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Penienone was isolated from the culture filtrate 
of Penicillium sp. No. 13 and completely inhibited 
hypocotyl elongation and root growth of lettuce 
seedlings at a concentration of 300 mg/1. In order 
to elucidate the active site of penienone, three de­
rivatives were prepared and tested for their inhib­
itory activity against the growth of lettuce seed­
lings. The results indicated that hydroxymethyl 
group in the molecule of penienone was essential 
to exhibit the remarkable inhibitory activity 
against the growth of lettuce seedlings.

Introduction
W e have iso la ted  and  elucida ted  the  structu res 

o f p en ien o n e  (1) [1], p en id ien o n e  [2] and  penihy- 
d ro n e  [1] from  th e  cu ltu re  filtra te  of Penicillium  
sp. No. 13 as the  g row th  regu la to rs o f le ttuce seed ­
lings. 1 show s the  inh ib ito ry  activity  against the 
grow th  of le ttuce  seedlings. P en id ienone  shows 
w eak er inh ib ito ry  activ ity  th an  1, w hile penihy- 
d ro n e  does no t show  any  rem ark ab le  inh ib ito ry  
activity. To exp lo re  th e  s tru c tu ra l units essential to  
th e  inh ib ito ry  activ ity  o f 1 in detail, th ree  deriva­
tives (Fig. 1) o f 1 w ere p rep a re d  and  tested  for 
th e ir  inh ib ito ry  activity. H ere  we describe the b io ­
logical activities o f p en ien o n e  and  its derivatives 
on the  grow th  of le ttuce  seedlings.

Results and Discussion
P en ienone , p en id ien o n e  and p en ihyd rone  w ere 

iso la ted  from  a cu ltu re  filtra te  o f Penicillium  sp. 
No. 13 as d escribed  prev iously  [1,2]. A cety la tion

7  9  11 13

O

1: R 1=CH2OH 

2: Ri= CH2OCOCH3 
3: R 1=H

7  9  11 13

O
4

Fig. 1.
(2-4),

of 1 w ith acetic an h y d rid e  in  pyrid ine affo rded  a 
m onoacety l deriva tive  (2) w hich was con firm ed  by 
the resonance a t d 2.01 (O A c) in the  *H N M R  
spectrum  of 2. O x idation  o f 1 with Jo n e s’ reagen t
[3] affo rded  a dehydroxym ethy l deriva tive  (3). 
The ° C  N M R  spectrum  o f 3 show ed th e  absence 
of a signal fo r the  hydroxym ethyl g roup  and  the 
ap p earan ce  o f a new  signal due to  a m ethy lene 
ca rbon  at 43.9 ppm , ad jacen t to  a carbonyl group. 
C ata ly tic  h y d ro g en a tio n  o v er p la tinum  oxide of 1 
a ffo rded  a hexahydro -deriva tive  (4). T he i3C 
N M R  spectrum  of 4 show ed  six signals due to  
m ethy lene ca rb o n  a tom s in stead  of six d o u b le ­
b on d ed  m e th in e  ca rbon  a to m s in 1.

P en ienone  inh ib ited  hypocoty l e longation  and 
roo t grow th o f le ttuce  seed lings by 34%  and  23%  
at a co n cen tra tio n  of 30 mg/1, respectively. Com -

O
Penihydrone

Constitution of penienone (1), three derivatives 
penidienone and penihydrone.
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p le te  inh ib ition  was fo u n d  a t a co n c en tra tio n  of 
300 mg/1. T he inh ib ito ry  activ ity  o f co m p o u n d  2 
(300 mg/1) on  hypocotyl e lo n g atio n  an d  ro o t 
grow th was w eaker th an  th a t o f p en ien o n e  a t a 
co n cen tra tio n  of 30 mg/1. C o m p o u n d  3 d id  no t 
show  any rem ark ab le  in h ib ito ry  activ ity  against 
hypocotyl elongation  and  ro o t g row th  a t a co n cen ­
tra tio n  o f 300 mg/1. C o m p o u n d  4 com plete ly  in h ib ­
ited  hypocoty l e longation  an d  ro o t g row th  a t the 
sam e concen tra tion , b u t show ed  no inh ib ito ry  ac­
tivity a t a co n cen tra tio n  o f 30 mg/1 (Fig. 2). T hese 
results ind icated  tha t th e  hyd roxym ethy l g ro u p  of 
1 was essen tial to  exh ib it th e  rem a rk a b le  inh ib i­
to ry  activ ity  against th e  g row th  o f le ttu c e  se ed ­
lings.

