g/day (Table 2, entry 4). The temperature was lowered to
60 °C (Table 2, entries 5 and 6), and the best performance was
obtained with 30 min residence time, an overall flow rate at
0.533 mL/min, giving 2 in 92% yield in up to 47.4 g/day.

To confirm the efficiency of the present method, as well as
the process intensification, a continuous flow reaction was
performed for 24 h (Table 2, entry 7) with full virtual control
(using the Syrris Software, webcam, and remote access), de-
livering 43.8 g (197.0 mmol) of highly pure intermediate 2.
We emphasize that the experimental 24 h productivity is very
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Table 2 Optimization for the synthesis of 2 under continuous-flow Table 3  Optimization for the synthesis of 3 in batch.[
conditions OH oH
7777777777777 o;.;” Batch reaction *@*
Pump A
1 ‘ CO,H 3
PFA tubing
COH ™ qemL OH 2 Propofol
10.9 M in 'PrOH:H,0 (85:15) Entry Solvent Base (equiv.) Temp. (°C) Time (h) (‘.f/le)l[ﬂ
e coH 1 Ethylene  NaOH (3.0) 100 24 49
77777777777777 2 glycol
Hz50, 2 DMF NaOH (3.0) 100 8 ol
40°C pumpB 3 DMF DBU (3.0) 100 24 78
4 DMF TEA (9.0) 100 24 65
Flow rate (mL/min) Temp. [ Yield throughput. 5 DMF "BuNH: (9.0) 100 24 72
Ety A B Total (C) (min) (%) g/day 6 DMF "BuNH, (9.0) 100 14 4
[a] [b]
M o1s oz o040 % 40 #M 209 7 DMF UBMNIOO) 150 6o
30224 0309 0.533 80 30 510 33.1 g TDIMF nguzgz (;'8) 130 5: :g
48 0178 0356 0533 80 30 75t 38.6 Oluene "BuNH.(0.0) _ reflux !
skl 0133 0267 0.400 60 40 8461 323 [a] 4-hydroxy-3,5-diisopropylbenzoic acid 2 (222 mg, 1.0 mmol) in sol-
6 0178 0356 0.533 60 30 9200 47.4 vent (3 mL) and base. [b] 3 not isolated, several by-products. [c] Isolated
7t 0.178 0356  0.533 60 30 85stbl 43.800 by filtration over silica gel,
gLl 0.178  0.356  0.533 60 30 744 38.11

[a] Pump A: 4-hydroxybenzoic acid 1 (500 mg, 3.62 mmol) in
"PrOH:H,0 (85:15, ca 4.0 mL) to give a 0.9 M solution; Pump B:
H,S0, (8 mL). [b] Isolated by column chromatography. [c] Process in-
tensification using a 0.9 M solution of 1 (32 g, 231.8 mmol) in
"PrOH:H,0 (85:15, ca 250 mL) (Pump A) and H,SO,4 (Pump B); 24 h
experiment. [d] Isolated after acid-base extraction (NaOH and then HCI)
and crystallization from hexanes.

similar to that estimated in entry 6 (Table 2) showing that our
continuous setup and reaction condition are reliable for pro-
cess intensification. Additionally, to minimize purification
costs and avoid chromatography, an acid-base liquid-liquid
extraction was applied after a new 24 h experiment delivering
the highly pure intermediate 2 in 74% yield (38.1 g) after
crystallization from hexanes (Table 2, entry 8). It is important
to explain that in all our experiments in flow it is necessary to
pre-heat the reagents/reaction mixture to 40 °C before
pumping to avoid precipitations and thus clogging in the
micromixer and entry of the flow reactor (See the supp.
Information, S2 and S3).

