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Abstract: This article describes the continuous flow synthesis of
6-methoxy-8-(4-methyl-1,4-diazepan-1-yl)-N-(4-morpholinophen-
yl)-4-oxo-1,4-dihydroquinoline-2-carboxamide, a potent 5HT1B an-
tagonist developed by AstraZeneca.

Key words: flow chemistry, solid-supported reagent, microreactor

Recently, following the development of various commer-
cially available microreactor devices, flow chemistry is
emerging as a useful laboratory synthesis tool.1 When
compared to the conventional batch-mode synthesis, these
devices offer improved efficiency through telescoped re-
action processes,2 reduced solvent use and the production
of less waste material.3 Moreover, by incorporating solid-
supported scavengers of by-products into the flow system,
pure products can be obtained without the need for stan-
dard purification methods such as distillation, aqueous
work-up or column chromatography.4 It is also possible to
operate these flow reactors at high pressures and temper-
ature not readily accommodated by traditional batch-
mode equipment, and, toxic or potentially hazardous reac-
tion intermediates are readily contained within the de-
vice.5 All these advantages make for safer handling of
materials and improved downstream processing.

To demonstrate further the power of continuous-flow
chemistry, we chose to prepare the quinolone derivative 1
(Figure 1), a potent 5HT1B antagonist developed by Astra-
Zeneca.6 Several lines of evidence have suggested that the
5-HT1B receptor is involved in psychopathologies, includ-
ing migraine, pathological aggression and depression.7

Recent studies have also shown that 5HT1B antagonists
stimulate release of 5-hydroxytryptamine, and ultimately
result in fast antidepressant activity.8

In 2007, Horchler and coworkers published a seven-step
synthesis of the target molecule 1 with an overall yield of
7%.6 Our aim was to improve upon this yield and the effi-
ciency of the synthesis by using flow chemistry. In this
work we describe the development of a six-step flow se-
quence to 1 using the commercially available Vapourtec
R2+/R4 reactor9 in combination with the ThalesNano H-
Cube flow hydrogenator (Figure 2).10

Figure 2 Vapourtec R2+/R4 flow system (right) and ThalesNano
H-Cube hydrogenation reactor

To commence the synthesis (general route described in
Scheme 1), solutions of the 3-fluoro-4-nitroanisole11 (2;
0.5 M, 1 equiv) and 1-methylhomopiperizine (8; 0.5 M, 1
equiv) in ethanol were loaded into two identical PEEK
sample loops (5 mL internal volume, 0.16 mm i.d.), the
contents of which were then introduced to the main flow
stream via a T-piece connector at 0.5 mL/min per channel
(Scheme 2). The combined stream was then directed
through a heated convection flow coil (CFC, 10 mL vol-
ume, 1 mm i.d. PFA12) attached via a glass jacket to the R4
unit (Scheme 2), which was maintained at 135 °C giving
a residence time of 10 min. The existing flow stream from
the CFC reactor was then directed into a glass column (10
mm bore × 100 mm length)13 packed with Quadrapure-
benzylamine (QP-BZA, 5 equiv)14 to scavenge hydro-
fluoric acid generated during the SNAr reaction.15 The re-
sultant stream of 3 (Scheme 1) was immediately subjected
to continuous flow hydrogenation utilizing a ThalesNano

Figure 1 Target molecule
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H-Cube® hydrogenation reactor,16 which contained a car-
tridge of 10% palladium on charcoal as catalyst. In order
to ensure complete reduction of the nitro functionality the
system was run in maximum hydrogen generation mode.
The outflow was connected to an additional glass column
filled with Quadrapure thiourea (QP-TU, 5 equiv) to act as
a metal scavenger removing any leached palladium and
the desired product 4 was finally collected in essentially
quantitative yield over approximately 25 minutes.

