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A series of novt:1 N- bellzyl ··2--pipe ridoncs having a 1,4- bellzod ioxun ring was synthesized 
and investig • .lLed for !.he il· activi Ly Lv indu(;c lateral roms in t he lett uce seedlings . 
N-Benzy l- :J-[ I- (:1,n-bcnzorhoxaJlYlJ-l-l\YlIroxyrne t hyl )-2-p"ipcrirlon f' (23) indu ced 100% 
emergelH:e of lateral rooIS at 100 ppm. There was no signifieant difference in activity bet.wp,en 
the el"ylhro- and threo-23 . The intnxlucti oll nf a lJenzyloxymethyl substituent at the 2-IJosj· 
Cion OIl tht"! 1,4- bcnzoclioxan ring s lig htly in c r f!aBed the activity compared witil that. of 23, 
showing son H~ act ivity even at 1 ppm, while t.he activity was found to fall off sharply with a 
rnet.hoxy grmJ("l a(~ia(";ent to the 1 ,<1--d.ioxalle ring. 

I NTRODUCTION 

\Ve have previollsly reported that a variety of N ·benzyl- 3- substituted-2-piperidones 
caused lateral root formation on lettuce seedlings (Tsukada ot aL, 1999). The r esults 
from structure- ac tivity re lationship studies indicated that th e s ubstituent at the 
3- position of 2-pipel'icione ring significant.l y affecterl t.he ar. tivit.y. Of these compounds 
tested, N-beIlzyl- 3- ll - hydroxy-J - (4-quinolyl)mcthyl]- 2- piperidone (1, Fig. I) was the 
mos t. ef fectivp for inducing latera) roots. 

It is known that several natu ral produc ts wit.h a 1,4- benzodiuxan ring such as 
haedoxan A (Taniguchi et aI., 1989), cJeomiscosin A (Ray et aI., 1980), amerieanin (Woo 
et aI. , I~J78) and silybin (Hansel e/ ell., 1972) show some biological activity. It appears 
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Fig. I. StrucLure of N-b('nzyl~'3-

[l- hydroxy- l-( 4-quinolyI) 
m~t.hylJ-2-piperidone ( 1) 
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that in these compounds the l,4-benzodioxan moiety is essential for the activity. 
However, 1,4-benzodioxan derivatives have received little attention as molecules of 
potential agrorhemical interest, and there has been no report in the literature of 
compowlds v.'ith a l,4-benzodioxan ring showing plant gru"vth regulatory activity_ We 
therefore synthesized a series of novel N-bcnzyl-2-piperidones possessing a l,4-benzo­
dioxan ring at the 3-position and investigated their effects on the grmvth of lettuce 
seedlings. This paper describes their synthesis, lareral root-inducing activity and 
structure-activity relationships. 

MATERIALS AND METHODS 

Synthesis 
All melting points (mp) are uIlcorrected. lII-NMR spectra were recorded on 

JNM-GX400 spectrometer with tetrarneLhylsilane as an internal standard and all samples 
were prepared in deuterochloroform. Gravity column chromatography was carried out 
wilh Merck kiesegel 60 F254 (0.063-0.200 mm, 70-230 mesh ASTM) and Wakogel C-300 
(45-75 ),l.m). TLC \vas performed on pre coated 60 F254 silica gel plates (0.25 lIun, 
0.5 mm, or 1 nun thickness, 20 X 20 crn) supplied by E. Merck. 
4-Benzylox"/{-8-hydroxybenza.ldehyde (2). 

To a solution of 3,4 dihydroxyhenzaldchydc (75g, O.54mol) in DMSO (l50rnl) was 
added sodium hydride (60% in oil) washed vvith hexane, 22g, O.54mol) at DOC. After 
stirring for 1 hr at room t.emperature, t.o the mixture was added benzyl chloride (62 ml, 
O.54mol). After stirring for 18hr at room temperature, the mixture was acidified \vith 
cone. Hel solution. The precipitate was collected by filtration and recrystallized from 
toluene to give pure 2. Yield 30%. White amorphous solid, mp 7S-S0'C. 'H-NMR 6: 1.65 
(lH, br, -OH), 5.21 (2H, s, -O-CH,-Ph), 7.04 (lH, d, ,kS Hz, Ar-H), 7.38-7.47 (7H, m, 
Ar-H), 9.84 (lH, s, -CHO). 
3-Benzoylmethm;y-4-benzyloxybenzrL/dehyde (3) 

To a solution of 2 (lOg, 44 mmol) , potassium bicarbonate (12.2g, 88 rnmol) , and a 
catalytic amount of 18-crcn.vn-6 in CHJCN (200ml) was added phenacyl bromide (lO.5g, 
52.8mmol). After stirring for 24hr at room temperat.ure) the mixture was filtered 
t.hrough a ceiite pad. The fiitrate was concentrated and to the residue was added ether 
(500 ml) and water (l00 ml). The organic layer was separated, washed with 10% of NaOH 
solution, water, brine, and dried (Na~S04)' Concentration of the solvent follO"\ved by 
recr:rstallization from ether gave pure 3. Yield 93%. 'White amorphous solid, mp ID7°C. 
'H-NMR 6: 5.31 (2H, d, J=4 Hz, -O-CH,-), 5.46 (2H, s, -O-CH,-), 7.07-7.10 ClH, m, 
Ar-H), 7.30-7.31 (lH, m, Ar-H), 8.02-8.04 (lH, m, Ar-H), 9.85 (lH, s, -CHO). 
4-Benzyloxy~~-(2-hydroxy-2~phenylethm;y)benzaldehyde (4) 

