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A number of 3-pyridyl-2-propcnoic acid de rivatives, pyridines possessing a 7-butyrolac­
tOile ring and related cOTnvouuds were s}llthcsizcd and evaluared for their activity by using a 
leLLuce seedling test.. Most of Ille pyridine derivatives inhibited I.he growth or lettuce seedlings 
at conccntmtiolls ranging from 10 to 100 ppm. In the pyridine analogs or cirmamie add , the 
4- p)Tidi ne a.nalog is more active t.han the 2- a.nd 3-isomeTS. Of the 3-(4- pyridyJ)propenoic aeid 
derivatives exarnilled , the N, ..IV-cliethyJ- 3- (4- pyridyl)-2-propenamide 3c-3 was the most 
active, which caused more t.han :.10% inhibition of the hypocotyl and root growth at 50ppm. 
Pyridine analogs with a 1,4- but.anediol 5howed activity comparable to that of pyridyl r-butyro­
lactone compounds, suggesting t.haT. the presence of the r -butyrolactonc was dispensable for 
the activity. 

INTROD UCTION 

In plants, a number of cytochrome P450 monooxygenases (P450s) involve in the 
biosynthesis of h ormones, steroids, flavono ids, phytoalexins , llgnans and lignin 
intermediates (Donaldson and Luster, 1991 ). Cinnamate 4-hydroxylase is a P450 which 
catalyzes the hydroxylation of t-ran.s-cilUlamic acid into tran .. <>-p-cownaric acid, the fi rst 
oxygenation step of the general phenylpropanoid metabolism in plan ts. This enzyme 
which is essential for plants has not been found in any invertebrate or vertebrate animals 
(TeutSCh et ai, 1993) . It might be an unexploited target for development of a new 
herbicide. 

On the other hand , P450s are known to be selectively inhibited by various imidazole , 
1 )2 ~4-triazo]e , pyridine) and pyrimidine derivatives. In these heterocyclic compounds, an 
sp2- nitrogen atom binds preferentially a heme iron atom of P450 active site to cause 
enzyme inactivation (Ortiz de MonteUano and Reich, 1986). In view of the extraordinary 
potency of the pyridines as P450 inhibitors , we designed and synthesized a series of 
3-pyridyl-2-propenoic acid derivatives , whic h is diffe ring only in having a pyridine 
nucleus in place of a benzene ring of cinnamic acid, as an inhibitor of cinnamate 
4- hydroxylase. Recently the total synthesis of novel lignans, haedoxans (Ishibashi and 
Taniguchi, 1989) , and their derivatives (yamauchi et at.. 1992) have been accomplished 
via 7-butyrolactone derivatives as a key intermediate in our laboratories . Using this 
synthetic procedure, the pyridine derivatives possessing a r-butyrolactone ring which 
have been not synthesized so far were designed in expectation of obtaining a new class of 
biological active compounds. In the present paper, we report the synthesis and plant 
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grovvth-inhibiting activity of pyridine analogs of cinnamic acid and r-butyrolactone 

MATERIALS AND METHODS 

Synthesis 
All melting points (mp) are uncorrected. lH-NMR spectra were recorded on 

JNM-GX400 spectrometers with tetramethylsilane as an internal stanciarcl. Gravity 
collllTm chromatography was carried out "ith Merck kiesegel 60 F254 (0.063-0.200 mm, 
70-2:10 mesh ASTM) and Wakogel C-300 (45-75/Irn). TLC was performed on precoated 
60 F254 silica gel plates (0.25 mrn, 0.5 mm, or I mrn thickness, 20 X 20 cm) supplied by E. 
Merck. 
Ethyl S-(2-pyridyl)-2-pro]leTwa.te (Ia) 

To a solution of diethyl ethoxycarbonylrnethylphosphonate (5.0 g, 18.7 mrnol) and 
K~CO'1 (5.2 g, 18.7 mmol) in water (20 rnl) was added ""ith stirring 2-pyridinecar­
boxaldehyde (2g, 18.7mmol) and the mixture was stirred for 12hr at. room temperature. 
The product was extracted with ethyl acetate and the ethyl acetate solution \-vas washed 
,"lith water, brine, and dried over Na2S01' After removal of the solvent, the residue was 
chromatographed on silica gel by elution with hexane-ethyl acetate (8: 1). Concent.ration 
of the early eluat.e under reduced pressure afforded 0.11 g (:3.:3%) of cis isomer (Ia-2). 
NMR (CDC!,) 0: 1.26 (3H, t, J=7.3Hz), 4.21 (2H, 'I, J=7.:lHz), 6.14 (lH, d, J=12.7Hz), 
6.95 (lH, d J=12.7Hz), 7.18-7.26 (lH, 01), 7.64-7.70 (2H, m), 8.59 (IH, d, J=4.9Hz). 
Tra}/.S isomer CIa-I) was elut.ed after Ia-2 ,viLh hexane-ethyl acetate (10: 1) eluate, 3.1 g 
(94%). NMR (CDC!,) 0 1.34 (3H, t, J=7.3Hz), 4.27 (2H, q, J=7.3Hz), 6.92 (lH, d, 
J=15.9Hz), 7.26 (lH, d,d, J=7.8, 4.9Hz), 7.42 (lH, d, J=7.8Hz), 7.65-7.73 (lH, m), 8.64 
(lH, d,J=3.9Hz). 

Compounds Ib and Ie were prepared in t.he same manner as la with use of 3- and 
4-pyriclinecarboxaldehyde respectively, instead of 2-pyridine-carboxaldehyde. 

Ethyl ,'!-(8-pyridyl)-2~pTOpe1wate (Ib) Yield 51%. NMR (CDC]') 0: Ll5 (3H, t, 
J=7.0Hz), 4.28 (2H, q, J=7.0Hz), 6.52 (IH, d, J=16.1 Hz), 7.32 (lH, d,d, J=8.0, 4.7Hz), 
7.67 (lH, d, J=16.lHz), 7.84 (IH, <I, J=8.0Hz), 8.60 (lH, d,d, J=4.7, 2,OHz), 8.75 ClH, d, 
J=2.0Hz). 