E x p erim en ta l

U V  and  IR  spectra  w ere reco rd ed  on  a H itach i 
1 0 0 -5 0  and  a JA S C O  F T /IR -7000 spectrom eters, 
respectively. 'H -N M R  and  13C -N M R  sp ectra  w ere 
o b ta in ed  on a JE O L  JN M  G X -270 sp e c tro m e te r  
at 270.05 M H z and  67.80 M H z, respectively. MS 
spec tra  w ere taken  on a IN C O S  50 in strum en t.

Preparation o f  (5S, 6 R )-5 -[(lE , 3 E )-l,3 -hep tad i-  
enyl]-6 -(acetoxym ethyl) -2 -cyclohexenone  (2)

P en ienone  (1) (20 m g) was ace ty la ted  w ith ace­
tic anhyd ride  (0.5 m l) and  pyrid ine (1.0 m l) fo r 24 
h a t room  te m p era tu re  and  w orked  up in the  usual 
m a n n er to  yield 2 (18 m g) as a co lorless oil.

C o m p o u n d  2: U V  (E tO H ) nm  (e): 230 (22,500); 
IR  (K B r) c m - 1: 2964 (C = C ), 1743 ( 0 - C = 0 ) ,  1680
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Fig. 2. Effect of penienone (1) and three derivatives (2 -4 ) on the growth of lettuce seedlings. 
Concentration: (left) 30 mg/1, (right) 300 mg/1.
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( C = 0 ) ;  MS: m /z  (% ) = 262 (M +,20), 202 (38), 189 
(47), 173 (17), 159 (100), 145 (63), 133 (57), 117 
(34), 107 (43), 91 (73), 77 (49), 6 8  (65); 13C N M R  
(C D C lV T M S): ö = 13.7 (C-13), 20.8 (C H 3 -C O ), 
22.3 (C-12), 32.4 (C-4), 34.6 ( C - l l ) ,  40.5 (C-5),
50.5 (C - 6 ), 60.6 (C H 2 -O A c), 129.5 (C -9), 129.6 (C-
2), 131.0 (C -7), 132.4 (C -8 ), 135.0 (C-10), 148.7 (C-
3), 170.8 (C H 3 -C O ), 197.1 (C - l)  ppm ; 2H  N M R  
(C D C lV TM S): <5 = 0.91 (t, 3H , J  = 7.3, 13-H), 1.41 
(tq , 2H , J  = 7.3, 7.3, 12-H ), 2.01 (s, 3H , O A c), 2.03 
(d t, 2H , J  = 7.3, 7.3, 11-H ), 2.43 (m , 3H , 4-H , 6 - 
H ), 2.82 (m , 1H, 5-H ), 4.20 (dd, 1H, J  = 11.1, 3.9, 
C H 2 -O A c), 4.58 (dd, 1H, J  = 14.7, 7.3, C H 2 -O A c), 
5.46 (dd , 1H, J  = 14.7, 8 .8 , 7 -H ), 5.65 (d t, 1H, J  = 
14.7, 7.3, 10-H ), 5.96 (m , 1H, 9-H ), 6.05 (m, 1H, 2- 
H ), 6.08 (m , 1H, 8 -H ), 6.95 ppm  (ddd , 1H, /  = 10.3, 
5.5, 2.4, 3-H ).

Preparation o f  (5S )-5 -[(lE , 3E )-l,3 -heptad ienylJ-
2-cyclohexenone  (3)

P en ien o n e  (1) (40 m g) was tre a te d  w ith Jo n es’ 
reag en t [3] in ace to n e  (2.0 m l) fo r 12 h in an ice- 
coo led  w ate r b a th  and  w orked  up in the  usual 
m a n n e r to  yield 3 ( 6  m g) as a co lorless oil.