A study of the decarboxylation of 2 in batch was then
carried out to find again orientational conditions for the trans-
lation to flow, varying solvents, bases, temperature and reac-
tion times (Table 3). When ethylene glycol was used as sol-
vent with 3.0 equiv. of NaOH, a very viscous mixture was
obtained, which would not be suitable for continuous flow
conditions (Table 3, entry 1). Exchanging for DMF as solvent
and NaOH as the base, the viscosity issue was solved, but the
transformation was not satisfactory, and several by-products
were observed (Table 3, entry 2). Other bases were evaluated,
such as DBU, TEA and the very cheap "BuNH, (Table 3,
entries 3-8). 9.0 Equivalents of "BuNH, at 150 °C showed
the best performance, delivering propofol in 91% yield af-
ter 24 h (Table 3, entry 7). With a decrease in base concen-
tration from 9.0 to 5.0 equivalents, a decrease in the yield
was observed from 91 to 66% (Table 3, entry 8). Using

@ Springer

toluene as solvent propofol (3) was obtained in 73% yield
(Table 3, entry 9).

The synthesis of propofol (3) was then adapted to flow
using the best batch condition (entry 7, Table 3), and the flow
optimizations were carried out using a stainless-steel continu-
ous flow reactor (ASIA® modules from Syrris, Table 4).
Considering our previous results in batch, it was determined
that the best reaction mixture for the synthesis of 3 from 2 was
to use n-butylamine as the base (9.0 equiv.) in DMF as sol-
vent. The reagents were all mixed into a single solution
(40 °C) for pumping, and the reactor temperature was initially

Table 4 Optimization for the synthesis of propofol (3) under
continuous-flow conditions.

Stainless-steel

OH
2
CO,H
* i Heating
"BuNH,, DMF ;  oteoeeTees Propofol
40°C
Entry Flow rate (mL/min) Temp. (°C) Res. Yield throughput.
(min)  (%)" g/day
10 0.100 130 160 95 7.8
20 0.200 130 80 94 15.5
3@ 0.500 130 32 88 36.2
4kl 0.600 140 27 93 46.0
5t 0.533 150 30 86 37.8
6l 0.800 150 20 95 62.6
7t 0.900 150 18 92 68.2
gl 1.000 150 16 89 73.3
9lel 1.000 150 16 87l 71.6

[a] Pump: 4-hydroxy-3,5-diisopropylbenzoic acid 2 (300 mg, 1.35 mmol,
"BuNH, (9.0 equiv., 1.19 mL) and DMF giving 2 at 0.32 M solution. [b]
Isolated by extraction and filtration over silica gel. [c] Process intensifi-
cation using 2 (102.85 g, 463.3 mmol), " BuNH, (411.4 mL) and DMF
(ca 1000 mL) to give a 0.32 M solution of 2; 24 h experiment, thus
obtaining 71.6 g of 3.
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setat 130 °C. As the flow was increased from 0.100 mL/min
to 0.500 mL/min, a decrease in yield was observed, despite
the increase in productivity per day (Table 4, entries 1-3).
Concomitantly, increasing the flow to 0.600 mL/min and
the temperature to 140 °C, propofol (3) was obtained in
93% vyield (Table 4, entry 4). Increasing the temperature
to 150 °C (Table 4, entries 5-9), we found the best results
with up to 95% yield (62.6 g/day) (Table 4, entry 6).
However, increasing the flow to 1.0 mL/min, despite the
small decrease in the isolated yield (89%), optimal produc-
tivity of 73.3 g/day was achieved in only 16 min residence
time (Table 4, entry 8).

To confirm the efficiency of the process intensification, a
continuous flow reaction was performed during 24 h (Table 4,
entry 9), affording 71.6 g (402.2 mmol) of propofol (3), after a
simple filtration over silica gel and solvent evaporation. This
result is in agreement with the predicted value (predicted
73.3 g/day vs 71.6 g/day obtained experimentally).

Telescoping

The optimal conditions obtained during the step-by-step flow
experiments (Tables 2 and 4) were applied to a telescoped
flow sequence (Table 5). Initially, the best condition for the
extraction of 4-hydroxy-3,5-diisopropylbenzoic acid 2 was
determined. Attempts for an in-line extraction with water
and Et,O were performed, but with no success due to the
strong heating of the reaction mixture while in contact with
Et,0, H,SO, and water. The in-line extraction with toluene