A solution of 3 C5g, 14.4mmo1), ammoniun chloride (l.Gg, 30mmol), trimethyl 
orthoformatc in THF : McOH=3:1 (150ml) was heated under refluxing for BhL The 
reacbon mixture was quenched by saturated aqueous NaHCO l solution and concentrated. 
The residue was diluted with EtOAc (500 ml). The organic layer was separated, washed 
with saturated aqueous NaHCO, solution, brine, and dried CNa,SO,). After removal of the 
solvent, the residue (crude acetal) was dissolved in THF : MeOH=4: 1 (100 ml) and to this 
solution was added sodium borohydride (272 mg, 7.2 mmol) at 0 'C. After stirring for 1 hr 
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at O"C, the mixture was acidified ,vith 2N HCl solution. After stirring for 2 hr, the reaction 
mixture was concentrated and I.he residue was dilu ted \\-it.h E1.0 Ae (300 ml) . The organic 
layer was separated , washed with 10% of NaOH solution, wat.er , brine, and. dr ied 
(Na,SO,). Concentration followed by column chromatography (silica gel, 50% EtOAc in 
hexane) gave pure 4 . Yield 90%. Colorless oil 'H- NMR 0: 3.:39 ( IH, hr, -OH) , 4. 04- 4.13 
(lH, m, - O- CH,-J , 4.19-4.23 (lH, Ill, - O- CH,-J , 5.10 (lH, del, .1=3, 9 Hz, -CH(OH)-) , 5.18 
(2H, s, - O- CH,-) , 7.02 (lH, d, .1=8 Hz, Ar- H) , 7.25- 7.53 (7H, m, Ar-H), 9.79 (lH, s, 
-CHO) . 
4-HydTOxy~1-(2-hydmTy-2-phenyletlw:r:y)benzaldehyde (5) 

A solution of 4 (6.1g, 17.i)mmol) and palladium on carbon CG% on carbon, 0.6 g) in 
EtOAe : MeOH= I: 1 (50ml) was sti rred under hydrogen gas. After slirring for 24hr, thc 
mixtllre was filtered through a celite pad and the fil t rate was concentrat ed . 
Recrystallization from diisopropyl ethe r gave pure alcohol 5 ( 1.85 g, 41 %). White 
amorphous solid, mp 114 ·C. 'H-NMR 0 : 1.84 ( 1 H, br , - OH) , 4.01.-4. 12 (3H, tn , -O-CH,-, 
- OH), 4. 19-4.22 ( IH, In , -O-CH,- ) , 5.13 (IH , dd, .1 =3, 9 Hz, - C!:!(OH) - ) , 7.01 (lH , d, J =8 
Hz, Ar- H) , 7.34-7.42 (6H, tn, Ar- H), 9.73 (l H, s, - CHO) . 
2-Phenyl~ I , 4- benzodi oxan-fi-carba.ldehyde (6) 

A solution of 5 (100 mg, 0.38 I1unol) and a catalytic amount of l'--toluenesulfonic acid 
in toluene (30ml) was heated under refluxing for 16hl'. Aller cooling, to the mixture was 
added Et"N (50 mI). Concentration followed by column chromatography (silica gel, 25% 
EtOAc in he xane) gave pure 6. Yield 58%. White amorphous solid, rnp 75-77 ' C. 
'H- NMR 0: 4.06 (1lI, dd, .)=9 Hz, 12 Hz, - O- CH,- ) , 4.43 (l H, dc! , J=9, 12 Hz, -O-CH,-), 
5.20 ( IH, dd, ,1=2,9 Hz, - O- CH-), 7.10 (lH, d, ,1 =8,3 Hz, Ar- II) , 7.34- 7.52 (7H, m, Ar- H), 
9 . ~6 (J H, s, - CHO) . 
4-/Jenzylo,?;y~-(2, S-epoxypropyloxy)benz a.ldeh yde (7) 

To a suspension of sodium hydride (60% in oil , washed with hexane, 17.2 g, 0.43 mol) 
in DMF (250 ml) was added 2 (75 g, 0.33 mmol) at 0 'C. After stirring for 1 hr at room 
temperature, to the mixture was added I- bromo- 2,3-epoxypropanc (34ml, OAO mol). 
After stirring for 18 hr at room te mperature: the mi xture was quenched with water 
(200 ml), and diluted with ether ( lOOOml) The organic layer was separated, washed \\, th 
wat,er, 5% NaOH solution, brine and dried (Ka,SO.). After concentration of the solvent, 
the residue was recrystallized from EtOH to give pure 7 . Yield 44%. Colorless crystal, mp 
94- 96 'C. 'H- NMR 6 : 2.79-2.80 ( IH , Q, J =2 Hz, - CH(O)CH,), 2.91 (lH , t , J =4 Hz, 
-CH(O) CH.) , 3.40-3.44 (I H, In , - C.!:!(O)CH,) , 4.05-4.09 (l H, dd, .1=5, 9 Hz, -O-CH,- ), 
4.34- 4.40 ( lH, dd, J=3, 11 Hz, -O-CH,- ), 5 27 (lH, s, - O- CH,-J, 7.00 ( IH, d, ,1=8.3 Hz, 
Ar=H), 7.32- 7.46 (m, 7H' Ar-H) , 9.83 (IH, s, - CHO). 
8-(2,3- Epoxyp1'opy lo:cy)-4-hydrox ybenzaldehyde (8) 

A mixture of 7 (42.5g, 0.14mol) and palladium on tarbon (5% on carbon, 4.2g) in 
EtOAc (250 mI) was stirred under hydrogen gas. After stirring for 2 hr, the mixture was 
filt.ered through a celite pad and the filtrate was concentrated. Separation by column 
chromatography (silica gel, 50% EtOAe in hexane) gave pure 8. Yield 90%. Whit c 
amorphous solid, mp 71-72·C. 'H-NMR 0: 2.83- 2.84 (lH , m, - CH(O)ClL) , 2.97--2.99 
( IH, m, - CII (O) ClL) , 3.40-3 .44 (lH, m, - C!:! (O) CH,), 4.04 ( lH , dd, ,1=6 , 11 Hz, 
- O- CHd, 4.44 (lH, dd, J=2, 11 Hz, - O-CH,- ) , 6.64 (I H, s, - OH) , 7.07 (lH , d, ,1=8.3 Hz, 
Ar- H), 7.43- 7.48 (2H, m, Ar-H) , 9.82 (IH, s , - CHO) . 
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2- Hydroxymethy/.-l ,4-benzodioxan- 6-ca:rba/dehyde (9) 
A mixture of 8 (38g, 0. 14mol) , potassium bicarbonate (55.3g, OAmol), and 

