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The Barton reaction (nitrite photolysis) of a steroidal substrate 1, to give 2, a key intermediate for the
synthesis of myriceric acid A, an endothelin receptor antagonist, was successfully carried out in a con-
tinuous microflow system using a Pyrex glass-covered stainless-steel microreactor having a one lane
microchannel (Type A: 1000 um width, 107 um depth, 2.2 m length). We found that using a low-power

black light (peak wavelength: 352 nm) and UV-LED light (peak wavelength: 365 nm) as the light source
will suffice for the Barton reaction, creating a compact energy-saving photo-microreaction system.
A multi-gram-scale production was attained using a multi-lane microreactor (Type B: 1000 pm width,
500 um depth, 0.5 m length, 16 lanes) in conjunction with a black light.

© 2008 Published by Elsevier Ltd.

1. Introduction

The Barton reaction (nitrite photolysis), which represents the
remote functionalization of saturated alcohols, uses photo-irradi-
ation conditions for nitrite esters prepared from the corresponding
alcohols and nitrosyl chloride.! Having the unique potential of site-
selective C-H bond cleavage at the d-position via a 1,5-radical
translocation from O to C the Barton reaction has found wide-
spread application in synthesis processes, which includes steroid
functionalization. Steroidal substrate 2 is a key intermediate in the
synthesis of myriceric acid A, an endothelin receptor antagonist,
and can be prepared from alcohol 5 via nitrite 1 by the Barton re-
action (Scheme 1).3

The recent rapid progress of microreaction technology allows
for organic chemists to use microreactors for a variety of organic
syntheses.*> One of our focuses in this area has been the de-
velopment of a practical gram- to multi-gram-scale synthesis using
microreactors."'® We have reported on a number of organic re-
actions using microreactors, such as Pd-catalyzed coupling reac-
tions’*? and carbonylation,’ where ionic liquids were used for
catalyst support. We also reported that a tin hydride-mediated
radical reaction of organic bromides and iodides can be conducted
with the effective use of microreactors.®!!

Among a variety of organic reactions, photo-chemical trans-
formation using a microreactor has promise regarding the efficient
use of light energy.”'%1213 Photo-microreactors have advantages
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over conventional batch reactors from several viewpoints: (1) the
efficiency of light penetration is improved because of the thinness
of the reaction mixture in the microspace; (2) the short residence
time allows the avoidance of undesirable side reactions; (3) a con-
tinuous-flow system can be created and allows for the use of
the same microdevices for large quantity production; and (4) an
energy-saving compact light irradiation system can be accommo-
dated by the reaction system. We believed that the Barton reaction
leading to 2 would be efficiently carried out by using a glass-cov-
ered stainless-steel microreactor, coupled with the use of an en-
ergy-saving compact light source.!® In this article, we report the full
details of our work on the Barton reaction in a continuous-micro-
flow system.

2. Results and discussion
2.1. Microdevices for photo-irradiation

The Barton reaction in a batch system typically uses a high-
pressure mercury vapor lamp as the light source. Thus, we began
with a 300 W, high-pressure mercury lamp in combination with
a glass-covered, stainless-steel microreactor Type A (channel di-
mensions: 1000 pm width, 107 um depth, 2.2 m length; 0.2 mL
hold-up volume) (Fig. 1). The type A reactor was employed to op-
timize the reaction conditions, whereas a gram-scale continuous
operation will be carried out under optimized conditions in a multi-
lane reactor Type B (1000 um width, 500 um depth, 0.5 m length, 16
lanes, 4 mL hold-up volume) that has 20 times the hold-up volume
of a Type A (Fig. 2).
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Scheme 1. Barton nitrite photolysis of a steroidal compound 1 leading to an oxime 2.

2.2. The effect of light sources and filters

As a microreactor top, quartz glass (thickness: 10 mm), Pyrex
glass (thickness: 10 mm), and soda lime glass (thickness: 12 mm)
were tested in combination with high-pressure mercury lamp ir-
radiation (Table 1). The mercury lamp and the microreactor were
set at a distance of 15cm, and the reaction performance was
compared for the different glass materials at a residence time of
6 min. As anticipated, the quartz cover glass resulted in a complex
mixture of products involving a trace amount of the desired 2 due
to no filtration effect against the short wavelength inherent of the
mercury light source. The use of the Pyrex cover glass produced
a complex mixture, including 2 in 21% yield with hydroxy lactone 5.
In the case of the soda lime glass, the conversion was not as good as
with the Pyrex glass, which had a cleaner reaction.