Ethyl S-(4-pyridyl)-2-prope;uJute (Ie) Yield 5B%. Mp 64.5-65 "C. NMR (CDCL) 
0: 1.35 (3H, t, J=7.:3Hz), 4.29 (2H, q, J=7.3Hz), 6.59 (IH, d, J=l61Hz), 7.36 C2H, ct, 

J=6.1 Hz), 7.59 ClH, d, J=16.1 Hz), 8.65 (2H, d, J=6.1 Hz). 
N-n-pro]J)jl~3-(4-p'ijridyl)-2-]!ropell.arnide (3c-I) 
A mixture of Ie (l.Og, 5.Grrnnol) and NaOH (O.7g, 5.6rrlITlol) in 8m! ofvlater and 10 

ml of ethanol was stirred for 24 hr at room temperature. After removal of the solvent, the 
residue was acidified V\-ith acetic acid. The resulting precipitates were collected by 
filtration and recrystallized from dimethylformamide and water affording 0.57 g (68%) of 
3-(4-pyridy!)-2-propenoic acid (2c). To a solution of 2c (O.2g, 1.34 nlID.ol) , l-ethyl-3-
(3-dimethylaminopropyl) carbodiimide hydrochloride (0.26 g, 1.34 mmol) and I-hydroxy 
-benzotriazole (O.ISg, 1.34mmol) in IOml of dichloromethane was added mth stirring 
n-propylarnine (0.08g, 1.34mmol). Mtcr stirring for 24hr at room temperature, the 
dichloromethane solution was washed with 5% Na~CO:, solut.ion, water and brine, and 
dried over Na~S04' After removal of t.he solvent, the re.sidue \-vas chromatographed on 
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silica gel and eluted with hexane-ethyl acetate (l :2) to afford 70 mg (28%) of 3c-l. NMR 
(CDCL) 0: 0.98 (3H, t, J=7.;3 Hz), 1.54-1.65 (2H, m), 3.37 (2H, q, J=6.8Hz), 5.71 (lH, 
broad s), 6.54 (lH, d, J=15.6Hz), 7.34 (2H, d, J=5.9 Hz), 7.55 (lH, d, J=15.6Hz), 8.62 

(2H, d,J=5.9Hz). 
Compowlds 3c-2 and 3c-3 were prepared in the same manner as that for compound 

3c-l [rom a corresponding amine, instead of n-propylarnine. 
N-He:ryl~~-(4-pyridyl)-2-propenarnide (3c-2) Yield 44%. NMR (CDC!,) 0: 0.89 

C:lH, t, J=7.1 Hz}, 1.23-1.40 (6H, m), 1.53-1.78 (2H, m), 3.39 (2H, q, J=6.7Hz), 5.86 (lH, 
broad s), 6.56 (lH, d, J=15.6Hz), 7.33 (2H, d, J=5.9Hz), 7.54 (lH, d, J=lfi.fiHz), 8.61 
(2H, d, J=5.9 Hz). 

N,N-Di.elhyl~'!-(4~pyridyl)-2~propenamide (3c-3) Yield 61%. NMR (CDC)') 0: 
1.20 (3H, t, J=7.1Hz), 1.28 (3H, t, J=7.IHz) ,3,48 (2H, q, J=7.1Hz), 3.50 (2H, q, 
J=7.1 Hz) , 7.00 (lH, <I, J=15.4Hz), 7.:36 (~H, <I, J=5.5Hz), 7.60 (IH, d, J=15,4Hz), 8.62 
(2H, d, J=5.5 Hz). 

3-{ J-Hydroxy-J ~pYTidylmethyl)-4~vinyldih:ydro-2(3H)-Iamnones (5) 
To a solution of diisopropylamine (lOml, O.14moI) in THF (lOOmI, dist.illed from 

LiAIH4) \vas added n-butyllithiurn (87.5 ml, 1.6 M solution in hexane) at -78°C under 
nitrogen gas. After stirring for 15 minutes, a solution of .B -villyI-r-butyroiactone (4, 10 
g, 0.05 mol) in THF (50 ml) was added dropwise, and then the mixture was stirred at 
-78'C for 30minutes. A solution of pyridinecarboxaldehyde (1l.7g, O.llrnol) in THF 
(50rnl) was added at -78'C. After stirring at -78'C for 1 hr, to the mixture was added 
saturated aqueous NH,CI solution (50ml) and EtOAc (lOOOml). The organic layer was 
separated, washed vilith brine, and dried (NaZS04)' Concentration followed by column 
chromatography (silicagcl, EtOAc) gave aldols (erythm and threo). Recrystallizalion 
from ~:tOAc gave pure aldols 5. 

2-Pyri.dylaldol (5a) Yield 47%, white amorphous solid, mp J03-10rC. H-NMR 
(400 MHz, CDCI" TMS) 03.02 (d.d, lH, J=2.93, 9.76, -CH-CH(OH)-Ar), 3.27 (d.d.d, IH, 
J= 8.79, 8.79, 8.79, CH,=CH-CH-) , 3.88 (t, lH, J=8.79, -ClfcO-) , 4.37 (t, Ill, J=8.79, 
-CnO-), 4.56--4.62 (m, 2H, CH,=CH-) , 5.40 (d, IH, ,1=4.39, -CH(OH)-Ar) 5.19-5.28 (m, 
lH, CH,=CH-), ;';.46 (s, IH, OH), 7.20-7.23 (m, 1H, Ar-H), 7,41-7,43 (m, 1H, Ax-H), 
7.66-7.71 (m, 2H, A.r-H) , "C-NMR (JOO MHz, CDC!,) 177.34, 158.82, 148.08, 1:37.14, 
135.70,123.06,121.03,117.;34,70.81,70.12, 52.07, 39.1S,Ana.l. Found: C, SC.IO; II, 5.GB; 
N,6.:33. Caled. for C1JlnNO:): C, 65.74; H, 5.98; N, 6.39%. 