18-crown- 6 (3.8 g) in CH,CN (250 mI) was st irred for 16 hr at room temperature. The 
mixture was fi ltered through a celi te pad. Concentration of the filtrate followed by 
column chromatography (silica gel, 50% EtOAc in hexane) gave pure 9. Yield 43%. 
V.1tite amorphous solid, mp 59-60 'C. 'H- NMR 0: 1.95 (lH, t , J~6 Hz, -OH) , 3.86-4.06 
(2H, m, - O- CH,-), 4.14-4.HJ (IH, m, - O- CH,- CJ:f-O-), 4.34-4.39 (2H, m, -C!:kOH), 7.02 
(lH, ct, J~9 Hz, Ar- H) , 7.42-7.44 (2H, m, Ar- H) , 9.83 (l H, S, - CHO). 
2- Methoxymethyl-l,4-b(mzodioxan- 6-ca>·batdehyde (10) 

A mixture of 9 (2g, 10.3 mrnol) , sodium hydroxide (4. lg, 103mrnol), methyl iodide 
(103 mmol) and tetrabutylammonium hydrogen sulfate (1.77 g, 5.2 mmo!) in 
water-dichloromethane=l:l (lOOmI) was sti rred for 72 hr a t. room temperature . The 
aqueous layer was separatBd and the product was extracted with EtOAc (400 mI). The 
combined organic layer was \'1;ashed wi th water, brine and dried (Na2SO,,). Concent.ration 
followed by colunm chromatography (silica gel , 25% EtOAc in hexane) gave pure 10. 
Yield 84%. Colorless oil. 'H-NMR 0: 3A4 (3H, s, - OCH,) , 3.61-3.71 (2H, m, -O-CH,-) , 
4.08-4 .13 (lH, m, -O-CH,- C!:\-O- ), 4.30- 4.42 (2H, m, -O-CH,-) , 6.90-7.03 (l H, m, 
Ar- H), 7.40- 7.42 (2H, m, Ar-H), 9.82 ( IH, s, - CHO). 

Compounds 11 and 12 were prepared in the same manner as 10 by us ing the 
corresponding alkyl bromide instead of the methyl iodide. 

2- Ethoxymethyl-l,4-benzorlio,ran-6- carbaldehJjde (11). Yield 82%. Colorless 
oil. 'H- NMR 15: 1.14-1.20 (3H, m, -CH,), 3.48- 3.68 (3H, m, - O- CH,-, -CH- O-) , 4.27- 4,35 
(2H, m, - O-CH,- ) , 4.08-413 (lH, m, -O- CH,-C!:\- O- ), 6.94 ( IH, d, J~9 Hz , Ar- H), 
7.33- 7.35 (2H, m, Ar- H), 9.75 (lH, S, - CHO), 

2- Benzyloxymethyl-l,4-benzodioxan- 6- carbaldehyde (12). Yield 95%. 
Colorless oil. 'H-NMR 6: 3.66 (lH, m, J~6 , 10 Hz, - O- CH,-) , 3.73 (lH, dd, J ~ 5, 10 Hz, 
-O-CH,-) , 4.11-4.27 (IH, m, -O-CH,-C!:\- O- ),4.31-4.42 (2H , m, -O-CH,- ) , 6.98 (lH , ct, 
J ~9 Hz, Ar-H), 7.25-7.40 (7H, m, Ar-H) , 9. 79 (lH, S, - CHO). 
6-Metfwxy-l,4- benzodioxan (14) 

To a mixture of m--chloroperbenzoic acid (80% in water, 2fig, 145 mmol), and 
potass ium fluoride (10.5 g, 18 1 mmol) in CH,CI, was added 1,4- benzodioxan- 6-car­
baldehyde ( lO g, 72.4mmol) in CH,CL (l OOm l) at O' C. Alter stirring for 40hr at O'C to 
room I..emperature, t.he mixture was filtered through a celi te pad and the fil trate was 
concentrated. To the residue was added 50% )\aOH solution (lOOml) and the mixture 
V,/as stirred fo r 2 hr. To the mixture was added ether (500 rnl) and the aqueous layer '.va.s 
separated, acidified with cone. He] solution. The product was extracted -with ether 
(500 ml). The organic layer was separated, washed with saturated aqueous NaHCO, 
solution, brine, and dried (Na~Sna. Concentration of the solvent. afforded crude phenol 
(6- hydroxy- I ,4- bcnzodioxan). A mixture of cfllde phenol, methyl iodide (31 g, 
217mmol) and potassium carbonate (30g, 217mmol) in ar:etone (250ml) was heated 
under relluxing for 6 hr. The mixture was filr.ered through a celite pad and concentrated. 
The resulting residue was purified by column chromatography (silica gel, 25% EtOAc in 
hexane) to give pure 14. Yield 64%. Colorless oil. 'H- NMR 15: 3.73 C:lH, S, -o-ca,), 4.19 
(4H, m, - O- C!:\,-CH ,-O-) , 6.40-B.45 (2H, m, Ar- H) , 6.76-6.79 (l H, m, AT-H). 
6- Methm;y- I ,4-benzod ioxan-7 -carbaldehyde (15) 