To understand the variable results of different glass tops, the
characteristics of the light that transmits through each type of glass
were measured (Fig. 3). Only the soda lime glass could cut off

Figure 2. Microreactor type B.

a wavelength shorter than 320 nm, which is the level that is con-
sidered to be responsible for decomposition of the substrate and/or
the product.

Then, we measured the intensity of the light at 365 nm, which is
required for the present Barton reaction. It was found that with
either quartz or Pyrex, at 365 nm the light did not decline, whereas
soda lime glass caused a significant decline (Fig. 4). It was also
confirmed that when the distance between the light and the re-
actor is doubled (15 cm), the light reaching the reactor declines
considerably.

Using a microreactor Type A with a soda lime glass top cover, we
examined the optimal distance between the microreactor and
a high-pressure mercury lamp. In this experiment, the residence
time was fixed at 6 min (Fig. 5). When the reactor was placed 7.5 cm
from the light source, 2 was obtained in 59% yield. By moving the
light source farther away from the reactor, understandably, the
yield for 2 dropped due to the decrease in light intensity reaching
the reactor. On the other hand, a closer distance, such as 5 cm, gave
an inferior yield for 2 (33%). This prompted us to examine the in-
fluence of heat generated by photo-irradiation. Figure 5 clearly
shows that at a distance of 5 cm the temperature rose to 50 °C.

To evaluate the influence of temperature on the reaction, the
distance between the light source and the microreactor surface was
kept at 15 cm, and the microreactor was placed in a constant
temperature bath to maintain a fixed reaction temperature. There
was no large difference in the yield of 2 in a range of 0-40 °C.

Figure 1. Microreactor type A, left: overview; right: microchannel etched on a stainless-steel plate.
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Table 1
The microflow Barton reaction of 1 with a varied glass top?

hv

microreactor: Type A

1 2

acetone, r.t., pyridine (0.2 equiv)

flow rate: 2.0 mL/h, residence time: 6 min
Entry Reactor top 1(%)P° 2 (%)
1 Quartz Trace Trace
2 Pyrex glass 7 21
3 Soda lime glass 46 19

2 Microreactor type A, [1]: 9 mM in acetone, pyridine 0.2 equiv, distance between
light and the microreactor surface: 15 cm.
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Figure 3. Spectrum comparison of a high-pressure mercury lamp with varied glass
tops.
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Figure 4. Light intensity comparison for different glass materials at 365 nm. Numbers
in parenthesis represent the distances between the light and the reactor.

However, at 50 °C the decomposition of the substrate was pro-
nounced. In a separate experiment under dark conditions, nitrite 1
remained intact without decomposition at 50 °C. Accordingly, the
decomposition of nitrite at 50 °C could occur accompanied by the
photo-induced homolysis of 1. Taking these results into consider-
ation, we concluded that the initial system based on the combi-
nation of a high-pressure mercury lamp and soda lime glass is not
ideal for this reaction because of declining photo-efficiency and
heat evolution. Thus, we decided to pursue a compact energy-
saving light source with a narrow range of wavelength, which
would allow us to use the more efficient Pyrex glass.
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Figure 5. Optimization of the distance between the light source and the microreactor
surface.

Figure 6. 15 W black light and type A microreactor.

As we discussed above, a high-pressure mercury vapor lamp
(300 W) radiates short wavelength light that can cause power loss
of the light and an undesirable evolution of heat. It occurred to us
that a black light (15W, Fig. 6), which has a maximum peak
wavelength at 352 nm, might be suitable for the Barton reaction.
The results of the microflow reaction using a black light are sum-
marized in Table 2. When using a black light, the Pyrex top glass
gave better results than the soda lime glass (entries 3 and 4). This is
because Pyrex glass has the advantage of better transparency for
the wavelength used compared with soda lime glass, and the
shorter wavelengths (<340 nm) produced by a black light are very
weak. Since the power of a black light (15 W) is considerably
weaker than that of a mercury lamp (300 W), we adjusted the
residence time to compensate for this deficiency. Gratifyingly, we
found that a slight extension of the residence time to 12 min
resulted in a 71% HPLC yield for the desired oxime (entry 5). It is
worth noting that the energy efficiency of the black light was 10
times greater than that of the mercury lamp, based on the calcu-
lated values of yields per Wh (entries 2, 4, and 5).