C o m p o u n d  3: U V  (E tO H ) nm  (e): 225 (1,900); 
IR  (K B r) cm “ 1: 2930 (C =C ), 1678 (C = 0 ) ;  MS: m /  
z  (% ) = 190 (M +, 49), 161 (8 ), 147 (14), 133 (16), 
122 (23), 110 (34), 91 (61), 79 (100), 6 8  (62); 13C 
N M R  (C D C I 3 /TM S): Ö = 13.7 (C-13), 22.4 (C-12),
32.1 (C -4), 34.7 ( C - l l ) ,  38.0 (C-5), 43.9 (C -6 ),
129.7 (C-9), 129.8 (C-2), 130.4 (C -7), 132.8 (C -8 ), 
134.6 (C -10), 149.3 (C-3) and  199.1 (C - l)  ppm ; JH  
N M R  (C D C I3 /TM S): <3 = 0.91 (t, 3H , J  = 7.3, 13- 
H ), 1.41 (tq , 2H , J  = 7.3, 7.3, 12-H ), 2.06 (dt, 2H , 
J  = 7.3, 7.3, 11-H ), 2.28 (m , 2H , 4-H ), 2.52 (m, 2H ,
6 -H ), 2.81 (m , 1H, 5-H ), 5.54 (dd, 1H, J  = 14.4, 6 .8 ,
7-H ), 5.66 (d t, 1H, J  = 14.2, 7.3, 10-H), 6.03 (m, 
3H , 2-, 8 -, 9 -H ), 6.95 ppm  (ddd , 1H, J  = 10.3, 5.6,
2.4, 3-H ).

R eduction o f  pen ien o n e

P en ien o n e  (1) (30 m g) was red u c ed  by cataly tic 
hyd ro g en a tio n  o ver p la tinum  ox ide (30 mg) in e th ­
anol (5.0 m l) an d  w orked  up  in the  usual m an n er 
to  yield 4 ( 8  m g) as a colorless oil.

C o m p o u n d  4: IR  (K B r) c m -1 : 3412 (O -H ), 2930 
(C =C ), 1704 (C = 0 ) ;  MS: m /z  (% )  = 226 (M +, 13), 
208 (28), 137 (22), 127 (73), 110 (77), 97 (100), 83 
(6 8 ), 67 (73); 13C N M R  (CD C1 3 /TM S): (3 = 14.1 
(C-13), 22.6 (C -7 -1 2 ), 25.9 (C -4), 26.0 (C-5), 29.2 
(C -7 -1 2 ), 29.8 (C -7 -1 2 ), 30.3 (C -7 -1 2 ), 31.8 (C-
7 -1 2 ), 33.5 (C -7 -1 2 ), 40.3 (C -3), 42.1 (C-6 ), 56.8 
(C -2), 59.7 (C -14), 215.5 (C - l)  ppm ; JH  N M R  
(C D C I 3 /TM S): (3 -  0.88 (t, 3H , J  = 7.3, 13-H), 1.27 
(br. s, 12H, 7 -1 2 -H ), 1.45 (ddd , 1H, J  = 13.7, 3.7, 
2.0, 4 -H ), 1.62 (m , 1H, 5-H ), 1.70 (m, 1H, 3-H ),
1.97 (ddd, 1H, J  = 13.7, 3.7, 2.0, 4 -H ), 2.09 (ddd , 
1H, J  = 14.7, 7.1, 3.7, 5 -H ), 2.25 (ddd , 1H, J  = 11.5,
6.5, 2.8, 2 -H ), 2.32 (m , 1H , 6 -H ), 2.38 (m, 1H, 6 - 
H ), 2.70 (m , 1H , O H ), 3.71 (m , 1H, 14-H ), 
3.85 ppm  (m , 1H , 14-H).

Bioassay

T he grow th  o f le ttu ce  seed lings trea ted  w ith the  
com pounds w as exam ined  by th e  estab lished  
m e th o d  [4], T he hypocoty l and  ro o t lengths of the 
seedlings a fte r tre a tm e n t w ere  m easu red  and  co m ­
p a re d  w ith th e  values fo r an  u n tre a te d  contro l. 
B ioassay was p e rfo rm ed  th ree  tim es and  the  m ean  
values are show n in Fig. 2.
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