- --_._-_ ..... 
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To a solution of 14 (7.5g, 45.! mmol) in DMF (50ml) was added POCI, ( 13 ml, 
135nunol) at O°C. After stirring for 5 hI' at ]OO°C, the mixture was poured into ice- cooled 
water (500 ml). The solut ion was nemralized with potassium bicarbonate and extracted 
with e ther (2000 ml). The organic layer was separated . washed with saturated aqueous 
NaHCO, solution, brine , and dried (Na,SO.). After concentration of the solvent , the 
residue V·laS recrys tallized from diisopropyl ether to give pure 15. Yield 78%. \Vhite 
amorphous solid, mp 116'C. 'H-NMR 0: 3.84 (3H, s, - O- CH,) , 4.21-4. 24 (2 H, m, 
-O-CH,-CH,- O- ), 4. 31- 4.33 (2H, m, - O- CH,-CIL-O-), 6.46 (IH, s , Ar-H), 7.36 ( lH, m, 
Ar- H), 10.27 (lH, s, - CHO). 
M ethyl.5-melho:J,·y- l ,4-bml.Zodioxan - 7-carlxxcylate (17) 

To a solution of methyl gallate (20 g. 0.11 mol) in [0% aqueous sod ium teLraborate 
solution (800 m\) was added aqueous NoOH solution (26 g in water) and dimethyl sulfate 
(60 m!) during 3 hr. After stirring for 12 hr a t room temperature , the mixture was 
acidified with cone. HCI solution and extracted with ether (2000 ml). The organic layer 
was separated, washed with water, brine, and dried (Na~S04). Concentration of the 
solvent gave cJ11de 5- methoxycarbonyl- 3-rnet.hoxycatechol (16). A mixt.ure of crude 16, 
1,2-dibromoethan e (41 g, O.22mol) , potassium carbonate ( 7(jg, 0.55mol) in acetone 
(250 ml) was heated under refluxing for 6 hr. The mixture was filtered through a eelite 
pad and the filtrate was concentrated. Tile residue was dissolved in ether (1000 mJ), and 
water (200m\). The organic layer was separated, washed with 10% NaOH solution, water, 
hrine , and dried (Na,SO.). After concentration of the solvent , the residue was 
recryst.allized from diisopropyl ether to afford pure 17. Yield 2 1 %. Colorless amorphous 
solid, mp 107 'C. 'H-N~1R 0: 3.89 (3H, s, - O- CR,), 3.93 (3H, s, - O- CR,), 4.27-4.29 (2H, 
m, -O-CH r CH,-O- ), 4.37-4.38 (2H, m, - O- CH,-CH ,-O- ), 7.20 (lH, d, J~2 Hz, Ar- H), 
7.2:1-7.30 (2H, m, Ar- H). 
.5- Methoxy-I ,4- benzodioxan- 7-<a.rbai£iehyde (19) 

To a mixture of Ii t.hium aluminum hydride (4.25g, 112 mmol) was added 17 (5.0 g, 
22 .3 mmo!) in THF(50 m!) at 0 ' C. After stirring for 1.5 h I' at room t.emperature, the 
mixture was 'luenc.hed with saturated aqueous MgSO~ solution, and th en potassium 
carbonate (50 g) was added . After stirring for 30 minutes a t rOom temperature, the 
mixture \vas filt.ered through a celite pad and the filtrate was concentrated. The residue 
was dissolved in ELOAc (500rnl) and \""ater (lOOmI). The organic layer ·was separated, 
wa~hed with brine, an d dried (Na~SO.,), Concentration of the solven t. afforded crude 
alcohol 18. To a ",Iutioll of oxalyl chloride in CH,Ck (50ml) was added DMSO (2.38ml, 
33."mmol) in CH,CI, ( 10m!) a t - 78 ' C. After sl.irring fo r 30 minutes at -78 ' (; , to the 
mixl.ure was added crude 18 in CH,C]' (50 ml) at -78 ·C. The solution was stirred for 2 hr 
at - 78 'C alld then triethylamine ( 15.Gml, 112mmol) was added at - 78"C. The solution 
was allmved to warm to room temperat. ure, and then diluted wi1.h EtOAc (300 ml) and 
water (looml) . The organic layer was separated, washed wit.h brine, and dried (Na,SO,) . 
Concentration fo ll owed by recrystallization from ciiisopropyl cther gave pure 19. Yield 
66% . Colorle::;" neeclle, mp 83 'C. 'H- NMR 15: 3.95 (3H , S, - O- CR,), 4.30-4.32 (2H, m, 
-O- CH ,-CH,-O- ) , 4.40-4.42 (2H, m, - O-CH,-CH,-O-) , 7.08 ( IH, s , Ar-H) , 7.26 (IH, s, 
Ar- H) , 9.79 ( H!' s, - eHO). 
5- Methoxy-1 , 4- bm2zodioxan- 6-car bai£iehyde (21) 

A mixture of 3- l1lethoxyc:atechol (lOg, 71.4 mmol), 1.2- dibromoet.hane (20 .0 g, 
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D.I07mol), potassium carbonat.e (49.3g: :357mol) in acetone (250m!) \vas heated under 
ret1uxing for 6 hr. The mixture v.ras filtered through a eelite pad and the filtrate was 
concentrated. The residue \vas dissolved ill ether (lOOOml)) and \vater (200ml). The 
organic layer was separat.ed, washed with 10% NaOH solution, water, brine: and dried 
(Na2S0a. Concentration of the solvent. gave crude 5-mcthoxy-l,4-benzodioxan (20). 
To a solution of crude 20 in DMF (aOml) was added POCI, (4.0Illl, 84.8rmnol) at O'C. 
A.ftcr stirring for 5hr at 100 c e, the mixture was poured into icc--{;ooled water (500ml). 
The mixture was neutralized \vith potassium bicarbonate and extracted with ether 
(500 ml). The organic: layer was separated, washed with saturated aqueous NaHCO, 
solution, brine, dried (Na?,SO-l), and concentratf~d. The residue v·ms recrystallized from 
diisopropyl ether to afford pure 21. Yield 46%. V"lut.e amorphous solid, mp I:J4-137°C. 
'H-N~1R 0: 3.95 (3H, s, -O-CH,,), 4.;38-4.41 (4H, m, -O-Cl:i,-CH,-O-), 6.59 (lH, d, .]=9 
Hz, Ar-H) , 7.4:3 (lH, d, J=9, Ar-H), 10.21 (lH, s, -CHO). 
N-!3enzyl-3-{ J-hydro:mj-J-(3, 6-benzodioxanyl)methyIJ-2-pipemlone (23) 