Scheme 2 Continuous flow synthesis of intermediate aniline 4

After a solvent switch from ethanol to toluene, the aniline
4 (0.2 M, 1 equiv) and dimethyl acetylenedicarboxylate
(9; 0.24 M, 1.2 equiv), also in toluene, were loaded into
two PEEK sample loops (5 mL internal volume, 0.16 mm
i.d.). A solvent flow rate of 0.4 mL/min per channel was
used to introduce the two compounds and combine their
channels at a standard T-piece mixer (Scheme 3). The
reaction stream was then passed through a CFC (10 mL
volume, 1 mm i.d. PFA), which was maintained at 130 °C,
followed by in-line treatment with a column of QP-BZA
(5 equiv) to sequester any residual dicarboxylate 9. The

stream of 5 was then directed through a column filled with
anhydrous potassium carbonate (granular form, 2.5 g) to
eliminate any traces of water carried forward from the hy-
drogenation reaction; the presence of water was signifi-
cantly detrimental to the yield and purity of the following
cyclisation reaction. The dried flow stream was then sub-
jected to a high temperature cyclocondensation reaction in
a stainless steel flow coil (11 mL volume, 1 mm i.d.),
which was heated to 250 °C. As the operating temperature
was much higher than the boiling point of the toluene, an
in-line backpressure regulator (BPR) operating at 17.3 bar
(250 psi) was fitted to the system. The residence time for
the cyclisation reaction to furnish compound 6 was opti-
mum at 13 min; longer times led to the decomposition of
the quinolone intermediate, while shorter times gave in-
complete conversion. The output stream from the stainless
steel reactor was rapidly cooled to ambient temperature
prior to being mixed with a third input of THF–H2O (30:1)
entering at 0.8 mL/min. The combined stream was then
progressed through a glass resin packed column contain-
ing Ambersep 900 hydroxide form (2 equiv). The pres-
ence of the third stream was found necessary to promote
efficient ester hydrolysis of 6 within the column. The re-
sulting carboxylic acid 7 was immediately deprotonated
and retained within the basic resin column. 

The final step of the synthesis involved an amide coupling
reaction and featured a ‘catch and release’ purification.17

Firstly, a solution of O-(benzotriazol-1-yl)-N,N,N’,N’-tet-
ramethyluronium tetrafluoroborate (TBTU; 0.5 M, 5 mL,
2.5 equiv) and 1-hydroxybenzotriazole (HOBt; 0.5 M, 5
mL, 2.5 equiv) in DMF was pumped through the column
containing the Ambersep 900 at 0.1 mL/min (Scheme 4).
This stream both activated and released the carboxylic
acid generated in the last step of the previous reaction.
The output stream from this step containing the newly
generated activated ester was coupled directly with a sec-
ond stream of 4-morpholinoaniline in DMF (0.24 M, 1.2
equiv), which was pumped from a 5 mL sample loop at 0.1
mL/min. The ensuing flow stream next entered a CFC (10
mL volume, 1 mm i.d.), which was maintained at ambient
temperature giving a residence time of 50 min. The incu-
bated reaction mixture was then passed through a glass
column loaded with Quadrapure-sulfonic acid (QP-SA, 5
equiv) that trapped the desired product onto the resin and
aided in concentrating the sample for subsequent dis-
placement. Finally, the product was released by passing a
solution of NH3 in MeOH (2.0 M, 5 equiv) through the

Scheme 1 A general scheme showing the intermediate structures for the synthesis of compound 1
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column, completing this ‘catch and release’ purification.
The solution was simply concentrated in vacuo, and the
crude product 1 was recrystallised from MeOH to obtain
an 18% overall yield in better than 98% purity.

In summary, the continuous flow synthesis of the quino-
lone derivative 1 was completed using a combination of

flow microreactors, while incorporating polymer-support-
ed reagents and scavengers to aid reaction telescoping and
purification. The result is very encouraging, as it clearly
demonstrates that multi-step sequences can be incorporat-
ed into flow chemistry platforms leading to polyfunction-
al molecules of biological interest.