We also examined another light source, UV-LED (Fig. 7, a wave-
length of 365 nm, and 35 mW x48 pieces), which emits light at only
the wavelength required for this reaction—similar to black light,
albeit lower in energy (1.7 W). From the viewpoint of energy con-
sumption, the UV-LED light source is by far the most efficient (entry
6),and another consideration is that its design permits it to be placed
in much closer proximity to the reactor. Since both the black light
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Table 2
Energy efficiency of the microflow Barton reaction®
hv
microreactor: Type A
1 2
acetone, rt.

pyridine (0.2 equiv)

Entry Light source/ Flow rate Residence  Yield of Wh  Yield/Wh
reactor top (mL/h) time (min) 2 (%)°

1 300 WHg lamp/ 2.0 6 21 30 0.70
Pyrex glass

2 300 WHg lamp/ 2.0 6 56°¢ 30 1.89
soda lime glass

3 15 W black light/ 2.0 6 15 1.5 10.0
soda lime glass

4 15 W black light/ 2.0 6 29 1.5 19.3
Pyrex glass

5 15 W black light/ 1.0 12 71°¢ 3 23.7
Pyrex glass

6 1.7 W UV-LED/ 1.0 12 70¢ 034 206
Pyrex glass

2 Microreactor type A, [1]: 9 mM in acetone, pyridine 0.2 equiv, distance between
light and the microreactor surface: 7.5 cm (Hg), 3.0 cm (black light), 1.5 cm (UV-LED).

b HPLC yield.

¢ Small amount of byproduct 7 formed.

Figure 7. UV-LED.

and the UV-LED emit only the required wavelength, using an optical
filter is not necessary. It is obvious that the intensity of these light
sources is much weaker than that of a high-pressure mercury lamp.
Nevertheless, they have sufficient strength to activate the substrate
that exists in solution at a depth in the order of a micrometer.

2.3. Side reaction course leading to a nitrate ester 7

The desired reaction was often plagued by the formation of
a nitrate ester 7 as a byproduct, and we suspected that adventitious
air in the solution might play a key role in this (Scheme 2). Indeed,
the batch reaction in the presence of oxygen led nitrate 7 to be

a principal byproduct (Table 3, entry 1).14 Maintaining the reaction
under a nitrogen atmosphere was effective (entry 2). In the turn of
a microreactor, the solution is confined inside the microchannel,
and air penetration is restricted by its design (entry 3). Thus, the
initial degassing of the substrate solution is sufficient.

hv

_—
acetone, Oy, r.t.

1,5-radical
translocation

0,

- 3
Scheme 2. Barton nitrite photolysis of steroidal compound 1 leading to a byproduct 7.

Table 3
Effect of oxygen

hv (black light, 15 W

(black lig )y 2 4 7

acetone, r.t.
Entry Reactor? 2 (%)° 7 (%)°
1 Batch, air 12 30
2 Batch, N, 58 8
3 Microreactor, type A 56 9

2 Conditions. Batch reaction: the reactions were carried out using a 20 mL Pyrex
round-bottom flask. [1]: 9 mM in acetone; pyridine 0.2 equiv; reaction time: 3 h.
Microreactor type A: [1]: 9 mM in acetone; pyridine 0.2 equiv; flow rate: 2.0 mL/h;
residence time: 6 min; distance between light and the microreactor surface: 7.5 cm.

b HPLC yield.

2.4. Gram-order synthesis in the microflow system

Although acetone is a good solvent for the Barton reaction, the
solubility of steroidal substrate 1 is limited in this solvent, and it
does not permit high throughput production. To address this
problem, we screened several solvents and found that the solubility
of 1in DMF is approximately four times higher than that in acetone.
Thus, using a 36 mM DMF solution of 1, we carried out a continuous
microflow reaction using two serially connected microreactors
(Type B: 1000 um width, 500 pm, 0.5 m length, 16 lanes; total hold-
up volume: 8 mL) and eight 20 W black light lamps. As a result,
after continuous operation for 20 h, we obtained 3.1 g of the desired
product 2 (60% isolated yield after silica gel column chromatogra-
phy) (Scheme 3).

