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Ferric chloride oxidation of isoeugenoP 
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Summary. Ferric chloride oxidation of isoeugenol gave 5 products. The elucidation of the structures of those products and 
the mechanism of their formation are discussed. 

Material and methods. The oxidation of isoeugenol 1 has 
been studied previously as a model for the observation of 
the formation of lignin-related dimers during ferric chlo- 
ride oxidation 2 and enzymatic oxidation 3. Photolysis 4 and 
free radical oxidation 5 of isoeugenol also give similar 
products. Further studies showed that free radical oxidation 
of isoeugenol 6 produced 4 trilignols. In all other ex- 
periments reported 7, the ferric chloride oxidation of isoeu- 
genol yielded only product dehydrodiisoeugenol 2. In the 
experiments described here, the oxidation of isoeugenol 
(10 g) acetone solution with aqueous ferric chloride in 
order to prepare 2 actually yielded 4 crystalline products, 3 
(14 rag), 4a (120 rag), 5 (16 mg) and 6a (58 mg) in addition 
to 2 (5.3 g). The products are dilignols with a new C~-C/s 
linkage except that 2 is dilignol with a C~-O linkage. The 
structures were elucidated as follows. 
Result and discussion. 4a (m.p. 219-220 ~ shows IR-ab- 
sorption bands at Vma x 3400, 1600 and 1500 cm-1 and NMR 
signals at c~ CD3OD 2.11 and 2.42 (each 3H, s), 3.84 and 3.98 
(each of 3H, s), 6.66, 6.70 and 7.00 (each 1H, ABX system), 
7.04, 7.30 and 7.47 (each 1H, s). Its acetate 4b (m.p. 
176-177~ prepared from 4a with ACEO-pyridine , ex- 
pressed 2 acetyl groups Irma x 1760 cm- l ;  ~CDCb 2.16 and 
2.28 (each 3H, s)] instead of 2 hydroxy groups. With 
diazomethane the tetramethyl ether 4c (m.p. 178-179~ 
was obtained. It was identical with dehydroguaiaretic acid 
dimethyl ether s isolated from Guaiacum officinale. 6a (m.p. 
247-249 ~ is a tetraol (Vma x 3485, 3420, and 3250 cm 1) 
whose structure was elucidated by analytic and spectral 
data of its triacetate 6b. 6b (m.p. 216-218 ~ exhibits bands 
at 3520, 1760, 1715, 1605 and 1505 cm -1 in the IR and 
signals at 6CDCl 0.93 (3H, d, J=  7Hz), 1.34 (3H, s), 1.92 (1H, 
s, - O H ) ,  2.053-2.25 (1H, m, C(2)-H), 2.12, 2.21 and 2.31 
(each 3H, s), 3.70 (1H, d, J=  9Hz, C(1)-H), 3.81 (6H, s), 5.87 

(1H, s, C(4)-H), 6.65 and 7.11 (each 1H, s), and 6.83, 6.82 
and 7.08 (each 1H, ABX system). 6a gave 4a on refluxing in 
acetone solution with p-TsOH. According to the spectral 
data, 2 hydroxyl groups must be located on C(3) and C(4). 
6a was not hydrogenolyzed with 10% Pd-C in methanol 
indicating that the C(1)-hydroxyl group has an a-equatorial 
orientation. The 1,2-glycol was shown to be cis because 6a 
gave an amorphous acetonid 7 [vma x 3400, 1580, 1110, and 
1010; ~cDo~ 2.16 (6H, s)]. The large coupling constant 
(J=9Hz) of C(1)-H indicates that both aryl and methyl 
groups have a diequatorial orientation. 
5 (m.p. 210-211 ~ is also a tetraol (Vm, x 3400 and 3225 
cm- x); its structure was elucidated by analytic and spectral 
data. 4a was also obtained from 5 by treatment with acid. 
Both aryl group and methyl group in 5 have a diequatorial 
orientation due to C(1)-H with large coupling constant 
6CD30 o 3.48 (1 H, d, J = 9 Hz). The C (4)-H signal appears at 
d 4.19 (s). Therefore that 2 hydroxyl groups are located at 
C(3) and C(4) position. 5 gave no reaction with 2,2- 
dimethoxypropane in the presence of acid. The result 
indicates that the 1,2-glycol is a diaxial orientation. 3 (m.p. 
158-159 ~ ), .... 281 nm; log 4.50) exhibits bands at 3390, 
1600 and 1510 cm -I  in the IR and signals at 6CDCl 1.06 
(3H, d, J=7Hz), 1.77 (3H, d, J=  1.2Hz), 2.36 (1H, m,3C(2)- 
H), 3.63 (1 H, d, J= 3Hz, C(1)-H), 3.78 and 3.80 (each 3H, s), 
5.43 and 5.45 (each 1H, s, 2-OH), 6.09 (1H, br s, C(4)-H), 
and 6.50-6.80 (5H, m). Treatment with OsO 4 in pyridine 
yielded 6a. The hydrogenation product of 3 was identical 
with quaiacin 8 (m.p. 197-199 ~ 9 In the tetrahydronaph- 
thalene derivatives 5, 6, 7, and 8 the aryl groups prefer to be 
in quasi-equatorial orientation. But in the dihydronaph- 
thalene derivative (as 3), the aryl group prefers the quasi- 
axial orientation. Therefore C(1)-H of 3 shows a small 
diequatorial coupling constant (J = 3Hz) 1~ 
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The  react ion starts f rom a R O .  radical  which exhibits  
2 o ther  resonance  hybr ide  Rfl .  and  R5 .  radicals (see 
scheme).  Coupl ing  be tween  Rfl .  radical  and  R5 .  radical  
generates  27d and  the c o m b i n a t i o n  of  2 Rfl .  radicals yields 
3. 3 is oxidized with oxygen and  FeC13 as catalyst L~ to the 
endoperox ide  9 which  is reduced  by Fe 2+ ion and  finally 
rea r ranged  by FeC13 to give 5 and  6a. 4a is fo rmed  by 
dehyra t ion  of  5 and  6a dur ing  the separat ion.  
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Cephalcia lariciphila wachtl 
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Chemical Entomology Unit, Departments of Biology and Chemistry, The University of Southampton, Southampton S09 5NH 
(England), and Forestry Commission, Alice Holt Lodge, Wrecclesham, Farnham, Surrey GUIO 4LH (England), January 5, 
1983 