To a solution of diisopropylamine (1.1 ml, 7.92mmol) in THF (lOOmJ) was added 
n-butyllitlulilll (4.95ml, 1.6M solution in hexane) at -7H"C under nitrogen gas. After 
stirring for 15minutes, a solution of N-benzyl-2-piperidone (1 g, 5.28mmol) in THF 
(2 Illl) was added dropwise, ami then the mixture was stirred at -7WC for ~30 minutes. To 
the Iuixture "vas added a solution of 1,4-benzodioxHIl-6-carbaldehyc1e (1.04g, 6.:34rnmol) 
in THF (2m1) was added at -78'C. After stirring at -78°C for 3h[, to the mixture was 
added saturated aqueous NH,CI solution (50ml) and EtOAc (lOOml). The organic layer 
was separated, wa...shed \\'ith brine, and dried (Na2So.t). Concentration follmved by colurnn 
chromatography (silica gel, 50% EtOAc in hexane) gave pure 23 \vhich was a 
diastereomeric mixture of erythro and threo (1:1). Yield 88%. ll-l-NMR 0: 1.23-1.28 
(2H, m, p-H, r-H), 1.56-1.75 (2H, m, p-H, y-H,), 2.49-2.56 (O.5H, m, a-H), 2.80-2.83 
(OSH, m, a-H), 3.07-3.11 (lH, m, o-HJ, :3.20-3.23 (lH, m, o-H) , 4.24 (2H, s, -O-CHd, 
4.44-4.78 (:lH, m, -CH(Ol!)-, -CH,-Ph), 5.14 (O.5H, dd, J=4, 6 Hz, -CH(OH)-), 6.45 
(O.5H, s, -Om, 6.79-6.91 (2H, m, Ar-H), 7.18-7.34 (6H, m, Ar-H). 

erythro- 23 white amorphous solid, mp 1:32 'C. 'H-NMR 0: 1.56-1.74 (4H, m, is'-H, 
y-H), 2.79-2.82 (lH, m, a-H), 3.07-3.1a (2H, m, o-H) , 4.25 (4H, S, ~O~CH,~CH,-O-), 

4.45 (lH, d, .J=15, -CH,-Ph), 4.69-4.70 (lH, m, -OH), 4.76 (lH, d, J~15 Hz, -CH ,-Ph) , 
5.15 (lH, dd, J=3, 6 Hz, -CH(OH)-), 6.81 (s, 2H, Ar-H), 6.90 (lH, s, iI.r-H) , 7.18-7.36 
(5H, m, Ar-H). Anal. Found: C, 71.28; H, 6.59; 1'\, 3.98%. Caled. for C"H"NO: C, 71.37; 
H, 6.56; N, 3.96%. 

threo- 23 wlute amorphous solid, mp 132-133 'C.H-NMR 0: 1.23-1.38 (2H, m, is' 
-H), 1.72-1.79 (2H, m, r-H), 2.49-2.55 (lH, m, a-H), :3.20-3.23 (2H, m, o-H), 4.24 (4H, 
s, -O-Cl:i,-CIL-O-), 4.54 (IH, d, .J=15 Hz, -CH,-Plr), 4.64 (lH, d, J=10 Hz, -Cl:i(OH)~), 
4.69 (lH, d, J~15 Hz, -CH ,-Ph) , 6.45 (IH, s, -Oli), 6.83-6.96 (3H, m, Ar-II), 7.18-7.37 
(5H, m, Ar~H). A.nal. Found: C, 71.37; H, 6.63; N, 4.04%. Calcd. for C"H"NO: C, 71.37; 
H, 6.56; N, 3.96%. 

Compounds 24-30 were prepared in the same manner as 23 by using the 
corresponding substituted-l,4-benzodioxan-6-carbaIdehydes (6, 10-12, 15, 19, 21) 
instead of 1,4-benzodioxan-6--{':arbaldehyde. 

N-Benzyl-3-{ J-hydroxy-J-(5-phenyl-3, 6-benzodio:ranyl)methyIJ-2-piperidone 
(24). Yield 31%. 'H-NMR 0: 1.63-1.90 (4H, m, p-H, r-H), 2.36-2.38 (O.5H, m, a-H), 
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2.82- 2.84 (0.5H, Ill , a - H), 3.10- :3.24 (2 H, 11\, 6-H), 4. 30- 4.77 (GH, nt, - ClL- Ph, 
- O- CH,-CH- O-) , 5.00-5.20 (2H, nt , - Ctl (OH)-, -Oli) , 6 .73- 6.99 (2H, m, Ar- H) , 
7.05- 7.43 (GH, m, Ar- H) , 7.69-7.70 (1 H, 111 , Ar- H). 

