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A novel temperature-controlled one-pot synthesis of substi-

tuted pyridine derivatives via [5& 1N] annulation of 1,1-

Note

which employ [5+ 1],2°3%4[2 + 2+ 1+ 1]5[2+ 2+ 2]°
[3 + 3],7 [4 + 2] and [3+ 2 + 1]° synthetic strategies with
respect to pyridine ring disconnection, each synthesis must be
carefully planned due to the incompatibility of certain functional
groups. Therefore, there is a continuing need to generate new
and improved methods for pyridine synthesis. The+51]
annulation of 1,5-dicarbonyl compounds and their equivalents
with ammonia represents one of the most simple and reliable
routes due to its straightforward concépt. However, the
problem associated with this transformation is the availability
of suitable starting materials. Thus, it is of great importance to
explore more appropriate precursors for efficient synthesis of
pyridine derivatives via a [5- 1] annulation strategy.

In view of the above and our interest in the synthesis of carbo-
and heterocyclic compound$,4the [5C+ 1C]2[5C + 1N],13
and [5C+ 1SJ“ annulation strategies have been developed
based on the new 1,5-bielectrophilic alkenoyl keteég&acetal
precursors. Recently, by combining the advantages of function-
alized ketenegS-acetald'"1> and Morita-Baylis—Hillman
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developed, and possible mechanisms leading to the divergen[ES

formation of the two types of pyridines are discussed.
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an important class of organic molecules for their presence in
numerous natural products along with useful bio-, physio- and
pharmacological activitiesAlthough many creative and practi-
cal methods for pyridine preparation have been develéged,

(1) (a) Farhanullah; Agarwal, N.; Goel, A.; Ram, V.1.0rg. Chem.
2003 68, 2983-2985. (b) Joule, J. A.; Smith, G.; Mills, KHeterocyclic
Chemistry 3rd ed.; Chapman and Hall: London, 1995; pp-129. (c) Li,
A.-H.; Moro, S.; Forsyth, N.; Melman, N.; Ji, X.-D.; Jacobsen, K. JA.
Med. Chem1999 42, 706-721. (d) Vacher, B.; Bonnaud, B.; Funes, P.;
Jubault, N.; Koek, W.; AssjeM.-B.; Cosi, C.; Kleven, MJ. Med. Chem.
1999 42, 1648-1660. (e) Choi, W. B.; Houpis, I. N.; Churchill, H. R. O;
Molina, A.; Lynch, J. E.; Volante, R. P.; Reider, P. J.; King, A. O.
Tetrahedron Lett1995 36, 4571-4574. (f) Abe, Y.; Kayakiri, H.; Satoh,
S.; Inoue, T.; Sawada, Y.; Inamura, N.; Asano, M.; Aramori, |.; Hatori, C.;
Sawai, H.; Oku, T.; Tanaka, H. Med. Chem1998 41, 4062-4079. (g)
Song, Z. J.; Zhao, M.; Desmond, R.; Devine, P.; Tschaen, D. M.; Tillyer,
R.; Frey, L.; Heid, R.; Xu, F.; Foster, B.; Li, J.; Reamer, R.; Volante, R.;
Grabowski, E. J. J.; Dolling, U. H.; Reider, P.1.0rg. Chem1999 64,
9658-9667. (h) Wagner, F. F.; Comins, D. Tetrahedror2007, 63, 8065~
8082.

(2) For books and reviews, see: (a) Katritzky, A. R., Rees, C. W., Eds.
Comprehensie Heterocyclic ChemistryPergamon Press: Oxford, 1984;
Vol. 2. (b) Katritzky, A. R., Rees, C. W., Scriven, E. F. V., Eds.
Comprehensgie Heterocyclic Chemistry;|Pergamon Press: Oxford, 1996;
Vol. 5. (c) Henry, G. D.Tetrahedron2004 60, 6043-6061. (d) Gilchrist,

T. L. J. Chem. Soc., Perkin Trans.2D01, 2491-2515. (e) Mongin, F.;
Quaguiner, G.Tetrahedron2001, 57, 4059-4090. (f) Balaban, A. T.;
Oniciu, D. C.; Katritzky, A. R.,Chem. Re. 2004 104, 2777-2812. (g)

Varela, J. A.; SaaC. Chem. Re. 2003 103 3787-3801. (h) Chopade, P.
R.; Louie, J.Adv. Synth. Catal2006 348 2307-2327.

