Downloaded by Brown University on 06 August 2012
Published on 06 April 2009 on http://pubs.rsc.org | doi:10.1039/B904363B

COMMUNICATION

View Online / Journal Homepage / Table of Contentsfor thisissue

www.rsc.org/chemcomm | ChemComm

Synthesis of substituted pyridines and pyridazines via ring closing

metathesis{

Timothy J. Donohoe,** Lisa P. Fishlock,” José¢ A. Basutto,” John F. Bower,”

Panayiotis A. Procopiou” and Amber L. Thompson}®

Received (in Cambridge, UK) 3rd March 2009, Accepted 20th March 2009

First published as an Advance Article on the web 6th April 2009

DOI: 10.1039/b904363b

RCM can be used to make aromatic heterocycles, namely
pyridines and, for the first time, pyridazines; the key step after
RCM involves elimination of sulfinate to provide the aromatic
system.

In recent years we have been engaged in a research programme
that has been devoted to exploring the synthesis of aromatic
heterocycles using ring closing metathesis (RCM) as the key
C—C bond forming step.! Considering the enormous impact
that RCM has had on organic synthesis,” it is surprising that
there is relatively little known in the literature regarding the
production of aromatic systems using this chemistry. This is
especially striking given the high impact that aromatic
compounds have made in many different areas of organic
chemistry, especially within the pharmaceutical industry.

Our first approach to making aromatic nitrogen-containing
heterocycles culminated in the synthesis of pyridines, and
relied upon RCM, followed by an elimination reaction from
an N-OBn amide A in order to introduce extra unsaturation
into the system (see A — B, Fig. 1).> We found that an
acidifying group was required in order to make elimination
possible, and this was achieved by the introduction of such a
group at C-2 of the pyridine nucleus (A, R' = CO,Me, pyridyl
etc.), Fig. 1.

Rather than using R'! as the activating group for 1,2-
elimination, we now propose the use of the C—=0 group as
the activating group by placing it at a different position within
the ring. This new arrangement means that structure C
becomes the immediate target of our research programme,
and we deemed that it would be most easily prepared as an
N-Ts derivative so that loss of a sulfinate leaving group would
complete the synthesis. This idea can be easily extended to a
synthesis of pyridazines by replacing the C—H unit with an
N-H group; see structure D: success of this route would
constitute a first synthesis of pyridazines using ring closing
metathesis as the key step. While this paper was under

“ Department of Chemistry, University of Oxford, Chemistry Research
Laboratory, Mansfield Road, Oxford, UK OX1 3TA.
E-mail: timothy.donohoe@chem.ox.ac.uk; Tel: +44 01865 275649
b GlaxoSmithKline Research & Development Limited, Medicines
Research Centre, Gunnels Wood Road, Stevenage, Hertfordshire,
UK SGI 2NY
1 Electronic supplementary information (ESI) available: Experimental
details and characterisation data for all new compounds. CCDC
722196-722198. For ESI and crystallographic data in CIF or other
electronic format see DOI: 10.1039/b904363b
i Author to whom correspondence regarding the X-ray crystal
structures should be addressed.

previous work®
o A B o oTf
" R4 y-X  Elimination R4 N Tho RALA "
Vi
RCM = | and TR0
RS R! tautomerisation R3 Z R1 R3 = R1
R? * R'needsto be R2 .o R?
an acidifying group X=0Bn
this work '
i FG interconversion
o ¢ OH
R2 R! A R2 R
via Elimination BN
RCM? —=> | ...... and - * R' need not be
R N\X tautomerisation RS N an acidifying group
R* R4
* X=Ts . FGinterconversion
\
o D o oTf
R! H A R’ R!
via NT Ellmlngtlon NH THO N
ReMP=> || I ld and_____ F | R - I
R2 ~y tautomerisation  p ~N R? =N
R3 R3 R

Fig. 1 Retrosynthetic analysis.

construction, a related route to pyridines was reported by
Yoshida ef al.; our results enhance and complement that work.*

Our first generic synthetic route towards four precursors to
RCM is shown in Scheme 1 (for clarity, no substituents are
shown in this scheme) and involves formation of a Weinreb
amide 1 followed by Sn2 reaction with an allylic sulfonamide
(2); finally, addition of a vinyl organometallic generated the
desired compound 3.° The examples illustrated were chosen to
provide information about the substitution patterns that
would be accessible and also the range of functional groups
that would be tolerated using this approach.

Next, each of the substrates (3) was subjected to RCM using
Grubbs—Hoveyda II catalyst in refluxing solvent (CH,Cl, or
toluene, Scheme 1).° Pleasingly, the ring closed heterocycles 4
were isolated in excellent yields. After RCM was complete, the
compounds obtained (4) were treated with DBU in THF to
form the aromatic pyridines (5-8) in good yields. The four
compounds formed were clearly present as the 3-hydroxy-
pyridines, as expected, with a variety of different structural
features and substitution patterns.” X-Ray structures were
obtained on the trisubstituted pyridine 8 (not shown) and also
on the bromination product 9 derived from 5; the bromination
reaction highlights the versatility of these pyridines for further
functionalisation.