S-Pyridyloldol (5b) Yield 52%, white amorphous solid, mp ][4 'C. 'H-NMR (400 
MHz, CDCI" TMS) 0 2.80 (d.d, 1H, J=2.93, 9.28, -CH-CH(OH)-Ar), 3.41 (t, IH, ,1=8.7~J, 
CH:~:::CH CH ), ;3.89 Ct, IH, J=8.79, C!!!.O), 4.39 (t., IE, J::8.79, CI!~O), 4.70 4.74 em, 
~H, CH,=CH-), 5.26-5.35 (m, IH, CII,=CI1-), 5,48 (d, IH, J=1.95, -CH(OH)-Ar), 6,40 
(hr.s, IH, -OH), 7.24-7.:34 (rn, IH, Ar-H) , 7.77-7.80 (m, lH, Ar-H) , 8.36-8,41 (m, IH, 
Ar-H), 8,49-8.54 (m, 1H, Ar-H), "C -NMR (JOO MHz, CDCI,) 176.98, 147.81, 135.57, 
135.61,1:34.02,123.10,117.53,70.54,67.86, 52.97, 38.81,ATwl. Found: C, 65.96; H, 6.17; 
N,6.29. Caled. for CI~H1JNOJ: C, 65.74; H, 5.98; N, 6.39%. 

4-Pyridylaldol (5c) Yield 58%, white amorphous solid, mp 130 'C. 'H-NMR (400 
MHz, CDCt, TMS) i5 2.81-2.84 (m, 1H, -CH-CH(OH)-Ar), 3.32 (d.d.d, 1H, ,1=8.79,879, 
8.79, CH,=CH-CH-), 3.65 (hr.s, lH, -OH), 3.90 (d.d, lH, J=9.27, 9.27, -CH,O-), 4.39 (d.d, 
lH, '/=8.79,8.79, -CH,O-), 4.76-4.81 (m, 2H, CH,=CH-) , 5.25-5.30 (m, 1H, CH,=CH-) , 



172 H. Tsuka<ta et at. 

5.42 (s, IH, - CH(OH)-Ar), 7.28-7.36 (m, 2H, .A.r- H), 8.51- 8.58 (m, 2H, Ar-H) , "C-NMR 
(100 MHz, CDC!,) 177.02, 150.65, 149.38, 135.27, 120.98, 118.00, 70.75, 68.99, 52.49, 
39.02,Anal . FOWld: C, 65.73; H, 5.93; N, 6.38. Galcd. for C" H,,NO,,: C, 65. 74 ; H, 5.98; N, 
6.39%. 
3 - { i-(/wrt - Bu.lyldimethylsilyl )oxy- l - pyri dylmethylJ -4 - viny ldihyd m-2(3H)­
j'umncmes (6) 

To a solution of 5 (8.0g, 0.01 mol) and imidazole ( 10.9g, 0.16mol) in DMF (200ml) 
was added lert-hutyldimeyhylsilyl chloride at room temperature. After stirring for 3 days, 
to the mixture was added water (lOO ml) and ethe r (500 ml) . The organic layer was 
sepa-rated, washed with water, brine, and dried (Na,SO,). Concentration followed by 
colufTUi chromatography (silicagel, BtOAc) gave pure silylaldol 6 . 

6a Yield 82%, colorless oil. 'H-NMR (400 MHz, CDCL, TMS) 6-D.30 (s, 3H, -Si-CH,), 
- 0.03 (', 3H, - Si- CH,), 0.79 (s, 9H, - Si-CH,,), 2. 77 (d.d, IH , J=2.4 5, 928, 
-CH- CH(OH)- Ar), 3.30 (t, IH, J=8.79 , GH,=CH-CH- ), 3.66 -3.73 (m, IH , - CH,O- ) , 3.95 
(t, IH , J =8.79, - C/I,O-), 4.56 (t, 2H, J =10.25, CH,=CH- ), 5.69 (5, IH , - CH(OH)- Ar) 
5.7~.8 1 (m, IH , CH,=CH-) , 7.10- 7.18 (m, I H, AI-H) , 7.50-7.57 (m, 2H, Ar- H) , 
8.33- 8.40 (m , 2H, Ar-H) , "C- NMR (100 MHz, CDCL,) 177.81 , 159.76, 147.42, 136.89, 
134.58, 122. 79, 120.72, 11 9.44 , 69.49,52.58, 41.33,25.90, 18.12, - 4.76, -6.10, Anal. 
Found: C, 65.00; H, 7.45; N, 5.84. Caled. for C"H" NO,,si: C, 64.83; H, 8.16; N, 4.20%. 

6b Yield 75%, colorless oil. 'H-NMR (400 MHz, CDCb, TMS) (j 0.02 (s, 3H, - Si- CH,), 
0.23 (s, 3H, - Si- CH,), UJ2 (5, 9H, - Si- CH .. J, 3.03 (d.d, I H, J=3.42 , 10 .20, 
- CH- CH(OTBS)- Ar), 3. 12-3.16 (m, IH, CH,=C H- CH- ) , 3.92- 4.01 (m, 2H, - CH,O- ) , 
4.11 - 4.20 (rn, 2H, -CH,O) , 5.26- 5.43 (m, 2H, CH,=CH-), 5.59 (d, lH, J=1.95 , 
- CH(OT BS)- AI) , 5.89-5.98 (m, IH, GH,=CH-), 7.32- 7.38 (m, IH, Ar-H) , 7.62-7.87 (m, 
IH , Ar- H) , 8.58- 8.63 (m, lH, Ar-H), 8.65- 8. 75 (m, IH , Ar-H) , '"C-N~1R (IDa MHz, 
CDG!,) 17(;.:12, 147.:30, 136.07, 135.72, 134.92, 123 .01, 117.36,70.78,70.38,53.67,41.47, 
25.65, -3.6 1, - 4.89, Anal. Found: C, 64.11; H, 8.75; N, 4.03. Calcd. for C"H"NO,Si: C, 
64.83; H, 8. 16; N, 4.20%. 