(3) For selected resent works, see: (a) Movassaghi, M.; Hill, MJ.D.
Am. Chem. So@006 128 4592-4593. (b) Kase, K.; Goswami, A.; Ohtaki,
K.; Tanabe, E.; Saino, N.; Okamoto, Srg. Lett.2007, 9, 931-934. (c)
Andersson, H.; Almgvist, F.; Olsson, Rrg. Lett.2007, 9, 1335-1337.
(d) Senaiar, R. S.; Young, D. D.; Deiters, Bhem. Commur200§ 1313—
1315. (e) McCormick, M. M.; Duong, H. A.; Zuo, G.; Louie, J. Am.
Chem. Soc2005 127, 5030-5031. (f) Evdokimov, N. M.; Magedov, .
V.; Kireev, A. S.; Kornienko, AOrg. Lett.2006 8, 899-902.

2442 J. Org. Chem2008 73, 2442-2445

Schlyakhtina, N. I.; Kllyba, L. V.; Ushakov, I. A.; Fedorov, S. V.; Brandsma,
L. Tetrahedron Lett2002 43, 9679-9681.

(8) (a) Pabst, G. R.; Schmid, K.; Sauer,T&trahedron Lett1998 39,
6691-6694. (b) Lenoir, I.; Smith, M. LJ. Chem. Soc., Perkin Trans. 1
200Q 641-643. (c) Bushby, N.; Moody, C. J.; Riddick, D. A.; Waldron, I.
R. Chem. Commurl999 793-794. (d) Sharma, U.; Ahmed, S.; Boruah,
R. C. Tetrahedron Lett200Q 41, 3493-3495. (e) Janz, G. J.; Monahan,
A. R. J. Org. Chem1964 29, 569-571.

(9) (@) Konno, K.; Hashimoto, K.; Shirahama, H.; Matsumoto, T.
Tetrahedron Lett1986 27, 3865-3868. (b) Davies, I. W.; Marcoux, J.-F.;
Corley, E. G.; Journet, M.; Cai, D.-W.; Palucki, M.; Wu, J.; Larsen, R. D.;
Rossen, K.; Pye, P. J.; DiMichele, L.; Dormer, P.; Reider, Rl. Drg.
Chem.200Q 65, 8415-8420. (c) Marcoux, J.-F.; Corley, E. G.; Rossen,
K.; Pye, P.; Wu, J.; Robbins, M. A.; Davies, |I. W.; Larsen, R. D.; Reider,
P. J.Org. Lett. 200Q 2, 2339-2341. (d) Bates, R. B.; Gordon, B., IlI;
Keller, P. C.; Rund, J. V.; Mills, N. SJ. Org. Chem198Q 45, 168-169.
(e) Murugan, R.; Scriven, E. F. \J. Heterocycl. Chem200Q 37, 451—
454.

(10) (a) Zhang, Z.; Zhang, Q.; Sun, S.; Xiong, T.; Liu,Ahgew. Chem.,
Int. Ed.2007, 46, 1726-1729. (b) Zhang, Q.; Zhang, Z.; Yan, Z.; Liu, Q.;
Wang, T.Org. Lett 2007, 9, 3651-3653. (c) Zhang, Z.; Zhang, Q., Yan,
Z.; Liu, Q. J. Org. Chem2007, 72, 9808-9810. (d) Xiong, T.; Zhang, Q.;
Zhang, Z.; Liu, Q.J. Org. Chem2007, 72, 8005-8009.