Encouraged by the successful gram-scale synthesis, we then
carried out a continuous microflow reaction using an automated
photo-microreactor system, DS-AMS-1, manufactured by Dai-
nippon Screen Mfg. Co., Ltd, which is a PC-controlled station. This
system consists of two HPLC pumps, valves, a Type B microreactor,
a black light, and thermo control. All operation is commanded by
in-house software via PC control. In automated operation, this
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Black light (20 W x 4 )

Black light (20 W x 4 )

total residence time : 32 min

549 3.1 g (after 20 h)
DMF solution (300 mL) (purified by silica gel column
chromatography)

Scheme 3. Gram-scale synthesis of 2.

system has safety functions such as a solvent leak perception sen-
sor, an exhaust fan, and a sensor for abnormalities in pump pres-
sure. This automated system employed one set of a Type B
microreactor and six small (15 W) black light lamps. For this re-
action system, a 20 min residence time (with 12 mL/h flow rate)
was found to be optimal. The temperature of the reactor was kept at
20 °C by a circulating coolant. Monitoring of the operation can be
supervised with the software. After continuous operation for 40 h,
we obtained 5.3 g of the desired product 2 (61% isolated yield) by

= e

purification using silica gel chromatography (Scheme 4). This sys-
tem serves the dual purpose of process optimization and gram- to
multi-gram-scale synthesis.

3. Conclusion

In summary, we have demonstrated that the Barton reaction
(nitrite photolysis) of a steroidal substrate 1 can be successfully
carried out using a stainless-steel microreactor covered by Pyrex
glass with DMF as the solvent, giving oxime product 2, which is a key
intermediate for the synthesis of myriceric acid A. We have proven
that the combination of energy-saving compact light sources, such
as alow-power black light or a UV-LED, will suffice as the light source
for such a microflow system. Using the photo-microreactor system,
a gram-scale synthesis of 2 was successfully attained either in
amanual or an automated continuous microflow system. We believe
that the results shown here would be convincing that our developed
system is useful for other photo-reactions.

4. Experimental section
4.1. General information

TH NMR spectra were recorded with a VARIAN OXFORD
(300 MHz) spectrometer using CDCl3 as a solvent. Chemical shifts
are reported in parts per million (6) downfield from internal TMS at
0.00. 3C NMR spectra were recorded with a VARIAN OXFORD
(75 MHz) spectrometer and referenced to the solvent peak at
77.00 ppm. The products were purified by flash chromatography on
silica gel (Merck, Silica Gel 60, 70-230 mesh) with hexane/ethyl
acetate (4/1). HPLC analysis was performed under the following
conditions: column, WATERS Symmetry RP8 (4.6x150 mm); sol-
vent, MeCN/H,0/H3PO4 (80/20/0.1); flow rate, 1 mL/min; detection,

Black light (15 W X 6)
residence time : 20 min

1
8.6¢g
DMF solution (480 mL)

5.3 g (after 40 h)
(purified by silica gel column
chromatography)

Scheme 4. Gram-scale synthesis of 2 using an automated photo-microreactor system DS-AMS-1.
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197 nm. HPLC yields were determined by comparing the peak area
with that of the standard solution containing an authentic sample.
Compounds 1, 2, 5, and 7 are known.?

Microflow reactions were carried out using microreactors Types
A and B (Dainippon Screen Mfg. Co., Ltd), a 300 W high-pressure
Hg lamp, 15 W or 20 W black lights, and a UV-LED (SEOUL OPTO
DEVICE Co., Ltd). The substrate solution was fed to the photo-
microreactor by syringe pump or HPLC pump. An automated photo-
microreactor system, DS-AMS-1, was developed by Dainippon
Screen Mfg. Co., Ltd.