Summary. The o r tho- i somer  of  a m i n o a c e t o p h e n o n e  was found  in females  o f  Cephalcia lariciphila. The p h e r o m o n e  
released an t enna l  movemen t ,  a b d o m i n a l  flexing and  short  flights in males,  bu t  did not  release o r ien ta ted  upwind  flight in 
these act ivated males.  

Males  of  Cephalcia lariciphila have been  shown to respond 
to a sex p h e r o m o n e  p roduced  by the female2. In an  a t t empt  
to ident i fy  the p h e r o m o n a l  componen t s  of  female  C. larici- 
phila large scale collect ions of  p repupae  were made  f rom 
the Forest  of  Dean  (SO 650 160) and  Mor t imer  Forest  (SO 
625 350) in Feb rua ry  and M a r c h  of  1979-t981.  
Females  were extracted into pen tane  using a procedure  
s imilar  to that  deve loped  for Diprion spp. 3. The  insects were 
macera ted  in m e t h a n o l  and  ul t rasonicated.  The  mixture  
was then ref luxed for 24 h; af ter  cent r i fugat ion the super- 
na tan t  me thano l  was ref luxed with KOH.  The m e t h a n o l  
was then  evapora ted  and  fol lowing addi t ion  o f  water  the 
residue was extracted with pen tane .  Volati le compounds  in 

the pen tane  extract  were resolved on a S C O T  capillary 
G L C  co lumn (5% carbowax 20 M, 0.2 m m  • 50 m; 130- 
200~ at 4 ~  or a 2% OV17 on dia tomite  CLQ 
co lumn (100-200 mesh,  3 m m x 3  m; 130-315~ at 6 ~  
rain). Mass-spectra  of  the elut ing c o m p o u n d s  were record- 
ed at  70 eV on an  A.E.I. MS30 spec t rometer  with  a Kratos  
DS55 data  system. One  o f  the ma jo r  non -hydroca rbon  
peaks  ( < 0 . 5  g g / f e m a t e )  was ident i f ied  as an  isomer of  
aminoace tophenone ,  m / e  (%), 136 (8), 135 (81), 121 (10), 
120 (100), 93 (5), 92 (46), 65 (22), 39 (7). Compar i son  with 
au thent ic  samples  of  o-, p-  and  m - a m i n o a c e t o p h e n o n e  
(aap) conf i rmed  the na tu ra l  p roduc t  to be  the ortho-isomer. 
This c o m p o u n d  has previously on ly  been  repor ted  in the 

Table 1. Responses of male Cephalcia lariciphila to virgin females, 
female extract and o-aminoacetophenone ~ 

Behavioral 
response 

Number of males giving the behavioral 
response (number tested) 
Virgin Female o-Amino Solvent Virgin 
female extract aceto- control male 
(10) (12) phenone (10) (10) 

(15) 

1. Antennal 
movement 10 12 15 0 4 

2. Abdomenal 
flexing 10 12 15 0 1 

3. Short flights 
(100 mm) 9 7 12 0 1 

4. Upwind flight 6 4 0 0 0 
5. Courtship 3 0 0 0 0 

Assay chamber of same basic design as Jones et al. 6 but with 
a 1.1 m diameterx 2 m chamber and without hexagonal interface 
to give a laminar airflow. Males released from 200x 200 mm plat- 
form 0.5 m above the chamber floor and upwind of the female. 
Females and test substances were placed on a 100x 100 mm plat- 
form at the other end of the chanaber. Females were placed in 
40 • 35 mm high perforated plastic chambers. 

Table 2. Response of male C. lariciphila to delta and horizontal 
board traps baited with isomers of aminoacetophenone, female 
extracts or virgin females 

Trap Mean number of males/trap 
type Experi- Experi- Experi- 

ment 1 merit 2 ment 3 

Delta 3.2b 4.4c 
Board 36.0b 29.6b 
Delta 0.8b 
Board 5.6c 
Delta 2.4b 
Board 10.2c 
Delta 27.8a 
Board 42.4b 
Delta 96.6a 
Board 94.2a 
Delta 1.4b 3.4c 
Board 10.2c 

o-Aminoaceto- 
phenone 
m-Aminoaceto- 
phenone 
p-Aminoaceto- 
phenone 
Female extract 
(0.5 equivalent) 
Virgin female 

Control 

Mean trap catches followed by the same letter in any experiment 
are not significantly different at p>0.05; ANOVA followed by 
Newman Keul's test. Experiment 1 performed in 1980, experi- 
ment 2 in the period 7.-12.5.81 and experiment 3 in the period 
12.-19.5.8I. 