(11) (a) Zhao, Y.; Liu, Q.; Zhang, J.; Liu, Z. Org. Chem2005 70,
6913-6917. (b) Li, Y.; Liang, F.; Bi, X,; Liu, QJ. Org. Chem200§ 71,
8006-8010. (c) Liang, F.; Zhang, J.; Tan, J.; Liu, Adv. Synth. Catal.
2006 348 1986-1990. (d) Liu, J.; Wang, M.; Li, B.; Liu, Q.; Zhao, Y.
Org. Chem.2007, 72, 4401-4405. (e) zZhao, Y.; Zhang, W.; Wang, S;
Liu, Q. J. Org. Chem2007, 72, 4985-4988.

(12) (a) Bi, X.; Dong, D.; Liu, Q.; Pan, W.; Zhao, L.; Li, Bl. Am.
Chem. Soc2005 127, 4578-4579. (b) Zhang, Q.; Sun, S.; Hu, J.; Liu, Q.;
Tan, J.J. Org. Chem2007, 72, 139-143.

(13) (a) Dong, D.; Bi, X.; Liu, Q.; Cong, FChem. Commun2005
3580-3582. (b) Zhao, L.; Liang, F.; Bi, X.; Sun, S.; Liu, Q. Org. Chem.
2006 71, 1094-1098.

(14) Bi, X.; Dong, D.; Li, Y.; Liu, Q.J. Org. Chem2005 70, 10886~
10889.

(15) For reviews, see: (a) Dieter, R. Ketrahedron1986 42, 3029-
3096. (b) Junjappa, H.; lla, H.; Asokan, C. Wetrahedrorl99Q 46, 5423—
5506. (c) Kolb, M.Synthesis199Q 171-190. (d) lla, H.; Junjappa, H.;
Barun, O.J. Organomet. Chen2001 624, 34—40.

10.1021/jo702586p CCC: $40.75 © 2008 American Chemical Society
Published on Web 02/22/2008



JOCNote

TABLE 1. Reaction of 3a with NH;OAc under Different TABLE 2. [5C + 1N] Annulation of 3 with NH 4OAc to Pyridines
Conditions 52 and &
CN CN SEt NH, Ar Ar SR NH,
" \C<f_/ C> o, NHiOAS o ( \ ocH, NHiOA /@)\@ NC | SN NHOAc 8 equiv) NC 2 on  NH,OAC (4 equiv) Ar SN
N e HsCO C/N ~ 120°C Ner  65°C .
6a 3a 5a CN CN CN
NHOAc T time  yield (%) yield (%) 6 3 5
entry (equiv) (°C) solvent (h) 5a 6a substrate time pyridine  yield®
1 1.0 65 DMF 12.0 10 0 entry 3 Ar R (h) 50r6 (%)
g gg gg Bm:z 2(0) g; 8 1 3b  3,4-O,CH,CgH3 Et 6.0 5b 85
1 40 65  DMSO 60 78 0 2 3¢ 2-MeOGHs Et 80  5c 75
= 40 2= DMF 60 0 0 3 3d  3-MeOGHa Et 100  5d 69
6 4.0 40 DMF 6.0 16 0 4 3e  4-EtOGH4 Et 10.0 5e 74
7 4.0 90 DME 6.0 64 10 5 3f 4-MeOGH4 Me 10.0 5f 73
8 40 190 DME 60 28 22 6 3y 4-MeOGH. nBu 100 59 69
9 8.0 120 DMF 10  trace 54 7 3h 4-MeOGH, Bn 100  5h "
8 3i Ph Et 48.0 5i 36%e
9 3 4-CIGHs Et 48.0 5i o
SCHEME 1 10 3b  34-0CH,CHs Et 3.0 6b 70
11 3c 2-MeOGH4 Et 5.0 6¢c 54
OH gF,. O, N CN RCHZNOZ 12 3d  3-MeOGHq Et 4.0 6d 56
j\ 1 | 13 3e 4-EtOGH. Et 30 6e 56
SEt NC CHCN  gg Et ar DBU, DV 14  3f  4-MeOGHs4 Me 3.0 6e 52
15 39 4-MeOGH4 n-Bu 3.0 6e 57
3 16 3h  4-MeOGH,4 Bn 3.0 6e 54
17 3j  4-CICeHa Et 48.0 6j o
SCHEME 2
Ar Ar a8 Reaction conditions unless otherwise not&d(1.0 mmol), NHOAc
SR NH; (4.0 mmol), DMF (10 mL) at 65C. b Reaction conditions3 (1.0 mmol),
NC SN NHiOAc X CNoo NHAOAc Q NH,OAc (8.0 mmol), DMF (10 mL) at 120C. ¢Isolated yields¢ The
_ 120 °C _ 650 N reaction was performed at 12C with 8.0 equiv of NHOAc. € 63% of 3i
SR was recovered.3j was recovered.
CN CN
6 3