4.2. General procedure for a microflow Barton reaction using
a microreactor type A

A continuous microflow reaction was performed by irradiating
a solution of nitrite 1 (45 mg, 0.09 mmol) in acetone (10 mL) con-
taining pyridine (0.2 equiv) using either a high-pressure Hg lamp
(300 W) or a black light (15 W) through a glass cover (flow rate:
1.0-2.0 mL/h; residence time: 6-12 min). Yield of 2 was determined
by HPLC analysis.

4.3. General procedure for batch reaction (Table 3)

The Batch reaction was performed by irradiating a solution of
nitrite 1 (45 mg, 0.09 mmol) in acetone (10 mL) containing pyridine
(0.2 equiv of 1) with a black light (15 W) in a 20 mL Pyrex round-
bottom flask under either air or nitrogen. Yields of 2 and 7 were
determined by HPLC analysis.

4.4. Procedure for a continuous microflow reaction using
microreactor type B

A continuous microflow reaction was performed by irradiating
a solution of nitrite 1 (5.4 g, 10.8 mmol) in DMF (300 mL) containing
pyridine (0.2 equiv) with two microreactors (Type B, 1000 pm
width, 500 um depth and 0.5 m length, 16 lanes and total hold-up
volume: 8 mL) and eight 20 W black lights through a Pyrex glass
cover (flow rate: 15 mL/h, residence time: 32 min, reaction time:
20 h). Water (600 mL) was added to the photo-reaction mixture and
the resultant slurry was collected by filtration and washed with
water (100 mL) to give white crystals. The crystals were handled by
silica gel column chromatography to give oxime 2 (3.1 g, 60% yield).
TH NMR (CDCls, 300 MHz) 6 0.90 (s, 3H), 0.95(s, 3H), 0.98 (s, 3H),
1.03(s,3H),1.07 (s,3H),1.26 (s, 3H), 1.2-1.8 (m, 13H), 1.8-2.2 (m, 8H),
2.2-2.4(m, 2H), 3.88 (d, 1H), 7.62 (s, 1H); 3C NMR (CDCl3, 125 MHz)
016.7,18.1,18.9, 21.0, 24.2, 24.6, 26.9, 27.1, 28.4, 31.4, 33.1, 33.8, 34.0,
35.4,36.4,39.0,39.5,42.9,43.5,44.2,45.0,47.3,48.8,50.2,54.6, 75.1,
88.6,156.8,179.2, 218.1. Mp 285-289 °C.

4.5. Procedure for a continuous microflow reaction using an
automated microreactor system (DS-AMS-1)

A continuous microflow reaction using an automated micro-
reactor system was performed by irradiating a solution of nitrite 1
(8.64¢g, 17.3mmol) in DMF (480mL) containing pyridine
(0.2 equiv) (flow rate: 12 mL/h; residence time: 20 min; reaction
time: 40 h). Water (600 mL) was added to the photo-reaction
mixture and the resultant slurry was collected by filtration and
washed with water (100 mL) to give white crystals. The crystals
were handled by silica gel column chromatography to give oxime 2
(5.3 g, 61% yield).

Acknowledgements

We thank MCPT and NEDO for financial support of this work. L.R.
acknowledges JSPS and MEXT Japan for funding. The microreactors

were offered by Dainippon Screen Mfg. Co., Ltd. We thank Hitoshi
Haibara and Akiko Murata for helpful discussion and help with the
photo-irradiation experiments.

References and notes

1. (a) Barton, D. H. R,; Beaton, J. M.; Geller, L. E.; Pechet, M. M. J. Am. Chem. Soc.
1960, 82, 2640; For reviews, see: (b) Barton, D. H. R. Pure Appl. Chem. 1968, 16, 1;
(c) Studer, A. Chem.—Eur. J. 2001, 7, 1159; (d) Handbook of Organic Photoche-
mistry and Photobiology, 2nd ed.; Horspool, W., Lenci, F, Eds.; CRC: Boca Raton,
FL, 2004; p 102-1; (e) Grossi, L. Chem.—Eur. J. 2005, 11, 5419.

2. For a review, see: (a) Majetich, G.; Wheless, K. Tetrahedron 1995, 51, 7095; For
leading references on 1,5-radical translocation, see: (b) Curran, D. P.; Kim, D.;
Liu, H. T.; Shen, W. J. Am. Chem. Soc. 1988, 110, 5900; (c) Tsunoi, S.; Ryu, L;
Okuda, T.; Tanaka, N.; Komatsu, M.; Sonoda, N. J. Am. Chem. Soc. 1998, 120,
8692.