N -Be-nzyl--3- ( J- hydrmIJ-1--( 5- melhoxymethyl--3, 6- ben z()(1'iu:mnyl Jmelhyl / -2 -
p i peridune (25). Yield 37%. 'H- NMR 0 : 1.64-1.73 (4H , m, tJ- H, r -H) ,2.53-2.54 
(O.5H, Ill, a-H), 2.1l0-2.82 (O.5H, m , a - H), 3. 11-3.12 (lH, In , o- H), 3.21-3.23 (lH, m, 0 
- If) , 3.42 (1.5H , s, OCH ,), 3.43 (I.GH, s, - OCH,) , 3.61-3.67 (2H, m, -CH-O-), 4.05--'1.15 
( IH, m, -O-CH,-CJ:i- O- ), 4.27 4.33 (2H, m, - CH,-O), 4.37-4.78 ( 1.5H, ill, - CH(OH)- , 
- CH,-Ph), 5.14 (O .5H, s, - CH(OH) - ), 6.46 (lH , s, -O!:l.) , 6.83- 7.01 (3H, nt, Ar- H), 
7.18- 7.37 (5H, m, Ar- H) . 

N-Rcnzyl- 3- / 1- (5-etho:ryrnelhyl- 8 , o- henzodi o;:tXLJI./Jl) - 1- hydr oxym.ethyl/- 2 -
p ·/per idone (26) . Yie ld 36%, 'H- NMR 0: 1.20-1.27 (7H , m, 8 - H, r-H, - CH,-Cli,), 
2.37- 2.38 (IH , ill , a- H), 3.21-3.23 (2H. m, O- H) , 3 .54- 3.71 (6H, m, -O-CH,-CH,- O- , 
-O- CH,- CH,), 4. 04- 4.13 (lH, m , - O- CH,-CH- O-) , 4 28--4.31 (lH , ill, -CH(OH) - ), 
4.52--4.67 (2H, m, - CH,-Ph), 6.47 (lH, s, - Oill, 6.82-6.93 (3H, m, Ar-H), 7.2f>--7.37 (5H, 
m, Ar-H). 

N -Benzyl--3- { 1-( .5-hfmzy lo:rym ethyl--3, 6-benzodioxanyl}- 1- hydroxymethyl} -2-
pi.pe,'idone (27). Yield 64%. 'H-NMR 0: 1.63- 1.73 (4H, m , 8-H, r - H) , 2.52- 2.53 (lH, 
m , a-H), ;). 10-:3. 23 (2H, m, o-H) , a (;(j --;1.77 (2H, m, - O- CH,- ) , 4.06--4.1 5 (lll , !fl , 

-O- CH,- C!::!- O- ), 4.28--4.32 (2H, m, - O- CH,-) , 4.45-4.77 (4H, m, - CH,-Ph. -CH,-Ph) , 
5.15 (lH, s, - CH(OH) - ) , 6.46 (l H, S , - Oli), 6.82-6.93 (ZH, m, Ar- H), 7. 18--7.35 ( IIH , III, 

Ar- H). 
N-Benzyl--3-( l - h:ydroxy-l--(2- metlw :J:y--3, 6-benzodioxanyl}71'wthyl/-2-piperid01w 

(28). Yield 43% . 'H- N',IR is: 1.38- 1.46 (2 H, rn, P-H), 1.61 - 1.67 (IH, m, r -H), 
1.75- 1.80 (IH, In, r ·-H), 2.62-2.69 ( IH, m, a - H), :3.21- 3.25 (2H, m, o-H), 3.87 (3H, s, 
- OCll,) , 4.2:3--4.:15 (4H, m, -O-C!::! ,-Cl::kO- ), 4.52 (lH, d, .J =15 Hz, - CR-Ph) , 4.73 (l H, 
d, .1=15 Hz, - CH,-Ph) , 5. 12 (lH, d , J=!O Hz, - CH,-Ph), 0.;)0 (lH , s , -OW, 6.54 (lH, ct , 
.1= 10 lIz, Ar-H), 7.01 ( I H. d , _1=9 Hz, Ar- H) , 7.23- 7.37 (5t!, m, Ar- H) . 

N-BenzlJI.-3- ( l-hydroxy-J--(3- melhoxy--4, 7--benzodio:canyl)methyl/- 2- piperidone 
(29). Yield 44%. 'H- NMR Ii 1.32-1.33 (l H, m, 8 -H) , 1.61 - 1.80 (3H, m, 8-1-1 , r-H), 
2.20 ( IH, s, -01-1), 2.4(;--2.54 (lH, m, a-H), :U8--3.45 (2H, m, is- H), :1.8D (3H, s, - OCH,), 
4.24--4 .31 (4H, Ill, - O- CJ:kCH,-O- ), 4.03- 4.75 (3H, m, -ClI(OH)- , - ClL-Ph), 6.50- 6.63 
(2H, ill, Ar-H) , 7.22- 7.37 (5H, m, Ar- H). 

N-Benzyl-3- /1--hyd1'O.'Cy-l-(2-rrwtho.r:y--4, 7 -be'lZodio.w:n.yl} ml!lhyl( - 2-piperidone 
(30). Yield 70%, 'H-NMR 0 : 1.37- 1.65 (4H , [fl , p -H, r - H) , 2.52- 2.57 (0.5H, nt, a- H), 
2.89- 2.92 (O.5H, HI, a- H) , 3. 12- 3. 17 ( IH , 1TI, o-H) , 3.20--3.26 (lH, m, a-H) , 3.73 (3H, s, 
- OCH,), 3.91 (0.5H, d , J=6, -OH), 4 .20--4.49 (4H, m, -O-Cl:L- C!:f,-O- ), 4 .49--4.57 (lH, 111, 

- CH,- Ph), 4.69--4.711 (l H, Ill , -CH,-Ph) , 5.19 (O.5H, d, J=9 Hz, - CH(OH)-), 5.69 (0.5H, 
dd, J=4, G Hz, - CH(OH) - ), 6.25 (O.5U, S, Ar-H), 6.39 (lH, d, J =3 HZ,.'\1" H), 704 (IH, d, 
J=IO Hz, Ar H), 7.Z3- 7.34 (5H, ill, Ar-H) . 