It is also worth noting that we were able to install a methyl
group at the C-5 position of the pyridine using this route
(see 8), despite the fact that the RCM reaction must initiate on
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Scheme 1 First general route to pyridines.
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either a 1,1-disubstituted alkene or an electron-deficient
alkene (neither of which are particularly efficient processes,
Scheme 2). Indeed, our previous work on the synthesis of
pyridines using RCM had shown that such metathesis pro-
cedures were slow and low-yielding.* A solution was to use a
relay RCM whereby compound 10 (synthesized by the route
discussed in Scheme 1) was subjected to catalytic RCM
conditions.® After initiation at the terminal alkene, it is
presumed that cyclopentene is expelled and the resulting
Ru-carbene E is then able to participate in ring closure.

We also explored a slightly different route to the metathesis
products, which involved addition of a vinyl Grignard reagent
to aldehyde 13 (itself made by allylation of sulfonamide 11
using either Mitsunobu or allylic amination reactions’) and
then RCM reaction of an allylic alcohol 14, Scheme 3. After
RCM with Grubbs-Hoveyda II catalyst was complete,
elimination was made possible by prior oxidation to the enone
(15 — 16), followed by reaction with DBU and, in these cases,
in situ formation of a pyridyl triflate (17-19). This route to
pyridines was also successful and the combination of the two
approaches has enabled us to introduce substituents at every
position on the heterocyclic ring.

In order to extend the scope of this approach, we also
prepared four acyclic compounds (21) containing two nitrogen
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Scheme 3 Second general route to pyridines.

atoms as shown below, Scheme 4. In each case, commercially
available H)NNHTSs was allylated at the more acidic nitrogen
by either selective deprotonation and reaction with an allylic
halide or by a Mitsunobu reaction (20).'° The resulting
hydrazines 20 were then acylated on the free NH, group by
reaction with acryloyl chloride and its derivatives (21). Finally,
these compounds were subjected to RCM using standard
conditions and then eliminated with DBU as before. It is
noteworthy that the RCM reaction and subsequent DBU
elimination could be performed in one-pot and in high yields
(21 — 23), making the entire sequence only 4 steps long. In
this case, installation of a C-5 methyl group (see 26) was
accomplished by using the Zhan IB catalyst 28'' for the
metathesis step without recourse to the ring-relay metathesis
approach. After activation of the heterocycles 23 with Tf,0,'?
the result of this sequence is a short synthesis of differently
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Scheme 4 General route to pyridazines.
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Fig. 2 Components of the pyridine and pyridazine core.

substituted pyridazines (24-27) bearing an alkyl group at each
possible position within the ring.

Fig. 2 shows how the aromatic core of these two aromatic
heterocycle substrates has been constructed from three readily
accessible pieces. These components are readily available and
therefore this methodology enables complex substrates to be
assembled rapidly.

To conclude, this paper has demonstrated the power of
RCM to make aromatic nitrogenous heterocycles, namely,
pyridines and, for the first time, pyridazines. A range of
functional groups and substitution patterns are compatible
with this sequence, and there are ample opportunities to
functionalise the products both before and after RCM.

We would like to thank the EPSRC and GlaxoSmithKline
for funding this project. The Clarendon Fund (University of
Oxford) is also thanked for support.

Notes and references

1 Reviews: (a) T. J. Donohoe, L. P. Fishlock and P. A. Procopiou,
Chem.—Eur. J., 2008, 14, 5716-5726; (b) T. J. Donohoe, A. J. Orr
and M. Bingham, Angew. Chem., Int. Ed., 2006, 45, 2664-2670.
For selected recent references on the construction of
heteroaromatic systems by RCM, see: (¢) T. J. Donohoe,
N. M. Kershaw, A. J. Orr, K. M. P. Wheelhouse, L. P. Fishlock,
A. R. Lacy, M. Bingham and P. A. Procopiou, Tetrahedron, 2008,
64, 809-820; (d) T. J. Donohoe, A. Ironmonger and
N. M. Kershaw, Angew. Chem., Int. Ed., 2008, 47, 7314-7316;
(e) T.J. Donohoe, L. P. Fishlock, A. R. Lacy and P. A. Procopiou,
Org. Lett.,2007, 9, 953-956; (f) T. J. Donohoe, A. J. Orr, K. Gosby
and M. Bingham, FEuwr. J. Org. Chem., 2005, 1969-1971;
(g) M. L. Bennasar, T. Roca, M. Monerris and D. Garcia-Diaz,
Tetrahedron Lett., 2005, 46, 4035-4038; (/1) Y. Chen, H. V. R. Dias
and C. J. Lovely, Tetrahedron Lett., 2003, 44, 1379-1382;
(i) V. Declerck, P. Ribiére, J. Martinez and F. Lamaty, J. Org.