6c Yield 78%, colorless oil. 'H-NMR (400 MHz, COCh, TMS) 6-D.19 (s, 3H, - Si- CH,), 
0.04 (s, 3H, - Si-CH .. ) , 0.81 (5, 9H, -Si- CH,) , 2. 75-2.81 (rn, IH, -CH-CH(OTBS)-Ar) , 
3.7 1 ~1.75 (m, IH, CH,=CH-CH-), 3.80 (t, 2H, J =7.82-B.7R, - CH,O-) , 3.90-.3 .94 (m, 2H, 
- CH,O- ), 5.02- 5.08 (m, 2H, CH,=CH- ), 5.18 (d, IH, J=2.93, - CH (OTBS)-Ar) , 5.64- 5.76 
(m, IH , CH,=CH- ), 7.32- 7.38 ( m, 2H, Ar- I f) , 8.40-8.51 (m, 2H, Ar-H) , "C-NMR 
( 100MHz, CDCL,) 174 .86, 149.73, 135.76, 12 1.66, 120.86, 11 7.73, 70.91,7004,53.61, 
4 1.32,25.61, 18.00, - 4.92. Annl. FOWld: C, 63.3 1; H, 8.45; N, 4.15. Calcd. for G,.,H"NO,Si: 
C, 64.83; H, 8. 16; N, 4.20% . 
8- [ J -(rert- Butyldmwthylsilyl)o:L"y- l - pyridylrrwthyl/- 2- vinyl- l, 4-butanediols (7) 

To a solut.ion of lithium aluminum hydride ( 1.70g, 45mmol) in THF (150ml) was 
added 6 (9.34g, 30mmol) in THF (50ml) at - 10 'C under nitrogen gas. After stirring far 
1 hr , to th e rea(;tion mixture was added saturated aqueous MgS04 solution (2ml) and 
K,CO" (8.29 g, 60 mmal). After stirring for 24 hr at room temperature, the mixture was 
filt ered through a celite pad, and the filtrate was concentrated by vacuo. Concentration 
followed by column chromatography (silicagcl, EiOAc) gave pure diols 7. 

2- PY"idyldinl (7a) Yield 91%, colorless oil . 'H- NMR (400 MHz, CDCl" TMS) 6-D.30 
(s, 3H, ~Si-CH ,), -0 .02 (5, :lH, -Si- CH,), 0.80 (5, 9H, - Si- CH,), 1.90- 2.00 (m, IH, 
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- CH-CH(OH)-Ar) , 2 .49- 2.56 (m , IH , CH,=CH-CH- ) , 3. 14- 3.17 (m, IH , -CI/,O-) , 
3.64- 3.74 (m, 3H, - CH,O-) , 4.97 (d , IH , J=7.32, - CH(OH)- Ar) , 5.00-5 .20 (m, 2H, 
CH,=C H- ) ,, 78-5 92 (m, IH, CH,=CH-), 7. 19- 7.24 (m, IH , Ar-H), 7.61-7.71 (m, IH , 
Ar- H), 8.34-8.46 ( m, 2H, Ar-H), '''C-NMR (100 MHz , CDC1,,) 162.72 , 148.01 , 13.23, 
137.22, 122.65, 121.75, 116.21i, 75.12, 6208, 60.38, 58.40, 5 1.62, 43.68, 25.76,14.16, -4.58. 
Anal . Found: C, 63.3 7; H, 9.22; N, 4.00. Caled. for C,"H"NO"Si: C, 64.05; H, 9.26; N, 
4.15%. 

8-Pyndyldiol (7b) Yield 92%, colorless oil. 'H- NMR (400 MHz, CDCl" TMS) 0-0.03 
(s, :JH, - Si- CH,), - 1.02 (s, 3H, -Si-CHJ, 0.80 (s, 9H, - Si-CH,), UJO-2.00 (m, lH, 
- CH- CH(OTBS)- Ar), 2.49-2.56 (m, lH, CH,=CH- CH- ), :J. 14-:U7 (m, lH, -CH,O- ) , 
3.64- 3.74 (m, 3H, - ClI,O-), 4.97 (d, lH, J=7 .32, - CJl (OTBS)- Ar), 5.00-5.20 (m, 2H, 
CH ,=CH- ) , 5.78- 5.92 (m, IH, CH,=CH-), 7.18- 7.24 (m, lH, M - H) , 7.61-7.71 (m, IH, 
Ar- H), 8.34- 8.46 (m, 2H, Ar-H) , "C-NMR ( 100 MHz, CDCl,) 148.43, 148.20, 147.81 , 
139.58 , 13fi.27, 123.58, 116.76,71.97, 62.33,58.62, 5 I .IIfi, 43.97, 25.92, 18. 19, -4 .27, -4 .95. 
Anal. Found : C, 6:3 .90; H, 9.27; N, 3.95. Calcd . for C"H" NO,Si: C, 64.05; H, 9.26; N, 
4.15%. 

4- Pyridyldiol (7e) Yield 96%, colorless oil . 'H- NMR (400 MH?, CDC!'" TMS) o-D.27 
(s, 3H, - Si-CH,) , - U. 01 (s, 3H, - Si-CH,), 0 82 (s, !lH, -Si- CH,) , 1.89-1.95 (m, 1 H, 
- CH-CH(OTBS)- Ar) , 2.39-2.43 (m, IH , CH,=CH- CH- ), 3.30 (d.d, 2H, J=5.37 , 11 .23, 
- CH,O-) , 3.57- 3.66 (m, 211, -Cll,O-), 4.!l4 (d, IH , J=5.86, - CH(OTBS)- AT), 5.01 (rn,2H, 
CH,=C1-I-\ ".7[>-5.84 (m, lH, CH,=CH-) , 7.23- 7.2R (rn, 2H, Ar- H), 8.39-8.48 (m, 2H, 
.'\r- If) , "C- NMR (100 MHz, CllCL) 152.21, 14~.34, 122.04, 122.03, 117.UO, 72.91, 62.47, 
59.16, 51.17, 43.69, 25 .75, 18.07, -4.[;9, -4.40. Anal. round: C, 63.:37; 1-1, 9.22; N, 4.00. 
Caled. for C"H"NO"Si: C, 64.05; H, 9.26; N, 4.1 5%. 
3 - [ l-Ctert - Butyld i m ethylsily l) o:ry-l-pyridy lmel hyl/- 3 - hydroxymethy 1-2 -
hydmr ydihydro-2(.'!H)-jumnols (8) 