Lettuce seedling test 
The bioassay using lettuce seedUngs (I,(u:tnca sntivQ, L.c.v. Sacramento) wa.;; per­

formed according to the method described previously (Tsukada et al., 1999). Afte r 7 
clays of incubation , the length of t.he primary roots was measured and the emergence of 

... _---_ .. - - - -
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the \;sible lateral roots was inspected. The growth rates were calculated as percentages 
of the averaged lengths of primary roots of treated plants to those of controls (deionized 
water). A primary root was considered respumiive when it contained at least one lateral 
root. In controls the percentage of emerged lateral roots was le~s than 2%. 

RE SU LTS AND DISCUSSIONS 

Synthesis 
SUbstituted 1,4-benzodioxancarbaldehydes, key intermediate s for synth esis of 

N-benzyl~3-[ I-hydroxy-l-( substituted 3,6- benzodioxanyl )methyl J- 2-piperidones, were 
prepared according to the route depicted in Fig. 2 and 3. 2-Suuslituted- l ,4-benw di­
oxan-6-carbaldehydes 6, 10-12 ( Fig. 2) and 7- methoxy- I ,4- benzodioxan- G- carbalde­
hyde (15, Fig. 3) were synthesized by the procedure previously used for the synt.hesis of 
haedoxan A analogs (Taniguchi et al ., 1992). Ketone 3 was prepared from 4-benzy­
loxy- 3 hydroxybenzaldehyde (2, Kessar et al., 1983) and phenacyl bromide. Conversion 

0(08n 

OHC~OH 
2 

d 

e 
2 

a -
r("y0Bn r""i 

OHC~O~ 
° 3 

OHCO:~ 9 

R= Bn 78 -, f 
R=H ...J 

b 

r("y0R (') 

OHC~O~ 
OH 

R=H 
R=Me 
R= Et 
R=Bn 

R=Bn 45 -, c 
R=H ...J 

~o =1 h 
11 -l 12 _ 

Flg. 2. Synthesis of ::!- substituted- ,l ,4~' I)enzodioxaTl-n-carbal (lehydes 
lieagen t.s and condit.ion::;: ea) phenacyl bromide, Ken" 18-·crov .. -n-6, CH:,CN, room 
tcmperaLure; (b) 1) (. rinwthyl ort.hoforrnatc , NH ,CI, TIlF : f..kOH =;U, renux, 2) Na13H~, THF 
: l\-1cOH=4:1, we to room tC'mpcm.l.ure , :l) 2N He l solut jOlt, room temperat ure; (c) PdiC, 
Et.OAc : M('OH= J: 1, room tem pel-:lturc; (d ) pyrkUniuJII p-tolucnesulfona tc , toluE:' lIe, r('flux; 
(e) I-bromo-2,3-epoxypfojJanc, Na H, DMF, 0 '(: 10 mom t.f'mpc raJure; (f) !"Idle, Er.OAc, 
room temperature; (g) K,CO j , JS··crO\vn-fl, e ll.:eN, room tcmperaLure; (h) alkyl bromide or 
iudide , NaOH, t.errabu(vlalTlfnnni llm hydrogen suJf:.l.te , water- CH)CI:!= l :l , room teInperature. 
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M.~O) 
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R= H 
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NH 
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Am COOMe 17:1 f 
Roo CH:z<>H 18 
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I
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Fig. 3. SynUlesis of 1,4-benzodiox3J1-6-carbaldehydes Wit}1 a methox,Y group 
Reagents and conditions: (a) 1) m.-chloroperbenzoic acid, KF , CILClz, 

O'C-room temperature, 2) aq, !\aOH, room temperature; (b) K2C0.1, Mer, 
acetone , reflux; (c) POeL, D.MI", lOO 'C; (d) NaOH, sodium tctraboraLe 
solution, MC,S0 4, room temperature ; (e) K;C(}" 1,2--dibromoethane, 
acetone, reflux; (f) LiAIH •• THF, O'C to room temperature; Cg) DMSO , 
ceOCI). , Et ll\, CH~CI ., - 78 'C; (h) K2CO,J, 1,2-dibromocthane, acetone , 
renux; (i) POCl, DMF, I OO ·C. 
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of 3 into alcohol 4 was executed by the following three-step seq l.l p, nr.~: 0) acetalization of 
the formyl group ; ( ii) reduction of th e keto group by sod ium borohydride; (iii) 
deacetalization und p,r acirlic conditions. Successive debenzylation of 4 with palladium on 
carbon afforded phenol 5 , which was cycJized to 2-phenyl- I ,4- benzodioxan 6 by 
treatment v..ith a catalytic amount. of p - t-oluenesulfonic acid. 

Reaction of 2 with I- bromo-2,3-epoxypropane gave epoxide 7 . Debenzyla t.ion of 7 
wi th palladium on carbon followed by cyclization with potassium carbonate provided 
2- hydroxymethyl-l ,4- benzodioxan 9. Alkylation of 9 \vith the corresponding alkyl 
bromide or iodide using tetrabutylammollium hydroxide as a base afforded alkyl et.hers 
10-12. 

1,4-Renzodioxancarbaldehydes having a methoxy group at the diffe rent position on 
the benzene ring were prepared by three procedures as shown in Fig. 3. Th e 
I3ayer-Villiger oxidation of I ,4-benzodioxan-6--carbaldehyde (13) with m-dlloroperben­
zoic acid followed by alkaline hydrolysis afforded 6-hydroxy- l ,4-benzodioxan, which was 
alkylated with methyl iodide and potaSsium carbollate to yield 6- methoxy-l ,4-benzodiox-
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OH R' 

~O 
a 0 

• 
olR2 N 0 

Bn R' 
22 

Rl R2 R3 R4 No. 