Scheme 3 Continuous-flow synthesis of the quiniline carboxylic acid intermediate

Scheme 4 Amide coupling reaction



508 Z. Qian et al. LETTER

Synlett 2010, No. 4, 505–508 © Thieme Stuttgart · New York

Acknowledgment

We gratefully acknowledge financial support from the Royal Socie-
ty (to I.R.B.), the Cambridge Overseas Trust (to Z.Q.) and the BP
Endowment (to S.V.L.). We would also like to thank AstraZeneca
for additional funding and helpful discussion concerning the de-
velopment of compound 1.

References and Notes

(1) For selected examples see: (a) Palmieri, A.; Ley, S. V.; 
Hammond, K.; Polyzos, A.; Baxendale, I. R. Tetrahedron 
Lett. 2009, 50, 3287. (b) Raveglia, L. F.; Giardina, G. A. M. 
Future Med. Chem. 2009, 1, 1019. (c) Baxendale, I. R.; 
Ley, S. V.; Mansfield, A. C.; Smith, C. D. Angew. Chem. Int. 
Ed. 2009, 48, 4017. (d) Palmieri, A.; Ley, S. V.; Polyzos, 
A.; Ladlow, M.; Baxendale, I. R. Beilstein J. Org. Chem. 
2009, 5, 23. (e) Sedelmeier, J.; Ley, S. V.; Baxendale, I. R. 
Green Chem. 2009, 11, 683. (f) Petersen, T. P.; Ritzén, A.; 
Ulven, T. Org. Lett. 2009, 11, 5134. (g) Wiles, C.; Watts, P. 
Future Med. Chem. 2009, 1, 1593. (h) Kunz, U.; Turek, T. 
Beilstein J. Org. Chem. 2009, 5, No. 70. (i) Rolland, J.; 
Cambeiro, X. C.; Rodríguez-Escrich, C.; Pericàs, M. A. 
Beilstein J. Org. Chem. 2009, 5, 56. (j) Tamborini, L.; 
Conti, P.; Pinto, A.; Micheli, D. C. Tetrahedron: Asymmetry 
2009, 20, 508. (k) Grafton, M.; Mansfield, A. C.; Fray, M. J. 
Tetrahedron Lett. 2010, 51, 1026. (l) Sedelmeier, J.; Ley, 
S. V.; Lange, H.; Baxendale, I. R. Eur. J. Org. Chem. 2009, 
26, 4412.

(2) (a) Benito-López, F.; Egberink, R. J. M.; Reinhoudt, D. N.; 
Verboom, W. Tetrahedron 2008, 64, 10023. (b) Baxendale, 
I. R.; Ley, S. V.; Smith, C. D.; Tamborini, L.; Voica, A.-F. 
J. Comb. Chem. 2008, 10, 851. (c) Ahmed-Omer, B.; 
Brandt, J. C.; Wirth, T. Org. Biomol. Chem. 2007, 5, 355. 
(d) Mason, B. P.; Price, K. E.; Steinbacher, J. L.; Bogdan, 
A. R.; McQuade, D. T. Chem. Rev. 2007, 107, 2300. 
(e) Glasnov, V. T. N.; Kappe, C. O. Macromol. Rapid 
Commun. 2007, 28, 395. (f) Smith, C. D.; Baxendale, I. R.; 
Tranmer, G. K.; Baumann, M.; Smith, S. C.; Lewthwaite, 
R. A.; Ley, S. V. Org. Biomol. Chem. 2007, 5, 1562. 
(g) Smith, C. J.; Iglesias-Sigüenza, F. J.; Baxendale, I. R.; 
Ley, S. V. Org. Biomol. Chem. 2007, 5, 2758. (h) Griffiths-
Jones, C. M.; Hopkin, M. D.; Jönssen, D.; Ley, S. V.; 
Tapolczay, D. J.; Vickerstaffe, E.; Ladlow, M. J. Comb. 
Chem. 2007, 9, 422. (i) Kirschning, A.; Solodenko, W.; 
Mennecke, K. Chem. Eur. J. 2006, 12, 5972. (j) Baumann, 
M.; Baxendale, I. R.; Ley, S. V.; Smith, C. D.; Tranmer, G. 
K. Org. Lett. 2006, 8, 5231. (k) Saaby, S.; Baxendale, I. R.; 
Ley, S. V. Org. Biomol. Chem. 2005, 3, 3365. (l) Jähnisch, 
K.; Hessel, V.; Löwe, H.; Baerns, M. Angew. Chem. Int. Ed. 
2004, 43, 406. (m) Hodge, P. Curr. Opin. Chem. Biol. 2003, 
7, 362. (n) Hafez, A. M.; Taggi, A. E.; Dudding, T.; Lectka, 
T. J. Am. Chem. Soc. 2001, 123, 10853.