w2

(=)}

~

oo

10

12

Chem., 2004, 69, 8372-8381; For selected recent references on the
construction of carbocyclic aromatic systems by RCM, see:
() K. Yoshida, H. Takahashi and T. Imamoto, Chem.—Eur. J.,
2008, 14, 8246-8261; (k) K. Yoshida, T. Toyoshima and
T. Imamoto, Bull. Chem. Soc. Jpn., 2008, 81, 1512-1517,
() A. Grandbois and S. K. Collins, Chem.—Fur. J., 2008, 14,
9323-9329; (m) K. Yoshida, F. Kawagoe, N. Iwadate,
H. Takahashi and T. Imamoto, Chem. Asian J., 2006, 1, 611-613.
Recent reviews: (@) For a special issue dedicated to olefin
metathesis, see: Adv. Synth. Catal., 2007, 349, 1-265;
(b)) A. H. Hoveyda and A. R. Zhugralin, Nature, 2007, 450,
243-251; (¢) K. C. Nicolaou, P. G. Bulger and D. Sarlah, Angew.
Chem., Int. Ed., 2005, 44, 4490-4527; (d) A. Firstner, Angew.
Chem., Int. Ed., 2000, 39, 3012-3043; (¢) S. K. Armstrong,
J. Chem. Soc., Perkin Trans. 1, 1998, 371-388.

(a) T. J. Donohoe, L. P. Fishlock and P. A. Procopiou, Org. Lett.,
2008, 10, 285-288; (b) T. J. Donohoe, L. P. Fishlock and
P. A. Procopiou, Synthesis, 2008, 2665-2667.

K. Yoshida, F. Kawagoe, K. Hayashi, S. Horiuchi, T. Imamoto
and A. Yanagisawa, Org. Lett., 2009, 11, 515-518.

S. M. Weinreb and S. M. Nahm, Tetrahedron Lett., 1981, 22,
3815-3818.

(a) S. B. Garber, J. S. Kingsbury, B. L. Gray and A. H
Hoveyda, J. Am. Chem. Soc., 2000, 122, 8168-8179;
(h) S. Gessler, S. Randl and S. Blechert, Tetrahedron Lett., 2000,
41, 9973-9976.

It has previously been demonstrated that 3-hydroxy pyridines exist
in equilibrium with the corresponding zwitterionic tautomer with
the ratio depending on the solvent. De Kowalewski and De Los
Santos disclosed a qualitative method for differentiating the
phenolic from the zwitterion structure for a series of 3-hydroxy-
pyridines; D. G. De Kowalewski and C. De Los Santos, J. Mol.
Struct., 1990, 221, 299-308. This approach involved comparison of
the observed chemical shift of C-3 in the '*C NMR spectrum with a
theoretical value. An analysis of compound 5 shows that this
species fails to satisfy the criteria set by the authors and so does
not indicate the predominance of the zwitterion for this particular
3-hydroxypyridine in (CDj3),SO.

T. R. Hoye, C. S. Jeffrey, M. A. Tennakoon, J. Wang and H. Zhao,
J. Am. Chem. Soc., 2004, 126, 10210-10211.

P. A. Evans, J. E. Robinson and J. D. Nelson, J. Am. Chem. Soc.,
1999, 121, 6761-6762.

See: (a) T. Sato and I. Homma, Bull. Chem. Soc. Jpn., 1971, 44,
1885-1891. For an example of a related Mitsunobu reaction, see:
() A. G. Myers and B. Zheng, J. Am. Chem. Soc., 1996, 118,
4492-4493.

Z.-Y.J. Zhan, US Pat., 20070 043 180, 2007. It is pertinent to note
that this catalyst was unsuccessful for the formation of C-4/C-5
disubstituted pyridazines (related to pyridine 8).

For the preparation and Pd-catalysed cross-coupling of related
pyridazine triflates, see: (a) D. Toussaint, J. Suffert and
C. G. Wermuth, Heterocycles, 1994, 38, 1273-1286; pyridazine
triflates 24-27 are contaminated with ca. 4-8% of a byproduct,
believed to be the corresponding N-triflated pyridazinone.
"H NMR monitoring of CDCl; solutions of 24-27 shows gradual
conversion to this byproduct at room temperature. For a related
O — N rearrangement, see: (b) T. A. Engler and J. Wanner, J. Org.
Chem., 2000, 65, 2444-2457.

3010 | Chem. Commun., 2009, 3008-3010

This journal is © The Royal Society of Chemistry 2009


http://dx.doi.org/10.1039/b904363b