To a stirred solution of 7 (5g, 15mmol) and N-Illethy~norpholine N--{)xide (3.5g,:30 
mmol) in ace!.One: t-blltanol: H,O=4: 1:1 (150 ml) was adrled osnti um tctraoxide (0.5 ml, 
2% in water) under nitrogen gas. After stirring for 3 days, the reaction mixture was 
quenched hy saturated aqueous Na,SO, solution (5 mI). After stirring for :10 minutes, the 
mixture was filtered through a celiLe pad, and the filtrate was concentrated by 'vacuo. 
The resid ue was dissolved in EtOAc (200ml) , and to the mi xture was added NaIO~ (3.9g. 
180 mmol) in war.er (50 ml). After vigorously stirring for 24 hr, \,he reaction mixt.ure was 
diluted with Bl0Ac (50 JIl l). TIle organic layer was separat.ed. washed with water, brine, 
and dried (Na);O;). Concentrat.ion followed by column chromatography (silieagel, 
EtOAc) gave pure lactols S. 

2- PY'ridyllactol (Sa) Yield 91 %, colorless oil. 'H- NMR (400 MHz, CDC!" TMS) 0 
- 0.37 (s, 3H, - Si- CH;J, - 0.0:3 (s, 3H, -Si-CH,), 0.82 (s, flH, - Si- CH,), 2.27-2.29 (m, IH, 
- Cll- CH(OH)- Ar), 2.41 (br.s, lH, -Off), :307-3.11 (m, IH, HO- CH,- CH-), 3.61-3.63 (m, 
411 , HO- CHc-, - CH,O- ), 3.85 (d, lH, J=5.37 , 11.23, - CIJ(OH)-), 4.83 (d, 11-1, J-7.33 , 
- CJ1(O'l'BS) - Ar), 5.38 (br.s, I H, -OH), 712- 7.15 (m, IH, Ar- lf) , 7.40-7.43 (rn, lH, 
AI- H), 7.63- 7. 67 (m, IH, Ar-H) , 8.39-8.43 (m, IH , Ar- H). '''C-NMR (lOOMHz, CDCl.) 
162.40, 148.21, 137.1 0, 122.80 , 121.25, 10UO, 74.14, 68.23, 59.49, 49.61 , 4(j82, 25.73, 
18.00 , -4.52, -4. 74. Anal. Found: C, 61.27; H, 8.45; N, 3.97. Caled. for C"H"NO"Si: C, 
60. 14; H, 8.61; N, 4.13%. 
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S-Py1'idylla.ctol (8b) Yield 6:3% , white amorphous solid, mp ))6 'C. 'H- NMR 
C400MHz , CDCG, TMS) 0-6.64 (s, 3H, - Si- CH,), -,)03 (s, 3H, - Si-CH,J, 0.8U (s, 9H, 
~Si-CIL) , 1.74 (br.5 , 1H, -OH) , 2.33- 2.38 (m, 1 H, - CH-CH(OTBS)- Ar), 3.06- :3. 12 (m , IH , 
HO-CH,-CFI-,) , 3.42 (d .d , 2H, J =8.79, 8.79, - CH,O- ), 3.63 (d .<I, 2H, J =8 .3 1, 8.3 1, 
HO-Cfl~) , 3.89 ( d.d , lH , J =4.2, 11.04 , -CH (O IJ)- ), 4 .67 (d, IH , J =8.79, 
- Cl/(OTRS)- Ar) , 5.47 (s, IH, flO-CH,-J , 7.22-7.25 (m, 1H, Ar-H) , 7.62- 7.77 (m, lH , 
i\r-If), 8.44- 8 .52 (m, 2 H, Ar-H) , "C- NMR (lOOM!!z, CDCl.) 149.40, 147.94,1 39.42, 
134.81,124.00,101.73, 71.5;',68.94,59.88 , 49.46,47.72, 26.05, 25.8:3, 18.17, - 3.78, - 4.95 . 
Anal. Found: C, 59.88; II, 8.45; N, 408 . Calcd. for C"H"NO"Si: C, 60. 14: H, 8.61 ; N, 4 .1:1% . 

4-pyridyllacto1 (8c) Yield 53% , white needle solid , mp 137- 138'C. 'H-NMR (400 
MHz, CDCl" TM3) 0 - 6.64 (s, :lB , -Si- CH,) , - 0.03 (5, 3H, ~Si-CH,), 0.80 (s, 9H , -Si- CH,), 
2.27- 2.:3 1 (m , IH , - CH- CH (O'l'BS) - A 1') , 2.41 - 2.43 ( m, 111 , HO- CH,­
CH-,) , 3.33-3.67 (m, 4H, - CH,O-, HO- CII,,) , 3.83--.1.89 (m, IH , - C/J(OH)-) , 466 (d , IH , 
J=8.40, - CH(OTBS)- Ar), 5.43 (s, IE, HO-CH,-), 7.19-7.20 (m, 2H, AI-H) , 8.48- 8 .50 (m, 
2H, Ar-H) , "G-NMR (l OOMHz , CDC!,) 152.49, 149.49, 14G.82 , 121.58, 121.38, 101.65, 
72.37, 68.82, fiO.04, 49.05 , 47.02, 2G'(;8, 17.98, -4.12, - 3 .95. Anal. FOlU1d: C, 59.77; H, 
8.45; N, 4.07. Calcd. for C"II" NO ,si: C, (;0.14; H, 8.61; N, 4.1:3%. 
4-{ l-{ tert- I Jwylrti'f/w thylsilyl ) o.ry- J- TJlITirlylnwthylj-3 - hydmrym.ethy 1-2 - tiihydm-
2(SIf)-jumnones (9) 

A vigorously s tirred solution of 8 ( J.74g, 5. 1;{ Hunol) and A&CO~ celi te (4.62g:, 1 
mJllo)IO.6g, 7.7 rrullol) in benzene (50ml) wa.s heated under retllL'oJlg for 30 minutes. The 
reaction miXl.Ure was filtered through a celitc pad. Concentra tion followed by column 
chromatography (s ilicagel, EtOAe) gave pure lacLones 9 . 