(MBH) adducts®in organic synthesis, we realized the efficient
direct C-C coupling reaction betweea-cyanoketene§S)-
acetalsl and MBH adduct® (Scheme 1). As a result, the new
1,5-dielectrophiles, substituted 1,1-bisalkylthio-1,4-pentane-
dienes3, were prepared and successfully used for the synthesis
of the unsymmetrical biaryld via a [5C + 1C] annulation
(Scheme 132 As part of our continuing studies on the
development of the synthesis of substituted pyridine derivatives
from the 5C precursor, 1,1-bisalkylthio-1,4-pentanedi@né
[5C + 1N] annulation strategy, in this contribution, the
remarkable temperature-controlled synthesis of two types of
substituted pyridine derivativésand6 from the same precursors  FIGURE 1. ORTEP drawing oba.
(3 and ammonium acetate) is reported (Scheme 2).

According to our previous work€’the [5C+ 1N] annulation
of 2-(bisethyl(ethylthio)methylene)-4-(4-methoxybenzylidene)- ethanol, THF and acetonitrile, arish was obtained in a little
pentanedinitrile $a) with ammonium acetate was focused on lower yield with DMSO as the solvent (Table 1, entry 4). It is
at first (Table 1). After many attempts, it was found that a worth emphasizing that the reaction is very sensitive to
pyridine derivative, 6-amino-5-(ethylthio(4-methoxyphenyl)- temperature. For example, when the reaction was carried out at
methyl)nicotinonitrile §a), could be isolated in 83% yield when  room temperature, no desired prod&etwas observed (Table
the reaction of3a and ammonium acetate was performed in 1, entry 5). When the reaction temperature was maintained at
DMF at 65°C for 6 h (Table 1, entry 2). The reaction was then 65 °C, 5a was formed in high yields (Table 1, entries 2 and
carried out under various conditions to optimize the yield. The 5—8). Interestingly, when the temperature was higher than
experiments revealed that the addition of 4.0 equiv of am- 90°C, a new pyridine derivative 2-(4-methoxyphenyl)pyridine-
monium acetate was enough for a high transformation fBam  3,5-dicarbonitrile §a) was obtained along with the formation
to 5a(Table 1, entries £3). In addition, the reaction is greatly  of pyridine 5a (Table 1, entries 7 and 8), arth could be
affected by the solvent. For example, no desired pro&act  obtained exclusively with good yield withil h when the
was obtained in the solvents such as toluene, dichloromethaneyeaction was performed at 12C and 8.0 equiv of ammonium
acetate was added (Table 1, entry 9). In additieawas stable
(16) For reviews, see: (a) Basavaiah, D.; Rao, A. J.; Satyanarayana T.in the presence of 8.0 equiv of ammonium acetate at°T20

Chem. Re. 2003 103 811-892. (b) Drewes S. E; Ross G. H. i
Tetrahedron1988 44, 4653-4670. (c) Basavaiah, D.; Rao P. D; Hym In fac.t’ Selecnve Synthe.SIS has been a formldable.(:ha”enge !n
R. S.Tetrahedron1996 52, 8001-8062. (d) Kataoka, T.: Kinoshita, H.  organic synthesis, especially controlled highly selective synthesis