OH

was well-succeeded and the intermediate 2 recovered in
compatible yields when compared to our previous experi-
ments. For the in-line separation, the Biotage® hydrophobic
membrane phase separator, and toluene were established as
the best option for extraction and separation. Thus, the tolu-
ene extract containing 2 was then pumped simultaneously
(Pump E, Table 5) together with a flow of pure “BuNH, as
the base, but we observed precipitation of salts and clogging.
To solve this problem a solution of "BuNH,:DMF (6:4) and a
preheating step at 100 °C was successfully used. With these
changes in hand, the reaction conditions were established
and the fully telescoped protocol performed (Table 5).
With Pump E at 0.800 mL/min, Pump F at 0.100 mL/min
and reactor 2 at 150 °C, the productivity achieved was
20.6 g/day in 67% overall yield for propofol (3) (Table 5,
entry 1). By reducing the Pump F flow to 0.080 mL/min a
slight improvement was observed, delivering 3 in 70% yield
(Table 5, entry 2). Lower temperatures were ineffective
while at 120 °C the yield was lower (49%, Table 5, entry
3). With the configuration set to Pump E = 0.700 mL/min,
Pump F = 0.080 mL/min, and reactor 2 at 150 °C, propofol
(3) was obtained in 82% overall yield and 22.2 g/day
(Table 5, entry 4). All the experiments of this telescoped
protocol were realized on a 3.62 mmol scale, and to confirm
the efficiency of the process intensification, a 6 h-
experiment was also performed (Table 5, entry 5), affording
5.74 g (32.2 mmol) 3 in 84% of overall yield (estimated
23.0 g/day), proving the robustness of our telescoped
protocol.

Pump F

"BuNH,:DMF
(6:4)

Preheat

Reactor 2
Stainless-steel

Table 5 Telescoped protocol for propofol synthesis under continuous-flow conditions.
777777777777777777777 Pump C

oH : Pump A 0.900 mL/min

i 0.178 mL/min Toluene
1
COzH ‘ Reactor 1
09 Min : PFA tubing hydrophobic
s . .15) | o 16mL Dynamic| membrane
1 'PrOH:H,0 (85:15) | i ynar phase separator
40°C mixer|

CoH 100°c | N 3
,,,,??,EE ,,,,, in tolu:ne PumpE e 1,59,,9,,1 Propofol
,,,,,,,,, : Aqueous 84% overall yield
H,S0, @7 layer 23.0 g/day
40°C | Pump B Water
"""""" 0.356 mL/min Pump D
0.900 mL/min
Flow rate (mL/min) Temp. * Yield Prod.
Entry Pump Pump Total °C) (min) (%)™ g/day
E F
10l 0.800 0.100 0.900 150 17 67 20.6
2lal 0.800 0.080 0.880 150 18 70 21.7
3 0.800 0.080 0.880 120 18 49 15.1
4l 0.700 0.080 0.780 150 20 82 222
5lel 0.700 0.080 0.780 150 20 84Ll 23.00!

[a] Pump A: 4-hydroxybenzoic acid 1 (500 mg, 3.62 mmol) in ' PrOH:H,0 (85:15) to give a 0.9 M solution pumped at 0.178 mL.min ' ; Pump B:
H,SO,4 pumped at 0.356 mL.min ! ; Pump C: Toluene (27 mL); Pump D: Water (27 mL); Pump F: " BuNH,:DMF (6:4). [b] Isolated by column

chromatography. [c] Process intensification in 6.0 h experiment.
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By-products identification

During the optimization of the 4-hydroxy-3,5-
diisopropylbenzoic acid (2) synthesis (Table 1 and 2), some
by-products were detected and we decided to investigate them
taking into account future API manufacturing controls. Using
entry 6 (Table 2) as a model, the reaction was quenched and
directly analyzed by LC-MS (TOF/Q-TOF Mass
Spectrometer), which revealed the formation of 3 minor by-
products, (4, 5 and 6 — Fig. 1). Analyzing the LC-MS results
for the synthesis of 2, only 5% of 4, 4% of 5 and 8% of 6
(relative peak areas) were observed. Their structures were

COH

LC-MS

proposed based upon the exact mass determinations. The
main product 2 was quantified with an 83% area, very close
to the isolated yield of 85% (Table 2, entry 7), also showing
that our mass balance is compatible with the total starting
material conversion and the formation of these impurities
which were easily removed by crystallization from hexanes
(Table 2, entry 8).