2-PY'/'idyllactone (9a) Yield 54%, wh ite amorphous sulie!, mp 62-6:3 'C . 'j-I- NMR 
(400 MHz, CDC!." TMS) 0-0.27 (5, :]H, - Si- CH,J, -0.03 (5, 311, - Si-CH,j, 0.81 (s, 9H, 
- Si-CH,), 2.05- 2.70 (m, IH, - CIf- CH(OJl)-Ar), :1 12- 3. IH (m , Ill, HO-CHc-CH- ), 
3.7:1- :1.74 (m, 211 , HO--CH,- , -CJJ,O- ) , :Jg7-4.04 (m, 2H , 1I0 - CH,- , -CH,O-) , 401 (cl .d , 
l H, .1=". :17, 4.40, HO-CH~), 5.02 (d, I H, J=4.40, -CH(OTBS) - Ar), 7.05--7.36 (m, I H, 
AT-H), 7.4 1- 7.56 (m, IH, Ar-H) , 7.57- 7.,;9 (m, IH, "'- If), 8.:34-8.43 (m, 111 , Ar- lf) . '''C 
- NMR (100 MHz, CDC!,) 178.4,;' 161.16, 148.96, 140.13, 137.39, 123.2 1, 12114, 75.06, 
69.99,60.69, fi9. 72, 45.:33 , 44.~1l , 26.05 , 18.30, -4.31 , -4.82. Anal. Found: C, 59.97; H, 
7.91; N, 4.07. Calc:d. for C"H,·,'W,Si: C, 60.5; H, 8.06; N, 4.1 5%. 

3-PyridyUactoT/,e (9b) Yield 99%, \vhitc amorpholls solid, mp 94-95 'C. 'H- NMR 
(400 Mllz, CDCl" '1'M8) 0 -0 0:1 (5 , :3H, - Si- CH,) , - 0.49 (5, 3H, -Si-CH,), 0.80 (s, 9H, 
-Si-CH,), 3. 17~1 .2 1 (m, 1 II , - CH- CH(OTBS)- AI'), 3 .1;4-J.65 (m, 11 1, HO-CH,-CH- ,), 4.1 0 
(d .d , 2H, J=8.9 1, 8.91, -C11,O-), 4.36 (<I.d , IH, .}=8.9 I , 8 .!H , HO-CH~), 4.50 (d.d , tH, 
J =/l.91, /l. !J1 , HO- ClId, 4. 58 (d.d, IH, J =3.40, 10.25, fIO-GHd , 5 .48 (d, IH , J=8g1, 
-CH(OTBS)- AT), 7.71- 7.74 (m, IH, Ar- H), 8 .03-8.1 3 em, l H, Ar- H), 8.91 -8.96 (m, 2H, 
Ar-H) , "C- NMR (100 MHz, CDCL) 179.16, 149.48, 147.78, 137.55, 1;34.50, 123 74 ,71 .37, 
69.61,59.75,46.55, 44.85,25.52, 17.73, -4. 07, -5JJ2. Anal. Puund: C, 61.28; H, 8.00; N, 
4.01. Calcd. for C"I b NO,Si: C, tiO.5; II , 8.06; N, 4.15%. 

4-Pyridylla.ctorw (9c) Yield 79% , white amorphous solid , mp 151-152 "C. 'H- NMR 
(400 MHz, CDCI" TMS) 0-0.42 (5, 3H, - Si-CH,), -0.02 (5, 311, ~,)i-CEL) , 0.77 (5, 9H, 
-Si- CH,), 2.67- 2.64 (TIl, IH, -CH- CIl (OTBS)-Ar) , 2.93- 295 (m, I H, IIO-CII,,-CH-) , 3.55 
5.4 ~l (hr. s, I H, HO- CH,- ). 3.68 (d .r! , lH , J= 8.~lO , 8:JQ, HO- CH,-) , :389-401 (Ill , 2H, 
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-CH,O-) 4.88 (d, lH, J=7.80, -CH(OTBS)-Ar), 7.16-7.18 (m, 2H, AJ:-H), 8.47-8.49 (Ill, 
2ll, Ar-1J), '"C-'.fMR (IOOMHz, CDCb) 178.83,151.10,150.08,121.60,121.35,72.81, 
09.74, 59.94, 46.20, 44.80, 25.6:3, 17.88, -4.05, -4.50. Ana.l. Found: C, 60.(1(\; H, 8.00; N, 
4.07. Caled. for C"H"NO,Si: C, 60.5; H, 8.06; N, 4.15%. 
4-fl-(tert-Butyldimethylsilyl)oxy-l-pyridylrnethyIJ -3-rnethylenedihydro-2(3 
H)-Juranones (10) 

To a solution of 9 (240 mg, 0.71 mmo!) and triethylamine (0.2 ml, 1.42 mmol) in 
benzene (50 mI) was added methanesulfonyl chloride (0.1 ml, 1.07mmol) at 0 'C. After 
stirring for 3 hr at room temperature, to the mixture was added sat.urated aqueous citric 
acid solution (Iml) and EtOAc (50ml). The organic layer was separated, washed with 
\vater, saturated aqueous NaHCO j solution, brine, and dried (NajS(}j). Concentration 
followed by column chromatography (silicagel, EtOAc) gave pure methylenelactones 10. 

2-Pyridylrrwthylenelactone (lOa) Yield 45%, colorless amorphous solid, Illp 68-69 
'C. 'H-NMR (400 Mllz, CDCL" TMS) 0-0.27 (s, 3ll, -Si-Cll,), -0.03 (s, 3H, -Si-Cll,), 0.80 
(s, 9H, -Si-CH,), 3.39-3.41 (m, IH, -CH-CH(OH)-Ar), 4.21-4.30 (m, 2H, -CH,O-), 4.86 
(d, lH, J=5.86, -CH(OTBS)-AJ:), 4.87 (s, lH, CH,=C-), 6.09 (s, lH, CH,=C-), 7.12-7.15 
(m, lH, Ar-H), 7.29-7.31 (m, Ill, Ar-H), 7.GO-7.G4 (m, Ill, Ar-H), 8.45-8.46 (m, HI, 
AJ:-H). "C-NMR (100 MHz, CDCl,) 170.98, 160.64, 149.20, 136.56, 134.36, 1243G, 123.06, 
121.84,77.40,68.56,45.78,25.92,18.18. Anal. Found: C, 63.91; H, 7.89; N, 4.05. Caled. 
for C,cH,,·,NO,Si: C, 63.91; H, 7.89; N, 4.38%. 