Eur. J. Org. Chem2005 45-58. beginning from the same starting materi#l§o far, to the best
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SCHEME 3. Proposed Mechanisms for the Temperature-Controlled Pyridines Syntheses

SR SR NH, SR NH,
-NH
ML S UGS & k. " SN
65°C _ X I =
5 Ar Ar Ar RS” SR SR
N N
C4/ 5SR NH; NC_~ NH, NH; NC. _~ NH, —| CNs CN . gN
/1 -RSH P s Ar N
57 "SR SR SR
CN CN CN pathe  NC NH -RSH/-H, NC S
3 7 > ’
120 °C x _
SR
CN 10 CN 6

of our knowledge, there are no reports for the divergent synthesisfeatures of the five-carbon fragmer@swhich include: (1) the

of two types of substituted pyridine derivatives from the same potential dual 1,5-bielectrophilic units as shown in Scheme 3;

5C fragment and ammonium acetate via a fs@N] annulation. (2) the important multiple role of the dialkylthio group acting
Subsequently, the reactions of a series of available 1,1-as leaving group in the \&% process (for example, in the

bisalkylthio-1,4-pentanedien8%°with ammonium acetate were  transformation from3 to 7 in Scheme 3), elimination (for

carried out to understand the efficiency of the temperature- example, from9 to 5 and 10 to 6 in Scheme 3) to meet the

controlled synthesis of substituted pyridine derivatives. At aromatic requirements, and the adjustment to the annulation by

65 °C and under the reaction conditions as indicated in Table the intermolecular thia-Michael addition fromto 8 as shown

1, entry 2, the reactions betwe8b—3h and ammonium acetate  in Scheme 3.

(4.0 equiv) proceeded smoothly to afford the corresponding In summary, the novel temperature-controlled efficient syn-

trisubstituted pyridineSb—5h in good to high yields (Table 2,  thesis of pyridine derivatives through one-pot [5€ 1N]

entries 7). The structure oba was further confirmed by  annulation reactions of the 1,1-bisalkylthio-1,4-pentanedienes

single-crystal X-ray diffraction analysis (Figure 1). 3 and ammonium acetate has been developed. Two types of
On the other hand, for the reactions performed at R@s pyridine derivativess and6 were synthesized in good to high
shown in Table 1, entry 9, the reactions 3i—3e with 8.0 yields, which can be attributed to the notable features of 1,1-

equiv of ammonium acetate, gratifyingly, did result in the bisalkylthio-1,4-pentanedien&s The expansion of this meth-
formation of the corresponding pyridinéb—6ein good yields odology and the further synthetic applicatiorBadre in progress.
(Table 2, entries 1013). Furthermore§e could also be obtained

in good yields starting fror8f—3h, regardless of the difference  Experimental Section

of the alkylthio groups o8 (Table 2, entries 1416). However,

in the case of the reactions betwegirand ammonium acetate, General Procedure for the Preparation of 5 (with 5a as an
under the conditions described in Table 1, entry 2, no reaction €xample). To a well-stirred solution oBa (344 mg, 1.0 mmol)
occurred; under the conditions described in Table 1, entry 9, N9 ammonium acetate (308 mg, 4.0 mmol) in 5 mLNafe
and reacted for 48 i was obtained in 36% isolated yield dimethylformamide (DMF). The reaction mixture was well stirred

. . ) at 65°C for 6.0 h (monitored by TLC). Then the above mixture
with 63% of 3i recovered (Table 2, entry 8), and no prodéict a5 poured into icewater, extracted with dichloromethane (10

was detected. In addition, for precursgj; with an electron- mL x 3), and dried over anhydrous P8O, The solvent was
withdrawing chloro group on the aryl ring, under both conditions removed under reduced pressure, and the residue was purified by
described in Table 1, entry 2 and entry 9, no reactions occurred,a flash silica gel column chromatography to give prodaa{248

and only 3j was recovered (Table 2, enties 9 and 17). mg, 83%) as a yellow solid (eluent: diethyl ether/petroleum ether
The significant difference between the reactivitieSiofj, and =1/1).