In the analysis of eventual impurities during the synthesis
of propofol (3), the reaction was quenched and directly ana-
lyzed by GC-MS (Fig. 1) using entry 6 conditions (Table 4) as
the model. In this case, no unreacted 2 nor by-products were
observed, presenting a very clean chromatogram even without

PFA tubing

OH

x10 7 |-ESI TIC Scan Frag=35.0V CID@2.0 Sample_RE-1.7_ESI-_Method_AA.d Subtract
441 *3618 1
Py
*2.874
0 A
02040608 1 121416 18 2 2224 2628 3 32343638 4 42444648 5 52545658 6 6264 6668 7 7.2 7.4 7.6 7.8
Counts vs. Acquisition Time (min)
RT HRMS Area %
Compound B
[M-H]
OH OH o OH
4 2.874 179.0719 9622433.82 5
2 3.618 221.1193  145394799.84 83 ) 4 )\ 5 6
5 5638 221.1194  7059123.95 4 COH COM 0" "o )\o )
Chemical Formula: C43H,303 Exact Mass: 180.0786  Exact Mass: 222.1256 Exact Mass: 264.1725
6 6.281 263.1662 13635781.72 8 Exact Mass: 222.1256 ;
(or isomers)
OH
OH
) )\@/k
CO,H
3
* i Propofol
"BuNH, DMF | T P
’""’""; ”””” no by-products
GC-MS 40°C observed
(x10,000,000} Max Intensity : 15,634,185
ITIC (1.00} Time  30.20% Scan# 3,028 Inten. G,355,336 Oven Temp262.09)
1.00
0.75
0.50
0.25
7s 10.0 125 150 175 200 25 250 275 300

Fig. 1 LC-MS chromatographic evaluation of products 2, and GC-MS of 3
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previous purification (the crude reaction product was
analyzed).

Conclusions

Considering the current need for more cost-competitive and
safer synthetic processes, we have developed an enhanced
continuous synthesis of propofol with greater efficiency, at-
tenuating problems that remained unresolved in the literature,
such as high-volume dependence of sulfuric acid, tedious and
expensive column chromatography purification of intermedi-
ate 2, process intensification in the two steps, in-line work up
and a telescoped continuous flow protocol. During the analy-
ses carried out by LC-MS and GC-MS, it was possible to
better understand the transformations, identify the minor by-
products, as well as control them in the reaction medium. The
first step is a Friedel-Crafts alkylation of 1, and provides the
bis-alkylated product 2 in up to 43.8 g (real 24 h experiment),
using a 16 mL PFA reactor. Another improvement was
achieved by using purification via acid-base extraction with-
out the need for tedious column chromatography purification.
The second step is a decarboxylation reaction, and applying
relatively mild conditions and short reaction time, propofol (3)
was obtained in up to 71.6 g/day (real 24 h experiment) using
a continuous flow 16 mL stainless steel reactor. Considering
the optimal residence time of the first continuous step (30 min)
and the residence time of the second (16 min) we can affirm
that our protocol involves just 46 min of processing to obtain
3. The telescoped continuous flow protocol was performed in
up to 6 h, thus affording 5.74 g (32.2 mmol) of propofol (3)
with a productivity of 23.0 g/day, highlighting its innovation
and attractiveness for industrial settings.

Experimental procedure

Continuous flow synthesis
of 3,5-diisopropyl-4-hydroxybenzoic acid (2)

In pump A (Table 2) a solution of 4-hydroxybenzoic acid 1
(32.0 g, 231.8 mmol, 0.9 M) in ‘PrOH:H,O (85:15, ca
250 mL) was heated to 40 °C and pumped at 0.178 mL/min
flow rate. Pump B was equipped with a flask containing conc.
H,SO, (heated to 40 °C) and pumped at 0.356 mL/min flow
rate. An Asia Flow Syringe Pump and an Asia Tube Reactor
(PFA, 16 mL) from Syrris were used. The pumps were con-
nected by a T-mixer and flowed directly into the reactor at
60 °C. After completion of the reaction (24 h), the resulting
mixture was quenched with cold water (1500 mL), and ex-
tracted with ethyl ether (3 x 800 mL). The organic phase was
washed with brine (500 mL), dried over MgSO,_ and concen-
trated under reduced pressure. Flash chromatography using

silica gel and hexanes:EtOAc (95:5) as eluent provided the
desired product 2 as a white solid (85%, 197 mmol, 43.8 g).