. Konoike, T.; Takahashi, K.; Araki, Y.; Horibe, L. J. Org. Chem. 1997, 62, 960.

. For reviews, see: (a) Ehrfeld, W.; Hessel, V.; Lowe, H. Microreactors: New
Technology for Modern Chemistry; Wiley-VCH: Weinheim, 2000; (b) Hessel, V.;
Hardt, S.; Lowe, H. Chemical Micro Process Engineering; Wiley-VCH: Weinheim,
2005; (c) Wirth, T. Microreactors in Organic Synthesis and Catalysis; Wiley-VCH:
Weinheim, 2008; (d) Jahnisch, K.; Hessel, V.; Lowe, H.; Baerns, M. Angew. Chem.,
Int. Ed. 2004, 43, 406; (e) Pennemann, H.; Watts, P.; Haswell, S. ].; Hessel, V.;
Lowe, H. Org. Process Res. Dev. 2004, 8, 422; (f) Watts, P.; Haswell, S. J. Chem. Soc.
Rev. 2005, 34, 235; (g) Doku, G. N.; Verboom, W.; Reinhoudt, D. N.; Berg, A. V. D.
Tetrahedron 2005, 61, 2733; (h) Yoshida, J.; Nagaki, A.; Iwasaki, T.; Suga, S. Chem.
Eng. Technol. 2005, 28, 259; (i) Geyer, K.; Codée, ]. D. C.; Seeberger, P. H. Chem.—
Eur. J. 2006, 12, 8434; (j) Kobayashi, ].; Mori, Y.; Kobayashi, S. Chem.—Asian J.
2006, 1, 22; (k) Ahmed-Omer, B.; Brandyt, J. C.; Wirth, T. Org. Biomol. Chem. 2007,
5, 733.

5. For recent examples on organic synthesis using microreactors, see: (a)
Kobayashi, J.; Mori, Y.; Okamoto, K.; Akiyama, R.; Ueno, M.; Kitamori, T.;
Kobayashi, S. Science 2004, 304, 1305; (b) Kawaguchi, T.; Miyata, H.; Mae, K;
Yoshida, J. Angew. Chem., Int. Ed. 2005, 44, 2413; (c) Comer, E.; Organ, M. G.
J. Am. Chem. Soc. 2005, 127, 8160; (d) Uozumi, Y.; Yamada, Y. M. A.; Beppu, T,;
Fukuyama, N.; Ueno, M.; Kitamori, T. ], Am. Chem. Soc. 2006, 128, 15994; (e)
Usutani, H.; Tomida, T.; Nagaki, A.; Okamoto, H.; Nokami, T.; Yoshida, ]. J. Am.
Chem. Soc. 2007, 129, 3046; (f) Nagaki, A.; Tomida, Y.; Usutani, H.; Kim, H.;
Takabayashi, N.; Nokami, T.; Okamoto, H.; Yoshida, J. Chem.—Asian J. 2007, 2,
1513; (g) Sahoo, R. H.; Kralj, J. G.; Jensen, K. F. Angew. Chem., Int. Ed. 2007, 46,
5704; (h) Tanaka, K.; Motomatsu, S.; Koyama, K.; Tanaka, S.; Fukase, K. Org. Lett.
2007, 9, 299; (i) Carrel, F. R.; Geyer, K.; Codée, J. D. C.; Seeberger, P. H. Org. Lett.
2007, 9, 2285.

6. Areview on our work, see: Fukuyama, T.; Rahman, M. T.; Sato, M.; Ryu, L. Synlett
2008, 151.

7. Our recent work on Pd-catalyzed coupling reactions using a microreactor, see:
(a) Fukuyama, T.; Shinmen, M.; Nishitani, S.; Sato, M.; Ryu, 1. Org. Lett. 2002, 4,
1691; (b) Liuy, S.; Fukuyama, T.; Sato, M.; Ryu, L. Org. Process Res. Dev. 2004, 8,
477; (c) Rahman, M. T.; Fukuyama, T.; Kamata, N.; Sato, M.; Ryu, I. Chem.
Commun. 2006, 2236.