3a—3h may indicate that the electron-donating nature of the  Selected data for 5amp 130-132°C; *H NMR (CDCl, 500

aryl substitute of3 plays an important role in the annulation MH2) 0 1.25 (t,J = 7.5 Hz, 3H), 2.43 (q) = 7.5 Hz, 2H), 3.83
reaction. (s, 3H), 4.97 (s, 1H), 5.42 (s, 2H), 6.91 @= 8.5 Hz, 2H), 7.29

. . . (d,J=8.5Hz, 2H), 7.53 (s, 1H), 8.30 (s, 1H}C NMR (CDCl,
Ol? g‘eh basis .g‘lc al a?]OV? exﬂe”r?]e”fts and e 125 MH2)0 14.4, 26.5, 49.0,55.6, 99.2, 114.8, 118.3, 120.1, 129.2,
works,“the possible mechanisms for the formation of pyridine 159 9 1397 151.7, 158.9, 159.7; IR (KBr) 3113, 2361, 2216, 1641,

_derivative_rsS an_d6_are propose(_j as shoyvn in Scheme _3. The 1250 Ms (/2: 300.1 [(M+ 1)]*; Anal. Calcd for GeH1:NOS:
intermediates/ is first formed via aza-Michael§/ reaction C, 64.19: H, 5.72: N, 14.04; Found C, 64.26; H, 5.69: N, 13.99.
of 1,1-bisalkylthio-1,4-pentanediergwith ammonia and the General Procedure for the Preparation of 6 (with 6a as an
subsequent transformations can be temperature dependent. Wheskample): To a well-stirred solution oBa (344 mg, 1.0 mmol)
the temperature is controlled at 86, an intermolecular thia- and ammonium acetate (616 mg, 8.0 mmol) in 5 mLNf\-
Michael addition of thiolate anion through path A is preferred, dimethylformamide (DMF). The reaction mixture was well stirred
which leads to intermedia& By this way, pyridines is finally at 120°C for 1.0 h (monitored by TLC). Then the above mixture
provided through the consecutive intramolecular aza-annulation. Was poured into icewater, extracted with dichloromethane (10
Whereas, when the temperature is raised to 120 the mL x 3), and dried over anhydrous P8O, The solvent was
intramolecular aza-Michael addition éthrough path B is more ;e%%\;]eg”%gdg;rggmﬁg Eﬁfsfnu;fc;gfgghtc ?orZiS\I/gu;rc\nNoZ;:(pluzrgled >
likely to occur, which leads to intermediat®. Finally, pyridine

. e . mg, 54%) as a yellow solid (eluent: diethyl ether/petroleum ether
6 can be formed via the subsequent elimination of an alkylthiol —"1/15).

and oxidation process. _ ) _ Selected data for 6amp 162-164°C; IH NMR (CDCl;, 500
It should be noted that the highly selective formation of two MHz) 6 3.91 (s, 3H), 7.08 (dJ = 8.5 Hz, 2H), 8.06 (dJ = 8.5

types of pyridines can be attributed to the promising structural Hz, 2H), 8.29 (s, 1H), 9.04 (s, 1H)*C NMR (CDCk, 125 MHz)
2444 J. Org. Chem.Vol. 73, No. 6, 2008
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055.5,106.5,107.1,114.2, 114.5, 115.0, 116.3, 127.8, 131.1, 145.0,Project, and analysis and testing foundation of Northeast Normal
154.3, 162.6; IR (KBr) 3153, 2978, 2360, 2342, 1589, 1446, 1262; University is greatly acknowledged.
MS (m/2: 236.1[(M+ 1)]*; Anal. Calcd for GqHgN3O: C, 71.48;

H, 3.86: N, 17.86: Found C, 71.39: H, 3.90: N, 17.51. Supporting Information Available: Experimental details and

full characterization data, copies & and'3C NMR spectra for
all new compounds, CIF for compoubd. This material is available
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