Acid-base liquid-liquid purification of 2

The purification of intermediate 2 was also performed by acid-
base extraction. Thus, the crude reaction (same conditions
from Table 2, entry 8) product was treated with NaOH (ca
2.6 L, 30%) up to pH 12, and extracted with ethyl ether (1 L).
The aqueous phase was treated with HCI (ca 40 mL, 37%) up
to pH 5, and 2 was extracted with ethyl ether (3 x 500 mL).
The organic phase was washed with brine (500 mL), dried
over MgSO, and concentrated under reduced pressure, pro-
viding 2 as a white solid (38.1 g, 171.3 mmol, 74%) after
crystallization from hexanes.

Continuous flow synthesis of 2,6-diisopropylphenol -
Propofol (3)

The pump was equipped with a solution of 3,5-diisopropyl-4-
hydroxybenzoic acid 2 (102.85 g, 463.3 mmol), "BuNH, (9.0
equiv., 411.4 mL) and sufficient DMF to achieve a 0.32 M
solution of 2 (ca 1000 mL of DMF). The mixture was homog-
enized at 40 °C and pumped at a flow rate of 1.0 mL/min. An
Asia Flow Syringe Pump and an Asia Tube Reactor (Stainless
- Steel, 16 mL) from Syrris were used. The pump was con-
nected to the reactor at 150 °C. After completion of the reac-
tion (24 h), the resulting mixture was diluted with ethyl ether
(2000 mL) and extracted with water (3 x 2000 mL). The
organic phase was washed with brine (500 mL), dried over
MgSO,, and concentrated under reduced pressure. A simple
filtration over silica gel using hexanes:EtOAc (98:2) provided
propofol 3 as a yellowish oil (71.6 g, 403 mmol, 87%) after
the solvent evaporation.

Telescoped continuous flow synthesis
of 2,6-diisopropylphenol - Propofol (3)

In pump A (Table 5) a solution of 4-hydroxybenzoic acid 1
(32.0 g, 231.8 mmol, 0.9 M) in PrOH:H,0 (85:15, ca
250 mL) was heated to 40 °C and pumped at 0.178 mL/min
flow rate. Pump B was equipped with a flask containing conc.
H,SO4 (heated to 40 °C) and the acid was pumped at
0.356 mL/min flow rate. An Asia Flow Syringe Pump and
an Asia Tube Reactor (PFA, 16 mL) from Syrris were used
for processing this first step of the telescoped protocol. The
pumps were connected by a T-mixer and flowed directly into
the reactor at 60 °C. The reaction mixture was continuously
extracted (in-line) using a dynamic mixer connected to two
pumps (C and D). Pump C was equipped with a flask contain-
ing toluene, which was pumped at 0.900 mL/min flow rate.
Likewise, pump D was equipped with a flask containing water
which was pumped at 0.900 mL/min flow rate. For the in-line
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extraction, a dynamic mixer with a magnetic stirrer and a
hydrophobic membrane phase separator (Biotage®) were
coupled. The organic phase containing 2 and toluene was
continuously collected and pumped using an Asia Flow
Syringe Pump at 0.700 mL/min (Pump E), connected by a
T-mixer also coupled to Pump F equipped with a solution
containing "BuNH,:DMF (6:4) (pumped at 0.080 mL/min
flow rate). The reaction mixture was continuously preheated
to 100 °C and then to an Asia Tube Reactor (Stainless - Steel,
16 mL) from Syrris at 150 °C. After completing the reaction
(6 hours process intensification), the resulting mixture was
treated with HCI (ca 15 mL, 3.0 M) up to pH 5, and 3 was
extracted with ethyl acetate (3 x 50 mL). The organic phase
was washed with brine (100 mL), dried over MgSO,4 and
concentrated under reduced pressure. Flash chromatography
using silica gel and hexanes:EtOAc (99:1) as eluent provided
the desired propofol (3) as a yellowish oil (5.74 g, 32.2 mmol,
84%).
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