(3) (a) Bogdan, A. R.; Sach, N. W. ChemInform 2009,  DOI: 
10.1002/chin.200935136. (b) Pelleter, J.; Renaud, F. Org. 
Process Res. Dev. 2009, 13, 698. (c) Wheeler, R. C.; Benali, 
O.; Deal, M.; Farrant, E.; MacDonald, S. J. F.; Warrington, 
B. H. Org. Process Res. Dev. 2007, 11, 704. (d) Baxendale, 
I. R.; Hayward, J. J.; Ley, S. V.; Tranmer, G. K. 
ChemMedChem 2007, 2, 768. (e) Baxendale, I. R.; 
Griffiths-Jones, C. M.; Ley, S. V.; Tranmer, G. K. Chem. 
Eur. J. 2006, 12, 4407.

(4) (a) Seeberger, P. H. Nat. Chem. 2009, 1, 258. (b) Ley, S. 
V.; Baxendale, I. R. Nat. Rev. Drug Discovery 2002, 1, 573. 
(c) Ley, S. V.; Baxendale, I. R.; Bream, R. N.; Jackson, P. S.; 
Leach, A. G.; Longbottom, D. A.; Nesi, M.; Scott, J. S.; 

Storer, R. I.; Taylor, S. J. J. Chem. Soc., Perkin Trans. 1 
2000, 3815. (d) Hodge, P. Ind. Eng. Chem. Res. 2005, 44,, 
542. (e) Jas, G.; Kirschning, A. Chem. Eur. J. 2003, 9, 5708. 
For examples of the synthesis of natural products in flow, 
see: (f) Baxendale, I. R.; Griffiths-Jones, C. M.; Ley, S. V.; 
Tranmer, G. K. Synlett 2006, 427. (g) Baxendale, I. R.; 
Deeley, J.; Griffiths-Jones, C. M.; Ley, S. V.; Saaby, S.; 
Tranmer, G. K. Chem. Commun. 2006, 2566. 
(h) Kirschning, A.; Jas, G. Topics in Current Chemistry, 
Application of Immobolized Catalysts in Continuous Flow 
Process, 242; Springer: Berlin, 2004, ISBN 978-3-540-
20915-7. (i) Michrowska, A.; Mennecke, K.; Kunz, U.; 
Kirschning, A.; Greia, K. J. Am. Chem. Soc. 2006, 128, 
13261. (j) Dräger, G.; Kiss, C.; Kunz, U.; Kirschning, A. 
Org. Biomol. Chem. 2007, 5, 3657.