H H H H 23 
H Ph H H 24 
H CH20Me H H 25 
H CH20Et H H 26 
H CH20Bn H H 27 

MeO H H H 28 
H H MeO H 29 
H H H MeO 30 

Fig. 4. Synthesis of },.'-henzyl-3-[1-(3,G--benzodioxanyl)-1-hydroxymethyl]--2-Jliperi­
done and related compOlmds 
Reagents and conditions: (a) lithium diisopropylamide, aldehyde, THF, 
-7WC. 

an (14). Regioselective formylation by the Vilsmeier reaction gave aldehyde 15 in a 78% 
yield. Treatment of methyl 3,4,5-trihydroxybenzoate with dimethyl sulfate in the 
presence of sodium tertaborate and sodium hydroxide (Schelinc, 1966) afforded 
3-methoxy-5-methoxycarbonylcateehol (16), which was cyclizcd to l,4-benzodioxan 17 
with 1,2-dibromoethane and potassium carbonate. Reduction of 17 with lithium 
aluminum hydride, followed by S\vern oxidation, gave aldehyde 19. 5-Methoxy-l,4-ben­
zodioxan-6-carbaldehyde (21) was prepared from 3-methoxycatechoL Cyclization of 
3-methoxJTcatechol to 5-methoxy-l,4-benzodioxan (20) was accomplished in the same 
manner as that used for compound 17. Formylation of 20 using the same Vilsmeier 
reaction employed in the synthesis of 15 afforded the desired aldehyde 2L 

N-Benzyl-2-piperidone (22) was prepared according to the procedure reportcd 
previously CTsukada et at., 1999). The lithium enolate of 22 generat.ed "'lith lithium 
diisopropylamide (LDA) in THF was treated with various l,4-benzodioxan-6-carbaldehy­
des to give a nuxture of erythro and thmo aldol products 23-30 (Fig. 4). An attempt was 
made to separate two diastereomeric isomers of 23. In this aldol reaction, the 
thermodynamically preferred erythro-23 was obtained as the major product when t.he 
react.ion mixture was stirred at -78°C for 3 hours, while under a shorter reaction time 
(1 hour) threo-23 was formed in preference to the erythro isomer. Thus, the erythro­
and threo-23 were isolated from the reaction mixture under the fmIDer and the latter 
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conditions, re speeti \'f~ l 'y, using column chromatography on silica geL Confimlation of the 
stereochemistry of t.he eTylhro- and thTeo- 23 was based on the observation of thei r 
'H- NMR spectra which showed the different coupling consta nt betwcen 3-H and 1 '- H (" 
G. 15 ppm, J,,-, =3 Hz for J'- H of erylhro; and 0 4.64ppm, J." =10 Hz for I '-H of tlu'eo) 
(House et ai. , 1973). 

Lateral root-inducing activity 
Table 1 shows th e effect of a series of N- benzyl-2- pipcridones \Vith a 1,4- benzo­

dioxan moiet.y at the 3 position on thc growth of lettu ce seedlings. Most of th e 
compounds inhibj~ed the growth of primary root less than 50% of the control value at. 
100 ppm. In seedlings treated with 100 ppm of the 1,4-benzodioxan analog 23, which is a 
1:1 mixture of eryth1'o and th-reo , all of the primary roots fOimed la teral roots, however. 
its activity rapidly decreased at ]0 ppm. Sinee there was no significant difference in 
lateral root.-inducing act ivity between the erythro- and lh:reo- 23 , the act ivity of other 
benzodioxan analogs was evaluated for the diastereomeric mixtures. 

A modification was fi rst made by i.ntroducing a phenyl (24) , methoxymethyl (25), 
ethox-ymethyl (26) or hcnzyloxymethyl (27) group at the 2- positiOll on the 1,4-b8zo­
dioxan ring of compound 23. Compounds 24-26 had almost. the same activity as that of 
nOli-subst ituted bcnzodioxan analog 23 , while the benzyloxyrnet.hyl analog 27 possessed 
slightly higher activity than 23, sho"'ing 16% emergenee of lateral roots even at 1 ppln . 
These results indicate t.hat a substituent at t.he 2-posit.ion on the 1,4- bezodioxan ring did 
not significant.ly involve in lateral root- inducing ac tivi ty. 

The introduction of a methoxy group at the 5- (28) or 8- (29) position on the 
1.4- benzodioxan ring drastically decreased the activity compared with that of 23 . 
whereas the stimulation of the primary root. growth was observed by treatment of these 
compounds at low concentrations. The 2- methoxy-4,7- benzodioxan analog 30 showed 
lateral root-inducing activity comparable to Ulat of 23. It is noteworthy that the activity 
was greatly affected hy a methoxy group adjacent. to the 1.4-dioxane ri ng. 

Table 1. Effects of N- bellzyJ--:l-[1-hydroxy- l - (subsLiLuLed-':3,G-benwfUoxanyl)mcthyl]-2-piveridones 
on root gro ... ·:t h of lettuce seedlings 

Gro\\t.h ratc of primary rooL Emergence of lateral root 
(% of control) (% ) 

No. Cone. (ppm) 100 10 100 10 

23' 12 54 106 100 3 0 
ery l.hro-23 14 44 98 100 30 5 
threo-23 24 72 103 100 6 0 
24 29 50 Sf) 100 21 0 
25 30 77 70 100 2 0 
26 50 9.3 100 100 15 0 
27 28 77 78 100 16 16 
28 40 131 127 37 0 0 
29 50 121 101 0 0 0 
30 t3 54 96 100 11 0 

• A 1:1 mixture of nrythro and threo 
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Although compounds 23 and 27 ,"vere less active than compound 1, which is the most 
effective among the compounds tested so far, this new series of 2-piperidones with a 
l,4-benzodioxan ring is worthy of further investigation toward the development of a 
structurally novel class of plant growth regulators. More detailed studies on the 
structure-activity relationships are lll1der way. 
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