8. Tin hydride mediated radical reaction in a microflow system: Fukuyama, T.;
Kobayashi, M.; Rahman, M. T.; Kamata, N.; Ryu, L. Org. Lett. 2008, 10, 533.

9. Photo-induced intermolecular [2+2] cycloaddition in a microflow system:
Fukuyama, T.; Hino, Y.; Kamata, N.; Ryu, I. Chem. Lett. 2004, 33, 1430.

10. Preliminary report on the Barton reaction using a microreactor, see: Sugimoto,
A.; Takagi, M.; Sumino, Y.; Fukuyama, T.; Ryu, L. Tetrahedron Lett. 2006, 47,
6197.

11. Seeberger et al. also reported radical reaction in a microflow system, see:
Odedra, A.; Geyer, K.; Gustafsson, T.; Gilmour, R.; Seeberger, P. H. Chem. Com-
mun. 2008, 3025.

12. A review on photo-reactions using a microreactor, see: (a) Matsushita, Y.;
Ichimura, T.; Ohba, N.; Kumada, S.; Sakeda, K.; Suzuki, T.; Tanibata, H,; Murata,
T. Pure Appl. Chem. 2007, 79, 166.

13. Examples of photo-reactions using a microreactor, see: Pinacol coupling of
benzophenone: (a) Lu, H.; Schmidt, M. A.; Jensen, K. F. Lab. Chip 2001, 1, 22
Cyanation of pyrene: (b) Ueno, K.; Kitagawa, F.; Kitamura, N. Lab Chip 2002, 2,
231. Photo-chlorination of 2,4-diisocyanatotoluene: (c) Enrich, H.; Linke, D.;
Morgenschweis, K.; Baerns, M.; Jahnisch, L. Chimia 2002, 56, 647. Generation of
singlet oxygen and [4+2] cycloaddition with dienes: (d) Wootton, R. C. R;;
Fortt, R.; de Mello, A. J. Org. Process Res. Dev. 2002, 6, 187. Intramolecular [2+2]
cycloaddition: (e) Maeda, H.; Mukae, H.; Mizuno, K. Chem. Lett. 2005, 34, 66;
(f) Maeda, H.; Mukae, H.; Mizuno, K. Angew. Chem., Int. Ed. 2006, 45, 6558;
(g) Mukae, H.; Maeda, H.; Nashihara, S.; Mizuno, K. Bull. Chem. Soc. Jpn. 2007,
80, 1157. Photo-catalytic redox-combined synthesis of L-pipecolinic acid: (h)
Takei, G.; Kitamori, T.; Kim, H.-B. Catal. Commun. 2005, 6, 357. Photo-catalytic
reduction; (i) Matsushita, Y.; Kumada, S.; Wakabayashi, K.; Sakeda, K.;
Ichimura, T. Chem. Lett. 2006, 35, 410. N-alkylation of amines; (j) Matsushita, Y.;
Ohba, N.; Kumada, S.; Suzuki, T.; Ichimura, T. Catal. Commun. 2007, 8,
2194; (k) Matsushita, Y.; Ohba, N.; Suzuki, T.; Ichimura, T. Catal. Today 2008,
132, 153.

14. Barton reaction under oxygen leading to nitrates, see: (a) Allen, J.; Boar, R. B.;
McGhie, ]. E; Barton, D. H. R. J. Chem. Soc., Perkin Trans. 11973, 2402; (b) Barton,
D. H. R;; Day, M. ].; Hesse, R. H.; Pechet, M. M. J. Chem. Soc., Perkin Trans. 1 1975,
2252.

W



	Microflow photo-radical reaction using a compact light source: application to the Barton reaction leading to a key intermediate for myriceric acid A
	Introduction
	Results and discussion
	Microdevices for photo-irradiation
	The effect of light sources and filters
	Side reaction course leading to a nitrate ester 7
	Gram-order synthesis in the microflow system

	Conclusion
	Experimental section
	General information
	General procedure for a microflow Barton reaction using a microreactor type A
	General procedure for batch reaction (Table 3)
	Procedure for a continuous microflow reaction using microreactor type B
	Procedure for a continuous microflow reaction using an automated microreactor system (DS-AMS-1)

	Acknowledgements
	References and notes