3-Pyridylmethylenelactmw (lOb) Yield 50%: colorless oil. lH-NMH (400 MHz, 
CDC]', TMS) 0-0.28 (s, 3H, -Si-Cll,), -0.28 (s, 3H, -Si-Cll,), 0.80 (s, 9H, -Si-ell,), 
3.20-:3.21 (m, IH, -eH-CH(OTBS)-Ar), 4.14-4.22 (m, 2H, -Cll,O-), 4.77 (d, IH, J=5.8G, 
-CH(OTBS)-Ar), 6.24 (s, Ill, CH,=C-), 6.25 (s, IH, CH,=C-), 7.21-7.25 (m, IH, AJ:-H), 
7.5G-7.57 (m, lH, Ar-H), 8.91-8.96 (m, 2H, Ar-H), '"C-NMR (100 MHz, CDC],) 170.42. 
149.7:3, 148.40, 136.44, 164.55, 134.22, 125.28, 123.36, 74.55, 67.84, 46.95, 25.78, IS.09, 
-4.~l6, -4.91. Anal. Found: C, 61.37; H, 8.01; N, 4.44. Caled. for C"H",NO,Si: C, 6:3.91; H, 
7.89; N, 4.38%. 

4-Pyridylmethylenelactone ClOe) Yield 88%, white amorphous solid, mp 79-80 "C. 
'H-NMR (400MHz, CDC]" TMS) 0-0.34 (s, :3ll, -Si-Cll,), 0.03 (s, 3ll, -Si-Cll,), 0.90 (s, 
9H, -Si-CH,), 3.15-;J.lG (m, IH, -CII-CH(OTBS)-Ar), 4.15-4.24 (rn, 2H, -CH,O-) 4.70 
Cd, lB, J=5.40, -CH(OTBS)-Ar), 5.21 (el, IB, J=O.98, CH~=C-), 0.23 Cd, IH, J=1.40, 
CH,=C-), 7.14-7.15 (rn, 2H, AJ:-H), 8.53-8.54 (m, 2H, AJ:-H), "C-NMR (lOOMHz, CDC!,) 
170.2(;,149.94,149.71,133.72,125.29,121.63,75.46, 67.76, 46.53, 25.64, 18.01, 1.02, 
-4.50, -4.32. Anal. Found: e, 61.55; H, 8.32; N, 4.31. Caled. for C"H",NO:Si: C, 63.91; H, 
7.89; N, 4.38%. 

Lettuce seedling tests 
Lettuce (Lactuca sativa L. cv. Sacramento) seedling tests \vere performed by the 

same method as described previollsly CY,ikuchi et at., 1990). The inhibitory activity of 
eompowtds was evaluated after 4 days by inspecting the rate of grmvth of the hypocotyls 
and roots. The inhibitory rates were detennined by percentage of the averaged lengths of 
hypocotyls and roots of treated plants to those of controls and indicated according to the 
following scale: 0< 10%": I <30% ":2<50% ":3< 70% ":4< 90%":5 
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RESULTS AND DISCUSSIONS 

Synthesis 
The synthesis of ethyl 3-pyridyl-2- propenoates ( la--.,) was accomplished by the 

reac tion of 2- , 3-, and 4-pyridinecarboxaldehydes with di ethyl ethoxycarbonyl­
methylphosphonate using potassium carbonate as a base. In the 2-pyridyl analog la, 
f:rn"ns isomer la-l produced \vith a small amount of cis isomer la-2 "vruch was separated 
by column chromatography on silica gel. Confirmation of the structure of stereoisomers 
of la-l and la-2 was provided from 'H- NMR spectra; the coupling constants between 
2- H and 3-H of la-l and la-2 were observed as 15.9 and 12.7Hz, respectively. In the 3-
and 4- pyridyl analogs, cis isomers were not detected in the reaction mixture by TLC. 
The ethyl ester Ie was hydrolyzed to its corresponding carboxylic acid 2e, which was 
t reated with a lkylamines in the presence of water- soluble carbodiimide and 
I-hydroxybcnzotriazole to give amides 3e (Scheme 1). 

Pyr-CHO 

Pyr = 2-pyridyl (0) 
~pyridyl (b) 
4-pyridyl (0) 

a 

o 

• 
~ R' 

Pyr N" • 
c 

b [ la-c: R=C1Hs 

2c:R=H 

a) diethyl ethoxycarbonylmethylpilosphonate, K~CO" H"o; 
11) NaOH, EtOH, H,O; 

3c 

c) amine, l-ethyl-:3- (3-dirnelhylaminopropyl)carbodiimide Hel, 
l-hydroxybelLzot.riazol e, CH~CL 

~2 

Scheme 1. S.ynthesis of pyridyJpropenoic acid derivati .... es 

The general synthe tic pathway for the pre para tion of the pyrid ine derivatives 
possessing a r - but.:rrolactone ring is shm';11 in Scheme 2. .8-Vinyl-r -but)'Tolactone 4 was 
prepared according to the procedure reported (Kondo and Mari , 1974). The li thium 
enolate of 4 generated with 1.2 equivalent. of lithium diisopropylamide (LOA) in 
tetrahydrofuran (THY) at -78 'C was treated with 2- , 3- , and 4- pyridinecarboxaldehydes 
to give a mixture of orythro and threo aldol products in 87- 90% yields in the respective 
ratio of C.(J.. 1: 1, which was calculated based on their NMR spect.ra. Recrystallization from 
ethyl acetate afforded pttre erylhm 5a--.,. After protecting a secondary hydroxyl group 
with t- butyldi rnethylsilyl chloride CTBSCi) in the presence of imidazole, the silyl ethers 
6a·c \Vere reduced wit.h lithium alumin um hyd ride giving dia ls 7a-c quantitatively. 
DihydroxyJa tion of 7a-c by Ilsing a cata lyt.i c amou.l1 t of osmium t.etraoxide a nd 
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7a-c 

d --

Synthesis arrd act"ivity qf pyridin.es 

~pyr 
H-7 '\.-H 

........ O~O 

5a-c 

Pyr = 2-pyridyl (0) 
3-pyridyl (b) 
4-pyridyl (c) 