(5) (a) Baumann, M.; Baxendale, I. R.; Ley, S. V.; Nikbin, N.; 
Smith, C. D. Org. Biomol. Chem. 2008, 6, 1587. 
(b) Yoshida, J. Flash Chemistry: Fast Organic Synthesis in 
Microsystems; Wiley-VCH: Weinheim, 2008,  ISBN 978-0-
470-03586-3. (c) Baumann, M.; Baxendale, I. R.; Ley, S. V.; 
Nikbin, N.; Smith, C. D.; Tierney, J. P. Org. Biomol. Chem. 
2008, 6, 1577. (d) Kawaguchi, T.; Miyata, H.; Ataka, K.; 
Mae, K.; Yoshida, J. Angew. Chem. Int. Ed. 2005, 44, 2413. 
(e) van der Linden, J. J. M.; Hilberink, P. W.; Kronenburg, 
C. M. P.; Kemperman, G. J. Org. Process Res. Dev. 2008, 
12, 911. (f) Smith, C. D.; Baxendale, I. R.; Lanners, S.; 
Hayward, J. J.; Smith, S. C.; Ley, S. V. Org. Biomol. Chem. 
2007, 5, 1559. (g) Hornung, C. H.; Mackley, M. R.; 
Baxendale, I. R.; Ley, S. V. Org. Process Res. Dev. 2007, 
11, 399. (h) Nikbin, N.; Ladlow, M.; Ley, S. V. Org. Process 
Res. Dev. 2007, 11, 458. (i) Hessel, V.; Löwe, H.; Müller, 
A.; Kolb, G. Chem. Micro Proc. Eng.; Wiley-VCH: 
Weinheim, 2005,  ISBN 3-527-30998-5. (j) Hessel, V.; 
Hardt, S.; Löwe, H. Chem. Micro Proc. Eng. 2004, ISBN 
527-30741-9.

(6) Horchler, C. L.; McCauley, J. P.; Hall, J. E.; Snyder, D. H.; 
Moore, W. C.; Hudzik, T. J.; Chapdelaine, M. J. Bioorg. 
Med. Chem. 2007, 15, 939.

(7) (a) Maura, G.; Thellung, S.; Andrioli, G. C.; Ruelle, A.; 
Raiteri, M. J. Neurochem. 1993, 60, 1179. (b) Childers, W. 
E.; Robichaud, A. J. Annu. Rep. Med. Chem. 2005, 40, 17. 
(c) Olivier, B.; Oorschot, R. V. Eur. J. Pharmacol. 2005, 
526, 207.

(8) Dawson, L. A.; Hughes, Z. A.; Starr, K. R.; Storey, J. D.; 
Bettelini, L.; Bacchi, F.; Arban, R.; Melotto, S.; Hagan, J. J.; 
Price, G. W. Neuropharmacology 2006, 50, 975.

(9) Vapourtec R2+/R4 units are available from Vapourtec Ltd, 
Website: http://www.vapourtec.co.uk.

(10) ThalesNano H-Cube hydrogenation reactor is available from 
ThalesNano Nanotechnology Inc, Hungary. Website: http://
www.thalesnano.com.

(11) Newsome, J. J.; Colucci, M. A.; Hassani, M.; Beall, H. D.; 
Moody, C. J. Org. Biomol. Chem. 2007, 5, 3665.

(12) PFA (Perfluoroalkoxy tubing).
(13) Omnifit glass chromatography columns with adjustable 

height-end pieces. Website: http://www.omnifit.com.
(14) Quadrapure benzylamine (QP-BZA), Quadrapure sulfonic 

Acid (QP-SA), Quadrapure thiourea (QP-TU) are high-
loading scavengers commercially available from Reaxa. 
Website: http://www.reaxa.com.

(15) Hamper, B. C.; Tesfu, E. Synlett 2007, 2257.
(16) For example see: Saaby, S.; Knudsen, K. K.; Ladlow, M.; 

Ley, S. V. Chem. Commun. 2005, 2909.
(17) (a) Cohen, B. J.; Kraus, M. A.; Patchornik, A. J. Am. Chem. 

Soc. 1977, 99, 4165. (b) Suzuki, Y.; Kodomari, M. Chem. 
Lett. 1998, 1091. (c) Baxendale, I. R.; Ley, S. V. Curr. Org. 
Chem. 2005, 9, 1521. (d) Ley, S. V.; Baxendale, I. R.; 
Brusotti, G.; Caldarelli, M.; Massi, A.; Nesi, M. Farmaco 
2002, 57, 321.