Sa-c 

, -- :=ff
BS 

- Pyr 

H --H 

0/ ~O 

6a-c 

9a-c 

d) LOA, Pyr-CHO, THF; c) TBSC!, imidazole, DMF; f) LiA1H" THF; 
g) cat. OsO" N\10, al'etone:lA3uOH:H,(h4:l:1; h) NalO" aq. EtOAe 
i) .P,g~CO,-Celite, benzene; j) Illesyl chloride, Et;N, benzene. 

Scheme 2. Synthesis of pyridine derivatiVfos with a r-butyrolactone ring 
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lyT-methylmorpholine ~i\l-oxide as a reoxidant. and successive periodate oxidation afforded 
lactols 8a-c. The lactols 8a-c were oxidized v.ith silver carbonat.e-celite t.o lactones 
9a~, which \vere treat.ed "With methanesulfonyl chloride in the presence of triethylamine 
to give lOa-c. The rnesylated 9a-c could not be isolated in this reaction, where the 
rnesyl group eliminated without base to result in lOa-c. 

Plant-growth inhibiting activity 
Table 1 shows the effects of a Illunber of 3-pyridyl-2-propenoic acid derivatives on the 

growth of lettuce seedlings. The pyridine analogs of ethyl cinnamate (la-le) irrespective 
of thf' position of:1 nit.rogen atom inhibited the grO\\-th of lettuce seedlings at 50 ppm. In 
Lite 2-yyridyl analugs, there was little difference in activity bet.ween cis and trans isomer. 
Among t.he ester analogs, the 4-pyridine isomer lc showed the highest activity, \vhich 
inhibited the growi.h of hypocotyl and root at 10 ppm. The activity of 3-( 4-pyridyl) 
-2-propenoic acid C2c) is less t.han that of the ester analog Ie. In contrast to the ester 
analogs, compound 2c had little effect on the h,ypocotyl growt.h. Si.YICC the 4-p}>lidinc 
analog showed considerably higher activity than other isomers, further modification \-vas 
made in the compound le by replaciilg the est.er group with an amide group. The 
N-propylamide 3c-1 had low inhibitory activity on comparison v,ith the ester analog lc. 
The activity of amide analogs was found to fall off ,vith increasing size of the N-alkyl 
substituent (3c-2), while the additional introduction of an alkyl group at the nitrogen 
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atom C3e-3) increased the activity. Compound 3c-3 at GO ppm caused greater than 90% 
inhibition of the hypocotyl and root grm,,1.h compared to the control, hmvever, t.he activity 
rapidly decreased at 10 pprn. lV, N-Diethyl cinnamamide at 50 ppm had ltO activity on the 
growth of hypocot.yl (data not shown), indicating that the presence of a nitrogen atom at 
the 4-position of the benzene ring "vas essential for the activity. Although it remains to 
be seen whether or not compounds Ie and 3c-3 inhibited ciImamate 4-hydroxylase in the 
lettuce seedlings, 3-( 4-pyridyJ)-2-propenoic acid derivatives might be a lead for the 
development of a new herbicide. 

Table 1. Em-ods of p~yridiTle derivatives on the grOWTh of letllH:e 
seedlings 

Growth rate 

Compound HYJlocoLyl Root 

Cone. (ppm) GO 10 50 ]() 

la·l ~o~ 
"'- N 

~ 0 2 0 

la·2 C0- 2 0 2 
:::::"... NO 0 ............... 

0 

~o~ 2 2 0 Ib '" I 

~o~ 8 2 4 :3 Ie N", I 
0 

2c ~OH () ;) 2 

(yJN~ 
3c-1 I H 3 2 ;1 N", 

0 

~N~ 3c-2 I H 2 

~N~ 3c-3 I '-- G 2 5 2 N", 
The bioassay data for pyridine derivatives veith a r-butyrolactone and related 

compounds on the groV'ltlt of lettuce seedlings are given in Table 2. In a series of pyridine 
analogs with a vinyllactone (6a~c), the 8- and 4-pyridine analogs (6b and 6c) at 10ppm 
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inhibited the grmvth of hypocotyl and root more Lhan 30% compareci to the control, 
whereas t.he 2-pyridine analog 6a sho .... ved low activity even at 100 ppm. In contrast, all of 
the pyridine analogs with a 1,4-1mtanediol (7a-7c) and a methylenelactone (IOa-lOe) 
substituent had almost the samc activity. It is notc\vorthy that the presence of the y­

butyrolactonc was dispensable for the activity. 
The design of inhibitors targeted at the P450 enzymes which are involved in essential 

physiological functions in plants would be appear to be a promising field for future 
research. Further studies on this new series of pyridines are in progress. 

Table 2. Effpcts of pyridine derivatives with a Y-lactone ring and related compOlmds on the gro"l'-1h of 
lettuce seedlings 

Growth rate 

CompOlmd H~ypocoLyl Root 

Cone. (ppm) 10() 10 100 ]() 

~ 
2-p:YTidyl (Ga) 2 () 0 0 0 0 

- PyT 
H .-+i :l-pyridyl (6b) 4 2 4 2 2 

o 0 4-pyJidyl (6c) 4 2 4 2 0 

if: 
2-pyridyl (7a) 4 2 0 :3 :3 (] 

'-.H Pyr 3-pyJidyl (7b) :3 0 0 :3 2 II 

Ai' OH 4-pyridyl(7c) 4 (] 0 :J 2 0 

lfpvr 2-pyridyl (lOa) 3 2 0 4 2 0 

3·-pyridyl (lOb) :J 2 0 4 2 0 

o 0 4-pyriciyl (1 Oc) 4 0 Il 4 2 
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